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Sleep problems in PD

• Why care?

• Causes

• Treatment



Not just a motor disease



Early observations

James Parkinson 1817

“… 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”



Spectrum of sleep disorders

REM sleep behaviour disorder

Sleep disordered breathing

Restless legs/periodic limb 
movements

Excessive daytime sleepiness

Insomnia and sleep 
maintenance issues

Different causes

= 

Different treatment 



Assessment tools



Sleep structure



REM sleep behaviour disorder

Courtesy of Birgit Högl, Innsbruck



RBD as earliest marker of Parkinson’s

with an overall phenoconversion rate of 6.25% per year. The
risk of phenoconversion on Kaplan-Meier analysis was
10.6% after 2 years, 17.9% after 3 years, 31.3% after 5
years, 51.4% after 8 years, 60.2% after 10 years, and
73.5% after 12 years. With regards to disease classifications,
199 (56.5%) developed parkinsonism as the first disease
manifestation [of whom 16 (4.5%) were diagnosed with
probable MSA], and 153 (43.5%) developed dementia first.

Predictors of outcome

Kaplan-Meier analysis of selected predictors is illustrated
on Fig. 2. On Cox proportional hazards analysis, adjusting
for age, sex, and centre, numerous measures significantly
predicted outcome (Table 2 and Figs 2–4). These included:
(i) quantitative motor testing (HR = 3.16); (ii) standardized
motor examination [HR = 3.03 overall, higher for MDS-
UPDRS (3.77) than UPDRS-III (2.75)]; (iii) olfaction
(HR = 2.62). Predictive value also improved when exclud-
ing MSA patients (HR = 2.91); (iv) MCI, with better pre-
diction using neuropsychological examination (HR = 2.37)
than with office-based testing (HR = 1.91); (v) erectile dys-
function (HR = 2.13); (vi) motor symptoms: HR = 2.11,
with better prediction for the MDS-UPDRS-II (HR = 4.75)
than the 1987 UPDRS-II (HR = 1.29); (vii) DAT-SPECT
(HR = 1.98); (viii) neuropsychological testing (regardless
of cognitive complaint) (HR = 1.89); (ix) colour vision
(HR = 1.69); (x) constipation (HR = 1.67); (xi) REM sleep
without atonia (HR = 1.54, on combined analysis only);
(xii) brief office-based cognitive tests (regardless of cogni-
tive complaint) (MMSE/MoCA combined HR = 1.55); and
(xiii) age (HR = 1.54 for above versus below mean).

In addition, systolic blood pressure drop at a cut-off of
10 mm (HR = 1.55) predicted outcome on unadjusted ana-
lysis, but not after adjusting for age, sex, and centre
(HR = 1.37) (using a cut-off of 20 mm, the unadjusted

HR was 1.37 (0.88–2.15) and adjusted HR was 1.20
(0.74–1.91). The MDS prodromal criteria (which combines
numerous variables) predicted outcome with the highest
hazard ratio (HR = 5.37).

By contrast, we saw no significant predictive differences
according to sex, insomnia symptoms, daytime somnolence,
restless legs syndrome, apnoea, urinary dysfunction, ortho-
static symptoms, depression, anxiety, or substantia nigra
ultrasound.

Secondary and sensitivity analyses

Among the 336 patients diagnosed with Lewy Body disease
(i.e. excluding MSA), there were relatively few differences
between patients who converted to dementia first versus
parkinsonism first (Table 3). Age and sex were similar.
All motor measures were similar except for quantitative
motor testing, which was more likely to be abnormal in
those developing dementia first (82.4%) than parkinsonism
first (47.2%). Olfaction was similar in both groups, as were
all sleep symptoms and polysomnographic variables.
Autonomic symptoms were similar, as was orthostatic
blood pressure drop, depression or anxiety. Although
power was limited, we also saw no differences in propor-
tion of patients with abnormal DAT-SPECT or substantia
nigra ultrasound. The only variables that differed strongly
(all P5 0.001) were those that tested cognition, including
office based cognitive testing, neuropsychological examin-
ation, and colour vision testing which predicted only de-
mentia [note that colour vision predominantly tests
visuoperceptual cognition in Parkinson’s disease (Bertrand
et al., 2012)].

Excluding results from centres that already published
data on these predictors did not substantially affect the
hazard ratio. For example, the hazard ratio of UPDRS
excluding Montreal (Postuma et al., 2012) was 3.04,
versus 3.03 for entire group. The hazard ratio of olfaction
excluding both Montreal (Postuma et al., 2011) and
Innsbruck (Mahlknecht et al., 2015) was 2.53, versus 2.62.

Sample size calculations

Based on the time-to-event analysis, we estimated that 366
patients per arm would need to be recruited into a 2-year
trial to have 80% power to find a 50% reduction in disease
phenoconversion (i.e. 65 phenoconversion events; Table 4).
Adjusting the study duration altered sample sizes roughly
proportionally to the proportion in duration (e.g. 4-year
trial = 192 per group, 1-year trial = 709 per group). Testing
different effectiveness assumptions, a drug providing 80%
reduction in phenoconversion would require 84 patients
per group (12 phenoconversion events) while a 30% reduc-
tion would require 959 (190 phenoconversion events).

The most powerful single selection procedure (abnormal
quantitative motor testing) reduced sample size to 166–197
patients; however, only 34% of the iRBD population had
abnormal testing and so would be included in such a study.

Figure 1 Kaplan-Meier plot of disease-free survival (i.e.

free of parkinsonism or dementia) among patients with

iRBD.
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Three-quarters of people ‘convert’
to Parkinson’s, Multiple System
Atrophy or Dementia with Lewy
bodies
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Treatment of RBD

Minimise risk of injury (to PwP and bed partner)
• Moving furniture
• Placing cushions next to bed
• (Partner sleeping in another bed)

Melatonin – up to 8mg 

Clonazepam – up to 2mg



Obstructive sleep apnoea

Nosy, interrupted breathing due to airflow obstruction

Prevalence figures vary, but probably not more common in PD

Treatment
• Avoid sleep on back
• Weight loss
• Dental appliances
• Continuous positive airway pressure therapy (CPAP)
• (Surgery)



Restless legs syndrome

Intense urge to move the legs, particularly in the evening or during periods of inactivity, 
which is relieved by moving and only returns when the movement stops

Not an involuntary movement. Not the same as muscle cramp

Associated with periodic limb movements of sleep

Common in diabetes, renal disease and other medical conditions

Treatment
• Iron replacement (ferritin >50ng/mL)
• Avoid certain medications (antidepressants, antihistamines)
• Dopamine replacement medications (beware ‘augmentation’)
• Pregabalin



Excessive daytime sleepiness

Feeling of sleepiness that impairs alertness and ability to stay awake

Causes difficulties with activities of daily living (including driving accidents)

One questionnaire study reported that 11% of 5210 PwPs with a driving licence had 

caused a road traffic accident and more common in those with EDS

Due to disease (loss of orexin neurones), aggravated by dopamine agonists

Treatment

• Address night-time sleep issues

• Consider reduction in dopaminergic drugs

• Take naps

• Modafinil

• Bright light therapy



Insomnia

Sleep related breathing disorders
There was no significant difference in the AHI between PD

patients (12.5615.6/hr) and controls (12.2613.1/hr) (p = 0.999).
The mean central apnea index (CAI) was extremely low and
clinically insignificant in both groups (0.6864.7/hr in PD patients,
and 0.2260.61/hr in controls). 49.1% of PD patients had OSA
compared to 65.7% of controls. 15.1% of the PD patients had mild
OSA, 18.9% had moderate OSA, and 15.1% had severe OSA. In
controls 37.3% had mild OSA, 19.4% had moderate OSA and
9.0% had severe OSA. 96.2% and 38.4% of PD patients with
OSA reported snoring and feeling unrefreshed on waking from

sleep respectively, and 40% had abnormal ESS scores. On MSLT
26.9% of PD patients with OSA had abnormal daytime sleepiness.
Snoring was the only significant predictor of OSA in the
multivariate analysis (p = 0.001).

Relation of subjective poor nocturnal sleep to overnight
PSG parameters in PD patients

In PD patients, increased ISI was significantly correlated with
reduced sleep efficiency (p = 0.019). It also correlated with reduced
total sleep time (p = 0.07). There was no significant correlation between
the ISI and the sleep onset latency, stages of sleep, AI, AHI or PLMI.

Table 2. Percentage of controls and PD patients with individual sleep complaints.

Sleep complaint
Controls
(n = 68)

PD patients
(n = 56)

p-value
(Fisher’s exact test)

p-value (Multivariate
analysisa)

Difficulty falling asleep 4.4% 41.1% ,0.001 ,0.001

Difficulty staying asleep 5.9% 46.4% ,0.001 ,0.001

Unrefreshing sleep 2.9% 39.3% ,0.001 ,0.001

Snoring 50.0% 67.9% 0.067 0.053

Excessive daytime sleepiness 2.9% 66.1% ,0.001 ,0.001

Abnormal movements in sleep 7.4% 46.4% ,0.001 ,0.001

Acting out dreams 0.0% 30.4% ,0.001 -

Sleep talking 5.9% 51.8% ,0.001 ,0.001

aForward (Wald) stepwise logistic regression taking into account effects of age and sex.
doi:10.1371/journal.pone.0022511.t002

Table 3. PSG and MSLT sleep parameters and sleep disorders present in study subjects.

Sleep parameter Controls PD
p-value
(Univariate analysisa)

p-value
(Multivariate analysisb)

Total sleep time (min) 340.2684.6 277.16104.4 ,0.001 0.010

Sleep efficiency (%) 76.6618.3 59.4622.0 ,0.001 0.001

Sleep onset latency (min) 19.2629.1 40.3668.6 0.082 0.133

REM latency (min) 128.2679.8 177.06104.1 0.013 0.007

% stage 1 sleep 13.068.8 21.3616.7 0.010 0.017

% stage 2 sleep 48.0611.2 46.0616.4 0.665 0.849

% deep sleep 21.6610.7 23.1617.3 0.881 0.466

% REM sleep 17.166.9 8.567.4 ,0.001 ,0.001

Arousal index (/hr) 13.468.5 12.968.5 0.898 0.506

PLMI (/hr) 10.7621.5 10.3618.1 0.595 0.549

AHI (/hr) 12.2613.1 12.5615.6 0.302 0.999

MSL (min) 9.564.2 12.565.6 0.002 0.010

Presence of sleep disorders

Significant PLMS 20.9% 26.4% 0.519 0.478

OSA 65.7% 49.1% 0.062 0.043

RBD 0% 0% - -

Abnormal daytime sleepiness 39.4% 23.6% 0.080 0.208

AHI: Apnea-hypopnea index, PLMI: periodic limb movements index, MSL: mean sleep latency, PLMS: periodic limb movements of sleep, OSA: obstructive sleep apnea,
RBD: REM sleep behaviour disorder, RLS: restless legs syndrome.
Continuous variables are expressed as mean 6 SD.
aMann-Whitney U test was used to compare continuous variables, and Exact Fisher’s test to compare frequencies
bStepwise multiple linear regression was used for continuous variables and forward (Wald) stepwise logistic regression for binary outcomes (presence of each sleep

disorder). Multivariate analysis took into account any effects of age and sex (and in the case of OSA and AHI, any effect of BMI and neck circumference).
N.B. Overnight PSG reports for 3 PD patients and 1 control, and MSLT reports for 1 PD patient and 2 controls were missing. They were not included in the relevant
analyses.
doi:10.1371/journal.pone.0022511.t003

Polysomnographic Studies in Parkinson’s Disease

PLoS ONE | www.plosone.org 4 July 2011 | Volume 6 | Issue 7 | e22511

Yong et al, PLoS ONE 2011

PD patients have reduced and fragmented sleep, as well as excessive daytime sleepiness



Disturbed body clock?
Suprachiasmatic nucleus (SCN)
synchronises circadian oscillations

Endocrine profiles (such as melatonin
and cortisol) can be used as
surrogate markers of the central
‘clock’ since their rhythmic output is
generated by the SCN

Clock genes form the molecular
machinery of the cellular clock.
Peripheral clock gene expression can
be readily measured in peripheral
blood cells.



Blunted melatonin rhythm

Breen et al, JAMA Neurol 2014 

Copyright 2014 American Medical Association. All rights reserved.

Discussion

In this study, we have confirmed that sleep complaints are com-
mon in patients newly diagnosed with PD and correlate signifi-
cantly with poorer quality of life. We have found that patients
with PD have an abnormal sleep macro-architecture including
increased sleep latency, reduced sleep efficiency, and reduced

Figure 1. Twenty-Four-Hour Melatonin and Cortisol Rhythms in Patients
With Parkinson Disease (PD) vs Controls
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These graphs show the mean (SEM) serum melatonin and cortisol
concentrations at each time point. In healthy individuals, melatonin levels
typically rise in the late evening while cortisol levels peak in the early morning.
A, Significant group effect on melatonin concentration on repeated-measures
2-way analysis of variance and lack of a statistically significant time-dependent
variation in melatonin concentration over the 24-hour sampling period. Patients
with PD also had a reduced area under the curve and a reduced melatonin nadir.
There were individual missing melatonin data points in 6 patients with PD (1.1%
of total data set) and 1 control (0.4% of total dataset). B, Significant group
effect on cortisol concentration on repeated-measures 2-way analysis of
variance. Patients with PD also had an increased acrophase, increased
amplitude, and increased area under the curve. There were individual missing
cortisol data points in 7 patients with PD (1.3% of total data set) and 4 controls
(1.6% of total data set).

Figure 2. Twenty-Four-Hour Clock Gene Expression in Patients With
Parkinson Disease (PD) vs Controls
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These graphs show the mean (SEM) normalized gene expression levels for the 3
clock genes studied at each time point in peripheral blood mononuclear cells.
We sought to investigate whether patients with PD exhibited the same
peripheral clock gene expressions oscillations as one would expect in healthy
individuals. Loss of the time-dependent variation in Bmal1 was seen in patients
with PD over the 24-hour period (A), together with higher expression of Per2
and RevErbα at 4 AM (B and C, respectively). There were individual missing data
points in 2 patients with PD (0.8%) and no controls.

Sleep and Circadian Rhythm in Early Parkinson Disease Original Investigation Research

jamaneurology.com JAMA Neurology May 2014 Volume 71, Number 5 593

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a University of Edinburgh Library User  on 03/18/2019
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In addition, experimental protocols used in the prior studies
did not control for environmental conditions and behaviors
(light exposure, temperature, meal schedules, and activity
level) that are known to influence the timing and amplitude
of circadian rhythms. Therefore, we must point out that the
alterations in melatonin amplitude and phase reported in prior
studies may have been influenced by external factors. To our
knowledge, this study is the first to examine circadian func-
tion in PD using a modified constant routine experimental de-
sign. In the prior studies, sleep quality and daytime sleepi-
ness of the study participants were not measured. Therefore,

observed differences in the amplitude and phase of the mela-
tonin rhythms may reflect different sleep quality and alert-
ness profiles between the study cohorts. Furthermore, these
differences may be caused by medication regimens, in par-
ticular the timing of dopaminergic medication administra-
tion. Administration of levodopa late in the evening has been
proposed to lead to stimulation of endogenous melatonin se-
cretion, which may influence melatonin phase.33,45

The results of this study raise questions about the mecha-
nism underlying the blunted circadian melatonin rhythm in
PD. A potential confounder may be the effects of dopaminer-

Figure. Plasma Melatonin Concentration During 24-Hour Modified Constant Routine Monitoring
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with and without excessive daytime
sleepiness (EDS). Circadian time is
measured as the time since awaking.
Data markers and whiskers indicate
mean (SE).

Circadian Melatonin Rhythm in Parkinson Disease Original Investigation Research
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Blunted melatonin rhythm

Plasma Melatonin Is Reduced in Huntington’s Disease

Eirini Kalliolia, MD,1† Edina Silajd!zić, PhD,2† Rajasree Nambron, MD,1 Nathan R. Hill, PhD,3 Anisha Doshi, MD,1

Chris Frost, MA, DipStat,4 Hilary Watt, MSc, CStat,5 Peter Hindmarsh, FRCP,6 Maria Bj€orkqvist, PhD,2

and Thomas T. Warner, FRCP1*

1Reta Lila Weston Institute of Neurological Studies, Department of Molecular Neurosciences, UCL Institute of Neurology, London, UK
2Brain Disease Biomarker Unit, Department of Experimental Medical Science, Wallenberg Neuroscience Centre, Lund University, Lund, Sweden

3Nuffield Department of Primary Care Health Sciences, University of Oxford, Oxford, UK
4Department of Medical Statistics, London School of Hygiene and Tropical Medicine, London, UK

5Department of Public Health and Primary Care, Imperial College, London, UK
6Developmental Endocrinology Research Group, UCL Institute of Child Health, London, UK

ABSTRACT: This study was undertaken to
determine whether the production of melatonin, a hor-
mone regulating sleep in relation to the light/dark cycle,
is altered in Huntington’s disease. We analyzed the cir-
cadian rhythm of melatonin in a 24-hour study of
cohorts of control, premanifest, and stage II/III Hunting-
ton’s disease subjects. The mean and acrophase mela-
tonin concentrations were significantly reduced in stage
II/III Huntington’s disease subjects compared with con-
trols. We also observed a nonsignificant trend toward
reduced mean and acrophase melatonin in premanifest
Huntington’s disease subjects. Onset of melatonin rise
was significantly more temporally spread in both pre-
manifest and stage II/III Huntington’s disease subjects

compared with controls. A nonsignificant trend also
was seen for reduced pulsatile secretion of melatonin.
Melatonin concentrations are reduced in Huntington’s
disease. Altered melatonin patterns may provide an
explanation for disrupted sleep and circadian behavior
in Huntington’s disease, and represent a biomarker for
disease state. Melatonin therapy may help the sleep
disorders seen in Huntington’s disease. VC 2014 The
Authors. Movement Disorders published by Wiley
Periodicals, Inc. on behalf of International Parkinson
and Movement Disorder Society.

Key Words: Huntington’s disease; melatonin; circa-
dian rhythm

Huntington’s disease (HD) is an autosomal dominant
neurodegenerative disorder caused by an expanded
CAG repeat in the gene encoding huntingtin.1 It is char-

acterized by progressive chorea and cognitive and psy-
chiatric disturbance. Other features include weight loss
and sleep disturbance.2,3 Disturbed sleep is reported in
80% of cases of HD, with reduced sleep efficiency and
altered architecture,3 and later increased sleep latency,
frequent nocturnal awakenings, and delayed and short-
ened rapid-eye-movement sleep.4-6 R6/2 HD mice have
progressive disruption of day–night circadian behavior,
accompanied by dysregulation of suprachiasmatic
nucleus (SCN) circadian clock genes.7 In another mouse
model, reduced rhythms in spontaneous electrical activ-
ity in SCN neurons were demonstrated.8

Melatonin is secreted by the pineal gland mainly at
night, regulating sleep and other circadian processes. The
SCN regulates melatonin synthesis via a polysynaptic
pathway in response to the light/dark cycle, important in
signaling “time of day.”9 Degeneration of the SCN in
HD could influence melatonin secretion, disrupting sleep
and circadian rhythms. One study has analyzed melatonin
profiles and found a delay in evening rise of melatonin in
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Melatonin Secretion Rhythm Disorders in Patients with
Senile Dementia of Alzheimer’s Type with Disturbed
Sleep–Waking

Kazuo Mishima, Tozawa Tozawa, Kohtoku Satoh, Yasuhiro Matsumoto,
Yasuo Hishikawa, and Masako Okawa

Background: There is growing evidence that the dysregu-
lation of circadian rhythms may play an important role in
irregular sleep–waking in demented elderly. In this study,
we investigated daily variation of the pineal hormone
melatonin, which has been reported to possess hypnogenic
and synchronizing effects, in patients with senile dementia
of Alzheimer’s type.
Methods: Serum melatonin secretion rhythms in inpa-
tients with senile dementia of Alzheimer’s type (SDAT
group, n ! 10, average age ! 75.7 years) with disturbed
sleep–waking and nondemented elderly (ND group, n !
10, age ! 78.3 years) without clinical sleep disorders in
the same facility were monitored under a dim light
condition without excessive physical exercise.
Results: The SDAT group showed a significantly higher
degree of irregularities in actigraphically recorded rest–
activity (R-A) rhythm during the 7-day baseline period
compared with the ND group. The SDAT group simulta-
neously showed significantly reduced amplitude, larger
variation of peak times, and diminished amount of total
secretion in the melatonin secretion rhythm compared
with the ND group. There were significantly positive
correlations between the severity of R-A rhythm disorder
and the reduced amplitude as well as diminished amount
of total melatonin secretion.
Conclusions: The SDAT patients with disturbed sleep–
waking possessed melatonin secretion rhythm disorders
that may play an important role in irregular sleep–
waking in demented elderly. Biol Psychiatry 1999;45:
417–421 © 1999 Society of Biological Psychiatry

Key Words: Circadian rhythm, melatonin, rest–activity,
sleep–wake, light, Alzheimer’s disease

Introduction

Many previous reports have suggested that the de-
mented elderly often have a dysregulation of the

circadian time-keeping system, which is manifested as
disorganized daily overt rhythms of various physiological
functions (Dori et al 1994; Nadal et al 1994; Okawa et al
1991; Mishima et al 1997a; Satlin et al 1991; Touitou et al
1986). There is growing evidence that the dysregulation of
circadian rhythms may play an important role in irregular
sleep–waking and the accompanying behavioral disorders
often observed in demented elderly (Aharon-Peretz et al
1991; Okawa et al 1991; Swaab et al 1985; Witting et al
1990). Findings that bright light exposure, which acts as a
powerful synchronizer of human circadian rhythms, ex-
hibited significant therapeutic effect for sleep and behav-
ioral disorders in demented elderly support this assump-
tion (Mishima et al 1994; Satlin et al 1992).
Pineal hormone melatonin has been reported to possess

synchronizing and hypnogenic actions in human (Dollins
et al 1994; Lewy et al 1992; McArthur et al 1991;
Mishima et al 1997b;) and is considered to relate to human
sleep–waking regulation. The aim of this study is to
evaluate the properties of melatonin secretion rhythm
under a dim light condition and without excessive physical
exercise to exclude masking effects on melatonin rhythms
by these factors in patients with senile dementia of
Alzheimer’s type (SDAT) with disturbed sleep–waking
confirmed by continuous monitoring of wrist rest–activity
using actigraph.

Methods and Materials
Subjects
The subjects consisted of 10 inpatients with SDAT (average
age ! 75.7 years) who had been in the same ward for dementia
and who showed sleep and behavioral disorders judged by sleep
diary recorded every 2 hours for 2 weeks by two skilled members
of the nursing staff. The control subjects consisted of 10

From the Department of Neuropsychiatry, Akita University School of Medicine,
Akita, Japan (KM, TT, KS, YM, YH); and Division of Psychophysiology,
NCNP, NIMH, Akita, Japan (MO).
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Hypothalamic volume loss

Breen et al, Mov Disord 2016



Postmortem damage

De Pablo-Fernandez, Mov Disord 2018

Brain bank study of PD (n=28), PSP (n=21), MSA (n=11) and controls (n=12)

Immunohistochemistry for α-synuclein (1:50; Vector) and
phosphorylated tau (1:600, AT8; Source BioScience) was per-
formed. Lewy pathology (Lewy bodies and Lewy neurites)
among PD cases, glial cytoplasmic inclusions among MSA cases,
and PSP-related tau inclusions among PSP cases were assessed

using a standard semiquantitative scoring system (absent, mild,
moderate, severe, or very severe) in the SCN and pineal gland
by an experienced neuropathologist (J.L.H.) (Figure 2). Braak
stage (range, 0-6) and a Lewy pathology subtype (brainstem, lim-
bic, or neocortical) was assigned for each PD case.

Figure 2. Immunohistochemical Staining of Representative Sections of the Suprachiasmatic Nucleus (SCN)
and Pineal Gland

Staining of the SCN for vasointestinal peptideA Staining of the SCN for α-synucleinB

Staining of the SCN for phosphorylated tauC Staining of pineal gland tissue for α-synucleinD

PVN SON

SCN
3V

A, Immunohistochemistry for
vasointestinal peptide was used for
identification of the SCN
(A, arrowhead). The inset shows
expression in neuronal cell bodies
and processes. B and C,
Immunohistochemical staining of the
SCN for α-synuclein (B) showing
Lewy pathology in a patient with
Parkinson disease and for
phosphorylated tau (C) showing tau
pathology in a patient with
progressive supranuclear palsy.
D, Immunohistochemical staining of
pineal gland tissue for α-synuclein
showing Lewy pathology in a patient
with Parkinson disease. Scale bar in D
represents 520 μm in A and 25 μm in
the inset of A and in B through D.
PVN indicates paraventricular
nucleus; SON, supraoptic nucleus;
and 3V, third ventricle.

Table. Demographic Data and Histologic Comparisons by Study Groupa

Variable
Control
(n = 12)

PD
(n = 28)

MSA
(n = 11)b

PSP
(n = 21)

Male-female sex 6:6 22:6 (P = .07) 7:4 (P = .52) 13:8 (P = .51)

Age at diagnosis,
median (IQR), y

NA 67.1 (58.0-72.1) 63.3 (57.0-68.3) 66.5 (61.2-71.9)

Age at death,
median (IQR), y

83.8 (78.2-88.0) 78.8 (75.5-83.8)
(P = .10)

69.5 (61.6-77.7)
(P < .001)

74.3 (69.7-81.1)
(P < .001)

Disease duration,
median (IQR), y

NA 14.3 (7.2-20.0) 5.4 (4.4-10.5)
(P < .001)c

7.2 (4.5-9.1)
(P = .002)c

SCN (n = 5) (n = 13) (n = 5) (n = 5)

SCN pathology,
No. (%)

5 (100) Absent 4 (31) Absent,
7 (54) mild,
2 (15) moderate
(P = .01)d

5 (100) Absent
(P > .99)d

2 (40) Mild,
3 (60) moderate
(P = .003)d

Pineal Gland (n = 7) (n = 17) (n = 6) (n = 19)

Pineal pathology,
No. (%)

7 (100) Absent 15 (88) Absent,
2 (12) mild
(P = .35)d

6 (100) Absent
(P > .10)d

19 (100) Absent
(P > .99)d

Braak stage,
No. (%)

NA 3 (12) Braak stage 5,
22 (88) Braak stage 6
(P = .25)e

NA NA

Lewy body subtype,
No. (%)

NA 5 (22) Limbic,
18 (78) neocortical
(P = .54)f

NA NA

Abbreviations: IQR, interquartile
range; MSA, multiple system atrophy;
NA, not applicable; PD, Parkinson
disease; PSP, progressive
supranuclear palsy;
SCN, suprachiasmatic nucleus.
a P values of Mann-Whitney test

applied for comparisons with
control group as reference unless
stated otherwise.

b Eight parkinsonian and 3 cerebellar.
c The PD group as reference.
d Percentage affected, disease group

vs control group.
e Percentage affected, Braak stage 5

vs Braak stage 6.
f Percentage affected, limbic subtype

vs neocortical subtype.
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Immunohistochemistry for α-synuclein (1:50; Vector) and
phosphorylated tau (1:600, AT8; Source BioScience) was per-
formed. Lewy pathology (Lewy bodies and Lewy neurites)
among PD cases, glial cytoplasmic inclusions among MSA cases,
and PSP-related tau inclusions among PSP cases were assessed

using a standard semiquantitative scoring system (absent, mild,
moderate, severe, or very severe) in the SCN and pineal gland
by an experienced neuropathologist (J.L.H.) (Figure 2). Braak
stage (range, 0-6) and a Lewy pathology subtype (brainstem, lim-
bic, or neocortical) was assigned for each PD case.

Figure 2. Immunohistochemical Staining of Representative Sections of the Suprachiasmatic Nucleus (SCN)
and Pineal Gland
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phosphorylated tau (C) showing tau
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PVN indicates paraventricular
nucleus; SON, supraoptic nucleus;
and 3V, third ventricle.
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Treatment



PD and medication triggers

MEDICATION TRIGGERS

Avoid selegiline or amantadine
later in the day

Avoid caffeine and alcohol (and
large meals) later in the day

Avoid diuretics later in the day

PD TRIGGERS

Nocturnal motor dysfunction
(consider Levodopa CR or
Rotigitine patch)

Treat nocturia (anticholinergics)

Manage any cognitive or
psychiatric co-morbidities



Other sleep tips
Regular bed times

Dark and comfortable temperature

Suitable mattress and pillow (especially if difficulty turning)

Avoid TV or iPad before bed, avoid bright lights

Relaxation techniques

Avoid prolonged time in bed when awake

Exercise during the day (but avoid intense exercise just before bed)
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A R T I C L E I N F O
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A B S T R A C T

Objective: This study was performed to evaluate the impact of melatonin supplementation on clinical and me-
tabolic profiles in people with Parkinson's disease (PD).
Methods: This randomized, double-blind, placebo-controlled clinical trial was conducted among 60 patients with
PD. Participants were randomly divided into two groups to intake either 10 mg melatonin (two melatonin
capsules, 5 mg each) (n = 30) or placebo (n = 30) once a day, 1 h before bedtime for 12 weeks.
Results: Melatonin supplementation significantly reduced the Unified Parkinson's Disease Rating Scale (UPDRS)
part I score (β−2.33; 95% CI,−3.57,−1.09; P<0.001), Pittsburgh Sleep Quality Index (PSQI) (β−1.82; 95%
CI, −3.36, −0.27; P = 0.02), Beck Depression Inventory (BDI) (β −3.32; 95% CI, −5.23, −1.41; P = 0.001)
and Beck Anxiety Inventory (BAI) (β −2.22; 95% CI, −3.84, −0.60; P = 0.008) compared with the placebo
treatment. Compared with the placebo, melatonin supplementation resulted in a significant reduction in serum
high sensitivity C-reactive protein (hs-CRP) (β −0.94 mg/L; 95% CI, −1.55, −0.32; P = 0.003) and a sig-
nificant elevation in plasma total antioxidant capacity (TAC) (β 108.09 mmol/L; 95% CI, 78.21, 137.97;
P<0.001) and total glutathione (GSH) levels (β 77.08 μmol/L; 95% CI, 44.29, 109.86; P<0.001).
Additionally, consuming melatonin significantly decreased serum insulin levels (β −1.79 μIU/mL; 95% CI,
−3.12, −0.46; P = 0.009), homeostasis model of assessment-insulin resistance (HOMA-IR) (β −0.47; 95% CI,
−0.80, −0.13; P = 0.007), total- (β −13.16 mg/dL; 95% CI, −25.14, −1.17; P = 0.03) and LDL- (β −10.44
mg/dL; 95% CI, −20.55, −0.34; P = 0.04) compared with the placebo.
Conclusions: Overall, melatonin supplementation for 12 weeks to patients with PD had favorable effects on the
UPDRS part I score, PSQI, BDI, BAI, hs-CRP, TAC, GSH, insulin levels, HOMA-IR, total-, LDL-cholesterol, and
gene expression of TNF-α, PPAR-γ and LDLR, but did not affect other metabolic profiles.

1. Introduction

Parkinson's disease (PD) is the second most common neurodegen-
erative disease worldwide, characterized by dopaminergic neuronal
loss in the substantia nigra pars compacta (SNc) [1]. The prevalence of
PD was reported at least 1% of the elderly (greater than 60 years)
globally [2]. Experimental evidence has demonstrated that neuroin-
flammation and oxidative stress play a central role in the pathogenesis

of PD [3,4]. In addition, increased production of free radicals, elevated
biomarkers of oxidative stress and inflammatory cytokines in neuronal
degeneration of PD have been proposed [5]. Depression and anxiety
also are some of the most common comorbidities arising in people with
PD [6]. Depressive symptoms are reported to be present in approxi-
mately 20%–30% of subjects with PD [7]. The prevalence of anxiety in
people with PD ranges from 6% to 55% [8]. Sleep disturbances are
recognized as a common nonmotor complaint in PD [9]. In addition,

https://doi.org/10.1016/j.clineuro.2020.105878
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Prolonged-release melatonin in Parkinson's disease patients with a poor
sleep quality: A randomized trial
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A B S T R A C T

Background: The present study was a randomized, double-blind, placebo-controlled, multi-center trial to eval-
uate the efficacy and safety of prolonged-release melatonin (PRM) in Parkinson's disease (PD) patients with poor
sleep quality.
Methods: PD patients with a global Pittsburgh Sleep Quality Index (PSQI) score > 5 were included. Patients
were assessed using the PSQI, a rapid eye movement sleep behavior disorder screening questionnaire, the
Epworth Sleepiness Scale, Non-Motor Symptoms Scale (NMSS), Parkinson's Disease Quality of Life-39 (PDQ-39),
and Unified Parkinson's Disease Rating Scale (UPDRS)-III at the beginning of the study and after 4 weeks of
treatment with 2 mg of PRM. Partial correlation analysis was performed to investigate the relationship between
PSQI score and the other scales.
Results: Thirty-four PD patients with poor sleep quality were enrolled and divided into 2 groups based on
medication; PRM (n = 16) and placebo (n = 18). Regarding efficacy, PSQI was significantly improved in the
PRM group compared to the control group. Improvement in the NMSS and PDQ-39 summary index were ob-
served in the PRM but not in the placebo group; UPDRS-III score was not significantly changed in either group.
PSQI improvement correlated with improvement in NMSS score and PDQ-39 summary index. Regarding safety,
all enrolled subjects did not complain of side effects due to PRM.
Conclusion: PRM is an effective and safe treatment option for subjective sleep quality in PD patients and ben-
eficial effects on sleep quality are associated with improved non-motor symptoms and quality of life in PD
patients.

1. Introduction

Sleep disturbance has been reported in up to 88%–98% of
Parkinson's disease (PD) patients, and various sleep disorders, such as
fragmented sleep, sleep initiation problems, daytime sleepiness, sleep
maintenance problems, and rapid eye movement sleep behavior dis-
order (RBD) can present even before motor symptoms. Further, sleep
disturbances independently affect the quality of life (QoL) of PD pa-
tients, but the efficacy of various medications including dopaminergic

agents and hypnotics, is still controversial [1]. Moreover, in terms of
safety, most hypnotics commonly used in clinics can cause side effects
such as drowsiness, memory impairment, and unsteadiness [2].

Decreased secretion of melatonin and disrupted circadian rhythms
were associated with abnormal sleep-wake cycles as well as motor and
non-motor symptom (NMS) fluctuations in PD [3]. Therefore, mela-
tonin could be effective for management of poor sleep quality in PD.
Furthermore, melatonin is regarded as a safe medication based on
previous studies [4]. In PD, two previous studies using immediate-

https://doi.org/10.1016/j.parkreldis.2020.03.029
Received 21 November 2019; Received in revised form 24 March 2020; Accepted 25 March 2020

∗ Corresponding author. Department of Neurology, Samsung Medical Center, Sungkyunkwan University School of Medicine, 81 Irwon-ro, Gangnam-gu, Seoul,
06351, Republic of Korea.

∗∗ Corresponding author. Department of Neurology, Samsung Medical Center, Sungkyunkwan University School of Medicine, 81 Irwon-ro, Gangnam-gu, Seoul
06351, Republic of Korea.

E-mail addresses: sunnyfor@hanmail.net (J.S. Kim), genian@skku.edu (J. Youn).

3DUNLQVRQLVP�DQG�5HODWHG�'LVRUGHUV�������������²��

������������������(OVHYLHU�/WG��$OO�ULJKWV�UHVHUYHG�

7

• 60 patients over 12 weeks
• 10mg melatonin SR
• Improvement in sleep and 

other measures

• 34 patients with poor 
sleep over 4 weeks

• 2mg melatonin PR
• Improvement in sleep, 

NMSS and PDQ-39



Other medications commonly prescribed

Hypnotics (Eszopiclone recommended by MDS)

Benzodiazepines (e.g. Temazepam)

Antidepressant-type medications (e.g. Mirtazapine)

Sodium oxybate



New classes of medication



Thank you

@breenneurology


