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Open-Label Study of Sleep Disturbances
in Patients with Parkinson’s Disease
Treated with Rasagiline
Michel Panisset, Jean-Louis Stril, Manon Bélanger, Geneviève Lehoux,
Donna Coffin, Sylvain Chouinard, on behalf of The REST Study Group

ABSTRACT: Background: The prevalence of sleep disturbances among patients with Parkinson’s disease (PD) is estimated to occur in
37% to 98% of patients. Sleep disturbances have been associated with a reduced quality of life for patients with PD. The objective of this
study was to assess the impact of rasagiline treatment on the severity of sleep disturbances among patients with idiopathic PD. Methods:
In this open-label, multicentre study, 110 adult patients with idiopathic PD were treated with rasagiline either as monotherapy or as adjunct
therapy. The primary endpoint was the change in severity of sleep disturbances, assessed with the PD Sleep Scale from baseline to month 2.
Exploratory endpoints included change in daytime sleepiness, assessed with the Epworth Sleep Scale, treatment satisfaction measured with
the Treatment Satisfaction Questionnaire for Medication, patient’s overall improvement or deterioration over time measured with the
Clinical Global Impression of Improvement, tolerability, and safety. Findings: Patients treated with rasagiline as mono- or adjunct therapy
showed a statistically significant improvement in sleep quality after 2 months. There was no change in daytime sleepiness. Overall, patients
were satisfied with rasagiline treatment with a mean Treatment Satisfaction Questionnaire for Medication [standard deviation] total score at
month 2 of 68% [16.1]. At the end of study, 64 patients (65.9%) were judged, by the investigator, as being at least minimally improved
from baseline on the Clinical Global Impression of Improvement. Rasagiline was safe and well-tolerated. Interpretation: Rasagiline as
mono- or adjunct-therapy may improve sleep experience in patients with PD in the short term.

RÉSUMÉ: Étude ouverte sur les troubles du sommeil chez les patients atteints de la maladie de Parkinson qui sont traités par la rasagiline.
Contexte : La prévalence des troubles du sommeil chez les patients atteints de la maladie de Parkinson (MP) serait de 37% à 98%. Les troubles du sommeil ont
été associés à une qualité de vie diminuée chez ces patients. L’objectif de cette étude était d’évaluer l’impact du traitement par la rasagiline sur la sévérité des
troubles du sommeil chez les patients atteints d’une MP idiopathique.Méthodologie : Dans cette étude multicentrique ouverte, 110 patients adultes atteints de
MP idiopathique ont été traités par la rasagiline, soit en monothérapie ou comme traitement d’appoint. Le critère d’évaluation principal était le changement dans
la sévérité des troubles du sommeil évalué au moyen de l’échelle du sommeil pour la MP au début de l’étude et après 2 mois de traitement. Les critères
d’évaluation exploratoires incluaient le changement dans la somnolence diurne évalué au moyen de l’échelle de somnolence d’Epworth, la satisfaction par
rapport au traitement mesurée au moyen du Treatment Satisfaction Questionnaire for Medication, l’amélioration ou la détérioration globale du patient dans le
temps mesurée au moyen du questionnaire sur l’impression clinique globale d’amélioration, de tolérabilité et de sécurité. Résultats : Les patients traités par la
rasagiline enmonothérapie ou comme traitement d’appoint éprouvaient une amélioration significative au point de vue statistique de la qualité du sommeil après 2
mois de traitement. La somnolence diurne demeurait inchangée. Globalement, les patients étaient satisfaits du traitement par la rasagiline et le score total moyen
au Treatment Satisfaction Questionnaire forMedication était de 68% (écart type 16,1) après 2mois. Le chercheur considérait que 64 patients (65,9%) présentaient
une amélioration au moins minimale par rapport à l’évaluation initiale à l’échelle d’impression clinique globale d’amélioration. La rasagiline était sûre et bien
tolérée. Conclusion : La rasagiline en monothérapie ou comme traitement d’appoint peut améliorer le sommeil à court terme chez les patients atteints de la MP.
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Amongst the nonmotor symptoms (NMS) of Parkinson’s
disease (PD), sleep disturbances is the most frequent and
occurs in 37% to 98% of patients.1-5 Sleep disturbances in

PD may be linked to resurgence of PD symptoms, anxiety, noc-
turia, PD medications, or an actual sleep disorder.6 Insomnia is
the most common sleep problem in PD. Sleep disturbances
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in patients with PD has been associated with reduced quality
of life.2,7,8

The treatment of sleep disturbances in PD is largely unstudied.
Doxepin was recently shown to improve insomnia.9 The effects
of levodopa on sleep are conflicting, with studies demonstrating
a frequent disruption in sleep,10,11 and another showing an
improvement in sleep.12 Dopaminergic agonists, anticholinergics,
selegiline, and amantadine are also known to affect night-time
sleep.13,14 Recent reports have shown that anti-Parkinson therapies
can help nocturnal sleep disturbances in PD.15-23

Rasagiline, a selective irreversible inhibitor of the MAO-B
enzyme, is a well-established treatment for PD, either as a
monotherapy or adjunct therapy.24-27 The effect of rasagiline on
sleep was assessed in an observational 8-week study (n=26)28 and
showed not statistically significant improvement in PD Sleep Scale
(PDSS) total score. Switching patients from selegiline to rasagiline
significantly improved sleep in PD patients.29

This study aimed to further evaluate the effects of rasagiline on
the quality of sleep using the validated PDSS as the primary
outcome measure.

METHODS

Patients

Sixteen centres in Canada participated between December
2009 and March 2011. Eligible candidates were patients with a
diagnosis of idiopathic PD who had not used selegiline or
rasagiline within 60 days before study entry. Rasagiline was pre-
scribed to all patients, either as monotherapy or adjunct therapy.
The study was approved by ethics committees, and all patients
provided written informed consent before enrolment. This study
has been registered on clinicaltrials.org under the number
NCT01032486.

Design

This was a single arm, open-label, multicentre study. Patients
were followed prospectively during the 2-month study period
while treated with a daily dose of rasagiline (0.5 mg or 1.0 mg).
Rasagiline could be up-titrated (0.5 mg to 1.0 mg) or down-
titrated (1.0 mg to 0.5 mg), as per physician discretion during the
60-day period of the study. This study was not intended to
examine a dose-response relationship.

Timeline and Clinical Assessments

Demographic and clinical characteristics of the patients were
recorded at study entry. Baseline assessments included the PDSS,
the Epworth Sleepiness Scale (ESS), and the Hoehn and Yahr
staging scale (H&Y). The end of study visit, at month 2, included
administration of the PDSS, ESS, and Clinical Global Impression
of Improvement (CGI-I), Treatment Satisfaction Questionnaire
for Medication (TSQM), assessment of treatment compliance
by patient report, and safety and tolerability.

Assessment of Nocturnal Symptoms

The PDSS is a self-administered questionnaire designed to
evaluate the frequency and specific nature of sleep disturbances
experienced during the week preceding administration.30 The
scale consists in eight subscales: overall quality of sleep (Q1);
sleep onset and maintenance insomnia (Q2, Q3); nocturnal

restlessness (Q4, Q5); nocturnal psychosis (Q6, Q7); nocturia
(Q8, Q9); nocturnal motor symptoms (Q10-Q13); sleep
refreshment (Q14); and daytime dozing (Q15). The severity
of each symptom is measured on a visual analog scale, ranging
from 0 to 100, with higher scores indicating a better quality
of sleep.

The ESS is a self-administered, eight-item questionnaire
designed to measure a patients’ general level of daytime sleepi-
ness.31,32 Higher éESS scores indicate a higher level of daytime
sleepiness.

The CGI-I is a brief clinician-rated instrument, which provides
an estimate of the patient’s overall improvement or deterioration
over time.33

The TSQM (version 1.4) is a self-administered, 14-item
general measure of patients’ satisfaction with medication.34

The H&Y allows a staging of parkinsonism that is in keeping
with the natural evolution of the disease and is independent of
response to therapy (fluctuations).

Statistical Analysis

The primary endpoint was the change from baseline to month 2
in total PDSS score. The secondary endpoint was the change from
baseline to month 2 in the ESS score. Exploratory endpoints
included change from baseline to month 2 in the subscales of
the PDSS and in the other scales. Safety and tolerability were
measured by incidence of adverse events (AEs), serious AEs,
premature discontinuation of rasagiline overall, and discontinua-
tion because of AEs.

A sample size of 119 patients was determined to detect a 10%
difference between baseline and end of study in total PDSS,
with a power of 80% and a 5% two-sided significance threshold.
A difference of 10% between baseline and month 2 was con-
sidered to be clinically significant based on previous studies.7,28

This estimation assumes a baseline PDSS score of 100, standard
deviation (SD) of 34, and a 10% drop out rate.7,30,35 A correction
by a factor of 1.157 was introduced into the estimate to account for
the possibility of a non-normal distribution, requiring use of a
Wilcoxon signed-rank test. All results were analyzed in the
modified intention-to-treat (mITT) population, defined as all
patients who enrolled in the study and had both a baseline and
month 2 (end of study) visits.

Demographic and baseline characteristics of the ITT popula-
tion were presented descriptively. Change in PDSS total and
subscale scores at month 2 was assessed using aWilcoxon signed-
rank test to test the hypothesis of no difference in median PDSS
scores from baseline to end of study. Shapiro-Wilk tests were
conducted to verify the normality of the distribution and a paired
t-test was conducted under conditions of a normal distribution, as
supportive analysis. The ESS total and the ESS subscales were
tested in a similar manner.

The CGI-I and TSQM assessment scales were reported with
descriptive statistics on their total scores.

A post hoc analysis was conducted in which patients were
classified as having mild or troublesome sleep disturbances using
the median PDSS score at baseline as the cutoff value. This
subgroup analysis was conducted for the total PDSS score as well
as for each of the subscales. Subscales scores were differentiated
by <5 and ≥5, indicating troublesome and mild sleep problems,
respectively. Post hoc analysis of change in total ESS score
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stratified by mean baseline ESS score (<4.6= mild daytime
sleepiness vs ≥4.6= troublesome daytime sleepiness) was also
conducted and reported descriptively.

The statistical design and analysis was performed using SAS,
version 9.2.

RESULTS

Patient Disposition

A total of 120 patients were enrolled in the study; 110 received
rasagiline. Reasons for nontreatment were withdrawal of consent
(n= 5), physician decision (n= 1), noncompliance of study
requirement (n= 1), and other (n= 3). Overall, 97 (88%) of the
treated patients completed the study. The most common reason for
premature discontinuation in 13 patients (11.8%) was due to
AEs (n= 11, 10%). One (<1%) patient discontinued by stopping
medication permanently on day 2 of the study and another
withdrew consent (n= 1, <1%). One patient was excluded from
the primary analysis of PDSS and four patients were excluded
from the ESS analysis because missing data.

Baseline Characteristics

The mean [SD] age of the 110 patients was 67 [9.4] years and
75% were male. Participants were diagnosed with PD a median
(range) of 3 (0-28) years before enrolment and the majority of
patients were in H&Y 1 to 1.5 or 2 to 2.5 (i.e. bilateral symptoms
with or without postural instability). The majority of patients were
on adjunct therapy. The ITT and mITT groups were similar with
the exception that nine patients in the ITT population and two
from the mITT population missed >15 doses (Table 1).

Sleep Disturbances

PDSS

Sleep disturbances improved significantly after 2 months of
treatment as assessed by the PDSS (Table 2). At baseline, total
mean [SD] PDSS score was 96.2 [21.6], which improved to 105.5
(21.9) at month 2, (mean [SD] improvement of 9.11 [18.69]
points, p= 0.003). The primary endpoint of this study was met
and was confirmed by a paired t-test analysis.

Results with the subscales of the PDSS are shown in Table 2.

Table 1: Demographic and clinical characteristics of patients

ITT
N = 110

mITT
N = 97

Age, years, mean (SD) 66.9 (9.4) 66.1 (9.1)

Male, n (%) 83 (75.5) 75 (77.3)

Caucasian, n (%) 97 (88.2) 84 (86.6)

Disease duration, years, median (range) 3 (0-28) 3 (0-28)

H&Y stage, n (%)

1.0 20 (18.2) 18 (18.6)

1.5 14 (12.7) 13 (13.4)

2.0 49 (44.5) 47 (48.5)

2.5 15 (13.6) 12 (12.4)

3.0 9 (8.2) 5 (5.2)

4.0 3 (2.7) 2 (2.1)

5.0 0 0

Rasagiline treatment, n (%)*

Monotherapy 14 (12.7) 14 (14.4)

Adjunct therapy 96 (87.3) 83 (85.6)

0.5 mg dose 60 (54.5) 53 (54.6)

Dose up-titrated to 1.0 mg, n (%) 27 (24.5) 27 (27.8)

1.0 mg dose 50 (45.5) 44 (45.6)

Dose down-titrated to 0.5 mg, n (%) 2 (1.8) 1 (<1)

Treatment duration, days, mean (SD) 61 (17.1) 66 (9.5)

Number of missed doses, n (%)

None 71 (66.4) 68 (70.1)

<5 26 (24.3) 26 (26.8)

5-15 1 (1) 1 (1)

>15 9 (8.4) 2 (2.1)

*Rasagiline dose prescribed at baseline.

Table 2: PDSS total and subscale scores

PDSS scores

Scales and subscales Baseline
Mean (SD) N= 96

Month 2
Mean (SD) N= 96

Change from baseline to month 2
Mean (SD)

Percent change over baseline (%, CI)
Mean (SD)

p value*

Total 96.2 (21.6) 105.5 (21.9) 9.11 (18.69) 7 (−33.9, 276.6) 0.003

Overall quality of sleep 5.5 (2.3) 6.3 (2.2) 0.76 (2.22) 41.5 (144.6) 0.01

Sleep onset/maintenance insomnia† 6.0 (2.3) 6.5 (2.1) 0.45 (2.29) 40.6 (206.5) 0.1

Nocturnal restlessness‡ 6.6 (2.3) 7.4 (2.2) 0.70 (2.10) 35.9 (177.7) 0.01

Nocturnal psychosis‡ 7.4 (2.1) 8.0 (1.7) 0.52 (1.72) 17 (61.9) 0.06

Nocturia‡ 5.6 (2.0) 6.1 (2.0) 0.48 (1.79) 123.9 (1031.7) 0.2

Nocturnal motor symptoms‡ 7.0 (1.9) 7.7 (1.8) 0.58 (1.49) 13.2 (41.6) 0.01

Sleep refreshment‡ 5.4 (2.8) 6.3 (3.0) 0.91 (3.13) 77.3 (257.3) 0.02

Daytime dozing‡ 5.9 (3.1) 6.7 (2.9) 0.72 (2.74) 116.0 (538.3) 0.1

*Wilcoxon signed-rank test for median change from baseline to month 2, mITT population.
†n= 94, 2 patients had missing data to ≥1 question.
‡n= 95, 1 patient had missing data to ≥1 question.
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The subscales that were the most troublesome for patients at
baseline were sleep refreshment, overall quality of sleep, nocturia,
and daytime dozing (visual analog scale scores < 6). Nocturnal
psychosis and nocturnal motor symptoms were the least troubling
at baseline (visual analog scale scores > 7).

The mean [SD] ESS score improved slightly over the study,
from 10 [5.2] at baseline to 9.4 [5.0] at month 2 (p= 0.4407).

Overall, patients were satisfied with rasagiline treatment with a
mean [SD] TSQM total score at month 2 of 68% [16.1]. Patients
were more satisfied with rasagiline in terms of convenience
(82.3% [16.3]) and side effects (85.4% [23.8]) than effectiveness
(53.9% [20.1]) or global satisfaction (51% [24.6]).

On the CGI-I at month 2, 64 (65.9%) patients were judged by
the investigator as being at least minimally improved from
baseline and 27 [27.8%] were reported to have had no change.
Only six patients (6.2%) worsened.

A post-hoc analysis of change in PDSS total score, stratified by
median baseline PDSS score (96.9 points), was conducted. Both
groups of patients, those with troublesome (PDSS < 96.9) and
mild (PDSS ≥ 96.9) sleep disturbances had statistically significant
improvements at month 2. The treatment effect at month 2 for the
PDSS total score was larger for patients with troublesome sleep
disturbances (12 points, median % change 15.6, p= 0.0013) than
for patients with mild sleep disturbances (5.9 points, median
percent change 5.2, p= 0.0099) at baseline.

The change in each of the PDSS subscales, stratified by baseline
score (<5, ≥5), was significant (p < 0.05) at month 2 for patients
with troublesome sleep disturbances (<5). Patients with mild sleep
disturbances (≥5) did not experience the same statistical improve-
ment in any of the subscales, with the exception of nocturnal motor
symptoms, which was significantly improved (p < 0.05).

Safety

Forty-two (38.2%) patients reported at least one treatment
emergent AE during the study. The most common AEs reported
were nausea (n= 6, 5.5%), dizziness (n= 4, 3.6%), constipation
(n= 3, 2.7%), diarrhea (n= 3, 2.7%), visual hallucination
(n= 3, 2.7%), and somnolence (n= 3, 2.7%). Most events were
mild or moderate in nature and all, with the exception of dizziness
and diarrhea, were considered to be possibly related to rasagiline.
Serious AEs occurred in three (2.7%) patients and were
contributory to the discontinuation of rasagiline treatment: one
patient died of a heart condition of unknown etiology on day 31 of
the study and was deemed not related to rasagiline; another patient
experienced a severe fall on day 9 of the study, for which she was
hospitalized and which was assessed as being possibly related to
rasagiline; and the third patient was diagnosed with prostate
cancer on day 25, not related to study drug. A total of 13 (12%)
patients discontinued rasagiline because of an AE (including the
three serious AEs). The only AE leading to drug discontinuation
occurring in >1 patient was dizziness, which occurred in
2 patients. Eleven (10%) of the AEs leading to drug discontinua-
tion were considered possibly related to rasagiline.

DISCUSSION

We found that rasagiline is effective at improving the quality of
sleep in patients with idiopathic PD. Over 2 months, patients
taking rasagiline, as monotherapy or adjunct therapy, experienced
significant decreases in overall sleep disturbances and

improvements in quality of sleep, nocturnal restlessness, noctur-
nal motor symptoms, and sleep refreshment. In addition, the
majority of patients were satisfied with the medication, in
particular for its manageable side effect profile and convenience.
Sixty-six percent of patients showed improvement over the
2-month treatment period as per physician rating on the CGI.

No new safety issues emerged from this study and AEs were
typically mild or moderate in nature.

Although there were no specific measures to assess the mechan-
ism by which rasagiline improves sleep quality, it is likely that its
irreversible MAO-B inhibition extends its benefits overnight.36,37

The majority of sleep disturbances associated with PD are due to
reemergence of parkinsonian symptoms during the night. Rasagiline
was shown to improve motor scores during the “practically defined
OFF state” indicating that once-daily treatment with rasagiline exerts
a continuous clinical effect of ≥24 hours.38 Other long-acting
dopaminergic drugs, levodopa/carbidopa infusion technique, and
deep brain surgery have shown similar effects in populations affected
with similar sleep scores.15-23

We also found that patients’ sleep symptoms respond differen-
tially to rasagiline, based on their severity. Troublesome sleep
problems, defined by the median PDSS total score (≤ 96), conferred
large improvements, whereas milder sleep problems (PDSS > 96)
showed smaller, although still statistically significant, improve-
ments. Although four of the subscales of the PDSS were
significantly improved at month 2 for the total study population, all
eight subscales were improved for patients with troublesome sleep
disturbances. Only one subscale, nocturnal motor symptoms, was
significantly improved for patients with mild or no sleep
disturbances at baseline. This may be due to a ceiling effect, in that
patients with mild symptoms have little room for improvement,
whereas those with troublesome symptoms and a lower baseline
PDSS score have room to improve. Patients with mild sleep
disturbance at baseline had a median (range) of 110.8 (96.9-144.5)
points on total PDSS, which improved to 119.9 (80.2-149.0) at
month 2, which approximates the mean of 120 on total PDSS seen
in healthy populations.30,35 Patients with troublesome nocturnal
symptoms at baseline had a median total PDSS score of 84.3
(27.8-96.8), which improved to 94.7 (36.5-126.2) at month 2.

Assessing treatment effects by severity of sleep disturbances at
baseline was also studied by Chaudhuri.7 Similarly, they found
patients with troublesome nocturnal symptoms responded more
favourably to ropinirole versus placebo, whereas patients with
mild-no nocturnal symptoms showed no treatment effect.

Limitations

This study used an uncontrolled open-label design, thus
it is not possible to conclude that the patients would not have
experienced an improved quality of sleep in the absence of
rasagiline. Also, with this type of protocol design, it is impossible
to quantify the placebo effect. However, given the progressive
nature of PD symptoms, it is unlikely that patients would experi-
ence an improvement of this magnitude spontaneously. More than
85% of patients were on adjunct therapy. This may affect the
generalizability of the study results to patients on monotherapy,
however, no difference in PDSS total score was found when
stratified by rasagiline monotherapy versus adjunct therapy.

In summary, this open-label study demonstrates that rasagiline
improves sleep experience in patients with idiopathic PD in the
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short term. These encouraging results might stimulate future
research with a double-blind, randomized study design.
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