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Study Objectives: Rapid eye movement (REM) sleep behavior disorder (RBD) is a parasomnia characterized by REM sleep without atonia and elaborate
motor activity in association with dream mentation. The melatonin receptor agonist ramelteon has been documented as being effective in two patients with
secondary RBD. However, there are no reports on ramelteon treatment for idiopathic RBD.

Methods: In an open-labeled trial, we treated 12 consecutive patients with idiopathic RBD for at least 4 w with 8 mg ramelteon given within 30 min

before bedtime.

Results: Ramelteon treatment did not have a clear effect on REM sleep without atonia or an RBD severity scale measured by video-supported
polysomnography. However, clinical assessment using a visual analog scale showed a trend toward significance and there were also definitely positive
changes in some individual cases. Ramelteon was well tolerated in most patients, with minor side effects.

Conclusions: Considering that ramelteon is associated with few side effects, further study may ascertain whether patients with RBD could be effectively
treated by ramelteon, especially when clonazepam may not be suitable due to its side effects.

Commentary: A commentary on this article appears in this issue on page 643.
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INTRODUCTION

Rapid eye movement (REM) sleep behavior disorder (RBD) is
a parasomnia that emerges during REM sleep and may cause
injury or sleep disruption. RBD is also associated with electro-
myographic (EMG) abnormalities during REM sleep, includ-
ing an excess of muscle tone or phasic EMG twitch activity."?
RBD occurs in approximately 0.5% in the general population'
and can be idiopathic or due to secondary cause, usually neu-
rological diseases (e.g., synucleinopathies) or neuropsychiatric
medications (e.g., tricyclic antidepressants, selective serotonin
reuptake inhibitors, and serotonin/norepinephrine reuptake in-
hibitors).** The treatment of RBD is symptomatic; clonazepam
is the first-line treatment, but it should be used with caution
in patients with dementia, daytime sleepiness, or concomitant
obstructive sleep apnea (OSA).> RBD usually emerges after
the age of 50 y; therefore, the risk of falls also often prevents
clonazepam from being used in elderly patients.

As an alternative treatment option, the beneficial effects of
melatonin in RBD were first described in 1997 by Kunz and
Bes.® Subsequently, further literature and guidelines have sug-
gested clinical benefits of melatonin in patients who require
pharmacological treatment for RBD.*7 However, in Japan,
melatonin is rarely used for treatment in clinical practice be-
cause it is not available as a formally approved drug. Recently,
the melatonin receptor agonist ramelteon was approved for

BRIEF SUMMARY

Current Knowledge/Study Rationale: Clonazepam is a first-line
treatment for rapid eye movement sleep behavior disorder (RBD).
However, clonazepam is not always effective for treating RBD
symptoms, and produces numerous side effects. Recently the
melatonin receptor agonist ramelteon has been documented as
being effective in two patients with secondary RBD. This study
investigated the effect of ramelteon on patients with idiopathic RBD.
Study Impact: Ramelteon treatment did not have a clear effect

on symptoms of idiopathic RBD. However, ramelteon had high
tolerability for elderly individuals with RBD, with minor side effects,
and there were some individual cases in which RBD symptoms were
improved after ramelteon treatment. Ramelteon might be useful

for patients with RBD who are unable to take clonazepam or are
resistant to clonazepam treatment.

the treatment of insomnia in Japan.! Ramelteon effectively
improved sleep measures in adults with primary chronic in-
somnia, with low adverse events.”!° Some studies reported no
next-day residual effect of ramelteon on behavioral or cogni-
tive tasks.!" Furthermore, ramelteon has been documented to
be effective in two patients with RBD secondary to multiple
system atrophy and Parkinson disease.'> However, to the best
of our knowledge, there are no reports on ramelteon treatment
for idiopathic RBD. In this open-labeled study, we exam-
ined the effects of ramelteon on 12 consecutive patients with
idiopathic RBD.
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METHODS

Subjects and Clinical Assessment

The study protocol was approved by the ethics committee of
Toyohashi Mates Sleep Disorders Center. All participants
provided written informed consent. All patients were seek-
ing treatment for neuropsychiatric sleep related disturbances.
Video-supported polysomnography (v-PSG) was performed
in cases meeting the American Academy of Sleep Medicine
(AASM) indications for diagnostic polysomnography,' and pa-
tients were included in the study if the International Classifica-
tion for Sleep Disorders, Second Edition, criteria for RBD were
met; including even very mild cases. If patients had OSA, they
were treated with nasal continuous positive airway pressure
therapy or an intraoral device. The study, therefore, included
these treated cases. Exclusion criteria were (1) comorbid psy-
chiatric disorders (Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition,) or neurological disorders, including
Parkinson disease and dementia with Lewy bodies, and (2) the
intake of any medication that might interfere with melatonin
production/secretion or REM sleep (e.g., benzodiazepines, an-
tidepressants, beta-blockers, and anti-inflammatory drugs)."
After the diagnosis was made by v-PSG, patients were treated
with 8 mg ramelteon for at least 4 w. Patients were instructed to
take ramelteon within 30 min before bedtime. We used a visual
analog scale (VAS)" for assessment of the daily symptoms with
regard to RBD frequency and severity at baseline and follow-
ing treatment; the VAS rating was provided by a bed partner or
family member who had observed the patient’s RBD symptoms
(such as dream enactment behaviors, falls, and injuries) during
sleep over the previous month. As a more objective measure-
ment, we checked the severity of RBD using the RBD severity
scale (RBDSS) by v-PSG.!"* RBDSS classified the severity as to
both of motor events and vocalizations. Motor events in REM
sleep were rated on a digital scale from 0 to 3 according to the
localization and severity of movements. No visible movement
but registration of REM sleep without atonia scored as 0; slight
movements restricted to the distal extremities, jerks, or facial
movements scored as 1; movements involving the proximal ex-
tremities, with complex and/or violent behaviors scored as 2;
and any axial involvement with a possibility of falling out of bed
or observed bed falls scored as 3. Vocalizations were rated as
absent (a score of “0”) or present (a score of “1”) for any sound
other than respiratory noises generated during REM sleep. Mo-
tor and vocalization scores were separated by a full stop. The
final RBD severity score was defined by the highest scoring
given during second-by-second video review of all REM ep-
ochs during the v-PSG night. The RBDSS rating assessments,
thus, included the REM epochs that contained apneas.

Sleep Analysis

v-PSG involved six electroencephalography leads (F4-Al,
F3-A2, C4-Al, C3-A2, 02-Al, O1-A2), electrooculogram,
EMG, submentalis and bilateral anterior tibialis, snore sen-
sor, finger pulse oximeter, nasal/oral airflow monitors, and
thoracoabdominal respiratory effort sensors. Sleep, periodic
leg movements, and apneic events were scored in 30-sec ep-
ochs according to AASM criteria.' REM sleep without atonia
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(RWA) and phasic REM sleep muscle activity were also as-
sessed using the AASM criteria,'® including the REM epochs
that contained apneas. The v-PSG and quantitative RWA scor-
ings were, as a result, made by impartial raters blinded to the
dates of acquisition.

Statistical Analysis

Our primary outcome measures with respect to efficacy were
as follows: (1) percentage of RWA per whole REM sleep epochs
by v-PSG, (2) family ratings of frequency and severity of dream
enactment behavior with VAS, and (3) RBDSS by v-PSG. Data
were analyzed for statistical significance using the Wilcoxon
signed-rank test (IBM SPSS statistics version 21, IBM Japan,
Tokyo, Japan). The significance level was set at p < 0.05.

RESULTS

We enrolled 12 patients with idiopathic RBD (eight males
and four females, mean age 70.9 + 8.7 y, range 52—81 y). The
mean duration of the treatment before the second v-PSG was
8.3 + 6.8 w. Two patients dropped out of the study because
of drug rash or dizziness occurring during ramelteon treat-
ment. Our results are summarized in Table 1 and Table S1,
supplemental material.

Regarding v-PSG measures, no significant difference in the
total sleep time, sleep efficiency, sleep onset latency, wake after
sleep onset, or sleep stage variables, including the amount of
RWA, was found between those assessed before and after treat-
ment with ramelteon (Table 2). We did not observe significant
changes in RBDSS, although the VAS score showed a trend to-
ward significance (Table 2). There were also notable changes
in individual cases, where 2 of the 10 patients showed a reduc-
tion in the RWA percentage of more than 5%, and 6 showed an
increase of more than 5%. In 2 of 10 patients, RBDSS score
(motor events or vocalizations) decreased; in 3, it remained un-
changed; and in 5, it increased. Seven of 10 patients exhibited
a decrease in VAS, whereas this score increased in 3 patients.

DISCUSSION

As a melatonin receptor agonist, ramelteon was approved in
the United States and Japan as a treatment for insomnia. Mela-
tonin (MT) 1 and MT2 receptors have been detected in the
suprachiasmatic nucleus of the hypothalamus, and are believed
to be involved in the regulation of the circadian rhythm of the
sleep—wake cycle.”” Ramelteon has a high selectivity for the
MTI/MT?2 receptors, rather than acting via the gamma-ami-
nobutyric acid A—benzodiazepine receptor complexes located
throughout the brain.”® Ramelteon was found to be effective in
two patients with RBD secondary to multiple system atrophy
and Parkinson disease."”? In the report, patients took 8 mg ra-
melteon prior to bedtime and demonstrated clinical RBD im-
provement and a decrease in RWA. In addition, another case
series of three patients found that agomelatine, an MT1 and
MT?2 receptor agonist with 5-hydroxytrypamine 2C receptor
antagonist activity, reduced the frequency and severity of RBD
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Table 1—Demographics and results of 12 patients with rapid eye movement sleep behavior disorder undergoing ramelteon

Family Ratings of Dream
Enactment Behavior
Frequency and Severity (VAS)

treatment.
o .
Patient Iil;r;té%n -llfg;%;:‘ezft (phasiﬁvgﬁngﬂﬁﬂi@ EMG) (motfrBe?leS:t‘:c:)ycgl(i::;?ions)
No. Age Sex (years) (w) Before After Before After
1 70 M 3 8 30.1(0, 30) 57.3 (6.2, 51) 1,1 2,1
2 55 M 1.5 8 9(64,24) 24.4(15.6,8.9) 1,1 1,0
3 52 M 2 9 49.5(26.3,232)  45.9(126,33.3) 1,1 1,1
4 76 M 5 5 20 (6.1, 13.9) 27.5(13.7,13.7) 1,1 1,1
5 77 M 7 0 214 (143,7.1) DO 1,0 DO
6 70 M 10 10 92.7(21.9,70.8)  69.1(9.9,59.3) 1,1 3,1
7 77 M 5 23 152(61,9.1) 312(255 5.7) 1,0 3,1
8 72 M 3 20 4(24,0) 16 (14, 2) 0,0 0,0
9 74 F 5 10 13(13,0) 5(5,0) 1,0 0,0
10 74 F 5 9 87.3(27.5,59.8)  82.4(42.6,39.7) 1,1 3,1
1 81 F 5 0 22(22,0) DO 1,1 DO
12 73 F 3 4 36 (28,8) 51.6 (38.7, 12.9) 0,0 1,1
Age Sex Duration of RBD (years) | Length of Treatment (w)
Mean £ SD 709+87 M:F =8:4 45+23 83+68

Before

100
20
81
38
31
64
45
78
81
48
52
4

After

13
3
28
24
DO
65
72
24
25
66
DO
2

Adverse
Events

Drug rash

Dizziness

DO, dropout; RBD, REM sleep behavior disorder; REM, rapid eye movement; RWA, REM sleep without atonia; SD, standard deviation; VAS, visual analog

scale.

Table 2—Statistical analyses of polysomnographic rapid eye movement sleep behavior disorder severity scale and visual
analog scale data of patients with rapid eye movement sleep behavior disorder before and after ramelteon treatment.

Pre Post
Mean * SD Mean * SD p Effect size (r)
Polysomnography
TST (min) 343+518 332.6 £54.2 0.432 0.27
SE (%) 71.9+13 714+£125 0.770 0.11
SOL (min) 339+36.3 17.5+16.6 0.242 0.39
WASO (%) 225+127 252+ 116 0.492 0.24
NREM 1 (%) 281+18 304 +£17.2 0.695 0.15
NREM 2 (%) 55.7 £ 16.7 525+174 0.492 0.24
NREM 3 (%) 0.13+0.41 0.12+0.2 0.500 0.14
Stage REM (%) 15.9+6.7 16.9+9.3 0.902 0.05
REM latency min 1562.6 £86.5 165.5 77 0.922 0.05
RWA (%) 355+31.8 411244 0.275 0.31
Phasic EMG (%) 13.7 11 18.3+13 0.375 0.13
Tonic EMG (%) 217125 226+214 0.734 0.37
RBDSS
Motor Events 08+04 1511 0.937 0.58
Vocalizations 06+05 07+04 0.500 0.18
VAS 55.9 + 30.2 32.2+26.1 0.065 0.50

EMG, electromyography; NREM, nonrapid eye movement sleep; RBDSS, rapid eye movement sleep behavior disorder severity scale; REM, rapid eye
movement; RWA, REM sleep without atonia; SD, standard deviation; SE, sleep efficiency; SOL, sleep onset latency; TST, total sleep time; VAS, visual
analog scale-family ratings of dream enactment behavior frequency and severity; WASO, wake after sleep onset.

episodes over the 6-mo follow-up period.” Moreover, treat-
ment with exogenous melatonin for RBD was found to yield
a statistically significant decrease in RWA in one randomized,
placebo-controlled trial and two open-label trials.®*?' From
the aforementioned evidence, we thought that the melatonin
receptor agonist might be effective for RBD.

Our results over the whole case series failed to show that
ramelteon resulted in a statistically significant improvement
in RBD symptoms, although the improvement in the daily

symptoms with regard to RBD frequency and severity, as as-
sessed by VAS, showed a trend toward significance. A larger
sample size may have, therefore, revealed a significant differ-
ence. Unfortunately, we could not calculate a priori for the
required sample size, as we were unable to obtain sufficient
appropriate data for this calculation from previous reports con-
cerning VAS measurements for RBD treatment responses.
Interestingly, six patients showed a marked increase in
RWA, but four of these nevertheless showed an improvement
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on VAS. Hence, ramelteon may improve RBD symptoms, as
well as increase RWA. The mechanism for the effect of ra-
melteon on RBD is, however, unclear. Possible explanations
have been proposed for the effect of melatonin on RBD, such
as direct inhibition of RWA, modulation of REM sleep, circa-
dian resetting, and sleep stabilization.”> Ramelteon could be
expected to have similar effects; but previous reports of mela-
tonin treatment on RBD showed RWA to be reduced, so these
hypotheses cannot be directly applied to our results. We did
not analyze the change in other variables of REM sleep (such
as stage shift from REM sleep, movement time in REM sleep,
or REM density); these may have, instead, brought further in-
sights. Another hypothesis, that ramelteon might have an ef-
fect on emotion processing and thereby affect the enactment
of dream mentation without direct effect on RWA, could ex-
plain the dissociation between the changes of RBD symptoms
and RWA. It is well accepted that emotional stress can worsen
RBD symptoms. The MT1 receptor has also been reported to
be involved in the mesolimbic dopamine system,”® suggest-
ing a melatonergic influence on emotion. Unfortunately, we
could not make use of data regarding patients’ dream contents
before and after ramelteon treatment, so we cannot discuss
this further. Taking into account the hypothesis, the effect of
ramelteon on RBD may be mild and unable to reduce severe
RBD symptoms; this could also explain why the two patients
who showed higher RWA (92.7% and 87.3%) did not show a
reduction in RBD symptoms. Other possible explanations for
the increased RWA after treatment in the six cases could be
that it was due to the natural progress of RBD over months,*
or to simple variation. Further studies are needed to clarify
these mechanisms.

This study has some limitations. First, this study was not
a randomized controlled investigation. Second, the participat-
ing subjects were enrolled from one institute, and the number
of study subjects was small. Third, the evaluation of RBDSS
differed in 60% of the patients between nights 1 and 2 in the
original report.” In the study, 40% of patients showed violent
behavior, but only on one night'; therefore, RBDSS may be
considered as only a weak measurement method for treatment
response. Fourth, the previous case report described the im-
provement of RBD with ramelteon in two patients with sec-
ondary RBD'?; however, our subjects were all idiopathic cases.
Thus, it remains possible that ramelteon treatment might only
improve secondary RBD. Fifth, the duration of treatment be-
fore measuring its outcomes varied widely between the sub-
jects, ranging from 4 to 23 w. This is because we gave priority
to the convenience of the patients undergoing PSG; this varia-
tion may have resulted in a greater variability of the outcomes.

In conclusion, this small, open trial showed a trend toward
significant reduction in bedpartner/family rated dream enact-
ment frequency-severity in RBD, and there were also definitely
positive changes in some individual cases. Ramelteon had high
tolerability for elderly individuals with RBD, with minor side
effects. Based on our results, a prospective, blinded, random-
ized controlled trial could be undertaken to determine whether
ramelteon is effective and safe for the treatment of RBD. A pre-
liminary sample size calculation suggests that approximately
14 subjects may be sufficient to show a significant effect of
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ramelteon treatment. Considering that ramelteon has few side
effects, more studies may also provide valuable information as
to whether some specific subpopulation of patients with RBD
could be more effectively treated by ramelteon, especially
when clonazepam may not be suitable due to its side effects.

ABBREVIATIONS

AASM, American Academy of Sleep Medicine
EMG, electromyography

MT, melatonin

OSA, obstructive sleep apnea

RBD, REM sleep behavior disorder

RBDSS, RBD severity scale

REM, rapid eye movement

RWA, REM sleep without atonia

v-PSG, video-supported polysomnography
VAS, visual analog scale
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