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Objective: REM sleep behavior disorder (RBD) is usually characterized by potentially injurious dream
enactment behaviors (DEB). RBD treatment aims to reduce DEBs and prevent injury, but outcomes
require further elucidation. We surveyed RBD patients to describe longitudinal treatment outcomes with
melatonin and clonazepam.
Methods: We surveyed and reviewed records of consecutive RBD patients seen at Mayo Clinic between
2008–2010 to describe RBD-related injury frequency–severity as well as RBD visual analog scale (VAS)
ratings, medication dosage, and side effects. Statistical analyses were performed with appropriate non-
parametric matched pairs tests before and after treatment, and with comparative group analyses for con-
tinuous and categorical variables between treatment groups. The primary outcome variables were RBD
VAS ratings and injury frequency.
Results: Forty-five (84.9%) of 53 respondent surveys were analyzed. Mean age was 65.8 years and 35
(77.8%) patients were men. Neurodegenerative disorders were seen in 24 (53%) patients and 25 (56%)
received antidepressants. Twenty-five patients received melatonin, 18 received clonazepam, and two
received both as initial treatment. Before treatment, 27 patients (60%) reported an RBD associated injury.
Median dosages were melatonin 6 mg and clonazepam 0.5 mg. RBD VAS ratings were significantly
improved following both treatments (pm = 0.0001, pc = 0.0005). Melatonin-treated patients reported sig-
nificantly reduced injuries (pm = 0.001, pc = 0.06) and fewer adverse effects (p = 0.07). Mean durations of
treatment were no different between groups (for clonazepam 53.9 ± 29.5 months, and for melatonin
27.4 ± 24 months, p = 0.13) and there were no differences in treatment retention, with 28% of melatonin
and 22% of clonazepam-treated patients discontinuing treatment (p = 0.43).
Conclusions: Melatonin and clonazepam were each reported to reduce RBD behaviors and injuries and
appeared comparably effective in our naturalistic practice experience. Melatonin-treated patients
reported less frequent adverse effects than those treated with clonazepam. More effective treatments
that would eliminate injury potential and evidence-based treatment outcomes from prospective clinical
trials for RBD are needed.

� 2012 Elsevier B.V. All rights reserved.
ll rights reserved.
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1. Introduction

Rapid eye movement (REM) sleep behavior disorder (RBD) is a
parasomnia usually characterized by dream enactment behavior
(DEB) and abnormal, excessive motor activity during REM sleep
[1]. RBD is associated with REM sleep without atonia (RSWA), the
loss of normal skeletal muscle atonia during REM sleep. RBD results
in motor activity ranging from simple limb twitches to more com-
plex, aggressive, and violent movements that may result in injury to
the patient and/or sleeping partner [2–11]. Large population based
studies have reported the prevalence of RBD to be 0.38–0.5% [9,12].
However, a recent study found probable RBD (i.e. typical history of
RBD without video-polysomnography) in over 6% of community-
EM sleep behavior disorder. Sleep Med (2013), http://dx.doi.org/10.1016/
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dwelling 70–89 year old individuals, suggesting that the prevalence
of RBD may be considerably higher than previously believed
[10,11]. RBD, at least for older adults, is most common in men,
but prior to age 50, women and men are equally likely to develop
RBD [8,13–16]. RBD can be either idiopathic or symptomatic, espe-
cially as an early manifestation of the alpha-synucleinopathy neu-
rodegenerative disorders including Parkinson’s disease (PD),
dementia with Lewy bodies (DLB), and multiple system atrophy
(MSA) [2,4,5,8,17,18]. RBD treatment focuses on decreasing fre-
quency of DEB and potential injuries, which may vary from bruises
and limb fractures to subdural hematomas [2,5,19].

There have been no large controlled treatment trials for RBD.
Reported treatment outcomes have instead largely come from clin-
ical experience or case series [20–22]. Clonazepam has been the
most commonly used first-line treatment since the original
description of RBD in 1986, reportedly reducing injurious behav-
iors by as much as 87% in one study [3,5,21–23]. However, con-
cerns with the use of clonazepam in elderly patients include
exacerbation of obstructive sleep apnea and cognitive impairment,
so more tolerable therapies are needed [2,4,5,8,21,22,24,25]. A sin-
gle, small, randomized controlled cross-over study and several ret-
rospective studies have shown that melatonin may be an effective
alternative RBD treatment [23,24,26–30]. However, outcome data
for clonazepam and melatonin remain limited, especially concern-
ing comparative effectiveness for injury and DEB reduction, treat-
ment retention rates, and tolerability. Our aim was to determine
outcomes and side effects of RBD treatment in patients managed
in our practice.

2. Methods

2.1. Subjects

A diagnosis and text based search identified 641 patients newly
diagnosed with RBD at our institution between 1/1/2000 and 12/
31/2009. Given the difficulty in designing suitable survey measures
for children who may not have witnessed sleep to accurately re-
port on DEBs, we excluded patients <18 years of age, resulting in
608 eligible subjects. All included patients met standard diagnostic
criteria for RBD, including the presence of RSWA during polysom-
nography, a history of sleep-related injurious or potentially injuri-
ous disruptive behaviors, and/or abnormal REM sleep behaviors
during polysomnography, absence of REM-related epileptiform
activity, and absence of another sleep disorder that better ex-
plained their sleep disturbance [1]. Following approval from the
Mayo Institutional Review Board, we sent a survey to 133 patients
seen during 2008–2010, limiting the study sample to these years to
reduce recall bias. Fifty-three surveys were completed and re-
turned, 78 patients did not respond, and two patients died before
the surveys returned. Eight surveys were excluded due to incom-
plete responses, leaving 45 subjects (34%) for analysis. Treatment
groups by initial therapy included 25 melatonin, 18 clonazepam
and two patients who received polytherapy with clonazepam and
melatonin. Six patients from the melatonin and clonazepam mono-
therapy treatment groups also eventually received adjunctive ther-
apy with the alternative drug and the initially assigned treatment
combined. These six were combined with the two patients receiv-
ing both drugs initially in a secondary analysis comparing the out-
comes of combined therapy to each monotherapy treatment group.
Treatment assignments were non-randomized and allocated by the
treating physician’s preference.

2.2. Survey instrument

We designed a three part questionnaire (Appendix A) that was
completed by the patients together with a bed partner or family
Please cite this article in press as: McCarter SJ et al. Treatment outcomes in R
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member who had observed their RBD during sleep that surveyed
demographics; baseline and post-treatment RBD behavioral char-
acteristics including frequency, severity, and type of behaviors;
occurrence and frequency of falls, and patient or bed partner injury
related to RBD; and a patient rating of RBD frequency and severity
at baseline and following treatment by a visual analog scale (VAS).
Questions concerning medication use included treatment se-
quence, dosage, the duration of treatment, potential side effects,
and concurrent antidepressant history.

2.3. Clinical data

We reviewed medical records to confirm RBD diagnosis, demo-
graphic information, treatment assignment, order of administra-
tion, and medication dosages, and to abstract clinically important
co-variate data concerning neurologic and psychiatric history, anti-
depressant administration, and polysomnography data. Patients
with co-morbid neurological disorders met published criteria for
clinically probable DLB [31], mild cognitive impairment (MCI)
[32], Parkinson’s Disease (PD), or MSA [33]. Diagnosis of obstruc-
tive sleep apnea (OSA) and restless leg syndrome (RLS) were in
accordance to standard diagnostic criteria [1].

2.4. Data analysis

Study data were collected and managed using REDCap elec-
tronic data capture tools [34]. Statistical calculations were carried
out using JMP statistical software (JMP, Version 9. SAS Institute
Inc., Cary, NC). Qualitative and ordinal data were reported as abso-
lute and relative frequencies, while quantitative data were re-
ported as means, standard deviation, medians, and range.
Wilcoxon signed rank tests were used to compare pre-treatment
and post-treatment variables within each melatonin and clonaze-
pam monotherapy treatment groups, with outcomes in each pa-
tient determined prior to the institution of any later adjunctive
polytherapy. Similarly, Wilcoxon rank-sum tests were used to
compare continuous outcomes between groups, and categorical
variables were compared with contingency tables and chi square
tests between the two initial monotherapy clonazepam and mela-
tonin treatment groups, as well as between the combined therapy
subgroup and each monotherapy treatment group (denoted by X2

test statistics in Section 3 where applied). Significance level was
set at an alpha of p < 0.05.
3. Results

3.1. Demographics and clinical data

Of the 45 patients surveyed, 35 (77.8%) were men and the mean
age was 65.8 years (range 29–86 years). Forty-three (96%) of pa-
tients reported that the bed partner verified any RBD symptoms.
Average age of RBD symptom onset was 53.5 years (range 6–
80 years) with mean duration prior to diagnosis of 14.6 years
(range 1–55 years). Twenty-four (53.3%) had a co-morbid neurode-
generative disorder, including PD in 10 (42%), MCI in six (25%),
MSA in five (21%), and DLB in three (12%). Thirteen patients had
co-morbid depression. Twenty-five (56%) subjects received antide-
pressants, all receiving either selective serotonin or norepineph-
rine reuptake inhibitors. Nine patients used dopaminergic drugs
with an average levodopa dose equivalent of 707.5 ± 455.3 mg,
and five patients received anticholinesterase medications.

Thirty (67%) had OSA, 12 had RLS, 15 had periodic limb move-
ment disorder, and 25 (57%) had hypersomnia symptoms with an
average Epworth Sleepiness Score (ESS) of 13.3 (range 3–23). Med-
ian apnea–hypopnea index (AHI) for the entire cohort was three
EM sleep behavior disorder. Sleep Med (2013), http://dx.doi.org/10.1016/
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Fig. 2. Percentage of RBD patients reporting comparatively worsened, neutral, or
improved outcomes (mild, moderate, significant, or freedom from symptom)
following treatment with melatonin or clonazepam. Both treatments showed
overall subjective global improvements in RBD outcomes, with clonazepam
trending toward a more significant proportion of patients achieving a moderate
or greater level of improvement (clonazepam versus melatonin, 78% versus 48%,
p = 0.06). The frequency of reported complete suppression of RBD following
treatment was similar (17% versus 12%, p = 0.68).
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Fig. 3. Percentage of RBD patients reporting dream enactment behaviors, falls, and
injury before and after treatment with melatonin or clonazepam. Statistically
significant improvements were seen for melatonin in RBD DEB, falls, and injury.
Trends toward similar improvements were seen with clonazepam treatment.
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(range 1–68) with oxyhemoglobin saturation nadir of 86.8 ± 4.5. Of
those with OSA, (AHI P 5) median AHI was nine (range 5–68) with
an oxyhemoglobin saturation nadir of 84.9 ± 4.3. The median peri-
odic limb movement index for the entire study group was 27.9
(range 0–188) and median movement arousal index was 2.6 (range
0–40.7).

Regardless of initial monotherapy treatment assignment, RBD
severity was comparable by reported RBD VAS scale (melatonin ver-
sus clonazepam groups, 6.56 versus 6.52, p = 0.95), injuries (64%
versus 61%, p = 0.85), and falls from the bed (60% versus 66%,
p = 0.66). In addition, there were no significant differences in RBD
severity by RBD VAS ratings between individuals with neurodegen-
erative disorders (p = 0.95), OSA (p = 0.21) or dopaminergic medica-
tion use (p = 0.32) and those who had no neurodegenerative disease,
OSA or dopaminergic use. There were also no significant differences
between frequency of co-morbid neurodegenerative disorders or
antidepressant treatments between groups. However, concurrent
antidepressant medication use was associated with more frequent
behaviors (p = 0.036), but was not associated with injury.

3.2. Treatment

The majority of patients continued to have RBD behaviors fol-
lowing treatment, with only three patients in each treatment
group reporting complete suppression of RBD features (melatonin
versus clonazepam treated patients, 12% versus 16.6%, p = 0.68).
Both treatments were reported to decrease RBD behaviors,
although there were no differences in either the primary outcome
measure of RBD VAS frequency–severity or in reported subjective
improvement measures between melatonin and clonazepam.
(Figs. 1 and 2) There were no differences in treatment responses
in patients with or without neurodegenerative disorders
(p = 0.85), with both treatment groups showing improvement.

Patient RBD VAS frequency–severity ratings decreased signifi-
cantly (pre- versus post-treatment, 6.68 versus 4.22, p = 0.0001)
following melatonin treatment (Fig. 1). In addition, melatonin-
treated patients reported substantial overall subjective improve-
ment ratings (moderate or greater improvement was seen in
48%), (Fig. 2), as well as reduced RBD frequency (pre- versus
post-treatment, X2 = 11.3, p = 0.01), injuries (64% versus 20%,
p = 0.001), falls (60% versus 20%, p = 0.002), and DEB (88% versus
48%, p = 0.004) (Fig. 3). Melatonin treatment was also associated
with decreased reported severity of injuries (pre- versus post-
treatment, X2 = 14.6, p = 0.003) (Fig. 4). Melatonin-treated patients
4.2

6.6

4.1

6.1

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

PostTreatmentPreTreatment

Fr
eq

ue
nc

y 
an

d 
Se

ve
rit

y 
of

 D
EB Melatonin

Clonazepam

Fig. 1. Patient ratings of dream enactment behavior frequency and severity (visual
analog scale, VAS) for melatonin and clonazepam, showing that both treatments
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with neurodegenerative disorders (n = 11) showed significant
improvement in RBD VAS Ratings (X2 = 5.04, p = 0.025).

Clonazepam-treated patients also reported significantly de-
creased RBD VAS frequency–severity ratings (pre- versus post-
treatment, 6.53 versus 4.15, p = 0.0005) and DEB frequency
(X2 = 14.8, p = 0.002) (Figs. 1 and 2). Clonazepam treatment was
also associated with improved overall subjective improvement rat-
ings (moderate or greater improvement seen in 78%, with a non-
significant trend toward improvement seen in comparison to mel-
atonin, p = 0.06). Clonazepam therapy resulted in reduced DEB
(94% versus 44%, p = 0.004), and non-significant trends were seen
for clonazepam treatment towards reduced injuries (pre- versus
post-treatment, 61% versus 33%, p = 0.06) and falls (67% versus
33%, p = 0.07), but no change in injury severity (p = 0.39) (Figs. 2–
4). Clonazepam-treated patients with neurodegenerative disorders
(n = 8) showed non-significant improvement in RBD VAS Ratings
(X2 = 2.20, p = 0.14).

Duration of treatment was longer for clonazepam
(53.9 ± 29.5 months, range 1–178 months) than for melatonin
treatment (27.4 ± 24 months, range 2–121 months), but the differ-
ence was not statistically significant (p = 0.13). 36 (80%) subjects
received median follow up of 29 months (range 1–178 months)
by sleep specialists at our institution. Median reported effective
doses were melatonin 6 mg and clonazepam 0.5 mg. Reportedly
effective doses for melatonin were 6 mg or less in 14 (52%) pa-
tients, 9 or 12 mg in eight (32%) patients, and 15 or 25 mg in four
(16%) of patients. Effective dosages reported for clonazepam were
0.5 mg or less in 10 (56%) patients, 1.0 mg in two (11%) patients,
2.0 mg in four (22%) patients, and one (6%) patient received 3.0 mg.

There were no significant differences in treatment retention be-
tween the melatonin and clonazepam treatment groups (respec-
tive discontinuation rates of 28% versus 22%, p = 0.71). In the
melatonin group, seven patients discontinued treatment (five due
to ineffectiveness, one due to side effects, and one due to another
physician’s orders). In the clonazepam group, four patients stopped
treatment (three due to side effects and one due to ineffective-
ness). There were no differences in discontinuation rates between
symptomatic or idiopathic (21.7% versus 27.3%, p = 0.82) RBD
groups.

Of the seven patients who discontinued melatonin, five began
clonazepam and two received no second treatment. The four pa-
tients who discontinued clonazepam began taking melatonin.
Overall, eight patients received combined therapy with clonaze-
pam and melatonin, including two receiving initial combined ther-
apy and six others who received second-line adjunctive combined
therapy. Subjective improvement ratings and baseline/treatment
VAS frequency–severity ratings with combined therapy were not
statistically different from ratings of either individual therapy
(p = 0.60 for both comparisons).

Patients treated with clonazepam reported more frequent side
effects than those treated with melatonin, although the reported
side effects were not significantly different between treatment
groups for overall side effects (61% versus 33%, p = 0.07), unstead-
iness (39% versus 8%, p = 0.07) or dizziness (22% versus 4%,
p = 0.08; Figs. 5 and 6, online only).
4. Discussion

Treatment with melatonin and clonazepam both appeared to
reduce patient VAS ratings of RBD frequency/severity, as well as re-
ported injury frequency and falls, but neither treatment eliminated
injury potential altogether. While no statistically significant differ-
ences were seen in tolerability, patients receiving melatonin re-
ported a lower frequency of adverse effects, while those
receiving clonazepam more frequently reported unsteadiness and
Please cite this article in press as: McCarter SJ et al. Treatment outcomes in R
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dizziness. In our naturalistic practice based on experience, both
clonazepam and melatonin appeared comparably effective and
melatonin may be better tolerated.

This is one of the largest reported series of treatment outcomes
in RBD with longitudinal follow up. Our older aged and predomi-
nantly male study population, with frequent co-morbid alpha-
synucleinnopathy diagnoses (53%) and frequent concurrent antide-
pressant use (56%) is consistent with previously published large
RBD case series [2,5,35,36]. Our data also substantiates an associa-
tion between antidepressant use and RBD frequency, which is of
potential therapeutic importance since modulating antidepressant
dose or changing antidepressant type could decrease RBD symp-
toms [37]. OSA was also present in 67% of our patients, with a med-
ian AHI of nine (range 5–68) in those having OSA. While we did not
recruit controls for comparison of apnea severity, our patients had
an average severity of moderate co-morbid OSA, consonant with a
recently published report showing that RSWA associated with RBD
may be protective against greater OSA severity [38].

Melatonin and clonazepam both reduced patient VAS ratings of
RBD frequency/severity, DEBs, and injury occurrence and severity.
All reported treatment outcomes were significant for the melato-
nin treatment group, but not the clonazepam group, possibly due
to the relatively small sample size. Clonazepam treated patients re-
ported more frequent sleepiness, unsteadiness, and trouble think-
ing than those treated with melatonin. In the subgroup of
symptomatic RBD patients with neurodegenerative disorders, both
melatonin and clonazepam reduced VAS RBD frequency/severity
ratings. Treatment retention was similar in each group, with 28%
of melatonin patients and 22% of clonazepam patients discontinu-
ing treatment. The main reasons for stopping treatment differed
between the groups: in melatonin treated patients, it was lack of
efficacy in treating symptoms, while in the clonazepam group, re-
ported side effects were the primary reason for discontinuing
treatment.

Randomized controlled trial level evidence is strongly preferred
to guide treatment decisions, but currently no such evidence exists
to inform best practices for RBD treatment. Until such trials are
conducted, our data suggest that for current practice, melatonin
may be considered as an appropriate first-line therapy for RBD
due to favorable reported treatment outcomes for reduction of in-
jury, potentially injurious falls from bed, and patient rated RBD fre-
quency/severity. Melatonin also was reported to have favorable
tolerability, with less frequent side effects compared to clonaze-
pam. Further data from prospective randomized controlled trials
is necessary to establish the efficacy and tolerability of these and
other therapies for RBD.

While there were no statistically significant overall differences
between clonazepam and melatonin for RBD treatment, there were
some intriguing differences in subjective and objective treatment
outcomes. Patients generally reported greater subjective outcome
improvements following clonazepam treatment when compared
to melatonin, yet only melatonin was associated with consistent
statistically significant reductions in more clinically important
treatment outcomes concerning occurrence and severity of injury
and falls. While confounding biases may occur in a non-random-
ized study population such as ours, these differences in treatment
outcomes could imply different mechanisms of action between
melatonin and clonazepam in modulating the pathophysiology of
RBD. The mechanism by which melatonin decreases RBD symp-
toms remains unclear, but may be mediated in part by GABAergic
inhibition [39]. Melatonin also increases sleep efficiency and short-
ens sleep latency with evening administration [40,41] and may sta-
bilize circadian clock variability [42]. Internal circadian rhythm
desynchronization may occur in RBD, misaligning circadian control
over tonic and phasic REM atonia, and melatonin may act to re-en-
train the suprachiasmatic nucleus, thereby restoring normal circa-
EM sleep behavior disorder. Sleep Med (2013), http://dx.doi.org/10.1016/
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dian REM sleep modulation [43]. In addition, melatonin influences
tonic REM sleep and partially restores normal muscle atonia,
potentially impacting RBD pathophysiology directly [26]. In con-
trast, clonazepam binds to benzodiazepine alpha-receptors, di-
rectly promoting GABAergic inhibition and reducing REM
percentage, potentially decreasing obvious and frequent phasic
motor twitches during REM sleep, but having little or no effect
on REM muscle atonia that facilitates potentially injurious RBD
dream enactment behavior occurrence [8,23,30,39].

A recent study demonstrated that transgenic mice with defi-
cient glycinergic and GABA-ergic neurotransmission exhibited a
similar motor and sleep phenotype to human RBD, indicating that
GABAergic and glycinergic pathways may be of vital importance in
RBD pathophysiology [39]. In this mouse model, clonazepam de-
creased both REM and NREM phasic motor bursts, but did not re-
store normal atonia. Melatonin also decreased motor behaviors
during REM sleep and partially restored REM muscle atonia with-
out impacting REM sleep time [39]. This research suggests that clo-
nazepam and melatonin may have different and complementary
mechanisms of action to control motor behaviors during REM
sleep, although our small number of subjects receiving melatonin
and clonazepam polytherapy did not suggest added benefit of
polytherapy in humans with RBD. However, melatonin combined
with a less potent benzodiazepine/non-benzodiazepine (i.e. zopi-
clone) to minimize side effects may be a rational approach for fu-
ture investigation. The transgenic mouse model provides a unique
opportunity to develop more specific RBD treatments.

A strength of our study is a relatively large, longitudinal system-
atic survey of treatment outcomes in a representative, naturalistic
clinical practice sample of RBD patients comparable to the clinical
characteristics reported in most previously published large case
series [5,6,9,22]. Our data support that the two most commonly
used RBD treatments, melatonin and clonazepam, both have favor-
able impact on patient ratings of RBD frequency/severity, injury
occurrence and severity, and potentially injurious falls over a rela-
tively long duration of follow up. We also present specific RBD pa-
tient data on comparative tolerability and safety of these
medications, showing that clonazepam-treated patients had more
frequently reported adverse effects.

However, our study has several notable limitations. As a survey
of subjective treatment outcomes with a relatively low return rate
from a single tertiary care center of patients who were not ran-
domized to treatment assignments, it is very likely that we may
not have been able to identify and control for several potential con-
founding biases in selection, referral, sampling, response, and re-
call. Presumably our cases may be more likely to have more
frequent and/or severe RBD than those evaluated in community-
based sleep disorders centers, and thus, our conclusions may not
be generalizable to all RBD patients. Future prospective studies will
be necessary to address these inherent methodological problems in
survey-based research, and to determine the impact of treatments
on patients’ quality of life.

While both melatonin and clonazepam appear equally effective
and tolerable, this study highlights the current limitations in avail-
able treatment options for RBD. Neither treatment, at the doses
used, eliminated injury potential and both treatments had a com-
parable drop-out rate of near 25%. Several other potential treat-
ments for RBD have been reported, including donepezil [28],
pramipexole [29], levodopa [30], zopiclone [8,23] and sodium oxy-
bate [2,8] amongst others [2,4,5,8,20–24,26,44], and a single non-
pharmacologic treatment, a bed alarm system, which decreased
sleep-related injuries in four refractory RBD patients, may offer an-
other treatment horizon [44]. However, considering the current
relatively limited therapeutic armamentarium for RBD, develop-
ment of novel, more effective and tolerable pharmacological and
non-pharmacological treatments for RBD is an important public
Please cite this article in press as: McCarter SJ et al. Treatment outcomes in R
j.sleep.2012.09.018
health initiative, especially in view of recent evidence suggesting
that RBD prevalence in an older-aged general population may ap-
proach 6% [10]. However, until further notice and evidence-based
treatments are established, our data suggest that clonazepam
and melatonin appear comparably effective for RBD symptoms
and injury prevention, and that melatonin may be more tolerable.
Given these findings, melatonin may be considered as a reasonable
treatment alternative to clonazepam, particularly for older or neu-
rologically impaired RBD patients who may be more sensitive to
adverse effects of treatments. More rigorous evidence from pro-
spective, randomized, placebo controlled, clinical trials with rigor-
ous exit criteria to prevent patients from harm are necessary to
conclusively identify effective, safe, and tolerable treatment op-
tions for RBD.
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