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Idiopathic REM sleep behavior disorder (iRBD) is a common 
injurious parasomnia, with a prevalence of 1% to 7% in the gen-
eral population that is highest in older adults.1–3 Due to the na-
ture of often violent, nightmarish dream content, patients may 
inadvertently punch or kick their bedpartner, or fall or leap from 
bed, leading to injury.4–6 While there are no current population 
based estimates of injurious RBD episodes, our recent survey 
based study demonstrated that approximately 55% of RBD pa-
tients reported at least mild injury prior to treatment, and up to 
11.7% reported serious injuries including fractures and subdu-
ral hematomas.5 Thus, early introduction of an efficacious treat-
ment that may prevent injury in RBD is an imperative.

Traditional treatments options for RBD have been clonaz-
epam and melatonin.4–12 Clonazepam has been favored by most 
clinicians as initial RBD therapy with large retrospective case 
series reports suggesting that approximately 80% or more of 
RBD patients treated with clonazepam had control of dream 
enactment behaviors (DEB). However, one recent study found 
that clonazepam did not significantly reduce injurious DEB,11 
and a new prospective study found that only 66.7% of patients 
had injurious parasomnia behaviors controlled by clonaz-
epam.13 Several reports have found that melatonin may be as 
(or more) effective than clonazepam, and that melatonin is bet-
ter tolerated by RBD patients who are frequently elderly and 
vulnerable to adverse effects of drowsiness, dizziness, imbal-
ance, and sexual dysfunction, which are common with clon-
azepam.10–12 However, a concern with melatonin in the United 
States limiting enthusiasm for melatonin is its sole availability 
as an over the counter, unregulated homeopathic/naturopathic 
agent, reducing clinicians’ confidence in consistent drug 
bioavailability, efficacy, and safety.12 In Europe, melatonin 
is instead marketed as a sustained release regulated product, 
(Circadin; Neurim Pharmaceuticals, Tel Aviv, Israel) , which 
is approved for treatment of insomnia in the European Union. 
However, to date, melatonin treatment for RBD by European 
sleep centers seems to remain relatively limited, and to our 
knowledge, there have been no systematic efficacy studies of 
the branded EU formulation Circadin for RBD therapy.

Ramelteon (Rozerem) is an attractive alternative to mela-
tonin since it exerts melatonergic agonism in a reliable 
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formulation. Ramelteon is a selective MT1 and MT2 agonist 
(with minimal to no MT3 binding) that is approved for the 
treatment of insomnia in the United States and is available 
in several countries worldwide.14–16 Advantages of ramelteon 
include a reliable marketed formulation, rapid efficacy, an 
objective evidence basis for use, limited abuse potential, and 
lack of rebound or withdrawal insomnia upon drug cessa-
tion.17 Interestingly, a recent study also found that ramelteon 
was beneficial for preventing delirium in hospitalized medi-
cal inpatients.18 The most frequent adverse effects of ramelteon 
are somnolence, dizziness, nausea, fatigue, and headache.14–17 
Disadvantages of ramelteon include its comparative expense to 
melatonin in the United States, and several possible drug-drug 
interactions, including reduced ramelteon serum concentra-
tions when given in combination with potent cytochrome P450 
enzyme inducers such as rifampin, while certain cytochrome 
enzyme inhibitors such as ketoconazole and asfluconazole 
may instead raise ramelteon concentrations. Ramelteon may 
also interact with amiodarone, ciprofloxacin, fluvoxamine, and 
ticlopidine. Ramelteon is metabolized to an active metabolite 
M-II, which also has weak binding to the serotonin 5-HT2B 
receptor. There have been no published comparative studies 
between melatonin and ramelteon thus far, to our knowledge. 
There has been one previous report of ramelteon use in RBD, 
which reduced injurious dream enactment behaviors in two 
patients with symptomatic RBD (in one Parkinson disease pa-
tient and in one multiple system atrophy patient).19

In this issue of the Journal of Clinical Sleep Medicine, Esaki 
and colleagues describe a pilot open-label treatment trial of ra-
melteon 8 mg in 12 iRBD patients (8 men, mean age 70.9 years) 
over a 4-week period, analyzing both subjectively rated dream 
enactment behavior (DEB) frequency-severity on a visual ana-
log scale (VAS), as well as objective polysomnographic DEBs 
rated on the RBD severity scale, and quantitative measures of 
REM sleep without atonia (RSWA).20 Two subjects dropped 
out due to allergic rash or dizziness, leaving 10 evaluable pa-
tients. They found that 7 of the 10 remaining patients improved 
only on the caregiver-rated VAS, 3 patients did not respond 
and worsened on the VAS, and that treatment in the remaining 
10 patients was generally well tolerated. However, there was 
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no significant overall impact of ramelteon treatment on clini-
cal dream enactment, video-PSG rated RBD behavior severity, 
or RSWA measures (which in fact showed increases in RSWA 
in 6 of the 10 patients). Interestingly, 4 of the 6 patients whose 
RSWA measures increased still reported improvement in DEB 
VAS ratings. While limited by usual biases inherent in open-
label treatment trials, and underpowered to detect significant 
change in DEB, these findings expand data on available treat-
ment alternatives for RBD, and provide an effect size to enable 
future definitive randomized controlled trials of ramelteon 
in RBD. The data also raise interesting questions about what 
really matters in RBD treatment, subjective or objective out-
comes, and by what mechanism(s) pharmacologic agents may 
exert therapeutic effects in RBD treatment.

Ramelteon showed a trend toward benefiting subjective 
clinical DEBs, even in patients whose RSWA worsened, and 
produced no objective changes in DEBs in these iRBD patients, 
suggesting it may be ineffective in RBD treatment. Concern-
ingly, two of the initial 12 patients dropped out due to drug 
allergy or intolerable adverse effects. A future appropriately 
powered and blinded trial will be necessary to determine if 
ramelteon is safe, tolerable, and effective in RBD treatment.

Ramelteon, like clonazepam as found in another recent 
treatment trial of RBD,13 appears to influence the subjectively 
determined frequency of DEBs but has no impact on objective 
RSWA metrics or objective DEBs during PSG, suggesting a 
possible dissociation between subjective clinical benefit and 
RSWA pathophysiology. Agents such as clonazepam and mela-
tonergic drugs10–12,21 may have their impact primarily on corti-
cal and subcortical neural networks that mediate dreaming and/
or facilitate cortically and subcortically generated movements, 
instead of acting primarily upon lower pontomedullary REM 
atonia control centers that are functionally impaired in RBD 
and lead to the permissive RSWA pathophysiology. Attractive 
targets for exerting therapeutic effects of ramelteon and clon-
azepam may be the neural networks that mediate dreaming, 
and/or “top down” cortically or subcortically generated sleep-
related movements.22–24

Evidence for dissociation between pharmacologically me-
diated improvement in dream mentation and accompany-
ing DEBs without impact upon RSWA pathophysiology has 
intriguing implications for RBD pathophysiology. RBD has 
been thought to primarily involve loss of REM atonia control, 
leading to permissive release of motor activity during dream-
ing in REM sleep.1,4,25 A more recent “bottom up” interpreta-
tion has also suggested that RBD patients may be “dreaming 
out their acts” rather than “acting out their dreams”; that is, 
a “bottom-up” pathophysiology suggests that cortically gen-
erated dream mentation may be a reactive phenomenon to a 
primary downstream brainstem or peripherally generated 
movement, that facilitates expression of characteristically vio-
lent RBD dream mentation.25 Brainstem generation of typical 

“enactment” type complex movements of defensive postures 
and complex motor behaviors is certainly plausible, given 
that rats and monkeys may show similar complex behaviors 
following brainstem stimulation alone.25 However, pontomed-
ullary and/or peripheral dysfunction and movement with sec-
ondary “reactive” dream mentation (“dreaming out of acts”) 

may not fully explain nonviolent complex motor behaviors 
seen in RBD patients, nor does this model explain why pa-
tients with isolated/incidental RSWA (a relatively common 
polysomnographic finding seen in approximately 25% of nor-
mal community adults,26 especially older men [i.e., the highest 
risk demographic for incident RBD]),27 do not also commonly 
exhibit overt DEBs and develop clinical RBD. Longitudinal 
followup suggests that only 7% to 14% of isolated/incidental 
RSWA patients develop DEB with “full blown” RBD,28 and if 
the “bottom up” explanation for DEBs is the sole mechanism 
operating in RBD, one might expect that all patients having the 
permissive state of RSWA would commonly manifest DEBs. 
Moreover, these two potential mechanisms involving “top-
down” and “bottom-up” influences underlying complex mo-
tor behaviors in RBD may not be mutually exclusive; rather, 
each may serve as a feed-forward influence on the other. Any 
therapy that reduces the influence of either mechanism could 
reduce overt dream enactment behavior.

The disassociation between pharmacologic efficacy on sub-
jective dream enactment frequency without direct impact on 
RSWA pathophysiology may suggest that a “dreaming loop” 
(presumably involving a neural network overlapping in part 
with the waking default mode network and REM active brain 
structures, including the dorsal pontine tegmentum, amygdala, 
limbic, and paralimbic cortices including the medial prefrontal, 
anterior cingulate, medial basal forebrain, and posterior pari-
eto-occipital cortices)22–24 are responsible for initiating DEBs 
seen in RBD, while dysfunction in the lower REM atonia con-
trol “RSWA loop” circuitry within the brainstem and spinal 
cord (i.e., dorsal pontine sublateral dorsal nucleus, medullary 
nucleus gigantocellularis, alpha motoneurons, and spinal inter-
neurons) is only a permissive condition that, under the influ-
ence of supratentorial structures, enables overt DEB to occur. 
Further prospective research studies utilizing multimodality 
neuroimaging and neurophysiologic techniques will be neces-
sary to fully characterize the responsible cortical and subcorti-
cal structures facilitating the enigmatic dream mentation and 
actual DEB in RBD patients, and upon which neural substrates 
pharmacologic treatments may act to reduce unpleasant night-
mares and injurious behaviors in RBD. Randomized controlled 
trials will be necessary to establish an adequate evidence basis 
for the efficacy and safety of RBD treatments.

CITATION

St. Louis EK, McCarter SJ, Boeve BF. Ramelteon for idio-
pathic REM sleep behavior disorder: implications for patho-
physiology and future treatment trials. J Clin Sleep Med 
2016;12(5):643–645.

REFERENCES
1.	 Boeve BF. REM sleep behavior disorder: updated review of the core features, 

the REM sleep behavior disorder-neurodegenerative disease association, 
evolving concepts, controversies, and future directions. Ann N Y Acad Sci 
2010;1184:15–54.



645 Journal of Clinical Sleep Medicine, Vol. 12, No. 5, 2016

EK St. Louis, SJ McCarter and BF Boeve. Commentary

2.	 Kang SH, Yoon IY, Lee SD, Han JW, Kim TH, Kim KW. REM sleep 
behavior disorder in the Korean elderly population: prevalence and clinical 
characteristics. Sleep 2013;36:1147–52.

3.	 Boot BP, Boeve BF, Roberts RO, et al. Probable rapid eye movement sleep 
behavior disorder increases risk for mild cognitive impairment and Parkinson 
disease: a population-based study. Ann Neurol 2012;71:49–56.

4.	 Schenck CH, Mahowald MW. REM sleep behavior disorder: clinical, 
developmental, and neuroscience perspectives 16 years after its formal 
identification in Sleep. Sleep 2002;25:120–38.

5.	 Olson EJ, Boeve BF, Silber MH. Rapid eye movement sleep behaviour 
disorder: demographic, clinical and laboratory findings in 93 cases. Brain 
2000;123:331–9.

6.	 McCarter SJ, St. Louis EK, Boswell C, et al. Factors associated with injury in 
REM sleep behavior disorder. Sleep Med 2014;15:1332–8.

7.	 Schenck CH, Mahowald MW. Polysomnographic, neurologic, psychiatric, and 
clinical outcome report on 70 consecutive cases with REM sleep behavior 
disorder (RBD): sustained clonazepam efficacy in 89.5% of 57 treated patients. 
Cleve Clin J Med 1990;57:S9–S23.

8.	 Kunz D, Mahlberg R. A two-part, double-blind, placebo-controlled trial 
of exogenous melatonin in REM sleep behaviour disorder. J Sleep Res 
2010;19:591–6.

9.	 Aurora RN, Zak RS, Maganti RK, et al. Best practice guide for the treatment of 
REM sleep behavior disorder (RBD). J Clin Sleep Med 2010;6:85–95.

10.	 Boeve BF, Silber MH, Ferman TJ. Melatonin for treatment of REM sleep 
behavior disorder in neurologic disorders: results in 14 patients. Sleep Med 
2003;4:281–4.

11.	 McCarter SJ, Boswell CL, St. Louis EK, et al. Treatment outcomes in REM 
sleep behavior disorder. Sleep Med 2013;14:237–42.

12.	 McGrane IR, Leung JG, St Louis EK, Boeve BF. Melatonin therapy for 
REM sleep behavior disorder: a critical review of evidence. Sleep Med 
2015;16:19–26.

13.	 Li SX, Lam SP, Zhang J, et al. A prospective, naturalistic, follow-up study of 
treatment outcomes with clonazepam in rapid eye movement sleep behavior 
disorder. Sleep Med 2016; in press.

14.	 Erman M, Seiden D, Zammit G, Sainati S, Zhang J. An efficacy, safety, and 
dose-response study of Ramelteon in patients with chronic primary insomnia. 
Sleep Med 2006;7:17–24.

15.	 Richardson GS, Zammit G, Wang-Weigand S, Zhang J. Safety and subjective 
sleep effects of ramelteon administration in adults and older adults with 
chronic primary insomnia: a 1-year, open-label study. J Clin Psychiatry 
2009;70:467–76.

16.	 Uchiyama M, Hamamura M, Kuwano T, Nishiyama H, Nagata H, Uchimura N. 
Evaluation of subjective efficacy and safety of ramelteon in Japanese subjects 
with chronic insomnia. Sleep Med 2011;12:119–26.

17.	 Johnson MW, Suess PE, Griffiths RR. Ramelteon: a novel hypnotic 
lacking abuse liability and sedative adverse effects. Arch Gen Psychiatry 
2006;63:1149–57.

18.	 Chakraborti D, Tampi DJ, Tampi RR. Melatonin and melatonin agonist 
for delirium in the elderly patients. Am J Alzheimers Dis Other Demen 
2015;30:119–29.

19.	 Nomura T, Kawase S, Watanabe Y, Nakashima K, Use of ramelteon for 
the treatment of secondary REM sleep behavior disorder. Intern Med 
2013;52:2123–6.

20.	 Esaki Y, Kitajima T, Koike S, et al. An open-labeled trial of ramelteon in 
idiopathic REM sleep behavior disorder. J Clin Sleep Med 2016;12:689–93.

21.	 Bonakis A, Economou NT, Papageorgiou SG, Vagiakis E, Nanas S, 
Paparrigopoulos T. Agomelatine may improve REM sleep behavior disorder 
symptoms. J Clin Psychopharmacol 2012;32:732–4.

22.	 Domhoff GW. The neural substrates for dreaming: is it a subsystem of the 
default mode network? Conscious Cogn 2011;20:1163–74.

23.	 Desseilles M, Dang-Vu TT, Sterpenich V, Schwartz S. Cognitive and 
emotional processes during dreaming: a neuroimaging view. Conscious Cogn 
2011;20:998–1008.

24.	 Wamsley EJ, Stickgold R. Dreaming and offline memory processing. Curr Biol 
2010;20:R1010–3.

25.	 Blumberg MS, Plumeau AM. A new view of “dream enactment” in REM sleep 
behavior disorder. Sleep Med Rev 2015;30:34–42.

26.	 Frauscher B, Gabelia D, Mitterling T, et al. Motor events during healthy sleep: 
a quantitative polysomnographic study. Sleep 2014;37:763–73.

27.	 McCarter SJ, St. Louis EK, Boeve BF, Sandness DJ, Silber MH. Greater rapid 
eye movement sleep atonia loss in men and older age. Ann Clin Transl Neurol 
2014;1:733–8.

28.	 Stefani A, Gabelia D, Hogl B, et al. Long-term follow-up investigation of 
isolated rapid eye movement sleep without atonia without rapid eye movement 
sleep behavior disorder: a pilot study. J Clin Sleep Med 2015;11:1273–9

SUBMISSION & CORRESPONDENCE INFORMATION
Submitted for publication April, 2016
Accepted for publication April, 2016
Address correspondence to: Erik K. St. Louis, MD, Mayo Clinic and Foundation, 
Center for Sleep Medicine, Departments of Medicine and Neurology, 200 First Street 
Southwest, Rochester, MN 55905; Email: StLouis.Erik@mayo.edu

DISCLOSURE STATEMENT
The project described was supported by the National Center for Research 
Resources and the National Center for Advancing Translational Sciences, National 
Institutes of Health, through Grant Number 1 UL1 RR024150-01. The content is 
solely the responsibility of the authors and does not necessarily represent the official 
views of the NIH. The authors have indicated no financial conflicts of interest.


