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Abstract 

Study Objectives:  Symptomatic therapies for rapid-eye-movement (REM) sleep behavior disorder (RBD) are limited. Sodium oxybate 
(SXB), a gamma-aminobutyric acid (GABA)-B agonist, could be effective but has not been evaluated against placebo.

Methods:  This double-blind, parallel-group, randomized, placebo-controlled trial in 24 participants was conducted at the Stanford 
Sleep Center. Patients were adults with definite iRBD or Parkinson’s disease and probable RBD (PD-RBD), and persistence of ≥ 2 weekly 
episodes despite standard therapy. Patients were randomized 1:1 to receive SXB during a 4-week titration followed by a 4-week stable 
dosing period. Primary outcome was number of monthly RBD episodes according to a diary filled by patients and partners. Secondary 
outcomes were severity, number of severe RBD episodes, and objective RBD activity on video polysomnography.

Results:  Twelve iRBD and 12 PD-RBD participated (mean 65.8 years), and 22 (n = 10 SXB, 12 placebo) completed the study. Although 
no significant between-group difference was found, SXB showed reduction of monthly RBD episodes by 23.1 (95% CI −36.0, −10.2; p = 
0.001) versus 10.5 with placebo (95% CI, −22.6, 1.6; p = 0.087). Improvement from baseline was similarly observed for RBD overall sever-
ity burden (each episode weighted for severity), number of severe episodes, and objective RBD activity per video-polysomnography. 
Two participants receiving SXB withdrew due to anxiety and dizziness. The majority of adverse events are otherwise resolved with 
dose adjustment.

Conclusion:  SXB could reduce RBD symptoms; however, response was inconsistent and a large placebo effect was observed across 
patient-reported outcomes. Larger studies using objective endpoints are needed.

Clinical Trial:  Treatment of REM Sleep Behavior Disorder (RBD) With Sodium Oxybate
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Graphical Abstract 

Statement of Significance

REM sleep behavior disorder (RBD) is the leading cause of sleep-related injuries but there is currently no symptomatic therapy ap-
proved by the Federal Drug Administration. This study is among the rare randomized clinical trials in RBD and the first controlled 
study using sodium oxybate. This double-blind placebo-controlled study suggests that sodium oxybate may plausibly be effective, 
not only per patients' report, but per objective video-polysomnography measures. Our findings provide the basis for future larger 
studies evaluating the efficacy of sodium oxybate in RBD. Importantly, our protocol is the first to implement guidelines from the 
International RBD Study Group on clinical trials and outcome measures in RBD and use objective endpoints.

Introduction
Rapid-eye-movement (REM) sleep behavior disorder (RBD) 
emerges from abnormal motor disinhibition during REM sleep, 
ranging from small twitches to complex and violent dream-en-
actment behaviors [1, 2]. Most adult-onset cases are related to 
the accumulation of alpha-synuclein pathology in the brainstem 
areas controlling REM sleep, and are thus often associated with 
Parkinson’s disease (PD) and its long prodromal phase [3]. The 
unpredictability and potentially lethal risk associated with explo-
sive outbursts of dream enactment significantly affect quality of 
life for patients and their partners [4, 5]. Clonazepam and mela-
tonin are the mainstays of pharmacotherapy while other drugs 
have very limited evidence [6, 7].

Sodium oxybate (SXB), a GABAB and GHB receptor agonist, has 
been used for decades for its sleep-inducing properties [8]. Strong 
promotion of slow-wave sleep and reduction of disrupted noctur-
nal sleep could be the primary mechanism for reduction of day-
time sleepiness in narcolepsy and other hypersomnias, including 
that associated with PD [9, 10]. Through modulation of sleep/wake 
motor control systems, SXB also reduces cataplexy, and possibly 
RBD behaviors in children with narcolepsy [11]. Several studies 
have reported the immediate and long-lasting benefit of nightly 
SXB in treatment-resistant RBD; however, these were anecdotal 
cases, mostly in isolated RBD (iRBD) [12–15]. Thus, the true effi-
cacy of SXB in RBD remains unknown, including in patients with 
PD (PD-RBD).

We conducted a randomized, double-blind, placebo-controlled, 
parallel-group, single-center, phase 2 clinical trial to evaluate the 
efficacy, and tolerance of nightly SXB in adult patients with iRBD 
and PD-RBD.

Methods
Trial design
This randomized, double-blind, placebo-controlled, paral-
lel-group trial was conducted at the Stanford Sleep Medicine 
Center. Recruitment started in September 2019 and ended in 
October 2021 after enrollment of 24 participants and the trial 
ended in January 2022. Participants were randomly assigned to 
receive SXB or placebo of similar appearance and taste nightly 
with 1:1 ratio. The trial consisted of a 4-week baseline, followed by 
a titration of at least 4 weeks, a 4-week stable dosing period, and a 
2-week withdrawal period. All participants provided written con-
sent. The study was approved by the Stanford Institutional Review 
Board and the design was in accordance with the Declaration of 
Helsinki. The trial was registered on ClinicalTrials.gov (Identifier: 
NCT04006925).

Patients
Patients aged 40 to 85 years with a diagnosis of polysomnography 
(PSG)-confirmed, definite, iRBD per ICSD-3 criteria [1], or PD and 
a clinical history of presumed RBD, were recruited from the sleep 
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clinic, via internal and external referrals, and online advertise-
ment. Patients were enrolled (F.Y., A.C., and A.E.) after verification 
of inclusion and exclusion criteria (E.H.D., M.G.M.). Participants 
had to fail standard-of-care therapy with clonazepam and mel-
atonin, with persistent RBD symptoms averaging at least two 
episodes weekly. Treatment failure was defined as either absence 
of benefit despite adequate doses, intolerance, or contraindica-
tion to the drug. A consistent method for monitoring symptoms 
was required, via a bed partner or home video monitoring device. 
Exclusion criteria included RBD due to causes other than PD, 
dementia, congestive heart failure, recent falls or regular use 
of an assistive device, untreated moderate or severe obstructive 
sleep apnea based on ≥ 4% decrease in oxygen saturation, and 
severe restless legs syndrome based on the International Restless 
Legs Study Group rating scale [16].

Procedures
After baseline sleep, neurological and psychological assessments, 
participants entered a 4-week baseline observation period. No 
change in melatonin or antidepressant treatment was allowed 
during the study. Participants on clonazepam tapered off this 
medication during the baseline period to avoid interactions with 
the study drug. Patients followed a titration schedule of 50% 
dose reduction weekly until reaching 0.25 mg dose at which 
point they discontinued the drug. Patients completed an RBD 
diary daily, after consultation with their bedpartner and/or after 
review of their home video monitor footages, reporting number, 
and description of abnormal behaviors. Entry PSG occurred on 
the last night of the baseline period. Participants using positive 
airway pressure therapy at home received treatment during PSG. 
Patients were randomized to SXB or placebo in a 1:1 ratio, using 
permuted blocks of six, stratified by PD status. Study drug and 
placebo containers were each labeled with a code assigned by a 
random number generator. One investigator (CK) was responsi-
ble for the random allocation sequence and intervention assign-
ment; all other research personnel and participants were blinded. 
Starting dose was 4.5 g nightly divided into two doses taken 2.5–4 
hours apart, following a prior PD protocol [10]. Efficacy and toler-
ance were evaluated via weekly phone interviews, and dose was 
incrementally adjusted until reaching 9 g or the maximum tol-
erated dose. Per protocol, in patients unable to use two nightly 
doses due to short sleep times or not tolerating scheduled awak-
ening, single dosing was possible. The dose was fixed during 4 
consecutive weeks constituting the treatment period. PSG was 
repeated on the last night of the treatment period, and partici-
pants were reevaluated. During the 2-week observation period, 
participants could resume prior clonazepam treatment and con-
tinued to report RBD episodes.

Outcome measures
The primary endpoint was the change in number of RBD episodes 
during treatment versus the baseline period.

Secondary endpoints included overall severity burden, and 
severe episode burden. Upon review of RBD logs, severity of each 
episode was rated as mild, moderate, or severe, with respective 
scores of 1, 5, or 10, replicating the International RBD Study Group 
(IRBDSG) [17] guidelines for RBD severity scoring based on video 
polysomnography. The sum of all scores on RBD logs for a given 
study period was labeled “overall severity burden,” and the num-
ber of severe episodes, “severe episode burden.” Other secondary 
endpoints, per IRBDSG [18], included the clinical global impres-
sion (CGI) efficacy scale (CGI-E) jointly filled by patients and 
partners [19]; CGI improvement scale (CGI-I) per clinician [19]; 

sleepiness measured by Epworth sleepiness scales [20]. PSGs were 
scored by sleep technologists and investigators (OSP, AH, MM) 
blinded to patients’ reported outcomes. PSG measures included: 
(1) number and severity of RBD motor behaviors per recently 
issued IRBDSG rules (motor event receiving a weight of 1, 5, or 10 
for mild, moderate, and severe), with the only modification that 
if several motor events were observed during a 30-second epoch 
of REM sleep, the highest severity score observed was reported. 
Individual scores were then summed for the entire night (video 
total movements score), and averaged per 10 minutes of REM 
sleep [17], (2) total and per 10 minutes of REM sleep number of 
vocalization in 30-second epochs, and (3) change in REM sleep 
duration and REM sleep without atonia (RSWA) index measured 
by two independent sleep experts (O.S.P., A.H.) applying SINBAR 
criteria using a combination of chin and arm electromyography 
and 30-second epochs [21]; apnea–hypopnea index; periodic limb 
movement–arousal index.

Exploratory endpoints were sleep quality, anxiety, mood, and 
cognition, based on Pittsburgh Sleep Quality Index [22], general 
anxiety disorder-7 (GAD-7) [23], patient health questionnaire 
(PHQ-9) [24], and Montreal Cognitive Assessment (MoCA) score 
[25], respectively.

Statistical analysis
Statistical analysis (using SAS 9.4, Cary, NC) was by intention-
to-treat for the primary efficacy analysis, comparison of base-
line characteristics, safety and tolerance, and per-protocol (PP) 
for secondary/exploratory analyses. PP analysis included all 
participants who completed titration and the 4-week treatment 
period. Sample size calculation was based on a prior randomized 
controlled study by Brunetti et al [26]. To detect an effect size of 
50% reduction in the number of RBD episodes per month ([pla-
cebo - active]/ placebo) with a power of 80% and alpha of 5%, the 
number of participants needed to be 10 per arm. Anticipating a 
dropout rate of 20%, 24 participants were required to be enrolled.

We tested the primary hypothesis that SXB is superior to pla-
cebo in reducing the number of RBD episodes from baseline, as 
observed in the last month of treatment using linear mixed-ef-
fects models with random intercepts. Models were parameter-
ized in two ways to estimate separate group trajectories and 
between-group differences in change over time. Cohen’s d was 
calculated as a measure of treatment effect size. Similar hypoth-
eses were tested on secondary and exploratory outcomes. Within- 
and between-group differences were assessed with paired- and 
unpaired t-tests, or with the Wilcoxon Signed Rank and Mann–
Whitney U tests for nonnormal data. Participants scoring below 4 
on the CGI-I and CGI-E were classified as “responders”; chi-square 
tests were performed to compare the proportion of respond-
ers between groups. All statistical tests were conducted using a 
two-sided alpha level of 0.05. For secondary/exploratory anal-
yses, bootstrapped percentile-based 95% confidence intervals 
were calculated based on 10 000 randomly resampled datasets. 
Descriptive statistics on safety data are provided for all rand-
omized participants (intention-to-treat), by treatment group and 
study phase.

Results
Out of the 82 screened subjects, 58 were excluded: 33 were not 
eligible due to not meeting inclusion criteria on episode frequency 
(n = 15), unsupported diagnosis (n = 8), no prior use of melatonin 
or clonazepam (n = 8) or diagnosis of dementia (n = 2), 23 declined 
participating after discussion of the study protocol, and two for 
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other reasons (travels, coronavirus disease 2019 pandemic) (Figure 
1). Twenty-four participants were randomized and received at 
least one dose of treatment. Definite RBD was confirmed in all par-
ticipants after PSG review [1]. Of the 24 RBD participants (mean 
[SD], 65.8 [7.6] years; 18 males [75%], 6 females [25%], 12 iRBD, and 
12 PD-RBD), two withdrew due to side effects and 22 completed 
the study and constitute the PP analysis set. Final mean dose was 
6.55 (2.18) g for SXB and 7.81 (2.20) g for placebo. Baseline demo-
graphics were similar between treatment groups (Table 1).

Both groups included 75% of males, all white, and an equal 
proportion of iRBD and PD-RBD. Average RBD symptom dura-
tion was 9.8 (5.8) years. Twenty-two participants had a his-
tory of sleep-related injuries. One-third of participants in each 
group (n = 4) were treated with antidepressants. Most patients 
were treated with clonazepam (average 0.86 [0.64] mg dose) 

and/or melatonin (5.54 [6.16] mg dose). Other RBD treatments 
included transdermal rivastigmine (n = 2) and pramipexole (n = 
1). The SXB and placebo groups were balanced in terms of RBD 
diagnosis among patients using clonazepam at study entry, 
with two iRBD and three PD-RBD in the SXB group and two 
iRBD and two PD-RBD in the placebo group. All participants 
discontinued clonazepam according to the protocol. Methods 
for reporting episodes involved a bedpartner in most (n = 20) 
participants, and a video self-monitoring system in six of them. 
In addition to the two participants who withdrew before com-
pleting the study, three could not undergo PSG due to restric-
tions related to the coronavirus disease 2019 pandemic, three 
PSGs displayed excessive artifacts due to deep brain stimula-
tion, resulting in only 16 participants (SXB n = 7, placebo n = 9) 
with both entry and final PSG data available for PSG analysis.

Figure 1. Flow of patients through the trial of sodium oxybate in treatment-resistant rem sleep behavior disorder. Two patients receiving sodium 
oxybate withdrew from the study during the titration period due to dizziness and severe anxiety. No placebo-treated patients discontinued study 
drug.
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Primary outcomes
Groups were statistically equivalent on the primary measure 
at baseline. Linear mixed models estimated a statistically sig-
nificant reduction of RBD in the SXB group of 23.1 episodes per 
month (SE = 6.4, 95% CI −36.0, −10.2, p = 0.001, Table 2 model 
1) compared to a reduction of 10.5 episodes per month with 
placebo (SE = 6.0, 95% CI −22.6, 1.6, p = 0.08), but the reduc-
tion was not significantly different between groups (estimate 
= -12.6, SE = 8.2, 95% CI −29.2, 4.0, p = 0.13, Cohen’s d = 0.62) 
(Table 2, model 2).

Results were similar when within- and between-group changes 
were analyzed using more conservative nonparametric tests 
(Table 3).

There was no correlation between the reduction in number of 
RBD episodes and age, gender, or PD status.

Secondary outcomes
Overall severity burden showed a similar pattern in SXB with 46.5 
points median reduction (95% CI −85.0, −19, p = 0.01) versus 34.5 
points median reduction (95% CI −52.5, 1.5, p = 0.08) with placebo, 
as well as reduction of median monthly severe episodes by 1.0 epi-
sode (95% CI −3, 0, p = 0.02) versus median increase of 1.0 (95% CI 
−1, 1, p = 0.83) with placebo and no statistically significant differ-
ence between groups (p = 0.46 for overall severity, p = 0.09 for severe 
episodes) (Table 3). In the SXB group, strong correlation was found 
between age and reduction in overall severity (Spearman r = −0.72, 
95% CI −0.92, −0.14, p = 0.02) and severe episode burden (Spearman 
r = −0.76, 95% CI −0.94, −0.22, p = 0.01), but no correlations with 
gender or PD status. Responder rate was 83% and 50% with SXB 
and placebo on CGI-E (p = 0.08), and 83% and 58%, respectively 
on CGI-I (p = 0.18). Though not statistically significant, the SXB 

Table 2. Summary of Parameter Estimates from ITT Linear Mixed Models of Number of RBD Episodes Over Time (Baseline, Titration, 
Final Dose)

Number of RBD episodes Estimate (SE) 95% CI t-value p

Model 1

 Intercept 42.8 (4.9) 32.8 to 52.9 8.80 <0.0001

 Time × Group = Placebo −10.5 (6.0) −22.6 to 1.6 −1.75 0.087

 Time × Group = SXB −23.1 (6.4) −36.0 to −10.2 −3.62 0.001

Model 2

 Intercept 42.8 (4.9) 32.8 to 52.9 8.80 <0.0001

 Time −10.5 (6.0) −22.6 to 1.6 −1.75 0.087

 Time*Group −12.6 (8.2) −29.2 to 4.0 −1.53 0.133

CI, confidence interval; ITT, intention-to-treat; RBD, rapid-eye-movement sleep behavior disorder; SXB, sodium oxybate

Table 1. Baseline Characteristics. Intention-to-Treat Analysis in 24 Participants. N (%) Unless Stated Otherwise

Characteristic Treatment group, No. (%)

All Sodium oxybate Placebo

n = 24 n = 12 n = 12

Demographic

Age, mean (SD), years 65.8 (7.6) 66.1 (8.2) 65.4 (7.3)

Female 6 (25) 3 (25) 3 (25)

Non-Hispanic White 24 (100) 12 (100) 12 (100)

Clinical

BMI, mean (SD) 25.7 (6.3) 24.4 (4.7) 27.0 (7.6)

RBD symptom duration, mean (SD), years 9.8 (5.8) 11.2 (6.9) 8.4 (4.3)

History of Injuries 22 (92) 10 (83) 12 (100)

Parkinson disease 12 (50) 6 (50) 6 (50)

Sleep apnea 7 (30) 2 (17) 5 (42)

Insomnia 7 (30) 2 (17) 5 (42)

Current treatment

Antidepressant 8 (33) 4 (33) 4 (33)

Clonazepam 9 (38) 5 (42) 4 (33)

Melatonin 14 (58) 8 (67) 6 (50)

Cholinergic 3 (13) 2 (17) 1 (8)

Dopaminergic 10 (42) 6 (50) 4 (33)

BMI, body-mass index; No, number; RBD, rapid-eye-movement sleep behavior disorder; SD, standard deviation.
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group showed greater proportion of responders by both measures. 
Sleepiness was not significantly reduced in either group.

Objective video-PSG scoring demonstrated a significant 
median reduction of total RBD movements with 25 (95 % CI, −90, 
4, p = 0.03) point reduction of total movements rating in the SXB 
group versus 24 (95% CI −61, 11, p = 0.15) in placebo, but not per 
10 minutes of REM sleep with SXB (Table 3), and no effect on 
vocalizations. REM sleep was significantly reduced with SXB (p 
= 0.01), but RSWA index did not change. A median reduction of 
periodic limb movements (PLM)-arousal index was observed with 
SXB (−2.0, 95% CI, −6.8, 0, p = 0.16, n = 7) but not with placebo (0.5, 
95% CI, 0, 3.5, p = 0.13, n = 9), between-group difference in change 
of −0.9 (95% CI, −8.0, −0.1, p = 0.04). AHI median reductions were 
observed in both groups (SXB: −2.0, 95% CI, −17.1, 2.8, p = 0.32, n = 
9; placebo: −3.5, 95% CI, −5.9, −0.2, p = 0.01, n = 9) but no statistical 
difference between groups (−0.9, 95% CI, −12.1, 6.5, p = 0.66).

Exploratory outcomes
We found no effect on sleep quality, anxiety, mood, or cognition 
with either intervention. Unified Parkinson's Disease Rating Scale 
(UPDRS) and orthostatic vital signs could not be performed due to 
coronavirus disease 2019-related restrictions.

Safety analysis
Of the 24 randomized participants who received the study drug, 
two receiving SXB withdrew due to adverse events (AEs). Average 
final dose was 6.55 (2.18) g for SXB and 7.81 g (2.20) g for placebo. 
Two participants, both in the SXB group opted to receive single 
dose. All-cause treatment-emergent AEs occurred in 11 partici-
pants (45.8%): 9 of 12 (75%) in the SXB group, and 2 of the 12 
(16.7%) in the placebo group (Table 4).

Serious AEs occurred in 5 of the 12 patients (41.7%) with SXB and 
none with placebo. In the SXB group, other than anxiety and dizzi-
ness, which led two participants to withdraw from the study, serious 

AEs were: myoclonic episodes after first dose only, sleep terror, and 
suicidal ideation, both of which resolved after dose adjustment. 
Most common AEs associated with SXB were anorexia, anxiety, 
increased sweating, and brain fog (n = 2, each). Other AEs were 
sleep-related auditory hallucination, enuresis, catathrenia, day-
time sedation, tremor, headaches, hot flashes, dysgeusia, nausea, 
gastric discomfort, myalgia, and sensation of being “wired” (n = 1). 
AEs in the placebo group were hot flashes (n = 1) and insomnia (n = 1).

Discussion
This trial did not demonstrate superiority of SXB over placebo 
for improving RBD symptoms in treatment-resistant iRBD and 
PD-RBD. However, SXB resulted in significant improvements 
across all subjective outcomes of RBD activity, which was not 
seen with placebo. Eight out of ten patients receiving SXB had 
reductions in episode frequency above the placebo mean of 15%. 
Subjective response was supported by objective reduction of 
RBD movements observed on video-PSG. Taken together, these 
findings suggest that SXB may be an effective therapy for severe, 
treatment-resistant RBD, but due to an inconsistent response and 
a large placebo effect, statistical significance was not reached.

Two participants (17%) receiving SXB could not tolerate side 
effects, another two reported no benefit or paradoxical worsening 
despite receiving a 9 g dose. The latter two patients were both in 
their 50 seconds and had a diagnosis of iRBD. Correlation anal-
ysis shows that younger age was associated with worse treat-
ment responses. It is also possible that those participants’ RBD 
phenotype differed from the rest of the group. As biomarkers of 
phenotypic progression in synucleinopathy are being developed 
[27], including them in future drug trials could inform potential 
factors influencing treatment response.

There is currently no validated method to objectively monitor 
outcomes in RBD [28]. Other reports of video-PSG outcomes with 

Table 3. Efficacy Measures of RBD Activity Per RBD Logs and Video-Polysomnography

Median [IQR]

Sodium oxybate Placebo Sodium oxybate vs. 

placebo

Baseline

n = 12

Final Dose

n = 10

Change  

(95% CI), pa

Baseline

n = 12

Final Dose

n = 12

Change  

(95% CI), pa

Difference in 

Changeb (95% CI)

pc

RBD 
logs

RBD
Episodes per Month

37.5 [27.5 to 
48.5]

23.5 [6 to 
47]

−23.5 (−41.0 to 
−2.0), 0.03

35 [28.5 to 45.5] 25.5 [14.5 to 46] −9.0, (−21.5 to 
0.0), 0.11

−14.5 (−32.0 to 
11.3)

0.27

Overall Severity
Burden

89.5 [63 to 193.5] 53 [14 to 
150]

−46.5 (−85.0 to 
−19.0), 0.01

121 [78.5 to 149.5] 94.5 [45 to 138] −34.5 (−52.5 
to 1.5), 0.08

−12 (−60.0 to 
21.5)

0.46

Severe Episode 
Burden

1.5 [0.5 to 4.0] 0.5 [0 to 1] −1 (−3 to 0), 
0.02

1.5 [0 to 3.5] 1.0 [0 to 2.5] 0 (−1 to 1), 
0.83

−1 (−3.5 to 0.0) 0.09

Baseline

n = 10

Final dose

n = 7

Change  

(95% CI), pe

Baseline

n = 10

Final dose

n = 9

Change  

(95% CI), pe

Difference in 

Changef (95% CI)

pg

Video-
PSGd

Video Total 
Movements

55.5 [18 to 82] 16 [0 to 50] −25 (−90 to −4), 
0.03

57.5 [24 to 269] 25 [16 to 153] −24 (−61 to 
11), 0.15

−1.0 (−82 to 46) 0.72

Video Movements 
per 10 minutes

13.2 (12.3) 7.2 (7.4) −6.2 (−15.2 to 
1.7), 0.23

 10.1 (8.4) 10.5 (10.0) 0.2 (−4.6 to 
4.5), 0.95

−6.4 (−16.2 to 
3.1)

0.22

REM sleep minutes 53.8 (20.1) 31.6 (30.1) −24.5 (−35.7 to 

−12.2), 0.01

107.5 (57.2) 81.2 (32.6) −32.6 (−63.4 

to −0.7), 0.09

8.1 (−25.2 to 

40.8)

0.67

IQR, interquartile range; PSG, polysomnography.
aP-value for within-group change, Wilcoxon Signed Rank test.
bnegative values favor sodium oxybate group.
cP-value for difference between-group comparison, Mann–Whitney U test.
dmean (SD) for normal data in both groups.
eP-value for within-group change, paired t-tests.
fNegative values favor sodium oxybate group.
gP-value for difference between-group comparison, unpaired t-test.
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SXB in iRBD [14] showed no effect; however, they used a different 
scoring method, only reporting severity, not number of episodes 
[29]. We applied the IRBDSG video scoring rules to measure RBD 
activity before and after treatment [17]. RBD behaviors have an 
important night-to-night variability [29, 30]. Remarkably, despite a 
small sample size (n = 16), significant effect was found only with 
SXB. The same measure averaged per 10 minutes of REM sleep 
showed no effect, possibly due to REM sleep suppression with SXB. 
This would support the notion that observed improvements in RBD 
movements may predominantly be due to REM sleep suppression.

Little is known about the mechanism of action of SXB in RBD. 
Given its short half-life and duration of action, SXB is usually 
recommended to be taken twice per night, however, we opted in 
this study to have the flexibility of single dosing for promoting 
patient adherence and for exploring differential effect compared 
to double dosing. The literature on efficacy in RBD is limited to 
six patients with iRBD and one with PD-RBD [12–15]. Limited data 
suggest that SXB may selectively reduce most injurious and com-
plex dream-enactment episodes [14]. In our dataset, mild episode 
severity did not predict treatment failure. Contrasting with RSWA 

Table 4. Safety Analysis. Number of Participants With an Adverse Event (Percentage Within Study Population) and Total Number of 
Adverse Events (Percentage of All Adverse Events in the Respective Category)

Treatment group, No. (%)

Sodium oxybate Placebo

Adverse events Participants
n = 12

Events
n = 25

Participants
n = 12

Events
n = 2

p

Any adverse event‡
9 (75) 25 (100) 2 (17) 2 (100) 0.004

  Not serious 7 (58) 20 (80) 2 (17) 2 (100) 0.037

  Serious 5 (42) 5 (20) 0 0

Unrelated to study medication†
1 (8) 1 (4) 0 0

Potentially related to study medication 9 (75) 24 (96) 2 (17) 2 (100) 0.004

  Mild intensity 6 (50) 16 (64) 0 0

  Moderate intensity 3 (25) 5 (25) 2 (17) 2 (100) 0.478

  Severe intensity 2 (17) 3 (12) 0 0

  Improvement after dose adjustment or spontaneously 7 (58) 16 (64) 0 0

  Anxiety 1 (8) 1 (6) 0 0

  Asthenia 1 (8) 1 (6) 0 0

  Auditory hallucination 1 (8) 1 (6) 0 0

  Brain fog 2 (17) 2 (12) 0 0

  Enuresis 1 (8) 1 (6) 0 0

  Gastrointestinal discomfort 1 (8) 1 (6) 0 0

  Headache 1 (8) 1 (6) 0 0

  Hot flashes 1 (8) 1 (6) 0 0

  Myalgia 1 (8) 1 (6) 0 0

  Myoclonus episode*
1 (8) 1 (6) 0 0

  Nausea 1 (8) 1 (6) 0 0

  Sleep terror*
1 (8) 1 (6) 0 0

  Sensation of being “wired” 1 (8) 1 (6) 0 0

  Suicidal ideation*
1 (8) 1 (6) 0 0

  Tremor 1 (8) 1 (6) 0 0

No improvement after dose adjustment 5 (42) 8 (32) 2 (17) 2 (100)

  Anorexia 2 (17) 2 (25) 0 0

  Anxiety*
1 (8) 1 (12) 0 0

  Catathrenia 1 (8) 1 (12) 0 0

  Dizziness*
1 (8) 1 (12) 0 0

  Hot flashes 0 0 1 (8) 1 (50)

  Increased sweating 2 (17) 2 (25) 0 0

  Insomnia 0 0 1 (8) 1 (50)

  Dysgeusia 1 (8) 1 (12) 0 0

No, number.
*: serious adverse event; †: daytime sedation; ‡: Two-sided chi-square or Fisher’s Exact Test testing for group differences in proportion of participants in AE 
categories where participants are represented in only one of 2 mutually exclusive categories (i.e. serious vs. non-serious AE).
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index reduction observed in narcolepsy patients [11, 31], we 
found, like others, no such reduction with SXB [14]; however, REM 
sleep duration reduced by 52% (−24.5 [17.5] minutes, p = 0.01) with 
complete suppression of REM sleep in two patients treated with 
SXB. SXB promotes slow-wave sleep, reduces arousal, and sup-
presses REM sleep. Conceivably, these three mechanisms could 
contribute to its efficacy in RBD. Among these three mechanisms, 
REM sleep suppression may be a primary mechanism accounting 
for the overall reduction of RBD burden with SXB since no effect 
was found when motor events were reported per 10 minutes of 
REM sleep. Until further research is conducted on the effects of 
REM sleep suppression in patients with prodromal or manifest 
PD, suppression of REM sleep shall not be the sole mechanism 
accounting for a reduction of RBD symptoms.

AEs occurred in 75% and serious AEs in 42% of patients receiving 
SXB, leading two participants to discontinue therapy. As expected, 
non-serious AEs were more frequent (58%) with SXB than placebo 
(17%). Neither PD nor age correlated with frequency or severity of 
AEs. This low tolerability contrasts with prior studies in PD [10], but 
was observed in a recent trial despite lower starting dose of 3 g [9]. 
Time-locked prolonged myoclonus after SXB intake was unexpected 
but resolved without reappearing during uptitration to 8 g. In future 
studies, lower starting doses and slower titration may be considered. 
Altogether, limited tolerance for a significant portion of patients 
with iRBD or PD could limit the use of SXB, and warrants systematic 
monitoring of neuropsychiatric complications.

Limitations of this study include the small sample size and 
large variability in the data. The large benefit observed in the 
placebo arm was not expected. A new sample size calculation 
reveals that 65 patients per arm would be required to detect sta-
tistical differences between interventions using a parallel arm 
design, and that 38 patients would be required in a crossover 
design. Prior RCTs monitoring episode frequency reported a sim-
ilar placebo effect [32], which may be reduced in those using a 
crossover design [25, 33]. Crossover designs may attenuate pla-
cebo effect since they require participants to compare efficacy 
between interventions which may allow them to be biased by 
their own assumptions about the treatment sequence. In our 
study, bedpartners were generally the only source for reporting 
outcomes as patients were mostly unaware of dream enactments. 
Conceivably, bedpartners’ own expectations may reduce anxiety 
and improve their sleep, which might lead to an underreporting 
of RBD behaviors and an amplification of placebo effect by proxy. 
Future studies may consider using home video monitoring for 
objective measures of symptomatic response.

Other possible limitations are related to the difficulty to control 
for confounding effects of clonazepam and melatonin. The study 
design gave careful consideration to safety and efficacy parameters. 
Discontinuing all treatments in participants with uncontrolled RBD, 
as it can lead to severe exacerbation of RBD symptoms and injuries 
to patients and their bed partners, was not a viable option. However, 
the concomitant use of clonazepam and SXB can potentially lead to 
central nervous depression. To maintain adequate level of safety for 
patients and their partners and adequately evaluate SXB, patients 
were required to reduce clonazepam treatment by tapering down to 
the lowest possible dose and discontinue, when possible, while any 
non-sedative RBD treatment would be maintained during the study, 
including melatonin. The majority of participants in this study were 
treated with melatonin, with no difference between groups. There 
are no known pharmacological interactions between melatonin and 
SXB, thus low concern about a potential bias.

The strengths of this study are that it is the first double-blind, 
placebo-controlled study to systematically evaluate the effects of 

SXB on RBD, the individualized titration scheme, use of RBD logs 
not just reporting episode frequency but informing on their sever-
ity, and objective measure of RBD activity per video-PSG.

Our results suggest that although SXB could plausibly be 
an effective therapy in severe RBD, heterogeneous and unpre-
dictable responses may limit its use until more research is 
conducted. A significant within-group effect was observed on 
objective RBD activity per video-PSG. To the best of our knowl-
edge, the present study is the second one implementing recom-
mendations from the IRBDSG on video analysis for measuring 
outcomes in RBD [34]. This approach should be considered 
for systematic inclusion in future trials. Studies should also 
explore the utility of smart devices, such as home video mon-
itoring and wearables for monitoring treatment outcomes. 
Future studies with larger patient samples and consideration 
of crossover design are needed to determine individual factors, 
and possibly RBD phenotypes that could influence treatment 
outcomes and tolerability with SXB. Until then, this drug may 
remain a potentially effective therapy that requires close mon-
itoring of treatment-emergent AEs.

Funding
This work was supported by Jazz pharmaceuticals.

Data availability
The data underlying this article will be shared on reasonable 
request to the corresponding author.

Disclosure Statement
Financial disclosure: Drs. During, Miglis, Sum-Ping, Hekmat, 
Yoshino, Ms. Hernandez, Cahuas and Mr. Ekelmans have no 
financial conflicts of interest. Dr Mignot reports consulting fees 
from Jazz Pharmaceuticals, which manufactures the study drug, 
Avadel Pharmaceuticals, which manufactures similar drugs as 
the one used in this study, and received research funding from 
Avadel Pharmaceuticals. Dr Kushida declares consultancies 
with Jazz Pharmaceuticals, which manufactures the study drug, 
Avadel Pharmaceuticals, and XW Pharma, which manufacture 
similar drugs as the one used in this study, and received research 
funding from Avadel Pharmaceuticals. Nonfinancial disclosure: 
None of the authors have any disclosure.

References
1. American Academy of Sleep Medicine. ICSD-3, International 

Classification of Sleep Disorders, 3rd ed.: Diagnostic and Coding Manual. 
Westchester, IL: American Academy of Sleep Medicine; 2014.

2. Schenck CH, Bundlie SR, Ettinger MG, Mahowald MW. Chronic 
behavioral disorders of human REM sleep: a new category of 
parasomnia. Sleep. 1986;9(2):293–308. doi: 10.1093/sleep/9.2.293. 
PMID: 3505730.

3. Postuma RB, Iranzo A, Hu M, et al. Risk and predictors of demen-
tia and parkinsonism in idiopathic REM sleep behaviour dis-
order: a multicentre study. Brain. 2019;142(3):744–759. doi: 
10.1093/brain/awz030. PMID: 30789229CIDPMC6391615.

4. Schenck CH, Lee SA, Bornemann MA, Mahowald MW. 
Potentially lethal behaviors associated with rapid eye move-
ment sleep behavior disorder: review of the literature and 
forensic implications. J Forensic Sci. 2009;54(6):1475–1484. doi: 
10.1111/j.1556-4029.2009.01163.x

https://doi.org/10.1093/sleep/9.2.293
https://doi.org/10.1093/brain/awz030
https://doi.org/10.1111/j.1556-4029.2009.01163.x


During et al. | 9

5. Lam SP, Wong CC, Li SX, et al. Caring burden of REM sleep behav-
ior disorder - spouses’ health and marital relationship. Sleep 
Med. 2016;24:40–43. doi: 10.1016/j.sleep.2016.08.004

6. 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(1):85–95. 

7. Gilat M, Marshall NS, Testelmans D, Buyse B, Lewis SJG. A critical 
review of the pharmacological treatment of REM sleep behavior 
disorder in adults: time for more and larger randomized place-
bo-controlled trials. J Neurol. 2022;269(1):125-148. doi: 10.1007/
s00415-020-10353-0

8. Maitre M. The gamma-hydroxybutyrate signalling system in 
brain: organization and functional implications. Prog Neurobiol. 
1997;51(3):337–361. doi: 10.1016/s0301-0082(96)00064-0. PMID: 
9089792.

9. Büchele F, Hackius M, Schreglmann SR, et al. Sodium oxybate 
for excessive daytime sleepiness and sleep disturbance in 
parkinson disease: a randomized clinical trial. JAMA Neurol. 
2018;75(1):114–118. doi: 10.1001/jamaneurol.2017.3171. PMID: 
29114733CIDPMC5833497.

10. Ondo WG, Perkins T, Swick T, et al. Sodium oxybate for excessive 
daytime sleepiness in Parkinson disease: an open-label poly-
somnographic study. Arch Neurol. 2008 Oct;65(10):1337–1340. 
doi:10.1001/archneur.65.10.1337. PMID: 18852348.

11. Antelmi E, Filardi M, Pizza F, et al. REM sleep behavior disor-
der in children with type 1 narcolepsy treated with sodium 
oxybate. Neurology. 2021;96(2):e250–e254. doi: 10.1212/
WNL.0000000000011157. 

12. Shneerson JM. Successful treatment of REM sleep behavior dis-
order with sodium oxybate. Clin Neuropharmacol. 2009;32(3):158–
159. doi:10.1097/WNF.0b013e318193e394. PMID: 19483483.

13. Liebenthal J, Valerio J, Ruoff C, Mahowald M. A case of rapid 
eye movement sleep behavior disorder in parkinson disease 
treated with sodium oxybate. JAMA Neurol. 2016;73(1):126–127. 
doi:10.1001/jamaneurol.2015.2904. PMID: 26595534.

14. Jiménez-Jiménez FJ, Alonso-Navarro H, García-Martín E, 
Agúndez JAG. Current treatment options for REM sleep 
behaviour disorder. J Pers Med. 2021;11(11):1204. doi:10.3390/
jpm11111204. PMID: 34834556CIDPMC8624088.

15. Antelmi E, Plazzi G. Rapid eye movement sleep behavior disorder 
and sodium oxybate: efficacy and viewpoint. Sleep. 2020;43(11). 
doi: 10.1093/sleep/zsaa149. PMID: 32910822.

16. Walters AS, LeBrocq C, Dhar A, et al.; International Restless Legs 
Syndrome Study Group. International Restless Legs Syndrome 
Study Group. Validation of the International Restless Legs Syndrome 
Study Group rating scale for restless legs syndrome. Sleep Med. 
2003;4(2):121–132. doi: 10.1016/s1389-9457(02)00258-7. PMID: 
14592342.

17. Cesari M, Heidbreder A, St Louis EK, et al. Video-polysomnography 
procedures for diagnosis of rapid eye movement sleep behavior 
disorder (RBD) and the identification of its prodromal stages: 
guidelines from the International RBD Study Group. Sleep. 2022 
\;45(3). doi: 10.1093/sleep/zsab257. PMID: 34694408.

18. Schenck CH, Montplaisir JY, Frauscher B, et al. Rapid eye move-
ment sleep behavior disorder: devising controlled active 
treatment studies for symptomatic and neuroprotective ther-
apy--a consensus statement from the International Rapid Eye 
Movement Sleep Behavior Disorder Study Group. Sleep Med. 
2013;14(8):795–806. doi: 10.1016/j.sleep.2013.02.016.

19. Guy W. ECDEU Assessment Manual for Psychopharmacology. 
Rockville, MD: US Department of Health, Education, and 
Welfare Public Health Service Alcohol, Drug Abuse, and Mental 
Health Administration; 1976.

20. Johns MW. A new method for measuring daytime sleepiness: 
the Epworth sleepiness scale. Sleep. 1991;14(6):540–545. doi: 
10.1093/sleep/14.6.540. PMID: 1798888.

21. Frauscher B, Iranzo A, Gaig C, et al. SINBAR (Sleep Innsbruck 
Barcelona) Group. Normative EMG values during REM sleep for the 
diagnosis of REM sleep behavior disorder. Sleep. 2012;35(6):835–847. 
doi: 10.5665/sleep.1886. PMID: 22654203CIDPMC3353058.

22. Buysse DJ, Reynolds CF, 3rd, Monk TH, Berman SR, Kupfer DJ. The 
Pittsburgh Sleep Quality Index: a new instrument for psychiatric 
practice and research. Psychiatry Res. 1989 May;28(2):193–213. doi: 
10.1016/0165-1781(89)90047-4. PMID: 2748771.

23. Spitzer RL, Kroenke K, Williams JB, Löwe B. A brief measure for 
assessing generalized anxiety disorder: the GAD-7. Arch Intern 
Med. 2006;166(10):1092–1097. doi:10.1001/archinte.166.10.1092. 
PMID: 16717171.

24. Spitzer RL, Kroenke K, Williams JB. Validation and utility of a 
self-report version of PRIME-MD: the PHQ primary care study. 
Primary care evaluation of mental disorders. Patient health 
questionnaire. JAMA. 1999;282(18):1737–1744. doi:10.1001/
jama.282.18.1737. PMID: 10568646.

25. Nasreddine ZS, Phillips NA, Bédirian V, et al. The Montreal 
Cognitive Assessment, MoCA: a brief screening tool for mild 
cognitive impairment. J Am Geriatr Soc. 2005;53(4):695–699. doi: 
10.1111/j.1532-5415.2005.53221.x. 

26. Brunetti V, Losurdo A, Testani E, et al. Rivastigmine for refrac-
tory REM behavior disorder in mild cognitive impairment. Curr 
Alzheimer Res. 2014;11(3):267–273. doi:10.2174/156720501166614
0302195648. PMID: 24597506.

27. Miglis MG, Adler CH, Antelmi E, et al. Biomarkers of conversion 
to α-synucleinopathy in isolated rapid-eye-movement sleep 
behaviour disorder. Lancet Neurol. 2021;20(8):671–684. doi: 10.1016/
S1474-4422(21)00176-9. PMID: 34302789CIDPMC8600613.

28. During EH, Schenck CH. Factors hampering the discovery of 
new therapeutics for rapid eye movement sleep behavior disor-
der. JAMA Neurol. 2019;76(10):1137–1138. doi: 10.1001/jamaneu-
rol.2019.2062. PMID: 31329218.

29. Sixel-Döring F, Schweitzer M, Mollenhauer B, Trenkwalder 
C. Intraindividual variability of REM sleep behavior disor-
der in Parkinson’s disease: a comparative assessment using 
a new REM sleep behavior disorder severity scale (RBDSS) 
for clinical routine. J Clin Sleep Med. 2011;7(1):75–80. PMID: 
21344049CIDPMC3041623.

30. Frauscher B, Gschliesser V, Brandauer E, et al. Video analy-
sis of motor events in REM sleep behavior disorder. Mov Disord. 
2007;22(10):1464–1470. doi: 10.1002/mds.21561. PMID: 17516467.

31. Mayer G, Rodenbeck A, Kesper K; International Xyrem Study 
Group. International Xyrem Study Group. Sodium oxybate 
treatment in narcolepsy and its effect on muscle tone. Sleep 
Med. 2017;35:1–6. doi: 10.1016/j.sleep.2017.03.023. 

32. Gilat M, Coeytaux Jackson A, Marshall NS, et al. Melatonin for 
rapid eye movement sleep behavior disorder in Parkinson’s dis-
ease: a randomised controlled trial. Mov Disord. 2020;35(2):344–
349. doi: 10.1002/mds.27886

33. Di Giacopo R, Fasano A, Quaranta D, Della Marca G, Bove F, 
Bentivoglio AR. Rivastigmine as alternative treatment for 
refractory REM behavior disorder in Parkinson’s disease. Mov 
Disord. 2012;27(4):559–561. doi: 10.1002/mds.24909 

34. Stefani A, Santamaria J, Iranzo A, Hackner H, Schenck CH, Högl 
B. Nelotanserin as symptomatic treatment for rapid eye move-
ment sleep behavior disorder: a double-blind randomized study 
using video analysis in patients with dementia with Lewy bod-
ies or Parkinson’s disease dementia. Sleep Med. 2021;81:180–187. 
doi: 10.1016/j.sleep.2021.02.038

https://doi.org/10.1016/j.sleep.2016.08.004
https://doi.org/10.1007/s00415-020-10353-0
https://doi.org/10.1007/s00415-020-10353-0
https://doi.org/10.1016/s0301-0082(96)00064-0
https://doi.org/10.1001/jamaneurol.2017.3171
https://doi.org/10.1001/archneur.65.10.1337
https://doi.org/10.1212/WNL.0000000000011157
https://doi.org/10.1212/WNL.0000000000011157
https://doi.org/10.1097/WNF.0b013e318193e394
https://doi.org/10.1001/jamaneurol.2015.2904
https://doi.org/10.3390/jpm11111204
https://doi.org/10.3390/jpm11111204
https://doi.org/10.1093/sleep/zsaa149
https://doi.org/10.1016/s1389-9457(02)00258-7
https://doi.org/10.1093/sleep/zsab257
https://doi.org/10.1016/j.sleep.2013.02.016
https://doi.org/10.1093/sleep/14.6.540
https://doi.org/10.5665/sleep.1886
https://doi.org/10.1016/0165-1781(89)90047-4
https://doi.org/10.1001/archinte.166.10.1092
https://doi.org/10.1001/jama.282.18.1737
https://doi.org/10.1001/jama.282.18.1737
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.2174/1567205011666140302195648
https://doi.org/10.2174/1567205011666140302195648
https://doi.org/10.1016/S1474-4422(21)00176-9
https://doi.org/10.1016/S1474-4422(21)00176-9
https://doi.org/10.1001/jamaneurol.2019.2062
https://doi.org/10.1001/jamaneurol.2019.2062
https://doi.org/10.1002/mds.21561
https://doi.org/10.1016/j.sleep.2017.03.023
https://doi.org/10.1002/mds.27886
https://doi.org/10.1002/mds.24909
https://doi.org/10.1016/j.sleep.2021.02.038

