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SodiumOxybate for Excessive Daytime Sleepiness

and Sleep Disturbance in Parkinson Disease

A Randomized Clinical Trial

Fabian Büchele, MD; Marc Hackius, MD; Sebastian R. Schreglmann, MD;Wolfgang Omlor, MD; Esther Werth, PhD;

Angelina Maric, MSc; Lukas L. Imbach, MD; Stefan Hägele-Link, MD; Daniel Waldvogel, MD; Christian R. Baumann, MD

IMPORTANCE Sleep-wake disorders are a common and debilitating nonmotor manifestation

of Parkinson disease (PD), but treatment options are scarce.

OBJECTIVE To determine whether nocturnal administration of sodium oxybate, a first-line

treatment in narcolepsy, is effective and safe for excessive daytime sleepiness (EDS) and

disturbed nighttime sleep in patients with PD.

DESIGN, SETTING, ANDPARTICIPANTS Randomized, double-blind, placebo-controlled, crossover

phase2astudycarriedoutbetweenJanuary9,2015,andFebruary24,2017. Inasingle-centerstudy

inthesleeplaboratoryattheUniversityHospitalZurich,Zurich,Switzerland, 18patientswithPDand

EDS(EpworthSleepinessScale[ESS]score>10)werescreenedinthesleep laboratory.Fivepatients

were excludedowing to thepolysomnographic diagnosis of sleep apnea and 1 patientwithdrew

consent.Thus, 12patientswererandomizedtoatreatmentsequence(sodiumoxybatefollowedby

placeboor placebo followedby sodiumoxybate, ratio 1:1) and, after dropout of 1 patient owing to

anunrelated adverse event during thewashout period, 11 patients completed the study. Two

patientsdevelopedobstructivesleepapneaduringsodiumoxybate treatment (1was thedropout)

andwere excluded from theper-protocol analysis (n = 10) but included in the intention-to-treat

analysis (n = 12).

INTERVENTIONS Nocturnal sodium oxybate and placebo taken at bedtime and 2.5 to 4.0

hours later with an individually titrated dose between 3.0 and 9.0 g per night for 6 weeks

with a 2- to 4-week washout period interposed.

MAINOUTCOMESANDMEASURES Primary outcomemeasurewas changeof objective EDS as

electrophysiologicallymeasuredbymean sleep latency in theMultiple Sleep Latency Test.

Secondary outcomemeasures included change of subjective EDS (ESS), sleep quality (Parkinson

Disease Sleep Scale–2), andobjective variables of nighttime sleep (polysomnography).

RESULTS Among12patients inthe intention-to-treatpopulation(10men,2women;mean[SD]age,

62 [11.1] years; disease duration, 8.4 [4.6] years), sodiumoxybate substantially improvedEDS as

measuredobjectively (meansleep latency,+2.9minutes;95%CI,2.1 to3.8minutes;P = .002)and

subjectively (ESS score, −4.2 points ; 95%CI, −5.3 to −3.0points;P = .001). Thereby, 8 (67%)

patientsexhibitedanelectrophysiologicallydefinedpositivetreatmentresponse.Moreover,sodium

oxybate significantly enhanced subjective sleepquality andobjectivelymeasured slow-wave

sleepduration (+72.7minutes; 95%CI, 55.7 to89.7minutes;P < .001). Differencesweremore

pronounced in theper-protocol analysis. Sodiumoxybatewasgenerallywell toleratedunderdose

adjustments (no treatment-relateddropouts), but it induceddenovoobstructive sleep apnea in

2 patients andparasomnia in 1 patient, as detectedbypolysomnography, all ofwhomdid not

benefit fromsodiumoxybate treatment.

CONCLUSIONSANDRELEVANCE This studyprovides class I evidence for the efficacy of sodium

oxybate intreatingEDSandnocturnalsleepdisturbanceinpatientswithPD.Specialmonitoringwith

follow-up polysomnography is necessary to rule out treatment-related complications and larger

follow-up trialswith longer treatment durations arewarranted for validation.
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E
xcessivedaytime sleepiness (EDS) anddisturbednight-

time sleep are common and debilitating nonmotor

symptoms of Parkinson disease (PD),1,2 but treatment

options are scarce.3Therefore, a previous open-label trial has

introduced sodium oxybate, a potent central nervous system

depressor4 and first-line treatment in narcolepsy type 1,5 for

sleep-wake disorders in patients with PD.6 Although it dem-

onstrated improvement, theopen-label study’s significance is

limited given the lack of a control group and objective out-

come measures for sleepiness. To close this gap, the present

trial examined the efficacy and safety of sodium oxybate for

EDSanddisturbednighttime sleep in adouble-blind, placebo-

controlled electrophysiologic study.

Methods

WeenrolledpatientswithPD(Hoehn-Yahr stage II/III)withEDS

(Epworth Sleepiness Scale [ESS]>10 points) and stable dopa-

minergicmedication. Exclusion criteria included use of sleep-

inducingsubstances, sleepapnea, significant cognitive impair-

ment (MontrealCognitiveAssessment<22points),7moderate to

severe depression (Hospital Anxiety and Depression Scale

questionnaire),8 and significant concomitant diseases.

This crossover, phase 2a trial was carried out at Univer-

sity Hospital Zurich, Zurich, Switzerland, between January 9,

2015, and February 24, 2017. It was approved by the Zurich

Cantonal Ethics Committee and the national medical regula-

torybodySwissmedic; theprotocol is available in Supplement

1. All participants gave written informed consent. There was

no compensation other than travel expenses.

Eligible patients were screened with baseline polysom-

nography to rule out sleep apnea (apnea-hypopnea index >15

episodesperhour)andsubsequently randomizedto1of2 treat-

ment sequences (sodiumoxybate followed by placebo or pla-

cebo followed by sodium oxybate, 1:1 ratio). Both medica-

tions were taken daily as drinkable solutions at bedtime and

2.5 to 4.0 hours later (standard regimen in narcolepsy) for 6

weeks with a 2- to 4-week washout period before crossover

(Figure 1). In weekly alternating telephone calls and clinical

visits, thedosagewas titrated between 3.0 and9.0 gper night

according to efficacy and tolerability (maximum change, 1.5

g/wk). Outcome measures were evaluated in the sleep labo-

ratory at baseline and after 6 weeks of therapy and differ-

ences were calculated both for sodium oxybate and placebo.

Treatment effects were analyzed by comparing these differ-

ences, using a linear mixed model, as described below.

Primary efficacy end point was treatment effect on mean

sleeplatency(MSL),withtheMultipleSleepLatencyTest (MSLT)

objectively quantifying EDS.9 Secondary end points included

change of subjective EDS (assessed by ESS), sleep quality

(Parkinson Disease Sleep Scale–2 [PDSS-2], questions

1-310), objective sleep parameters (in 7-hour nighttime

polysomnography9,11), off-medication motor symptoms

(UnifiedParkinson’sDiseaseRatingScale,part 3 [UPDRS-III]),12

andqualityof life (39-itemPDQuestionnaire [PDQ-39]).13Posi-

tive treatment responsewas assumedwhenMSL increased by

morethan50%orwhenESSwasnormalized(≤10points).Safety

was assessed by monitoring adverse events (AEs) as well as

routine laboratory and polysomnographicmeasures.

Statistical Analysis

Statistical analysis (using R, version 0.999375-42)14,15was pri-

marilyby intention-to-treatandsecondarilybyperprotocol.For

Figure 1. CONSORT FlowDiagram and Study Design

23 Assessed for eligibility

18 Enrolled

6 Placebo

Washout (2-4 weeks) and crossover

6 Sodium oxybate

5 Placebo6 Sodium oxybate

11 Completed

5 Excluded

5 Refused to participate

0 Did not meet inclusion criteria

6 Excluded

5 Did not meet inclusion criteria
(diagnosis of SAS)

1 Refused to participate

1 Excluded

1 Diagnosis of SAS with sodium
oxybate; AE during washout;
withdrawal of consent

1 Excluded

1 Diagnosis of SAS with sodium
oxybate

12 Intention-to-treat analysis

10 Per protocol analysis (2 excluded owing to diagnosis 
of SAS and dropout)

12 Randomized

AE indicates adverse event; SAS, sleep apnea syndrome.

Key Points

Question Is sodium oxybate superior to placebo in improving

electrophysiologic measures of daytime sleepiness and sleep

disturbance in Parkinson disease?

Findings In this double-blind, placebo-controlled crossover trial

including 12 patients with Parkinson disease, sodium oxybate,

compared with placebo, significantly improved sleepiness and

disturbed nighttime sleep both subjectively and objectively.

However, it induced de novo obstructive sleep apnea in 2 patients

and parasomnia in 1 patient.

Meaning Thestudyprovidesclass Ievidencefortheefficacyofsodium

oxybateforsleep-wakedisturbancesinpatientswithParkinsondisease,

but stringentmonitoring is necessary and larger follow-up trialswith

longer treatment durations arewarranted for validation.
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efficacy analysis, a linearmixedmodelwas appliedwith treat-

ment as a fixed factor (participants and treatment sequence as

random factors). For evaluating carryover and period effects,

we used time and sequence as fixed factors. P values were ob-

tained by likelihood ratio tests comparing the full model with

and without the effect in question.16 and significance was ac-

cepted at P < .05.We furthermore performed Pearson correla-

tion to relate changes of sleep and EDS andmultivariate logis-

tic regression analysis to identify estimators of treatment

response(independentvariables:baselinevaluesforage,Hoehn-

Yahr stage, disease duration, UPDRS-III, ESS, MSL, and le-

vodopaequivalentdose). Calculationof sample sizewasbased

on previous open-label study results6 and yielded 12 samples.

Results

We screened 18 patients in the sleep laboratory, 5 of whom

were excluded owing to the polysomnographic diagnosis of

sleep apnea, and 1 patient withdrew consent (Figure 1).

Thus, 12 patients were randomized (10 men and 2 women;

mean [SD] age, 62 [11.1] years; disease duration, 8.4 [4.6]

years) (eTable 1 in Supplement 2) and, after dropout of 1

patient owing to an unrelated AE during washout, 11

patients completed the study. Two patients developed de

novo sleep apnea during sodium oxybate treatment (1 was

the patient who dropped out) and were excluded for the

per-protocol analysis (n = 10) but included in the intention-

to-treat analysis (n = 12). Mean (SD) baseline measures of

EDS were 3.3 (3.0) minutes of MSL on the MSLT and 14.3

(2.3) points on the ESS. Final doses (mean [SD]) of study

medication were 4.8 g (1.5 g) for sodium oxybate and 8.7 g

(0.6 g) for placebo. No carryover or period effect was

detected.

In the efficacy analysis as intention-to-treat, sodiumoxy-

bate improvedEDSbothobjectively (+2.9minutesMSLon the

MSLT;95%CI,2.1 to3.8minutes;P = .002) (Figure2A)andsub-

jectively (−4.2 points on ESS; 95% CI, −5.3 to −3.0 points;

P = .001) (Figure2B),whichwasevenmorepronounced in the

per-protocol analysis (+3.5minutesMSLontheMSLT,P < .001;

−5.2 points on ESS, P < .001); raw data are available in eTable

2 in Supplement 2). Responder ratewas 67%, because in 8pa-

tients the MSL on the MSLT increased clinically significantly

by more than 50% during sodium oxybate treatment (pla-

cebo: 1 patient), while in 6 (50%) patients the ESS score nor-

malized (placebo: none). None of the clinical baseline vari-

ables predicted treatment response in a multivariate logistic

regression analysis.

Sodium oxybate enhanced subjective sleep quality (−2.0

points on PDSS-2; 95% CI, −2.8 to −1.2 points; P = .02)

(Figure 2C) and slow-wave sleep duration (+72.7 minutes of

stage N3 sleep; 95% CI, 55.7 to 89.7; P < .001) (Figure 2D),

mainly at the expense of superficial stage N1 sleep. Accord-

ingly, slow-wave energy, a marker of deep sleep accumula-

tion, increased significantly (+9.9 mV2 • s; 95% CI, 7.3 to 12.5

mV2 • s; P < .001) with 2major increments in time-locked re-

sponse to the intake of the first and second doses of sodium

oxybate (Figure 2E). Otherwise, no significant changes were

Figure 2. Effect of Placebo vs SodiumOxybate on Excessive Daytime

Sleepiness and Nighttime Sleep
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A, Objective excessive daytime sleepiness measured by changes of mean sleep

latency in theMultiple Sleep Latency Test (MSLT) (baseline vs treatment).

B, Subjective excessive daytime sleepiness (measured by changes in the

Epworth Sleepiness Scale (ESS). C, Objective nighttime sleep as measured by

changes in durations of different sleep stages noted on polysomnography

(PSG). D, Subjective nighttime sleep as measured by the Parkinson Disease

Sleep Scale–2 (PDSS-2) questions 1 to 3 (Q 1-3), regarding general sleep quality

and disturbances with initiation andmaintenance of sleep. E, Cumulative

slow-wave energy, plotted longitudinally over the course of the PSG night. The

x-axis shows percentiles of individual sleep time; arrows indicate mean time

points of sodium oxybate and placebo intake (ie, at lights off and 2.5-4.0 hours

later). F, Correlation between change of slow-wave sleep duration and change

of objective excessive daytime sleepiness (measured bymean sleep latency)

during sodium oxybate treatment. Orange circles indicate 2 patients who

developed a sleep apnea syndrome during sodium oxybate treatment and were

excluded from the per-protocol analysis. Data are presented as means; error

bars indicate SD (exception: SE for panel C for better overview). REM indicates

rapid eyemovement.
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foundregardingothervariablesofnighttimesleep, fatigue,mo-

tor symptoms, or quality of life (eTable 2 in Supplement 2). In

theper-protocol analysis, improvements in objectiveEDSand

nocturnal slow-wave sleep correlated significantly (Pearson

r = 0.8; P = .006) (Figure 2F).

The safety profile of sodium oxybate seemed benign

(Table). Although every patient (100%) experienced AEs

while receiving sodium oxybate, the latter effects were

mainly of mild (not interfering with daily activities; 75% of

AEs) or maximally moderate (mild to moderate interfer-

ence, 25% of AEs) intensity and largely resolved after dose

adjustment (58% of AEs in 67% of patients). Thus, only 4

patients (33%) remained affected at study termination and

none dropped out owing to a sodium oxybate–related AE.

These individuals also displayed sleep abnormalities in

polysomnography while receiving sodium oxybate treat-

ment (2 with sleep apnea, 1 with non–rapid eye movement

parasomnia, 1 with increased periodic limb movements that

were already present during placebo treatment) and were

nonresponders regarding EDS or sleep troubles. No signifi-

cant increase of the mean apnea-hypopnea index or sign of

abuse or dependency was noted.

Discussion

Thepresent studyprovides class I evidence for the efficacy of

sodiumoxybate in treatingsleep-wakedisturbances inPD.This

finding isbasedontheextensive,electrophysiologicallyproven

treatment effect that, to our knowledge, is unmatched by any

other intervention reported so far.3,17,18Under the premise of

stringentmonitoring (including regular clinical andpolysom-

nographic follow-up), the safety profile seems benign as

no sodium oxybate–related AE led to study discontinuation;

however, further studieswith longer treatmentdurations and

larger sample sizes are warranted.

Therewasareciprocalassociationbetweennighttimesleep

andEDS. Sodiumoxybate–related improvements of sleep and

EDS correlated significantly, whereas sodium oxybate–

induced sleep disturbances predicted insufficient treatment

response and AEs.

Strengths and Limitations

A study strength is that our efficacy and safety results corre-

spondwith evidence from large narcolepsy trials19,20 and the

Table. Safety Analysisa

Adverse Events

No. (%)

Sodium Oxybate
(n = 12)

Placebo
(n = 12)

Patients
Affected

Adverse
Events Patients

Adverse
Events

Any adverse event 12 (100) 28 (100) 5 (42) 10 (100)

Adverse events unrelated to study medication 3 (25) 4 (14) 3 (25) 5 (50)

Adverse events potentially related to study medication 12 (100) 24 (86) 3 (25) 5 (50)

Mild intensity 8 (67) 18 (75) 3 (100) 5 (100)

Moderate intensity 4 (33) 6 (25) 0 0

Severe intensity 0 0 0 0

Improvement after dose adjustment or spontaneously 12 (100) 14 (58) 3 (25) 4 (80)

Mild dizziness and asthenia 6 (50) 6 (43) 1 (8) 1 (25)

Mild nausea 2 (17) 2 (14) 0 0

Mild deterioration of PD motor symptoms 1 (8) 1 (7) 0 0

Mild thoracic discomfort 1 (8) 1 (7) 1 (8) 1 (25)

Short episode with dyspnea at night 1 (8) 1 (7) 0 0

Mild leg cramps 1 (8) 1 (7) 0 0

Nocturesis (once) 1 (8) 1 (7) 0 0

Mild diarrhea 1 (8) 1 (7) 0 0

Mild dry mouth 0 0 1 (8) 1 (25)

Mild headache 0 0 1 (8) 1 (25)

Without improvement after dose adjustment 4 (33) 10 (42) 1 (8) 1 (20)

Obstructive sleep apnea syndromeb 2 (17) 2 (20) 0 0

NREM parasomniab 1 (8) 1 (10) 0 0

Increased periodic limb movementsb 1 (8) 1 (100)

Moderate weight loss 1 (8) 1 (10) 0 0

Moderate nervousness 1 (8) 1 (10) 0 0

Moderate dizziness 2 (17) 2 (20) 0 0

Moderate deterioration of motor symptoms 2 (17) 2 (20) 0 0

Mild lack of drive 1 (8) 1 (10) 0 0

Abbreviations: NREM, non–rapid eye

movement; PD, Parkinson disease.

a Data are number of patients with an

adverse event (percentage within

study population) and total number

of adverse events (percentage of all

adverse events in the respective

category). No severe adverse events

were reported and no patients

dropped out owing to

treatment-related adverse events.

bDetermined on polysomnography.
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study by Ondo et al,6 with few exceptions. For instance, we

foundnoeffect on fatigue,whichmaybe related todifferences

in studypopulation (eg, lowerbaseline fatigue level), placebo-

controlled studydesign,or lower final sodiumoxybatedosage.

Themain limitationof thepresentstudy is the limitednum-

ber of participants.While thenumberwas sufficient to provide

class Ievidenceregardingefficacyoutcomes inaccordancewith

theinitialsamplesizecalculationandtheobservedstrongtherapy

effect, we cannot conclude on safety outcomes with the same

level of evidence.Hence, larger follow-up trials are necessary.

Conclusions

Sodium oxybate may be a powerful novel treatment

option for sleep-wake disturbances in PD. However,

stringent monitoring is necessary (as already established

in many countries for sodium oxybate in narcolepsy

through regulatory restrictions6,19) and larger follow-up

trials with longer treatment durations are warranted for

validation.
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