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Overview of Cannabinoids

• Endogenous cannabinoids: Ubiquitous lipid metabolites; 2-
arachidonoyl-glycerol (2-AG) and arachidonoyl ethanolamide (AEA)
• +++CB1 (presynaptic neurotransmitter release)
• +CB2 (immune system)
• Inhibitory G protein-coupled receptors

• Exogenous cannabinoids
Phyto cannabinoids (C. Sativa)
• Δ9-tetrahydrocannabinol (THC), oxidative by-product cannabinol

• principal psychoactive constituent, partial CB1 agonists
• Cannabidiol (CBD)

• “non-psychotropic” pharmacological properties, CB1 negative allosteric modulator, 
reduces 2-AG and AEA metabolism and reuptake.

Cannabimimetic (synthetic cannabinoids)
• Drugs acting via CB1 and CB2 receptors

• Dronabinol- synthetic THC used for appetite stimulation
• Nabilone- synthetic modified THC used to treat chronic pain



Cannabinoids and Sleep
Pre-clinical Data

• AEA

• central injection: ↓ wake, ↑ slow wave and REM sleep.

• peripheral injection: ↓ wake, ↑ slow wave partly via CB1R.

• AEA reuptake inhibitors ↓ wake,↑ delta and theta power, ↑ REM and NREM 
sleep. 

• 2-AG

• central injection ↑ REM via CB1R.

• 2-AG synthesis inhibitor ↑ wake and ↓ slow wave sleep.

• Genetic deletion of CB1R in mice exhibited increased wakefulness as a result of 
reduced NREM and REM sleep with no change in NREM delta power.

• Phyto cannabinoids cause sedation in multiple species.

Ref: Murillo-Rodriguez, Sleep 26:943–947, NeuroReport 12:2131–2136, Neuroscience 157:1–11, Physiol Behav 109:88–95.
Perez Morales, Pharmacol Biochem Behav 108:1–7, Neurosci Lett 578:117–121. Silvani et al. 2014 PLoS One 9:e89432.  



Cannabinoids and REM Sleep
Pre-clinical Data

• ∆9-THC 20 days IP administration in rats

• ↓slow wave sleep 

• acutely may be REM suppressive

• Dronabinol IP administration in rats 

• ↓REM sleep independent of CB receptors

Ref: Moreton, Neuropharmacology 12:897–907, Calik, Sleep. 2017 Sep; 40(9): zsx112.



Cannabinoids and Sleep
Pre-clinical Data Summary

• Exogenous cannabinoid agonist administered in laboratory 
animals generally decreased wakefulness, increased NREM sleep, 
and decreased REM sleep. 

• Increasing endogenous cannabinoids showed similar effects, with 
the exception that both NREM and REM sleep were increased. 

• These effects of exogenous and endogenous were partially 
mediated by cannabinoid receptors. 

• Additionally, cannabinoids allosterically modulate other receptor 
systems to affect sleep. 

• Cannabinoid antagonists, or cannabinoid receptor deletion 
generally increased wakefulness. 

Ref: Petrunich-Rutherford, Adv Exp Med Biol. 2021;1297:97-109. 



Cannabinoids and Sleep
Clinical Data
• Δ9-THC 10mg + CBN 5mg nightly x 3 weeks administered in 35 

adults with previous cannabis use for sleep and insomnia.
• ↑sleep duration by 20 minutes (SleepScore Max) and improved self-

reported sleep quality.

• Nabilone 1 mg vs. amitriptyline 10-20 mg x 2 weeks, cross-over 
study in 31 adults with insomnia and fibromyalgia.
• ISI improvement better with Nabilone but more AM hang-over.

• Δ9-THC 10mg + CBN 1 mg + CBD 0.5 mg vs. placebo x 2 weeks, 
cross-over study in 23 adults with insomnia.
• Better improvement in ISI, actigraphy WASO and TST but no difference in 

sleep EEG (polysomnography).

Ref: Gannon, Am J Endocannabinoid Medicine, 2021; Ware, Anesth Analg. 2010, Walsh, Sleep 2021. 



Cannabinoid & Neurocognition
• Placebo-controlled RCT, 4-way crossover, 8 healthy young adults.
• 15 mg Δ9-THC, 5 mg Δ9-THC + 5 mg CBD, 15 mg Δ9-THC + 15 mg CBD, 

and placebo: oromucosal spray at 10 PM for 4 nights.
• Sleep latency (EEG), performance, and subjective assessments of 

sleepiness and mood were measured at 8:30 am. 
• No effect of Δ9-THC on nocturnal sleep, + AM memory 

impairment, self-reported sleepiness and mood changes.
• Both doses of Δ9-THC + CBD ↓ slow wave sleep, ↑ WASO with 

the higher dose.
• 15 mg vs. 5 mg dose combination: reaction time was slower on the 

digit recall task. 

• The number of registered trials for cannabinoids and sleep have 
increased from 4 (2022) to 21 (2023).

Ref: Nicholson AN, J Clin Psychopharm 2004.



Dronabinol and qEEG
• Quantitative EEG analysis of OSA participants treated with 

Dronabinol for three weeks (N=15).

• EEG (C4-A1) relative power (% total) in the delta, theta, alpha, 
and sigma bands was quantified by fast Fourier 
transformation (FFT) over 28-second intervals. 

• An activation ratio (AR = [alpha + sigma] / [delta + theta]) was 
computed for each interval. 

• To assess ultradian rhythms, the best-fitting cosine wave was 
determined for AR and each frequency band.

Ref: Farabi SS, Journal Clin Sleep Med, 2014



Dronabinol and qEEG

• Dronabinol was associated with: 

• ↑theta power (p = 0.002)  
through out the night.

• ↓sigma power (p = 0.03) and AR 
(p = 0.03) in the first half.

• At increasing dronabinol doses, 
ultradian rhythms accounted for a 
greater fraction of EEG power 
variance in the AR (p = 0.03). 

• Decreasing Apnea Hypopnea Index 
(AHI) was associated with 
strengthened ultradian rhythm 
(AR: p = 0.02). 

Ref: Farabi SS, Journal Clin Sleep Med, 2014.



Phase II Dronabinol RCT

Ref: Ref: Carley et al, Sleep 2018



Dronabinol and Sleep qEEG

• Secondary analysis of previously published study (NCT 10755091).

• Aim 1: examine the effects of six weeks of Dronabinol treatment 
(2.5 or 10 mg daily) on novel EEG based sleep parameters derived 
from spectral analysis of polysomnography. 

• Aim 2: explore the association of Dronabinol related change in EEG 
with change in AHI.

Ref: Carley et al, Sleep 2018. 



Novel qEEG Parameters

• Proposed “continuous measure of 
sleep state” Odds Ratio Product 
(ORP): 0 to 2.5
• Determined mainly by balance 

between theta and beta power 
• ORP 1.5 distinguishes awake vs. 

asleep with 94.8% accuracy

• Proposed “post-arousal sleep 
dynamics measure” ORP-9: ORP in 
the first 9 seconds after arousal or 
awakening.
• Correlated to NREM ORP, arousal 

awakening index, and AHI.
• Trait characteristic

Ref: Younes et al, Sleep 2015, Younes et al, J Appl Physiol 2016.



Cumulative Sleep Index

• Cumulative reduction in ORP 
from full wakefulness (ORP 2.5) 
across the polysomnogram.
• (2.5-ORPTRT) x TRT; unit minutes

• A quantitative metric of the 
overall “wakefulness 
reduction” achieved during the 
polysomnogram.

Ref: Younes et al, Sleep 2022. 



Other qEEG Parameters

• Automated scoring through a 
proprietary algorithm
• Time in wake, N1, N2, N3, and 

REM

• Alpha intrusion

• Arousal Awakening Index

• Arousal Intensity (wavelet 
transform; scaled 0 to 9)

• High Arousal Intensity (trait) may 
be associated with ventilatory 
control instability

Ref: Azarbarzin et al, Sleep 2014
https://www.cerebra.health/



Autonomic Parameter
• ΔHeart Rate: Post respiratory event 

tachycardia is a timed and graded 
reflex response that is exacerbated 
by high arousal intensity.

Ref: Azarbarzin et al, Sleep 2013.
https://www.cerebra.health/

https://www.cerebra.health/


Spindle Parameters
• Spindle characteristics: Density, Frequency, Power.

• Heritable EEG signature of NREM sleep.

• Proposed Functions: 
• “generate neural conditions of large-scale functional connectivity and 

plasticity.”

• “appear preferentially in thalamic circuits engaged in learning and attention-
based experience during wakefulness.”

• “may indicate, if not anticipate and differentiate, pathologies in sleep and 
neurodevelopmental, -degenerative, and -psychiatric conditions.”

Ref: Goldschmied et al, Sleep 2021, Fernandez et al, Physiol Rev. 2020 Apr 1;100(2):805-868.



Baseline Characteristics
Baseline Characteristics
Parameter Dronabinol 10mg

(N=20)

Dronabinol 2.5mg

(N=19)

Placebo 

(N=17)

p-value

Age (years) 54.6±6.9 52.7±7.7 58.7±6.1 0.03
Sex, men (N, %) 18 (90%) 18 (95%) 17 (100%) 0.77
Race

White

Black

Other

8

10

2

14

5

0

6

10

1

0.10

Body Mass Index (Kg/m2) 34.4±4.2 33.4±5.2 33.4±6.7 0.81
Apnea Hypopnea Index (per hour) 27.6±11.8 27.4±12.8 22.3±9.6 0.30
Nadir oxygen saturation (%) 78.9±7.7 79.4±6.4 78.0±6.2 0.83
Epworth Sleepiness Scale 12.5±3.6 10.2±3.5 11.1±3.8 0.07
Data presented as Mean ± SD, count, or %

Complete data used; Dronabinol 10mg (N=15), Dronabinol 2.5mg (N=16), placebo (N=15).  



Dronabinol Effects on Sleep EEG
EEG Parameter DRO 10mg p-value DRO 2.5mg p-value PLA p-value
Cumulative Sleep Index 67.57±25.3 0.01 21.59±23.6 0.37 -0.89±33.8 0.98
ORP9 -0.07±0.04 0.12 -0.12±0.04 0.01 -0.14±0.07 0.09
Time in N1 (minutes) -4.31±8.4 0.61 -0.65±8.3 0.93 4.31±6.83 0.53
Time in N2 (minutes) 27.25±14.1 0.07 16.5±11.9 0.18 -13.75±14.4 0.35
Time in N3 (minutes) 7.90±3.4 0.03 -2.67±3.06 0.39 1.28±3.3 0.70
Time in REM (minutes) 2.62±7.5 0.73 -0.76±10.3 0.94 3.15±7.0 0.66
Percent awake/TRT -6.64±3.3 0.06 -1.77±3.1 0.57 0.53±3.4 0.87
Arousal-awakening index -6.16±2.42 0.02 -2.51±3.03 0.42 6.93±3.74 0.08
Alpha intrusion* 1.01±0.61 0.37 -0.20±0.24 0.81 0.58±0.74 0.59
Arousal Intensity* 0.02±0.09 0.90 0.18±0.14 0.19 0.06±0.14 0.75
∆ Heart Rate -0.04±0.40 0.91 0.70±0.95 0.47 1.48±1.03 0.17
Spindle frequency* -0.51±0.62 0.39 -1.29±1.09 0.27 0.30±1.06 0.99
Spindle density* -0.40±0.13 0.02 -0.15±0.13 0.30 -0.08±0.16 0.33
Spindle power* -0.17±0.08 0.05 -0.04±0.04 0.23 -0.01±0.06 0.95
Mean ± SE, ECG was not analyzed in 7 subjects and autonomic arousals were not analyzed (arousal 

intensity and ΔHR). Paired T-test or *Wilcoxon matched-pairs signed-rank test.



Change in Cumulative Sleep Index



Correlation of Change in AHI with Change in qEEG and Autonomic Parameters
Parameter Dronabinol 10mg Dronabinol 2.5mg Placebo
Cumulative Sleep Index 0.46, p=0.07 -0.51, p=0.03 0.10, p=0.71

ORP9 -0.06, p=0.82 0.30, p=0.25 -0.08, p=0.75

Time in N1 0.38, p=0.14 0.51, p=0.03 0.57, p=0.02

Time in N2 0.38, p=0.13 -0.37, p=0.13 0.05, p=0.84

Time in N3 0.39, p=0.13 0.28, p=0.26 0.30, p=0.24

Time in REM -0.07, p=0.78 -0.55, p=0.02 -0.31, p=0.22

Percent awake/TRT -0.16, p=0.54 0.53, p=0.02 -0.08, p=0.76

Arousal-awakening index -0.08, p=0.76 0.73, p=0.0009 0.13, p=0.63

Alpha intrusion* 0.07, p=0.79 0.16, p=0.54 0.56, p=0.02

Arousal Intensity* 0.50, p=0.05 0.22, p=0.39 -0.19, p=0.45

∆ Heart Rate* 0.31, p=0.29 0.47, p=0.10 0.01, p=0.95

Pearson's correlation, p-value without correction. *Similar trends with Spearman's rank correlation.



Conclusions
• Dronabinol 10 mg affects quantitative EEG

• Increases sleep (Cumulative Sleep Index and N3 sleep time)
• Decreases arousal and awakening frequency
• Decreases spindle density (-0.40±0.13)

• Olanzapine ↓ -0.62 to 0.74
• Carbamazepine ↓ -3.44 to 5.66
• Sodium Oxybate 2.5 gm ↓ -3.51 to -4.03

• Possible effect of Dronabinol 2.5 mg on ORP9; similar trend 
observed in placebo.

Ref: Leong et al, Sleep Med Rev. 2022 Apr;62:101605.



Conclusions
• Dronabinol 10 mg 

• Changes in sleep qEEG are not associated with change in AHI.

• Improvement in sleep related breathing may occur via 
peripheral (vagal afferent inhibition) and central 
(monoaminergic augmentation) effects on ventilatory 
stability.

• Dronabinol 2.5 mg

• Improvement in sleep related breathing is associated with 
sleep consolidation.
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