
Cannabis and sleep architecture: A systematic review and meta-analysis

Rob Velzeboer a,b,* , Adeeb Malas c, Sabrina Wei a,d, Renee Berger e, Varinder Parmar c,  
Wayne W.K. Lai a,f

a Clinical Research Department, Tranq Sleep Care, Kelowna, BC, Canada
b Department of Interdisciplinary Studies, Faculty of Arts, University of British Columbia, Vancouver, BC, Canada
c Department of Psychiatry, Faculty of Medicine, University of British Columbia, Vancouver, BC, Canada
d Department of Psychology, Faculty of Arts, University of British Columbia, Vancouver, BC, Canada
e Department of Clinical Neurological Sciences, Schulich School of Medicine and Dentistry, Western University, London, ON, Canada
f Department of Medicine – Neurology, Faculty of Medicine, University of British Columbia, Vancouver, BC, Canada

A R T I C L E  I N F O

Handling Editor: Monica Andersen

Keywords:
Cannabis
Cannabinoids
THC
CBD
Sleep architecture
Polysomnography
PSG
EEG

A B S T R A C T

Cannabis use for sleep is increasingly prevalent, yet its effects on sleep architecture remain unclear. This sys
tematic review and meta-analysis examined polysomnographic evidence on cannabis’ impact on sleep param
eters. Eighteen studies were identified, with nine suitable for meta-analysis. Findings indicate that cannabis 
administration does not consistently alter sleep duration, latency, wake time, efficiency, or sleep staging. While 
early studies suggested reductions in rapid eye movement sleep, these were primarily based on small-scale trials 
with high tetrahydrocannabinol doses and significant methodological limitations. More recent studies using 
larger samples and lower therapeutic doses of tetrahydrocannabinol have reported mixed (and often no) evi
dence of rapid eye movement (REM) suppression, and the evidence base remains very limited. However, 
withdrawal from active cannabis use was consistently associated with sleep disturbances, including reduced total 
sleeping times and prolonged sleep onset latency, as well as REM rebounds. Variability in study outcomes 
highlights the influence of factors such as dosage, cannabinoid composition, prior cannabis use, and health 
conditions. Further research using standardised protocols and larger samples is needed to clarify the relationship 
between cannabis and sleep architecture and to address the discrepancies between subjective sleep improve
ments and objective sleep metrics.

Glossary of terms

Anxiolytic A property of a substance that helps reduce anxiety

Antipsychotic A property of a substance that helps manage symptoms 
of psychosis

Cannabidiol A non-psychoactive compound in cannabis often 
associated with therapeutic effects, known as CBD

Cannabis-naïve Individuals who have little to no prior experience using 
cannabis

Chronic cannabis use Daily cannabis use continued over the course of at least 
one year

Dependence A state where continued use of a substance is needed to 
avoid withdrawal symptoms

Dronabinol A synthetic form of tetrahydrocannabinol, available in 
capsule form

Objective measures of 
sleep

Sleep assessments based on measurable physiological 
data

(continued on next column)

(continued )

Anxiolytic A property of a substance that helps reduce anxiety

Nabilone A synthetic cannabinoid that mimics 
tetrahydrocannabinol with a slightly different chemical 
structure, available in capsule form

Oromucosal Administration of a drug through the mucous 
membranes in the mouth, absorbed under the tongue or 
inside the cheek

Polysomnography A diagnostic tool that records brain waves, oxygen 
levels, heart rate, and other physiological parameters 
during sleep

Rapid eye movement 
sleep

A sleep stage characterised by rapid eye movements, 
playing a significant role in memory consolidation and 
emotional regulation

Sedative properties Characteristics of a substance that promote relaxation 
and help induce sleep

Sleep efficiency The ratio of total time spent asleep to the total time spent 
in bed, expressed as a percentage

(continued on next page)
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(continued )

Anxiolytic A property of a substance that helps reduce anxiety

Sleep onset latency The time it takes for a person to transition from being 
awake to falling asleep

Slow wave sleep A deep sleep stage in non-REM sleep, important for 
physical recovery and immune function

Tetrahydrocannabinol The primary psychoactive compound in cannabis, 
known as THC, responsible for the “high” sensation

Tolerance A reduced response to a substance after repeated use, 
requiring higher doses to achieve the same effect

Transdermal A method of drug administration where cannabinoids 
are absorbed through the skin

Wake after sleep onset The amount of time spent awake after initially falling 
asleep, often used as a measure of sleep disturbance

Withdrawal symptoms Negative physical or psychological effects experienced 
when a substance is reduced or discontinued after 
chronic use

1. Introduction

As cannabis has become increasingly available by legal means across 
Canada and in most jurisdictions in the US [1], a growing number of 
North Americans are using cannabis to manage poor sleep, particularly 
symptoms relating to insomnia [2]. Surveys suggest that sleep is the 
most commonly reported symptom that cannabis users target, with up to 
85 percent of medical cannabis users reporting sleep improvements, in 
addition to a large number of recreational users [3,4]. Patients thus 
increasingly seek guidance from healthcare professionals regarding the 
use of cannabis to manage sleep [5]. A relatively large number of ado
lescents appear to use cannabis to improve their sleep as well, with one 
study finding that eight percent of students at a Northeastern US public 
high school had used cannabis as a sleep aid [6].

Despite its perceived benefits, cannabis use carries risks. While acute 
effects may provide temporary relief from symptoms of depression, 
anxiety, and stress [7], long-term chronic use—typically defined as daily 
or near-daily use continued over the course of several years [8]—has 
been associated with worsening of these symptoms [9]. Adolescent 
cannabis use in particular has been linked to an increased risk of 
developing depression and suicidal behaviour later in life [9], and a 
higher likelihood of psychotic illness [10,11], although the direction
ality of these relationships is debated [12,13]. Chronic cannabis use has 
also been associated with cognitive impairments such as reduced 
memory function and attention [14], especially at high doses of 

tetrahydrocannabinol (THC) [15]—cannabis’ main psychoactive com
pound that produces the “high” sensation. Other reported associations 
include reduced respiratory function, cardiovascular disorders, and 
impaired educational attainment [8]. In relation to sleep, chronic 
cannabis users tend to display increased daytime sleepiness [16].

Studying cannabis’ effects on sleep is complicated by several factors. 
Chronic users may develop tolerance to certain effects and exhibit 
withdrawal symptoms upon cessation due to dependence [8], thereby 
making cannabis use necessary for sleep [17]. In contrast, canna
bis-naïve individuals may experience adverse effects from first-time 
cannabis use that can harm their sleep [18], such as headaches or 
increased anxiety [8]. Sleep outcomes are also influenced by cannabi
noid type, dose, and intake method. The primary compounds of the 
cannabis plant, cannabidiol (CBD) and THC [19], have opposing psy
choactive effects [20], where THC is recognised for its sedative prop
erties, while CBD has been associated with anxiolytic and antipsychotic 
properties [21]. Some research suggests that THC may exert more 
beneficial effects on sleep than CBD [21,22], but the specific effects of 
dosing remain elusive [22]. Additionally, the cannabis delivery sys
tem—commonly smoked, vaporised, or orally ingested, but also 
consumed through oromucosal sprays and transdermal applications 
[23]—may differentially affect sleep outcomes [24]. Further, comor
bidities play an important role, where it has been suggested that sleep 
improvements may be partly or even fully mediated by cannabis’ effects 
on pain or other medical symptoms [25].

Another challenge in interpreting cannabis’ effects on sleep is the 
inconsistency between subjective perceptions of sleep and objective 
metrics; an issue that is well-documented [26,27]. For example, one 
study found that while individuals reported falling asleep faster after 
cannabis use, their polysomnography (PSG) assessments indicated no 
corresponding decrease in sleep onset latency [28]. Moreover, certain 
perceived improvements may have detrimental long-term health con
sequences. A notable example is reductions in rapid eye movement 
(REM) sleep, which may contribute to the short-term subjective feeling 
of improved sleep among users, as REM sleep disturbances are 
frequently reported by individuals with sleep disorders [29]. Over time, 
however, the reduction in REM sleep has implications for cognitive 
functions and mood, given the role of REM sleep in memory consoli
dation and emotional regulation [30]. Similarly, while acute cannabis 
use may improve sleep, developing chronic use patterns may cause harm 
to one’s health and sleep over time.

The current evidence regarding cannabis and sleep architecture is 
thus difficult to interpret. Cannabis is generally believed to reduce sleep 
onset latency [25], which is likely related to THC’s soporific effects and 
CBD’s anxiolysis potentially contributing indirectly [18]. Studies using 
subjective measures, such as sleep satisfaction scales, often report im
provements, particularly in patients with pain symptoms [22]. However, 
diagnostic evidence gathered through polysomnography (PSG)—the 
gold standard for sleep studies to record brain waves, oxygen levels, 
heart rate, and eye and leg movements during sleep [31]—suggests that 
cannabis use is associated with reduced REM sleep [32–34]. Existing 
reviews on cannabis and sleep have specifically focused on canna
bis-naïve subjects—excluding many potential studies involving partici
pants that have some prior use [22], or mixed objective and subjective 
measures without meta-analysis [35], while the only meta-analytic re
view to date has focused on subjective sleep outcomes [36]. No sys
tematic review has quantitatively synthesized the objective evidence on 
cannabis’s effects on sleep architecture across key polysomnographic 
variables. This review addresses this gap by conducting a series of 
meta-analyses to provide a comprehensive quantitative synthesis of 
cannabis’s impact on sleep architecture.

Abbreviations

CBD Cannabidiol
CI Confidence interval
EEG Electroencephalogram
INS Insomnia
OSA Obstructive sleep apnea
PD Parkinson’s disease
PSG Polysomnography
PTSD Post-traumatic-stress-disorder
RBD REM behaviour disorder
RCT Randomised controlled trial
REM Rapid eye movement
RLS Restless legs syndrome
RoB Risk of bias
ROBINS-I Risk of bias in non-randomised studies - interventions
SMD Standardised mean difference
THC Tetrahydrocannabinol
US United States
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2. Methods

2.1. Protocol registration

The review was conducted in accordance with PRISMA guidelines for 
performing systematic reviews. The protocol was registered in the In
ternational Prospective Register of Systematic Reviews (PROSPERO, 
registration number CRD42023462484).

2.2. Search strategy

Following recommendations made by Bramer et al. [37], we 
searched Embase, Medline, and Web of Science for peer-reviewed arti
cles in scientific journals. We based our search terms around three key 
concepts: cannabis, sleep architecture measurement, and sleep 
disorders:

(mari*uana or cannab* or tetrahydrocannabinol or nabilone or 
dronabinol) AND (polysomnogra* or polygra* or electroencephalogra* 

Fig. 1. PRISMA flow diagram of included studies.

R. Velzeboer et al.                                                                                                                                                                                                                              Sleep Medicine Reviews 84 (2025) 102164 

3 



Table 1 
Summary of included studies categorised by administration, chronic use, and withdrawal.

Design Sample Cannabis Sleep Bias MA

Author(s). Year. R B C T # 
days

Use Sex 
(M)

Age Condition Size Method Type Dose (mg) TST SOL WASO SE N1 N2 SWS REM REML

Administration
Pivik et al. [50] NR DB PC CO 8 MU* 100 

%
YA NA 4 Oral THC 13–17 ↑ = ↓ NA ↓ = ↑ ↓ NA H X

Hosko et al., 
1973 [51].

NR SB PC CO 8 MU* 100 
%

24–28 NA 7 Oral THC 0.2–0.4/ 
kg

NA NA = NA NA NA = = NA H X

Freemon. 
1974.* [46]

NR DB PC PL 14 MU* ? 21–29 NA T5 | 
C1

Oral THC 20 = = = NA = = = ↓ NA H X

Feinberg et al., 
1975.* [42]

NR DB PC CO 30 CU 100 
%

? NA 7 Oral THC 70–210 = = = NA NA = = ↓ = H X

Feinberg et al., 
1976.* [43]

NR SB PC PP 32 CU 100 
%

~26 NA 11 Oral THC/GC 70–210 = = = NA NA = = ↓ ↓ H X

Tassinari et al., 
1976 [52].

NR SB UC PP 26 M ? 21–25 NA 11 Oral THC 0.7–1.4/ 
kg

NA NA NA NA ↓ ↑ ↓ ↓ NA H X

Freemon & Al- 
Marashi. 
1977.* [44]

NR DB PC CO 30 SU 100 
%

YA NA 2 Oral THC 20 = ↑ = NA NA NA = = NA H X

Freemon. 
1982.* [45]

NR DB PC CO 35 MU* 100 
%

24 NA 2 Oral THC 30 = = = NA NA ↑ ↓ = NA H X

Nicholson et al., 
2004 [18].

R DB PC CO 4 MU* 50 % 25.3 NA 8 Oral THC:CBD 15:0; 5:5; 
15:15

= = = = = = = = = L ✓

Farabi et al., 
2014 [53].

NR SB UC PP 21 U 40 % 51.7 OSA 15 Oral Dronabinol T. 2.5–10 = = = = = ↓ = = = L ✓

Carley et al., 
2018 [38].

R DB PC PL 42 MU 71 % 54.8 OSA T48 | 
C25

Oral Dronabinol T. 2.5–10 = = = = NA NA = ↑ = L ✓

Linares et al., 
2018 [39].

R DB PC CO 14 MU 46 % 29.3 NA 26 Oral CBD 300 = = = = = = = = = L ✓

Walsh et al., 
2021 [40].

R DB PC CO 28 MU* 17 % 53 INS 23 Oral THC:CBN: 
CBD

10:1:0.5 = = = = = = = = ↑ L ✓

De Almeida 
et al., 2021 
[41].

R DB PC PL 84 U 64 % 57.6 RBD + PD T17 | 
C16

Oral CBD T. 75-300 = = = = = = = ↓ = L ✓

Chronic use
Pranikoff et al., 

1973.* [49]
NR UB CG PL 2 CU 100 

%
YA NA T10 | 

C10
Inhaled GC NA = = NA = = = = = = H X

Karacan et al., 
1976 [57].

NR UB CG PL 8 CU 100 
%

30.3 NA T32 | 
C32

Inhaled GC NA = = NA NA = = = ↑ = H X

Bolla et al., 2008 
[56].

NR UB CG PL 2 CU 65 % 21.2 NA T17 | 
C14

Inhaled GC NA ↓ = = = NA NA ↓ = = H X

Withdrawal
Pranikoff et al., 

1973.* [49]
NR UB CG PL 2 NA 100 

%
20–25 NA T20 | 

C20
Inhaled GC NA = = = = = ↓ ↑ = = H X

Freemon. 
1974.* [46]

NR DB UC PP 14 NA ? 21–29 NA T5 | 
C1

Oral THC 20 = = = NA = = = = NA H X

Feinberg et al., 
1975.* [42]

NR SB PC CO 30 NA 100 
%

? NA 7 Oral THC 70–210 ↓ ↑ ↑ ↓ NA = = ↑ ↓ H ✓

Feinberg et al., 
1976.* [43]

NR SB PC PP 32 NA 100 
%

~26 NA 11 Oral THC/GC 70–210 ↓ ↑ = NA NA = = ↑ ↓ H ✓

Freemon & Al- 
Marashi. 
1977.* [44]

NR DB PC CO 30 NA 100 
%

YA NA 2 Oral THC 20 = ↑ ↑ NA NA NA ↓ = NA H X

Freemon. 
1982.* [45]

NR DB PC CO 35 NA 100 
%

24 NA 2 Oral THC 30 = ↑ ↑ NA NA ↑ ↓ = NA H X

Vandrey et al., 
2011 [48].

NR DB UC PP 20 NA 85 % 29 NA 20 Inhaled GC NA ↓ ↑ = ↓ NA NA = ↑ ↓ L ✓
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or sleep architecture or actimet* or actigra*) AND (sleep* or insomnia or 
rapid eye movement or narcolepsy or hypersomnolence or nightmare 
disorder* or restless leg syndrome or parasomnia* or circadian rhythm* 
or drows* or wake*)

The use of wildcards and Boolean operators was tailored to each 
database. No restrictions were used and the search was performed on 
September 2, 2023. All extracted studies were imported into the sys
tematic review software Covidence.

2.3. Eligibility

Eligibility criteria included 1) a sample using any form of cannabis, 
including but not limited to THC, CBD, nabilone, dronabinol, and whole 
plant cannabis; 2) use of diagnostic measurements for sleep outcomes 

through the use of electroencephalogram, polysomnography, polyg
raphy, or actigraphy; 3) at least one of the following outcomes: total 
sleeping time (TST), sleep onset latency (SOL), wake after sleep onset 
(WASO), sleep efficiency (SE), stage 1 sleep (N1), stage 2 sleep (N2), 
slow wave sleep (SWS), REM sleep, REM latency (REML); and 4) study 
design inclusive of a comparative group; either pre-post or a control 
group. Studies were excluded if cannabis use was only employed as a 
moderator rather than a main variable, if cannabis was studied in 
combination with other substances without isolating cannabis-specific 
effects, or if the publication language was not in English. Titles and 
abstracts of the studies were screened using double-review by two re
viewers (SW and RB), where RV and AM resolved conflicts.

Table 2 
ROBINS-I assessment for non-randomised trials.

Table 3 
RoB 2.0 assessment for randomised trials.
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2.4. Data acquisition

Sample characteristics (sex, age, health condition, ethnicity, prior 
cannabis use patterns), study design (administration, comparison be
tween user and non-user, withdrawal), sleep assessment methods (EEG, 
PSG, actigraphy), methodological factors (randomisation, blinding, 
controls, designs, duration, day(s) of sleep measurement), cannabis 
details (type, dose, route of delivery, timing), and sleep outcomes 
(means, standard errors/deviations and/or p-values for the specified 
outcomes) were collected and charted. Each charted study underwent 
double-review.

2.5. Bias assessment

Risk of Bias assessment was performed for RCTs using Cochrane’s 
Risk of Bias 2.0 tool and ROBINS-I tool for non-randomised trials. It was 
recognised that while these tools are useful in assessing bias for the 
outcomes of this study, they do not necessarily reflect study quality.

2.6. Data analysis

Data from the studies were charted by study design, sample, and 
cannabis characteristics. Sleep data from the included studies were 
analysed to evaluate the effects of cannabis on sleep architecture across 
TST, SOL, WASO, SE, N1, N2, SWS, REM, and REML. Statistical signif
icance was assessed based on reported p-values, using a threshold of α =
0.05.

Meta-analyses were planned using a random-effects model to ac
count for variability across studies. Standardised mean differences 
(SMDs) with 95 % confidence intervals (CIs) were calculated for 
continuous outcomes. Heterogeneity across studies was assessed using 

the I2 statistic, with values of 25 %, 50 %, and 75 % interpreted as low, 
moderate, and high heterogeneity, respectively. Funnel plots and 
Egger’s tests were planned to assess publication bias. Missing standard 
deviations were imputed from p-values or standard errors when not 
explicitly reported. For crossover designs, pooled means and standard 
deviations were calculated to avoid overrepresentation of participants.

Sensitivity analyses were performed to evaluate the robustness of 
findings, including the exclusion of studies with high risk of bias, studies 
that did not confirm participants’ prior cannabis use status, and studies 
focusing specifically on THC or CBD. Meta-analyses were performed 
separately for studies examining cannabis administration and cannabis 
withdrawal. Meta-analyses were conducted using R 4.4.2 with the 
“meta” and “metafor” packages. Graphs were created to visualise effect 
sizes and heterogeneity across studies.

3. Results

Eighteen studies met the selection criteria (Fig. 1). These were 
tabulated in Table 1.

3.1. Data assessment

3.1.1. Study periods
The identified studies came from two separate periods: 1972–1982 

and 2004-present, with no studies identified between 1983 and 2003. 
There are several significant differences between these two periods in 
terms of study design. The early cannabis administration studies’ sample 
sizes ranged from 2 to 11, with an average of 5.6 participants, while 
those of modern studies ranged between 8 and 73, averaging 29.7 par
ticipants. THC doses ranged from 0.2 mg/kg to 210 mg in early studies, 
whereas modern studies used 2.5–15 mg. All eight early studies were 

Fig. 2. a. Administration - Total sleeping time. b. Withdrawal - Total sleeping time.
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conducted with “healthy” adults to study sleep patterns, while four out 
of six modern studies addressed specific sleep conditions. Early studies 
all recruited “young adult” men, with participants ranging from 21 to 29 
years of age; modern studies had samples that averaged 49.8 years of age 
and the percentage of males averaged 55.5 %.

3.1.2. Study designs
Nine studies focused on administration, one on chronic use, and one 

on withdrawal exclusively. Five studies examined both administration 
and withdrawal, and one study both chronic use and withdrawal. Five 

out of a total of 14 administration studies were considered randomised 
double-blind placebo-controlled trials [18,38–41]; three used crossover 
and two used parallel designs. Other administration studies used a mix 
of single-, double-, and unblinded as well as pre-post, crossover, and 
parallel designs. Every study included reported measurements collected 
through PSG or EEG; no eligible actigraphy-only studies were identified. 
One study used both PSG and actigraphy [40], where PSG data was used 
for meta-analysis. Comparisons between chronic cannabis users and 
non-users in a total of three studies were non-randomised by nature.

All seven withdrawal studies were non-randomised and employed a 

Fig. 3. a. Administration - Sleep onset latency. b. Withdrawal - Sleep onset latency.

Fig. 4. Administration - Wake after sleep onset.
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mix of different designs: four used placebo controls [42–45]—replacing 
a cannabis capsule with a placebo capsule, inducing withdrawal; three 
used pre-post measures [46–48]—comparing baseline sleep before 
abrupt discontinuation with sleep during withdrawal, where partici
pants were aware of cessation; and one used a control group [49]— 
comparing cannabis users going through withdrawal to non-users. In 
five studies, withdrawal effects were measured after conducting a 
cannabis administration phase [42–46]. Two studies specifically focused 
on withdrawal effects among active users [48,49].

3.1.3. Prior use patterns
Prior use patterns were recorded differently across cannabis 

administration studies. Prior use of cannabis was considered minimal in 
eight studies. Washout periods were employed in six of these studies 
[18,40,45,46,50,51], with durations ranging between two weeks [40,
45,51] and two months [50], while two studies relied on self-reporting 
of abstinence prior to enrolment in the study [38,39]. Three studies used 
urinalysis to confirm abstinence from cannabis use [38,40,51]. One 
study included one two-year cannabis user who smoked one or two 
joints per week among ten cannabis-naïve subjects [52], without 

Fig. 5. aAdministration - Sleep efficiency. b. Withdrawal - Sleep efficiency.

Fig. 6. Administration - N1.
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explanation for this mixed sample. Another, which did not utilise a 
washout period, included two brothers who used cannabis about once 
monthly [44]. Two studies used “experienced marijuana users” who had 
a history of daily cannabis use [42,43]. Last, two studies did not specify 
their participants’ prior use, nor confirmed they had used a washout 
period [41,53].

3.1.4. Bias assessment
All studies published between 1972 and 1982 showed high risk of 

bias, particularly due to confounding, selection of participants, and bias 
in measurement of outcomes. Studies comparing users and non-users 
were inherently at risk of bias, given the many potential confounding 
variables that predispose people to cannabis use. The bias assessment of 
non-randomised studies using ROBINS-I can be found in Table 2 and the 
assessment of randomised studies using RoB 2.0 in Table 3.

While the randomised trials had low risk of bias in terms of internal 
validity as assessed by RoB 2.0, confounding still posed a risk to the 
studies’ results. Three of the five studies included samples of partici
pants with sleep disorders; obstructive sleep apnea and REM behaviour 
disorder in Parkinson’s Disease, potentially affecting results. Due to the 
limited number of studies included in the meta-analyses, an Egger’s test 
for publication bias was not conducted.

3.1.5. Data for meta-analyses
Several data alterations were made to perform meta-analyses. In two 

studies, standard deviations were derived from p-values [42,43], and in 

one study from its standard error [48]. For one study, given that it used 
the same crossover sample to test three combinations of THC:CBD ratios 
(15:0; 5:5; 15:15 mg), the means and standard deviations were recal
culated and pooled to not overrepresent the participants in the study 
[18].

For withdrawal, data from the first three days was used in two 
studies [42,43] and days four to six in one [48]. Withdrawal effects are 
theorised to primarily occur within the first few days of cannabis 
withdrawal [54,55], so the timing of measurement was standardised to 
the extent possible. For administration data, measurement timing 
ranged from first night [18,39] to 12 weeks [41].

All early era cannabis administration studies were ineligible for 
meta-analysis due to the lack of standard deviation notation and/or 
imprecise p-values (i.e. p = NS or p =< 0.1). Two early era studies were 
included in withdrawal meta-analyses, as reporting for these specific 
analyses was precise [42,43].

3.2. Meta-analyses and results interpretation

3.2.1. Total sleeping time
Meta-analysis of four studies [38–41] found no significant effect of 

cannabis administration on TST (SMD: 0.021; 95 % CI: [− 0.253, 0.211], 
p = 0.86, I2 = 0.00 %), indicating no heterogeneity (see Fig. 2a). Of the 
12 administration studies that assessed TST, one reported a significant 
increase, at 13–17 mg THC (n = 4) [50], while the remaining 11 found 
no significant change.

Fig. 7. Administration - N2.

Fig. 8. Administration - Slow wave sleep.
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In three studies comparing the sleep of cannabis users to non-users, 
one found shorter TST [56], with the other two finding no significant 
difference.

For cannabis withdrawal, pooling the results of three eligible studies 
for meta-analysis [42,43,48] showed a moderate to large reduction in 
TST (SMD = − 0.794, 95 % CI: [− 1.163, − 0.424], p < 0.0001, I2 = 0.00 
%) with no heterogeneity (see Fig. 2b). Three out of seven withdrawal 
studies found a significant reduction in TST [42,43,48], with the 
remaining four reporting no change.

3.2.2. Sleep onset latency
Meta-analysis of five studies [18,38–41] found no significant effect 

of cannabis administration on SOL (SMD: 0.056; 95 % CI: [− 0.277, 
0.165], p = 0.62, I2 = 0 %), with no heterogeneity (see Fig. 3a). Among 
the 12 administration studies that measured SOL, one reported a sig
nificant increase, at 20 mg THC (n = 2) [44], while the remaining 11 
studies found no change.

Among three studies comparing cannabis users’ SOL to that of non- 
users, none reported significant differences.

For cannabis withdrawal, pooling the results of three eligible studies 
for meta-analysis [42,43,48] showed a large increase in SOL (SMD =
1.213, 95 % CI: [0.757, 1.669], p < 0.0001, I2 = 6.43 %) (see Fig. 3b). 
Five out of seven withdrawal studies reported increases in SOL [42–45,
48], with the remaining two reporting no change.

3.2.3. Wake after sleep onset
Meta-analysis of four studies [38–41] found no significant effect of 

cannabis administration on WASO (Overall SMD = 0.106, 95 % CI: 
[− 0.127, 0.339], p = 0.37, I2 = 0.00 %), indicating no heterogeneity 
(see Fig. 4). Among 13 administration studies that measured WASO, one 

found a statistically significant decrease, at 13–17 mg THC (n = 4) [50], 
with the remaining 12 studies finding no change.

One study comparing users to non-users reported WASO and found 
no significant difference [56].

Only one study provided the statistical reporting necessary to 
calculate effects for WASO, rending meta-analysis impossible. Three out 
of seven withdrawal studies showed an increase in WASO [42,44,45]. 
The remaining four studies showed no change.

3.2.4. Sleep efficiency
Meta-analysis of four studies [38–41] found no significant effect of 

cannabis administration on SE (SMD = − 0.009, 95 % CI: [− 0.252, 
0.271], p = 0.94, I2 = 0.00 %), indicating no heterogeneity (see Fig. 5a). 
None of the six administration studies measuring SE showed a signifi
cant effect.

Two studies comparing cannabis users to non-users included mea
sures of sleep efficiency, finding no significant differences.

Pooling effects of two studies eligible for meta-analysis for cannabis 
withdrawal [42,48] showed a large reduction in SE (SMD = − 0.922, 95 
% CI: [− 1.379, − 0.464], p < 0.0001, I2 = 0.00 %) with no heterogeneity 
(see Fig. 5b). Out of three studies reporting on SE in cannabis with
drawal, two reported a decrease [42,48].

3.2.5. N1 sleep
Meta-analysis of five studies [18,39–41,53] found no significant ef

fect of cannabis administration on N1 (SMD = 0.150, 95 % CI: [− 0.071, 
0.372], p = 0.18, I2 = 0.00 %), indicating no heterogeneity (see Fig. 6). 
Two out of eight administration studies reporting on N1 sleep found 
decreases, at 13–17 mg THC (n = 4) [50] and 0.7–1.4 mg/kg THC (n =
11) [52], while in the remaining six studies no change was found.

Fig. 9. a. Administration - REM sleep. b. Withdrawal - REM sleep.
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In the three studies comparing cannabis users to non-users no dif
ferences were found in N1 sleep.

For withdrawal, none of the studies provided the statistical reporting 
necessary to calculate effects for N1, rending meta-analysis impossible. 
A total of two studies reported on N1, finding no change.

3.2.6. N2 sleep
Meta-analysis of five studies [18,39–41,53] found no significant ef

fect of cannabis administration on N2 (SMD = 0.008, 95 % CI: [− 0.212, 
0.227], p = 0.94, I2 = 0.00 %), indicating no heterogeneity (see Fig. 7). 
In 11 studies reporting N2, two reported an increase, at 0.7–1.4 mg/kg 
THC (n = 11) [52] and 30 mg THC (n = 2) [45], and one a decrease [53], 
at 2.5–10 mg dronabinol (n = 15) [53], with the remaining eight studies 
reporting no change.

In the three studies comparing cannabis users to non-users no dif
ferences were found in N2 sleep.

For withdrawal, none of the studies provided the statistical reporting 
necessary to calculate effects for N2, rending meta-analysis impossible. 
Qualitatively, one study found an increase [45] and one a decrease [49] 
in N2, while three found no change.

3.2.7. Slow wave sleep
Pooling results of six eligible studies [18,38–41,53] showed no sig

nificant effect of cannabis administration on SWS (SMD = 0.138, 95 % 
CI: [− 0.074, 0.351], p = 0.201, I2 = 0.00 %), with no heterogeneity (see 
Fig. 8). Among the 14 administration studies, one study showed an in
crease, at 13–17 mg THC (n = 4) [50], two studies showed a decrease, at 
0.7–1.4 mg/kg THC (n = 11) [52] and 30 mg THC (n = 2) [45], with the 
remaining 11 studies showing no change.

Comparing cannabis users and non-users, one study showed lower 

SWS [56], and two no change.
Due to only one study providing the statistical reporting necessary to 

calculate effects for SWS, no meta-analysis was performed. Among the 
seven withdrawal studies, one showed an increase [49] and two a 
decrease [44,45], with the remaining four studies showing no change.

3.2.8. REM sleep
Meta-analysis of six studies [18,38–41,53] found no significant effect 

of cannabis administration on REM sleep (Overall SMD: 0.0356; 95 % CI: 
[− 0.521, 0.449], p = 0.89, I2 = 77.48 %), with high heterogeneity (see 
Fig. 9a), which sensitivity analyses did not resolve. Among the 14 
administration studies, six studies showed a decrease, at 13–17 mg THC 
(n = 4) [50], 20 mg THC (n = 5) [46], 70–210 mg THC (n = 7 [42]; n =
11 [43]), 0.7–1 mg/kg THC (n = 7) [52], and 300 mg CBD (n = 17) [41], 
and one an increase, at 2.5–10 mg dronabinol (n = 48) [38], with the 
remaining seven studies finding no change.

In studies comparing cannabis users and non-users, one study 
showed higher REM among cannabis users [57], with the other two 
showing no significant differences.

For withdrawal, the pooled result of three studies eligible for meta- 
analysis [42,43,48] showed a large increase in REM (SMD = 1.609, 
95 % CI: [0.737, 2.479], p = 0.003, I2 = 46.8 %), with moderate het
erogeneity (see Fig. 9b). Three out of seven withdrawal studies showed 
an increase [42,43,48], with four studies showing no change.

3.2.9. REM latency
Meta-analysis of four eligible studies on the effects of cannabis 

administration on REM latency [38–41] showed no significant effect 
(SMD = − 0.032, 95 % CI: [− 0.561, 0.497], p = 0.906, I2 = 76.12 %), 
with no heterogeneity (see Fig. 10a), which sensitivity analyses did not 

Fig. 10. a. Administration - REM latency. b. Withdrawal - REM latency.
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resolve. One study showed a decrease, at 70–210 mg THC (n = 11) [43], 
one an increase, at 10:1:0.5 mg THC:CBN:CBD (n = 23) [40], with six 
studies showing no change.

In studies comparing cannabis users to non-users, none of the three 
available studies found a significant difference in REM latency.

For withdrawal, meta-analysis of three eligible studies [42,43,48] 
showed a large decrease in REM latency (SMD = − 1.092, 95 % CI: 
[− 1.527, − 0.657], p < 0.0001, I2 = 0 %), with no heterogeneity (see 
Fig. 10b). Three out of four studies measuring REM latency showed a 
decrease [42,43,48], with one study showing no change.

3.2.10. Sensitivity analyses
For cannabis administration meta-analyses, removing two studies 

that failed to specify prior use [41,53] and/or two CBD-only studies [39,
41] did not change results in terms of statistical significance for any 
measured outcome. Heterogeneity was also not significantly reduced by 
the removal of these studies for REM sleep or REM latency.

4. Discussion

This review highlights both the complexity and scarcity of the evi
dence surrounding cannabis use and sleep architecture. Cannabis 
administration did not produce consistent effects on any key sleep 
parameter. While some studies reported REM impairments, these were 
mainly observed in trials with notable methodological limitations, such 
as small sample sizes, excessive dosing, and study designs that may have 
influenced sleep outcomes. In contrast, evidence regarding cannabis 
withdrawal, though sparse, was more consistent, demonstrating re
ductions in total sleep duration and increases in sleep onset latency and 
REM.

The two eras in which the studies were conducted, 1972–1982 and 
2004 onward, differ significantly in terms of design, dose, and outcome. 
Early studies largely focused on the mechanistic effect of cannabis on 
sleep, used mostly high-dose THC, and frequently reported REM sup
pression, while the latter period consists of low-dose cannabis trials to 
treat specific sleep disorders, often finding no change in sleep archi
tecture. The 22-year hiatus in research coincides with the height of the 
US ‘War on Drugs,’ which Ronald Reagan officially declared in 1982 
[58]; the same year the last scientific journal article of the early period 
was published [45]. The revival of human laboratory studies on 
cannabis post-2000 coincided with shifting public attitudes and the 
expanding legalisation of cannabis in the US [59], as well as the emer
gence of standardised oral and spray-based medical cannabinoid prep
arations and a move away from smoked administration, which enabled 
more controlled research designs (despite ongoing regulatory con
straints) [60]. That said, few clinical trials utilising polysomnography to 
study the effects of cannabis have been published in the past two de
cades, and the evidence base for cannabis’ effects on sleep architecture 
remains thin: only six administration and three withdrawal studies in 
this review were deemed suitable for meta-analysis.

Several methodological limitations stand out in the studies that 
found REM impairments. Reporting “relatively slight” REM decrements, 
Pivik et al. used a very small sample size (n = 4) and used no formal 
significance testing, instead relying on a binomial test of rankings, 
limiting its reliability and generalisability [50]. Similarly, Freemon 
observed initial REM suppression in a very small sample (n = 5) and 
found that among the three participants who received THC for six 
consecutive nights, REM sleep exceeded baseline in one, returned to 
baseline in another, and remained suppressed in the third [46]. In two 
studies, Feinberg et al. used very high doses of THC, at 70–210 mg 
among small samples (n = 7) [42] (n = 11) [43], where the authors 
noted that REM suppression was dose-dependent and exhibited partial 
tolerance over time. They also acknowledged that their protocol, which 
involved waking participants up at 4 a.m. for THC administration, may 
have fragmented sleep and disrupted REM. A “complete suppression” of 
REM sleep was reported by Tassinari et al. [52], in another small sample 

using cannabis-naive subjects (n = 7) who received very high single oral 
doses of 0.7–1 mg/kg THC (~45–75 mg), where the authors acknowl
edged that “the heavy doses given resulted in such severe intoxication 
with clinical and neurological manifestations that our study could 
hardly be compared with others in the literature” [52], limiting the 
generalisability of their findings.

The serious methodological limitations of these studies complicate 
interpretations about REM sleep. A daily dose of 210 mg THC, as used by 
Feinberg et al. [42,43], is more than twenty times what is considered a 
“single serving of an edible” by many legislatures today [61], so it is 
questionable whether these findings constitute reliable evidence for the 
effects of cannabis on REM sleep under real-world dosing conditions. 
However, it is worth noting that among chronic cannabis users the 
median daily THC intake is estimated to be approximately 90–150 mg 
[62–65], with a 2024 survey suggesting the upper quantile of cannabis 
users in the US consume ≥290 mg daily [65], suggesting that the doses 
used in these studies may be somewhat representative of habitual heavy 
use. Whether these study designs realistically model real-world con
sumption patterns is debatable.

In contrast to early studies, none of the four included modern studies 
that administered THC reported REM suppression, with one study 
showing a REM increase [38]. However, this study was conducted with 
participants with obstructive sleep apnea, where THC may reduce apnea 
severity by stabilising upper airway muscle tone through its interaction 
with the endocannabinoid system [35], such that the observed REM 
increase may be a secondary effect of improved sleep continuity. It is 
plausible that the absence of REM suppression in modern studies reflects 
pharmacological tolerance. Most of these studies measured effects after 
a period of up to 12 weeks, at which point tolerance to THC’s 
REM-suppressing effects may have emerged. Indeed, early high THC 
studies reporting REM reductions documented partial or complete 
tolerance over time in certain subjects [42,43,46].

THC’s effects on REM may also be dose-dependent, such that a single 
therapeutic low dose of 2.5–15 mg THC at night may cause minimal or 
no REM impairment, as observed in modern studies, whereas high-dose 
THC may lead to more pronounced disruptions, as observed in early 
studies. While no formal quantitative dose-response assessment can be 
established in this review due to limited statistical reporting in early 
trials, the lowest THC dose associated with a statistically significant 
reduction in REM sleep was 20 mg [46], with all other such findings at 
≥30 mg. This pattern aligns with literature suggesting that the thera
peutic window for THC typically falls below 20 mg [66], and that doses 
exceeding 20 mg THC tend to produce more noticeable adverse effects 
[22]. That said, a 2025 study has reported a reduction in REM after a 
single THC:CBD 10:200 mg capsule in insomnia patients on the first 
night [67], and in our review, Walsh et al. reported directional evidence 
of REM suppression following 14 nights of insomnia treatment with a 
THC:CBN:CBD 10:1:0.5 mg formulation, with the effect falling just short 
of statistical significance (p = 0.055) [40].

It should also be noted that stage-based metrics alone do not fully 
capture the effects of cannabis on sleep architecture, as the neural 
quality of each stage may also be altered. For example, high-density EEG 
analysis has shown that cannabis use reduces delta power during N3 
sleep and increases alpha and beta activity during REM sleep [67]; 
changes associated with lighter, less restorative sleep. Similarly, in OSA 
patients, dronabinol shifted EEG power toward theta frequencies and 
decreased sigma power, while strengthening ultradian oscillations, 
suggesting altered sleep depth and structure not detectable through 
stage scoring alone [53].

Another line of evidence to support claims about suppressed REM 
sleep is the observation of REM rebounds upon withdrawal. Indeed, two 
early studies and one modern study reported these [42,43,48], though it 
has been suggested that the rebound observed in these studies may be 
accentuated by their use of very high oral THC doses [47]. Further, 
increased nightmares and vivid dreaming upon withdrawal are 
commonly reported by users [17,68,69], which aligns with the REM 
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rebound hypothesis. Similarly, administration of dronabinol has been 
found to reduce nightmare frequency and intensity in several studies on 
patients with post-traumatic stress disorder (PTSD) [70], suggesting 
possible REM suppression, though it is not clear that cannabis suppresses 
nightmares for individuals who do not have PTSD [71].

Although numerous studies have assessed the sleep of cannabis users 
with subjective measures [72–75], and the perception that cannabis can 
improve sleep onset appears common [76,77], few have compared the 
sleep architecture of users to that of non-users using actigraphy or pol
ysomnography. Among the three studies meeting inclusion criteria in 
this review, none reported significant differences in sleep parameters. 
One possible explanation for this discrepancy is that cannabis may exert 
indirect effects on sleep by alleviating symptoms such as pain and 
anxiety [25]. Our review suggests that no polysomnographic studies 
have specifically examined individuals with these conditions, despite 
prior research suggesting that a majority of daily cannabis users 
consume the substance specifically to manage these symptoms [3].

Reflecting a previous review article [36], our meta-analyses aggre
gated results from studies examining both THC and CBD. However, 
sensitivity analyses suggested that separating the studies had minimal 
impact—likely due to the small number of CBD-studies and the large 
number of null findings. Evidence for CBD remains too thin for firm 
guidance: only two eligible CBD-only trials were identified, with one 
showing a modest reduction in REM sleep [41]. Further, it should be 
noted that the studies included do not reflect the most common method 
of use—inhalation [78]. Indeed, the clinical literature almost exclu
sively studies oral consumption [22,36].

For specific sleep disorders, it is too early to comment on how 
cannabis may affect outcomes. To our knowledge, there are no studies 
employing cannabis to treat periodic limb movement disorder, narco
lepsy [79], or parasomnias. There have been reports of cannabis 
improving restless legs syndrome [80], but this is yet to be researched in 
clinical trials [81]. While short-term benefits for obstructive sleep apnea 
have been suggested [33], the American Academy of Sleep Medicine has 
made a position statement that cannabis should not be used for the 
treatment of sleep apnea due to insufficient evidence of effectiveness, 
tolerability, and safety [82], as others have noted that sleep apnea being 
added as a qualifying condition for medical cannabis in certain US states 

was premature and potentially harmful [83].
We acknowledge that many of the studies included in this review are 

at high risk of bias, use diverse cannabis types, dosages, and (likely) 
purity levels (which are not commonly reported), as well as include 
participants with different conditions. However, we believe it is of value 
to quantitatively synthesise the existing evidence for each sleep 
parameter to gain a better understanding of where findings align and 
where and why they conflict. We also believe it is important to differ
entiate between the evidence base stemming from the 1970s and the 
modern era, which Gates et al. alluded to in a previous review [84]. 
Indeed, the meta-analyses in this review are biased towards modern 
studies, as all early era administration studies lacked the statistical 
reporting necessary to meet meta-analysis inclusion criteria.

In sum, our results suggest that clinicians should not view cannabis 
as a reliable sleep aid. Administration trials suggest that a single dose 
does not reliably improve a patient’s sleep, and user-versus-non-user 
comparisons do not show significantly improved sleep onset or other 
such changes, with both lines of evidence converging on negligible 
changes in sleep architecture. By contrast, withdrawal effects appear to 
be more consistent, with moderate-to-large decrements in total sleeping 
time and sleep onset in the first week of cessation. However, these 
quantitative estimates derive from tiny cohorts and should be inter
preted cautiously. Clinicians should therefore prepare regular users for 
transient insomnia when quitting, pair tapering schedules with behav
ioural sleep interventions (such as CBT-I), and avoid presenting cannabis 
as a benign alternative to licensed hypnotics.

Next-step trials should be adequately powered and preregistered, 
clearly specify formulation, route, and dose (including real-world 
inhaled and self-titrated bedtime use), stratify by prior use and clinical 
indication (focusing especially on those with pain and anxiety disor
ders), and incorporate spectral EEG to resolve mixed findings. As 
cannabis is increasingly used as a sleep aid by high school and college 
students across North America [6,85] and its use continues to expand 
globally [86,87], addressing these methodological and evidence gaps is 
essential for guiding clinical recommendations and shaping public 
health policy. 

Practice Points
1. Cannabis administration shows no consistent effect on sleep parameters, including total sleeping time, sleep onset latency, wake after sleep 

onset, light sleep, deep sleep, and sleep efficiency.
2. High-dose 1970s trials consistently showed THC-related REM suppression; in modern therapeutic-dose trials REM suppression has been 

reported, but findings are mixed and the overall evidence base remains thin.
3. Withdrawal from chronic cannabis use significantly disrupts sleep, reducing total sleeping time and increasing sleep onset latency, though 

polysomnographic evidence is scarce.
4. Variability in outcomes across studies is influenced by differences in dosages, study designs, and participant characteristics—particularly 

prior cannabis use and health conditions.

Research Agenda
1. Future research should employ standardised protocols, including washout periods, pre-specified dosing regimens, explicit cannabinoid 

profiles, route of administration (including inhaled), and participant selection criteria, to improve comparability across studies.
2. Future research should more closely investigate the effects of THC dosing on REM sleep.
3. Future research should address the gap between subjective improvements in sleep quality and the lack of improvements in objective mea

surements. For example, studies using polysomnography might be performed with populations that note subjective improvements in sleep 
when using cannabis, such as those with pain or anxiety disorders.
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