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Abstract

Study Objectives: Cannabis is widely self-administered as a sleep aid, yet objective evidence from large polysomnography cohorts
remains scarce. We assessed whether long-term daily cannabis use is associated with alterations in overnight sleep architecture at a
Canadian sleep clinic.

Methods: We retrospectively analyzed overnight polysomnography studies from 1449 adult sleep clinic patients. Exposure was
chronic cannabis use, defined as >daily consumption for >1 year (n=151). Never-users (n=1298) served as the reference group. Nine
polysomnography outcomes—total sleep time, sleep onset latency, wake after sleep onset, sleep efficiency, rapid eye movement (REM)
latency, and N1, N2, N3, and REM sleep (presence and duration)—were modeled with outcome-appropriate regressions adjusted for 28
demographic, lifestyle, comorbidity, medication, and sleep-related covariates.

Results: Chronic cannabis use was associated with higher wake after sleep onset (8 =21%; 95% CI 6.7% to 37.2%), lower sleep efficiency
(B=—3.8%; 95% CI —6.6% to 1.0%), and elevated N1 (8 =2.8 percentage points [pp]; 95% CI 0.3 to 5.6 pp). Nominally, total sleeping
time was lower among cannabis users (8 = —3.3%; 95% CI —6.3% to 0.3%). Effect directions and magnitudes persisted across sensitivity
analyses.

Conclusions: Among sleep-clinic patients, long-term daily cannabis use was associated with greater nocturnal wakefulness. Given that
most participants had moderate-to-severe sleep apnea, findings should be interpreted with caution. Studies detailing dose, timing, and
cannabinoid composition are needed to clarify causality and clinical relevance.
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Graphical Abstract

HOW DOES CHRONIC CANNABIS USE AFFECT SLEEP?

Cannabis is widely used as a
sleep aid, yet the objective
effects of long-term daily use
on sleep remain unclear

Py 4

Most studies utilize small
samples and sleep diaries,
surveys, or actigraphy, with very
few using polysomnography

1,449 sleep-clinic patients

151 chronic cannabis use
(= daily 2 1 year)

11 polysomnography-
measured sleep outcomes

Adjustment for 28 lifestyle,

morbidity, and medication
covariates

Total sleeping time
3.3% lower ¥V

Sleep efficiency
3.8% lower V¥

Wake after sleep onset
21% higher A

N1 sleep
2.8% higher A

No significant difference in
sleep onset latency, REM
latency, N2, N3, or REM

Daily, long-term cannabis use was associated with more fragmented sleep.
Interpretation is limited by the sample's high prevalence of moderate-to-severe sleep apnea.

Statement of Significance

Cannabis is frequently used to manage sleep problems, yet its long-term effects on sleep architecture remain uncertain. This
study provides the largest clinic-based assessment to date, linking chronic daily use to objectively measured increases in nocturnal
wakefulness among sleep clinic patients primarily referred for sleep apnea, suggesting that habitual cannabis use may fragment sleep.
These findings raise important questions for clinicians and researchers, given the widespread use of cannabis as a sleep aid. Longitudinal
and experimental studies are needed to clarify how dose, timing, and cannabinoid profile influence sleep and to explore downstream
consequences for cognition, mood, and long-term health. Clarifying these pathways will guide patient counseling, therapeutic decisions,

and public policy as legalization and social acceptance continue to expand.

Introduction

A growing number of North Americans use cannabis to manage
poor sleep [1], as the substance has become increasingly available
by legal means across Canada and in most jurisdictions in the
United States [2]. In fact, some surveys show that sleep is the most
commonly reported symptom that cannabis users target, with as
many as 85 percent of medical cannabis users, as well as a sub-
stantial proportion of recreational users, reporting improvements
[3,4]. Although commonly perceived as a benign or beneficial drug
due to its effects on pain and certain neurological disorders [5],
cannabis use has been associated with poor mental health [6]
and a range of potentially negative effects on cognition and brain
function [7].

Sleep plays a crucial role in these functions [8], yet the precise
effects of cannabis on sleep remain unclear. Studies utilizing sub-
jective measures such as sleep satisfaction scales frequently show
self-reported sleep improvements, particularly among patients
with pain symptoms [9, 10]. Those that collect data through
objective polysomnography (PSG)—the gold standard for sleep
studies [11]—on the other hand, have shown largely inconsistent
or null outcomes on key sleep parameters [9, 12, 13].

Cannabis is generally believed to help users fall asleep faster
[14], which is thought to be due to the sedative properties of
tetrahydrocannabinol (THC), where cannabidiol (CBD) may modu-
late these effects [15]. Its use has also been consistently associated

with a reduction in rapid eye movement (REM) sleep [12, 16,
17], which is important for brain function [18, 19], though this
association has not been consistently replicated in modern low-
dose studies [13, 20-23]. The existing evidence from clinical trials
is marred by small sample sizes and a confluence of confounding
factors, such as poor prior use reporting, different medical condi-
tions, subjective metrics, and variation in cannabinoid composi-
tion and dosing, that complicate interpretation [9, 13].

A key challenge lies in the diversity of cannabis use patterns.
The cannabis delivery system—often smoked, vaporized, and
orally ingested, but also consumed through oromucosal spray
and topical-transdermal application [24]—may differentially
affect sleep outcomes due to differences in bio-availability and
metabolite formation as well as altered onset, peak, and duration
of cannabinoid exposure [25, 26]. Although nearly all of the
clinical literature has focused on oral intake [9, 10], the vast
majority of cannabis users report smoking or vaporization as
their preferred method [27].

Further, the cannabis plantitself contains over 60 cannabinoids
[28], the relative ratios of which are likely to play an important
role. The aforementioned THC has been most consistently asso-
clated with improvements in sleep across review articles [9, 29—
31] and early studies suggest cannabinol (CBN) may be beneficial
as well [32, 33], whereas evidence for CBD remains poor and
largely unsupported [29, 31]. It has also been suggested that



improvements in sleep may be partly or even fully mediated by
cannabis’ effects on pain or other medical symptoms [14].

Critically, cannabis’ effects on sleep appear to differ signifi-
cantly depending on prior use. Frequent users may develop tol-
erance to some of cannabis’ effects and experience withdrawal
symptoms when they stop using due to dependence [34]. Indeed,
frequent users often require cannabis in order to have a good
night's sleep [35]. Accordingly, the effects of acute administration
likely differ from those of chronic use. How frequent cannabis
use affects sleep in the long term remains poorly understood,
with observational studies conducted with frequent long-term
users generally showing no significant differences in terms of
total sleeping times (TSTs), sleep onset, or sleep staging, including
REM sleep [36-38].

However, these analyses have excluded the types of clinical or
comorbid users most likely to experience altered sleep physiology:
subjects include healthy young men volunteering to smoke self-
supplied cannabis in laboratory settings [36], long-term “func-
tional” users screened to exclude medical or psychiatric condi-
tions [37], and a convenience sample of healthy university stu-
dents without sleep disorders [39]. Further, small samples and
the lack of control for important confounders such as morbidities
and medication use limit the generalizability and validity of these
findings. A Canadian sleep clinic study did control for many such
confounders, but based its findings on just seven cannabis-using
patients within a subgroup of 613, or about 1 percent of its sample
[40], far below the estimated prevalence of use in Canada of ~11
percent [41], thereby limiting the generalizability of its findings.

Because self-medication for sleep tends to progress toward
higher frequency and dose [42, 43], elevating problem risk and
altering sleep outcomes [44], this study focuses on chronic daily
users to examine the long-term physiological impact of sustained
cannabis exposure on sleep. It leverages a large polysomnographic
dataset from a Canadian sleep clinic, using standardized cannabis
use reporting and comprehensive adjustment for relevant con-
founders, including substance use, medication use, and relevant
health conditions, to provide a clearer understanding of the long-
term physiological effects of sustained cannabis exposure on
objectively measured sleep architecture.

Materials and Methods
Study design and participants

We conducted a cross-sectional study at an accredited Canadian
sleep clinic to compare objective sleep architecture outcomes
between patients who reported regular cannabis use and those
who did not. These patients were referred for sleep disturbances
by their general practitioner to consult with a sleep specialist.
The analytic sample was derived from patients who underwent
overnight PSG and completed an intake questionnaire detailing
substance use, comorbidities, and lifestyle behaviors. Further, a
list of active prescriptions was included for each patient. PSG
results were scored by registered polysomnographic technologists
following American Academy of Sleep Medicine standards and were
interpreted by a licensed sleep physician.

We manually collected the data of patients who presented to
the clinic between November 2022 and January 2024. This data
was extracted from PSG reports, active prescription and mor-
bidities lists, and medical office administrator patient “lifestyle”
notes, which include self-reported substance use patterns for all
patients. Data of titration studies, patient studies with less than
240 minutes of TST [45, 46], and from patients who used cannabis
occasionally (<1 year and/or <once daily) was not collected.
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Occasional users were excluded because infrequent exposure is
unlikely to produce physiological tolerance or neuroadaptation
relating to sleep [47, 48], and their polysomnographic outcomes
would therefore be expected to resemble those of non-users,
obscuring the effects characteristic of the chronic use patterns
under study.

A total of 1449 patient records were included, 151 of whom met
the cannabis use criterion. No instructions were given to patients
to abstain from cannabis use prior to their PSG, but patients were
asked to let their sleep technologist know that they had used it.
The registered polysomnographic technologists who scored the
sleep studies were blinded to participants’ cannabis use status.

Ethics approval for the study was granted by the University of
British Columbia’s Clinical Research Ethics Board in February of
2024 (H23-01461). The data that support the findings of this study
are not publicly available due to privacy and ethical restrictions
involving identifiable patient health information (e.g. precise age,
morbidity, and medication information). Analytic code used in the
primary and sensitivity analyses is provided in the supplementary
materials. Additional summary data or code may be made avail-
able from the corresponding author upon reasonable request.

Variable specification

The primary exposure was chronic cannabis use. This is usually
defined in the literature as daily or near daily cannabis use con-
tinued over the course of several years [34], while cannabis naive
subjects are usually characterized by no prior use of cannabis at
all [49, 50], or no use in the past 3 years or more [51]. We thus
characterized our exposed group, patients who chronically use
cannabis, as those who used at least once daily for at least 1 year
(exposure = 1), while our control group was comprised of patients
who reported never having used it (exposure =0).

Cannabis use frequency, duration, and type were collected.
However, because documentation varied in phrasing and preci-
sion (“smokes, vapes and take edibles 2 to 3 times daily, for 4
years,” “smokes a combination of THC:CBD once a day, since 1986”,
“daily, long-term use”), only entries that included a specific num-
ber of grams or joints smoked per day (n=69) and/or specific use
durations (n=120) were included for analysis. Although cannabis
and joint potency are highly variable [52, 53], following empirical
cannabis dose conversion approaches [54], we assumed a gram
of cannabis contains 200 mg of THC, and a joint 100 mg of THC,
based on recent Canadian and British Columbia-specific cannabis
use analyses [55, 56]. These were converted to Standard THC Units
(STUs), as per STU use recommendations, for descriptive statistics
[57, 58]. Use durations were charted as both total years of use
and calculated as a percentage of adult life (use from 18 years
old onwards).

Outcomes included 11 standard variables collected through
PSG: macrostructural sleep measures (TST, sleep efficiency [SE],
sleep onset latency [SOL], wake after sleep onset [WASO], REM
latency), and stage-specific presence (N3 and REM), and durations
(N1%, N2%, N3%, REM%).

Covariates were selected based on clinic data availability and
theoretical relevance. For demographic variables these included
sex [59], age [60], and body mass index [61, 62]. For lifestyle factors,
engagement in night shift work [63], daily alcohol use [17, 64], and
nicotine use [17] were coded and included. For comorbid medical
and psychiatric conditions, cardiovascular [65], endocrine [66],
metabolic [67], gastrological [68], neurological [69], pain-related
[70, 71], psychiatric [72, 73], and respiratory disorders were coded.
For concurrent use of pharmacologic agents affecting sleep,
stimulants/wake-promoting agents [74], sedatives/hypnotics [75],
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antidepressants [76], antipsychotics [77], beta-blockers [78], cor-
ticosteroids [79], diuretics [80], antihistamines [81], dopaminergic
agents [82], opioids [83], and non-opioid pain medications were
categorized and included [76]. Last, for sleep-related factors,
apnea-hypopnea index (AHI) [84], presence of parasomnias [85],
and periodic limb movements during sleep (PLMs) were recorded
[86]. Given the retrospective and observational nature of the
dataset, PLMs, AHI, and parasomnias were treated as control
variables rather than outcomes, as these conditions represented
pre-existing sleep disturbances that contributed to referral and
diagnosis.

Statistical analysis

All analyses were conducted in R (version 4.5.1) [87]. Baseline char-
acteristics were summarized as mean + SD. Between-group imbal-
ances were quantified using absolute standardized mean differ-
ences (SMD) [88], where an SMD > 0.20 was considered indicative
of a meaningful difference. SMDs were calculated both before and
after adjustment for demographics.

To estimate the association between chronic cannabis use
(defined as >daily use >1 for year vs. never) and each polysomno-
graphic outcome, we fitted covariate-adjusted regression models
tailored to the distribution of each outcome. Model type and
transformation strategy were selected based on diagnostic eval-
uations of skew, boundedness, zero inflation, and heteroskedas-
ticity. Right-skewed time-based macro-architectural metrics (TST,
SOL, WASO, REM latency, and sleep efficiency) were analysed
on a log scale using ordinary least-squares models. Proportion-
based outcomes (N1 and N2) were modeled using quasi-binomial
generalized linear models with a logit link. Because N3 and REM
durations were absent in a subset of individuals, we modeled
their presence using logistic regression, and among those with
observed values, stage durations were logit-transformed and ana-
lyzed using ordinary least squares (OLS). Dirichlet regression was
also explored to model the joint distribution of N1%, N2%, N3%,
and REM%, but demonstrated poor overall fit. For the full regres-
sion equation see Supplementary Appendix 1.

All models adjusted for the same set of demographic,
lifestyle, morbidity, medication, and sleep-related variables, with
heteroskedasticity-consistent robust standard errors applied
to account for heteroskedasticity and the false discovery rate
controlled through the Benjamini-Hochberg (BH) procedure.
Outcome coefficients were back-transformed to yield marginal
effects: percent changes for log-transformed outcomes and
absolute percentage-point differences for proportion-based
models. Missing values were not observed in PSG studies, as
only studies containing valid recordings of all 11 outcomes were
collected. A total of 14 out of 1449 patients (1 percent) reported
no morbidities, and all patients listed at least one medication.

Exploratory analyses included stratification by sex (male vs
female), AHI (none <5, mild 5—<15, moderate 15—<30, severe
>30), and age (18-34, 35-49, 50-64, 65+), and the testing of interac-
tion terms for these variables. In these models, BH was applied per
family: 22 tests for sex, 44 for age, and 44 for AHI. Further, dose—
response analyses were performed with cases where reliable data
was available, and, given limited data, were treated as exploratory
as well.

Model diagnostics and interpretation

Model diagnostics were performed for each fitted model. For
log-transformed OLS models, normality and heteroskedasticity
were assessed via residual Q—Q plots, half-normal envelope plots,
and the studentized Breusch-Pagan test. For fractional-logit

models, model fit was assessed using deviance residual plots
and dispersion (p) estimates. Multicollinearity was monitored
via variance inflation factors (VIF), while influence diagnostics
included studentized residuals (Bonferroni-adjusted), Cook’s
distances (threshold >4/n), and hat values (>2 k/n). The Ram-
sey regression equation specification error test (RESET) test
(type = “regressor”) was applied across all models to assess global
model misspecification. For stage presence models for N3 and
REM, model calibration was assessed with Hosmer-Lemeshow
(HL) tests and discriminative ability by calculating the area under
the received operating characteristic curve (ROC-AUC).

Robustness was evaluated through several sensitivity analyses:
(1) re-estimation after winsorising and trimming outliers beyond
+3 SD; (2) parsimonious adjustment using minimal confounder
sets (3 and 7 variables) based on correlation matrices (see
Supplementary Table S1); (3) block exclusion of medication and
morbidity variables, separately and jointly; and (4) propensity-
score matching (PSM) with 1:1 nearest-neighbor matching
(caliper=0.1 SD of the logit) on all baseline covariates, followed by
re-estimation of primary models. To assess robustness for sleep
staging models, models were re-run while holding TST, SE, and
WASO constant.

Results
Sample characteristics

Sample characteristics are presented in Table 1. Compared
to cannabis-naive patients, individuals using cannabis were
more likely to be male (SMD=0.251), younger (SMD=-0.595),
and showed higher rates of nicotine (SMD=0.866), sedative
(SMD=0.244), antidepressant (SMD=0.219), antipsychotic
(SMD=0.355), and opioid use (SMD=0.207), as well as a higher
rate of psychiatric disorders (SMD =0.418). Cardiovascular disease
(SMD=-0.386) and the use of betablockers (SMD=-0.205) and
diuretics (SMD=-0.289) were less common among individuals
using cannabis. Individuals using cannabis showed higher N1
stage sleep (SMD=0.262).

After adjusting for age (SMD=-0.595) and sex (SMD=0.251),
differences in nicotine use (SMD=0.902), antipsychotic use
(SMD =0.404), psychiatric conditions (SMD=0.381), N1% (SMD=
0.308), sedative use (SMD=0.301), opioid use (SMD=0.286),
and cardiovascular conditions (SMD=-0.216) remained signif-
icant, while differences in diuretic (SMD=-0.139), betablocker
(SMD =-0.102), and antidepressant use (SMD=0.176) fell below
the 0.2 threshold. After adjustment, pain conditions (SMD =0.215)
showed to be more common among cannabis users.

Primary analysis
Table 2 presents the fully adjusted regression model control-
ling for all 28 covariates. After BH correction, cannabis use was
associated with significantly higher WASO (21%, ~16.6 minutes),
significantly lower sleep efficiency (~3.8%), and elevated N1%
(2.8 percentage points). Nominally, cannabis use was associated
with lower TST (—3.3%, ~—11.8 minutes). No significant differ-
ences were observed for SOL, REM latency, N2%, N3%, N3 pres-
ence, REM%, or REM presence. For the full table including back-
transformed outcome coefficients see Supplementary Table S2.
Figure 1 depicts covariate adjusted estimates and 95% Cls for
duration-based outcomes. Significant false discovery rate (FDR)-
corrected differences (WASO, sleep efficiency, N1%) are marked
in red, nominally significant differences (TST) in black, and non-
significant differences in grey.
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Table 1. Sample characteristics and SMDs
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Cannabis Non-cannabis
n=151 n=1298
Mean SD Mean SD SMD (Adjusted*)
Demographic/lifestyle
Female 39.7% 52.2% —0.251 NA
Age 45.8 +14.5 55.0 +15.6 —0.595 NA
Body mass index 32.1 +7.8 31.6 +7.3 0.070 (0.005)
Nightshift worker 3.7% 5.3% —0.086 (=0.117)
Daily drinking 10.3% 9.0% 0.045 (0.068)
Nicotine use 0.57 +0.42 0.26 +0.35 0.866 (0.902)
Medications
Stimulants 6.3% 3.7% 0.140 (0.013)
Sedatives 43.4% 30.7% 0.244 (0.301)
Antidepressants 46.4% 35.7% 0.219 (0.176)
Antipsychotics 12.6% 4.1% 0.355 (0.404)
Betablockers 4.4% 9.6% —0.205 (=0.102)
Corticosteroids 1.2% 2.1% —0.099 (—0.050)
Antihistamines 3.2% 2.2% 0.081 (0.072)
Dopaminergic agents 4.8% 7.5% —-0.123 (—0.104)
Opioids 14.7% 8.2% 0.207 (0.286)
Diuretics 7.3% 16.6% —0.289 (—0.139)
Non-opioid pain meds 25.2% 21.9% 0.078 (0.169)
Comorbidities
Cardiovascular 39.1% 58.0% —0.386 (—0.216)
Endocrine 21.9% 27.4% —-0.130 (0.015)
Metabolic 8.0% 10.3% —0.080 (0.041)
Gastrological 21.2% 26.7% —-0.130 (=0.017)
Neurological 13.9% 17.3% —0.092 (—0.051)
Pain-related 21.9% 17.3% 0.116 (0.215)
Psychiatric 59.6% 39.1% 0.418 (0.381)
Respiratory 9.3% 13.3% —0.128 (—0.041)
Sleep-related
Apnea Hypopnea Index 343 +31.8 334 +27.9 0.032 (0.088)
Periodic limb movements 11.7 +18.5 14.5 +23.6 -0.123 (—0.026)
Parasomnias 2.4% 1.3% 0.117 (0.118)
Sleep duration
TST 354.7 +56.1 355.2 +58.8 —0.009 (—0.182)
Sleep efficiency 77.9 +10.2 77.4 +11.4 0.046 (~0.167)
Sleep onset latency 26.1 +27.7 25.9 +26.1 0.005 (0.080)
Wake after sleep onset 75.6 +46.0 79.5 +50.9 —0.076 (0.1112)
Sleep staging
REM latency 171.6 +105.6 166.0 +97.3 0.057 (0.108)
N1% 15.7 +14.2 12.8 +10.5 0.262 (0.308)
N2% 58.7 +14.9 60.9 +13.1 —0.165 (—0.084)
N3% 113 +10.8 11.7 +10.2 —0.035 (=0.127)
REM% 14.3 +6.9 14.6 +7.7 —0.042 (—0.123)

*Adjusted for age and sex; SDM = Standardised mean difference.

Sensitivity

Diagnostics showed that the regression models met key assump-
tions and yielded robust estimates. In the OLS models for
log-transformed macro sleep outcomes (TST, SOL, WASO, REM
latency, and sleep efficiency), RESET tests showed no evidence of
misspecification for core models (p>.28), with only REM latency
showing some issues (p=.059), and all VIFs remained low (<1.67).
Influence diagnostics flagged at most four outlying residuals
per model, and no Cook’s distances exceeded 0.04, indicating no
single observation drove results (see Supplementary Table S3).
In the quasi- and binomial generalized linear models for sleep
staging (N1%, N2%, N3 presence/amount, REM presence/amount),
RESET tests similarly showed no evidence of misspecification
(all p=.50), VIFs did not exceed 1.88, and dispersion parameters
fell within acceptable ranges (¢ ~0.07-1.05). The N1% model did

exhibit elevated influence and leverage (Cook’s distance=0.07),
though analyses excluding these cases (see Supplementary
Table S4) yielded only a slightly reduced effect estimate and
significance level (8=0.189 [0.047, 0.329]; p=.009, q=0.032).
For the stage presence models for N3 and REM, HL tests
confirmed good fit (p>.24), and models demonstrated moderate
explanatory power (pseudo-R?=0.14-0.18; ROC-AUC=0.76-0.83)
(see Supplementary Table S3).

Effect sizes were largely consistent across eight sensitivity
models (see Supplementary Table SSA-D). An increase in WASO
and reduction in sleep efficiency among chronic cannabis users
was stable and reached nominal significance in six out of eight
sensitivity analyses (WASO B=+0.126-190, p=.002-.032; sleep
efficlency B=-0.122-0.160, p=.005-.025), with the exception
of the most minimal specification (WASO g=+0.095, p=.105;
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Table 2. Primary model outcomes

Model

B (95% CI) P(q) %/pp

Sleep quantity and efficiency

TST OLS (log-transformed) —0.034 (—0.063 to —0.005) .023 (0.062) -3.3%
Sleep efficiency Quasibinomial GLM (logit) —0.160 (—0.270 to —0.043) .005 (0.018) -3.8%
Transitions and fragmentation
Sleep onset latency OLS (log-transformed) 0.012 (—0.165 to 0.189) .894 (0.894) +1.2%
Wake after sleep onset OLS (log-transformed) 0.191 (0.070 to 0.311) .002 (0.012) +21.0%
REM latency OLS (log-transformed) 0.028 (—0.081 to 0.136) .619 (0.783) +2.8%
Sleep staging
N1% Quasibinomial GLM (logit) 0.223 (0.080 to 0.364) .002 (0.012) +2.8 pp
N2% Quasibinomial GLM (logit) —0.038 (—0.138 t0 0.062) .458 (0.783) -0.9pp
N3% OLS (logit-transformed) —0.149 (—0.378 to 0.080) .202 (0.445) -1.6 pp
N3—presence Logistic regression —0.116 (—0.635 to 0.429) .668 (0.783) NA
REM% OLS (logit-transformed) —0.025 (—0.159 to 0.109) 712 (0.783) -0.3pp
REM—presence Logistic regression —0.237 (—1.147 t0 0.821) .632(0.783) NA

g, Benjamini-Hochberg adjusted; OLS = Ordinary Least Squares; GLM = generalized linear model; pp = percentage points.

sleep efficiency g=-0.102, p=.060) and the PSM-adjusted model,
which showed similar estimates but failed to reached nominal
significance (WASO g =+0.169, p=.055; sleep efficiency g=—0.139,
p=.066). N1% showed a similar pattern, reaching nominal
significance in six out of eight models (8=+0.199-+0.254, p =<
0.001-0.005), with the exception of the £3 SD trimmed (8 =+0.130,
p=.072) and the PSM-adjusted model (8=+0.160, p=.264). TST
reached nominal significance in five out of eight analyses
(B=-0.029, —0.034, p=.023-.047), with the exception of the +3
SD trimmed (8=-0.028, p=.066), the most minimal (8=-0.027,
p=.055), and the PSM-adjusted model (8 =—-0.020, p=.301). For N1,
models holding TST, sleep efficiency, and WASO constant showed
a similar estimate in the regular regression model (8=+0.173,
p=.012) but not the PSM-adjusted model (8 =+0.006, p=.958) (see
Supplementary Table S6). In the PSM sample, the mean absolute
standardized difference was 0.078, with all covariates <0.066 (see
Supplementary Figure S1).

Exploratory analyses

Across stratified models (Supplementary Table S7A-C), main
effects—reduced TST and sleep efficiency, increased WASO
and N1%—were directionally consistent across nearly all
subgroups. Exceptions included N1% in the moderate apnea group
(B=—0.003, p=.844,  =0.935), and reversed trends among patients
aged 65 and over, who showed increases in TST (8 =+0.084, p=.068,
q=0.350) and sleep efficiency (8 =+0.256, p=.117,q=0.488), and a
decrease in WASO (8 =-0.151, p=.341, q=0.720). However, none of
these exceptions reached nominal significance. No interactions
survived FDR correction (Supplementary Table S8). Three reached
nominal significance: cannabis use predicted an increase in TST
(8=0.003, p=.014, q=0.418) and sleep efficiency (8=0.008, p=.043,
q=0.471) with age, and a lower likelihood of N3 sleep presence in
men than in women (8 =1.425, p=.031, q=0.470), though the latter
had a relatively large standard error (SE=0.662).

In sex-stratified models, none of the 11 outcomes reached
nominal significance among women (all p>.104). Among men,
an FDR-significant reduction in sleep efficiency (8=-0.313,
p=.001, q=0.022), nominally significant increases in WASO
(B=+0.286, p=.006, g=0.051), N1% (B =40.027, p=.007, q=0.051),
and SOL (B =+0.329, p=.028, q=0.083), and a nominally significant
decrease in TST (B=-0.049, p=.042, q=0.100) were observed.
SOL trended negatively for women (8 =—0.166, p=.148, q =0.326),
though the cannabis x sex interaction for SOL did not reach
nominal significance (8=0.379, p=.068, g =0.648).

No FDR-significant associations were found in any of the four
groups in the stratified age analyses, though nominal signifi-
cance was observed for N1% (8=+0.033, p=.011, q=0.350) and
N2% (B=-0.032, p=.037, ¢=0.350) in the 18-34 group, and sleep
efficiency (8 =-0.201, p=.042, 9 =0.350) in the 50-64 group.

In AHI-stratified models, no FDR-significant effects were
observed in any AHI group. However, nominal significance was
found for TST (B=-0.129, p=.006, q=0.062) and sleep efficiency
(B=-0.585, p=.004, q=0.082) in the no-apnea group, for sleep
efficiency (8=-0.317, p=.033, q=0.271) and WASO (B8=+0.428,
p=.006, q=0.082) in the moderate apnea group, and for N1% in
the severe apnea group (8=+0.033, p=.021, ¢ =0.215).

Exploratory dose-response models showed no significant effect
of duration or dose of cannabis use on any sleep outcome.
Neither total years of use (n=120), percentage of adult life using
cannabis (n=120), nor estimated dose—based on number of
joints smoked (n=45), grams used (n=29), or STUs derived from
these (n=69)—were associated with macro- or sleep staging
parameters. Estimated STUs ranged from 1.8 to 280 units
(mean=39.5; median=20), years of use from 1 to 53 years
(mean =20; median=17), and percent of adult life using cannabis
from 2.3% to 100% (mean =69.7%; median=92.8%). Use patterns
are presented in Supplementary Table S9 and dose-response
analyses in Supplementary Table S10. Diagnostics supported
stable inference for macro-sleep outcomes (TST, SOL, sleep
efficiency, WASO, REM latency) but sleep-stage models remained
unstable.

Discussion

In this large, clinic-based study of patients referred primarily
for suspected sleep apnea, chronic cannabis use was associated
with more fragmented sleep: on average, wake after sleep onset
(WASO) was 21 percent (~16.6 minutes) higher, sleep efficiency 3.8
percent lower, and N1% 2.8 percentage points higher compared to
cannabis-naive subjects. These effects persisted in directionality
and magnitude across robustness checks and were not materially
altered by the presence or severity of obstructive sleep apnea
(OSA). A directional, though non-FDR-significant reduction in TST
(3.3 percent; ~11.8 minutes) further suggests potential decre-
ments in sleep quality.

Although the absolute magnitudes of these differences may
appear modest, changes of this size may be considered clinically
meaningful within sleep medicine. In healthy adults, self-reported
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Figure 1. Adjusted differences in sleep architecture between cannabis users and non-users.

WASO exceeding 30 minutes and sleep efficiency below 85 percent sleep-clinic populations who already exhibit reduced baseline
are generally regarded as indicative of clinically significant efficiency.

fragmentation [89, 90]. A 21 percent increase in WASO or a Reduced sleep efficiency, driven by increased WASO, indicates
3.8 percentage-point reduction in efficiency can shift patients fragmentation of the sleep period; a hallmark of poor sleep quality

from a nearnormal to a pathological range, particularly in and predictive of daytime fatigue [91], cognitive impairment [92],
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and mood dysregulation [93, 94]. Small reductions in TST, when
sustained over time, may contribute to chronic sleep insufficiency.
A modest elevation in the proportion of N1, from a baseline
already at the higher end of normative ranges, similarly suggests
lighter, less stable sleep and a modest reduction in restorative
potential [95]. Although other stage percentages did not reach sta-
tistical significance, all shifted directionally downward, consistent
with a light compositional redistribution of non-REM sleep toward
lighter stages. This elevation in N1 persisted when macro-sleep
variables were held constant.

These alterations in sleep architecture may have broader func-
tional implications. Chronic cannabis use has been associated
with attentional deficits [96], impaired executive functioning [97,
98], and mood dysregulation [99, 100], all of which are domains
sensitive to disrupted sleep continuity [94, 101-104]. The ele-
vated N1 proportion and lower efficiency observed here may
therefore contribute to daytime cognitive and affective symptoms
frequently reported in chronic users.

This points to a broader public health concern: cannabis is
widely used as a sleep aid, particularly among high school [105]
and college students [106], yet chronic use may worsen sleep dif-
ficulties. Tolerance to cannabis’ sedating effects and withdrawal-
related sleep disturbances [107-110] may contribute to a cycle
of self-medication and further sleep disruption [43], potentially
exacerbating rather than resolving sleep difficulties.

That said, the directionality of effects remains uncertain. It is
plausible that individuals with more severe sleeping difficulties
are more likely to use cannabis in an attempt to manage their
symptoms, which may explain their poorer sleep architecture.
Although the characteristics of cannabis users in this study gener-
ally align with those reported in epidemiological research [41, 111~
116], significant differences in cardiovascular conditions, even
after adjusting for age and sex, suggest residual confounding.
Individuals using cannabis in the study may have differed in ways
from non-users that could not be adequately controlled for.

Further, within-group dose-response analyses did not indi-
cate that longer use duration or higher estimated THC exposure
was associated with more impaired sleep. However, these analy-
ses were limited by small sample sizes and relatively unreliable
exposure estimates. In response to growing calls for cannabis
research to incorporate measures of dose and frequency, our
study illustrates a fundamental practical challenge: cannabis
products and methods vary widely in (absorbed) THC [52, 53], and
accurately inferring the amount of THC consumed from patients’
self-report—mixing vaping, smoking, and edible use, each with
distinct THC:CBD ratios, potencies, and doses—is highly complex.
Joints vary substantially by weight and grams of cannabis by
potency, and users commonly overestimate the number of grams
in their products [117], rendering these self-report inferences
unreliable indicators of actual THC exposure for dose-response
analyses.

Our findings diverge in several respects from those of existing
studies, which have typically reported null or inconsistent effects
of cannabis on sleep architecture. Most clinical trials find no sig-
nificant impact on WASO or sleep efficiency when administering
cannabis to patients [14, 19, 20, 22, 25, 26, 28, 79-82], although
withdrawal from the substance has been associated with
increased WASO and reduced sleep efficiency [108, 118, 119]. TST
also tends to remain unchanged in the clinical cannabis literature
[15,21, 23,107,108, 118-122]. Similarly, elevated N1 sleep does not
reflect previous trial findings, which have only reported reduced
[122, 123] or unchanged N1 [14, 22, 28, 82]. However, reflecting
the findings of the present study, a recent cross-sectional study

using home sleep apnea testing reported increases in WASO and
N1 among individuals who regularly use cannabis [124].

Further contrasting our findings with early clinical trials [107,
108, 120, 122, 123], but in line with more recent trials using lower
THC doses [15, 21, 23, 121] and observational studies [36-38], REM
sleep did not show significant impairment in this study. Although
the proportionally higher share of N1 indicates less time spent in
other sleep stages, the data did not indicate that REM sleep was
disproportionately affected compared to other stages. This may
reflect the homeostatic resilience of REM sleep [125], which tends
to rebound and normalize across nights [107, 108, 120].

The discrepancies in findings between our study and existing
trials may partly reflect the limited statistical power of such trials,
which typically include fewer than 30 participants and administer
relatively low doses of cannabis [15, 20, 23, 121, 126]. Given the
high inter-individual variability inherent in sleep architecture
measures, these studies may be underpowered to detect modest
effects. By leveraging a larger clinical sample, our study offers
increased sensitivity to detect small alterations. Further, clinical
trials standardize timing, dosage, and administration route, devi-
ating from the most common use method—inhalation [9, 10, 27]—
whereas our observational data reflect naturalistic, long-term
patterns of use while controlling for key demographic, clinical,
and pharmacologic covariates. Indeed, 95 percent of our sample
indicated they inhaled cannabis, with only 5 percent using edibles
as their primary method.

To our knowledge, this is the first study to examine chronic
cannabis use and sleep architecture in a relatively large sample
of cannabis users assessed with in-laboratory PSG. Our sample
appears to reflect real-world cannabis use patterns both in terms
of prevalence and profile: 10.4 percent of patients met criteria for
chronic use, aligning with national estimates in Canada [41], and,
consistent with broader epidemiological data, cannabis users in
our sample were more likely to be male [41], younger [85], and
reported higher rates of nicotine use [112], psychiatric diagnoses
[113], and use of sedatives [114], antidepressants [115], antipsy-
chotics [115], and opioids [116]—patterns well-established in the
cannabis literature.

However, the study’s external validity is simultaneously
strongly limited by the fact that it was conducted at a sleep clinic,
as the clinic largely performs studies for the detection of OSA—
only 9.6 percent of the overall sample did not have apnea, and
44 percent had clinically severe OSA. Patients showed an average
sleep duration of just 6 hours, far below the “normal” range of
7 to 9 hours, as well as poor sleep efficiencies, prolonged WASO
[127-129], significantly prolonged REM latencies [130], elevated
N1 sleep, and significantly reduced N3 and REM sleep [131].
This suggests caution when generalizing to healthy sleepers, as
findings may reflect cannabis and pre-existing sleep pathology
interactions. However, this limitation is somewhat tempered
by the study’s internal validity and analytic controls. Further,
stratifying by AHI level did not alter the directionality of findings.

Several other significant limitations need to be acknowledged.
Our study’s dose-response analyses were based on relatively
broad assumptions. Stronger causal inferences could be made
if precise cannabis type, formulation, dose, use frequency, and
potency were collected to estimate overall THC and CBD intake;
future research would strongly benefit from finding ways to more
accurately measure this. Further, caffeine use, a known disruptor
of sleep architecture [17, 132], was not controlled for. Although
the clinic strictly instructs patients to avoid caffeine after 2PM
on the day of their study, verifying compliance is challenging
and reliable self-report beyond this point is difficult to obtain.



However, there is no indication that any such violations would
differ systematically between cannabis users and non-users. In
addition, not every patient may have honestly disclosed their
cannabis use, potentially due to stigma [133], though the preva-
lence and characteristics of the cannabis using sample align well
with epidemiological trends in chronic cannabis use. Psychiatric
conditions could also not be meaningfully split between depres-
sion and anxiety, which have important neuro- and pathophysio-
logical differences. The cross-sectional design of the study further
precludes establishing temporal order and residual confounding
remains an issue.

A final notable limitation involves the role of prescription drug
use. In the main model, medications were included as covariates
to control for pharmacological influences on sleep. However, this
assumes equivalent patterns of use across groups, which may
not hold. Daily cannabis users often engage in substitution, using
cannabis in place of prescription sleep aids, opioids, or anxiolytics
[134, 135], while non-users may rely more heavily on such drugs—
for example, in our study, the share of patients with psychiatric
disorders that used antidepressants was significantly smaller
among those who used cannabis than those who did not. As a
result, controlling for medications could partially adjust away
the differences under investigation. However, sensitivity models
excluding medication covariates, morbidity covariates, or both,
produced similar results: cannabis use remained associated with
increased WASO, reduced sleep efficiency, and modest reductions
in total sleep time and elevated N1 sleep. This consistency sug-
gests that substitution effects, while important to consider, do not
fully account for the observed associations.

These patterns highlight the need for future research to
move beyond binary definitions of cannabis exposure toward
dose-responsive models that capture THC:CBD ratios, route of
administration, nightly timing, and proximity to sleep onset,
where prospective cohort designs and randomized controlled
studies could clarify whether sleep disruptions vary according
to cannabis formulations and use patterns. Given the indication
of greater sleep disruption among younger users, adolescent and
emerging adult populations warrant particular attention. Finally,
examining whether low-dose therapeutic cannabis similarly
impairs sleep continuity remains an important question, par-
ticularly to guide safer clinical recommendations and informing
public health guidelines.
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Supplementary material is available at SLEEP online.
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