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Abstract
Background: Pain and sleep disturbances are primary reasons for medicinal cannabis use.
Cannabis influences both pain and sleep through its modulation of the endocannabinoid system,
which regulate pain pathways and sleep regulation. Despite their interconnected roles, the effects
of cannabis and chronic pain on sleep architecture are studied mainly in isolation. An integrated
understanding is needed to guide use and minimize risks in this population. Objective: Our primary
aim was to examine the potential interactive effect of regular cannabis use on chronic pain and
sleep. Methods: A total of 339 nights (2,273.43 hours) of in-home sleep electroencephalogram
(EEG) recordings were collected from 60 adults (50% male; 32% chronic pain; 47% cannabis use;
Mage= 25.25; SE=1.05) over seven consecutive nights per participant. A mixed-model repeated-
measures ANCOVA tested the main effects and interactions of chronic pain and regular cannabis
use on total sleep time (TST), total slow-wave sleep (SWS%), total rapid-eye-movement (REM%),
sleep onset latency (SOL), and number of awakenings. Results: There was a significant main effect
of cannabis use on SWS, TST, SOL, and REM. There was a significant main effect of chronic pain
on TST. Significant interactions emerged between cannabis use and chronic pain on SWS and
REM. Conclusions: These findings may reflect a dysregulated sleep response in individuals using
cannabis to manage chronic pain, highlighting the need to consider both beneficial and detrimental

effects of cannabis on specific sleep stages.
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Introduction

The most reported reasons for medicinal cannabis use are for pain relief and
improvements in sleep (1-3), with some studies reporting more than half (i.e., 64%) do so for
pain (4), while others report up to 80% use it for sleep (5,6). The endocannabinoid system (ECS)
plays a regulatory role in both pain and sleep (7-9). Tetrahydrocannabinol (THC), the primary
psychoactive ingredient in cannabis binds with CB1 receptors in pain processing areas that lead
to the reduction of nociceptive signaling (10,11), anti-inflammatory effects, and modulation of
emotional response to pain (12). Neuroimaging studies indicate that THC improves top-down
processing of pain by reducing activation of brain regions that contribute to the emotional
response to pain (i.e., amygdala) and attention to pain (i.e., sensorimotor cortex and the
dorsolateral prefrontal cortex) (13). Additionally, the pleasurable and rewarding experience
associated with cannabis-induced euphoria also alleviates the negative experience of pain (14).

In terms of sleep, THC activates CB1 receptors in brain regions like the hypothalamus,
amygdala, and brainstem, which are involved in sleep regulation. Cannabis use has been
associated with improvements in various sleep metrics including total sleep time (TST), sleep
onset latency (SOL), slow wave sleep (SWS), and number of sleep disruptions (5,15). Notably,
cannabis appears to have biphasic effects on sleep where acute cannabis use shows
improvements in sleep, but prolonged use reduces these benefits and potentially worsens sleep.
For example, Kaul et al (2021) reported that near-daily use for three months was associated with
reduced TST and SWS and increased SOL. These findings suggest non-linear, complex effects
of cannabis on sleep.

Despite the role of ECS in both sleep and pain regulation (7-9), few studies have

examined the combined effect of cannabis use and pain on sleep. However, in general, existing
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studies demonstrate sleep improvements following cannabis therapy in those with chronic pain.
A THC nasal spray administered to patients with neuropathic pain resulted in improvements in
subjective sleep measures (16), which is concordant to effects of synthetic THC in patients with
fibromyalgia when compared to an antidepressant. In another clinical trial, smoked cannabis not
only reduced pain intensity and improved subjective sleep quality in patients with neuropathic
pain (17). Findings from observational studies are consistent with those from clinical trials. For
example, Sznitman et al. (2020) showed that adults with chronic pain who used cannabis
reported fewer night-time awakenings than those with chronic pain who did not use cannabis.
Interestingly, those with more frequent use had greater wakefulness and sleep onset latency,
which the authors attributed to potential cannabis tolerance (18). Taken together, existing studies
show that cannabis is associated with improvements in subjective measures of sleep. However,
how these findings relate to objective measures of sleep, i.e., sleep architecture, has yet to be
examined.

Our review of the literature suggests that cannabis may provide a dual reinforcing effect
in those with chronic pain by alleviating pain and improving sleep. However, given that
improvements in sleep may diminish with prolonged use, likely through drug tolerance effects
(19,20), there is a risk of escalating patterns of cannabis use. This cycle of diminished efficacy
and compensatory use may heighten the risk for problematic cannabis use or the development of
cannabis use disorder (CUD). The goal of this study was to address the need to understand the
potential interactive relationship between regular cannabis use, pain and sleep. Given previous
findings demonstrating that chronic pain and cannabis use have independent negative effects on
sleep metrics, such as SWS and REM (21-24), we hypothesized an interaction between long-

term cannabis use and chronic pain such that individuals with chronic pain who use cannabis will
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have decreased SWS and REM sleep compared to those without cannabis use and with or
without chronic pain. We predicted that prolonged cannabis use would be associated with greater
reductions to SWS and REM. Specifically, we will test whether long-term cannabis use leads to
disrupted sleep, which in turn, contributes to reductions in sleep stages important for regulating

pain.

Methods

The Institutional Review Board of the University of Texas at Dallas approved this study.

Participants

Sixty-two participants were recruited from the general community within the Dallas metro
area via flyers and social media (i.e., Facebook, Twitter, and Reddit). The inclusion criteria were:
(a) aged 18-45 years, (b) proficiency in English, and (¢) ability to provide informed consent. The
exclusion criteria were: (a) history of brain injury or neurological diagnosis (e.g., stroke, epilepsy,
MS), (b) history of psychosis, (c) currently taking psychotropic medications, (d) pregnancy, (e)
history of sleep disorder, (f) shift-work (work hours between 10 PM - 6 AM), and (g) use of illicit

substance other than cannabis.

Study Procedures and Measures

The study consisted of an initial lab visit and seven days of in-home data collection. The
initial lab visit included collection of informed consent and completion of self-report
questionnaires. Age and gender were collected via a demographics questionnaire. The Substance

Use History Questionnaire (SUHQ) was used to assess frequency and duration of cannabis use and
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other substances. Chronic pain was defined based on ICD-11 (2021) definition of persistent pain
for at least three months (25) as assessed using the following questions “Have you experienced
persistent pain for the past 3 months or longer (i.e., chronic pain)?”’ and “What is the name of your
pain condition. If unknown, please describe the pain you experience”.

EEG recordings were collected using the DREEM 3 headband (26). The DREEM headband
contains dry electrodes positioned at frontal (F7, F8, Fp2) and occipital (O1, O2) sites in addition
to sensors to monitor heart rate, respiration, and movement. DREEM’s proprietary algorithms
segmented sleep into the standard stages: wake, N1, N2, N3, and REM in addition to total sleep
time, sleep efficiency, sleep onset latency, and the duration of each sleep stage. DREEM’s

accuracy in sleep staging has been validated against polysomnography (26).

Data Processing and Statistical Analyses

We recorded 434 nights of sleep EEG. Of these sleep recordings, 95 nights of data were
excluded due to poor data quality defined as quality score of <70% based on DREEM’s algorithm.
As a result, two participants were excluded entirely from the analyses resulting in a final sample
of 60 participants with 339 nights (2,273.43 hours) of usable EEG sleep recordings. Among these
participants, 16 reported nociceptive pain (10 of whom with cannabis use), and 3 with cannabis
use reported non-nociceptive pain (see Table 1 for sample characteristics).

Repeated measures analyses were performed using Linear Mixed Models (LMMs) in
SPSS to examine nightly sleep metrics in relation to cannabis use and pain. The models
included cannabis use (e.g., yes/no) and presence of pain (e.g., yes/no) as fixed effects, and subject
ID as arandom intercept to account for repeated measures nested within individuals. The

dependent variables were TST, SOL, SWS, REM, and number of awakenings. To control for
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potential confounds, we included gender, age (ANCOVA structure). Models were estimated
using restricted maximum likelihood (RML), and compound symmetry was selected as the
covariance parameter.

Considering longer durations of cannabis use diminish changes to sleep architecture (5,15)
and cause worse sleep in those with chronic pain (18), Pearson correlations were computed to test
for the effects of years of using cannabis on sleep metrics. Data reduction was performed by

averaging the sleep metrics for those reporting regular cannabis use (see Table 2).

Results
The following results are based on the fixed factors and interactions between cannabis
and chronic pain tested in the models. All main effects and interactions on TST, SOL, SWS,

REM, and awakenings are reported in Tables 3-7.

Main Effects of Cannabis on Sleep Metrics

The significant main effects of regular cannabis included: (1) lower TST (p=-39.21, 95%;
CI [-73.01, -5.42]), (2) decreased SOL (= -10.34, 95%; CI [-2.96, -17.72]), (3) increased SWS
(B= 5.08, 95%CI [2.16, 8]), and (4) less REM sleep (p= -8.5, 95%CI [-12.18,-4.83]). There was

no significant effect of cannabis on awakenings (= 0.08, 95%CI [-3.75, 3.59]).

Main Effects of Chronic pain on Sleep Metrics
There was a significant main effect of pain on TST such that chronic pain was associated

with greater TST (= 27.84, 95%CI [1.32, 54.36]). No significant main effect of chronic pain was
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found on SOL (B= -1.82, 95%CI [-7.47, 3.83]), SWS (B= -0.92, 95%CI [-1.36, 3.21]), REM (B=

1.87, 95%CI [-0.87, 4.6]), or awakenings (B=2.31, 95%CI [-4.98, 0.36]).

Interactions of Cannabis and Chronic pain on Sleep Metrics

There was a significant interaction between cannabis use and pain on: (1) SWS (B= 5.35,
95%CI [1.89, 8.81]) such that cannabis use and chronic pain led to greater SWS (see Figure 1);
and (2) REM sleep (B= -10.73, 95%CI [-15.03, -6.43]) such that chronic pain and cannabis use
both decreased amounts of REM sleep (see Figure 2). No significant interactions were found
between cannabis use and pain on TST (B=-26.2, 95%CI [-66.73, 14.33]), SOL (= -3.6, 95%CI

[-12.15, 4.94]), or awakenings (B=2.12, 95%CI [-1.27, 7.27]).

Correlations between Duration of Cannabis use and Sleep Metrics

Results from the one-tailed Pearson correlations revealed a significant negative association
between years of regular cannabis use and slow-wave sleep (SWS), such that more years of use
was associated with reduced SWS (p=.04). There were no significant correlations between years

of regular cannabis use and TST (p=.12), SOL (p=.32), awakenings (p=.38), or REM sleep (p=.36).

Post-hoc Analyses

We conducted linear mixed regression analyses to examine potential effects of type of pain
on our outcomes. Our findings showed no significant effect of pain type (i.e., nociceptive vs. non-
nociceptive pain types) on TST (B=-1.71, 95%CI [-87.71, 84.29]), SOL (B=-8.84, 95%CI [-25.19,
7.51]), SWS (B=-6.37, 95%CI [-13.31, 0.56]), REM sleep (B= -2.78, 95%CI [-12.43, 6.88]), or

awakenings (B=4.93, 95%CI [-2.88, 12.73]).
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Discussion

The interactive effect of cannabis use and chronic pain on sleep remains unclear despite
the acknowledged bi-directional relationship between pain and sleep (i.e., poor sleep increases
pain sensitivity, and more pain worsens sleep) and the regulatory role of the endocannabinoid
system on both. Our findings indicated that the combination of regular cannabis use and chronic
pain was associated with increased SWS and decreased REM, suggesting that the effects of
cannabis use on SWS and REM differ depending on the presence of chronic pain.

The interactive effect of cannabis and pain on sleep reflects the complex overlapping roles
of the ECS in regulating pain, sleep, and their shared neurobiological pathways (27). Specifically,
THC interacts with CB1 receptors that are densely located in brain areas involved in both
nociception and sleep regulation, such as the hypothalamus, amygdala, thalamus, and brainstem
(8). Studies suggest that THC attenuates pain signaling and inhibits GABA through the activation
of CBI1 receptors and indirectly by increasing anandamide (AEA) and 2-arachidonoylglycerol (2-
AG) that complete retrograde synaptic signaling of CB1 receptors (28,29). This increase of AEA
and 2-AG from THC also promotes sleep (28-31). However, in individuals with chronic pain, the
ECS is dysregulated, which could cause exogenous cannabinoids like THC to alter sleep
architecture differently than in those without pain. Given that immune cell activation is reduced
during SWS, (Ranjbaran et al., 2007), increasing the amount of SWS may therefore provide better
pain outcomes (33). This suggests a negative feedback loop between sleep architecture and pain,
such that pain increases sleep disruptions, decreases SWS, and triggers immune cell activation,

which leads to increased inflammation and experienced pain (34,35). Thus, the direct pain-
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alleviating qualities of THC (5,29,36) and indirect pain alleviation via increased SWS may benefit
in regulating pain.

The complex interaction between cannabis use and chronic pain in shaping SWS and REM
suggests a potential tradeoff whereby increased SWS might be at the cost of impairing REM. SWS
is critical for physical restoration and immune function (32), so this increase may reflect a
compensatory mechanism to recover from the physiological strain of chronic pain, enhanced by
cannabis. On the other hand, a marked reduction in REM sleep could indicate a disruption in
cognitive or emotional restorative processes, which may have long-term implications for mental
health and pain perception (37,38). For example, reduced REM sleep impairs the integration of
newly acquired non-declarative, procedural, and emotional memories (39) and compromises
emotional regulatory mechanisms that contribute to heightened emotional reactivity and difficulty
in coping with stressors (40). Furthermore, fMRI findings show that reduced REM sleep increases
amygdala activation and medial prefrontal cortex control during emotional tasks (37), which is
similar to the functional connectivity dysregulation reported in individuals with chronic pain at
rest (41).

Although our results of increased SWS and reduced REM sleep in the current sample of
long-term cannabis users with chronic pain is consistent with findings of acute effects of cannabis
on sleep (42), our correlational analyses revealed that greater years of regular cannabis use was
associated with decreased SWS across all participants. This latter finding is consistent with
evidence of tolerance and receptor downregulation observed in long-term users (21,43), suggesting
that while cannabis may initially enhance SWS, these benefits diminish with chronic exposure.
This finding provides further evidence for the biphasic effect of cannabis on sleep, where acute

cannabis use promotes sleep through direct ECS modulation, while chronic use leads to tolerance,
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receptor downregulation, and disrupted sleep architecture. The paradoxical finding of reduced
SWS with greater duration of cannabis use across all participants (i.e., those with pain and without
pain) with observations of increased SWS in those with chronic pain may indicate that cannabis
continues to provide some benefit for sleep in chronic pain patients through pain relief, even as
tolerance develops to its direct effects on the ECS. By contrast, in individuals without chronic pain,
cannabis effects on sleep are more direct, allowing the biphasic pattern of initial benefit (increased
SWS with short-term use) followed by tolerance-related disruption (reduced SWS with long-term
use) to emerge more clearly. This suggests that pain-related sleep disturbances may mask
cannabis-related changes in sleep architecture. Our findings indicating no effect of pain type on
our outcomes support previous reports of similar sleep disturbances across different pain diagnoses

(44).

Limitations and Conclusions

Interpretation of these findings is limited by the study's cross-sectional design. A
longitudinal approach is needed to understand the potential parabolic function of cannabis use in
populations with chronic pain. This knowledge could inform clinical monitoring of patients using
cannabis therapeutically.

To conclude, these findings suggest a complex interaction between cannabis use and
chronic pain in shaping sleep architecture, particularly in SWS and REM sleep. Our findings
suggest that the interaction between cannabis and pain leads to a potential “trade-off" such that the
beneficial sleep process is enhanced (SWS) while another critical function served by REM sleep
may be compromised. Cannabis use in people with chronic pain may promote more deep,

physically restorative sleep (SWS), but at the functional cost of reduced REM sleep, which could
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impair emotional and cognitive health over time. This trade-off could paradoxically worsen the
long-term experience of pain, mood, or stress, despite short-term sleep improvements.
References

Orhurhu V, Urits I, Olusunmade M, Olayinka A, Salisu Orhurhu M, Uwandu C, et al. Cannabis
Use in Hospitalized Patients with Chronic Pain. Adv Ther. 2020 Aug 6;37(8):3571-83.

Lu Y, Anderson HD. Cannabinoid signaling in health and disease. Vol. 95, Canadian Journal of
Physiology and Pharmacology. 2017.

Sznitman SR, Bretteville-Jensen AL. Public opinion and medical cannabis policies: examining
the role of underlying beliefs and national medical cannabis policies. Harm Reduct J. 2015 Dec
14;12(1):46.

Kosiba JD, Maisto SA, Ditre JW. Patient-reported use of medical cannabis for pain, anxiety, and
depression symptoms: Systematic review and meta-analysis. Soc Sci Med. 2019 Jul;233:181-92.
Cranford JA, Arnedt JT, Conroy DA, Bohnert KM, Bourque C, Blow FC, et al. Prevalence and
correlates of sleep-related problems in adults receiving medical cannabis for chronic pain. Drug
Alcohol Depend. 2017 Nov;180:227-33.

Bachhuber M, Arnsten JH, Wurm G. Use of cannabis to relieve pain and promote sleep by
customers at an adult use dispensary. J Psychoactive Drugs [Internet]. 2019 Nov;51(5):400—4.
Available from:
https://libproxy.utdallas.edu/login?url=https://search.ebscohost.com/login.aspx?direct=true&db=
psyh&AN=2019-40000-001&site=chost-live

Haney M. Cannabis use and the endocannabinoid system: A clinical perspective. American
Journal of Psychiatry. 2022 Jan;179(1):21-5.

Murillo-Rodriguez E. The role of the CB1 receptor in the regulation of sleep. Prog
Neuropsychopharmacol Biol Psychiatry [Internet]. 2008 Aug;32(6):1420-7. Available from:
https://libproxy.utdallas.edu/login?url=https://search.ebscohost.com/login.aspx?direct=true&db=
a9h&AN=33389295&site=ehost-live

Vaughn LK, Denning G, Stuhr KL, de Wit H, Hill MN, Hillard CJ. Endocannabinoid signalling:
Has it got rhythm? Br J Pharmacol. 2010 Jun 19;160(3):530—43.

Lynch ME, Campbell F. Cannabinoids for treatment of chronic non-cancer pain; a systematic
review of randomized trials. Br J Clin Pharmacol [Internet]. 2011 Nov;72(5):735—44. Available
from:
https://libproxy.utdallas.edu/login?url=https://search.ebscohost.com/login.aspx?direct=true&db=
syh&AN=66442549&site=chost-live

Schley M, Legler A, Skopp G, Schmelz M, Konrad C, Rukwied R. Delta-9-THC based
monotherapy in fibromyalgia patients on experimentally induced pain, axon reflex flare, and pain
relief. Curr Med Res Opin. 2006 Jul 31;22(7):1269-76.

Romero-Sandoval EA, Kolano AL, Alvarado-Vazquez PA. Cannabis and Cannabinoids for
Chronic Pain. Curr Rheumatol Rep [Internet]. 2017 Oct 5;19(11):67. Available from:
https://libproxy.utdallas.edu/login?url=https://search.ebscohost.com/login.aspx?direct=true&db=
cmedm&AN=28983880&site=ehost-live

Weizman L, Sharon H, Dayan L, Espaniol J, Brill S, Nahman-Averbuch H, et al. Oral Delta-9-
Tetrahydrocannabinol (THC) Increases Parasympathetic Activity and Supraspinal Conditioned


https://doi.org/10.1101/2025.08.28.25334662
http://creativecommons.org/licenses/by/4.0/

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

30.

31.

medRxiv preprint doi: https://doi.org/10.1101/2025.08.28.25334662; this version posted August 29, 2025. The copyright holder for this preprint

(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY 4.0 International license .

SLEEP, CANNABIS, AND CHRONIC PAIN Brown and Filbey 13

Pain Modulation in Chronic Neuropathic Pain Male Patients: A Crossover, Double-Blind,
Placebo-Controlled Trial. CNS Drugs. 2024 May 10;38(5):375-85.

Connor JP, Stjepanovi¢ D, le Foll B, Hoch E, Budney AJ, Hall WD. Cannabis use and cannabis
use disorder. Nat Rev Dis Primers. 2021 Feb 25;7(1):16.

Kaul M, Zee PC, Sahni AS. Effects of Cannabinoids on Sleep and their Therapeutic Potential for
Sleep Disorders. Neurotherapeutics. 2021 Jan;18(1):217-27.

Rog DJ, Nurmikko TJ, Friede T, Young CA. Randomized, controlled trial of cannabis-based
medicine in central pain in multiple sclerosis. Neurology. 2005 Sep 27;65(6):812-9.

Ware MA, Wang T, Shapiro S, Robinson A, Ducruet T, Huynh T, et al. Smoked cannabis for
chronic neuropathic pain: a randomized controlled trial. Can Med Assoc J. 2010 Oct
5;182(14):E694-701.

Sznitman SR, Vulfsons S, Meiri D, Weinstein G. Medical cannabis and insomnia in older adults
with chronic pain: a cross-sectional study. BMJ Support Palliat Care. 2020 Dec;10(4):415-20.
Hasin DS, Shmulewitz D, Cerda M, Keyes KM, Olfson M, Sarvet AL, et al. U.S. Adults With
Pain, a Group Increasingly Vulnerable to Nonmedical Cannabis Use and Cannabis Use Disorder:
2001-2002 and 2012-2013. American Journal of Psychiatry. 2020 Jul 1;177(7):611-8.
Ramaekers JG, Mason NL, Theunissen EL. Blunted highs: Pharmacodynamic and behavioral
models of cannabis tolerance. European Neuropsychopharmacology. 2020 Jul;36:191-205.
Bolla KI, Lesage SR, Gamaldo CE, Neubauer DN, Funderburk FR, Cadet JL, et al. Sleep
disturbance in heavy marijuana users. Sleep. 2008;31(6).

Older SA, Battafarano DF, Danning CL, Ward JA, Grady EP, Derman S, et al. The effects of
delta wave sleep interruption on pain thresholds and fibromyalgia-like symptoms in healthy
subjects; Correlations with insulin- like growth factor I. Journal of Rheumatology. 1998;25(6).
Onen SH, Alloui A, Gross A, Eschallier A, Dubray C. The effects of total sleep deprivation,
selective sleep interruption and sleep recovery on pain tolerance thresholds in healthy subjects. J
Sleep Res. 2001;10(1).

Cousens K, DiMascio A. (?)?9 THC as an hypnotic. Psychopharmacologia. 1973;33(4):355-64.
Treede RD, Rief W, Barke A, Aziz Q, Bennett MI, Benoliel R, et al. A classification of chronic
pain for ICD-11. Vol. 156, Pain. 2015.

Arnal PJ, Thorey V, Debellemaniere E, Ballard ME, Bou Hernandez A, Guillot A, et al. The
Dreem Headband compared to polysomnography for electroencephalographic signal acquisition
and sleep staging. Sleep. 2020 Nov 12;43(11).

Guindon J, Hohmann A. The Endocannabinoid System and Pain. CNS Neurol Disord Drug
Targets. 2009 Dec 1;8(6):403-21.

Maccarrone M, Finazzi-Agré A. The endocannabinoid system, anandamide and the regulation of
mammalian cell apoptosis. Cell Death Differ. 2003 Sep 22;10(9):946-55.

Hill KP, Palastro MD, Johnson B, Ditre JW. Cannabis and Pain: A Clinical Review. Cannabis
Cannabinoid Res. 2017 Jan;2(1):96—-104.

Murillo-Rodriguez E, Blanco-Centurion C, Sanchez C, Daniele P, Shiromani PJ. Anandamide
Enhances Extracellular Levels of Adenosine and Induces Sleep: An In Vivo Microdialysis Study.
Sleep. 2003 Dec;26(8):943-7.

Chester LA, Englund A, Chesney E, Oliver D, Wilson J, Sovi S, et al. Effects of Cannabidiol and
Delta-9-Tetrahydrocannabinol on Plasma Endocannabinoid Levels in Healthy Volunteers: A
Randomized Double-Blind Four-Arm Crossover Study. Cannabis Cannabinoid Res. 2024 Feb
1;9(1):188-98.


https://doi.org/10.1101/2025.08.28.25334662
http://creativecommons.org/licenses/by/4.0/

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

medRxiv preprint doi: https://doi.org/10.1101/2025.08.28.25334662; this version posted August 29, 2025. The copyright holder for this preprint

(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY 4.0 International license .

SLEEP, CANNABIS, AND CHRONIC PAIN Brown and Filbey 14

Ranjbaran Z, Keefer L, Stepanski E, Farhadi A, Keshavarzian A. The relevance of sleep
abnormalities to chronic inflammatory conditions. Inflammation Research. 2007 Feb;56(2):51-7.
Irwin MR, Olmstead R, Bjurstrom MF, Finan PH, Smith MT. Sleep disruption and activation of
cellular inflammation mediate heightened pain sensitivity: a randomized clinical trial. Pain. 2023
May;164(5):1128-37.

Smith MT, Haythornthwaite JA. How do sleep disturbance and chronic pain inter-relate? Insights
from the longitudinal and cognitive-behavioral clinical trials literature. Vol. 8, Sleep Medicine
Reviews. 2004.

Young K, Del Fabbro E, Giurgiutiu DV, Healy W1J. Sleep Disturbances in Chronic Pain. ATS
Sch. 2024 Dec 10;

Cuttler C, LaFrance EM, Craft RM. A Large-Scale Naturalistic Examination of the Acute Effects
of Cannabis on Pain. Cannabis Cannabinoid Res. 2022 Feb 1;7(1):93-9.

van der Helm E, Yao J, Dutt S, Rao V, Saletin JM, Walker MP. REM Sleep Depotentiates
Amygdala Activity to Previous Emotional Experiences. Current Biology. 2011
Dec;21(23):2029-32.

Boyce R, Williams S, Adamantidis A. REM sleep and memory. Curr Opin Neurobiol. 2017
Jun;44:167-717.

Ackermann S, Rasch B. Differential Effects of Non-REM and REM Sleep on Memory
Consolidation? Curr Neurol Neurosci Rep. 2014 Feb 7;14(2):430.

Goldstein AN, Walker MP. The Role of Sleep in Emotional Brain Function. Annu Rev Clin
Psychol. 2014 Mar 28;10(1):679-708.

Mao CP, Yang HJ, Yang QX, Sun HH, Zhang GR, Zhang QJ. Altered Amygdala-prefrontal
Connectivity in Chronic Nonspecific Low Back Pain: Resting-state fMRI and Dynamic Causal
Modelling Study. Neuroscience. 2022 Feb;482:18-29.

Babson KA, Sottile J, Morabito D. Cannabis, Cannabinoids, and Sleep: a Review of the
Literature. Vol. 19, Current Psychiatry Reports. 2017.

Garcia AN, Salloum IM. Polysomnographic sleep disturbances in nicotine, caffeine, alcohol,
cocaine, opioid, and cannabis use: A focused review. American Journal on Addictions [Internet].
2015 Oct;24(7):590-8. Available from:
https://libproxy.utdallas.edu/login?url=https://search.ebscohost.com/login.aspx?direct=true&db=
a9h&AN=109967002&site=chost-live

Finan PH, Goodin BR, Smith MT. The association of sleep and pain: an update and a path
forward. J Pain. 2013 Dec;14(12):1539-52.


https://doi.org/10.1101/2025.08.28.25334662
http://creativecommons.org/licenses/by/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2025.08.28.25334662; this version posted August 29, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY 4.0 International license .

SLEEP, CANNABIS, AND CHRONIC PAIN Brown and Filbey 15

Table 1.

Sample Characteristics

Total (N) 60

Gender (M/F) 30/30

Age (M/SE) 25.25/1.05

Chronic pain 32%

Regular cannabis use 47%
Cannabis use years (M/SE) 3.1/0.88
Cannabis use days per week (M/SE) 3.41/0.66

Table 1. Demographics of study participants and ANCOVA results for differences. Gender was
coded as 1 for male and 0 for female. Chronic pain was coded as “1” with pain and “0” without

pain. “F’=female, “M”=male, CUDIT-R= Cannabis Use Disorder Identification Task-Revised
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Table 2.
Pearson's one-tailed correlations between years of cannabis use and

pain on sleep metrics

Pain SOL ST SWS REM Awakenings
Years of -.04 .09 27 -33* -.07 .08
regular use
Pain .05 -1 .07 .01 -1

Table 2. Pearson’s one-tailed correlations between years of cannabis use, pain, and sleep
metrics. SOL= sleep onset latency, TST= total sleep time, SWS= slow-wave sleep, REM= rapid

eye movement (*p<.05).
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Table 3.

Type 1l fixed effects and interactions for chronic pain and

cannabis use on TST

Brown and Filbey 17

95% CI

Lower Upper

dfd F P B SE  bound bound
(intercept) 36.54 480.34 <.001 338.85 25.26 288.49 389.21
Main effects
Chronic pain 4463 16.84 <.001* 27.84 13.19 1.32 54.36
Cannabis use 4595 6.52 O01% 3921 16.75 -73.01 -5.42
Interaction
Chronic pain 4445 1.70 20 -26.20 20.12 -66.73 14.33
X
Cannabis use
Covariates
Sex 46.40  2.00 16 1292 913 -547 31.30
Age 51.19  2.68 A1 -16.70 10.20 -37.17  3.77
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Table 4.
Type 1l fixed effects and interactions for chronic pain and

cannabis use on SOL

95%CI
dfn dfd F p B SE  Lower  Upper

bound bound

(intercept) 1 64.15 .09 76 -7.48 574 -18.89 3.93

Main effects

Chronic pain 1 50.36 2.84 .10 -1.82 2.81 -7.47 3.83

Cannabis use 1 50.06 1331 <.001* -10.34 3.67 -2.96 -17.72

Interaction

Chronic pain 1 48.89 72 40 -3.60 425 -12.15 4.94
X

Cannabis use

Covariates
Sex 1 50.48 .06 .82 -44  1.88 -4.23 3.34

Age 1 50.53 .07 .79 .65 241 420 5.50
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Table S.
Type 1l fixed effects and interactions for chronic pain and

cannabis use on SWS

95% CI
dfn dfd F p B SE  Lower Upper

bound bound

(intercept) 1 61.01 39986 <.001 25.66 207 2155 29.77

Main effects

Chronic pain 1 37.71 17.25 <.001* -92 1.13 -1.36 3.21

Cannabis use 1 39.16 7.33 <01* 508 1.44 2.16 8

Interaction

Chronic pain 1 36.02 9.85 <.001* 5.35 1.70 1.89 8.81
X

Cannabis use

Covariates
Sex 1 36.73 4.35 .04 1.65 .79 .05 3.26

Age 1 44 .88 .09 7 -29 99 -2.29 1.71
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Table 6.
Type 1l fixed effects and interactions for chronic pain and

cannabis use on REM

95% CI
dfn dfd F p B SE  Lower Upper

bound bound

(intercept) 1 89.89 256.03 <.001 19.57 240 14.82 24.33

Main effects

Chronic pain 1 50.41 11.14 <.001* 1.87 1.36 -.87 4.60

Cannabis use 1 53.96 8.01 <01* -850 1.83 -12.18 -4.83

Interaction

Chronic pain 1 4904 25.19 <.001* -10.73 2.14 -15.03 -6.43
X

Cannabis use

Covariates
Sex 1 52.33 2.12 15 -1.38 .95 -3.28 .52

Age 1 53.06 17 .68 46  1.13  -1.80 2.73
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Table 7.
Type 1l fixed effects and interactions for chronic pain and

cannabis use on awakenings

95% CI
dfn dfd F p B SE  Lower Upper

bound bound

(intercept) 1 68.27 140.09 <001 20.08 238 1536 24.80

Main effects

Chronic pain 1 45.60 .60 44 231 1.33 -498 .36

Cannabis use 1 47.80 1.68 .20 08 1.82 -3.75 3.59

Interaction

Chronic pain 1 45.74 2.00 .16 3.00 212 -1.27 7.27
X

Cannabis use

Covariates
Sex 1 46.56 18 .67 38 90 -1.43 2.20

Age 1 52.09 .02 .89 -16 1.16 -249 2.16
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Interaction of Chronic pain and Regular Cannabis use on amounts of Slow-wave-sleep (SWS)
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Figure 1. The interaction of regular cannabis use and chronic pain on slow-wave sleep (SWS).
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Interaction of Chronic pain and Regular Cannabis use on Rapid-eye-movement (REM) Sleep
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Figure 2. The interaction of regular cannabis use and chronic pain on rapid-eye-movement

(REM) sleep.
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