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Abstract

The objective of the study was to describe self-report and objectively measured sleep 

characteristics of adult treatment-seeking cannabis users. Study participants (n=87) were adults 

who were screened for a 12-week outpatient cannabis treatment research program in Baltimore, 

MD. Participants completed objective and self-report measures of sleep quality. Data were 

analyzed for the sample overall, and after stratifying by sex (54 males; 33 females). Participants 

were primarily urban, socio-economically disadvantaged African Americans. Participants were 

frequent, heavy cannabis users; among a subset of participants assessed, 76.7% used cannabis on 

the day/night of the assessment. Participants had low rates of other substance abuse and of 

psychiatric co-morbidities. Polysomnography indicated 19.5% of participants received the 

recommended 7–9 hours of sleep, with females averaging more sleep than males. One third 

(31.0%) had sleep latencies >30 minutes, half spent >30 minutes awake after sleep onset, and 

more than half of the sample (55.2%) had sleep efficiency scores of <85%. Most participants met 

criteria for sub-threshold (36.8%) or clinical insomnia (25.3%) on the Insomnia Severity Index, 

77.0% had scores >5 on the Pittsburgh Sleep Quality Index. Most had average scores on the 

Dysfunctional Beliefs and Attitudes About Sleep (DBAS) questionnaire (M=51.1, SD=18.8) that 

were higher than averages among clinical insomnia patients. Females had higher DBAS scores 

than males. Most participants exhibited characteristics of disordered sleep, and sex differences 

were observed on PSG and self-report measures. Findings extend prior research concerning the 

association between cannabis use and disordered sleep. Data presented in this paper come from the 

clinical trial NCT01685073.
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Introduction

Sleep is a complex neurophysiological and behavioral state that is measured and described 

via a unique profile of brain-wave activity, eye movements, and muscle activity (Colrain, 

2011). Clinical research has established multiple parameters to differentiate healthy versus 

disturbed sleep (AASM, 2001). Briefly, healthy sleep for young to middle aged adults is 

commonly defined as a combination of features including; 1) sufficient duration (7–9 hours 

of sleep during each 24 hour period) (Watson et al., 2015); 2) adequate sleep consolidation 

during the major sleep period (typically operationalized as a sleep efficiency score (time 

asleep/time in bed) of > 0.85) (Morin, 1993); 3) falling asleep initially with minimal 

difficulty (sleep onset latency >5 mins, < 30 mins) (Morin, 1993); 4) spending minimal time 

awake after sleep onset (WASO; < 30 mins) (Morin, 1993); and 5) subjectively reporting 

good sleep quality and/or sleep as restorative. In addition to these sleep continuity and 

quality parameters, normative values have been established for sleep architecture for young 

adults approximately 2–5%, 45–55%, 13–23%, 20–25% Stage 1, Stage 2, Stage 3, and REM 

sleep, respectively (Carskadon & Dement, 2005). An estimated 30–40% of adolescents and 

adults experience frequent and clinically important sleep problems, These problems 

contribute to impairment in daytime functioning and negative mental and physical health 

consequences (Prevention, 2011).

Cannabis is one of the most widely used psychoactive substances, for both medical and non-

medical purposes. In the United States (US), as of 2014, 13.3% of adults were current 

cannabis users and 1.5% of adults had a cannabis use disorder (CUD) (Compton, Han, 

Jones, Blanco, & Hughes, 2016). Acute administration of cannabis can reduce sleep latency, 

time spent in REM sleep, and REM density, and can increase Stage 3 (i.e., slow-wave) sleep, 

though the latter observation has been inconsistent across controlled studies (Karacan et al., 

1976; Schierenbeck, Riemann, Berger, & Hornyak, 2008). Tolerance develops to the acute 

effects of cannabis on sleep, and abrupt cessation from long-term daily cannabis use can 

result in withdrawal-induced sleep disturbance (Allsop et al., 2015; Bolla et al., 2008; 

Vandrey, Smith, McCann, Budney, & Curran, 2011).

Accumulating evidence suggests that disturbed sleep and cannabis use and CUD are 

associated (Bonn-Miller, Babson, & Vandrey, 2014; Vandrey, Babson, Herrmann, & Bonn-

Miller, 2014), and that the nature of this relationship may be cyclical. For instance, disturbed 

sleep (i.e., insufficient sleep and lower percentage of slow wave sleep, respectively) is 

associated with cannabis use among adolescents (Cohen-Zion et al., 2009; McKnight-Eily et 

al., 2011). Previous work has also demonstrated that sleep quality is particularly poor during 

the first few days of a cannabis cessation attempt, (Babson, Boden, Harris, Stickle, & Bonn-

Miller, 2013a; Budney, Hughes, Moore, & Novy, 2001; Budney, Moore, Vandrey, & Hughes, 

2003; Vandrey et al., 2011) and that perceived poor sleep quality is associated with lower 

reductions in cannabis use during a self-guided quit attempt among military veterans 
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(Babson, Boden, & Bonn-Miller, 2013). Thus, though cannabis may initially be used to 

promote sleep initiation, as cannabis is used to cope with sleep difficulties, individuals 

develop tolerance over time, leading to increased cannabis use. This increased use—in terms 

of amount and/or severity of use—then likely leads to greater disturbances in sleep during 

abstinence from cannabis, which may then promote relapse to cannabis use (Babson & 

Bonn-Miller, 2014).

A major limitation of research on cannabis and sleep is that most objective sleep evaluations 

have been conducted in controlled laboratory settings among non-treatment-seekers; with no 

published data examining changes in sleep during abstinence among treatment-seekers in 

naturalistic settings. Second, despite evidence for sex differences in subjective drug effects 

(Penetar et al., 2005), perceived risk of regular use (Pacek, Mauro, & Martins, 2015), 

frequency of use (Preston, 2006), and progression to cannabis dependence (Hernandez-

Avila, Rounsaville, & Kranzler, 2004), little research (Allsop et al., 2015) has systematically 

explored sex differences in sleep quality among cannabis users. The present study uses data 

from objective and self-report sleep assessments collected from adult treatment-seeking 

cannabis users to characterize sleep quality and architecture, and to examine sex differences 

in sleep in this understudied population.

Materials and Methods

Participants

Study participants were 87 adults (54 males, 33 females) who were screened for a 12-week 

outpatient cannabis treatment research program in Baltimore, MD. The screening procedures 

for the research study involved self-reported and objective sleep assessments. Eligible 

volunteers were frequent current cannabis users (i.e., self-reported use of cannabis on at least 

50 of the prior 90 days, and positive urine cannabinoid toxicology test), currently seeking 

treatment for cannabis use, between the ages of 18–55, were physically healthy, and reported 

either using cannabis to help them sleep at night, or experiencing sleep difficulty during 

prior periods of abstinence from cannabis.

Initial eligibility was evaluated via telephone interview. Participants who met the above 

criteria for participation completed self-report assessments and clinical interviews in the 

research clinic. Those who completed the face-to-face interviews and remained eligible for 

the study were then invited to complete a single night, objective sleep assessment. Data from 

the present study come from this sleep assessment and baseline self-report assessments and 

clinical interviews. The sleep assessment was conducted at the participants’ home using 

portable polysomnography (PSG) equipment. Participants were not given instruction 

regarding use of cannabis/abstinence prior to this PSG session. PSG equipment was returned 

to the laboratory on the day following the PSG session. For the purposes of the larger study, 

individuals with >15 apnea/hypopnea episodes or a periodic limb movement with arousal 

index >15 were excluded from the study and referred to their physician for a clinical sleep 

evaluation, though they were retained for the present analysis. Participants provided written 

informed consent prior to the start of study procedures. Study procedures were approved by 

the Institutional Review Board at Johns Hopkins University and comply with the ethics 
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guidelines for human subjects research outlined in the Declaration of Helsinki. At the time 

of this writing, data collection for the parent trial is currently ongoing.

Measures

Socio-demographics

Socio-demographic variables in this analysis included: sex, age, race (African American vs. 

other), ethnicity (Hispanic vs. non-Hispanic), and education (less than high school/GED vs. 

high school/GED or greater).

Mental health

Participants’ mental health characteristics were assessed using the Anxiety Sensitivity Index 

(ASI) (Vujanovic, Arrindell, Bernstein, Norton, & Zvolensky, 2007) and the Brief Symptom 

Inventory (BSI) (Derogatis & Melisaratos, 1983). The ASI is the most widely used and well-

accepted instrument to index the construct of anxiety sensitivity. The ASI is a 16-item 

measure, on which respondents indicate, on a 5-point Likert scale (from 0 = very little to 4 = 

very much), the degree to which they fear the potential negative consequences of anxiety-

related symptoms and sensations. The sum of all ASI responses yields the total ASI score, 

ranging from 0–64. The BSI is a brief psychological self-report symptom scale, developed 

from a longer parent instrument, the SCL-90-R, shown to have good test-retest reliability 

and internal consistency reliability and high correlations between comparable dimensions on 

both of the instruments. Individual items of the BSI are anchored on a five-point Likert-type 

scale of distress ranging from “not at all” (0) to “extremely” (4), with the BSI global severity 

score being expressed as an average of the responses to the 53 items.

2.2.3 Substance use characteristics

The Timeline Follow-back (TLFB) method (Sobell & Sobell, 1992) was used to evaluate use 

of tobacco, alcohol, cannabis and other non-medical drug use prior to study participation. 

Variables derived from the TLFB included: Cigarette smoking (yes/no), cigarettes per day 

(CPD), number of alcoholic drinks per week were collected via self-report. Regarding 

cannabis use, data on age of first cannabis use, years of frequent cannabis use, number of 

days used during the past month, average number of grams used per day were collected, and 

cannabis abuse/dependence was determined using DSM-IV-TR criteria (Association, 2000). 

Additionally, participants who were ultimately randomized into the parent trial (n=60) were 

questioned regarding their use of cannabis on the day/night of the PSG assessment.

2.2.4 Polysomnography

PSG assessments were conducted using an Embla Titanium ambulatory PSG device that 

included 6 EEGs (F4-A1, F3-A2, C4-A1, C3-A2, O1-A2, O2-A1), right and left electro-

oculograms (EOGs) linked to a single mastoid, submental EMGs, bilateral anterior tibialis 

muscles, and ECG (single modified ECG lead II). Respiratory function and effort were 

measured via oronasal thermistor, nasal air pressure transducer, pulse oximetry, and 

abdominal and thoracic inductance plethysmographic belts. All EEG and EMG signals were 

acquired at a base sampling rate of 500Hz. Participants were wired by a certified sleep 

technician in the clinic in the late evening, given instructions for utilization of the device, 
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and then provided taxi transportation home. “Lights out” and “lights on” times were 

provided on a date and time stamped phone messaging system. Certified sleep technicians 

scored PSG data according to standard American Academy of Sleep Medicine guidelines 

using REM Logic software with formal review by a board certified sleep specialist (Iber, 

Ancoli-Israel, Chesson, & Quan, 2007). We calculated the following standard sleep 

parameters: total sleep time, sleep latency, REM latency, sleep efficiency (i.e., a ratio 

between total sleep time and time spent in bed), time awake after sleep onset (WASO), and 

the percentage of sleep time spent in non-REM Stages 1, 2, 3 and REM sleep. We also 

calculated the apnea/hypopnea index (AHI) as a measure of sleep-disordered breathing, 

based on 4% desaturation criteria, and calculated periodic limb movement (PLM) indices 

(i.e., number of PLMs divided by total hours of sleep).

2.2.5 Self-report measures of sleep quality

Participants completed several self-report measures of sleep quality: 1) the Pittsburgh Sleep 

Quality Index (PSQI) (Buysse, Reynolds III, Monk, Berman, & Kupfer, 1988), a 19-item 

self-rated questionnaire that assesses sleep quality and disturbances over a 1-month interval; 

the 19 individual items generate seven “component” scores and the sum of the seven 

components yields one global score, 2) the Dysfunctional Beliefs and Attitudes about 

Sleep-10 (DBAS-10) (Edinger & Wohlgemuth, 2001) scale, which has 10 items that evaluate 

sleep-disruptive cognitions, with global scores calculated as a sum of the 10 times, 3) The 

Insomnia Severity Index (ISI) (Bastien, Vallieres, & Morin, 2001), which is a brief screening 

measure of insomnia and outcome measure in sleep treatment research. Responses to the 

seven items (0–4) were summed to derive the ISI total score. ISI scores were further 

subdivided into no clinically significant insomnia (≤7), sub-threshold insomnia (8–14), 

moderately clinically significant insomnia (15–21), and severe clinically significant 

insomnia (22–28). Participants were also asked about degree of sleep difficulty during 

periods of abstinence from cannabis (none mild, moderate, severe) and if they use cannabis 

to help with sleep (yes/no).

2.3 Statistical analyses

Descriptive statistics (mean, SD; %) describe the socio-demographic, mental health, 

substance use, and sleep characteristics of the 87 participants in the total sample. Chi-square 

analyses and independent-samples t-tests were used to examine sex differences. Post hoc 

chi-square and independent-samples t-test analyses were also conducted to assess 

differences in PSG and self-reported sleep quality outcomes based on self-reported use of 

cannabis use the day/night of the PSG assessment. Analyses were conducted using STATA 

statistical software version 12.0 (StataCorp, 2011).

Results

Socio-demographics

Demographic, mental health, and substance use characteristics are displayed in Table 1. 

More than half (62.1%) of the sample was male and was, on average, 31.4 years old (SD = 

10.4) (Table 1). Most of the sample was African American (82.8%), Non-Hispanic (96.5%), 

and had a high school education/GED or greater (82.8%).
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Mental Health

Participants had a mean ASI score of 11.7 (SD = 8.3), and mean BSI score of 0.6 (SD = 0.5) 

indicating a lack of anxiety and distress in this sample. No differences were observed on the 

basis of sex.

Substance Use Characteristics

Current tobacco cigarette use was reported by 63.2% of the sample, and smokers reported an 

average of 7.1 CPD (SD = 6.3). Half (50.6%) of the sample reported current drinking, but 

did not tend to drink heavily (mean of 4.5 drinks/week; SD = 5.8). On average, participants 

reported cannabis use on 28.4 (SD = 3.5) of the prior 30 days, and reported using an average 

of 3.4 (SD = 4.4) grams of cannabis per day. A majority (79.3%) met DSM-IV criteria for 

CUD. Participants reported first using cannabis at 14.3 (SD = 4.6) years of age, and 14.5 

(SD = 9.7) years of regular cannabis use. Males (M = 13.5, SD = 4.5) reported a 

significantly younger age at first use of cannabis as compared to females (M = 15.6, SD = 

4.5); t(85) = −2.05, p = 0.043.

Polysomnography

Participants averaged 339.7 (SD = 100.3) minutes of total sleep time (Table 2). Of the total 

sample, 78.2% received less than 420 minutes (i.e., less than 7 hours) of sleep at night, 

19.5% received between 420–540 minutes (i.e., 7–9 hours) of sleep, and 2.3% received more 

than 540 minutes (i.e., greater than 9 hours) of sleep. Participants took an average of 31.1 

(SD = 49.1) minutes to fall asleep once they tried to initiate sleep; 31% had a sleep latency 

of more than 30 minutes. Average WASO was 54.7 (SD = 79.1); approximately half (51.7%) 

of the sample had WASO of greater than 30 minutes. Average sleep efficiency was 80.8% 

(SD = 16.5%); more than half of the sample (55.2%) had an average sleep efficiency of less 

than 85%. Participants took an average of 114.5 (SD = 99.1) minutes to enter REM sleep, 

and participants spent 6.6% (SD = 5.1%), 55.1% (SD = 10.6%), 20.6% (SD = 10.0%), and 

17.7% (SD = 7.2%) of sleep time in Stage 1, Stage 2, Stage 3, and REM sleep, respectively. 

Additionally, participants experienced an average of 3.8 (SD = 8.3) sleep-disordered 

breathing events and 1.4 PLM per hour (SD = 4.6).

Sex differences in Polysomnography Measures

Males (M = 319, SD = 92.9) had less total sleep time than females (M = 372.9, SD = 104.6); 

t(85) = −2.48, p = 0.015 (Figure 1a). Other differences in polysomnography characteristics 

based on sex were not observed.

Differences in polysomnography measures based on self-reported cannabis use

No differences in PSG characteristics were observed on the basis of self-reported cannabis 

use on the day/night of the PSG assessment (Supplemental Table 1).

Self-reported sleep quality

Participants’ average PSQI global score was 8.0 (SD = 3.8), and average DBAS score was 

51.1 (SD = 18.8) (Table 4). The three most highly endorsed items on the DBAS included: “I 

need 8 hours of sleep to feel refreshed and function well during the day” (M = 6.6, SD = 
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3.2); “After a poor night’s sleep, I know that it will interfere with my daily activities on the 

next day (M = 6.4, SD = 3.4); and “When I feel tired, have no energy, or just seem not to 

function well during the day, it is generally because I did not sleep well the night before” (M 
= 6.2, SD = 3.4). The average ISI score was 10.6 (SD = 6.5), with 36.8% having sub-

threshold insomnia, 17.2% having moderate clinically significant insomnia, and 8.1% of 

participants meeting criteria for severe clinically significant insomnia. Additionally, a 

majority of participants reported moderate (29.9%) or severe (49.4%) sleep difficulty during 

abstinence from cannabis, and use of cannabis to aid in sleep (97.7%).

Sex differences in self-reported sleep quality

Females (M = 56.7, SD = 20.0) reported a significantly higher DBAS score than males (M = 

47.6, SD = 17.4); t(85) = −2.25, p = 0.027 (Figure 1b). Additional differences in self-

reported sleep quality on the basis of sex were not observed.

Differences in self-reported sleep quality based on self-reported cannabis use

No differences in self-reported sleep quality were observed on the basis of self-reported 

cannabis use on the day/night of the PSG assessment (Supplemental Table 2).

Discussion

Though prior work has discovered links between disturbed sleep and cannabis use (see 

(Babson, Boden, Harris, Stickle, & Bonn-Miller, 2013b; Bonn-Miller et al., 2014; Cohen-

Zion et al., 2009)), the present study was among the first—to our knowledge—to objectively 

examine sleep among treatment-seeking cannabis users in naturalistic settings. Moreover, 

the present work is one of the first to examine sex differences in objective and self-reported 

measures of sleep in treatment seeking cannabis users. Furthermore, participants in the 

present study were current, frequent, heavy cannabis users that had low rates of other 

substance abuse and of psychiatric comorbidities that could affect sleep, providing us with a 

sample that allows us to characterize relations between heavy cannabis use and sleep among 

a sample devoid of other major factors that could influence sleep results.

The majority of the sample exhibited characteristics of disordered sleep, according to 

commonly used clinical markers of sleep continuity (Bastien et al., 2001; Buysse et al., 

1988; Edinger & Wohlgemuth, 2001). For instance, according to ambulatory PSG data, only 

19.5% of the sample received the recommended 7–9 hours of sleep. Approximately one-

third of the sample took longer than 30 minutes to fall asleep, and about half spent more 

than 30 minutes awake after initially falling asleep. Sleep efficiency was also generally poor; 

more than half of the sample had sleep efficiency of less than 85%. Notably, in the present 

sample, average measures of sleep continuity were worse than the total sleep time, sleep 

latency (Bolla et al., 2008; Vandrey et al., 2011), sleep efficiency, and WASO (Bolla et al., 

2008) observed among other samples of cannabis users based on data collected in a sleep 

laboratory study. It is possible that the severity of sleep problems in the present study was 

among the motivating factors for these individuals to seek cannabis treatment and/or 

environmental factors may contribute significantly to poor sleep in this population. The 

majority of participants also exhibited poor sleep on self-report measures of sleep quality. 
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More than half met criteria for sub-threshold or clinical insomnia, and most reported PSQI 

scores greater than or equal to 5. Moreover, the average DBAS score in the present sample 

(M = 51, SD = 19), especially females (M = 57, SD = 20) was higher than what has been 

previously observed for healthy adults (M = 34, SD = 14), patients with insomnia without 

psychiatric illness (M = 43, SD = 15) and insomnia patients with concurrent psychiatric 

illness (M = 49, SD = 12) (Edinger & Wohlgemuth, 2001). These data suggest that 

psychological interventions such as cognitive behavioral therapy for insomnia, which 

include cognitive restructuring approaches targeting attitudes and beliefs about sleep may be 

especially efficacious cannabis users with insomnia disorder, particularly females.

The bidirectional relationship between disordered sleep and cannabis use is also evident in 

this sample. For instance, cannabis use appears to be related to the observed sleep 

difficulties: Approximately half of the sample reported experiencing sleep difficulties during 

periods of abstinence from cannabis. Moreover, sleep difficulties observed in this sample 

may also play a role in continued cannabis use, as the vast majority of participants reported 

using cannabis to help with their sleep. It remains unclear whether disordered sleep is a risk 

factor for long-term cannabis use that may be partially masked by daily use of the drug, if 

long-term use of cannabis produces neurobiological changes that contribute to the 

development of disordered sleep, or some combination of the two.

Females reported a significantly older age at first cannabis use than did males. Though this 

finding is inconsistent with some previous studies evaluating sex differences in cannabis 

dependence, the age at which participants in this study reported first using cannabis use was 

much younger (13 and 15 years old on average for males and females, respectively) 

compared with some previous studies (17–20 years old on average) (Ehlers et al., 2010; 

Khan et al., 2013)._Females had a greater total amount of sleep time compared with males, 

though the average sleep time for both sexes was less than the recommended 7–9 hours for 

adults. Females also reported higher average scores on the DBAS scale than males, which is 

suggestive of greater concern with sleep problems having negative consequences on daily 

functioning.

There are limitations of the present study that warrant discussion. First, as only a subset 

(n=60/87) of individuals were asked about whether they had used cannabis on the day/night 

of the PSG assessment, we are not able to fully assess differences between PSG and self-

reported sleep quality outcomes for those who used versus those who did not use. However, 

based on available data (Supplemental Tables 1 and 2), no significant differences in PSG 

outcomes or self-reported sleep quality measures were observed based on self-reported 

cannabis use status on the day/night of the assessment. It should be noted that 76.7% of the 

assessed subset reported cannabis use on the day/night of the PSG assessment. Additionally, 

the findings may not generalize to all cannabis users, as the sample was comprised of 

treatment seeking, relatively healthy, heavy cannabis users from an urban area. The data may 

not speak to the potential effects of cannabis use on sleep quality among more casual users. 

Individuals seeking treatment for substance use disorders tend to have ongoing stressors that 

bring them to seek treatment that could impact sleep. That said, assessments of psychiatric 

functioning in the present study suggest that the study population lacked clinically 

significant levels of anxiety and distress. It should also be noted that the majority of this 
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sample was African American and several studies report that African Americans often 

demonstrate greater objectively measured sleep continuity and architecture disturbance 

relative to white Americans (Chen et al., 2015; Hall et al., 2012).

Second, it is worth nothing that some of the criteria used to define disturbed sleep in the 

present work (e.g., sleep duration of 7–9 hours/night) are prescriptive “shoulds,” rather than 

“absolute musts.” Significant individual differences in terms of sleep needs exist within the 

general population, which implies that not receiving 7–9 hours of sleep per night may not 

actually indicate the presence of disturbed sleep. Related to this, there is the possibility that 

cannabis users represent a biased or self-selected group of people who, on average, require 

more or less than the typically clinically recommended markers for healthy sleep. 

Additionally, some of the information in the present study was obtained via self-report, 

which has the potential for a variety of biases. The present work represents one of few 

reports that utilize PSG technology to report sleep characteristics of cannabis users. We did 

not conduct an acclimation night to allow participants to adjust to sleeping with the PSG 

equipment, as is sometimes performed for studies conducted in the laboratory. Although it is 

possible that the PSG monitoring may have added some degree of disruption, studies have 

demonstrated minimal, “first night effects” when PSGs are performed within the home 

environment (Bruyneel, Libert, Ameye, & Ninane, 2015).

With these possible caveats noted, the use of in home ambulatory PSG assessments in the 

present study is a novel and is a particularly advantageous approach for assessing sleep in a 

substance abusing population. This approach allowed for an objective sleep assessment 

using validated technology in a population in which many individuals have constraints on 

their ability and/or willingness to participate in an inpatient sleep study. It also allowed for 

the assessment of sleep in their home environment, which adds ecological validity to the 

assessment of a typical night of sleep, which may be especially important for subjects with 

insomnia disorder wherein contextual contingencies and environmental factors are believed 

to contribute to symptom presentation (Spielman, Caruso, & Glovinsky, 1987). In a prior 

sleep study in a similar population (Vandrey et al., 2011), participants often stated that the 

inpatient sleep lab was substantively different than their usual sleeping environment (e.g. 

uncomfortable bed, lack of bed partner, too quiet/noisy, uneasy knowing someone was 

watching), which may have impacted sleep outcomes.

In summary, this is one of the first studies to provide comprehensive evidence that a sizeable 

subset of treatment-seeking cannabis users experience disordered sleep. Moreover, this is the 

one of the first studies to explore sex differences in sleep characteristics among treatment-

seeking cannabis users. Sex differences were observed on both self-report (e.g., 

dysfunctional beliefs about sleep) and objective (e.g., total sleep time) sleep characteristics. 

Participants generally endorsed sleep difficulty during abstinence from cannabis as well as 

using cannabis to ameliorate this sleep difficulty. These findings support and extend prior 

research concerning the association between sleep difficulties and cannabis use. In 

particular, though observed sex differences were modest, sex-specific findings may have 

implications for the treatment of cannabis use disorders. Additional studies are needed to 

better understand the relation between chronic heavy cannabis use and abstinence from such 

use and sleep disturbances, and the impact of sleep on treatment outcomes for individuals 
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with cannabis use disorder, as well as to evaluate the representativeness of these results in 

other samples of cannabis users and using other methodological approaches.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Public Significance Statements:

Within the present study, the use of ambulatory polysomnography assessments in 

combination with self-reported sleep outcomes is novel, and findings extend the results of 

prior studies of non-treatment seekers that demonstrate an impact of acute cannabis use 

and withdrawal on sleep. Findings indicate that female participants had longer sleep time 

as measured by polysomnography, but had greater perceived impact of poor sleep on 

daily functioning compared with males. Additional research is needed to understand 

relations between excessive cannabis use and disordered sleep, the impact of sleep 

quality on cannabis treatment outcomes, and sex differences in relations between 

objective and self-report measures of sleep.
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Figure 1. 
Sex differences in mean (SE) total sleep time (A) and mean DBAS scores (B)(n=87; 54 

males, 33 females)
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Table 1.

Sociodemographic and mental health characteristics of treatment-seeking cannabis users (n=87)

Sociodemographic
characteristics

Total Sample
(n=87)

Males
(n=54)

Females
(n=33)

p-value

Age * 31.4 (10.3) 30.7 (9.6) 32.7 (11.4) 0.369

Race #

African American 72 (82.8) 44 (81.5) 28 (84.8) 0.687

Other 15 (17.2) 10 (18.5) 5 (15.1)

Ethnicity #

Non-Hispanic 3 (96.5) 52 (96.3) 32 (97.0) 0.867

Hispanic 84 (3.5) 2 (3.7) 1 (3.0)

Education #

<High school 15 (17.2) 11 (20.4) 4 (12.1) 0.323

≥High school/GED 72 (82.8) 43 (79.6) 29 (87.9)

Mental health

ASI total score * 11.7 (8.3) 11.1 (7.9) 12.7 (9.1) 0.378

BSI global severity * 0.6 (0.5) 0.5 (0.5) 0.6 (0.6) 0.255

Cigarette smoking and alcohol use

Current smoker #

No 32 (36.8) 20 (37.0) 12 (36.4) 0.950

Yes 55 (63.2) 34 (63.0) 21 (63.6

CPD * 7.1 (6.3) 6.8 (5.7) 7.5 (7.4) 0.719

Current drinking # 44 (50.6) 29 (53.7) 15 (45.5) 0.455

Drinks/week * 4.5 (5.8) 5.1 (6.8) 3.2 (3.1) 0.324

Cannabis use

Days used cannabis past month * 28.4 (3.5) 28.1 (3.8) 28.8 (2.9) 0.352

Grams cannabis used per day * 3.4 (4.4) 3.8 (5.3) 2.8 (2.2) 0.336

Cannabis dependence # 69 (79.3) 42 (77.8) 27 (81.8) 0.652

Age at first use of cannabis * 14.3 (4.6) 13.5 (4.5) 15.6 (4.5) 0.043

Years regular cannabis use * 14.5 (9.7) 14.3 (9.0) 15.0 (11.0) 0.765

Note:

#
indicates data presented are n (% of total sample)

*
indicates data presented are Mean (SD)

Bold text denotes statistically significant differences

ASI = Anxiety Sensitivity Index
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BSI = Brief Symptom Inventory

CPD = tobacco cigarettes smoked per day
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Table 3.

Self-report measures of sleep quality

Total Sample
(n=87)

Males
(n=54)

Females
(n=33)

p-value

PSQI Global Score * 8.0 (3.8) 8.0 (3.6) 7.9 (4.2) 0.869

PSQI Global Score >5 # 67 (77.0) 43 (79.6) 24 (72.7) 0.458

DBAS * 51.1 (18.8) 47.6 (17.4) 56.7 (20.0) 0.027

ISI * 10.6 (6.5) 10.0 (6.4) 11.4 (6.5) 0.342

No clinically significant insomnia (≤7) # 33 (37.9) 22 (40.7) 11 (33.3) 0.562

Sub-threshold insomnia (8-14) # 32 (36.8) 21 (39.0) 11 (33.3)

Moderate clinically significant insomnia (15-21) # 15 (17.2) 7 (13.0) 8 (24.2)

Severe clinically significant insomnia (22-28) # 7 (8.1) 4 (7.4) 3 (9.1)

Sleep difficulty during abstinence 0.911

None # 7 (8.0) 5 (9.3) 2 (6.1)

Mild # 11 (12.6) 6 (11.1) 5 (15.1)

Moderate # 26 (29.9) 16 (29.6) 10 (30.3)

Severe # 43 (49.4) 27 (50.0) 16 (48.5)

Use of cannabis to help with sleep 0.722

No # 2 (2.3) 1 (1.8) 1 (3.0)

Yes # 85 (97.7) 53 (98.1) 32 (97.0)

Note:

#
indicates data presented are N (% of total sample)

*
indicates data presented are Mean (SD)

Bold text denotes statistically significant differences

PSQI = Pittsburgh Sleep Quality Index

DBAS = Dysfunctional Beliefs and Attitudes about Sleep

ISI = Insomnia Severity Index
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