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Abstract

Background—Cannabis has been shown to affect sleep in humans. Findings from animal studies 

indicate that higher endocannabinoid levels promote sleep, suggesting that chronic use of 

cannabis, which downregulates endocannabinoid activity, may disrupt sleep.

Objectives—This study sought to determine if past year cannabis use and genes that regulate 

endocannabinoid signaling, FAAH rs324420 and CNR1 rs2180619, predicted sleep quality. As 

depression has been previously associated with both cannabis and sleep, the secondary aim was to 

determine if depressive symptoms moderated or mediated these relationships.

Methods—Data were collected from 41 emerging adult (ages 18–25) cannabis users. Exclusion 

criteria included Axis I disorders (besides SUD) and medical and neurologic disorders. 

Relationships were tested using multiple regressions, controlling for demographic variables, past 

year substance use, and length of cannabis abstinence.

Results—Greater past year cannabis use and FAAH C/C genotype were associated with poorer 

sleep quality. CNR1 genotype did not significantly predict sleep quality. Depressive symptoms 

moderated the relationship between cannabis use and sleep at a non-significant trend level, such 

that participants with the greatest cannabis use and most depressive symptoms reported the most 

impaired sleep. Depressive symptoms mediated the relationship between FAAH genotype and 

sleep quality.

Conclusions—This study demonstrates a dose-dependent relationship between chronic cannabis 

use and reported sleep quality, independent of abstinence length. Furthermore, it provides novel 

Correspondence concerning this article should be addressed to: Krista M. Lisdahl, Department of Psychology, University of Wisconsin
—Milwaukee, P.O. Box 413 Milwaukee, WI 53201, USA. krista.medina@gmail.com, Phone: (414) 229-7159. 

Financial Disclosures
The authors report no relevant financial conflicts.

HHS Public Access
Author manuscript
Am J Drug Alcohol Abuse. Author manuscript; available in PMC 2017 July 01.

Published in final edited form as:
Am J Drug Alcohol Abuse. 2016 July ; 42(4): 431–440. doi:10.3109/00952990.2016.1141913.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



evidence that depressive symptoms mediate the relationship between FAAH genotype and sleep 

quality in humans. These findings suggest potential targets to impact sleep disruptions in cannabis 

users.

Introduction

Cannabis is the most commonly used illicit substance among emerging adults, with 

approximately one third of U.S. 19–24 year olds reporting use within the past year (1). 

Many young people report using cannabis to help them initiate sleep (2). However, cannabis 

and two of its major components, Δ-9-tetrahydrocannabinol (THC) and cannabidiol (CBD), 

are associated with disrupted sleep using objective measures (3). THC exerts its effects on 

the brain and body by binding to CB1 and CB2 receptors in the endocannabinoid system, 

which modulates the sleep-wake cycle (4). CB1 receptor antagonists increase wakefulness 

and reduce rapid eye movement (REM) time in animal studies (5–8). In addition, CB1 

knockout mice experience increased wakefulness (9). The relationship between CB1 

receptor inactivation and wakefulness is likely related to anandamide (AEA), an endogenous 

cannabinoid that, like THC, binds to the CB1 receptor and promotes sleep, including 

increased slow wave sleep (SWS) and REM time (6, 10–13). AEA is degraded by the 

enzyme, fatty acid amide hydrolase (FAAH). FAAH and its associated gene have also been 

linked with aspects of sleep. FAAH knockout mice experience longer and more intense SWS 

compared to controls (14). This body of literature indicates that due to the sleep-promoting 

properties of AEA, increases in CB1 activity and decreases in FAAH activity may induce 

sleep while increasing time spent in SWS and REM.

Acute THC and CBD administration, as well as chronic cannabis use, have been associated 

with sleep alterations. However, the literature regarding the effects of THC and CBD on 

sleep is mixed. Acute cannabis or THC administration has been shown to promote sleep 

onset (15–18) and increase REM sleep (19), which is important for memory consolidation 

(20). However, other studies have demonstrated a reduction in REM sleep following THC 

administration (21–23). Similarly, while in some cases CBD has demonstrated hypnotic 

properties (24, 25), it has alternatively been associated with increased wakefulness (26). 

Furthermore, chronic cannabis users exhibit decreased SWS compared to controls 

immediately following termination of use, with recovery after fours weeks of abstinence 

(27). Reductions in SWS are associated with daytime sleepiness (28). Similarly, on a self-

report measure, current adolescent cannabis users reported increased daytime drowsiness 

(29). Taken together, the evidence suggests that although using cannabis may decrease time 

to sleep onset in youth, the quality of their sleep is often diminished.

In addition to sleep quality, research has also linked cannabinoids with depression and 

mood. Chronic cannabis use is associated with both depressive disorders (eg, 30–37) as well 

as subclinical depressive symptoms in adolescents and adults (38–40). This aligns with 

findings that the endocannabinoid system regulates mood (41–46). Furthermore, CNR1 
(which codes for the human CB1 receptor) and FAAH genes have been associated with risk 

for mood disorders in humans (47–49). Thus, many findings suggest the endocannabinoid 

system modulates mood, which has been linked with sleep problems (50).
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To our knowledge, no study has investigated the relationships between cannabis use, 

endocannabinoid genes, and sleep in a human sample. The primary aim of the present study 

is to determine if past year cannabis use, FAAH genotype, and CNR1 genotype predict past 

month sleep quality in a group of cannabis-using emerging adults. Specifically, we examine 

the FAAH rs324420 C to A single nucleotide polymorphism (SNP), which results in 

diminished stability of the FAAH enzyme (51), and the CNR1 rs2180619 A to G SNP, 

which decreases CNR1 expression (52). We predict that greater past year cannabis use will 

be associated with increased sleep problems. Furthermore, we expect that genotypes (FAAH 
A carriers and CNR1 A/A genotype) with higher endocannabinoid levels will be related to 

increased sleep quality compared to genotypes (FAAH C/C genotype and CNR1 G carriers) 

with lower endocannabinoid levels. We also explore whether these genotypes moderate the 

relationship between cannabis use and sleep quality. Finally, our secondary aim is to 

determine if depressive symptoms moderate or mediate the relationships between cannabis 

use, FAAH, CNR1, and sleep quality.

Methods

Participants

Participants included 41 cannabis using right-handed emerging adults, ages 18–25 (26 M/15 

F) from a larger imaging genetics study (NIH R03 DA027457). Eligible participants 

included in the current analysis met minimum cannabis use requirements (>10 joints in past 

year). Individuals were excluded for MRI contraindications; history of chronic medical or 

neurologic illness or injury (see 53 for more details); history of a learning disability; 

substantial birth complications or premature birth; known prenatal alcohol (>4 drinks/day or 

>7 drinks/week) or illicit drug (>10 uses) exposure; >14 standard alcoholic drinks per week 

(5 included participants exceeded these criteria); excessive illicit drug use besides cannabis 

(> 25 lifetime uses of any drug class); current use of psychotropic medication; past year 

DSM-IV-TR Axis I diagnosis, aside from substance abuse/dependence; failure to remain 

abstinent for six days prior to the study; and pregnancy.

Materials and Procedure

The Institutional Review Board at the University of Cincinnati approved all aspects of this 

study. Participants were recruited through advertisements and fliers distributed throughout 

the community. Interested participants completed a phone screen to determine eligibility. 

This included a semi-structured interview to screen for DSM-IV-TR anxiety, mood, 

attentional, and psychotic disorders (determined by KML; 54).

Prior to the study, participants provided informed consent. All participants completed a brief 

background questionnaire, psychological questionnaires, and a drug use interview. 

Participants were paid $160 for completing two sessions. Participants were required to 

remain abstinent from all substances for 7 days prior to the study sessions (two participants 

were abstinent for six days). Cannabis abstinence was ensured by examining the difference 

in THC metabolite ratio totals (while controlling for creatinine) between sessions 1 and 2 to 

verify that these values did not increase during study participation (55). No participants 
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failed to meet these abstinence requirements. All participants received parking 

reimbursement, local substance use treatment resources, and images of their brain.

Demographic Information—Participants completed a background questionnaire 

outlining demographic variables including age, gender, ethnicity, self and biological parents’ 

educations, incomes, and employments, marital status, history of medical or neurological 

illness, psychological disorders or use of psychiatric medication, and learning disability.

Substance use—Past year alcohol and other drug use frequency was assessed using a 

modified version of the Time-Line Follow-Back (TLFB) (56) interview, which uses memory 

cues to evaluate frequency of drug use over the past year. Substance use was measured in 

standard units (e.g., joints [1 joint= 0.5 grams] for cannabis). Lifetime and past 3-month 

substance use was measured using the Customary Drinking and Drug Use Record (CDDR), 

which also assessed withdrawal symptoms, DSM-IV abuse and dependence criteria, and 

substance-related difficulties (57, 58).

Self-reported Mood—Participants completed the Beck Depression Inventory-II (BDI-II; 

59), which contains 21 items measuring past two-week depressive symptoms on a 0–3 point 

scale. Total scores indicate either “minimal” depression (0–13), “mild” depression (14–19), 

“moderate” depression (20–28), or “severe” depression (29–63). Independent depressive 

disorders were excluded as part of the larger imaging study and no participants reported 

currently experiencing “severe” depression as classified by the BDI-II.

Sleep Quality—The Pittsburgh Sleep Quality Index (PSQI) (60) contains 19 items 

measuring aspects of sleep. Items 1–4 determine length of sleep, while Items 5–19 use a 0–3 

point scale to assess sleep quality. PSQI global scores range from 0–21, with scores ≤5 

associated with good sleep quality and >5 associated with poor sleep quality.

Biological Samples—Participants underwent a breathalyzer test, a pregnancy test, and 

urine toxicology screening using the One Step Drug Screen Test. Participants testing positive 

for substances except cannabis and nicotine were excluded. For those testing positive for 

cannabis, metabolite levels were examined via mass spectrometry.

Genotyping—The FAAH rs324420 and CNR1 rs2180619 variants were sequenced using 

TaqMan (fluorogenic 5’ nuclease) assay by a trained geneticist. The primers and probes 

were manufactured by Applied Biosystems, and PCR was conducted via an ABI 9700 

thermocycler. Endpoint results were scored using the 7900HT Sequence Detection System.

Data Analysis

Preliminary Analysis—All analyses were conducted using SPSS. Additionally, ANOVA 

and Chi-square tests were run to determine if differences in demographic variables, or past 

year/lifetime drug use patterns were present. Variables that either differed between groups or 

that are known to affect sleep quality were entered as covariates; these included age, gender, 

ethnicity, past year alcohol and nicotine use, and number of days abstinent from cannabis 

use. All substance use variables were continuous.
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Primary Analysis—General linear modeling (GLM) in SPSS was used to examine 

whether past year cannabis use, FAAH genotype, and CNR1 genotype were associated with 

sleep problems after controlling for demographics and other drug use. To test the mediation 

model (61), regression one established whether cannabis use, FAAH or CNR1 genotypes 

were associated with depressive symptoms. Regression two tested whether cannabis and 

depressive symptoms predicted sleep quality. Then regression three tested the main effects 

(cannabis, FAAH, CNR1), mediation model, and moderation of depressive symptoms. Block 

One tested the main effects of cannabis use, FAAH and CNR1 genotype on sleep quality; 

Block Two tested the impact of depressive symptoms; Block Three tested whether 

depressive symptoms or genotype moderated the effects of cannabis on sleep quality. 

Significance was determined if p<.05.

Results

Since one question on the BDI-II assesses sleep quality, we conducted the analyses both 

with and without the sleep question included in the BDI-II total score. The p<.05 

significance of variables in the regression models did not change as a function of including 

or excluding the sleep question from the BDI-II. Regression results are reported with the 

sleep question removed from the BDI-II.

Demographic Information (see Table 1)

Genotype Differences—A chi-square test revealed no significant relationship between 

participants’ FAAH genotype and CNR1 genotype (χ2(1)= 1.33, p=0.25).

FAAH Genotype & Demographics—ANOVAs and chi-square tests yielded significant 

differences between those with the C/C genotype and A carriers in ethnicity (85.0% of C/C 

genotype and 33.3% of A carriers were Caucasian; previous studies have reported African 

Americans to have increased FAAH rs324420 diversity compared to Caucasians (62)) 

(χ2(4)= 15.55, p<0.01) and age (F(1,39)= 5.98, p= 0.02) (Age and ethnicity were controlled 

for in the regressions). No differences were found between genotypes in gender (χ2(1)= 

2.26, p=0.13), education (F(1,39)= 1.21, p= 0.28), or depressive symptoms (F(1,39)= 2.80, 

p= 0.10). Additionally, there was no difference in depressive symptoms between the 

genotype groups when the sleep question was removed from the BDI-II total score (F(1,39)= 

2.17, p= 0.15).

CNR1 Genotype & Demographics—ANOVAs and chi-square tests revealed no 

significant differences between those with the A/A genotype and G carriers in age (F(1,39)= 

0.45, p= 0.51) gender (χ2(1)= 0.00, p=0.99), ethnicity (χ2(4)=8.53, p=0.07), education 

(F(1,39)= 0.09, p= 0.77), or depressive symptoms (F(1,39)= 0.64, p= 0.43). There was no 

difference in depressive symptoms between the genotype groups when the sleep question 

was removed from the BDI-II total score (F(1,40)=.60, p= 0.45).

Drug Use Information

FAAH Genotype & Drug Use—C/C genotype and A carriers did not differ on any drug 

use variable, including past year cannabis (F(1,39)= .93, p= 0.34), nicotine (F(1,39)= 2.05, 
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p= 0.16), or alcohol (F(1,39)= 2.10, p= 0.16) use. Additionally, there was no difference in 

length of cannabis abstinence (F(1,39)= .61, p= 0.44) between the two genotype groups.

CNR1 Genotype & Drug Use—A/A genotype and G carriers did not differ on measures 

of past year cannabis (F(1,39)= 0.08, p= 0.78) or alcohol (F(1,39)= 0.05, p= 0.83) use. 

However, those with the A/A genotype reported significantly greater past year nicotine use 

(F(1,39)= 5.85, p= 0.02) compared to G carriers. No significant difference in length of 

cannabis abstinence was found between genotype groups (F(1,39)= .34, p= 0.56).

Sleep Changes Associated with Drug Withdrawal—Drug (any substance, including 

cannabis, besides alcohol) withdrawal, including sleep symptoms, was assessed using the 

CDDR (57, 58). Out of 41 participants, 24.4% reported that in the past, within two days of 

ceasing drug use, they had “difficulty sleeping (such as taking >30 minutes to fall asleep, 

waking during the night and taking >30 minutes to fall back asleep, waking up earlier than 

usual and not being able to fall back asleep)” and 29.3% of the sample reported increased 

dreaming after stopping their drug use.

Primary Results (see Table 3)

Regression One (Cannabis & Genotypes Predicting Depressive Symptoms)—
Cannabis Use: Past year cannabis use was not significantly associated with depressive 

symptoms [t (31) = .26, beta=.04, p=.80]. FAAH Genotype: FAAH genotype was 

significantly associated with depressive symptoms [t (31) = −2.41, beta=−.42, p=.02], such 

that C/C genotypes reported greater depressive symptomatology compared to A carriers. 

CNR1 Genotype: CNR1 genotype did not significantly predict depressive symptoms [t (31) 

= 1.10, beta=.18, p=.28]. No other covariates significantly predicted depressive symptoms.

Regression Two (Cannabis & Depressive Symptoms Predicting Sleep Quality)
—Cannabis Use: Higher levels of past year cannabis use significantly predicted poorer sleep 

quality [t (32) = 4.12, beta=.43, p<.001] (Figure 1). Depressive Symptoms: Greater 

depressive symptoms were significantly related to poorer sleep quality [t (32) = 7.44, beta=.

76, p<.001]. No additional covariates demonstrated a significant relationship with sleep 

quality.

Regression Three: Block One (Cannabis Use Alone)—Past year cannabis use was 

significantly associated with greater sleep problems [t (31) = 2.93, beta=.42, p< .006].

Regression Three: Block Two (Cannabis Use & Genotypes Predicting Sleep 
Quality)—Cannabis Use: Past year cannabis use was significantly associated with greater 

sleep problems [t (31) = 2.83, beta=.46, p< .01]. FAAH Genotype: FAAH genotype 

significantly predicted sleep problems [t (31) = −2.09, beta=−.36, p< .05], with C/C 

genotypes demonstrating increased sleep problems compared to A carriers (see Figure 2). 

CNR1 Genotype: CNR1 genotype did not significantly predict sleep problems [t (31) = 1.08, 

beta=.74, p=.29]. All other covariates were not significantly associated with sleep problems.

Regression Three: Block Three (Depressive Symptoms Added to Test 
Mediation)—Cannabis Use: With the addition of depressive symptoms, greater past year 
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cannabis still significantly predicted more sleep problems [t (30) = 3.98, beta=.43, p< .001]. 

FAAH Genotype: FAAH genotype was no longer a significant predictor of sleep problems [t 
(30) = −.37, beta=−.05, p= .72] when depressive symptoms were added to the model. CNR1 
Genotype: CNR1 genotype was not significantly related to sleep quality [t (30) = .37, beta=.

04, p= .71]. Depressive Symptoms: Depressive symptoms positively predicted more sleep 

problems [t (30) = 6.39, beta=.74, p< .001]. All other covariates were not significantly 

associated with sleep quality.

Regression Three: Block Four (Moderators)—Depressive Symptoms*Cannabis Use: 

Depressive symptoms did not significantly interact with past year cannabis use in predicting 

sleep problems, although a trend level association was observed [BDI-II without sleep 

question: t (27) = 1.85, beta=.34, p= .08; BDI-II with sleep question: t (27) = 1.97, beta=.35, 

p= .06] in that those with both greater depressive symptoms and greater past year cannabis 

use demonstrated the most sleep problems. FAAH Genotype*Cannabis Use: FAAH 
genotype did not significantly interact with cannabis use in predicting sleep problems [t (27) 

= −1.25, beta=−.25, p = .22]. CNR1 Genotype*Cannabis Use: CNR1 genotype did not 

significantly interact with cannabis use in predicting sleep problems [t (27) = .17, beta=.02, 

p = .87].

Outliers—In order to determine if any of the participants in the sample disproportionately 

influenced the regression models, DFBETA analyses for past year cannabis use and BDI-II 

were conducted. No participants were above the DFBETA cutoff for either past year 

cannabis use or BDI-II scores, indicating no outliers in the sample.

Discussion

Although previous studies have established a connection between cannabinoids and 

impaired sleep, to our knowledge, this is the first study to analyze the relationship between 

cannabis use, FAAH genotype, CNR1 genotype, depressive symptoms, and sleep. As 

predicted, after controlling for length of cannabis abstinence, we found a dose-dependent 
relationship between increased past year cannabis use and greater past month self-reported 

sleep problems. This relationship was not significantly moderated by depressive symptoms, 

but a trend level relationship was found, such that those with more cannabis use and greater 

depressive symptoms had the most impaired sleep. Also consistent with our hypothesis, 

FAAH C/C genotypes reported significantly reduced sleep quality compared to A carriers, 

and this relationship was mediated by depressive symptoms (Figure 3). CNR1 genotype did 

not predict sleep quality.

These results build upon previous studies finding that cannabis and its components may alter 

sleep architecture (18, 21–23). In other studies, THC reduces time to sleep onset (16,–17), 

and indeed, individuals often report using cannabis to promote sleep (2). Our findings 

suggest that this increased somnolence may be offset by sleep disruptions in that the heaviest 

cannabis users report the poorest sleep quality.

While increased recreational cannabis use has been associated with sleep problems, 

medicinal cannabinoid preparations, such as Sativex® and dronabinol, are used to treat 
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insomnia in those with chronic pain (63, 64). These formulations typically contain either a 

lower dose of THC (e.g., 5 mg of dronabinol) or both a reduced dose of THC and a 1:1 

combination of THC and CBD, in the case of Sativex® (63, 65, 66). Such cannabinoid 

preparations are not widely available for a variety of reasons, including regulations on 

research of drugs similar to prohibited substances (66). Many individuals instead use 

recreational cannabis for purported medical reasons, including to improve sleep (67). Most 

recreational cannabis is much higher in THC than in CBD, with published mean THC 

concentrations at 8.8% and CBD at 0.4% in the U.S. in 2008 (68) and a more recent analysis 

found 14.88% THC in cannabis seized in Australia (69). This difference between 

recreationally available cannabis and medicinal preparations is noteworthy, as THC and 

CBD impact sleep differently, and their effects depend upon dose (18). Thus, individuals 

using Sativex® or dronabinol may experience different sleep quality and architecture 

compared to those using other forms of cannabis. These differences in content aside, it is 

additionally possible that the hypnotic properties of cannabinoids may improve sleep in 

those with insomnia while disrupting sleep in those without severe sleep problems. Thus, 

various factors may determine the impact of cannabinoids on sleep.

Sleep problems are most commonly associated with cannabis withdrawal (70–71). Sleep 

difficulty due to cannabis withdrawal typically lasts about six days (72). Strange dreams take 

longer to subside, with researchers reporting their occurrence 45 days into withdrawal (72). 

However, as the PSQI inquires about “bad dreams” rather than “strange dreams,” this 

particular symptom is likely not influencing PSQI scores in the current sample. Our 

participants were abstinent 6–53 days, and 95% of them were abstinent for longer than six 

days (Table 2). Thus, most participants were likely beyond the most severe withdrawal 

symptoms at the time of questionnaire completion. However, 90% of our subjects started 

their abstinence within the past month; therefore they may have been experiencing some 

extent of withdrawal during the month for which the PSQI was completed. Still, length of 

abstinence was not statistically related to sleep quality within our sample. Further, as only 

24.4% of participants reported ever experiencing sleep problems upon abstinence from any 

drug (including cannabis), these findings likely represent a persistent relationship with 

cannabis use, independent of withdrawal symptoms. To our knowledge, no other studies 

have demonstrated an association between chronic cannabis use and persistent sleep 

problems after controlling for length of abstinence. Yet, these results need to be confirmed in 

longitudinal studies as well as studies experimentally controlling for abstinence.

Since our data are cross-sectional and dose-dependent, the direction of causality between 

cannabis use and sleep problems cannot be determined. Heavy cannabis use is associated 

with CB1 receptor downregulation, which decreases endocannabinoid signaling (73). 

Reduced endogenous cannabinoid activity is related to poorer sleep (4). Therefore, the 

observed sleep problems could be due to greater CB1 downregulation with increased 

cannabis use. Alternatively, it is possible that sleep problems preceded cannabis use, as 

many people report using cannabis to alleviate sleep problems (2). Even so, sleep problems 

still persist in chronic users. It is possible that cannabis use serves as a negative reinforcer 

for sleep problems by worsening already poor sleep and leading to greater sleep disruption 

once use is terminated, thereby perpetuating a cycle. Of note, one research group recently 

found that daily cannabis users have increased circadian entrainment to the 24-hour day 
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compared to controls, with no differences in measures of total sleep time (74). Thus, 

cannabis may serve as a cue to regulate the sleep-wake cycle. It is unclear whether cannabis 

users may simultaneously experience increased entrainment and disrupted sleep. Further 

research should explore the impact of chronic cannabis use on the sleep-wake cycle, taking 

into account THC and CBD content.

Our findings that FAAH A Carriers reported better sleep quality aligns with animal literature 

showing that increased endocannabinoid activity promotes sleep (6, 10–13). Although we 

are not aware of other human studies investigating the relationship between 

endocannabinoid genes and sleep, one study reported a significantly greater decrease in 

fatigue for FAAH C/C genotypes after 10mg amphetamine administration compared to A 

carriers (75). This may be related to decreased somnolence with lower endocannabinoid 

activity. These researchers also examined three FAAH SNPs together as a haplotype block, 

finding that haplotype CCC was significantly associated with lower fatigue after 10mg 

administration, while haplotype TAT was associated with higher fatigue (75). Given these 

findings, future studies may consider more closely investigating the individual and group 

impact of other FAAH SNPs.

We found that the relationship between FAAH genotype and sleep was driven by depressive 

symptoms. This finding held even after removing the sleep quality question from the BDI-II. 

The one other human study that investigated FAAH and depression found a marginally 

higher frequency of rs324420 A carrying adults in those with major depressive disorder and 

bipolar disorder compared to controls (49). In contrast, in our sample, C/C genotype 

significantly predicted more depressive symptoms. A notable difference between these two 

studies is that only those with minimal to moderate depressive symptoms were included in 

the current study. Therefore, more work should be done to further investigate the 

relationship between FAAH and a full range of depressive symptoms and in those with 

independent major depressive disorder.

Contrary to our predictions, CNR1 genotype was not associated with depressive symptoms 

or sleep quality. It is possible that within our cannabis using sample, hereditary variation in 

CB1 receptor density may not be related to depression and sleep, as heavy cannabis use 

downregulates CB1 signaling (73). Thus, the impact of CNR1 may be masked in the 

presence of significant CB1 downregulation. Previous studies investigating CNR1's impact 

on depressive symptoms examined different polymorphisms (rs1049353; rs806368, 

rs1049353, rs806371, rs806377 and rs1535255; AAT(n)) from the current study 

(rs2180619), making it difficult to compare findings (47–49). However, one study examining 

CNR1 rs2180619 found higher anxiety in those with both the G/G genotype and the S/S 

genotype of the serotonin transporter gene (5–HTTLPR) (52). Thus, this literature remains 

mixed and limited.

There are additional limitations to the current study. Firstly, this study relied on measures of 

self-report, which are less ideal than objective measures. Additionally, the present study has 

a relatively small sample size for investigating relationships between genetic variants and 

behavior. Indeed, this pilot candidate gene association study may not be sufficiently powered 

to detect CNR1's effects, as several genetic variants of small effect typically converge to 
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influence a given behavioral phenotype (76). Therefore, multiple environmental and genetic 

influences likely contribute to sleep. As such, our observation that depressive symptoms 

mediated the relationship between FAAH and sleep quality is a finding that should be 

replicated in future studies with larger sample sizes. Additionally, the present study has 

somewhat low power (55% power) for investigating the impact of multiple interaction terms. 

Thus, studies with larger sample sizes should further examine these relationships.

Overall, this study provides further insight into the relationship between cannabis, 

cannabinoid genetics, and sleep. Increased past year cannabis use was related to poorer past 

month sleep quality in a sample of emerging adults, even after controlling for length of 

abstinence. Furthermore, we found novel, yet preliminary, evidence that FAAH genotype 

(C/C) predicts sleep problems, and this relationship was mediated by depressive symptoms. 

These findings suggest that sleep problems may be an important target for intervention in 

cannabis-dependent individuals. Additionally, cannabinoid genetics may play a role in sleep 

problems and should be further investigated in human samples.
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Figure 1. 
After controlling for age, gender, ethnicity, depressive symptoms, length of cannabis 

abstinence, and past year alcohol and nicotine use, a dose-dependent relationship between 

increased past month sleep problems and greater past year cannabis use was revealed.
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Figure 2. 
After controlling for age, gender, ethnicity, length of cannabis abstinence, and past year 

alcohol, nicotine, and cannabis use, participants with the FAAH C/C genotype reported 

significantly more sleep problems than FAAH A Carriers.
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Figure 3. 
Depressive symptoms (BDI-II score) fully mediated the relationship between FAAH 
genotype and sleep quality (PSQI score) in the current sample of cannabis users. Prior to 

including depressive symptoms in the regression model, FAAH genotype significantly 

predicted sleep quality (p< 0.05). After including depressive symptoms in the model, sleep 

quality was no longer associated with FAAH genotype (p= 0.72), but was predicted by 

depressive symptoms (p< 0.001). In separate regression models, FAAH genotype 

significantly predicted depressive symptoms (p= 0.02), which predicted sleep quality (p< 

0.001).

Maple et al. Page 17

Am J Drug Alcohol Abuse. Author manuscript; available in PMC 2017 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Maple et al. Page 18

Table 1

Participant Demographics by Genotype

FAAH (N=41) CNR1 (N=41)

C/C (n=20) A/C and A/A (n=21) A/A (n=11) A/G and G/G (n=30)

% or M ± SD
(range)

% or M ± SD (range) % or M ± SD
(range)

% or M ± SD (range)

Gender (% female) 25% 47.6% 36.4% 36.7%

Ethnicity (Caucasian) 85%* 33%* 81.8% 50%

Age (years) 20.7 ± 2.0 (18–25)* 22.3 ± 2.3 (18–25)* 21.1 ± 2.3 (18–25) 21.6 ± 2.3 (18–25)

Education (years) 13.4 ± 1.4 (11–16) 12.9 ± 1.7 (9–17) 13.0 ± 1.5 (11–16) 13.2 ± 1.6 (9–17)

Beck Depression
Inventory-II (BDI-II)

6.9 ± 5.3 (0–20) 4.1 ± 5.1 (0–21) 4.4 ± 3.2 (0–11) 5.9 ± 5.9 (0–21)

BDI-II (sleep question
removed)

6.0 ± 4.9 (0–19) 3.7 ± 4.8 (0–20) 3.8 ± 3.2 (0–11) 5.2 ± 5.4 (0–20)

Past year nicotine use
(cigarettes)

1490.8 ± 2580.0 (0–
7350.0)

645.95 ± 791.9 (0–
2399.0)

2184.6 ± 3246.7 (4–

7350.0)*
645.0 ± 867.8 (0–

2890.0)*

Past year cannabis use
(joints)

1000.2 ± 1751.5 (13–7343) 579.9 ± 940.6 (12–4179) 885.6 ± 1148.4 (42–3895) 748.0 ± 1490.7 (12–7343)

Length of cannabis
abstinence (days)

13.2 ± 7.5 (6–36) 15.9 ± 13.7 (6–53) 12.9 ± 8.9 (7–36) 15.2 ± 11.2 (6–53)

Past year alcohol use
(standard drinks)

357.8 ± 379.2 (29–1156) 188.9 ± 367.2 (2–1724) 293.2 ± 513.3 (19–1724) 263.2 ± 325.9 (2–1156)

PSQI global score 7.3 ± 2.0 (5–11) 6.1 ± 2.0 (4–11) 6.1 ± 1.7 (4–10) 6.9 ± 2.2 (4–11)

% Disturbed sleep
(PSQI global score >5)

85% 52.4% 54.5% 73.3%

Note.

*
Group differences: p< .05. PSQI= Pittsburgh Sleep Quality Index. FAAH= Fatty acid amide hydrolase rs324420 C to A single nucleotide 

polymorphism (SNP); CNR1= CNR1 rs2180619 A to G SNP.
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Table 2

Cannabis Abstinence Characteristics

Length of cannabis abstinence N %

6–7 days (≤ 1 week) 7 17.1

8–14 days (1–2 weeks) 24 58.5

15–21 days (2–3 weeks) 4 9.8

22–28 days (3–4 weeks) 2 4.9

29–53 days (4–7 weeks) 4 9.8

Mean= 14.59 days (SD= 11.06)
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Table 3

Regression Results Testing Mediation Model

Regression Model

Predictors:

Regression 1 Outcome Variable Beta t-value Significance (p)

Age BDI-II Total (no sleep) .27 1.40 .17

Ethnicity .03 .17 .87

Gender .32 1.74 .09

Past year nicotine use .06 .36 .72

Past year alcohol use .07 .40 .70

Past year cannabis use .04 .26 .80

FAAH genotype −.42 −2.41 .02

CNR1 genotype .18 1.20 .28

Length of cannabis abstinence .21 1.15 .26

Regression 2

Age PSQI −.04 −.40 .69

Ethnicity −.10 −1.08 .29

Gender −.15 −1.36 .18

Past year nicotine use −.19 −1.86 .07

Past year alcohol use −.03 −.31 .76

Past year cannabis use .43 4.12 .00

BDI-II Total (no sleep) .76 7.44 .00

Length of cannabis abstinence −.09 −.76 .45

Regression 3: Block 2

Age PSQI .17 .93 .36

Ethnicity −.08 −.51 .61

Gender .11 .60 .55

Past year nicotine use −.13 −.78 .44

Past year alcohol use .01 .08 .94

Past year cannabis use .46 2.83 .01

FAAH genotype −.36 −2.09 <.05

CNR1 genotype .17 1.08 .29

Length of cannabis abstinence .06 .36 .72

Regression 3: Block 3

Age PSQI −.03 −.20 .84

Ethnicity −.10 −.97 .34

Gender −.13 −1.04 .31

Past year nicotine use −.18 −1.59 .12

Past year alcohol use −.04 −.33 .75

Past year cannabis use .43 3.98 .00

FAAH genotype −.05 −.37 .72
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Regression Model

Predictors:

Regression 1 Outcome Variable Beta t-value Significance (p)

CNR1 genotype .04 .37 .71

Length of cannabis abstinence −.09 −.77 .49

BDI-II Total (no sleep) .74 6.39 .00

Note. This table includes the regression blocks testing the mediation model. Bolded and italicized text denotes relationships significant at the p < .
05 level. For added rigor, regression results are reported with the sleep questions removed from the BDI-II. Significance values reported as p= .00 
are equivalent to values p< 0.005.
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