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Abstract

Study Obijectives: Determine relationship between cannabis use with 1) expectations of
cannabis being a sleep aid, 2) subjective sleep outcomes, and 3) the influence of age on these
relationships.

Methods: In 152 moderate cannabis users with a wide age range (67% female, mean age =
31.45, SD = 12.96, age range = 21-70; mean days of cannabis use in prior two weeks = 5.54, SD =
5.25) we examined the influence of cannabis use history and behaviors on expectations of
cannabis being a sleep aid and sleep outcomes via the Pittsburgh Sleep Quality Index (PSQI).
Moderation analysis examined the role of age in the relationship between cannabis use and sleep
outcomes.

Results: Endorsing current cannabis use and more days of cannabis use were associated with
increased expectations that cannabis use improves sleep (all 8> 0.03, p< 0.04). Frequency of
recent use and reported average THC or CBD concentration were largely not associated with sleep
outcomes. However, endorsing current cannabis use was associated with worse subjective sleep
quality (8= 1.34, p=0.02) and increased frequency of consuming edibles was associated with
worse subjective sleep efficiency (8= 0.03, p=0.04), lower sleep duration (8= 0.03, p=0.01),
and higher global PSQI scores (worse overall sleep) (8= 0.10, p=0.01). Additionally, age had a
moderating influence on the relationship between increased self-reported concentration of CBD
and both better sleep duration and sleep quality (both p < 0.03). While the main effects of cannabis
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use on sleep outcomes did not survive multiple comparisons correction test (all padj > 0.34), the
adjusted p values for the main effects of cannabis behaviors/history on expectations of cannabis as
a sleep aid (padj = 0.07-0.09) and the main effects of CBD concentration on sleep duration (p adj
= 0.08), as well as the interaction terms of CBD and age for that model (p adj = 0.07), were
trending.

Conclusion: Cannabis users have increased expectations of cannabis being a sleep aid, but few
associations existed between cannabis use and sleep outcomes. The two exceptions were endorsing
any cannabis use and frequency of edible use. Additionally, age may be an important moderator of
the potential positive influence CBD concentration can have on sleep.

Keywords
cannabis; THC; CBD; sleep; age

1. Introduction

Sleep is an important process necessary for daily functioning. Over a third of adults do not
get the recommended 7 hours of sleep per night! and sleeping disorders such as insomnia
have symptoms and diagnosis prevalence rates as high as 30% and 5-10% respectively?.
Sleep disturbances have been linked with a wide array of maladaptive outcomes including
cognitive performance deficits, mental health consequences such as depression and anxiety,
increases in medical conditions (such as obesity, diabetes, and hypertension) and increased
mortality3~’. Cannabis is frequently associated with expectations of improved sleep810 and
improvements in sleep are often cited as a primary motive for using cannabis!1-12, but
existing research is largely inconsistent with the notion that cannabis aids sleep.

While there is evidence of acute cannabis use improving sleep, most research points to
chronic use being associated with sleep deficits. Tetrahydrocannabinol (THC) and
Cannabidiol (CBD) are two of the most prominent cannabinoids in cannabis, with THC
being the main psychoactive component and CBD (hon-psychoactive) being associated with
anxiolytic and sedating effects!3. There is some evidence that specific cannabinoids have a
positive influence on sleep, with high-dose CBD and acute low-dose THC having potential
therapeutic effects on sleep!®. Likewise, acute effects of pre-sleep administered cannabis
(often studied in isolated or synthetic form) include shorter sleep onset latency, longer sleep
duration, improved sleep maintenance and greater subjective sleep satisfaction1>-18,

Though acute use might be associated with sleep enhancements, low dose CBD and high
dose THC is associated with negative sleep outcomes and consecutive days of using
cannabis as a sleep aid may promote development of tolerance to any positive outcomes with
a habituation effect that includes negative sleep outcomes!4. More frequent use of cannabis
is associated with a large array of sleep deficits including sleep quality problems!9-24, sleep
disturbances??, prolonged latency to sleep onset2>, lower sleep duration?>-28 and
insomnial®21.29-31 nterestingly, a recent study found that daily cannabis users
demonstrated more insomnia symptoms and worse sleep quality than both non-daily users
and non-users, and that non-daily users and non-users had similar sleep scores alluding to
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the idea that intermittent users might not experience the negative effects of cannabis on sleep
that daily chronic users report?1.

With evidence that frequent cannabis use can have harmful effects on sleep, the public’s
perception of cannabis as a sleep aid has potential negative consequences for both sleep
health and general well-being. Positive expectancies about the relationship between cannabis
and sleep are correlated with increased frequency of cannabis use as well as health/mental
health problems!1:12:32 and positive expectations of cannabis in general are thought to lead
to a higher likelyhood of cannabis related problems33:34, Expectations of cannabis as a sleep
aid might lead to increased long-term cannabis use which could progress into negative
effects on sleep as well as additional cannabis related issues such as substance use disorders
and sleep problems related to cannabis withdrawals35.

One component often neglected in cannabis studies is the lack of assessment of alternative
routes of administration36. Recent legalization in the United States has been linked to
increased use of alternate methods of cannabis administration, particularly cannabis
edibles®’, and these different routes of administration can affect the onset and duration of the
effects of cannabis38. For example, when smoking cannabis, the effects can take minutes to
begin and can last from two to four hours3%40, but with edibles the onset is delayed 30 to 60
minutes and the effects can last up to six hours39. Additionally, information on these
different routes of administration as well as the influence of different concentrations of THC
and CBD on health outcomes (such as sleep) remain scarce*!. Current studies fail to asses
cannabis use in great detail and it is important to analyze the effect of alternative methods of
administration of cannabis (such as edibles) as well as THC/CBD concentration and their
associations of sleep outcomes.

Another component that has yet to be extensively studied in the relationship of cannabis and
sleep outcomes is the potential influence of age. There is evidence that the endocannabinoid
system may modulate sleep disorders and circadian rhythm uniquely#243 as adults age
throughout adulthood. There is also evidence of age related differences in pharmacokinetics
and pharmacodynamics that can influence the biobehavioral effects of substances such as
cannabis as adults mature®4-46. While exact biological studies are lacking that are focused
on comparing differing age groups and cannabis metabolism, It has been theorized that
various biological changes that are associated with increased age such as decreases in
hepatic blood flow, slower metabolisms, increase adipose tissue, decrease in total body
water, and decreases in lean body mass*’:48 can not only increase the distribution rate and
volume of lipophilic drugs like THC and CBD but also decrease the elimination of them,
potentially increasing the side effects of cannabis*®-5. It has been speculated that
differences between younger and older age groups in cognitive impairments,
psychotomimetic symptoms, and subjective feelings of being high in response to cannabis
might be based on a linear developmental change process as one ages, with younger age
groups having faster basal metabolisms that allow cannabis and its by-products to be
metabolized more quickly in comparison to older adults®2. Furthermore, there is evidence of
age related difference in cannabis use behaviors, such as evidence of daily/almost daily
cannabis use prevalence increasing 150% for those ages 26 and older compared to 49% for
those age 18-2553, prevalence of cannabis use in the past 12 months increasing for certain
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older adult age groups (ages 25-44, 45-64, 65 and older) but not in young adults ages 18-
2454 and evidence of cannabis users (age 31-50) being more likely to use cannabis to help
ease insomnia than younger adult users>>. With evidence of potential unique age-related
biological effects of cannabis as well as changes in use patterns as individuals age
throughout adulthood, it is important to consider the role of age in the relationship of
cannabis and sleep.

Prior studies focused on the relationship between cannabis and sleep outcomes have failed to
analyze the associations of novel cannabis administration methods (such as edibles) and
THC/CBD concentration nor have they examined the influence of age. In the current study
we tested the associations cannabis use history and behaviors (including frequency of typical
modes of administration and reported THC and CBD concentration) and various sleep
outcomes, including higher expectations of cannabis as a sleep aid and self-reported sleep
outcomes and function metrics in a sample that consisted of a wide age range (age range =
21-70). We hypothesize that increased cannabis frequency and behaviors would be
associated with increased sleep deficit outcomes. Given the role of aging in both sleep and
cannabis use, we were particularly interested in age as a moderator of the relationship
among cannabis metrics and sleep; thus, we tested an age x cannabis interaction measure to
evaluate this further. An interaction between age and cannabis use would indicate that the
association of cannabis use and sleep outcomes differs by age (a moderating effect). We
would expect, based on evidence of changes in both the modulation of the endocannabinoid
system and metabolism rates of substances changing as people age, that the effect of
cannabis on sleep may be intensified for older individuals.

2. Methods

2.1. Participants

This study includes baseline data from a community sample recruited for an ongoing
longitudinal study of cannabis use and health. Participants were 152 individuals (67%
female, mean age = 31.45, SD = 12.96, age range = 21-70) who were recruited for a
longitudinal study of cannabis use and anxiety symptoms and experienced at least mild
anxiety, as measures by the Generalized Anxiety Scale (GAD-7). Worth mentioning, is the
wide age range used in the study which consisted of a high percentage of adults that could
be classified into age groups older than young adults (64% (n = 97) are age 21-29, 15% (n =
23) are age 30-39, 14% (n = 21) are age 40-64, and 5% (n = 8) age 65 and up). Subjects
were recruited from the Denver area from social media postings and mailed flyers
advertising research on anxiety and cannabis to those who 1) use cannabis and want to start
using cannabis for anxiety. Participants were screened for the study by an experienced
research assistant over the phone with an approved screening script or through an approved
and confidential REDCap online survey.

Criteria to be eligible for the study included: 1) Provided informed consent; 2) Age: 21-70;
3) Anxiety: reported =5 on GAD-7; 4) Other drug use: No anti-viral medications or
psychotropic drug use (ADHD medications allowed), or other drug use for 72 hours and
negative toxicology test and blood alcohol content breathalyzer (Intoximeter, Inc., St. Louis,
MO); 5) Diagnoses/Treatment: No immune-related diseases or in treatment for psychotic
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disorder, bipolar disorder, or major depression disorder with suicidal ideation or a history
with these disorders, substance use disorder (or actively seeking treatment); 6) No intention
to become pregnant and negative pregnancy test (if applicable); Used marijuana at least once
and has a desire to use marijuana to cope with anxiety. We had data from 4 subjects who met
all of the criteria for the study but did not use cannabis at the time of data collection. Our
sample had a race/ethnicity background as follows; White (83%), other (7%), Asian (4%),
African American (3%), American Indian or Alaska Native (1%), Hawaiian or Pacific
Islanders (1%) and Not Provided (1%) with 11% of the sample identifying as Hispanic or
Latino.

Once participants were deemed eligible and scheduled, they arrived at our University Lab,
completed the informed consent process, and completed a series of questionnaires in-person.
Additional psychological and cognitive tasks related to the longitudinal aims of the study
were completed during this 2-hour appointment; data collection for these longitudinal
outcomes is ongoing and have not been analyzed. All research protocols were reviewed and
approved, and all procedures followed guidelines by the University of Colorado’s
Investigational Review Board. Documented informed consent was obtained from all study
participants. One subject responded as transgender and their gender score was coded as NA
in the analysis.

2.2. Measures

2.2.1. Cannabis Sleep Expectancies—Subjects were asked “Which of the following
benefits do you expect to get from cannabis? (please select the level of change you expect)”
with one category of responses being “Improved sleep”. Possible responses included “Very
improved” (28%), “Somewhat improved” (54%), “Not very improved” (10%), “No
improvement at all” (8%), and “Not applicable (Non-user group)”, with responses reverse
coded from 3-0 (mean = 2.01 SD = 0.84) and NA (n = 3).

2.2.2. Detailed Assessment of Cannabis Use Behaviors and History—
Endorsing any current cannabis use was assessed via a yes (n =129) no (n = 21) question
asking, “Do you use cannabis?” Prior regular use was assessed via a yes (n =102) no (n =
30) question “Were you ever a regular cannabis user? (regular use is defined as at least once
per week)”. Both of these measures were coded as yes = 1 and no = 0. Frequency of edible
use/consumption was assessed via a question “On average, how often do you consume
cannabis orally or consume edibles? This question refers to anything that you consume
orally like capsules, food, or drink (e.g. baked goods, candies, drinks, hemp oil, cannabis oil,
Rick Simpson oil, tinctures, etc.)” with responses including “I never use edibles” (23%),
“Less than once a month” (23%), “One day a month” (9%), “Two days a month” (15%),
“Three days a month” (10%), “One day a week” (5%), “Two days a week” (7%), “ Three
days a week” (2%), “Four days a week” (3%) “ Five days a week” (0%), “Six days a week”
(2%), and “ Daily” (1%) (with responses being coded as 0, 0.5, 1, 2, 3, 4, 8, 12, 16, 20, 24
and 30 respectively; mean = 13.22, SD = 12.89). Frequency of smoking flower cannabis was
assessed via “How often do you vaporize or smoke cannabis?”. Responses to this question
included “I never smoke/vaporize cannabis” (23%), “Less than once a month” (10%), “One
day a month” (3%), “Two days a month” (1%), “Three days a month” (5%), “One day a
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week” (3%), “Two days a week” (6%), “ Three days a week” (7%), “Four days a week”
(3%), “ Five days a week” (5%), “Six days a week” (3%), and “ Daily” (31%) (with
responses being coded as 0, 0.5, 1, 2, 3, 4, 8, 12, 16, 20, 24 and 30 respectively; mean = 3.07
SD =5.52).

Recent cannabis use measures were gathered from the Time Line Follow Back (TLFB)
measure, modified for online and detailed cannabis specific assessment over the past two
weeks (O-TLFB)>7. Questions included total number of days that cannabis flower was used
during the past two weeks (Mean = 3.87, SD = 4.92, Range = 0-14), total number of days
that cannabis edibles were used in the past two weeks (Mean = 0.89, SD = 2.01, Range = 0-
14), and total number of days any (i.e., flower, edible, concentrate, topical, other) cannabis
use was reported in the past two weeks (Mean = 5.54, SD = 5.25, Range = 0-14). TLFB
cannabis questions are conceptualized as cannabis history provided that they are a detailed
account of the days cannabis was used in the past two weeks, whereas the cannabis
frequency measures imply more general cannabis use behavior over time.

Reported average THC and CBD concentration of cannabis was measured by two questions
asking “How much THC and/or CBD is in the cannabis that you use most often? If you are
not sure, please take your best guess” with responses including “0”, “Less than 5%”, “5-
10%”, “10-15%", “15-20%", “20-25%", “25-30%", “Greater than 30%" (with responses
being coded as 0-7; mean reported THC = 4.24, SD = 1.63; mean reported CBD = 2.57, SD
= 1.85). Similar self-reports amongst cannabis users who are aware of the THC/CBD
potency of the cannabis they use show consistency across different time points and
methods®”’.

2.2.3. Pittsburgh Sleep Quality Index—Subjects reported on their past two week
sleep behavior via the Pittsburgh Sleep Quality Index (PSQI)®® (a modification of the
standard PSQI which typically looks at past month sleep outcomes). The PSQI is a 19-item
self-report measure that assesses individual sleep habits, sleep quality, and sleep outcomes.
The first four questions ask participants to report on their bedtime, waketime, time to fall
asleep, and sleep duration. The remaining questions asses sleep efficiency, sleep
disturbances, use of sleep medications, and dysfunction while awake. These questions are
scored and summed to make a global PSQI score (a = 0.70; Mean = 7.75, SD = 3.12, Range
= 1-18) with higher scores reflecting worse sleep. The questions can also be scored to make
subscales of sleep efficiency, sleep latency, sleep quality, sleep disturbances, sleep
medication, and daytime dysfunction.

2.2.4. Sleep-related Covariates—Our analyses controlled for established correlates of
sleep outcomes including gender®®, age®, current alcohol use8l, and depression/anxiety/
stress symptoms52:63. Alcohol use was assessed using the Alcohol Use Disorders
Identification Test (AUDIT)84, which is a 10-item screening tool used to asses alcohol use
and problems (a = 0.82; Mean = 6.13 SD = 4.02, Range = 0-23). We used the 21-tem self-
report version of the Depression Anxiety Stress Scales (DASS)5° (a = 0.88; Mean = 41.75
SD =19.79, Range = 4-114) as a composite measure of current depression, anxiety and
stress symptomology.
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Using a univariate outlier approach, we detected several extreme values for the DASS and
AUDIT measures that were larger than 1.5 times the inter quartile range for each measure
(the difference between 75th and 25th quartiles). We conducted a sensitivity analysis with
and without these values and they did not influence the significance of our results. Given
that these values are still answers within the realm of possibility and that they appear to not
influence our findings, we did not remove or edit these values from our data. Additionally,
we conducted residual diagnostics for all regression models (accounting for all variables) via
inspection of externally studentized residual plots, using observations with externally
studentized residual larges than 3 in absolute values as an indicator of outliers®6. While a
majority of the models were free of outliers, this inspection led to the identification of two
separate data points that were potential outliers across multiple models involving the PSQI
sleep disturbance variable. After examining the relevant data points in each model and
determining that each value was within the realm of possibility, and conducting a sensitivity
analysis with and without these data points and concluding that none of these data points
influenced the significance of our results, we did not alter these data points and included
them in our analyses.

2.3. Statistical Analyses

We calculated descriptive statistics, linear regressions, and ordinal logistic regression via R
version 3.4.457. Linear regression is largely robust to minor distributional issues when the
sample is of an adequate size® and the skewness and kurtosis measures for our PSQI
subscales of sleep were within reasonable thresholds®® thus appropriate for linear regression.
Furthermore, a majority of our PSQI sleep subscales had responses that were either
appropriately distributed or were summed from multiple questions to form the scale
(meaning that the computed subscale actually has considerably more points than the items of
which it is comprised, thus it approximates a continuous variable), making many of these
subscales appropriate for linear regression (such as sleep efficiency, sleep latency, sleep
disturbances, and daytime dysfunction). Contrastingly, due to an inadequate distribution
across the four responses for three of the PSQI subscales (sleep duration, sleep quality, and
sleep medication), we conducted ordinal logistic regression for all models containing those
specific variables. Our output coefficients for ordinal logistic regression are log-odds values
and for consistency sake, we report the coefficients similarly to linear models. We reported
the R squared for each linear regression model as well as a logistic analog to R squared for
logistic regression models’%71 which indicates model deviance accounted for by the
predictors. We conducted a series of regression models in order to determine both the main
effects of cannabis on subjective sleep outcomes as well as to analyze a potential moderating
effect of age on the relationship between cannabis behaviors and subjective sleep outcomes
via an interaction term between age and cannabis (with all appropriate variables mean
centered)’273, A main effect of cannabis that lacked a significant interaction effect would
imply an association of cannabis use and sleep outcomes controlling for all covariates. A
main effect of cannabis and a significant interaction term would imply that differences in age
possibly influence the association of cannabis use and sleep outcomes. We implemented
Benjmamini and Hochberg’s’# correction for multiple testing using the p.adjust function
from the stats package found in R. This method provides adjusted p-values to a group of
estimated p-values. We generated a series of adjusted p-values for both the main effects and
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interaction effects for models involving cannabis behaviors/history on expectations of
cannabis being a sleep aid, cannabis behaviors/history on PSQI sleep outcomes, and reported
average THC and CBD on PSQI sleep outcomes. We report these adjusted p values after all
significant or trending associations in our results.

3. Results

3.1. Expectations of cannabis as a sleep aid

Table 1 includes descriptive statistics for the TLFB cannabis, sleep, and covariate measures
used in the study. Table 2 provides individual regression outputs involving cannabis
behaviors/history and expectations of cannabis being a sleep aid controlling for gender, age,
current depression/anxiety/stress, and alcohol use. Endorsing currently using cannabis,
number of days that cannabis flower was used in the past two weeks, and number of days
any cannabis was used in the past two weeks were all associated with higher expectations of
cannabis as a sleep aid (all 5> 0.03, p<0.04; all padj = 0.07 — 0.09) with no significant
interaction effects between age and any of our cannabis measures in these models (all p>
0.16; all padj > 0.21)

3.2. Cannabis Behavior/History and PSQI

Table 3 provides individual regression outputs involving cannabis behaviors/history and
global PSQI score controlling for gender, age, current depression/anxiety/stress, and alcohol
use. Increased frequency of consuming edibles was associated with higher global PSQI
scores (worse sleep) (8=0.10, p=0.01; padj = 0.34) but no other cannabis use variables
showed significant associations (all p> 0.05). We did not find a significant interaction
effects between age and cannabis in this model (8= 0.00, p= 0.88; padj = 0.99). Both
endorsing currently using cannabis (8=1.36, p = 0.05; padj = 0.42) and increased number
of days that cannabis edibles were used in the past two weeks (8=0.23, p=0.06; padj =
0.51) were marginally associated with higher global PSQI scores (worse sleep). Neither of
these models had significant interaction effects between age and cannabis (both p> 0.17;
both padj > 0.88). None of the cannabis frequency/history measures were associated with
any of the PSQI subscales (sleep efficiency, sleep latency, sleep quality, sleep duration, sleep
disturbances, sleep medication, and daytime dysfunction) with the exception of endorsing
currently using cannabis which was associated with worse subjective sleep quality (8= 1.34,
p=0.02; padj = 0.34) and increased frequency of using edibles which was associated with
worse subjective sleep efficiency (8= 0.03, p=0.04; padj = 0.42) and lower sleep duration
(8=0.03, p=0.01; padj = 0.34). These models did not have significant interaction terms
(all p>0.41; all padj > 0.59). We found trending associations between increased frequency
of smoking cannabis and worse sleep efficiency (8= 0.01, p=0.05; padj = 0.42). This
model did not have a significant interaction term (8= 0.01, p= 0.57; padj = 0.99).

3.3. Association of Reported Average Cannabinoid (THC/CBD) Concentration of
Cannabis with Sleep Outcomes

Table 4 displays the frequencies of the reported average THC and CBD concentration of
cannabis. Tables 5 and 6 includes individual regression outputs for models focused on the
associations of reported average THC and CBD concentration and all sleep outcomes
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controlling for gender, age, current depression/anxiety/stress, and alcohol use. Reported
average THC concentration was not significantly associated with global PSQI nor with any
of the PSQI subscales (all p> 0.05), although increased reported average THC concentration
was trending in its association with increased sleep disturbances (5 =0.06, p=0.09; padj =
0.81). The interaction effect was not significant for this model (8=0.00, p=0.52; padj =
0.65). Increased reported average CBD concentration, however, was significantly associated
with better sleep efficiency (8= -0.11, p=0.01; padj = 0.08) and sleep duration (8= —0.25,
p=0.03; padj = 0.21) and the interaction terms for both models were significant (both < -
0.01, p<0.03; padj = 0.07 — 0.08) suggesting a potential moderating influence of age on
these relationships. For ease of presentation, Figure 1 depicts the pattern of this age x
reported average CBD concentration interaction on both sleep duration and sleep efficiency
with age divided into two age groups separated by the mean age (m = 31.45), demonstrating
both trending and significant associations of the older age group on these sleep outcomes in
comparison to non-significant relationships in the younger age group.

None of the main effects of cannabis use on sleep outcomes survived multiple comparison
correction tests via adjusted p values (all padj > 0.34). Our main effects of currently using
cannabis, days of cannabis used in the past two weeks, days any cannabis was used in the
past two weeks on expectations of cannabis as a sleep aid were trending (all padj = 0.07—
0.09) and the main effect of reported average CBD concentration on sleep duration was
trending (p adj = 0.08) as was the interaction terms of CBD and age for this model (padj =
0.07) after adjusted p value correction tests.

Discussion

In a community sample of adult moderate cannabis users (ranging from lighter to heavier
use) with a wide age range, we found that cannabis use in general and increased humber of
days of cannabis use was associated with increased expectations of cannabis being a sleep
aid. We found that endorsing currently using cannabis was associated with worse subjective
sleep quality and that higher frequency of the use of edibles in particular was associated with
worse subjective sleep efficiency, lower sleep duration, and higher global PSQI scores
(worse sleep). We also found that higher reported average CBD concentration among current
users was associated with better sleep efficiency and sleep duration scores and that this
effect was significantly moderated by age, such that older participants demonstrated a larger
effect. None of these significant main effects nor the significant interaction terms survived
multiple correction tests but several of these were trending in significance in their adjusted p
values.

Our results are consistent with research that has found that using cannabis is often associated
with expectations of improved sleep8-10.75-78 and that expectations of cannabis being a
sleep aid is associated with increased cannabis use quantity and frequencyl112. Additionally,
prior studies support our result of current cannabis use being associated with poor subject
sleep quality19:20.22.23.79 yt we failed to find a prior study focused on the specific effects of
cannabis edlib/es in particular on sleep. While prior studies have used oral administered CBD
and THC (often in isolated or synthetic forms not typically used outside the laboratory) to
look at sleep, this is the first observational study to look specifically at the associations of
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cannabis edibles and sleep. Importantly, our measures of cannabis use included
administration details not typically assessed in prior studies (e.g. specifics of amount and
form of cannabis used), which allows us to report a novel association among frequency of
cannabis edibles and negative sleep outcomes. Replication of this finding is important as
cannabis is becoming increasingly available and administered through a variety of methods
and increased potencies which may have varying impacts on sleep outcomes.

Although we didn’t find any significant associations between reported THC concentration
and sleep outcomes, our analysis showing that higher reported average CBD concentration
was associated with sleep improvements aligns with prior research. Research isolating the
effects of CBD has shown that medium to high dose CBD has a sedating effect8%-83 and is
associated with increased total sleep time, decreased frequency of night arousals, and lower
overall global PSQI scores® implying higher CBD concentration is associated with sleep
improvements. However, some research has found CBD has no effect on sleep® and further
investigation is needed to understand its influence alone and in combination with varying
ratios of THC.

Our results of age moderating the relationship between reported average CBD concentration
and sleep are novel and it has been speculated that there are age differences in cannabis
effects. As mentioned, the endocannabinoid system may regulate sleep disorders and
circadian rhythm distinctively in older individuals#243 and it is theorized that cannabis may
be metabolized more slowly as adults age?6:49-52 resulting in unique effects of cannabis use
compared to younger adult individuals. In other words, the moderation effects found in the
study could be explained by an increase in age being associated with differences in
pharmacokinetics and pharmacodynamics that can influence biobehavioral effects of
substances*445. While no prior study has collaborated this theory using biological methods,
we would speculate that increases in age might lead to biological alterations that would
influence metabolism, potentially increasing the volume/distribution of CBD in a user’s
system and increasing the positive effects of CBD on sleep factors. Studies focused on larger
samples of middle aged and older adults as well as studies using biological markers to
analyze the potential changes and factors in THC/CBD metabolism should be conducted.

There are several noteworthy limitations of this study. First are the potential limitations
regarding the sample. Many of the published studies that show increased cannabis use
frequency having a negative influence on sleep are of a much larger sample size and are
typically from population-based samples, while our study was a cannabis using community
sample. Our sample was mostly women and consisted of individuals who met criteria for
mild anxiety disorders. Additionally, our sample was of a largely homogenous racial/ethnic
breakdown (predominantly identifying as white) and this limits the generalizability of these
findings to other racial/ethnic groups. Future studies should strive for an equal balance of
men and women, a sample with a more diverse racial background, and a sample that is
potentially free from anxiety disorders. Furthermore, our sample was from a state
(Colorado) where cannabis is recreationally legal and individuals in this study might have
more positive views of cannabis than those in states with more restrictive cannabis laws.
Second, are the limitations regarding some of our cannabis measures. We relied on self-
report measures which limited our knowledge of the exact concentration of CBD/THC, thus
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our responses could have potential recall bias and response error. Our measure of cannabis
edibles included all forms (capsules, food, and drink) and future studies should differentiate
modes of administration at an even more fine-grained level. Additionally, our cannabis
expectations question was general in nature and did not allow for nuanced interpretation (in
terms of specific sleep outcomes) nor for potential responses of cannabis exacerbating sleep
problems and future studies should include more finite measures of expectations of
improved sleep. Third, are the limitations regarding our sleep measures. The sleep measures
used in the current study (PSQI) were broad and general in nature and using more nuanced
and detailed measurements such as daily sleep diaries® could provide more precise findings.
Furthermore, subjective sleep measures have demonstrated reliability and consistency
problems when compared to objective measures of sleep behaviors (such as
actigraphy)86-88, Future studies should include both subjective and objective sleep measures
in order to provide a comprehensive analysis that allows these separate measures to
complement one another.

Moreover, this is a cross-sectional design and we are hesitant to draw causal conclusions
from our results, provided it is possible that those with worse sleep problems are
preferentially selecting edibles or higher CBD concentrations, perhaps because they think a
longer duration of effect might have more benefits for sleep maintenance or that CBD might
aid their sleep issues. Provided there is evidence of a bidirectional relationship between
these traits, such that early cannabis use predicts later sleep problems31:89.90 and early
generalized sleep problems predict later cannabis use31:91-94 we cannot make definitive
causal claims. Lastly, our main effects of cannabis use on sleep outcomes did not survive
multiple correction tests although our main effects of cannabis behaviors/history on
expectations of cannabis as a sleep aid were trending as were both the main effect of
reported average CBD concentration on sleep duration and the interaction terms of CBD and
age for this model. Given both the exploratory nature of this study as well as the novel
aspects and relevance to the emerging field of cannabis research, we believe the results of
this study have merit and importance for future research designs and implementation.

5. Conclusions

In summary, we found evidence of cannabis users having increased expectations of cannabis
as a sleep aid but found limited support of cannabis use being associated with sleep
outcomes, with the exception of current cannabis use endorsement being associated with
worse subjective sleep quality and increased frequency of edible use being associated with
worse subjective sleep efficiency, lower sleep duration, and worse global PSQI scores.
Additionally, we found novel evidence of age moderating a positive association between
reported average strength of CBD concentration and both better sleep duration and
efficiency. Future research should focus on novel cannabis administration methods as well as
the therapeutic effects of CBD on sleep across the age spectrum.
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Highlights
. Cannabis use associated with increased expectation that cannabis improves
sleep
. Limited support that cannabis is associated with sleep outcomes (PSQI)
. Currently using cannabis predicts decreased subjective sleep quality
. Increased frequency of consuming edibles predicted worse subjective sleep

efficiency, lower sleep duration, and higher global PSQI scores.

. Age likely moderates the effect of reported concentration of CBD on better
sleep duration and efficiency
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(A) Difference in slope of CBD and Sleep Duration based on Age Group (B) Difference in slope of CBD and Sleep Efficiency based on Age Group

Sleep Efficiency

S
-+ Age 30 or under (p=0.25) ---- Age 30 or under (p=0.79)
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Average Concentration of CBD Average Concentration of CBD

Figure 1. Difference in slope of reported average cannabidiol (CBD) concentration and PSQI
sleep duration (Panel A) and sleep efficiency (Panel B) based on differing age groups.

The figure shows trends lines that depict the age x CBD interactions in predicting PSQI
sleep duration and sleep efficiency, dashed lines represent age 31 or under (both p> 0.25),
solid lines represent age 31 or older (both p < .07). These findings demonstrate both trending
and significant associations of the older age group on these sleep outcomes in comparison to
non-significant relationships in the younger age group.
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Table 1.

Descriptive statistics for the TLFB cannabis, sleep, and additional covariate measures used in the study.

Mean (SD) sample characteristics

Full sample Female Male
(n=151) (n=102) (n=48)
Age (years) 31.45(12.96) 31.00 (12.48) 32.54 (14.12)
Depression Anxiety Stress Scales (DASS) 41.75(19.79) 42.61(19.76) 40.17 (20.11)
The Alcohol Use Disorders Identification Test (AUDIT) 6.13 (4.02) 6.00 (3.69) 6.31 (4.68)
Days that cannabis flower was used in past two weeks (TLFB) 3.87 (4.92) 3.17 (4.65) 5.12 (5.11)
Days that cannabis edibles were used in past two weeks (TLFB) 0.89 (2.01) 1.19 (2.31) 0.27 (0.94)
Days any cannabis was used in past two weeks (TLFB) 5.54 (5.25) 4.83 (4.98) 6.85(5.19)
Sleep efficiency (PSQI) 2.38(0.90)  2.33(0.94)  2.49(0.83)
Sleep latency (PSQI) 1.80 (0.75) 1.77 (0.74) 1.83(0.75)
Sleep quality (PSQI) 1.27 (0.59) 1.22 (0.58) 1.35 (0.63)
Sleep duration (PSQI) 245(0.76)  251(0.72)  2.34(0.81)
Sleep disturbances (PSQI) 1.53 (0.59) 1.54 (0.61) 1.50 (0.58)
Sleep medication (PSQI) 0.62 (1.04) 0.72 (1.07) 0.42 (0.96)
Daytime dysfunction (PSQI) 1.44 (0.74) 1.44 (0.76) 1.46 (0.68)
Global overall PSQI score 7.75 (3.12) 7.77 (3.27) 7.71 (2.83)

Page 19

Possible PSQI subscales scores range from 0-3 and global overall PSQI scores range from 0-21. Lower scores indicate less sleep difficulty and

higher scores indicate severe difficulty and worse sleep.
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Table 4.

Number of people who endorse the percentage of reported average THC and CBD concentration of cannabis.

0% <5% 5-10% 10-15% 15-20% 20-25% 25-30% >30%

THC 1 4 18 16 27 36 12 13
CBD 14 27 27 25 12 9 5 6
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