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ABSTRACT

Background: Clinical evidence on the use of cannabidiol (CBD) for sleep remains limited. Even fewer
studies have tested the comparative effectiveness of cannabinoid formulations found within CBD
products used for sleep or how they compare to other complementary therapies such as melatonin.
Methods: Participants (N=1,793 adults experiencing symptoms of sleep disturbance) were randomly
assigned to receive a 4-week supply of 1 of 6 products (all capsules) containing either 15mg CBD
or 5mg melatonin, alone or in combination with minor cannabinoids. Sleep disturbance was assessed
over a period of 5weeks (baseline week and 4weeks of product use) using Patient-Reported Outcomes
Measurement Information System (PROMIS™) Sleep Disturbance SF 8A, administered via weekly online
surveys. A linear mixed-effects regression model was used to assess the differences in the change
in sleep disturbance through time between each active product arm and CBD isolate.

Results: All formulations exhibited a favorable safety profile (12% of participants reported a side
effect and none were severe) and led to significant improvements in sleep disturbance (p<0.001
in within-group comparisons). Most participants (56% to 75%) across all formulations experienced
a clinically important improvement in their sleep quality. There were no significant differences in
effect, however, between 15mg CBD isolate and formulations containing 15mg CBD and 15mg
cannabinol (CBN), alone or in combination with 5mg cannabichromene (CBC). There were also no
significant differences in effect between 15mg CBD isolate and formulations containing 5mg
melatonin, alone or in combination with 15mg CBD and 15mg CBN.

Conclusions: Our findings suggest that chronic use of a low dose of CBD is safe and could improve
sleep quality, though these effects do not exceed that of 5mg melatonin. Moreover, the addition
of low doses of CBN and CBC may not improve the effect of formulations containing CBD or
melatonin isolate.
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Background prevailing need to evaluate safer forms of therapeutic treatment
for the improvement of sleep.

Many patients turn to complementary and alternative
medicines (CAM) for the treatment of insomnia and other

sleep disorders (9). Melatonin is among the most commonly

Approximately one third of American adults do not get enough
sleep each night (1). Poor sleep can have a profound impact
on a person’s quality of life; it can hinder cognitive functioning

(2), and lead to depression (3), reduced productivity (4), car-
diovascular disease (5), and increased healthcare utilization (4).
Strong clinical evidence supports pharmacologic interventions
for the treatment of insomnia (difficulty getting to sleep or
staying asleep (6)) and other sleep disorders, in particular for
GABA, receptor agonists, such as benzodiazepines (7).
Concerns remain, however, over their many side effects, includ-
ing “hangover effects,” cognitive impairment, abuse, and the
considerable risk of dependance (8). Consequently, there is a

used and well-studied CAM treatments for sleep (10), and
clinical evidence supports its efficacy for the improvement
of sleep quality, particularly for those experiencing jet lag
and delayed sleep-wake phase disorder (11-14). Moreover,
melatonin exhibits a favorable safety profile and does not
demonstrate dependence even when administered at high
doses (15).

Cannabis preparations have also begun to gain attention
for their potential therapeutic effects for the treatment of
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insomnia and other sleep disorders (16). To date, the pre-
ponderance of clinical research on Cannabis and sleep has
focused on A9-tetrahydrocannabinol (A9-THC), the major
active constituent of Cannabis sativa (17). Yet use of the
non-psychoactive cannabinoid cannabidiol (CBD) has pro-
liferated in the US, with many new users seeking relief for
sleep difficulties (18). Preclinical research has demonstrated
that CBD possesses anxiolytic, anti-inflammatory, and anal-
gesic properties (19), which could aid in the improvement
of sleep. Evidence from retrospective and prospective obser-
vational studies also suggest that the clinical administration
of cannabinoids could improve sleep and other related health
issues such as pain and anxiety (20-22).

Clinical research assessing the use of CBD for insomnia
and other sleep disorders remains limited, though some
small clinical studies have found support for the hypothesis
that CBD may improve sleep. In a study of 15 individuals
with insomnia, those who received 160mg CBD reported
sleeping longer than those who received placebo (23).
Another study of 33 individuals with Parkinsons Disease
revealed that 300mg of CBD per day led to a transient
improvement in sleep quality relative to placebo (24). In
small experimental studies, fixed doses of 300, 400 and
600mg of CBD were also found to induce self-reported
sedative effects relative to placebo in healthy adults (11
adults, 300 and 600mg (25); 10 males, 400mg (26)).
Importantly, clinical evidence of CBD also indicates that the
cannabinoid has a favorable safety profile (27,28), even when
taken at doses as high as 1200 mg daily for up to 4 weeks
(29), supporting the exploration of CBD as a potentially
safer therapeutic option for the improvement of sleep.

Despite the limited clinical evidence, marketing claims
regarding the effectiveness of CBD for sleep abound (30,31).
Many manufacturers have also touted the superiority of
their CBD products relative to melatonin (32,33) though,
to date, no clinical study has directly compared the effects
of these compounds on sleep. Manufacturers have also
combined CBD with melatonin and other minor canna-
binoids, claiming that these additions could enhance the
effect of CBD or melatonin alone (34). These claims, too,
are unfounded. No large scale randomized clinical trial
has evaluated whether CBD could impact the effects of
melatonin on sleep (or vice versa). No clinical trials have
also evaluated whether the addition of minor cannabinoids,
such as cannabichrome (CBC) and cannabinol (CBN), could
contribute to the therapeutic effectiveness of CBD for sleep
improvement. CBN, in particular, has gained prominence
as a sleep aid additive (35), though the literature is almost
entirely devoid of clinical research supporting its effect on
sleep quality (36). Multi-arm studies allowing for direct
comparisons across cannabinoid and melatonin formulations
could provide critical information on the main and inter-
active effects of these compounds on sleep. This current
gap in the cannabinoid literature dovetails on the more
general need for comparative effectiveness research (CER)
to generate evidence of greater relevance to the choices
commonly faced by practitioners and their patients. The
critical need for more CER has been expressed by the
Institute of Medicine (37), publications in the New England

Journal of Medicine (38), and the United States Congress
and Department of Health and Human Services (HHS)
in their creation and funding of the Patient Centered
Outcomes Research Institute (PCORI), which supports the
growth of CER comparing the safety and effectiveness of
two or more active interventions to augment typical com-
parisons to inert placebos (39).

Notably, few clinical trials of CBD have also tested the
effect of daily usage of CBD at the lower doses commonly
found within commercially available products. Most clinical
trials of CBD evaluate doses ranging from 300 to 1500 mg
CBD per day (40-43), while commercial products’ dosage
generally range from 5 to 100mg CBD per day. Clinical
research on CBD has suggested a bell-shaped dose response
curve wherein an intermediate dose of CBD exhibits a
greater anxiolytic effect than a very low or high dose (44)
though more clinical studies are needed evaluate the ther-
apeutic benefits of chronic CBD use for sleep at dose ranges
reflecting that of commercial products.

This study sought to address these gaps in the literature
by investigating the effect of chronic use (daily use over
4weeks) of low dose CBD and melatonin formulations, alone
and in combination with certain minor cannabinoids, on
sleep quality. The primary objective of the study was to
compare the safety and effects of CBD isolate to CBD com-
bination formulations (i.e., formulations containing CBD
and minor cannabinoids, with and without melatonin) to
determine if the addition of melatonin and these minor
cannabinoids confer any therapeutic benefit to a formulation
containing CBD. As a secondary aim, we also sought to
determine if the addition of CBD and CBN confer any
therapeutic benefit to a formulation containing melatonin.

Materials and methods

Study design and participants

This study, referred to as Radicle Discovery™ Sleep, was a
randomized, parallel design, double-blinded controlled study.
Radicle Discovery™ Sleep was entirely virtual; no in-person
visits were required as data were collected via online surveys
and communication with participants occurred through
email or SMS text message.

Participants were recruited online from across the US
through social media, Radicle Science’s electronic mailing
list, and a third-party consumer network with nationwide
representation. Recruitment emails containing links to the
study screener were sent to those within the Radicle Science
mailing list and consumer network, while social media
advertisements led to a study landing page with a link to
the study screener. Participants were eligible if they were
21years old or older, resided in the United States and
reported that they were experiencing symptoms of sleep
disturbance. Individuals were excluded if they were pregnant
or breastfeeding or taking medications with which canna-
binoids could interfere. Eligible individuals were directed to
a secure online portal to provide informed consent.
Participants indicating their consent could electronically sign
and date the informed consent form and were sent a digital



copy of the electronic consent. Eligible individuals were
advised to consult with their healthcare provider before
participating if they had a diagnosed medical condition,
were on any prescription medication or supplements, or had
any upcoming medical procedures planned. Immediately
following informed consent, participants then completed an
intake survey which collected basic demographic informa-
tion, health behaviors, and sleep quality.

Those who consented to participate and completed intake
were then randomized to one of six study arms (see below
for details on randomization). There were 6 arms total within
the study; 2 isolate formulations (15mg CBD; 5mg mela-
tonin), and 4 combination formulations (all of which con-
tained non-psychoactive cannabinoids; see Table 1). All were
capsules. Participants were sent a 4-week supply of their study
product in the mail along with instructions for study partic-
ipation within the product insert. All products were provided
by the partnering manufacturer, Open Book Extracts, and
analyzed at an independent laboratory to ensure active ingre-
dient identification, safety and potency. Participants were
informed that they could escalate their dosage from 1 capsule
per day to a maximum of 2 capsules per day as needed
throughout the study. See Table 1 for more detail on the
formulation and usage of each study product arm. The study
was double-blind; neither the participants nor those who
collected the data were aware of the product participants
received until the conclusion of the study.

For 5weeks following study initiation (1week prior to
receipt of product [baseline week], and 4 weeks after receiv-
ing product), participants were asked to complete online
surveys, sent via email or text. At the end of each week
throughout the full study period, participants received a
health survey asking them to report their sleep disturbance
and sleep quantity using patient reported outcome measures
(see below for details). During the baseline week, partici-
pants received daily surveys asking them to report their
sleep quantity in the previous night. In the subsequent
4weeks, after receiving their product, participants received
a brief survey twice a week asking them to report their
product usage and sleep quantity in the previous night. In
every study survey following receipt of their product, par-
ticipants were also prompted to report side effects, and were
encouraged to contact the research team directly if at any
point they experienced side effects.

Sterling Review Board (IRB) approved the study
[Identification number: 9760-EKPauli]. The study was registered
on ClinicalTrials.gov [NCT05552898] on September 23, 2022.

Table 1. Study arms and instructions for use in the Radicle Discovery™ Sleep
study.

Study arm Product formula Instructions for use
Arm 1 15mg CBD + 15mg CBN + 5mg “Take 1 capsule each day
melatonin with food before going
Arm 2 15mg CBD + 15mg CBN to sleep. You may
Arm 3 15mg CBD increase to 2 capsules
Arm 4 5mg melatonin taken at the same time,
Arm 5 15mg CBD Full Spec + 15mg with food and before
CBN going to sleep. Do not
Arm 6 15mg CBD + 15mg CBN + 5mg take more than 2
CBC capsules per day.”

JOURNAL OF THE AMERICAN NUTRITION ASSOCIATION e 3

Randomization

Participants were randomly assigned to one of the six study
product arms with an equal chance of being assigned to
each group (1:1:1:1:1:1 ratio). Prior to randomization, par-
ticipants were stratified by their sex at birth (male, female)
and baseline self-reported sleep quality in the past week (5
strata, based on response to the following prompt: “In the
past 7days, my sleep quality was [____]: 1 = “Very poor”;
2 = “Poor”; 3 = “Fair”; 4 = “Good”; 5 = “Very good”). They
were then randomized using a random number generator
(RANDBETWEEN function in Microsoft Excel) to one of
the study arms using block randomization.

Outcomes

Patient-Reported Outcomes Measurement Information
System (PROMIS™) Sleep Disturbance SF 8A is an 8-item
assessment of sleep disturbance during the past 7 days. The
items assess characteristics of sleep, frequency of sleep dis-
turbances and sleep quality using a 5-point Likert scale.
Cumulative scale scores range from 8 to 40, with higher
scores signifying lower sleep quality (45).

The primary outcomes were change in the PROMIS Sleep
Disturbance 8A scale as well as the odds of achieving a min-
imal clinically important difference (MCID). MCID was
defined as a reduction which is greater than or equal to
one-half the standard deviation of the baseline score (46). The
MCID standard deviation criterion was calculated by study arm.

Safety: The frequency of spontaneously reported side
effects and their severity were assessed. Severity was deter-
mined based on reported utilization of medical services in
response to the side effects according to the following grad-
ing schema based on the Common Terminology Criteria
for Adverse Events (CTCAE; v5.0 USDHHS): mild: no inter-
vention (medication or medical advice) needed; moderate:
a medication was taken due to the side effect; severe: the
side effect was significant enough that the participant sought
medical care from a healthcare provider, outpatient clinic,
or emergency department/room; life threatening: the par-
ticipant was hospitalized due the side effect.

Covariates

For precision, we adjusted for baseline demographics, includ-
ing age, race (Black, multi-racial, some other race, White,
prefer not to say), ethnicity (Hispanic, non-Hispanic), sex
at birth (male, female) and body mass index (BMI; calcu-
lated though self-reported height and weight).

Power analysis

A power analysis was conducted to ensure sufficient power
to detect a significant difference in the change in the
PROMIS Sleep Disturbance 8A scale in each study product
arm relative to the melatonin isolate arm. A sample size of
164 for each study group would yield 95% power to find a
difference in mean change between each study product arm
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versus the melatonin isolate arm at a two-sided p value of
0.05 corrected for multiple comparisons (Bonferroni).
Recruiting 300 participants per study arm would allow us
to maintain adequate sample size under anticipated attrition
levels (45%).

Multiple imputation

The data were imputed 200 times which resulted in 201
versions of the data, including the original, being used for
the analyses. A seed was set before conducting the impu-
tations for reproducibility. The chained equations were con-
ducted by study arm and shared the independent variables
of sex, age, race, and ethnicity. The imputed variables were
BMI and the PROMIS Sleep Disturbance 8a scale. A linear
regression model, with the inclusion of height, was used to
impute BMI. For the PROMIS Sleep Disturbance 8a scale,
a truncated regression with a lower limit of 8 and an upper
limit of 40 was used; the lower and upper limits were set
based on the minimum and maximum values possible for
the scale.

Statistical analysis

A linear mixed-effects regression model was used to assess
the differences in the change in sleep disturbance as mea-
sured by the PROMIS Sleep Disturbance 8a scale between
each active product arm and CBD isolate (Arm 3). The
model was fit using an unstructured covariance matrix with
a random-intercept at the individual level and a random-slope
at the study week level. The model tested the interaction
between product arm and study week, controlling for sex,
age, race, ethnicity, and BMI. A logistic regression model
was used to assess the differences in the odds of achieving
a MCID in their PROMIS Sleep Disturbance 8a score. The
logistic regression model tested for differences in odds of
MCID between each active product arm and CBD isolate,
controlling for sex, age, race, ethnicity, and BMIL.

We also conducted three additional (secondary) but a
priori analyses using linear mixed-effects regression models:
(1) an analysis comparing the rate of change in individual
PROMIS Sleep Disturbance 8a score items between each
active product arm and CBD isolate, (2) an analysis com-
paring the CBD combination formulations that did not
contain melatonin to each other, and (3) an analysis com-
paring formulations containing melatonin to each other. To
limit Type 1 error, we used a hierarchical approach in
which we first ran an omnibus test to assess overall dif-
ferences by study arm and, if differences were detected,
running pairwise comparisons. Statistical significance was
defined as p<0.05.

Software

The Python programming language, version 3.95, and the
pandas, version 1.4.3, and numpy, version 1.20.2, were used
for data processing. Stata MP (4-core) version 17.0 was used
to conduct multiple imputation and the statistical analyses.

Results

Between March 23 and April 8, 2022, 4199 individuals were
screened for eligibility. Of those screened, 1,793 individuals
were eligible, consented to participate and were randomized
to a study arm. Between 71% and 74% of participants in
each arm completed at least one follow-up survey (see sur-
vey completion by study arm in Appendix Table A,
supplementary material). At the end of the study, 495 par-
ticipants were excluded from analysis due to completely
missing outcome data (classified as “no-shows”; i.e., they
did not complete any surveys asking about their sleep dis-
turbance), leaving 1,298 participants in the final analysis
sample (see CONSORT diagram Figure 1). For these remain-
ing participants, chained multiple imputation was used to
address any missingness. No significant differences in the
percentage of “no-shows” were observed between study arms
(Pearson x*(5) = 2.082, p value = 0.838; see Appendix Table
A, supplementary material).

The mean age of participants at baseline was approxi-
mately 46.5years (standard deviation: 11.5). The majority
were female (57%), White (83%) and did not identify as
Hispanic (91%). Most participants were either overweight
(31%) or obese (43%). About half (50%) had completed at
least a bachelors or associates degree and most (63%) were
employed. At baseline, approximately 37%, 23%, 32% and
8% of participants had slight, mild, moderate and severe
sleep disturbance, respectively, according to their PROMIS
Sleep Disturbance 8a score at intake. There were no signif-
icant differences in baseline demographic or health charac-
teristics between study arms (see Table 2).

Product usage

Average daily capsule intake escalated across all study arms,
increasing from 1.36 to 1.44 in Week 3 to 1.40-1.64 in
Week 5, and there were no differences between the study
arms (x2(5) = 3.40, p value=0.6386). Throughout the study
period, participants in non-melatonin Arms 2, 3, 5 and 6
escalated their average daily capsule intake by 42%, 39%,
45% and 37%, respectively. By contrast, participants assigned
to the melatonin-containing Arms 1 (melatonin combina-
tion) and 4 (melatonin isolate) escalated their average daily
capsule intake by 32% and 33%, respectively.

Change in PROMIS sleep disturbance 8A score

Within the study timeframe, all study arms experienced a
significant improvement in the PROMIS Sleep Disturbance
8a score from baseline (within-group p<0.0001; see Table
4). Overall, there were significant differences in the change
between study arms (F[5, 9414.2]=2.29, p=0.0433).
Compared to Arm 3 (15mg CBD isolate), Arm 1 (melatonin
combination) exhibited greater reductions in sleep distur-
bance score, though these effects just missed statistical sig-
nificance (Coef. = 0.4, 95% CI [-0.8, 0.0], p=0.059). No
other differences were observed between any other active
arm and Arm 3 (see Table 3).
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Figure 1. CONSORT diagram.

When assessing change in score by each PROMIS Sleep
Disturbance 8a scale question separately, we observed that
those in Arm 1 exhibited greater reductions in sleep dis-
turbance relative to Arm 3 across the following items: “My
sleep was refreshing” (Coef. = -0.1, 95% CI [-0.1, 0.0],
p=0.049), “I had a problem with my sleep” (Coef. = —0.1,
95% CI [-0.2, 0.0], p=0.005), and “My sleep was restless”
(Coef. = -0.1, 95% CI [-0.1, 0.0], p=0.019). No other
differences were observed between any other active arm
and Arm 3 for these items. No differences were observed
between any active arm and Arm 3 for the items “My sleep
quality was ..., “I had difficulty falling asleep,” “I tried
hard to get to sleep,” “I was worried about not being able
to fall asleep,” and “I was satisfied with my sleep” (see
Table 5).

We also found no overall differences in the change of
overall sleep disturbance score between any combination
CBD formulation containing no melatonin (Arms 2, Arm

Discontinued for
| other reasons (n=4)

5 and Arm 6; F[3, 5585.6]=0.40, p=0.7504). Further, we
observed no differences in the change of overall sleep dis-
turbance score between the formulations containing mela-
tonin (Arms 1 vs. 4; Coef. = -0.07, 95% CI [-0.48, 0.34],
p=0.734).

Achievement of MCID

Across all study arms, 67% of individuals experienced a
MCID in their sleep disturbance score. Of the arms which
did not contain melatonin, 56.4% of Arm 2, 68.4% of Arm
3, 60.0% of Arm 5, and 72.1% of Arm 6 experienced a
MCID. Of the arms containing melatonin, 71.0% of those
assigned to Arm 4 (melatonin only) experienced a MCID
compared to 75.3% of those in Arm 1 (melatonin combi-
nation). Overall, there was a significant difference between
arms in the odds of experiencing a MCID (F [5,
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Table 2. Demographic characteristics of study participants in the Radicle Discovery™ Sleep study.

Arm 1 Arm 2 Arm 3 Arm 4 Arm 5 Arm 6 Total p value?

Participants [N] 298 298 300 300 299 298 1793
Age [mean (SD)] 45.4 (12.0) 46.7 (11.8) 447 (11.1) 447 (12.0) 455 (11.7) 459 (11.7) 455 (11.7)  0.7729
Race [N (%)] 0.559
Black 21 (7.0%) 21 (7.0%) 22 (7.3%) 29 (9.7%) 18 (6.0%) 19 (6.4%) 130  (7.3%)
Multi-racial 10 (3.4%) 10 (3.4%) 11 (3.7%) 8 (2.7%) 16 (54%) 1 (3.7%) 66 (3.7%)
Prefer not to say 3 (1.0%) 4 (1.3%) 5 (1.7%) 2 (0.7%) 5 (1.7%) 4 (13%) 23 (1.3%)
Some other race 12 (4.0%) 13 (4.4%) 23 (7.7%) 17 (5.7%) 10 (3.3%) 16 (54%) 91 (5.1%)
White 252 (84.6%) 250 (83.9%) 239 (79.7%) 244 (81.3%) 250 (83.6%) 248 (83.2%) 1,483 (82.7%)
Hispanic, Latino/a/x, or 0.722

Spanish origin [N (%)]
No 270  (90.6%) 276 (92.6%) 263  (87.7%) 265 (88.3%) 274 (91.6%) 273 (91.6%) 1,621 (90.4%)
Yes 27 (9.1%) 20 (6.7%) 33 (11.0%) 33 (11.0%) 24 (8.0%) 24 (8.1%) 161 (9.0%)
Prefer not to say 1 (0.3%) 2 (0.7%) 4 (1.3%) 2 (0.7%) 1 (0.3%) 1 (0.3%) 1 (0.6%)
Education [N (%)] 0.881

Less than high school 2 (0.7%) 7 (2.3%) 6 (2.0%) 3 (1.0%) 8 (2.7%) 5 (1.7%) 31 (1.7%)
High school diploma 55 (185%) 63 (21.1%) 66  (22.0%) 59 (19.7%) 57 (19.1%) 59 (19.8%) 359 (20.0%)

Some college, no 70 (235%) 59 (19.8%) 66  (22.0%) 77 (25.7%) 66 (221%) 63 (21.1%) 401 (22.4%)
degree
Trade/technical/ 25 (8.4%) 24 (8.1%) 23 (7.7%) 21 (7.0%) 25 (8.4%) 28 (9.4%) 146  (8.1%)
vocational
Bachelors or 107 (35.9%) 105 (35.2%) 96  (32.0%) 106 (35.3%) 106 (35.5%) 111 (37.2%) 631 (35.2%)
associates
Masters or 38 (12.8%) 40 (13.4%) 41 (13.7%) 32 (10.7%) 34 (11.4%) 31 (104%) 216 (12.0%)
professional
Prefer not to say 1 (03%) 0 (0.0%) 2 (0.7%) 2 (0.7%) 3 (1.0%) 1 (0.3%) 9 (0.5%)
Employment status 0.943
Employed 185 (62.1%) 199 (66.8%) 189  (63.0%) 198  (66.0%) 180 (60.2%) 198 (66.4%) 1,149 (64.1%)
Unemployed, not 20 (6.7%) 21 (7.0%) 28 (9.3%) 30 (10.0%) 24 (8.0%) 25 (8.4%) 148 (8.3%)
looking
Unemployed, looking 1 (3.7%) 17 (5.7%) 20 (6.7%) 14 (4.7%) 26 (8.7%) 9 (3.0%) 97 (5.4%)
Student 6 (2.0%) 2 (0.7%) 5 (1.7%) 6 (2.0%) 4 (1.3%) 2 (0.7%) 25 (1.4%)
Homemaker 44 (148%) 32 (10.7%) 36 (12.0%) 31 (10.3%) 35 (11.7%) 35 (11.7%) 213 (11.9%)
Retired 28 (9.4%) 26 (8.7%) 21 (7.0%) 21 (7.0%) 25 (8.4%) 26 (8.7%) 147  (8.2%)
Prefer not to answer 4 (1.3%) 1 (0.3%) 1 (0.3%) 0 (0.0%) 5 (1.7%) 3 (1.0%) 14 (0.8%)
BMI category [N (%)] 0.522
Underweight 6 (2.0%) 5 (1.7%) 4 (1.3%) 5 (1.7%) 3 (1.0%) 7 (2.3%) 30 (1.7%)
Healthy weight 77 (258%) 81 (27.2%) 88  (29.5%) 71 (23.7%) 72 (241%) 78 (26.2%) 467 (26.1%)
Overweight 87 (29.2%) 104 (34.9%) 90 (30.2%) 101 (33.7%) 88  (29.4%) 98 (32.9%) 568 (31.7%)
Obese 128 (43.0%) 108 (36.2%) 116  (38.9%) 123 (41.0%) 136 (45.5%) 115 (38.6%) 726 (40.5%)
PROMIS Sleep 28.0 (6.6) 26.5 (6.9) 27.8 (6.7) 27.5 (6.7) 264 (7.6) 283 (6.9) 274 (6.9) 0.2143

Disturbance 8A
baseline score
[mean (SD)]P
PROMIS Sleep 0.2532
Disturbance
baseline category

[N (%)]°
None to slight 47  (31.8%) 56 (39.2%) 50  (33.6%) 54 (39.1%) 67  (45.9%) 38 (29.0%) 312 (36.5%)
Mild 40 (27.0%) 40 (28.0%) 39 (26.2%) 25 (18.1%) 24 (164%) 31  (23.7%) 199 (23.3%)
Moderate 49 (33.1%) 39 (27.3%) 46 (30.9%) 46 (33.3%) 45  (30.8%) 50 (38.2%) 275 (32.2%)
Severe 12 (8.1%) 8 (5.6%) 14 (9.4%) 13 (9.4%) 10 (6.8%) 12 (9.2%) 69 (8.1%)

BMI=body mass index.

p value based on the t-tests for continuous variables, and chi-squared tests for categorical variables.

bp value based on univariate ANOVA model.

Severity thresholds determined after T-score conversion and mapping onto T-score severity thresholds established by the PROMIS Health Organization (PHO)
and PROMIS Cooperative Group. p value based on univariate ordinal logistic regression model.

Table 3. Mean difference (MD) in PROMIS Sleep Disturbance 8a scores from
baseline to study conclusion, based on adjusted® linear mixed effects regres-

sion model.
MD (SE) Statistics 95% CI 18'able 4. Within grogp mean difference .(MD) in PROMIS.SIeep Plsturbgnce
a scores from baseline to study conclusion, based on adjusted linear mixed
Study armi#Week® effects regression model.
Arm 1 —-0.4 (0.2) t=-1.89, p<0.059 (-0.8, 0) — —
Arm 2 0.1 (0.2) t=0.62, p<0.538 (=03, 0.5) MD (SE) Within-group statistics 95% Cl
Arm 4 —-0.3 (0.2) t=-1.54, p<0.123 (-0.7, 0.1) Arm 1 —8.6 (0.6) F(1, 595.9) = 185.98, p<0.0001 (-9.8, -7.3)
Arm 5 0.1 (0.2) t=0.64, p<0.525 (=0.3, 0.5) Arm 2 —6.3 (0.6) F(1, 560.0) = 98.74, p <0.0001 (-7.6, —=5.1)
Arm 6 -0.1 (0.2) t=-0.27, p<0.786 (-0.5, 0.4) Arm 3 —6.9 (0.6) F(1, 578.8) = 119.50, (-8.1, =5.7)
SE=standard error of the estimate; Cl=confidence interval of the p<0.0001
estimate. Arm 4 -8.2 (0.7) F(1, 546.7) = 157.90, p <0.0001 (-9.5, —6.9)
Multiple imputed linear mixed-effects regression model with random intercept Arm 5 —6.3 (0.6) F(1, 570.4) = 95.39, p<0.0001 (~7.6, =5.0)
at the individual level and random slope at week level; F(20, 102788.8) = Arm 6 =72 (0.7)  F(, 5243) = 117.75, p<0.0001 (-85, =5.9)
46.56, p value < 0.0001. SE=standard error of the estimate; Cl=confidence interval of the

2Adjusting for sex, age, race, ethnicity and body mass index. estimate.
bJoint-test of main effects significant; F(5, 9414.2) = 2.92, p value = 0.0433. Table uses imputed data.
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Table 5. Mean difference (MD) in PROMIS Sleep Disturbance SF 8a item score from baseline to study conclusion, based
on linear mixed effects regression model.

Estimate z p value 95% Cl

In the past week....
My sleep quality was ....

Arm 1 0.0 -1.27 0.205 (=0.1, 0.0)

Arm 2 0.0 1.69 0.092 (0.0, 0.1)

Arm 3 (reference)

Arm 4 0.0 —-0.29 0.774 (-0.1, 0.0)

Arm 5 0.0 1.02 0.308 (0.0, 0.1)

Arm 6 0.0 1.06 0.291 (0.0, 0.1)
My sleep was refreshing?

Arm 1 —-0.1 -1.97 0.049 (-0.1, 0.0)

Arm 2 0.0 -0.41 0.681 (=0.1, 0.0)

Arm 3 (reference)

Arm 4 0.0 -1.37 0.169 (=0.1, 0.0)

Arm 5 0.0 —0.45 0.653 (-0.1, 0.0)

Arm 6 0.0 -0.47 0.635 (=0.1, 0.0)
| had a problem with my sleep.

Arm 1 -0.1 -2.83 0.005 (=0.2, 0.0)

Arm 2 0.0 0.05 0.960 (-0.1, 0.1)

Arm 3 (reference)

Arm 4 -0.1 -1.81 0.070 (0.1, 0.0

Arm 5 0.0 1.38 0.168 (0.0, 0.1)

Arm 6 0.0 —-0.26 0.798 (-0.1, 0.1)
| had difficulty falling asleep.

Arm 1 0.0 0.00 0.999 (-0.1, 0.1)

Arm 2 0.0 1.20 0.229 (0.0, 0.1)

Arm 3 (reference)

Arm 4 0.0 0.21 0.831 (=0.1, 0.1)

Arm 5 0.0 0.91 0.365 (0.0, 0.1)

Arm 6 0.0 0.98 0.327 (0.0, 0.1)
My sleep was restless.

Arm 1 -0.1 -2.34 0.019 (=0.1, 0.0)

Arm 2 0.0 0.20 0.838 (-0.1, 0.1)

Arm 3 (reference)

Arm 4 0.0 -1.15 0.249 (-0.1, 0.0)

Arm 5 0.0 0.34 0.732 (=0.1, 0.1)

Arm 6 0.0 -0.67 0.505 (=0.1,0.0)
| tried hard to get to sleep.

Arm 1 0.0 —-0.69 0.491 (-0.1, 0.0)

Arm 2 0.0 1.37 0.171 (0.0, 0.1)

Arm 3 (reference)

Arm 4 0.0 -0.51 0.608 (=0.1, 0.1)

Arm 5 0.0 1.39 0.163 (0.0, 0.1)

Arm 6 0.0 0.01 0.994 (=0.1, 0.1)
| was worried about not being able to

fall asleep.

Arm 1 -0.1 -1.76 0.078 (-0.1, 0.0)

Arm 2 0.0 0.48 0.630 (0.0, 0.1)

Arm 3 (reference)

Arm 4 -0.1 -1.59 0.113 (=0.1, 0.0)

Arm 5 0.0 0.58 0.561 (0.0, 0.1)

Arm 6 0.0 -1.33 0.184 (=0.1, 0.0)
| was satisfied with my sleep.?

Arm 1 0.0 -1.39 0.164 (=0.1, 0.0)

Arm 2 0.0 1.12 0.262 (0.0, 0.1)

Arm 3 (reference)

Arm 4 0.0 -1.14 0.253 (0.1, 0.0

Arm 5 0.0 0.27 0.790 (=0.1, 0.1)

Arm 6 0.0 0.69 0.491 (0.0, 0.1)

Cl=confidence interval of the mean difference.

Table uses unimputed data; for all items, N=1288 and the number of unique responses was 4287.

Linear mixed-effects regression model with random intercept at the individual level and random slope at week level.
3ltem responses were reverse coded so that higher scores represented greater sleep disturbance.

9414.21=2.29, p value = 0.0433). However, no significant between the formulations containing melatonin (Arms 1 and

differences in the odds of achieving MCID were observed 4; Coef. = 0.06, 95% CI [-0.49, 0.60], p=0.837).

between Arm 3 and any other active study arm (see Table 6).
In secondary analyses, we found no overall differences in

odds of experiencing a MCID between any of the formulations

containing no melatonin (Arms 2, Arm 5 and Arm 6; F [3, Approximately 11.9% (n=199) of participants reported expe-

4281.5]=1.14; p=0.3307). We also observed no differences riencing at least one side effect during the study. About

Safety
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Table 6. Adjusted® odds ratio (aOR) of achieving a minimal clinically important
difference in PROMIS Sleep Disturbance 8a scores.

aOR 95% Cl
Study arm®
Arm 1 1.4 (0.8, 2.4)
Arm 2 0.7 (04, 1.2)
Arm 3 (reference)
Arm 4 1.3 (0.8, 2.2)
Arm 5 0.8 (0.5, 1.4)
Arm 6 1.1 (0.7, 1.8)

Cl=confidence interval of the estimate.

Multiple imputed logistic regression; F(14, 22175.9) = 1.02, p value = 0.4272.
2Adjusted for sex, age, race, ethnicity and body mass index.

bJoint-test of main effects significant; F(5, 9414.2) = 2.29, p value = 0.0433.

85% of side effects reported during study follow-up were
classified as mild, and 14% were classified as moderate (1%
failed to provide information regarding side effect severity).
No reported side effects were classified as severe or
life-threatening. The most common reported side effects
included fatigue/grogginess (2.7%; n=49), insomnia/sleep
disturbance (1.4%; n=26), headache (1.1%; n=19), upset
stomach (1.0%; n=18), dry mouth (0.8%; n=14), nausea/
vomiting (0.8%; n=14), restless feeling (0.8%; n=14), vivid
dreams or nightmares (0.8%; n=14). The percentage of
participants experiencing at least one side effect was similar
across study arms (ranging from 9.6% to 13.7%; see
Appendix Table B, supplementary material).

Discussion

In this randomized, double-blinded controlled trial to eval-
uate the comparative effectiveness of different orally ingested
cannabinoid and melatonin formulations on sleep distur-
bance, we observed that a 15mg of CBD reduced self-reported
sleep disturbance over the course of 4weeks. The addition
of minor cannabinoids (15mg CBN, alone or in combination
with 5mg CBC) did not impact the therapeutic effects of
15mg CBD. Moreover, we found no evidence of a difference
in effect on overall sleep disturbance score between 15mg
CBD isolate and formulations containing 5mg melatonin,
alone or in combination with 15mg CBD and 15mg CBN.
However, when examining changes in each PROMIS Sleep
Disturbance 8a scale question score separately, we observed
that those taking the 5mg melatonin in combination with
15mg CBD and 15mg CBN reported greater improvements
in the restless and refreshing aspects of their sleep relative
to those taking CBD isolate, though changes in self-reported
sleep quality, sleep satisfaction, and in difficulties and wor-
ries over falling asleep did not vary between any formulation
relative to CBD isolate. Secondary analyses also revealed
that the addition of 15mg CBD and 15mg CBN did not
significantly impact the therapeutic effects of a formulation
containing 5mg melatonin on overall sleep disturbance
score. Notably, all study arms led to significant improve-
ments in sleep disturbance and exhibited favorable safety
profiles.

Few clinical studies have examined the effect of CBD,
with or without the addition of minor cannabinoids, for the
improvement of sleep. This study is among the first to
evaluate the safety and effectiveness of CBD dose ranges

and formulations commonly found within commercially
available CBD products. Our results demonstrate that the
relatively lower doses of CBD found within these orally
ingested products may be safe for chronic use and sufficient
to produce significant improvements in symptoms of sleep
disturbance. These effects, however, do not exceed that of
5mg melatonin. Moreover, we found no evidence that the
low doses of CBN and CBC can improve the effect of for-
mulations containing low doses of CBD or melatonin isolate.

Our findings regarding the lack of additional therapeutic
effect from the addition of CBN are noteworthy as cannabis
product manufacturers have recently begun to tout the
sleep-inducing effects of CBN (47), though preclinical and
clinical research in support of these claims is scarce and
outdated (36). Indeed, our study represents the first clinical
trial to evaluate the use of CBN for sleep using validated
sleep measures. Our findings suggest that 15mg of CBN
may confer little added benefit to a sleep aid product. We
note, however, that our findings reflect a relatively lower
dosage of orally ingested CBN and may not be generalizable
to higher dosages or other modes of administration of the
cannabinoid.

In our secondary analyses, we did not find evidence that
the addition of CBC to formulations containing CBD and
CBN will impact their therapeutic effect on sleep quality.
We did, however, observe substantially higher likelihood of
experiencing a MCID among those in the CBD combination
arm containing CBC (72%) compared to the arms containing
just CBD and CBN (56% and 60% in the Full and Isolate
spectrum CBD combination arms, respectively), suggesting
CBC might impart some effect on sleep improvement.
However, as this was not a planned comparison for the
current study, and as the omnibus test between the CBD
combination arms did not reach statistical significance, we
are unable to fully interpret the meaning of this trend. Thus,
further studies are needed to thoroughly characterize the
impacts of CBC on sleep.

Preclinical research suggests that certain cannabinoids
and other components of the Cannabis plant could work
synergistically, stimulating a greater effect than that if CBD
or A9-THC were examined in isolation - a phenomenon
known as the “entourage effect” (48). As we observed no
difference in effect between the CBD isolate and cannabinoid
combination formulations, we found no evidence of an
entourage effect with CBD, CBC, and CBN in these trial
products. However, these findings may only be generalized
to the specific dosages of these cannabinoids in this sample.
We cannot exclude, from the present evidence, the possibility
that higher concentrations of these minor cannabinoids
could modulate the effects of CBD.

We observed that participants assigned to arms without
melatonin averaged a higher daily capsule intake compared
to participants taking melatonin-containing capsules.
Importantly, we did not detect an increase in safety concerns
in arms with a higher average daily intake. Although not
statistically significant, these findings may suggest that with-
out melatonin, higher doses of cannabinoids may be nec-
essary to induce the desired effects on sleep quality.
Moreover, it is possible that melatonin capsule dose was
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more optimally calibrated relative to the doses of
cannabinoids.

Previous clinical research on melatonin for insomnia and
other common sleep disorders suggests that its effects are
modest and inferior to prescription medications (49). As
we did not find any significant differences between CBD
isolate and the melatonin or CBD combination formulations,
such conclusions regarding modest relative effects could be
extended to the formulations in this sample. Nonetheless,
as melatonin and CBD both demonstrate a highly favorable
safety and tolerability profile, these alternative therapies
could still play a role in the treatment of common sleep
disorders, especially given the harmful side effects of com-
mon pharmacological treatments for these disorders (8).

This study has several limitations. First, about 28% of
participants did not complete any follow-up surveys and
were therefore excluded from the study. While our overall
attrition levels still fell below anticipated attrition levels of
45% and the study was adequately powered to detect sig-
nificant sleep changes, differential loss to follow-up could
induce post-randomization confounding (50). As those who
were excluded did not fill out any surveys beyond the
screener, we were limited in our ability to evaluate char-
acteristics of those excluded and assess potential imbalances
across study arms. We were also unable to run a sensitivity
analysis including the excluded individuals as they did not
provide any PROMIS Sleep Disturbance 8a scores and
imputing their data would not be appropriate as their obser-
vations were determined to be missing not at random
(MNAR; as no study period surveys were completed by
these individuals, the missingness is thus dependent on
unobserved data). Nonetheless, we did not find any signif-
icant differences in the percentage of excluded individuals
between study arms, and there were no significant differ-
ences in baseline demographic or health characteristics
between study arms in the final sample, indicating that
balance was maintained across study arms despite changes
to the study sample post-randomization.

Additionally, as this comparative effectiveness study used
an active control, we cannot determine if and how much the
observed effects may be due to participant expectations/placebo.
In previous clinical research, melatonin has been shown to
have modest effects on sleep relative to placebo (10), though
clinical evidence of CBD’s effect relative to placebo remains
limited, albeit promising (23-25). Notably, previous clinical
research suggests that placebo response could play a major
role in the effect of CBD on stress and anxiety (51), though
the impact of this response has yet to be explored for CBD
and sleep. Further placebo-controlled studies are needed to
determine the therapeutic effects of CBD for sleep. In the
meanwhile, this study contributes to the growing CER evidence
base comparing the safety and effectiveness of both pharma-
cological and non-pharmacological sleep interventions to one
another (52). Future studies may include comparisons of the
effectiveness of CBD to other effective sleep interventions, such
as cognitive behavioral therapy and sleep medications.

We see these data as “real world” data, as it was col-
lected from a population that was using the products in
a manner and setting like that of real consumers of these
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products. Without exhaustive eligibility criteria and inten-
sive monitoring, the missingness and heterogeneity of the
data may be greater than that of traditional clinical trials.
However, many traditional clinical trials of natural products
are limited by smaller sample sizes and have limited exter-
nal validity because the characteristics and behaviors of
participants may not reflect those of real-world users. As
such, real world studies have unique value in their ability
to provide complementary evidence to support clinical trial
designs and help guide regulatory and clinical decisions
(53,54).

Our study is the first randomized, double-blind, con-
trolled trial which compares the effects of CBD and mel-
atonin on sleep, and further investigates therapeutic benefits
of combining CBD isolate with melatonin or minor can-
nabinoids. We observed that chronic use of 15mg CBD
appears safe and could lead to significant and clinically
important sleep improvements, though these effects do not
exceed those of 5mg melatonin. Moreover, the addition of
minor cannabinoids may impart little benefit in CBD or
melatonin products for sleep improvement. These findings
represent an essential scientific advancement toward thor-
oughly characterizing and contrasting the comparative effec-
tiveness of commonly used non-prescription sleep disorder
treatments.
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