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Abstract

Background: Preclinical data implicate the endocannabinoid system in the pathology underlying
obsessive-compulsive disorder (OCD), while survey data have linked OCD symptoms to increased
cannabis use. Cannabis products are increasingly marketed as treatments for anxiety and other
OCD-related symptoms. Yet, few studies have tested the acute effects of cannabis on psychiatric
symptoms in humans.

Methods: We recruited 14 adults with OCD and prior experience using cannabis to enter a
randomized, placebo-controlled, human laboratory study to compare the effects on OCD
symptoms of cannabis containing varying concentrations of A-9-tetrahydrocannabinol (THC) and
cannabidiol (CBD) on OCD symptoms to placebo. We used a within-subjects design to increase
statistical power. Across three laboratory sessions, participants smoked three cannabis varietals in
random order: placebo (0% THC/0% CBD); THC (7.0% THC/0.18% CBD); and CBD (0.4%
THC/10.4% CBD). We analyzed acute changes in OCD symptoms, state anxiety, cardiovascular
measures, and drug-related effects (e.g. euphoria) as a function of varietal.

Results: 12 participants completed the study. THC increased heart rate, blood pressure, and
intoxication compared to CBD and placebo. Self-reported OCD symptoms and anxiety decreased
over time in all three conditions. Although OCD symptoms did not vary as a function of cannabis
varietal, state anxiety was significantly lower immediately after placebo administration relative to
both THC and CBD.

Conclusions: This is the first placebo-controlled investigation of cannabis in adults with OCD.
The data suggest that smoked cannabis, whether containing primarily THC or CBD, has little
acute impact on OCD symptoms and yields smaller reductions in anxiety compared to placebo.
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Introduction

The endocannabinoid system (ECS) has increasingly garnered interest as a potential new
target for treating various psychiatric conditions. A lipid-based, regulatory neurotransmitter
system, the ECS is comprised of two receptors (CB1R and CB2R), endogenous ligands
(“endocannabinoids”), and synthetic/metabolic enzymes (Lu & MacKie, 2016). It is
broadly-distributed throughout the brain, where it modulates the activity of other
neurotransmitter systems including glutamate (Cohen, Weizman, & Weinstein, 2019),
gamma-aminobutyric acid (GABA) (Cohen et al., 2019), serotonin (Cohen et al., 2019;
Morales & Reggio, 2017) and dopamine (Covey, Mateo, Sulzer, Cheer, & Lovinger, 2017).
A major function of the ECS appears to be regulating neurophysiological processes
including sleep (Pava, Makriyannis, & Lovinger, 2016), memory (Lupica, Hu, Devinsky, &
Hoffman, 2017), affective state (Lutz, Marsicano, Maldonado, & Hillard, 2015), and
response to stress (Hill, Campolongo, Yehuda, & Patel, 2018).

These findings have spurred greater research focused on the role of the ECS in psychiatric
illness. For example, data from both human and animal studies suggest that modulators of
the ECS may improve symptoms of anxiety disorders (Korem, Zer-Aviv, Ganon-Elazar,
Abush, & Akirav, 2016), PTSD (Hill et al., 2018), and psychosis (Minichino et al., 2019). In
particular, increasing evidence links the ECS to anxiety, fear, and repetitive behavior
(Kayser, Snorrason, Haney, Lee, & Simpson, 2019). As a result, it has been hypothesized
that targeting the ECS could affect symptoms of obsessive-compulsive disorder (OCD), a
disabling condition marked by recurrent anxiety-producing thoughts and repetitive behaviors
(American Psychiatric Association, 2014; Kayser et al., 2019; Kessler et al., 2005; Murray
& Lopez, 1996).

Preclinical data suggest that ECS activity may regulate compulsive-like behaviors. For
example, CB1R in projections from orbitofrontal cortex to striatum appears to regulate
appropriate shifts between goal-directed and habitual behaviors in rodents (Gremel et al.,
2016). Patients with OCD have abnormal functionality in this circuit (Milad & Rauch,

2012), and compulsive behavior has been linked to an over-reliance on habit (Voon et al.,
2015). Other rodent studies have found that CB1R agonists reduce marble-burying behavior,
a preclinical model of compulsions (Gomes, Casarotto, Resstel, & Guimaraes, 2011,
Umathe, Manna, & Jain, 2011).

ECS activity may also affect anxiety, fear, and/or obsessions. Both preclinical and human
studies show that these agents can mitigate responsiveness to threat (Fusar-Poli, 2009; Phan
et al., 2008) and enhance fear extinction learning (Dincheva et al., 2015; Hammoud et al.,
2019; Mayo et al., 2019; Rabinak et al., 2014, 2013; Rabinak, Peters, Marusak, Ghosh, &
Phan, 2018), apparently by influencing top-down control by frontal cortex over the limbic
system. In patients with OCD, anxiety and obsessions are thought to arise in part from
excessive responsiveness to threatening stimuli (Apergis-Schoute et al., 2017; Rouhani et al.,
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2019) and deficits in fear extinction (Dougherty et al., 2018; McLaughlin et al., 2015; Milad
et al., 2013). Indeed, recent data from our group (Kayser et al., 2020) suggest that nabilone,
a synthetic analogue of A-9-tetrahydrocannabinol (THC) and CB1R agonist, enhances the
effectiveness of cognitive-behavioral therapy consisting of exposure and response/ritual
prevention (EX/RP), the primary evidence-based psychotherapy for OCD. This effect may
result from THC’s capacity to facilitate fear extinction learning, which is thought to underlie
in part the effects of exposure-based treatment (Dougherty et al., 2018).

Though the findings above are promising, there are few controlled studies of cannabinoids in
patients with psychiatric conditions, and none in those with OCD. At the same time, shifting
cultural and political attitudes in the United States have been associated with a surge in
interest in cannabis and related substances for potential therapeutic use (Haney & Evins,
2016). From 2008 to 2018, the number of adults reporting near-daily cannabis use increased
by 4.8 million (Lipari & Park-Lee, 2019), and marketing of cannabis-related products has
exploded (Richter & Levy, 2014; Subritzky, Lenton, & Pettigrew, 2016). A recent survey of
college students also found that OCD symptom severity, and obsessions specifically,
predicted cannabis misuse and suggested that some individuals with OCD use cannabis to
control their symptoms (Spradlin, Mauzay, & Cuttler, 2017). In addition, a residential
treatment facility recently reported that over 6 months, nearly 30% of patients inquiring
about treatment for OCD (51 out of 174) reported prior cannabis use (Storch & Kay, 2019).
Anecdotally, increasing numbers of our clinic patients report using cannabinoids to relieve
anxiety, obsessions, or compulsions. Conversely, others describe that cannabinoids worsen
their symptoms.

Interpreting these studies is challenging given that cannabis is a pharmacologically complex
substance comprising over 100 constituent agents (phytocannabinoids), each with unique
properties and mechanisms of action (Russo & Marcu, 2017). Human studies show that
individual cannabinoids can have vastly different and even competing effects on psychiatric
symptoms (Fusar-Poli, 2009; Fusar-Poli et al., 2010; Hindocha et al., 2015; Morgan et al.,
2018). Among the phytocannabinoids, THC and cannabidiol (CBD) have been the most
studied. THC binds to CB1R and is the primary mediator of the intoxicating effects of
cannabis (Cooper & Haney, 2008). In contrast, CBD has few psychoactive effects
(Zhornitsky & Potvin, 2012), low CB1R affinity (Pertwee et al., 2010), binds other receptor
targets (e.g. TRPYV,, GPR55, and 5Hily receptors) and inhibits the metabolism of
endogenous cannabinoids (Grotenhermen, 2005; Mechoulam, Parker, & Gallily, 2002;
Ryberg et al., 2007). Both THC and CBD are hypothesized to have anxiolytic, anti-
compulsive, and anti-obsessional properties (Kayser et al., 2019), but these putative effects
have never before been directly tested in individuals with OCD. To address this knowledge
gap, we conducted a within-subject, placebo-controlled, human laboratory study to assess
the acute effects of smoked cannabis varying in THC and CBD concentrations in adults with
OCD. We hypothesized that both THC and CBD would acutely reduce anxiety and OCD
symptoms relative to placebo.
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This study was a joint effort between the Center for OCD Research and Cannabis Research
Laboratory at the New York State Psychiatric Institute/Columbia University. The study was
approved by the Institutional Review Board (Protocol #7405) and registered at
ClinicalTrials.gov(NCT0327444). All participants provided written informed consent and
were enrolled between December 2017 and February 2019.

Potential participants were recruited via an online recruitment portal and flyers and
underwent initial phone screening and, if eligible, an on-site psychiatric and medical
evaluation (including physical exam, electrocardiogram, and urine/blood chemistries) with a
trained clinician. The Structured Clinical Interview for DSM-5-RV (Research Version)

(First, Williams, Karg, & Spitzer, 2015) was used to diagnose OCD and other psychiatric
illnesses. OCD symptom severity and depressive severity were assessed respectively using
the Yale-Brown Obsessive-Compulsive Scale (YBOCS) (Goodman et al., 1989) and the
Hamilton Depression Rating Scale (HDRS-17) (Hamilton, 1960), while trait anxiety was
assessed using the Spielberger State-Trait Anxiety, trait subscale (STAI-T) (Spielberger,
Gorssuch, & Lushene, 1983). Participants taking serotonin reuptake inhibitors (SRIs,
including clomipramine and the selective SRIs, which are the first-line medications for
treating OCD) were eligible for inclusion provided that their dose had not changed in the six
weeks prior to enrollment. Participants taking other psychoactive medications, including
over-the-counter supplements or nutraceuticals, were not included. Inclusion and exclusion
criteria are provided in Table 1. Eligible participants were told the study objective was to
determine whether different combinations of THC and CBD in the cannabis cigarette affect
OCD symptoms, and that in each of three sessions, they would smoke a portion of a
cannabis cigarette containing different THC and CBD concentrations. Participants were not
told the specific concentrations in each condition, or that they would receive placebo
cannabis in one session.

Study Design

To mitigate between-subject effects and maximize statistical power, we used a within-
subjects design in which each participant received all three cannabis varietals over the
course of three laboratory sessions, each lasting 3—4 hours. A repeated measures, within-
subjects design is a powerful statistical approach that reduces inter-subject variability and
yields substantial correlations between levels (Haney et al., 2013). Participants completed no
more than one session per calendar week (mean days between sessions=12.5, SD=11.7,
range=5-56) to avoid potential carryover effects. The National Institute on Drug Abuse
(NIDA) provided cannabis cigarettes (IND#131,990). Cigarettes were stored frozen in an
airtight container and humidified at room temperature for 24 hours before sessions. During
each session, participants smoked 50% of a cigarette according to a cued-dosing procedure
(described below). Each cigarette contained approximately 800mg of cannabis that was
either primarily THC (7.0% THC/0.18% CBD), CBD (0.4% THC/10.4% CBD) or placebo
(0% THC/0% CBD). Of note, a study examining the contents of 39,000 illicit cannabis
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preparations seized by the US Drug Enforcement Agency indicated that average THC
percentage increased from approximately 4% to 12% between 1995 and 2014, while CBD
percentage decreased from 0.28% to <0.15% between 2001 and 2014 (EISohly et al., 2016).
Thus, the NIDA cannabis used in this study likely differed substantially in THC/CBD

content from illicit cannabis. Placebo-controlled studies on cannabis conducted in the US are
required to use NIDA cannabis (Haney, 2020, under review). Yet, we and others have
demonstrated that cannabis users adjust their inhalation patterns as a function of THC
content (i.e., increase inhalation as THC levels decrease and vice versa) (Cooper & Haney,
2009; Ramesh, Haney, & Cooper, 2013), and even regular cannabis users become
intoxicated from a single low-potency NIDA cannabis cigarette (e.g., Haney et al., 2016),
demonstrating the clinical relevance of the study design and cued-dosing procedure.

Randomization

Participants received three cannabis varietals in randomized, double-blind dosing order.
Randomization was determined by a research assistant who had no other interaction with the
investigators using a random number generator in Excel 2017 (Excel for Windows, 2017
Edition, Microsoft Corp., Redmond, WA). Cannabis was administered by an investigator

who had no other interaction with the patrticipant.

Clinical Assessments

The study clinician assessed OCD symptoms at the beginning of each session using the
YBOCS. Participants also provided self-ratings of their OCD symptoms using the Yale-
Brown Obsessive-Compulsive Challenge Scale (YBOCCS) and the Obsessive Compulsive
Visual Analogue Scale (OCD-VAS); both of which have been used in prior pharmacological
challenge studies to detect acute changes in OCD symptoms (Rodriguez, Kegeles, Flood, &
Simpson, 2011; Rodriguez et al., 2013). Participants also self-reported anxiety symptoms
using the Spielberger State-Trait Anxiety Inventory, state subscale (STAI-S) (Spielberger et
al., 1983), which has also been used to detect changes in state anxiety following drug
administration (Liechti & Vollenweider, 2000). We used a modified version of the Marijuana
Rating Form (MRF) to assess subjective drug-related effects, where participants rated their
experience of cannabis-related effects on a scale from 0 (no effect) to 4 (extreme effect)
across several categories including “Strength of Marijuana Effect”, “Felt High”, “Good
Effect”, “Bad Effect”, and “Desire to Take Again” (Ramesh et al., 2013).

Experimental Sessions

Table 2 presents the schedule for experimental sessions. Participants were instructed not to
use any substances including cannabis or alcohol in the 12 hours before each session. No
participants reported nicotine use. At the beginning of each session, carbon monoxide,
breath alcohol, and urine toxicology were assessed to detect recent use of substances.
Female participants underwent urine pregnancy testing prior to each session.

Participants smoked 50% of a cannabis cigarette using a cued-smoking procedure: From a
separate room with a two-way mirror, the investigator instructed participants to ‘inhale’ (5
seconds), ‘hold smoke in lungs’ (10 seconds), and ‘exhale’ with a 40-second interval
between puffs. Cued dosing has been shown to produce reliable increases in heart rate (HR)
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and plasma THC levels (Foltin, Fischman, Pedroso, & Pearlson, 1987). Participants followed
this procedure until 50% of the cigarette was pyrolyzed. The cannabis was put in a plastic
mouthpiece, rolled at the tip, and smoked only to a line indicating 50% of the cigarette to
improve blinding of participants and research staff by preventing them from seeing the color
of the contents (which might differ across dose conditions). After cannabis administration,
we assessed HR, systolic/diastolic blood pressure (SBP/DBP), self-ratings of anxiety,
obsessions, and compulsions, and drug effects at set timepoints (20, 40, 60, 90, 120, 180
minutes after smoking).

Data Analysis

Results

Sample

A random-effects linear mixed model evaluated changes in each continuous outcome
(YBOCCS, OCD-VAS, STAI-S, drug-related effects, cardiovascular measures) as a function
of condition (THC, CBD, placebo [PBO]), time point, and their interaction. Mixed-effects
modeling was chosen because it accounts for clustering of repeated measures within
subjects, allows modeling of time as a continuous rather than a categorical variable, and has
been used in similar acute pharmacological challenge studies with repeated assessments
(Gibbons et al., 1993; Papolos, Teicher, Faedda, Murphy, & Mattis, 2013; Phillips et al.,
2019; Rodriguez et al., 2013).

The model included participants as a random effect, condition and time as fixed within-
subjects factors, the interaction between condition and time, and a random intercept. An
autoregressive heterogeneous (ARH1) variance-covariance matrix best fit the data using
Akaike’s information criterion, and restricted maximum likelihood estimation was used.

Time was modeled as a continuous variable as the interval between assessments increased
over the course of each session (i.e. every 20 minutes for the first hour, then every 30
minutes, then hourly). Contrasts within each mixed-effects linear regression model were
used to estimate differences in outcomes between both active cannabis varietals and placebo
at different time points. All statistical tests were conducted using an alpha level of 0.05.
Analyses were conducted using SPSS25 (SPSS Statistics for Windows, Version 25.0, IBM
Corp. Armonk, NY).

Figure 1 portrays participant recruitment and flow. Twenty-three potential participants were
screened. Seven did not meet inclusion criteria; two were eligible but chose not to participate
(one sought treatment for OCD instead, another did not enter because of the time
commitment). Fourteen participants were randomized. Two dropped after the first session
due to the time commitment. Twelve participants completed all three sessions and were
included in the final analysis.

Table 3 describes sample demographic characteristics (N=12). The sample was
heterogeneous in both sex and race. Consistent with the inclusion criteria (Table 1), all
participants had severe, near-constant OCD symptoms, with specific symptoms covering all
DSM-5 domains (e.g. contamination, harm, symmetry, taboo thoughts, hoarding). Eight
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participants had no psychiatric comorbidities. Two participants met criteria for generalized
anxiety disorder (GAD), one of whom also met criteria for panic disorder. Mean STAI-T
scores were more than one SD above the established adult norm (34.9+9.2) (Spielberger et
al., 1983), indicating that participants overall had greater-than-average trait anxiety. Baseline
depression symptoms were low; two participants (17%) met criteria for comorbid major
depression (with HDRS-17 scores of 13 and 15, both within the “mild” range). Only two
participants were taking psychotropic medications; of these, one had been on sertraline
50mg for two years, and one had been on fluoxetine 20mg for six weeks prior to enrolling.

OCD Symptom Ratings

Figure 2 illustrates self-rated OCD symptoms (YBOCCS, OCD-VAS), state anxiety (STAI-
S), and drug-related effects as a function of cannabis varietal and time. Results from the
linear mixed-effects models found no interaction effect between cannabis varietal and time
(YBOCCS, p=.577, OCD-VAS, p=.818, STAI-S, p=.740). There was a main effect of time
on all three symptom self-report measures, with significant decreases for YBOCCS
(F=10.50; df=6, 10; p<.001), OCD-VAS (F=8.93; df=6, 10; p<.001), and STAI-S scores
(F=7.00; df=6, 10; p<.001).

There was a significant main effect of cannabis varietal on STAI-S (F=6.26; df=2, 10;
p=.002), but not on YBOCCS (F=.33; df=2, 10; p=.72) or OCD-VAS (F=.10; df=2, 10;
p=.90). Though mean STAI-S scores decreased in all three conditions, they were
significantly lower for PBO relative to both THC (mean difference=-4.31, SE=1.34, p=.001)
and CBD (mean difference=-3.85, SE=1.34, p=.004). Post-hoc analyses revealed
participants had significantly lower STAI-S scores 20 minutes after PBO administration
compared to both THC (mean difference=-11.25, SE=3.54, p=.002) and CBD cannabis
(mean difference=-7.33, SE=3.54, p=.039). At minute 40, STAI-S scores remained
significantly lower for PBO compared to THC (mean difference=-7.58, SE=3.54, p=.033)
and trended towards significance when comparing PBO and CBD (mean difference=-6.33,
SE=3.54, p=.075). There were no between-group differences in STAI-S at minute 60 and
subsequent time points.

Drug Effect Ratings

There was no cannabis varietal-by-time interaction for self-reported drug-related effects
(“Felt High™), but there were significant main effects of time (F=31.11; df=6, 10; p<.001)

and cannabis varietal (F=26.43; df=2, 10; p<.001). In all 3 conditions, scores were increased
at all follow-up time points compared to minute 0 (all p values<.001). At all time points

from 20 minutes to 120 minutes, THC significantly increased self-ratings of “Felt High”
compared to both CBD and PBO (all p values <.05). At 180 minutes, there were no
significant differences in drug effect ratings between groups.

Cardiovascular Effects and Safety Outcomes

There were no interaction effects between condition and time on cardiovascular outcomes,
nor was there a main effect of time. There was a main effect of cannabis varietal on HR
(F=11.88, df=2,10, p<.001), SBP (F=4.24, df=2,10, p=.016), and DBP (F=3.67, df-2,10,
p=.027). Post-hoc contrasts revealed greater mean values for all cardiovascular endpoints
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with THC relative to CBD (HR, F=4.73, SE=1.2, p<.001; SBP, F=4.77, SE=1.86, p=.011,
DBP, F=3.94, SE=1.47, p=.008). In addition, mean HR and SBP increased for THC relative
to PBO (HR, F=5.29, SE=1.2, p<.001; SBP, F=4.60, SE=1.86, p=.014).

No serious adverse events were reported during the study. The most common self-reported
side effects across all conditions were nervousness and dry mouth. One participant, a daily
cannabis user diagnosed with comorbid panic disorder, reported panic symptoms about 20
minutes after administration of THC. The participant was given the opportunity to end the
session but elected to complete it and reported that the symptoms resolved within 40
minutes.

Discussion

This is the first randomized, within-subjects, placebo-controlled human laboratory study to
assess the effects of smoked cannabis on OCD symptoms and anxiety in adults with a
DSM-5 diagnosis of OCD. The study capitalized on a unique collaboration between the
Center for OCD Research to the Cannabis Research Laboratory at New York State
Psychiatric Institute/Columbia University which presented a rare opportunity to test the
acute effects of cannabinoids in patients with OCD. There were four main findings. First,
THC produced the expected increase in self-ratings of “Felt High” and in cardiovascular
outcomes (HR, SBP/DBP) compared to CBD and placebo. This increase in self-rated
intoxication parallels findings from similar studies of smoked cannabis (Haney et al., 2016;
Vadhan, Corcoran, Bedi, Keilp, & Haney, 2017), and suggests that the cued-dosing
procedure generated sufficient cannabis exposure to enable observation of acute effects.
Second, in this within-subject design, self-reported ratings of both OCD symptoms and
anxiety decreased over time compared to baseline across all three conditions. Third, neither
active cannabis varietal (THC or CBD) significantly affected OCD symptoms relative to
placebo. Fourth, participants who received placebo experienced greater state anxiety
reduction in the first 40 minutes after administration compared to those who received either
active cannabis varietal.

That self-reported OCD symptoms and anxiety decreased over time could be an effect of
time within the session. Alternatively, it might also reflect expectancy effects in individuals
with OCD. Cannabis users have been shown to have significant expectancy effects in
response to cannabis-associated cues (cannabis cigarette appearance and smell, the act of
smoking) (Chait et al., 1988; Fillmore, Mulvihill, & Vogel-Sprott, 1994; Kirk, Doty, & De

Wit, 1998). Moreover, when they anticipate receiving active cannabis but receive placebo
cannabis instead, they still report cannabis-like effects. (Metrik et al., 2009). Our finding that
placebo cannabis reduced anxiety and OCD symptoms in this study highlights the critical
importance of including a placebo condition when evaluating the potential therapeutic utility
of cannabis or cannabinoids.

Neither active cannabis varietal significantly affected obsessions or compulsions relative to
placebo cannabis. Moreover, immediately after administration, placebo cannabis was
associated with greater reductions in self-reported state anxiety than either active varietal, a
difference which persisted for at least 40 minutes in the THC condition. We recruited
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participants with OCD who reported prior neutral or positive experiences using cannabis,
excluding those who reported prior adverse reactions. Even among this selected group, when
compared to placebo active cannabis varietals containing either primarily THC or CBD
performed similarly (for OCD symptoms) or worse (for state anxiety).

Though THC is known to have both anxiolytic and anxiogenic effects (thought to result
partly from its dose-dependent effects on TRPV1 receptors) (Lutz et al., 2015), it is
noteworthy that CBD produced less reduction in anxiety than placebo, as prior studies have
suggested it may have anxiolytic properties (Bergamaschi et al., 2011; Crippa et al., 2011).
Whereas those studies examined the effects of a single dose of oral CBD (400—600mg) on
symptoms of social anxiety, our study focused on the influence of a single smoked cannabis
cigarette on anxiety symptoms in the context of OCD. Thus, our contrasting findings may
result from differences in patient sample or route of administration (smoked vs. oral). The
CBD cannabis we used contained approximately 0.4% THC, but there was no evidence that
this low level of THC produced intoxication or increased heart rate compared to placebo,
suggesting that THC effects were likely minimal. Nonetheless, our findings align with an
expanding literature indicating that, like THC, CBD may not be a purely anxiolytic
substance. Rather, it may have complex interactions with anxiety symptoms (Solowij et al.,
2019).

Three limitations should be considered. First, this pilot study had a small sample size, and as
a result Type Il error could possibly explain the lack of effect on obsessions or compulsions
that we observed. Though a larger replication study is needed, the issue of sample size is
mitigated by our use of a within-subjects design, which significantly increases statistical
power by reducing inter-subject variability. Second, measures to assess rapid changes in
OCD symptoms are limited. The measures used in this study, the YBOCCS and OCD-VAS,
have successfully detected drug effects in prior pharmacological challenge studies
(Rodriguez et al., 2011, 2013), but the need remains for validated measures to characterize
changes in obsessions and compulsions at short intervals. Finally, this study measured the
effects of an acute dose of smoked cannabis. The THC condition yielded intoxication
relative to both CBD and placebo, indicating that the dose and type of cannabis used was
appropriate to achieve clinically meaningful effects. Long-term dosing or a different route of
administration (for example, oral capsules) may have yielded different effects on symptoms.
However, this preliminary study was not designed to assess for these possibilities.

Our findings suggest important directions for future research. This study found that the acute
effects of smoked THC on OCD symptoms did not differ from placebo, highlighting the
importance of placebo-controlled designs in studying the clinical effects of cannabis. In
parallel, our recent trial of nabilone (a synthetic THC analogue) suggested that daily
nabilone did not affect OCD symptoms on its own but enhanced the therapeutic impact of
EX/RP when both treatments were delivered simultaneously (Kayser et al., 2020). Future
studies should explore how the effects of THC vary depending on the route (oral vs.
smoked), frequency, and context of administration (monotherapy vs. combined with EX/
RP). Second, cannabis is a complex substance composed of multiple active constituents of
diverse pharmacology. This preliminary study of smoked cannabis containing varied
amounts of the best-studied of these constituents (THC and CBD) does not suggest that it is
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an effective acute treatment for anxiety or OCD symptoms. However, further research is
needed to determine whether other cannabis formulations or individual cannabis constituents
may have acute anxiolytic or anticompulsive effects in individuals with OCD. Whether

THC, CBD, or other cannabinoids can influence fear extinction learning or other OCD-
relevant neurocognitive processes to yield clinically meaningful benefits also warrants

further study. Finally, individual differences in several factors including gender (Cooper &
Craft, 2018), age (Gorey, Kuhns, Smaragdi, Kroon, & Cousijn, 2019), and genetics (Palmer,
McGeary, Knopik, Bidwell, & Metrik, 2019) have been shown to influence the clinical
response to cannabinoids. Future studies would benefit from investigating more extensively
how these factors mediate the response to cannabis among individuals with OCD.
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Other diagnosis only (n=4)

+ Did not meet DSM-5 criteria for OCD (n=7) < >

Eligible but chose not to participate (n=2)
+ Declined participation to seek treatment (n=1)
+ Distance to clinic or time commitment too great (n = 1)

A4

Randomized (n=14)

v

Completed first session (n=14)
+ Received THC (n=5)
+ Received CBD (n=5)
+ Received PBO (n=4)

l

Completed second session (n=12)
+ Received THC (n=4)

+ Received CBD (n=5)

+ Received PBO (n=3)

Dropped (n=2)

+ Time commitment too great (n=2)

l

Completed third session (n=12)
+ Received THC (n=4)
+ Received CBD (n=3)
+ Received PBO (n=5)

!

Analyzed (n=12)

Figure 1. Recruitment and Participant Flow
Abbreviations: THC = 7.0% THC/0.18% CBDCBD = 0.4% THC/10.4% CBDPBO =

0% THC/0% CBD;OCPD = Obsessive-Compulsive Personality Disord@@kD =

Generalized Anxiety Disorder

Depress AnxietyAuthor manuscript; available in PMC 2021 August 01.

Page 16



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuely Joyiny

Kayser et al.

* indicates p<.01

YBOCCS SCORES

—4—Placebo ——THC CBD

40 60 90 120
TIME (MINUTES)

STAI-S SCORES

—o—Placebo =—=THC

CBD

Page 17

OCD-VAS SCORES

—#—Placebo —=THC CBD

40 60 90 120 180
TIME (MINUTES)

0 20 40 60 90 120 180
TIME (MINUTES)

"FELT HIGH" RATINGS HEART RATE
—o—Placebo —B=THC 8D —o—Placebo ——THC 8D
4 90
= *
3 80 * *
*
2 70 Y n —

60

50
20 40 60 90 120 180 0 20 40 60 90 120 180

TIME (MINUTES) TIME (MINUTES)

o
°R

Figure 2. Sdlf-report Ratings and Heart Rate, mean values
Abbreviations: THC = 7.0% THC/0.18% CBDCBD = 0.4% THC/10.4% CBDPBO =

0% THC/0% CBD

Main effect of time was observed for YBOCCS, OCD-VAS, STAI-S, and “Felt High” scores
(all p values <.001).

Main effect of cannabis varietal was observed only for STAI-S scores (p=.002).
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Inclusion/Exclusion Criteria
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le 1.

Inclusion

Exclusion

1. Male or female aged 21-55

1. Lifetime history of bipolar disorder or psychosis, or first-degree
relative with these conditions

2. Physically healthy

2. HDRS-17 > 25 or current suicidal ideation

3. Principal DSM-5 diagnosis of OCD with illness duration =1 yea
and near-constant symptoms (e.g. >8 hours per day or maximum
symptom-free interval <1 hour)

3. History of significant medical condition that could increase risk
cannabis side effects

Df

4. YBOCS =16

4. Currently enrolled in or planning to begin EX/RP

5. No psychotropic medication in last 6 weeks other than SRIs, n
change to SRI dose in past 6 weeks

5. Substance use disorder within the last year (including cannabid
disorder) or positive urine toxicology (for substances other than
cannabis) at screening

1=

use

6. Prior experience using cannabis without significant adverse eff

pcts 6. Seeking treatment for substance use

7. Capable of providing informed consent

7. Pregnant or nursing female

Abbreviations: HDRS-17, Hamilton Depression Rating Scale, 17-Item; DSM-5, Diagnostic and Statistical Manual for Psychiatric Di§f6rders, 5
Edition; OCD, Obsessive-Compulsive Disorder; YBOCS, Yale-Brown Obsessive Compulsive Scale; SRI, Serotonin Reuptake Inhibitor
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Table 2.
Time Course of Sessions
Time (min) Event
-50 CO, urine toxicology and pregnancy test, breathalyzer
-30 Balance, TLFB, Vitals (BP/HR), self-report scales (OCD-VAS, YBOCCS, STAI-S, MRF)
0 Cannabis administration
20, 40, 60, 90, 124 Vitals, self-report scales
180 Vitals, self-report scales, field sobriety test, participant discharge

Abbreviations: Balance, number of seconds balancing for a maximum of 30s on each foot; TLFB, Marijuana Timeline Follow-back; CO, carbon
monoxide; BP, blood pressure; HR, heart rate; OCD-VAS, OCD Visual Analogue Scale; YBOCCS, Yale-Brown Obsessive-Compulsive Challenge
Scale; STAI-S, State/Trait Anxiety Inventory — state subscale; MRF, Marijuana Rating Form
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Demographic Characteristics of Participéants

Variable Value
Age 26.8+7.4, 21-48
Male 8 (67)
Single 12 (100)
Hispanic 2017
Race
White 9 (75)
Black 2(17)
Asian 1(8)
Other 0(0)
Psychiatric Comorbidity
None 8 (67)
MDD 2(17)
GAD 2(17)
Panic Disorder 1(8)
Medication Status
Unmedicated 10 (83)
SSRI 2(17)
Cannabis use (#days/week) 3.842.9, 0-7

Baseline YBOCS score
Baseline STAI-T score

Baseline HDRS-17 score

20.1+4.9, 16-25
48.5+13.9, 25-77
4.9+4.7,0-15

Table 3.

a\/alues shown as means (+SD), range; for frequencies, as n (%)

Page 20

Abbreviations: MDD = Major Depressive Disorder; GAD = Generalized Anxiety Disorder; SSRI = Selective Serotonin Reuptake Inhibitor;
YBOCS = Yale-Brown Obsessive-Compulsive Scale; STAI-T = State Trait Anxiety Inventory, Trait Version; HDRS-17 = 17-item Hamilton

Depression Rating Scale
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