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Abstract

Purpose of Review In the context of ongoing decriminalization and legalization of cannabis, a better understanding of how
THC and CBD impact anxiety is critical to elucidate the risks of recreational cannabis use as well as to establish the thera-
peutic potential of cannabis products for anxiety-related applications.

Recent Findings Recent literature supports anxiogenic effects of THC administration, which may be attenuated among regular
cannabis users. Data regarding anxiolytic effects of CBD administration are mixed. Most newer studies contradict earlier
findings in reporting no effects of CBD on anxiety in healthy participants, whereas inconsistent results have been reported
among individuals with anxiety disorders, substance use disorders, and other clinical populations.

Summary Future research is needed to reconcile heterogenous findings, explore sex differences in the effects of THC and
CBD on anxiety, and to assess how effects change with extended exposure; the impact of different CBD doses, and the

interactions between THC, CBD, and other cannabis compounds.

Keywords Delta-9-tetrahydrocannabinol - Cannabidiol - Sex differences - Dosing - Risks - Therapeutic potential

Introduction

Cannabis is the most widely used illicit drug worldwide
[1], and 49% of US adults report lifetime use [2]. In the
context of ongoing decriminalization and legalization of
cannabis [3, 4], both recreational and medicinal use of
cannabis and its constituents are rapidly expanding [5-7].
Notably, a majority of individuals using cannabis prod-
ucts report that they use them to treat anxiety: anxiety is
among the most frequently cited motivations for the use
of both medical marijuana [8§—10] and cannabidiol (CBD)
products [11, 12]. Nonetheless, research on the relationship
between anxiety and cannabis’ two primary constituents,
THC and CBD, remains mixed. A better understanding of
how THC and CBD impact anxiety is critical to elucidate
the risks of recreational cannabis use as well as to establish

This article is part of the Topical Collection on Emotion and
Addiction

< Sarah D. Lichenstein
sarah.lichenstein@yale.edu

Department of Psychiatry, Yale School of Medicine, 40
Temple Street, Suite 6C #626, New Haven, CT 06510, USA

the therapeutic potential of cannabis products for anxiety-
related applications. While prior reviews and meta-analyses
have addressed earlier literature on the effects of cannabis
and its primary constituents on anxiety [e.g., 13, 14-18],
recent studies have continued to elucidate the anxiogenic
and anxiolytic effects of THC and CBD in humans, exam-
ining different routes of administration, different doses,
and sex differences, as well as assessing these effects in
different populations. Therefore, the current review aims
to synthesize the latest research on this topic within the
context of the broader literature.

Methods

Several databases were explored to identify recent studies
examining the effects of THC and/or CBD administration on
anxiety, including PubMed, Ovid MEDLINE, PsycINFO,
and Embase. Additional studies were also identified from
reference lists. Studies were included if they were published
in the last 5 years, included human participants, and admin-
istered known doses of THC and/or CBD (vs. cannabis
administration studies in which cannabinoid composition is
unknown).
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Narrative Review
THC and Anxiety

Delta-9-tetrahydrocannabinol (THC) is the primary psy-
choactive component of cannabis [19]. It is a partial ago-
nist at CB1 and CB2 receptors [20], and its effects on
anxiety are thought to be driven primarily by CB1 receptor
binding, as well as interactions with serotonin 1A recep-
tors and the opioid system [14ee]. Preclinical literature
suggests that THC has dose-dependent effects on anxiety,
with anxiolytic effects observed at lower doses and anxi-
ogenic effects seen at higher doses, although findings have
not been entirely consistent [reviewed in 14]. The human
literature has diverged from preclinical findings — as well
as epidemiological and consumer survey data — in report-
ing exclusively anxiogenic effects of THC administration
[14ee]. Nonetheless, some data suggest that the anxiogenic
effects of THC may be blunted among regular cannabis
users [21], and when THC is co-administered with CBD
[22].

THC: Recent Findings

A number of recent studies have continued to assess the
effects of THC on anxiety in healthy volunteers, examin-
ing a variety of doses and modes of administration among
individuals with different levels of prior cannabis exposure
(see Table 1). Among individuals with minimal current
cannabis use, studies converge in reporting anxiogenic
effects of THC [23e, 24e_ 25e]. A within-subject, double-
blind, crossover study examined the effects of vaporized
and smoked cannabis with 0 mg, 10 mg, and 25 mg THC
among healthy adults (n=17) with a lifetime history of
cannabis use but no current (past month) use [23e]. Both
doses were associated with a significant increase in vis-
ual analogue scale (VAS) ratings of “heart racing,” and
the higher THC dose was associated with a significant
increase in ratings of “anxious and/or nervous” relative to
placebo, regardless of mode of administration (smoked vs.
vaporized cannabis).

Another study pooled data from 4 double-blind, pla-
cebo-controlled studies to examine effects of vaporized
and oral cannabis containing low-dose (5 or 10 mg) or
high-dose (20 or 25 mg) THC among healthy adults
(n=>50) with no current (past month) cannabis use [24e].
The authors found a significant main effect of dose on
anxiety, such that VAS ratings of “heart racing,” “anxious/
nervous,” and “restless” all increased in a dose-dependent
manner. Notably, there was also a significant dose by sex
interaction whereby female participants reported greater
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increases in all three anxiety ratings relative to male par-
ticipants, and this remained significant when controlling
for weight, blood THC, and metabolite levels. Another
double-blind, placebo-controlled study examined effects of
intravenous administration of 0.015 mg/kg THC, 0.03 mg/
kg THC, or placebo among healthy adults (n =42) with
minimal cannabis use (~90% no use in past month) [25e].
Consistent with prior reports, a significant main effect
of dose was found for VAS ratings of “anxious,” with
greater anxiety reported following the higher THC dose.
Contrary to the previous study, no dose by sex interaction
was observed.

Three studies have examined effects of THC on anxiety
among current cannabis users [26e, 27e, 28e]. One within-
subject, double-blind study examined effects of oral admin-
istration of 7.5 mg THC, 15 mg THC, or placebo among
female occasional cannabis users (< 11 uses in past month;
n=37) [27¢]. Again, THC administration was found to
increase anxiety in a dose-dependent manner, although the
increase in anxiety was only significant for the higher 15-mg
dose relative to placebo. Another study pooled data from
two within-subject, randomized, placebo-controlled trials
assessing the effects of vaporized cannabis with 13.75 mg
THC (THC condition), 13.75 mg THC and 13.75 mg CBD
(THC/CBD condition), 13.75 mg CBD (CBD condition),
and placebo among occasional cannabis users (<2 X/week
for the past year; n=40) [26¢]. They found a main effect of
condition, with participants reporting increased anxiety in
the THC condition, which was attenuated in the THC/CBD
condition. However, contrary to an earlier study of individu-
als with no current cannabis use [23e], there was no sex by
condition interaction in this sample of occasional current
users. Finally, one randomized, double-blind, placebo-con-
trolled study examined the effects of cannabis containing
12.5% THC or placebo among current regular cannabis users
(1-4 days/week; n=91) [28e]. Participants were allowed to
smoke ad libitum for 10 min, resulting in an average dose
of 86 mg for men and 73 mg for women in the active condi-
tion. Interestingly, the authors found no main effect of THC
administration on anxiety and no sex by condition interac-
tion, although men consumed more THC.

Overall, recent studies largely converge in finding anxi-
ogenic effects of THC administration in healthy adults [23e,
24e, 250, 260, 27¢], although these effects may be blunted
among regular cannabis users [28¢]. However, findings
regarding sex differences in THC’s anxiogenic effects have
been inconsistent. Current data suggest that oral and vapor-
ized THC administration is associated with more substan-
tial increases in anxiety for women relative to men among
individuals with no past month use [24e], whereas sex
differences were not found when THC was administered
intravenously [25e] or among current cannabis users [26e,
28e]. Notably, in the one study in which participants could
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smoke freely (vs. a fixed dose of THC), women were found
to smoke less and to have lower peak concentrations of THC
and its metabolites, even after adjusting for differences in
THC dose consumed. Therefore, although the authors found
no sex differences in the effects of THC on anxiety, women
had significantly less THC exposure [28e], providing fur-
ther support for important sex differences in the effects and
pharmacology of THC administration.

Cannabidiol (CBD) and Anxiety

Unlike THC, CBD has minimal psychoactive effects [20]
and does not bind strongly to endogenous cannabinoid
receptors [29]. Rather, CBD is hypothesized to have a
modulatory effect on a range of systems in the brain and
periphery, impacting endocannabinoid, opioid, serotonergic,
and adenosine transmission [30] and promoting hippocam-
pal neurogenesis and synaptic plasticity while downregu-
lating glial reactivity [31]. Several mechanisms have been
proposed to underlie CBD’s anxiolytic effects, including
indirect agonism of CB1 receptors, allosteric modulation of
serotonin 1A (5-HT1A) receptors, and interactions with the
transient receptor potential vanilloid (TRPV) ion channel
receptor family [17, 30, 31]. Animal literature suggests that
acute CBD administration significantly attenuates anxiety
[see 17, 18 for review], and a bell-shaped response curve
has been reported such that low/moderate doses are effective
whereas higher doses are not [17, 31]. This response pattern
is thought to reflect TRPV1 activation at higher CBD doses,
which blocks the anxiolytic effects observed at intermediate
doses [32]. Preliminary human studies have also demon-
strated anxiolytic the effects of acute CBD administration
while participants undergo anxiety-producing experimental
procedures [33-35]. Therefore, there has been significant
interest in CBD’s therapeutic potential for treating anxiety
in a variety of clinical populations.

CBD: Recent Findings

In addition to examining the impact of CBD administration
in clinical populations that typically present with anxiety
symptoms (e.g., individuals with anxiety disorders and sub-
stance use disorders), several recent studies have also exam-
ined CBD’s effects on anxiety among healthy volunteers
[36e, 37e, 38e, 39 4(0e] (see Table 2). One randomized,
double-blind, placebo-controlled trial administered 150 mg,
300 mg, 600 mg, or placebo to healthy men (n=57) 1.5 h
prior to a simulated public-speaking task [38e]. Individuals
in the 300-mg CBD group (n=15) reported significantly
lower VAS ratings of “anxiety” during the task relative to
the placebo group (n=15), whereas anxiety ratings did not
differ significantly from placebo for the 150-mg (n=15)
and 600-mg (n=12) CBD groups. A second randomized,

@ Springer

double-blind, placebo-controlled study used a very simi-
lar design to examine whether CBD (150, 300, or 600 mg)
would improve test anxiety among healthy college students
(n=32) taking a statistics exam [40e]. Contrary to the pre-
vious study, VAS ratings of “test anxiety,” “anxiety,” and
self-reported state anxiety did not differ across groups, dem-
onstrating that none of the doses examined had a significant
impact on participants’ test anxiety.

Similarly, another randomized, double-blind, placebo-
controlled trial administered 2 different 150-mg CBD for-
mulations (CBD powder and CBD dissolved in corn oil) or
placebo to healthy men (n=45) 1 h prior to a simulated pub-
lic-speaking task [39e]. Again, no significant group differ-
ences were observed in anxiety, demonstrating that neither
formulation had a significant effect on task-induced anxiety.
Another study involved four, double-blind, double-dummy,
drug administration sessions, in which 18 healthy adults self-
administered 100 mg oral CBD, 100 mg vaporized CBD,
vaporized CBD-dominant cannabis (100 mg CBD, 3.7 mg
THC), and placebo [36e]. None of the active conditions
were associated with changes in VAS ratings of “Anxious/
Nervous” over the 8-h period following drug administration.
However, CBD-dominant cannabis administration only was
associated with increased VAS ratings of “Heart racing.”
Given that only the formulation containing THC produced
effects on anxiety-related ratings, these results align with
literature reporting anxiogenic effects of THC administration
(see above) and do not strongly support effects of CBD on
anxiety in healthy volunteers. Finally, another recent rand-
omized, double-blind, placebo-controlled, crossover study
examined the effect of acute administration of 600 mg CBD
among 24 healthy volunteers [37¢]. The authors reported no
significant effects of CBD administration on VAS ratings
of “anxiety” following a stress induction paradigm (mental
arithmetic task). Overall, it is notable that these recent data
largely diverge from earlier reports of anxiolytic effects of
CBD among healthy volunteers.

CBD for Anxiety Disorders

Several recent studies have examined whether CBD can
ameliorate anxiety symptoms among individuals with anxi-
ety disorders, either as a stand-alone treatment [41e, 42e]
or as an augmentation strategy in combination with another
evidence-based treatment approach [43e, 44¢]. One double-
blind, placebo-controlled study administered 300 mg CBD
daily to 17 Japanese teenagers with social anxiety disorder
and found that individuals in the CBD condition (n=17)
displayed a significant reduction in their anxiety symptoms
across the 4-week treatment period relative to those in the
placebo condition (n=20) [41e]. Another open-label trial
assessed the efficacy of 12-weeks of CBD (titrated up to
800 mg) as an add-on treatment among 31 young people
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(12-25 years old) with a DSM-5 anxiety disorder who had
not responded to a standard anxiety disorder treatment (CBT
and/or antidepressant) [44e]. Anxiety symptoms decreased
significantly across the 3-month treatment period, with 40%
of participants showing a 50% symptom reduction. However,
this study did not include any control condition, so causal
inferences regarding CBD administration are limited.

Conversely, another study examining 300 mg CBD to
augment in vivo exposure treatment for treatment refrac-
tory patients with anxiety disorders including social anxi-
ety disorder and panic disorder with agoraphobia failed to
detect any effect of CBD on treatment outcomes [43e]. In
this case, participants received an acute dose of 300 mg
CBD (n=39) or placebo (n=41) 2 h prior to 8 therapist-
assisted exposure therapy sessions. Anxiety was assessed
before, during, and after the 8-session treatment course, as
well as 3 and 6 months later. Although anxiety symptoms
were found to improve significantly with treatment, there
was no significant difference between the CBD and placebo
groups. Finally, a randomized, placebo-controlled study
assessed whether 300 mg CBD would ameliorate anxiety
among individuals with PTSD while recalling the details
of their traumatic event [42e]. Across all participants, the
authors again found no significant effect of CBD administra-
tion (n=17) on change in anxiety before and after trauma
recall relative to placebo (n=16). However, when partici-
pants were stratified based on the nature of their trauma,
sexual (n=14) versus nonsexual (n=19) trauma, CBD was
found to lessen trauma recall-induced anxiety among the
nonsexual trauma group, whereas no effect was seen in the
sexual trauma group.

Collectively, recent data provide very mixed support for
the efficacy of CBD among individuals with anxiety dis-
orders. Notably, existing studies suggest that CBD may be
more efficacious among individuals with less severe anxiety
(adolescents with SAD [41e] vs. patients with treatment-
refractory anxiety disorders [43e], nonsexual trauma vs.
sexual trauma [42e]), although one study with no control
group did find CBD to be effective among youth with treat-
ment-refractory anxiety disorders [44e]. Therefore, future
well-controlled studies are needed to further assess the
efficacy of CBD for the treatment of anxiety disorders and
to systematically assess whether efficacy varies based on
symptom severity.

CBD for Substance Use Disorders

Four recent studies have examined the utility of CBD
for treating anxiety in the context of heroin [45¢], can-
nabis [46¢], and cocaine use disorders [47e, 48e]. In
one double-blind, randomized, placebo-controlled trial
of CBD for individuals with heroin use disorder [45¢],
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CBD (400 mg, n=14 or 800 mg, n=13) or placebo
(n=15) was administered for 3 consecutive days and
drug-cue—induced anxiety was measured on the first day
of CBD administration, 24 h after CBD administration,
and 7 days after the 3-day course of CBD administration.
Individuals in the CBD groups reported significantly less
drug-cue—induced anxiety at all 3 testing sessions rela-
tive to the placebo group. Although anxiety symptoms
were reduced in a dose-dependent manner, the difference
between the 400-mg and 800-mg groups was not statisti-
cally significant.

A second study conducted a double-blind, placebo-
controlled, randomized, adaptive Bayesian trial aimed at
assessing the efficacy of CBD for cannabis use disorder,
identifying effective CBD doses for reducing cannabis use
and assessing a range of secondary endpoints including
anxiety symptoms [46e]. Across two separate phases of
the trial, participants were randomized to receive 200 mg
(n=12), 400 mg (n=24), and 800 mg (n=23) CBD or
placebo (n=23) for 4 weeks, and the 800-mg dose was
found to reduce anxiety symptoms both during treatment
and at follow-up.

Finally, 2 randomized, double-blind, placebo-controlled
trials examined the efficacy of CBD for reducing anxiety
among individuals with cocaine use disorder [47e, 48e].
In the first trial, men with crack-cocaine dependence were
randomized to receive 300 mg CBD (n=14) or placebo
(n=17) for 10 days, and anxiety was assessed at baseline
and at the end of the 10-day treatment period. Contrary
to the prior two studies, the authors found no effect of
CBD administration on anxiety symptoms during treat-
ment for cocaine use disorder. A second trial examined
the efficacy of chronic CBD administration (800 mg)
for reducing anxiety symptoms, as well as acute anxi-
ety induced by stressful or cocaine-cue—related scenarios
among individuals with cocaine use disorder [47e]. In
this case, participants were randomized to receive 800 mg
CBD (n=40) or placebo (n=238) for 92 days, and anxi-
ety symptoms were measured throughout the treatment
period, and cue-induced anxiety was assessed on day 8
based on change in anxiety before and after stress-induc-
ing, cocaine-use—related, and neutral scenarios. Again, the
authors found no significant effect of CBD administration
on any measure of anxiety. Similar to the recent literature
on CBD for anxiety disorders, the evidence for the efficacy
of CBD for anxiety in substance use disorders is mixed.
Preliminary data suggests that 800 mg CBD (both acute
and chronic administration) may reduce anxiety symptoms
among individuals with heroin [45e] and cannabis [46¢]
use disorders, whereas both 300- and 800-mg doses were
found to be ineffective for treating anxiety in the context
of cocaine use disorder [47e, 48e].
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CBD for Other Clinical Populations

A number of recent studies have also assessed the efficacy of
CBD for treating anxiety symptoms in other clinical popula-
tions. One randomized, double-blinded, placebo-controlled,
crossover trial evaluated the efficacy of 300 mg CBD to
reduce anxiety induced by a simulated public-speaking task
among 24 individuals with Parkinson’s disease [49]. Acute
CBD administration (90 min prior to stress-induction) was
found to significantly reduce anxiety in anticipation, dur-
ing, and following the simulated public-speaking task in
this population. Another randomized, placebo-controlled,
double-blind study examined whether short-term CBD
treatment (600 mg/day for 1 week) would reduce anxiety
induced by the trier social stress test (TSST) among indi-
viduals at clinical high risk (CHR) for psychosis [50]. State
anxiety was measured following the TSST among CHR indi-
viduals in the CBD (n=16) and placebo (n=17) groups, as
well as a comparison group of healthy volunteers (n=25;
no medication treatment). There was a significant effect of
group on anxiety, such that CHR individuals in the placebo
group reported the greatest anxiety, followed by those in
the CBD group, and controls reported the lowest anxiety.
Although this pattern suggests that CBD may attenuate anxi-
ety induced by a social stressor among CHR individuals, the
difference between the CBD and placebo groups was not
statistically significant.

Another study assessed the use of CBD among individu-
als with high paranoid traits and found that acute admin-
istration of 600 mg CBD (n=16) 130 min prior to a 3D
virtual-reality paradigm simulating the experience of being
on a London Underground train was not found to effectively
reduce anxiety relative to placebo (n=16) [51]. Finally, a
retrospective chart review examined the impact of adjunc-
tive CBD treatment for improving anxiety symptoms among
a diverse sample of adult psychiatric patients (n=72) [52].
Overall, patients treated with CBD were characterized by
decreased anxiety across a 3-month follow-up period. How-
ever, this study did not include any control group, so it is
difficult to conclude whether the clinical improvements were
attributable to CBD administration.

Open Questions and Future Directions
THC and Anxiety

Overall, existing literature strongly supports anxiogenic
effects of THC administration in healthy adults [14ee, 23e,
24e, 25e, 260, 27¢]. However, these findings stand in stark
contrast to epidemiological and consumer data suggesting
that a majority of medical marijuana users report using
cannabis to treat anxiety [8—10, 14ee]. One recent study

suggests that anxiogenic effects of THC may be blunted
among regular cannabis users [28¢]. Therefore, regular users
may be less susceptible to the anxiety-inducing effects of
THC. Nonetheless, contrary to animal literature suggest-
ing anxiolytic effects of THC at low doses, no human stud-
ies have reported anxiolytic effects of THC administration
[14ee].

One potential explanation for this discrepancy is that
THC may have distinct effects when administered with
other cannabinoids, including CBD and terpenes [14ee].
Indeed, comparing the same dose of THC administered with
and without CBD, Arkell et al. [26¢] found the anxiogenic
effects of THC to be attenuated by CBD co-administration.
Additionally, although THC and CBD are the dominant
cannabinoids in the cannabis plant and have received the
most research attention to date, cannabis contains over 140
pharmacologically active cannabinoids [53]. Therefore, the
behavioral effects of whole-plant cannabis use result from
complex interactions between an array of cannabis compo-
nents. Recent research suggests that terpenes [54], another
group of cannabis compounds, may also have anxiolytic
effects [14ee, 55]. Therefore, future research is needed to
elucidate how THC interacts with other cannabinoids to
impact anxiety, as well as to better understand how these
effects change with extended cannabis exposure.

Additionally, preclinical literature suggests that THC’s
effects on anxiety vary by age (adolescent vs adult) [56],
brain region (injection into hippocampus vs prefrontal cor-
tex) [57], and stress exposure [58], and recent clinical data
has reported inconsistent results regarding sex differences
in THC’s anxiogenic effects [24e, 25, 26e, 28e]. Sex dif-
ferences in endocannabinoid receptor density and changes
in receptor density across development have been reported
[59], as well as significant sex differences in cannabinoid
metabolism [60]. Therefore, future studies are needed to
establish whether women are indeed more susceptible to the
anxiogenic effects of THC and elucidate the mechanisms
underlying sex differences in TH’s effects on anxiety. C

CBD and Anxiety

Recent literature on the anxiolytic effects of CBD has
yielded inconclusive results. Among healthy volunteers,
recent literature largely does not support the efficacy of
CBD for reducing experimentally induced anxiety [36e,
37e,39e, 40e]. However, it is important to note that the tim-
ing of drug administration and testing varied substantially
across published reports. Whereas peak plasma levels typi-
cally occur 2-3 h after drug administration [61], one study
conducted their stress induction 1 h following medication
administration [39e], and in another, the stress-induction
task took place 5.5 h after drug administration. Therefore,
it is difficult to determine whether the null findings in these
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studies are attributable to a true lack of anxiolytic effects of
CBD in healthy volunteers or rather may be better explained
by a sub-optimal latency between drug administration and
testing.

Additionally, CBD dosing varies substantially across
recent studies. Whereas Linares et al. [38e] report 300 mg
to be effective relative to 150- and 600-mg doses, only one
other study tested the efficacy of a 300-mg dose [40e], with
most studies administering doses found to be ineffective
among healthy volunteers [36e, 37, 39¢]. Nonetheless, the
second study did not support earlier findings that 300 mg
was effective for reducing experimentally induced anxiety
[40e]. Therefore, the dose-response relationship between
CBD and anxiety remains poorly understood [62], and future
studies with larger samples are needed to establish optimal
dosing to evaluate anxiolytic effects of CBD in healthy vol-
unteers and clinical populations.

Current literature on the efficacy of CBD for improving
anxiety symptoms among clinical populations is also mixed.
Among individuals with anxiety disorders, recent data sup-
ports the efficacy of CBD among teens with social anxiety
disorder [41e], young people with treatment-resistant anxi-
ety disorders [44e], and individuals with PTSD from non-
sexual trauma [42e], whereas a lack of efficacy has been
reported when CBD is used as an adjunct to in vivo exposure
treatment for treatment refractory anxiety disorder patients
[43e] and individuals with PTSD from sexual trauma [42e].
Overall, these studies provide preliminary evidence that
chronic dosing may be more effective [41e, 44¢] relative to
acute CBD administration [42e, 43e] for individuals with
anxiety disorders. However, future research is needed to
establish optimal dosing (amount and acute versus chronic
administration), as well as to assess whether the efficacy of
CBD varies based on age (teens [41e]/young adults [44e]
versus adults [42e, 43e]) or symptom severity [41e, 426,
43e] among individuals with anxiety disorders.

Inconsistent results have also been reported regard-
ing the efficacy of CBD for reducing anxiety symptoms
among individuals with substance use disorders. Two stud-
ies found that both short-term (3-day) [45¢] and longer
term (4-week) [46¢] administration of 800 mg CBD sig-
nificantly reduced anxiety symptoms among individu-
als with heroin [45e] and cannabis [46¢] use disorders.
In contrast, 2 studies failed to find any significant effect
of chronic CBD administration on anxiety among indi-
viduals with cocaine use disorders [47e, 48e]. Therefore,
future research is needed to continue to explore CBD’s
potential for treating anxiety symptoms among individuals
with substance use disorders and to assess whether CBD’s
therapeutic value may be specific to certain substance use
disorders. Research on the application of CBD to treat
anxiety in the context of other clinical populations remains
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preliminary, and future studies are needed to corroborate
early evidence it may be effective for individuals with Par-
kinson’s disease [49] and those at high clinical risk for
psychosis [50].

Additionally, recent data has failed to address sex dif-
ferences in CBD’s effects on anxiety. Preliminary phar-
macokinetic data indicate that the same dose of CBD is
associated with higher peak concentrations and greater
exposure for women relative to men [60]. This has impor-
tant implications given CBD’s bell-shaped response curve,
which has been observed in both clinical [33, 38e] and
pre-clinical [17, 31] studies. Furthermore, animal research
suggests that TRPV1 expression is upregulated by estro-
gen [63]. Given that TRPV1 activation is hypothesized to
block the anxiolytic effects of CBD at higher doses, these
data strongly support the need to investigate sex differ-
ences in CBD’s effects, as doses that are effective in men
be ineffective in women due to higher CBD exposure and
greater TRPV1 availability and activation [64]. Therefore,
it is essential that future studies address sex differences in
CBD’s effects on anxiety to adequately establish its effi-
cacy and optimal dosing in both sexes.

Conclusions

Both medical marijuana and CBD products are widely
used to treat anxiety, but relationships between THC,
CBD, and anxiety are not yet fully understood. Recent
evidence consistently supports anxiogenic effects of THC
administration, which may be blunted among regular can-
nabis users. Future research is needed to better understand
sex differences in the effects of THC and to elucidate how
other cannabinoids interact with THC to impact anxiety.
Recent data provides very mixed support for anxiolytic
effects of CBD among healthy volunteers, individuals
with anxiety and substance use disorders, and other clini-
cal populations. Additional research is needed to address
optimal dosing and sex differences in CBD’s anxiolytic
effects, as well as to assess whether age, symptom severity,
or patient population moderates these effects. Further data
bridging these remaining gaps in the literature is essential
to adequately evaluate the therapeutic potential of CBD
for anxiety-related applications.
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