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Abstract

Background: Cannabis has been documented for use in alleviating anxiety. However, certain research has also
shown that it can produce feelings of anxiety, panic, paranoia and psychosis. In humans, A%-tetrahydrocannabinol
(THC) has been associated with an anxiogenic response, while anxiolytic activity has been attributed mainly to can-
nabidiol (CBD). In animal studies, the effects of THC are highly dose-dependent, and biphasic effects of cannabinoids
on anxiety-related responses have been extensively documented. A more precise assessment is required of both the
anxiolytic and anxiogenic potentials of phytocannabinoids, with an aim towards the development of the ‘holy grail'in
cannabis research, a medicinally-active formulation which may assist in the treatment of anxiety or mood disorders
without eliciting any anxiogenic effects.

Objectives: To systematically review studies assessing cannabinoid interventions (e.g. THC or CBD or whole cannabis
interventions) both in animals and humans, as well as recent epidemiological studies reporting on anxiolytic or anxi-
ogenic effects from cannabis consumption.

Method: The articles selected for this review were identified up to January 2020 through searches in the electronic
databases OVID MEDLINE, Cochrane Central Register of Controlled Trials, PubMed, and PsycINFO.

Results: Acute doses of CBD were found to reduce anxiety both in animals and humans, without having an anxi-
ogenic effect at higher doses. Epidemiological studies tend to support an anxiolytic effect from the consumption of
either CBD or THC, as well as whole plant cannabis. Conversely, the available human clinical studies demonstrate a
common anxiogenic response to THC (especially at higher doses).

Conclusion: Based on current data, cannabinoid therapies (containing primarily CBD) may provide a more suitable
treatment for people with pre-existing anxiety or as a potential adjunctive role in managing anxiety or stress-related
disorders. However, further research is needed to explore other cannabinoids and phytochemical constituents pre-

sent in cannabis (e.g. terpenes) as anxiolytic interventions. Future clinical trials involving patients with anxiety disor-

ders are warranted due to the small number of available human studies.
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Background

Cannabis spp. have over 500 phytochemicals docu-

mented, including well over 100 cannabinoids, which

are unique to the genus [1, 2]. Until recently, cannabis
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value and the substantial risk of misuse [2]. As a result,
the pharmacology of most of the cannabinoids are largely
unknown. However, one of the more potent psychoactive
compounds, A’-tetrahydrocannabinol (THC), has been
extensively isolated, synthesised and studied [3] since it
was first isolated in 1964 [4]. Along with the emergence
of literature on this compound, there has been a corre-
sponding increase in the use of cannabis for medical pur-
poses, with the most frequently stated reasons for its use
being for the management of pain, anxiety and depres-
sion [5].

Cannabis remains the most commonly consumed illicit
drug around the world [6], whilst clinical research is nas-
cent, yet rapidly emerging. Research is urgently required
due to the large variety of cannabis preparations that
are available on both the licit and illicit drug markets
(depending on jurisdictions) [1]. Furthermore, both com-
munity and laboratory-based studies have demonstrated
that the relative quantities of cannabinoids in the plant
may directly affect its pharmacological activity when
consumed. For example, when taken together with THC,
CBD may potentially offset some of the adverse effects of
THC, such as memory impairment and paranoia [7, 8].
It has been demonstrated in rodents that high doses of
CBD are able to negate some of the anxiogenic response
created by THC [9].

Recreational use of cannabis is commonly reported to
lead to a feeling of euphoria accompanied by a decrease
in anxiety and an increase in sociability [10]. Conversely,
it is also frequently reported that cannabis can produce
feelings of anxiety, panic, paranoia and psychosis [3,
11-16]. It has also been demonstrated that changes in
sociability depends on prior exposure and use of canna-
bis [17]. So why may this contradictory finding be pre-
sent? Studies have indicated that the two predominant
compounds in cannabis: CBD and THC, appear to have
opposing actions, with the reported anxiolytic effect
attributed to CBD and anxiogenic outcomes being attrib-
uted to the THC [18]. Nevertheless, a number of more
recent publications have shown that this outcome of
THC is dosage-dependent, with lower dosages having the
opposite effect.

There is extensive research supporting the biphasic
nature of cannabinoids in both anxiety [19-25] (Fig. 1)
and behavioral responses including motor activity [26—
30] and aggression [31]. Different doses of THC have
been found to be biphasic in reward and motor activ-
ity [32], and memory and cognition [31, 33]. Whilst
the majority of these studies have been conducted on
rodents, human studies (covered in detail later) have
also provided promising results. Several reports have
also found that in animals [34-37], as well as in humans
[37], THC acts differently according to whether it is
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administered by itself or concurrently with other can-
nabinoids or terpenes. It has been discussed in the litera-
ture that CBD, due to its anxiolytic properties, may have
a protective effect against certain negative psychological
effects from THC [7, 8]. Research has also shown that it
may also be capable of antagonising at least some of the
adverse effects related to THC [1, 38]. Recent research
has indicated that when low-dose CBD (4 mg) is com-
bined with THC the intoxicating effects of THC were
enhanced, while high doses of CBD (400 mg) decreased
the same effects [38]. Furthermore, the plethora of chem-
ical constituents found in whole cannabis have been
found to be more active than single, purified phytocan-
nabinoids [4, 39]. This being said, cannabis terpenoids as
potential synergistic contributors to the effects of phy-
tocannabinoids has not yet been explored in sufficient
detail [39].

The plant’s anxiety-modulating action has largely been
attributed to a biphasic interaction with the CB1 recep-
tor. Rey et al. (2012) [40] found that the anxiolytic effects
of low doses occur when they interact with the CB1
receptor on cortical glutamatergic terminals. Conversely,
interaction with the CB1 receptor on the GABAergic ter-
minals is responsible for anxiogenesis, something which
takes place when higher doses are administered. Further,
the use of a CB1 receptor antagonist has been found to
fully reverse the effects of THC [41]. However, other non-
CB1 receptors are also believed to be involved including
serotonin 5-HT1A receptors [42] and the opioid system
[20, 43, 44]. There has also been research in recent years
to determine the neural site at which these interactions
take place. These studies have largely involved injecting
THC into various parts of the brain in animal models
and observing any anxiolytic or anxiogenic effect [41];
or by observing the effects of oral doses on the brains of
individuals under the influence of THC using functional
magnetic resonance imaging (fMRI) [45]. Not surpris-
ingly, it has also been found that an individual’s history
of cannabis use plays a role in the response of an indi-
vidual to cannabis intake [46], something which has been
observed in both animal [20, 42, 43, 47] and human mod-
els [48].

Whilst other papers have reviewed the association of
cannabis with anxiety prevalence [49], or explored the
underlying potential anxiolytic or anxiogenic mecha-
nisms of action [20, 41-45], or covered the current
human clinical trial evidence in the area [16], no com-
prehensive integrated paper exists to date which critically
appraises both the potential anxiolytic and anxiogenic
effects of the plant across these research domains. This
review seeks to fill this void by compiling a broad over-
view of the scientific literature on both the anxiolytic and
angiogenic properties of both whole plant cannabis and
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Cannabinoids acting on
GABAergic terminals may
increase anxiety

Cannabinoids acting on
glutamatergic terminals
may decrease anxiety

“«

...the biphasic effect of cannabinoids
on anxiety can be viewed as a
consequence of cannabinoid
regulation of GABA/glutamate
balance”. (Rey et al 2012)

A. A. Rey, M. Purrio, M.-P. Viveros, B. Lutz, Biphasic effects of cannabinoids in anxiety responses: CB1 and
GABAB receptors in the balance of gic and issi
37, 2624-2634 (2012).

Fig. 1 Summary of biphasic anxiolytic/anxiogenic effects of cannabis

isolates (e.g. THC, CBD, and other phytocannabinoids
and terpenes) in both animals and humans. This system-
atic review covers animal models, epidemiological data
and human clinical trials, concluding with a perspec-
tive for industry, clinicians, and the public about current
recommendations for medicinal cannabis formulations
which may provide anxiolytic activity with lesser risk of
anxiogenic effects.

Method

To provide a comprehensive review of the area, both
animal and human studies were sought for inclusion.
In order to include as many relevant sources as possi-
ble, there were no exclusions based on types of animals
or models (testing anxiety or mood paradigms) used
in the studies. Human studies included in the review
involved either epidemiological studies exploring the
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cross-sectional or longitudinal association between can-
nabis use and anxiety, or interventional studies using
whole cannabis extracts or isolates (botanically-derived
only) for any anxiety disorder, or to test an acute anxi-
ogenic or anxiolytic effect. Synthetic cannabinoid ana-
logues were excluded from this review.

Articles were identified using the electronic data-
bases of OVID MEDLINE, Cochrane Central Register of
Controlled Trials, PubMed, and PsycINFO up to Janu-
ary 2020, and only included articles in English. No time
limits were set. Intervention studies (animal or human)
could involve either acute or chronic administration of
cannabis-based treatment. Studies testing major cannabi-
noids or whole plant interventions were included. Where
the composition was unknown, studies where THC was
administered via cigarette or inhaler were excluded for
the clinical trial portion of this review. In addition, ref-
erence lists were searched for additional references. The
main database search was split into three systematic
search streams: animal models; epidemiological data;
human clinical trials (see Fig. 2). An additional limit was
set for epidemiological studies over the past five years
(2016-2020), due to the breadth of current data. The term
‘significant’ was used for a p value of <0.05.

The following search terms were used to locate ani-
mal models as well as epidemiological and intervention
studies:

“delta 9 thc OR THC OR tetrahydrocannabinol OR
delta 9 tetrahydrocannabinol OR delta 9-THC OR
D9-THC OR Delta [9] -THC OR A9-THC OR CBD OR
canna* OR terpenes AND “anxi* OR anxiety disorder*
OR anxiolytic* OR anti-anxiety OR anxiogenic OR social
phobia OR social anxiety OR panic disorder OR post-
traumatic stress disorder OR PTSD.

Our search revealed a total of 1095 studies with 66
being relevant for a full review of the articles for poten-
tial inclusion. A final review revealed a total of 35 stud-
ies eligible for inclusion (17 preclinical, 8 human, and 10
epidemiological).

Results

Epidemiological data

Our review of the data revealed 10 studies involving
cannabis users consuming whole cannabis preparations
or extracts for anxiety (see Tables 1, 2). Included in our
review were cross-sectional studies with no demographic
limitations. Three studies in particular demonstrated that
such use is prevalent, with more than half of the partici-
pants in each survey confirming using cannabis for anxi-
ety [50-52]. Further, these studies indicate that there is
also a significant proportion of people who replaced
some or all prescription medication with cannabis use
[53, 54]. The majority of participants were recruited
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online, particularly through social media or through
medicinal cannabis suppliers.

The three cross-sectional studies found that respond-
ents reported that they used cannabis medicinally for
anxiety, second only to pain [50, 52, 55], with close to
half of all survey participants stating they use cannabis
for anxiety [50-52, 56]. In a study of 1429 participants,
Sexton et al. (2016) [50] found that over half (59.8%) of
medical users reported using cannabis as an alternative
to pharmaceutical prescriptions [50]. Similarly, a US
study of 2774 participants found this to be 46% of users
[53]. Additionally, one study of 2032 people found that
nearly half of the respondents had substituted an anxiety
medication prescribed to them by their physician, with
medical cannabis [56], and 61% indicated that cannabis
had completely replaced their prescribed medication.
Likewise, another study consisting of 1513 participants
found similar results, with 71.8% indicating that they
had reduced their intake of anti-anxiety medications [54]
(Table 2).

In a review of 5085 responses recorded in a smart-
phone application, it was found that users of the app
reported significantly lower anxiety levels following can-
nabis use [57] (Table 2). Further, only 2.1% experienced
exacerbated symptoms, while only 4.4% reported no
change in anxiety symptoms. An Australian study of 1748
participants found that fewer than 1% of respondents felt
that the treated symptom, including anxiety, had wors-
ened compared to 71 to 92% who felt it had improved
[51]. Such results were further confirmed by Turna et al.
(2019) [56] where 92% of the 2032 respondents reported
that cannabis improved their anxiety symptoms. Despite
this response, the scores of self-reported questionnaires
indicate that symptoms remained moderately severe.

In a 3-year longitudinal survey of cannabis use by
patients with a primary anxiety disorder diagnosis
(N =3723), it was found that remission rates from anxi-
ety disorders were higher among cannabis nonusers
(Table 2). However, these differences were not statisti-
cally significant in adjusted models [58]. Discrepancies
in responses are further highlighted as men reported
experiencing greater headache/migraine relief from
medical cannabis than women, despite a larger pro-
portion of women reporting using it for this reason. Of
note also is that women were significantly more likely
than men to report using cannabis to treat anxiety [59].
A summary caveat concerns that the epidemiological
data should be considered within the limitation of sur-
vey respondents being a ‘captive’ sample who had an
active interest in cannabis use.
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Animal studies

Our initial search returned 1095 articles, with a further
nine studies found through handsearching of the refer-
ences. A total of 17 preclinical studies were found to be
relevant for inclusion (Tables 3 and 4). The focus of the
research concerned primarily CBD and/or THC.

With respect to CBD, both Schier et al. (2012) [60] and
Blessing et al. (2015) [61] concluded that when it was
administered acutely, anxiolytic-like effects were only
present at low doses, yet has the advantage of not pro-
ducing anxiogenic effects at higher dose (see Table 3).
Schier et al. (2012) [60] also noted that chronic doses pro-
duced mixed results, with both anxiolytic-like and anxio-
genic-like outcomes being observed. Lee et al. (2017) [62]
observed predominantly anxiolytic-like responses in the
studies analysed, which applied to both acute and chronic
administration. Iffland & Grotenhermen (2017) [63] con-
cluded that CBD may only be anxiolytic where stress had
been induced before CBD administration.

There was also some variance in the results. For exam-
ple, Valjient et al. (2002) [21] observed that only the high-
est dose of 5.0 mg/kg had an anxiogenic-like effect, and
lowest dose of 0.03 mg/kg had an anxiolytic-like effect
in male CD-1 mice. Conversely, Fokos et al. (2010) [64]
observed the opposite in male Sprague—Dawley rats with
the low dose of 0.5 mg/kg producing an anxiogenic-like
effect and the high dose of 1 mg/kg producing an anxi-
olytic-like effect. In McLendon et al’s (1976) [65] study
of male Rhesus monkeys, all doses from 0.2 mg/kg to
1 mg/kg produced an anxiolytic-like response. Con-
versely, Rock et al. (2017) [66] observed an anxiogenic-
like response for both dosages of 1.0 mg/kg and 10 mg/kg
in male Sprague—Dawley rats.

This variance may partly be due to different animals
being studied. While McLendon et al. (1976) [65] used
monkeys in their study, this was the only study found to
do so, with the rest of the reviewed studies using rodents.
Studies also differed in design, including types of test
employed, the size of the apparatus used, dosages admin-
istered, and the route of administration.

Elevated plus-maze (EPM)

Braida et al. (2007) [42] injected male Sprague—Dawley
rats with a THC dosage of either 0.015, 0.075 or 0.75 mg/
kg and then placed them in the EPM. It was found that
THC exhibited a dosage-dependent effect with the
highest dosage of THC corresponding to the maxi-
mum anxiolytic effect. Another approach involved male
Sprague—Dawley rats being administered dosages rang-
ing from 0.075 to 1.5 mg/kg [67]. It was found that even
with the addition of a higher dosage compared to the
previous study, the maximum anxiolytic effect was still
found to occur when the rats were administered 0.75 mg/
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Fig. 2 Process of identification and screening of articles for inclusion

kg THC, which supports the idea that depending on the
dose THC can produce both anxiolytic and anxiogenic
responses. The study by Schramm-Sapyta et al. (2007)
[68] was unique in that rats were used in their EPM
instead of mice. These male CD rats were also divided
into two age groups: adolescent and adult. The rats were
injected with either 0.5 or 2.5 mg/kg THC. They con-
cluded that while there was a significant effect of drug
dose on the percentage of time spent in the open arms,
there was no significant effect of age on this outcome. At
the lower dose of 0.5 mg/kg though, THC was less anxi-
ogenic in adolescents than in adult rats.

The next study sought to determine the brain regions
involved in producing anxiogenic or anxiolytic effects by
injecting THC ranging from 0.001 mg to 0.01 mg directly
into various parts of the rat brain [41]. The results indi-
cated that in certain regions, different dosages produce
opposite effects. For example, when injected into the ven-
tral hippocampus, the lower dose of 0.005 mg produced
a significant anxiolytic-like effect, which switches to an
anxiogenic-like response when 0.01 mg was injected. In
contrast, low doses had no effect when injected into the
prefrontal cortex, whereas the higher dose of 0.01 mg
produced an anxiolytic like response and 0.025 mg
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Table 2 Epidemiological studies of whole cannabis and cannabis extracts for anxiety (part 2)

Study Data Source Number

Route of Administration Outcome

Recruited via word-of-mouth
and links on advertisements
posted on various websites and
in Washington State cannabis
dispensaries

Cuttler et al. 2016 [59]

Corroon et al. 2017 [53]  Recruited via social media

Piper et al. 2017 [54] New England dispensary mem-

bers

Corroon et al. 2018 [55]  Recruited via social media.

Data was drawn from Waves 1 and
2 of the National Epidemiologic
survey on Alcohol and Related

Conditions

Feingold et al. 2018 [58]

Cuttler et al. 2018 [57] Data from the cannabis tracking

app Strainprint™

1418 participants

2774 participants N/A
1513 participants

2409 participants N/A

3723 participants N/A

5085 tracking sessions  Inhalation (smoking, vap-

Male: 55.3%

Female: 57.2%

Reported feeling less anxious or
fearful

Inhaled- (joints, bong,
pipe, vaporiser) — (M)
89.8%, (F) 88%

Oral- (M) 3.9%, (F) 7.9%

Concentrates- (M) 5.4%,
(F)3.1%

Topical- (M &F) 0.4%

Other- (M) 0.6%, (F) 0.73%

46% reported using cannabis as a
substitute for prescription drugs

N/A 71.8% reduced medication pre-
scribed for anxiety

Almost 62% of CBD users reported
using CBD to treat a medical
condition. The top three medical
conditions were pain, anxiety, and
depression

Remission rates for non-users: 66.0%
Remission rates for users: 52.8%)

93.5% of sessions recorded decrease
ing, concentrates, dab in anxiety

bubbler, dab portable)

Table 3 Reviews of CBD'’s anxiolytic properties in rats and mice

Study Conclusion

de Mello Schier et al. 2012 [60]

This reviewed included 17 studies. One study reviewed showed no significant effects of high doses of CBD

(100 mg/kg) were seen in rats in the Geller-Seifter conflict test. In another, a low dose of CBD (10 mg/kg) had
anxiolytic effects in rats submitted to the conditioned emotional response. Later studies using the elevated
plus maze (EPM) helped to elucidate this contradiction. The authors concluded that anxiolytic effects are only

present at low doses
Blessing et al. 2015 [61]

This review included 32 studies. The authors concluded that overall, preclinical evidence supports systemic

Lee etal. 2017 [62]

Iffland and Grotenhermen 2017 [63]

CBD as an acute treatment of GAD, SAD, PD, OCD, and PTSD, and suggests that CBD has the advantage of not
producing anxiogenic effects at higher dose

This review included 28 studies of both acute and chronic CBD administration on anxiety-like behaviour in male
animals. The majority of the listed studies were in Wistar rats, and predominantly, anxiolytic effects were noted

The authors observed in the data that anxiolytic effects in rats were reversed after repeated 14-day administra-
tion of CBD.

However, this finding might depend on the used animal model of anxiety or depression and that CBD may only

be anxiolytic in subjects where stress had been induced before CBD administration

produced an anxiogenic-like outcome. When injected
into the basolateral amygdala, 0.001 mg THC induced a
significant anxiogenic-like response whereas higher THC
doses did not affect anxiety behavior.

In an alternative to the typical rat-model studies above,
one study utilised male C57BL/6 JArc mice [69]. When
CBD was administered acutely, there was no change in
the percentage of time in the open arms or ratio of open-
arm entries was observed. Neither was any change in the
total number of EPM arm entries. In contrast, Schleicher
et al. (2019) [70] found that in male and female C57BL/6]

mice who were injected with 20 mg/kg CBD for 6 weeks
there was a significant decrease in the time spent in the
open arms [70]. Conversely Zieba et al. (2019) [71] found
that acute administration of CBD increased time in open
arms of EPM in male Fmrl KO mice. The same mice
were all given both doses with at least three days between
tests. When given the higher dose (20 mg/kg), they were
found to spend a longer amount of time in open arms
compared to when they received the lower dose (5 mg/
kg) (p <0.005 and p <0.05, respectively) [71].
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