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Research suggests that cannabis-derived delta-9-
tetrahydrocannabinol can be linked to the worsening of psy-
chosis and/or other symptoms of schizophrenia. However,
studies have shown that another major cannabinoid found
in cannabis, cannabidiol (CBD), may be a potential alter-
native or adjunctive treatment for psychosis and schizo-
phrenia. As such, herein we review the relevant literature
relating to the safety and efficacy of CBD treatment in
patients with schizophrenia, including the effects of CBD
in treating the positive, negative, and cognitive symptoms
of the disorder, as well as the molecular mechanisms by
which CBD can reduce schizophrenic symptoms. The po-
tential utility of CBD for mitigating cannabis cravings and
cannabis withdrawal in this patient population will also
be reviewed. Lastly, the dosing, method of drug delivery,
length of treatment, and adverse effects of CBD in patients
with schizophrenia are discussed. Thus, the goal of this
narrative review is to help clinicians and researchers better
understand the risks and benefits of this potential therapy
for this patient population.
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Introduction

Multiple studies support the conclusion that cannabis
use is associated with the development of psychosis and
schizophrenia.!” For example, a robust longitudinal
study in Sweden found that adolescent cannabis users
had a 2.4 times higher chance of receiving a diagnosis of

schizophrenia than those who had not used cannabis in
adolescence.” Similar studies have also shown a compelling
link between cannabis use and the development of schiz-
ophrenia.!® Furthermore, the overwhelming majority of
studies that interrogate the specific actions of individual
cannabinoids suggest that delta-9-tetrahydrocannabinol
(THC) is the main component of cannabis responsible
for any worsening of psychosis and/or other symptoms of
schizophrenia.** With that being said, it is important to
acknowledge that cannabis is a complex plant with hun-
dreds of other active compounds, some of which may have
opposite effects to THC in patients with schizophrenia.®’
Indeed, evidence suggests that certain cannabinoids, such
as cannabidiol (CBD), are potentially beneficial in the
treatment of schizophrenia,” and thus may be an alter-
native or adjunctive therapy for this patient population.
Moreover, CBD may also have an advantage over existing
treatments, as CBD is associated with fewer side effects
than currently used dopaminergic antipsychotics.®'? Thus,
given the potential benefits of CBD in schizophrenia, a
better understanding of this molecule is warranted.
Previous reviews provide a substantial amount of in-
formation about the beneficial effects of CBD for the
treatment of patients with psychosis and/or schizo-
phrenia.!*>> However, some of these reviews focused on
discussing selected clinical studies on the basis of statis-
tical analysis.!”*! In addition, others reviewed a possible
role of CBD for treating addiction, cognitive dysfunc-
tion, and psychosis related to substance (eg, cannabis)
use disorders'”® or neurodegenerative disorders.”’ To
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expand on these reviews, we have chosen to provide an
update on the most recent advances made in the field, in-
cluding a review of the evidence for the utility of CBD
in treating the positive, negative, and cognitive symptoms
of schizophrenia, as well as for treating cannabis cravings
and cannabis withdrawal in patients with schizophrenia
and a co-occurring cannabis use disorder (CUD) and/or
cannabis dependence. We will also include an up-to-date
discussion of the dose, method of drug delivery, length
of treatment, and adverse effects of CBD, as well as the
molecular mechanisms by which CBD can reduce schizo-
phrenic symptoms. Thus, the goals of this narrative review
are to: (1) comprehensively examine the current evidence
regarding the effects of CBD in clinical studies involving
patients with schizophrenia, and (2) discuss how this
evidence may foster future research on compounds like
CBD that have the potential to provide improved treat-
ment and quality of life to those with the disorder.

Overview of CBD

In 1940, CBD was the first identified nonpsychoactive can-
nabinoid in hemp? and was then subsequently shown to be
a nonpsychoactive components of Cannabis sativa.** Since
then, CBD has been found to possess multiple pharmacolog-
ical actions such as analgesic, anti-inflammatory, anticon-
vulsant, and antioxidant effects, without causing the typical
adverse effects of THC.??¢ Of interest, the pharmacolog-
ical effect of CBD seems to be mediated via a cannabinoid
receptor-independent mechanism, such as activation of the
S-hydroxytryptamine 1A (5-HT1A) receptor or suppression
of a G-protein-coupled receptor 55 (GPR55).22 Moreover,
based on clinical trials involving CBD-rich extracts, the FDA
recently approved CBD for the management of treatment-
resistant epilepsy such as Lennox-Gastaut syndrome and
Dravet syndrome, indicating its safety and efficacy in this
patient population.”* This recent advancement has not
only demonstrated that CBD has the potential to therapeu-
tically alter brain activity®! but it has also paved the way for
considerations of CBD for the treatment of other neurolog-
ical and mental health disorders, such as schizophrenia.*

Methods

A literature search for English articles from 1970 to 2021
was conducted using Pubmed, Clinicaltrials.gov, and
Google Scholar. Studies involving the use of CBD as in-
tervention for schizophrenia and psychosis were selected
using the terms “cannabidiol,” “CBD,” “schizophrenia,”
“psychosis,” “psychotic symptoms.”

Summary of Findings

Clinical Evidence of the Potential Benefits of CBD in
the Treatment of Schizophrenia

The efficacy of CBD as a therapy for the treatment of
symptoms associated with schizophrenia was first reported
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in a clinical trial published in 2012.% This randomized,
double-blinded, parallel group, active-controlled study
demonstrated the therapeutic effect of CBD as a
monotherapy in the treatment of schizophrenia using
the Positive and Negative Syndrome Scale: (PANSS) and
Brief Psychiatric Rating Scale (BPRS) to assess patient re-
ported changes in the progression of schizophrenia from
baseline.® In total, 39 patients with schizophrenia received
either 800 mg/d oral gelatin capsule of CBD (n = 19) or the
standard antipsychotic, amisulpride (n = 20) for 4 weeks.
Notably, patients receiving CBD or amisulpride showed
a statistically significant reduction of PANSS and BPRS
for positive and negative symptoms of schizophrenia over
the baseline.® Of importance, the improvement in psy-
chotic symptoms observed in CBD patients was similar
to those who received amisulpride, suggesting that CBD is
a promising candidate for the treatment of schizophrenia
with comparable efficacy to the standard treatment.®
Interestingly, although the treatment with amisulpride was
associated with typical side effects of antipsychotic drugs
including motor disturbance, extrapyramidal symptoms,
higher serum level of prolactin and weight gain, CBD
was well tolerated and none of the aforementioned ad-
verse events were reported in patients administered CBD.
Thus, these findings suggest that CBD has a more favor-
able safety profile than amisulpride® and provide evidence
that CBD is equally efficacious as amisulpride for patients
with schizophrenia.

Given the fact that: (1) atleast 80% of people with schiz-
ophrenia suffer from cognitive impairment,** and (2) the
standard antipsychotic therapies have limited effects on
cognitive performance in patients with schizophrenia,*
identifying new antipsychotic agents that can help re-
duce the cognitive impairment associated with schizo-
phrenia is extremely important. To test if CBD causes
cognitive improvements in people with schizophrenia,
a total of 42 patients with schizophrenia were recruited
in a randomized, double-blind, active-controlled, par-
allel group study (CBD-CT1; ClinicalTrials.gov identi-
fier: NCT00628290) that assessed the efficacy of CBD vs
amisulpride in improving neurocognitive performance in
patients with acute schizophrenia.’ In this trial, patients
received either 800 mg of an oral gelatin capsule of CBD
per day (n = 21) or amisulpride (n = 21), over 4 weeks.’
Using 10 different neurocognitive performance tests,
patients receiving oral CBD or amisulpride demonstrated
a significant improvement in visual memory, processing
speed, visuomotor coordination, and sustained atten-
tion over the baseline, with similar efficacy, suggesting
that CBD is as efficacious as the standard antipsy-
chotic in ameliorating cognitive impairments in patients
with schizophrenia.’ In addition, previous research has
demonstrated increased tolerability of CBD compared
to amisulpride.® Taken together, it is possible that CBD
is a better treatment for cognitive impairments associ-
ated with schizophrenia than amisulpride. However, it is



Understanding the Potential Benefits of CBD for Patients With Schizophrenia

difficult to interpret the efficacy of CBD and amisulpride
based on this trial due to the lack of a placebo group
and the small sample size.’ In addition, the 4-week
treatment duration is likely too short for the study of
a chronic disease like schizophrenia.® Thus, while the
CBD-CT1 trial suggests an overall positive effect of
CBD on neurocognitive function in those with schizo-
phrenia,’ the findings need to be confirmed in a larger,
more appropriately designed randomized controlled trial
of patients with the disorder.

In addition to the CBD-CT1 trial, a multicenter, explora-
tory, prospective, randomized, parallel group, double-blind,
placebo-controlled study was performed to assess the effi-
cacy and safety of CBD as an adjuvant therapy for psychotic
symptoms and cognitive impairments often associated with
schizophrenia.' In total, 88 subjects with schizophrenia re-
ceived either an oral solution of CBD treatment (1000 mg/d,
n=43) or placebo (n = 45) and were assessed at baseline and
at 6 weeks.!” Using PANSS as a primary endpoint for psy-
chotic symptoms, patients receiving CBD showed a statisti-
cally significant reduction of PANSS for positive psychotic
symptoms of schizophrenia, compared to the placebo
group.!® In addition, while the difference was not statisti-
cally significant, patients treated with CBD demonstrated
greater cognitive and motor speed performance compared
to patients in the placebo group, as measured using the Brief
Assessment of Cognition in Schizophrenia (BACS) com-
posite score as a secondary endpoint. Thus, these findings
suggest that CBD may be effective in treating psychotic
symptoms and cognitive impairments associated with schiz-
ophrenia.'” Furthermore, although some patients in this
trial experienced minor adverse effects such as headache,
somnolence, abdominal pain, nausea, and diarrhea, CBD
was well-tolerated overall.!” Together, the study confirms the
potential efficacy and tolerability of CBD in patients with
schizophrenia.'®

The Efficacy and Safety of Low and Moderate Doses of
CBD. Since lower doses of CBD are associated with
low or even negligible side effects,® 2 clinical studies
investigated the efficacy and safety of low and mod-
erate doses of CBD in patients with schizophrenia.’¢%’
The first trial was a 3 parallel-arm, double-blind, pla-
cebo control study to investigate the effect of CBD on
cognitive dysfunction associated with schizophrenia.’® In
this study, patients with schizophrenia (n = 28) received
a single dose of 300 mg (n = 9) or 600 mg oral gelatin
capsule of CBD (n = 9) or placebo (n = 10). Using the
Stroop Colour Word Test as a primary endpoint for cog-
nitive performance, patients receiving a low or a mod-
erate dose of CBD did not demonstrate a significant
improvement over the placebo group, suggesting that
low and moderate doses of CBD are not efficacious in
improving cognitive performance in those with schizo-
phrenia.** However, further study is warranted, as the
trial was relatively small.

While the cognitive impairment associated with schiz-
ophrenia was not improved by a low or a moderate dose
of oral CBD in the previous study,* the possibility that
moderate oral dose of CBD (ie, 600 mg/d) may reduce
the positive and negative psychotic symptoms in patients
with schizophrenia could not be entirely ruled out. Thus,
a recent study examining the effects of a fixed, moderate
dose of CBD in the treatment of the psychotic symptoms
associated with schizophrenia was performed.”” This
randomized, double-blind, placebo-controlled, add-on,
parallel group study was conducted in 36 patients with
schizophrenia.’” The patients with schizophrenia received
either 600 mg of oral gelatin capsule of CBD (n = 18) or
placebo (n = 18) daily for 6 weeks.’” Using PANSS and
MATRICS Consensus Cognitive Battery (MCCB) to as-
sess patients’ reported change in the progression of schiz-
ophrenia from baseline, treatment with 600 mg of CBD
did not show a beneficial effect on psychotic symptoms
and cognitive impairment on the primary outcome,’’
suggesting that this dose of CBD (ie, 600 mg/d) is not ef-
fective in the treatment of positive and negative symptoms
of schizophrenia. However, CBD was well tolerated with
no worsening of mood, movement, psychotic symptoms,
or cognitive function.?’

Although the reasons for the discrepancy between the
aforementioned studies’*¥ and the other large clinical
trials® ' discussed above are unknown, it is likely that
the differences may be attributed to the study size and
possibly the dose and treatment duration. For instance,
both the Boggs et al and Hallak et al studies used lower
doses of CBD (600 mg/d and either 300 or 600 mg/d, re-
spectively)**37 over a short period of time*® (6 weeks and
a single dose, respectively) compared to the other large
clinical trials.*!° Thus, given the fact that CBD has very
low bioavailability due to its extensive first pass metabo-
lism in the liver,® it is possible that the lack of efficacy of
CBD in the treatment of schizophrenia in these studies®*-’
can be attributed to the variability of the oral bioavaila-
bility of CBD caused by the use of lower doses of CBD.*
In contrast, the efficacy of CBD reported in the larger
trials®'° could be related to the longer treatment dura-
tion and the larger dose used, which would cause a rel-
atively high serum level of CBD. This interpretation of
the findings suggests that a high oral dose of CBD is
required to achieve better outcomes in the treatment of
schizophrenia. In support of this, a recent systemic re-
view of CBD dosing in patients with different types of
diseases suggests that higher doses of CBD have a ten-
dency to improved therapeutic outcomes compared to
lower doses.** Importantly, it should be noted that many
of the patient reported outcome measures in the studies
discussed are associated with a relatively high degree of
variability between patients. As a result, it is unclear if the
smaller studies, which often use lower doses and shorter
periods of study, were sufficiently powered to allow iden-
tification of differences across the study groups.
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The Efficacy and Safety of CBD in Small-Scale Open-Label
Studies. Many other small case studies have investigated
the efficacy of CBD in the treatment of symptoms as-
sociated with schizophrenia.!*#* For instance, the first
study involved a patient with acute exacerbated schizo-
phrenia treated with 1500 mg of CBD daily over 4 weeks.*
Notably, the patient showed a significant reduction of
BPRS for positive symptoms of schizophrenia over the
baseline, with no adverse effects.* The second case study
was conducted on a patient who was already resistant to
the standard antipsychotic therapies and was admitted
to the hospital after a suicide attempt.!! While the patient
showed a modest response when treated with 500 mg of
CBD twice daily for 7 weeks, an improvement in PANSS
for positive and negative psychotic symptoms of schiz-
ophrenia was observed following an increase in CBD to
750 mg twice daily for 8 months, suggesting that high dose
of CBD and long treatment duration may be required in
the management of treatment-resistant schizophrenia.!!
However, though CBD was well tolerated, a mild transient
hand tremor was reported.!! In contrast to the previous
study,!! 40 mg/ day of CBD (with the dose being increased
every 5 days up to 1280 mg/d over 30 days) did not have
any beneficial effects in a small case series trial in 3 patients
with treatment-resistant schizophrenia.*! Importantly, the
authors interpreted this finding to suggest that the lack
of efficacy of CBD is credited to the insufficient dose and
short treatment duration.*' Similarly, a clinically significant
improvement in patients treated with 800 mg/d of CBD as
an adjunctive therapy for 6 months was noted in a case
report study of a patient with treatment-resistant anxiety
and psychosis, further strengthening the notion that posi-
tive outcomes may be only achieved with the use of higher
doses of CBD over a longer treatment duration.*?

Ongoing Clinical Trials. There are at least 2 ongoing
clinical trials investigating the efficacy of CBD in the
treatment of symptoms associated with schizophrenia
(ClinicalTrials.gov  identifier: NCTO02504151) and
(ClinicalTrials.gov identifier: NCT02926859). One trial
is a randomized, double-blind, 2-period crossover trial
examining the effect of CBD on early acute psychosis
in patients with schizophrenia (n = 72) (NCT02504151).
Subjects in period 1 were randomized to receive 800 mg of
CBD daily for 4 weeks, followed by a placebo for 2 weeks
(ie, washout period), and then a placebo for a period of 4
weeks, under a double-blind condition (NCT02504151). In
contrast, subjects in period 2 were randomized to receive
a placebo for a period of 4 weeks, followed by a placebo
for another 2 weeks (ie, washout period), and then 800 mg
of CBD daily for 4 weeks (NCT02504151). As a primary
endpoint for psychotic symptoms, the investigators plan
to use PANSS and the Clinical Global Impression of
Severity scale (CGI) for positive and negative symptoms
of schizophrenia, whereas Patient Assessment of Own
Functioning Inventory (PAOFI) and the Quality-of-Life
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Scale (QLS) will be used to test the effect of CBD on
functioning as a secondary endpoint (NCT02504151). The
estimated completion date of this study is December 2021
(NCT02504151). The second study is a large, multicenter,
double-blind, 2-arm, placebo control, randomized add-on
trial investigating the effect of CBD on early remitted
patients with schizophrenia (NCT02926859). In this study,
patients with schizophrenia (n = 180) will receive either
800 mg of CBD daily as add-on to standard pharmacolog-
ical treatment or placebo over 26 weeks (NCT02926859).
The estimated completion date of this study is March 2023
(NCT02926859). Both studies will likely help to further
elucidate the safety and efficacy of CBD in the treatment
of schizophrenia (table 1).

Potential Mechanisms of the Antipsychotic Effects
of CBD

The mechanisms by which CBD controls symptoms as-
sociated with schizophrenia were investigated in a study
which found that 1 month of CBD treatment led to an
improvement in psychotic symptoms.® Of interest, in this
study, the antipsychotic effect of CBD in patients with
schizophrenia was associated with higher serum levels of
endogenous anandamide over the baseline.® Moreover,
a reduction in schizophrenic symptoms in those who re-
ceived CBD was significantly correlated with the serum
level of anandamide, suggesting that endogenous anan-
damide might contribute to the antipsychotic effect of
CBD.? Furthermore, since fatty acid amide hydrolase
(FAAH) is a key enzyme for the catabolism of endogenous
anandamide,* the authors also investigated the effect of
CBD on FAAH in vitro in rat brain membranes.® From
this research, the authors found that CBD significantly
reduced the enzymatic activity of FAAH, suggesting that
the antipsychotic effect of CBD may be due, in part, to
an impairment in the activity of FAAH and a subsequent
elevation of serum anandamide® (figure 1).

Contrary to the previous study,® the CBD-CT]1 trial
demonstrated that the improvement in neurocognitive
performance in patients with schizophrenia treated with
CBD was not significantly correlated with the serum level
of anandamide.’ This suggests that the mechanism by
which CBD exerts its beneficial effects on cognitive func-
tion seems to be independent of the anandamide signaling
and involves additional pathways. Given that: (1) activa-
tion of 5-HT1A receptor improves neurocognitive perfor-
mance in schizophrenia,*” and (2) CBD causes allosteric
activation of 5-HT1A receptor,2# it is possible that CBD
may improve the cognitive dysfunction associated with
schizophrenia via activation of the 5S-HT1A receptor. In
support of this, a recent preclinical study demonstrated
that the beneficial effect of CBD on cognitive function
in an animal model of schizophrenia was completely
blocked by a 5-HT1A receptor antagonist, suggesting a
5-HT1A-dependent mechanism'? (figure 1).
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Study Population  Study Design CBD Dose Effect Ref
Patients with Randomized, double-blinded, parallel 800 mg/d oral gelatin capsule Reduction of PANSS 8
schizophrenia group, active-controlled study of CBD or amisulpride for and BPRS for positive
(n=39) 4 weeks and negative symptoms
of schizophrenia over
the baseline
Patients with Randomized, double-blind, active- 800 mg/d oral gelatin capsule An improvement in K
schizophrenia controlled, parallel group study of CBD or amisulpride for visual memory, proc-
(n=42) 4 weeks essing speed, visuo-
motor coordination,
and sustained attention
Patients with Multicenter, exploratory, prospective, 1000 mg/d oral solution of Reduction of PANSS 10
chronic schizo- randomized, parallel group, dou- CBD for 6 weeks for positive psychotic
phrenia (n = 88)  ble-blind, placebo-controlled study symptoms of schizo-
phrenia
Patients with Three parallel-arm, double-blind, pla- Single dose of 300 or 600 mg No significant improve- 3¢
schizophrenia cebo control study oral gelatin capsule of CBD  ment in cognitive per-
(n=128) formance
Patients with Randomized, double-blind, placebo- 600 mg/d oral gelatin capsule No significant reduc- 37
chronic schizo- controlled, add-on, parallel group study of CBD for 6 weeks tion in PANSS and
phrenia (n = 36) MCCB for psychotic
symptoms and cogni-
tive performance
Patients with Open-label trial 1500 mg/d oral gelatin cap- Reduction in BPRS for %
acute exacerbated sule of CBD for 4 weeks positive symptoms of
schizophrenia schizophrenia
(n=1)
Patients with Open-label trial 750 mg of CBD twice daily Reduction in PANSS 1
treatment- for 8 months for positive and
resistant schizo- negative psychotic
phrenia (n = 1) symptoms of schizo-
phrenia
Patients with Open-label case series trial 40 mg/ day with the dose No significant re- 4
treatment- being increased every 5 days  duction in psychotic
resistant schizo- up to 1280 mg/d over 30 days symptoms
phrenia (n = 3)
Patients with Open-label trial 800 mg/d of CBD for A clinically significant ~ #
anxiety and pos- 6 months improvement in anxiety
itive psychotic and positive psychotic
symptoms (n = 1) symptoms
Patients with Experimental single dose clinical trials Single oral dose of 600 mg Reduction in psy- +
early psychosis oral gelatin capsule of CBD  chotic symptoms
(n=13) and an increase in
hippocampal glutamate
Patients with Experimental single dose clinical trials Single oral dose of 600 mg CBD normalized the 4“
clinical high risk oral gelatin capsule of CBD  abnormal function in
(CHR) of psy- the striatum, midbrain,
chosis (n = 33) and hippocampus re-
gions of the brain
Patients with Experimental single dose clinical trials Single oral dose of 600 mg Reduction in the ab- 4
CHR of psy- oral gelatin capsule of CBD  normal activation in
chosis (n = 33) the left insula/parietal
operculum
Patients with Randomized, double-blind, 2-period 800 mg/d of CBD (4 + 2+ 4  Ongoing clinical trial NCT02504151
chronic schizo- crossover trial weeks)
phrenia (n = 72)
Patients with Multicenter, double-blind, 2-arm, pla- 800 mg/d of CBD for 26 Ongoing clinical trial NCT02926859
chronic schizo- cebo control, randomized add-on trial weeks

phrenia (n = 180)

Note: BPRS, Brief Psychiatric Rating Scale; CBD, cannabidiol; CHR, clinical high risk; MCCB, MATRICS Consensus Cognitive
Battery; PANSS, Positive and Negative Syndrome Scale.
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Fig. 1. Potential mechanisms of action of CBD. CBD activates 5-HT1A and glutamate receptor (NMDA), inhibits FAAH enzyme,
elevates serum anandamide, and blocks GPR 55 receptor to control symptoms associated with schizophrenia. Note: 5-HT1A,
S-hydroxytryptamine 1A; AC, adenylate cyclase; cAMP, cyclic adenosine monophosphate; CBD, cannabidiol; ERK, extracellular signal-
regulated kinase; FAAH, fatty acid amide hydrolase; GPRS5S5, G-protein-coupled receptor 55; MCCB, MATRICS Consensus Cognitive
Battery; NMDA, N-methyl-p-aspartate; PLC, phospholipase C; RhoA, Ras homolog family member A; ROCK, Rho-associated protein
kinase. The image was modified from Servier Medical Art, licensed under a Creative Common Attribution 3.0 Generic License, https:/

smart.servier.com/.

Additional molecular targets of CBD that have been
described include suppression of a GPR55.27 GPR55 is
an orphan class A putative novel cannabinoid receptor
that utilizes Gaq and Ga12/13 proteins to signal through
phospholipase C and extracellular signal-regulated
kinases (ERK1/2) phosphorylation.* Of interest, the
GPR55 recpetor is abundant and widely expressed
throughout the CNS (ie, the hippocampus, forebrain,
striatum, cerebellum, and cortex) and is involved in the
pathogenesis of several CNS diseases including schiz-
ophrenia, epilepsy, and Alzheimer’s disease, via pro-
motion of neuroinflammation and increased neuronal
excitability.***? Thus, CBD may improve the psychotic
symptoms and cognitive impairments associated with
schizophrenia by blocking the GPRS55 receptor and
causing a subsequent reduction in neuroinflammation
and neuronal excitability?*!%* (figure 1).

In addition, numerous preclinical studies indicate
that CBD significantly reduces psychotic symptoms
induced by glutamate receptor blockers like keta-
mine by increasing the brain level of glutamate and
potentiating the N-methyl-p-aspartate receptor.>*’
Thus, given the fact that schizophrenia is characterized
as a hypoglutamatergic disorder,”®* it is possible that
CBD may reduce psychotic symptoms associated with
schizophrenia via activation of glutamate receptors.
To test this hypothesis, a recent randomized, placebo-
controlled, double-blind, within-subject crossover de-
sign, repeated-measures study investigated the role of a
single dose of CBD (600 mg) in hippocampal glutamate
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in patients with early psychosis (table 1). In this study,
an improvement in PANSS for both positive and neg-
ative psychotic symptoms was observed in those with
early psychosis treated with CBD.* This improvement in
patients administered CBD also coincided with a signifi-
cant increase in hippocampal glutamate when compared
to subjects administered a placebo.** Additionally, the
increase in hippocampal glutamate in the CBD treated
group was significantly correlated with a reduction in
psychotics symptoms in those with early psychosis. Thus,
increased hippocampal glutamate might contribute in the
antipsychotic effect of CBD.#

The site of antipsychotic action of CBD has also been
investigated in a double-blind, randomized, parallel-arm,
placebo-controlled trial in 33 patients with a clinical high
risk (CHR) of psychosis and 19 healthy controls.* This
study aimed to assess the neurocognitive mechanism
and the site of action of CBD in patients with CHR of
psychosis, using functional magnetic resonance imaging
(fMRI), while patients participated in a verbal learning
task.** A total of 33 patients with CHR of psychosis re-
ceived either a single oral dose of 600 mg oral gelatin
capsule of CBD (n = 16) or placebo (n = 17).* Of note,
healthy control subjects (n = 19) received neither placebo
nor CBD.* Using fMRI, it was found that CHR of psy-
chosis patients who received placebo exhibited abnormal
function in the striatum, midbrain, and hippocampus,
when compared to the healthy control subjects.* Of in-
terest, administration of a single dose of CBD partially,
but significantly, normalized the abnormal function in
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the aforementioned regions of the brain, suggesting that
the striatum, midbrain, and hippocampus are main brain
regions that underlie the beneficial effects of CBD on
psychosis* (figure 2).

Similar to the previous study,* another randomized,
double-blind, parallel-arm, placebo-controlled study also
investigated the neurocognitive mechanism and the site
of action of CBD in 33 patients with CHR of psychosis
and 19 healthy controls.** The main purpose of this study
was to assess the effect of CBD on the motivational sa-
lience associated with psychosis, using fMRI, while
patients participated in the monetary incentive delay
task.* Motivational salience was examined using reward
processing and loss anticipation,* both of which are
known to be dysfunctional during psychosis.® Patients
who received placebo demonstrated premature action in-
itiation (ie, false-start) and a significant abnormal activa-
tion in the left insula/parietal operculum, relative to the
healthy subjects.* Motivational salience and positive psy-
chotic symptoms were also significantly correlated with
the abnormal activation in the insula, suggesting that this
part of the brain is strongly implicated in the pathophysi-
ology of psychosis onset.* Of interest, administration of
a single dose of CBD (600 mg) significantly reduced the
abnormal activation in the left insula/parietal operculum
and slowed down the overall reaction time, suggesting
that the antipsychotic effect of CBD may be mediated by
normalizing motivational salience and moderating motor
response in the insula® (figure 2).

In light of the information described above, un-
like a classical antipsychotic agent, the beneficial effect
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of CBD on schizophrenia seems to be independent of
antagonizing dopamine receptors, suggesting that CBD
represents an additional novel class of antipsychotic
treatment with a unique mechanism of action. Indeed,
activation of 5-HTIA and glutamate receptors,'>*
downregulation of FAAH enzyme,® elevation of serum
anandamide,® and a suppression of the GPRS55 receptor
and neuroinflammation®*'-* in the medial temporal
lobe* and insula® might be potential mechanisms of ac-
tion of CBD in the treatment of psychotic symptoms and
the cognitive impairment associated with schizophrenia
(figures 1 and 2).

The Potential Role of CBD in Reducing Cannabis
Cravings and Cannabis Withdrawal in Patients With
Schizophrenia and a Co-occurring CUD

Given the high rates of CUD among patients with schizo-
phrenia,'*>*%2 and the lack of existing pharmacotherapies
for CUD,%® understanding the potential of new drug
therapies for CUD and/or cannabis dependence in this
patient population is imperative. Indeed, since CBD has
a modulatory role in various neurotransmitter systems
and neural pathways involved in addiction, it has been
proposed that CBD may have the potential to help treat
substance use disorders, including CUD, potentially by
reducing cannabis cravings and cannabis withdrawal.®
However, despite this potential, studies investigating
CBD treatment for CUD in patients with co-occurring
schizophrenia are lacking.'”S That being said, in the
general CUD patient population, the efficacy and safety
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Fig. 2. Sites of action of CBD. Psychotic symptoms are believed to arise from overactivity of neurons located in the hippocampus,
which in turn releases dopamine to the midbrain and the striatum. Dopaminergic neurons in the midbrain further promulgate dopamine
through a projection to the prefrontal cortex. Additionally, dopaminergic neuron terminals of the insula, originating in the striatum, are
believed to influence dopamine neuronal reactivity and are critical for motivational salience and motor response. CBD controls psychotic
symptoms in the striatum, midbrain, and hippocampus, as well as by normalizing motivational salience and motor response in the insula.
Note: CBD, cannabidiol. The image was modified from Servier Medical Art, licensed under a Creative Common Attribution 3.0 Generic

License, https://smart.servier.com/.
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of CBD as a treatment for cannabis cravings and can-
nabis withdrawal, which are often associated with CUD,
have been more thoroughly investigated.!”

Four double-blind randomized placebo-controlled clin-
ical trials in patients with cannabis dependence found
mostly beneficial effects of a CBD/THC mixture (Sativex)
in treating cannabis cravings and cannabis withdrawal
symptoms.® % Specifically, in a double-blind randomized
placebo-controlled clinical trials in 27 patients with can-
nabis dependence, patients were given a 12-week treatment
of either self-titrated dosages of Sativex (up to 113 mg of
THC/105 mg of CBD/d) or placebo, in combination with
cognitive behavioral therapy.®® Cannabis cravings were
assessed with the Marijuana Craving Questionnaire—Short
Form (MCQ-SF), while cannabis withdrawal was assessed
with the Marijuana Withdrawal Checklist (MWC).%
Results from the trial indicated that Sativex was not only
well tolerated but was also associated with a significantly
greater decrease in cannabis cravings, compared to placebo.®
However, no significant effects in abstinence rates were
observed in the trial and Sativex did not significantly affect
cannabis withdrawal, compared to placebo.”® In contrast,
in a similar double-blind randomized placebo-controlled
trial in 9 patients with cannabis dependence, patients were
given an 8-week treatment of either self-titrated doses of
Sativex (up to 108 mg THC/100 mg CBD), fixed doses of
Sativex (108 mg THC/100 mg CBD), self-titrated placebo,
or fixed doses of placebo.> Although Sativex treatment did
not significantly affect cannabis cravings, Sativex treatment
did significantly reduce cannabis withdrawal.> Of interest,
the largest reduction in cannabis withdrawal symptoms was
observed with high-fixed doses of Sativex (108 mg THC and
100 mg CBD).® However, in a different trial, daily treatment
of Sativex with up to 86.4 mg of THC and 80 mg of CBD
was found to have only transient effects in reducing cannabis
cravings and withdrawal in patients with cannabis depend-
ence, with no significant effects at 28 days post Sativex treat-
ment.* Lastly, in another clinical trial in 128 participants
with cannabis dependence who were given a 12-week treat-
ment of either Sativex (86.4 mg THC and 80 mg CBD/d) or
placebo, in combination with psychosocial support, Sativex
treatment was well tolerated and resulted in a significant re-
duction in days of illicit cannabis use compared with pla-
cebo.® Taken together, this evidence indicates potential
benefits for the use of CBD/THC mixtures in the treat-
ment of CUD in the general CUD population, mainly by
reducing cannabis cravings and/or cannabis withdrawal.!
Therefore, given these results, it is possible that CBD/THC
mixtures could be helpful in treating CUD in patients with
schizophrenia. However, there are currently no studies
investigating this type of mixed therapy in patients with
both schizophrenia and a CUD. Additionally, given the
aforementioned risks surrounding THC use in patients in
schizophrenia,'? this type of therapy may prove to be unsafe
in this specific patient population and thus needs to be fur-
ther studied.
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Given the risks of THC consumption in patients with
schizophrenia, CBD alone (ie, no THC) would likely
be a better treatment option for CUD in patients with
this disorder.!® However, there are currently no well-
controlled studies that investigate the effects of pure
CBD treatment in patients with both schizophrenia and
co-occurring CUD.!"S That being said, the effects of pure
CBD have been investigated in the general cannabis de-
pendence patient population, albeit less extensively than
for CBD/THC mixtures. For instance, evidence from 2
case reports suggests that CBD treatment may alleviate
cannabis withdrawal symptoms®” and promote cannabis
abstinence® for certain patients with cannabis depend-
ence. Furthermore, in an open-label clinical trial with 25
frequent cannabis users, participants were given 200 mg
of CBD daily, without discontinuing their normal can-
nabis use.”” Results from this study indicated that CBD
treatment was well tolerated and reduced psychotic-like
symptoms and cognitive impairments post-treatment,
when compared to baseline.” Intriguingly, this study
also found that plasma CBD concentrations were posi-
tively correlated with improvements in psychological and
cognitive symptoms, and that the greatest improvements
were seen in dependent users.”” Overall, the authors
proposed that their results suggest that CBD may be ef-
fective as an adjunctive treatment in patients with can-
nabis dependence.”

Taken together, these studies provide some evidence
that pure CBD may have beneficial effects in treating
CUD in the general CUD patient population.!” However,
given the absence of randomized clinical trials that inves-
tigate the effects of pure CBD in the treatment of CUD,"’
the evidence for the beneficial effects of CBD treatment
in the general CUD patient population is only prelimi-
nary. Furthermore, due to the lack of existing studies
with patients with schizophrenia, it is currently unknown
if these preliminarily beneficial effects of pure CBD
treatment in the general CUD population would trans-
late to patients with both schizophrenia and co-occurring
CUD."* However, given the promising preliminary results
in the general CUD patient population,® as well as the re-
ported safety of CBD use in patients with schizophrenia,®
the utility of CBD in treating CUD (including cannabis
withdrawal and cannabis cravings) in patients with schiz-
ophrenia surely warrants future study.'s

Discussion

The Potential Benefits of CBD for Patients With
Schizophrenia

Herein, we have reviewed how CBD has been shown to
improve psychotic symptoms and cognitive impairments
associated with schizophrenia in many but not all studies.
In general, clinical studies involving different dosage
forms of CBD (oral gelatin capsule or solution) yielded
encouraging results for the prevention and/or treatment
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of positive and negative psychotic symptoms, as well
as the cognitive impairments associated with schizo-
phrenia.® "' However, despite these findings, there are
limitations regarding the evidence for the use of CBD
as a treatment for schizophrenia. For example, most of
the research previously discussed is only preliminary and
has not involved large sample sizes.*!'* Furthermore,
another barrier to fully understanding the utility of
CBD treatment in patients with schizophrenia is the lack
of knowledge regarding CBD treatments among cer-
tain subpopulations of patients with the disorder, such
as those with a co-occurring CUD."* Given that it has
been proposed that people with schizophrenia may re-
spond differently to CBD therapy depending on if they
have CUD or not," as well as the preliminary evidence
suggesting that CBD could improve CUD symptoms in
the general CUD patient population,® this is an area of
study that warrants further research. Specifically, future
researchers should consider designing trials that evaluate
the possible differences between the effects of CBD in
patients with schizophrenia that have CUD vs ones who
do not. Lastly, randomized-controlled trials that asses the
efficacy of CBD in treating cannabis cravings and can-
nabis withdrawal in patients with schizophrenia and a
co-occurring CUD should also be a research priority.

Perhaps one of the largest challenges of CBD treatment
in all patient groups is low oral bioavailability, due to its ex-
tensive first pass metabolism in the liver.’® Thus, it may not
be surprising that higher doses of CBD have shown better
therapeutic outcomes compared to lower doses.®*!'* In
fact, lower doses of CBD lack efficacy in the treatment of
schizophrenia in some clinical studies,***’ which further
strengthens the notion that positive outcomes can only be
achieved with the use of higher doses of CBD.''** However,
the high oral doses of CBD that are needed for efficacy also
increase the risk of adverse events. Indeed, adverse events
such as headache, somnolence, abdominal pain, nausea,
and diarrhea'®* were noted in clinical studies using higher
doses of CBD. In addition to the undesirable effects, given
that schizophrenia is a chronic disease that would require
daily use of CBD, cost is another major hurdle of the use
of high oral doses of CBD.” Thus, identifying a novel
formulation or testing a new delivery system that would
enable lower doses of CBD to be administered and be
maintained at higher plasma levels could help solve many
of the aforementioned issues. Nevertheless, despite these
potential drawbacks, the preliminary evidence suggests
promising beneficial effects of CBD in those with schiz-
ophrenia, which at the very least warrants future research
on the utility, safety, and logistics of CBD-based therapies
for this disorder.® !

Limitations

This narrative review did not follow a systematic litera-
ture search, meta-analysis, or data extraction approach.
Also, there is no consideration of the quality of the

presented evidence based on statistical analysis. As such,
the interpretation of the data is based on a critical review
by the authors of the article.
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