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A B S T R A C T

Cannabidiol (CBD) and Δ9-tetrahydrocannabinol (THC) are the most represented phytocannabinoids in
Cannabis sativa plants. However, CBD may present with a different activity compared with the psychotomimetic
THC. Most typically, CBD is reported to be used in some medical conditions, including chronic pain. Conversely,
the main aim of this systematic review is to assess and summarise the available body of evidence relating to both
efficacy and safety of CBD as a treatment for psychiatric disorders, alone and/or in combination with other
treatments. Eligible studies included randomized controlled trials (RCT) assessing the effect of CBD in a range of
psychopathological conditions, such as substance use; psychosis, anxiety, mood disturbances, and other psy-
chiatric (e.g., cognitive impairment; sleep; personality; eating; obsessive-compulsive; post-traumatic stress/
PTSD; dissociative; and somatic) disorders. For data gathering purposes, the PRISMA guidelines were followed.
The initial search strategy identified some n=1301 papers; n=190 studies were included after the abstract’s
screening and n= 27 articles met the inclusion criteria. There is currently limited evidence regarding the safety
and efficacy of CBD for the treatment of psychiatric disorders. However, available trials reported potential
therapeutic effects for specific psychopathological conditions, such as substance use disorders, chronic psychosis,
and anxiety. Further large-scale RCTs are required to better evaluate the efficacy of CBD in both acute and
chronic illnesses, special categories, as well as to exclude any possible abuse liability.

1. Background

Cannabidiol (CBD) and Δ9-tetrahydrocannabinol (THC) are the
most represented phytocannabinoids in Cannabis sativa plants (Crippa
et al., 2018; Corroon and Phillips, 2018; Ligresti et al., 2016). CBD was
isolated from cannabis extracts in the 1940s (Adams et al., 1940) and,
even though initially considered a non-active cannabinoid (Crippa
et al., 2018; Zuardi, 2008), it was then recognised as presenting with a
different activity compared with the psychotomimetic THC (Casajuana
Köguel et al., 2018; Crippa et al., 2018; Ligresti et al., 2016; Mechoulam
et al., 1970; Zuardi et al., 1982), due to a combination of pharmaco-
kinetic and pharmacodynamic interactions (Crippa et al., 2018; Lafaye
et al., 2017; Ligresti et al., 2016; Zuardi et al., 1982). For istance, the
exogenous cannabinoid CBD acts on the neuromodulatory en-
docannabinoid system (eCBS), which plays important roles in central
nervous system (CNS) development, synaptic plasticity, and response to
endogenous and environmental insults (Lu and Mackie, 2016). The
endogenous eCBS’ ligands, e.g. anandamide/N-arachidonoylethanola-
mine (AEA) and 2-arachidonoyl-sn-glycerol (2-AG), act as agonists of

the metabotropic CB1/CB2 receptors. Conversely, CBD displays a very
low affinity for these two receptors (Devane et al., 1992), whilst ex-
erting an antagonist or negative modulatory action (Ligresti et al.,
2016). CBD can also facilitate eCBS’ signalling and influence en-
docannabinoid levels, whilst inhibiting their cellular re-uptake by
binding to fatty acid binding proteins (FABPs) (Elmes et al., 2015).
Moreover, CBD decreases the endocannabinoids’ hydrolysis mediated
by fatty acid amide hydrolase (FAAH) and monoacylglycerol lipase
(MAGL) (Ligresti et al., 2016; Campos et al., 2012). CBD can also
promote the blockade of adenosine uptake and act as an agonist of both
the transient receptor potential vanilloid ion channel TRPV1 and the
serotonergic 5-HT1A receptors (Bisogno et al., 2001; Boggs et al.,
2018a; Campos et al., 2017; Campos and Guimarães, 2008; Thomas
et al., 2007). Finally, CBD reportedly presents with a better safety
profile compared to other CBs, such as THC; in fact, even at high dose of
1500mg a day CBD seems to be well tolerated both in animals and
humans (Boggs et al., 2018a; Campos et al., 2017). Both THC and CBD
are substrates and inhibitors of cytochrome P450 enzymatic pathways
relevant to the biotransformation of commonly prescribed psychotropic
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agents, hence further studies are needed to assess the potential drug-
drug-interactions (DDIs) (Rong et al., 2017).

Chemical structures of Δ9-tetrahydrocannabinol (Δ9-THC) and
cannabidiol (CBD)

Regarding the medicinal cannabis use, the oldest description en-
crypted on an Egyptian stone dates back to around 2350 BCE (Ligresti
et al., 2016). Currently, CBD is generally considered a cannabinoid
compound with both a wide range of pharmacological effects and a
broad spectrum of potential clinical use (Campos et al., 2017; Crippa
et al., 2018; Pisanti et al., 2017; Zuardi, 2008). The worldwide reg-
ulatory status of CBD is complex and constantly changing, but CBD can
currently be purchased online; over the counter; and from cannabis-
specific dispensaries in some countries like the US (Corroon and
Phillips, 2018; Ware and Tawfik, 2005). As a result, according to a
large-scale survey recently conducted on 2409 internet buyers, CBD has
been reported to be used in almost 4000 medical conditions; typically
including: chronic pain, arthritis/joint pain, anxiety, depression, and
sleep disorders (Corroon and Phillips, 2018). Although CBD may pre-
sent with anti-oxidant, anti-inflammatory, neuroprotective, anti-con-
vulsant, anti-emetic and analgesic effects, it has been proven to be ef-
fective only in a narrow range of medical conditions, such as: epilepsy;
chronic pain; and intractable chemotherapy-induced nausea and vo-
miting (Campos et al., 2016; Mandolini et al., 2018; Mannucci et al.,
2017; Noel, 2018; Pisanti et al., 2017; Scuderi et al., 2009). In psy-
chiatry, CBD has been suggested to possess antipsychotic, anti-
depressant, anxiolytic, anti-craving and pro-cognitive activities
(Bhattacharyya et al., 2010; Hill et al., 2012; Mandolini et al., 2018;
National Academies of Sciences, Engineering, and Medicine, 2017;
Noel, 2018; Parolaro et al., 2010; Pisanti et al., 2017; Scherma et al.,
2018; Crippa et al., 2018; Jurkus et al., 2016). However, reliable in-
formation is still needed, and the main aim of this systematic review
was to assess and summarise the available body of evidence relating to
both efficacy and safety of CBD use in patients with psychiatric dis-
orders.

2. Materials and methods

2.1. Search strategy

A systematic electronic search was performed on 31 st January 2019
on a range of international databases, including PubMed, Cochrane
Controlled Register of Trials (CENTRAL), and Web of Science. The
systematic review was structured in accordance with the PRISMA
guidelines (Moher et al., 2009). The search terms “cannabidiol” and
“CBD” were combined with “substance use disorders”, “psychotic dis-
orders”, “anxiety disorders”, “mood disorders”, “cognitive disorders”,
“sleep disorders”, “personality disorders”, “eating disorders”, “ob-
sessive compulsive disorders”, “trauma stress disorders”, “dissociative
disorders”, and “somatic disorders”. Identified studies were assessed at
title/abstract and full text screening against eligibility criteria. The
reference lists of included studies were also manually searched to
identify additional citations (Table 1).

2.2. Inclusion/exclusion criteria

To evaluate efficacy and safety of CBD-based interventions, only
Randomised Controlled Trials (RCTs) that recruited patients presenting
with substance use disorders, psychosis, anxiety, mood and other psy-
chiatric disorders were here considered. To provide the reader with the

most updated information, details of ongoing RCTs were included as
well.

2.3. Data synthesis strategy

Data were extracted by n= 3 reviewers (AR, CZ, SC), while n=2
senior researchers (SB, FS) supervised all stages of the process and were
consulted to resolve any possible disagreement. Data on intervention
and its administration, duration, sample characteristics and outcomes
were extracted (Table 2).

3. Results

The initial search strategy yielded a total of n=1301 articles that
were screened by title and abstract for eligibility. A total of n=190
studies passed the title/abstract screening and were considered for full-
text screening. Of these studies, n= 135 were excluded, as either
mostly referring to preclinical models, or due to inappropriate study
design/population. The remaining n=55 were searched for duplicates,
and secondary publications were aggregated in study-based units. Thus,
n= 27 RCTs were included in this systematic review (Table 1). The
results are here presented as follows: 1) CBD and substance use dis-
orders; 2) CBD and psychotic disorders; 3) CBD and anxiety disorders;
4) CBD and mood disorders; and 5) CBD and other psychiatric condi-
tions (cognitive disorders, sleep disorders, personality disorders, eating
disorders, obsessive compulsive disorders, trauma stress disorders,
dissociative disorders, and somatic disorders).

4. CBD and substance use disorders

4.1. Background

The eCBS appears to be involved in both acquisition and main-
tenance of drug-seeking behaviour, possibly through its role in reward
system and brain plasticity (National Academies of Sciences,
Engineering, and Medicine, 2017). The dopaminergic pathway activa-
tion, linking the ventral tegmental area; the ventral striatum; and the
nucleus accumbens, plays a central role in the reward circuit (Chye
et al., 2019). In animal models, the CB1 receptor is identified in striatal
output projection neurons of the nucleus accumbens and dorsal
striatum (Zhang et al., 2014), while the CB2 receptor seems to be ex-
pressed in dopamine neurons of the ventral tegmental area, related to
drug reinforcement behaviour (Xi et al., 2011). Moreover, CB1 re-
ceptors are also present in the corticostriatal circuit, thus an alteration
of eCBS could ultimately lead to a dysregulation of the glutamatergic
cortex neurons affecting the neuroplasticity process (Chye et al., 2019).
In line with this, pre-clinical and clinical studies have suggested that
CBD could interfere with both craving and withdrawal symptoms’ de-
velopment. In fact, CBD may present with anti-addiction properties by
reducing expression of drug memories, both acutely and through the
disruption of their reconsolidation (Lee et al., 2017; Chye et al., 2019).
Two mechanisms, mainly relating to the modulation of the en-
docannabinoid, serotoninergic and glutamatergic systems, have been
hypothesised as a possible explanation of the potential anti-addiction
clinical properties of CBD. First, CBD agonist activities on 5-HT1A re-
ceptors may contribute to its anti-craving effects, and help reducing
relapses by regulating the drug reward system, anxiety symptoms and
improving stress management (Prud’Homme et al., 2015). Second, CBD
acts as a regulator of the glutamatergic signalling through the mod-
ulation of the serotoninergic and the endocannabinoid systems. This
may have a role in the treatment of addictive behaviour (Rodríguez-
Muñoz et al., 2016), since a dysregulation of glutamatergic transmis-
sion has been widely related to both drug-seeking behaviour and re-
lapse occurrence (Prud’Homme et al., 2015).

In rodent models, CBD exerts different effects according to the type
of previously administered substance (Prud’Homme et al., 2015). For
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example, preclinical studies indicated that CBD was able to reverse the
conditioned place preference effect induced by synthetic THC, cocaine
and amphetamine (Parker et al., 2004; Vann et al., 2008). Also, in al-
cohol- and cocaine-dependent rats CBD attenuated the drug seeking
behaviour without inducing tolerance, sedation, or interfering with
normal motivated behaviour (Gonzalez-Cuevas et al., 2018). In rodents,
CBD chronic administration did not induce dependence whilst the long-
term co-administration of equal ratios of CBD and THC did not reduce
THC dependence levels (Myers et al., 2018). In evaluating the role of
oral CBD in frequent, healthy, cannabis users, Babalonis et al. (2017)
found that CBD at 200, 400, 800mg once daily (OD) was not associated
with abuse when compared to oral placebo and active marijuana pro-
ducts with high levels of THC up to 5.3–5.8%. Conversely, the use of
nabiximols (i.e. a combination of THC and CBD; trade name Sativex®)
in a population of recreational cannabis users showed comparable
abuse potential with dronabinol (i.e. the enantiomer (−)-trans-Δ9-tet-
rahydrocannabinol; trade names Marinol® and Syndros®) (Schoedel
et al., 2011). No studies concerning the effect of the use of CBD alone in
cannabis dependence were identified, although a case report of a 19-
year-old woman successfully treated with CBD for the treatment of
cannabis withdrawal syndrome has been described (Crippa et al.,
2013). Furthermore, Turna et al. (2019) carried out a systematic review
to assess the potential of CBD as a candidate pharmacotherapy for al-
cohol use disorder (AUD). Twelve papers met criteria for inclusion; 9
were preclinical and 3 focussed on healthy adult volunteers. In human
studies, CBD was well tolerated and did not interact with the subjective
effects of alcohol, hence CBD was suggested to have promise as a
candidate AUD pharmacotherapy.

Finally, a neuroprotective role of CBD is suggested in cannabis
users, by interfering with THC-induced hippocampal volume reduction
(Yücel et al., 2016); improving memory (Morgan et al., 2010a); and
reducing THC-associated depressive and psychotic-like symptoms
(Morgan and Curran, 2008; Solowij et al., 2018).

4.2. Clinical trials

Only 6 completed clinical trials were identified, focusing on tobacco
withdrawal (Hindocha et al., 2018); opioid (Hurd et al., 2015); and
cannabis dependence (Allsop et al., 2014; Bhardwaj et al., 2018; Trigo
et al., 2016a, b; Trigo et al., 2018).

Hindocha et al. (2018) compared the effects of 800mg oral CBD
with placebo in dependent cigarette smokers after one night of ab-
stinence. They found increased attentional bias levels to drug and food
stimuli, considered a putative marker for drug cue salience during ab-
stinence, in placebo but not in the CBD group. Although craving and
withdrawal symptoms did not show any modification following CBD

treament, the CBD group showed a reduction in explicit pleasantness
levels of smoking-related images during abstinence when compared to
placebo, a finding consistent with previous observations (Morgan et al.,
2013).

In a double-blind pilot study, a small sample of opioid-dependent
individuals who had been abstinent for at least 7 days were randomized
to 3-day treatment with either CBD or placebo. Participants allocated to
CBD showed attenuated subjective cue-induced craving up to 7 days
after the end of treatment (Hurd et al., 2015), confirming previous
preclinical suggestions (Ren et al., 2009).

A double-blind RCT (Allsop et al., 2014) compared a 6-day treat-
ment with nabiximols oromucosal spray (THC 86.4mg/CBD 80mg) to
placebo in cannabis-dependent inpatients during detoxification. Lower
rates of dropouts, together with a significant reduction of withdrawal
symptoms and craving, were found in the group treated with nabix-
imols. However, no differences between groups were found in relapse
rates at the 28-day follow-up. Similar results were reported in a group
of non-treatment seeker cannabis users (Trigo et al., 2016b). Indeed, in
an 8-week pilot RCT, composed by four ‘smoke as usual’ conditions
separated by four ‘cannabis abstinence’ periods, high doses of nabix-
imols (up to THC 108mg/CBD 100mg), were compared with placebo
to assess its efficacy on withdrawal and craving symptoms. Both stan-
dard and low/self-titrated condition dosages were effective in reducing
unpleasant withdrawal/craving symptoms. To better evaluate both ef-
ficacy and tolerability of self-titrated dosages of nabiximols on cannabis
use, the same research team investigated as-needed treatment schedules
(e.g up to THC 113.4 mg / CBD 105mg daily) compared to placebo in a
12-week RCT (Trigo et al., 2018). Both groups received weekly Moti-
vational Enhancement (MET) and Cognitive Behavioural Therapy (CBT)
sessions. Treatment with nabiximols exhibited effectiveness in reducing
cannabis craving, with no serious adverse events reported. Despite this,
no significant changes in abstinence rates were registered. Finally, a
phase III trial on the use of nabiximols in cannabis dependent out-
patients who had not previously responded to conventional psycho-
social intervention is currently ongoing (Bhardwaj et al., 2018). In this
trial participants are being randomly allocated to CBD or placebo, in
combination with six structured CBT sessions, for 12 weeks.

5. CBD and psychotic disorders

5.1. Background

The relationship between psychosis and cannabis use has been lar-
gely investigated. The acute use of cannabis could lead to the onset of a
transient psychotic episode or heterogeneous psychotic-like symptoms
(Favrat et al., 2005; Pierre et al., 2016; Thomas, 1996). Furthermore,

Table 1
Results from a systematic literature search, updated in January 2019, relating to the role of CBD in a range of psychopathological conditions conducted by using the
online PubMed (PM), CENTRAL (C) and Web of Science (WS) databases.

Cannabidiol AND (+ key words
listed below)

Total n of records finding through
searching database up to January 2019.

Total n of records included after
abstract screening.

Total n of papers included after
full-text screening.

Total n of RCT included
after backward search.

PM C WS PM C WS PM C WS Number

1. Substance use disorders 133 18 8 31 5 2 4 5 2 6
2. Psychotic disorders 68 35 23 39 14 6 4 15 6 9
3. Anxiety disorders 71 22 8 23 8 3 2 4 3 3
4. Mood disorders 20 21 1 7 2 0 0 2 0 1
5. Other psychiatric disorders:

a. Neurocognitive
b. Sleep
c. Personality
d. Eating
e. Obsessive-Compulsive
f. Trauma Stress
g. Dissociative
h. Somatic

469
52
19
39
6
141
13
2

50
25
10
3
1
14
2
0

21
3
0
0
0
2
1
0

24
13
1
0
0
0
1
0

4
0
2
0
1
3
0
0

0
1
0
0
0
0
0
0

1
0
1
0
0
0
0
0

4
0
2
0
0
0
0
0

0
0
0
0
0
0
0
0

4
0
1
0
0
3
0
0
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cannabis has been proposed as a risk factor for the development of
schizophrenia, with higher risk associated with younger age at first use,
frequency, and duration of use (Casadio et al., 2011; Di Forti et al.,
2015; Hall and Degenhardt, 2008; Moore et al., 2007). Moreover, it has
been shown that the risk of developing psychotic symptoms is asso-
ciated with THC/CBD ratios (Di Forti et al., 2019). For instance, the
high THC/low CBD level preparations, known as ‘skunk’, have been
described as less safe compared with CBD-rich cannabis (Di Forti et al.,
2015; Schubart et al., 2011). A longitudinal study, comparing three
groups of volunteers identified by hair-sample analyses (i.e.,
THC+CBD users, THC-alone users, no THC/CBD users), showed that
the THC-alone group presented with higher frequency of unusual ex-
periences and anhedonia symptoms when compared to THC+CBD
individuals (Morgan and Curran, 2008). However, it is unclear if CBD
maintains its protective role also in heavy smokers or if this is limited to
recreational users (Morgan et al., 2012). In animals, CBD presented
with some effect on positive, negative and cognitive symptoms of
schizophrenia models (Campos et al., 2017; Fakhoury, 2016; Rohleder
et al., 2016; Seeman, 2016); however, this is still a much-debated topic
(Zuardi et al., 2012).

It has been hypothesised that the overstimulation of CB1 receptor
on GABAergic and glutamatergic neurons induced by frequent use of
THC may modulate dopaminergic inputs to the striatum (Morrison and
Murray, 2009), being involved in the onset of THC-induced psychosis.
Moreover, the eCBS’ hyperactivation might induce a dysregulation of
the attentional salience processing systems (Bhattacharyya et al.,
2012), which has been interpreted as a core alteration in the genesis of
psychosis (Kapur, 2003). Considering the putative eCBS involvement in
the pathophysiology of schizophrenia (Ferretjans et al., 2012; Ligresti
et al., 2016), CBD has been suggested to represent an effective and well-
tolerated alternative treatment for schizophrenia (Diviant et al., 2018;
Zuardi et al., 2006a) with a profile more similar to clozapine than to
haloperidol (Crippa et al., 2015).

Initial suggestions for an atypical anti-psychotic profile of CBD de-
rived from a single case report (Zuardi et al., 1995). CBD may be ef-
fective in schizophrenia both on its own (Zuardi et al., 2006b) and as an
augmentation for antipsychotic therapy. In a case-control study, acute
administration of CBD did not lead to any beneficial effects on cognitive
performances of chronic schizophrenic patients (Hallak et al., 2010). To
this respect, preclinical studies have suggested that the alleged pro-
cognitive properties of chronic CBD administration could be associated
with its anti-inflammatory and neuroprotective effects (Gomes et al.,
2015; Hahn, 2018). Pre-treatment with 600mg of oral CBD in healthy
individuals inhibited THC-induced paranoia and episodic memory im-
pairment (Englund et al., 2013) but, in a recent case series (Schipper
et al., 2018), the use of bedrolite (i.e. 0.4% THC and 9% CBD) in psy-
chotic cannabis misusers failed to show efficacy in reducing both psy-
chotic and drug withdrawal symptoms.

A few mechanisms have been hypothesised as a possible explanation
for CBD potential anti-psychotic properties, including: facilitation of
endocannabinoid signalling (Pisanti et al., 2017); partial agonist ac-
tivity on dopamine D2 receptors, similarly to the atypical anti-psychotic
aripiprazole (Seeman, 2016); and activation of TRPV1 receptor path-
ways, which facilitates glutamate pre-synaptic release (Campos et al.,
2012; Gururajan and Malone, 2016). Moreover, an increase of AEA
levels in cerebrospinal fluid was documented as inversely correlated
with both psychotic symptoms (Giuffrida et al., 2004a,b) and frequency
of cannabis use (Leweke et al., 2007). In comparison with healthy
controls, higher blood levels of AEA have been found in patients with
schizophrenia (Potvin et al., 2008). More recently, Minichino et al
(2019) carried out a systematic review and meta-analysis of the blood
and cerebrospinal fluid (CSF) measures of the eCBS in psychotic dis-
orders. A total of 18 studies were included; higher eCBS tone levels
were found at an early stage of illness in individuals who were anti-
psychotic naïve or free. This had an inverse association with symptom
severity and was normalized after successful treatment. Although in

some brain areas reduced levels of AEA may represent an adaptive
mechanism counteracting hyperdopaminergic states (Fakhoury, 2017;
Giuffrida et al., 2004a,b), CBD intake is associated with increased AEA
levels (Leweke et al., 2012a), indirectly activating CB1 receptors
(Campos et al., 2012; Rohleder et al., 2016). Overall, the exact me-
chanism underpinning the supposed beneficial CBD role in psychosis
remains unclear (Leweke et al., 2012a; Arnold et al., 2012).

5.2. Clinical trials

The first RCT that explored CBD antipsychotic properties was a
phase II, double-blind, study comparing CBD and amisulpride (both up
to 800mg/day) in a population of inpatients with schizophrenia during
an acute exacerbation. After 4 weeks, both treatments showed similar
efficacy in reducing the scores of the Positive and Negative Syndrome
Scale (PANSS) and the Brief Psychiatric Rating Scale (BPRS), but CBD
was associated with fewer side effects. Higher levels of plasmatic AEA
were found in subjects exposed to CBD compared to those exposed to
amisulpride, with a statistically significant association between in-
crease in AEA levels and decrease in psychotic symptoms in the first
group (Leweke et al., 2012a). The same authors later performed a small
cross-over clinical trial in antipsychotic-naïve patients with acute first-
episode schizophrenia (Leweke et al., 2012b, a; Leweke et al., 2014b),
receiving a 14-day treatment of 600mg CBD first followed by a 14-day
placebo regimen or viceversa; a small and not statistically significant
reduction in PANSS total scores was found. Currently, two RCTs eval-
uating CBD efficacy in both first episode of psychosis (FEP) (Leweke
et al., 2018) and patients within the first 7 years from the onset of the
psychotic illness (Ranganathan et al., 2018) are being carried out. The
first study will focus on the efficacy of CBD versus placebo as an add-on
of antipsychotic treatment in a cohort of 180 FEP patients. The latter
will study the effects of CBD-alone on patients within 7 years from the
onset of the psychosis; it will look at psychotic and cognitive symptoms,
but also electrophysiological biomarkers and metabolic parameters.

The possible beneficial effect of CBD in chronic schizophrenia was
explored in a recent multicentre RCT (McGuire et al., 2018a, b).
Chronic, partial responder, psychotic patients were randomized to
treatment with either CBD (1000mg/day) or placebo, as an augmen-
tation to the usual anti-psychotic therapy. The CBD group showed a
statistically significant reduction of positive, but not negative, symp-
toms compared to the placebo group. The cognitive tests were com-
parable in both groups, a finding consistent with previous evidence
(Boggs et al., 2018b). Indeed, in a within-subject cross-over study of
FEP patients, acute CBD administration of 600mg was associated with a
decreased activity in the left hippocampus and the right para-
hippocampal gyrus during a verbal recall task, suggesting a CBD
modulatory effect on neural substrates underlying learning and
memory impairment in schizophrenia patients (O’Neill et al., 2018). In
a double-blind RCT with 33 antipsychotic medication–naive partici-
pants at clinical high risk (CHR) of psychosis, Bhattacharyya et al.
(2018a) found a reduced activation in the right caudate during en-
coding, and in the parahippocampal gyrus and midbrain during recall
task, in CHRs compared to controls. Interestingly, a small innovative
study used the virtual reality paradigm to test modification in paranoid
ideation in a group of ultra-high risk (UHR) individuals after treatment
with CBD for 7 days versus placebo (Bhattacharyya et al., 2016). Re-
duced scores of paranoia and anxiety, respectively evaluated with State
Social Paranoia scale and State-Anxiety inventory-state subscale, were
identified in the CBD group. Overall, sedation has been the only CBD
side effect reported in the different studies (Boggs et al., 2018b;
McGuire et al., 2018a; Leweke et al., 2012a).
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6. CBD and anxiety disorders

6.1. Background

The eCBS is involved in the regulation of several physiological
functions, including the emotional behaviour, which is in turn asso-
ciated with both learning and response to emotionally salient events
(Blessing et al., 2015; Schiavon et al., 2016). The CB1 receptor is in-
volved in the response of acute stress and fear/anxiety response
(Blessing et al., 2015). In preclinical studies, reduction in CB1 receptor
signaling mediates the anxiogenic effects of corticotropin-releasing
hormone in the amygdala (Gray et al., 2015), while its activation ex-
cites the negative feedback of the neuroendocrine stress response,
hindering adverse effect of chronic stress (Evanson et al., 2010; Abush
and Akirav, 2013).

CBD anxiolytic-like properties have been tested in several animal
models, properties which are possibly being mediated by CBD action on
postsynaptic 5-HT1A receptors (Lee et al., 2017; Campos et al., 2016;
Ligresti et al., 2016; Blessing et al., 2015; Campos et al., 2012;
Bergamaschi et al., 2011a; de Mello Schier et al., 2012d). According to
Lee et al (2017), there is accumulating preclinical evidence in-
vestigating the effects of CBD on fear memory processing indicating
that it reduces learned fear in paradigms that are translationally, re-
levant to phobias. This may be associated with attenuation of the acute
autonomic responses associated to stress (Fogaca et al., 2014; Fusar-Poli
et al., 2009), whilst the extinction of fear memories will occur through
indirect activation of CB1 receptors (Bitencourt et al., 2008; Lee et al.,
2017). Other mechanisms associated with the anxiolytic properties of
CBD may also include CBD-related modifications of the cerebral blood
flow in limbic and paralimbic areas (Campos et al., 2012; Crippa et al.,
2011).

Agents that target the eCBS directly (such as THC, CB1 agonists, and
FAAH inhibitors) have shown a biphasic effect (e.g. low doses anxio-
lytic; higher doses anxiogenic; Parolaro et al., 2010). The use of can-
nabis is associated with dysphoria, anxiety and panic symptoms,
especially with higher dose of THC (Parolaro et al., 2010). Conversely,
CBD does not cause anxiety even at high dosages when administered in
models of general anxiety (Bitencourt and Takahashi, 2018). In a
double-blind study conducted on healthy volunteers exposed to the
Simulated Public Speaking Test (SPST), a single dose of CBD 300mg in
powder form (99.9% purity), but not 150 or 600mg, was identified as
the optimal therapeutic dose when compared to placebo to treat SPST-
induced anxiety (Linares et al., 2018a). In a double-blind placebo-
controlled study, the effect of a single dose of CBD 300mg was com-
pared with two other anxiolytic compounds (ipsapirone 5mg and dia-
zepam 10mg) in 40 healthy university students exposed to SPST. Ip-
sapirone was found to attenuate SPST-induced anxiety; CBD decreased
anxiety after SPST; and diazepam was associated with significant se-
dative effects but had no effect in reducing the anxiety induced by the
speech test (Zuardi et al., 1993). A putative anti-panic effects of CBD
have been hypotized (Soares and Campos, 2017), but no reliable evi-
dence has been made available so far.

Finally, a few preclinical studies investigated chronic CBD intake in
anxiety-related disorders. Mice exposed to chronic stress showed in-
creased hippocampal proliferation levels after repeated CBD adminis-
tration (Campos et al., 2013), suggesting that CBD pro-neurogenic ac-
tivity may determine an anxiolytic effect by facilitating
endocannabinoid-mediated signalling through CB1/CB2 receptors ac-
tivation (Campos et al., 2013; Fogaça et al., 2018). This is consistent
with the evidence that CBD could disrupt fear-memory consolidation by
activation of dorsal hippocampus CB1/CB2 receptors, inducing a range
of effects similar to those obtained with FAAH inhibitors’ administra-
tion (Stern et al., 2017). However, the current evidence of an anxiolytic
role of CBD in humans is largely limited to acute dosing only (Blessing
et al., 2015).

6.2. Clinical trials

In our systematic review, only 2 relevant completed RCTs were
identified. Both trials explored the efficacy of an acute administration
of CBD on anxiety symptoms in a population of individuals with Social
Anxiety Disorder (SAD). In a double-blind trial, 24 never-treated SAD
patients were randomly allocated to receive either a pre-treatment
single dose of CBD 600mg or placebo and were compared to healthy
controls following SPST exposure (Bergamaschi et al., 2011a). Pre-
treatment of SAD patients with CBD 600mg significantly inhibited the
fear of speaking in public (i.e. reduction of anxiety, cognitive impair-
ment and discomfort in speech performance; decreased alert in antici-
patory speech) when compared to placebo. In a randomized, within-
subject, cross-over design study, 10 treatment-naïve males with SAD
were given either an oral dose of CBD 400mg or placebo (Crippa et al.,
2011). CBD was associated with significantly decreased levels in an-
xiety scores compared to placebo. To investigate the neural and beha-
vioural effects of study medications, a technetium-99 m-ethyl cysteinate
dimer (99mTc-ECD) single-photon emission computed tomography
(SPECT) was also carried out. Compared to placebo, CBD attenuated
ECD uptake in an anatomical cluster encompassing the left para-
hippocampal gyrus and hippocampus, whilst it increased ECD uptake in
the right posterior cingulate gyrus. Finally, a randomized, double-blind,
placebo-controlled study comparing the efficacy and safety of flexibly
dosed CBD oil capsules versus placebo (Clinical Trials.gov, 2018a) is
currently being carried out. The study involves 50 adults with a primary
SAD; Generalized Anxiety Disorder (GAD); and Panic Disorder (PD).
During the 8-week treatment, effects on symptoms and cognition as
well as tolerability of CBD will be evaluated. Biological markers will
also be collected to assess the relationship between inflammation, an-
xiety and CBD.

7. CBD and mood disorders

7.1. Background

The eCBS is known to play a role in mood regulation. Several animal
studies have reported depressive symptoms, such as anhedonic state,
passive coping behaviour and cognitive deficits in both rat models and
CB1 knock-out mice (Martin et al., 2002; Rubino et al., 2008, 2009). In
a recent systematic review (Gibbs et al., 2015), it has been suggested
the existence of an inverse relationship between cannabis use and
clinical stability of bipolar disorder clients. Furthermore, antagonism at
CB1 receptors with rimonabant has been associated with occurrence of
depressive-like states (Moreira and Crippa, 2009; Hill and Gorzalka,
2005), whereas CBD has shown antidepressant and pro-hedonic effects
in preclinical models (Zanelati et al., 2010; Shoval et al., 2016; El-Alfy
et al., 2010; Sartim et al., 2016). The acute antidepressant effect of CBD
seems to depend on facilitation of the 5HT1A receptor-mediated neu-
rotransmission, both directly and through CB1-receptor interaction
(Sartim et al., 2016; Zanelati et al., 2010). In animal models, the above
mechanism may be associated as well with increased extracellular 5-HT
and glutamate levels in the ventromedial prefrontal cortex, which have
been considered a possible explanation for the CBD-induced acute an-
tidepressant effects (Linge et al., 2016; Micale et al., 2013). Further-
more, CBD may be associated with an indirect action in serotonin
pathways through an elevation of triptophan levels (Jenny et al., 2010).
Previous anecdotal reports on CBD monotherapy (with any dosage) in
bipolar disorders have however failed to prove a beneficial effect for the
treatment and management of manic episodes (Zuardi et al., 2010).

7.2. Clinical trials

No completed clinical trials studying the role of CBD in mood dis-
orders were identified. However, a project focusing on the effects of
CBD in bipolar disorder is being carried out. This is a double-blind
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placebo-controlled RCT aiming at evaluating the efficacy of CBD
600mg as augmentation therapy in bipolar patients during a depressive
episode. CBD is hypothesized to produce a reduction of depressive and
anxiety symptoms, together with an improvement in functioning and
inflammatory biomarkers (Clinical Trials.gov, 2017a).

8. CBD and other psychiatric disorders

8.1. Neurocognitive disorders

8.1.1. Background
CBD interest in neurocognitive disorders is due to its reported an-

tioxidant, anti-inflammatory, anti-apoptotic and neuroprotective prop-
erties (da Silva et al., 2018d; Fernández-Ruiz et al., 2013; Martín
-Moreno et al., 2011; Mori et al., 2017; Osborne et al., 2017; Schiavon
et al., 2014). It has been proposed that these effects could be more
related to the CBD structure and stereochemistry rather than to its CB-
receptor binding affinity (Aso et al., 2016b; Wu et al., 2013). CBD anti-
inflammatory effects may improve outcomes also in some neurological
acute disorders, such as meningitis or hepatic encephalopathy
(Avraham et al., 2011; Barichello et al., 2012), and metabolic illnesses
as diabetes-associated dementia (Brook et al., 2019). Moreover, in
studies using Alzheimer dementia (AD)-mice models, CBD reduced both
tau protein hyperphosphorylation (Aso et al., 2016a; Casarejos et al.,
2013) and cerebral pro-inflammatory mechanisms, including produc-
tion of interleukins and nitric oxide (Aso et al., 2013; Iuvone et al.,
2009; Walther and Halpern, 2010). In mice, CBD could improve facial
recognition (Cheng et al., 2014a, b) and memory (Fagherazzi et al.,
2012; Wright et al., 2013), with a peculiar role in fear-associated,
emotional, memory (Stern et al., 2018; Uhernik et al., 2018). However,
Karl et al. (2017) warned that a better detailed preclinical character-
ization of CBD is required to understand the consequences of long-term
CBD treatment and to analyse its potential side effects in an ageing
organism.

CBD appeared to have beneficial effects on cognition compared to
THC both in healthy controls and in cannabis users (Colizzi and
Bhattacharyya, 2017; Englund et al., 2013; Morgan et al., 2010b, 2012;
Solowij et al., 2018). In a study involving a healthy population, a pla-
cebo CBD pre-treated group compared to a placebo pre-treated group
resulted in both episodic and verbal memory tasks better performances
after intravenous THC administration (Englund et al., 2013; Colizzi and
Bhattacharyya, 2017). Some 134 users were divided into high- and low-
CBD cannabis groups (i.e. CBD/THC ratio respectively of 0.64 and 0.02)
and were evaluated in terms of memory and psychotomimetic symp-
toms, both when on- and off-drug. Low-CBD cannabis consumption was
associated with marked impairment in immediate and delayed prose
recall (Morgan et al., 2010b). Furthermore, higher THC/CBD ratios may
impact negatively on memory and psychological well-being (Morgan
et al., 2012). Moreover, in daily cannabis users after a ten-week add-on
trial of CBD 200mg/day an improvement in attentional switching,
verbal learning, and memory functioning was identified (Solowij et al.,
2018).

8.1.2. Clinical trials
Three eligible RCTs were here identified; one was carried out in

Parkinson disease (PD) (Chagas et al., 2014) and two in Huntington
disease (HD) patients (Consroe et al., 1991; López-Sendón Moreno
et al., 2016). In a double-blind RCT (Chagas et al., 2014) carried out in
21 PD patients, daily administration of CBD 300mg was associated with
an improvement of quality of life ‘daily activity’ domain. Data on drug-
free HD patients did however not show either clinical or side effects
after 6-week treatment with CBD (Consroe et al., 1991). In a more re-
cent trial (López-Sendón Moreno et al., 2016), no modification in
functioning were detected in HD patients for any motor, cognitive or
psychiatric measures after 12 weeks of THC/CBD combination therapy
with Sativex® (2.7 mg THC/2.5mg CBD per spray).

8.2. Sleep disorders

8.2.1. Background
Evidence suggests that the eCBS modulation may have a role in the

treatment of sleep disorders (SDs) (National Academies of Sciences,
Engineering, and Medicine, 2017; Sachs et al., 2015). In several animal
studies, reduction of eCBS activity led to increased waking while its
activation enhanced sleep in rodents (Murillo-Rodríguez et al., 2016).

CBD has shown to possess a dual effect on sleep latency, i.e. it is
associated with decreasing time to sleep onset at low dosages and in-
creasing time at high dosages (Babson et al., 2017; National Academies
of Sciences, Engineering, and Medicine, 2017; Zuardi, 2008). CBD may
possibly act on circadian clock genes and melatonin production (Lafaye
et al., 2018). Moreover, preclinical intracerebral perfusion of CBD could
prevent sleep rebound after total sleep deprivation (Murillo-Rodríguez
et al., 2011) and increase wakefulness in the lights-on period, sup-
porting a clinical alerting effect for this agent in managing somnolence
(Babson et al., 2017; Murillo-Rodríguez et al., 2006; Scuderi et al.,
2009). On the other hand, CBD-induced sedation has been shown both
in animal and human studies, supposedly because of a corticotropin
releasing hormone (CRH)-related gene downregulation (Lafaye et al.,
2018; Russo et al., 2007). In a study using a PTSD-mice model, CBD
microinjected in amygdala both reduced anxiety and reversed REM
blockage associated with anxiety (Hsiao et al., 2012). However, acute
administration of CBD 300mg in healthy volunteers did not interfere
with volunteers’ sleep-wake cycle (Linares et al., 2016).

Carlini and Cunha (1981) first provided evidence of a sedative effect
of CBD in a healthy population. CBD (primarily nabiximols) may im-
prove short-term sleep outcomes in patients with SDs secondary to
obstructive sleep apnoea, fibromyalgia, chronic pain, or multiple
sclerosis (National Academies of Sciences, Engineering, and Medicine,
2017). The anecdotal use of cannabis derivatives for insomnia and
parasomnia is largely widespread (Chagas et al., 2014; Vigil et al.,
2018). Naturalistic data on adult patients showed a major subjective
relief from insomnia with CBD but not with THC (Vigil et al., 2018;
Belendiuk et al., 2015). CBD oil has been anecdotally reported to be
effective in treating PTSD-related resistant insomnia in a 10-year old
girl (Shannon and Oplia-Lehman, 2016). Despite the above anecdotal
suggestions, the role of CBD in SDs is still unclear. In a large retro-
spective case-series, CBD failed to show a sustained improvement
during a 3-month trial involving individuals with sleep problems
(Shannon et al., 2019). These inconsistent findings could either be due
to different CBD dosages being ingested (Zhornitsky and Potvin, 2012);
or to CBD concurrent administration with THC (Nicholson et al., 2004;
Pivik et al., 1972). In a recent RCT (Linares et al., 2018b), 27 healthy
volunteers were selected and allocated to receive either CBD 300mg or
placebo; the acute oral administration of CBD did however not induce
any effect in either sleep-wake cycle regulation or sleep architecture.

8.2.2. Clinical trials
No related RCTs were identified.

8.3. Personality traits and disorders

8.3.1. Background
The therapeutic use of CBD in personality disorders (PDs) has only

partially been explored. Conversely, there have been suggestions of an
association of some personality traits, such as novelty and sensation
seeking (WHO, 2018), with the recreational use of cannabis.

8.3.2. Clinical trials
In a double-blind, placebo controlled, crossover design trial, varia-

tions in facial emotion recognition/emotional processing were com-
pared in 48 individuals with high and low levels of frequency of can-
nabis use and schizotypal personality traits. Participating subjects were
administered with inhaling THC (8mg); CBD (16mg); THC+CBD
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(8 mg+16mg); and placebo. Improvements in facial emotion re-
cognition after CBD administration for both high and low schizotypy
groups were identified; moreover, CBD attenuated the impairment in-
duced by THC (Hindocha et al., 2015).

8.4. Eating disorders

8.4.1. Background
The medical use of Marinol® (dronabinol), a synthetically derived

THC preparation, has been approved in 1985 to relieve resistant nausea
and vomiting associated with chemotherapy in cancer patients, and in
1992 for inducing appetite in AIDS-related cachexia. Similarly,
Nabilone® (a synthetic cannabinoid that mimics THC) was also ap-
proved in 1985 for improving the nausea of cancer chemotherapy
(Marco et al., 2011; Horn et al., 2018). Rimonabant®, an anorectic
antiobesity drug acting as an antagonist on CB1 receptors previously
approved for the treatment of both obesity and metabolic syndrome,
was withdrawn in 2008 worldwide due to serious psychiatric side ef-
fects (Waterlow and Chrisp, 2008). Overall, no sufficient literature le-
vels supporting the use of cannabinoids as beneficial for eating dis-
orders (EDs) have been identified (Marco et al., 2011). THC and other
components of marijuana may contribute to the impact of cannabis on
appetite and weight (National Academies of Sciences, Engineering, and
Medicine, 2017). In murine models, however, CBD reduced food intake
both alone and in combination with other cannabinoid-derivatives
(Farrimond et al., 2012; Riedel et al., 2009). In rat models, concurrent
administration of leptin and CBD did not suppress appetite or reduce
body weight gain (Wierucka-Rybak et al., 2014).

8.4.2. Clinical trials
No related RCTs were identified.

8.5. Obsessive-compulsive disorder (OCD)

8.5.1. Background
The anxiolytic effects of CBD (Crippa et al., 2018; de Mello-Schier

et al., 2012) may be of use when considering some OCD-related clinical
issues (Blessing et al., 2015; Crippa et al., 2018). Potentiation of AEA-
mediated neurotransmission may be associated with the anti-compul-
sive, increased extinction, and impaired reconsolidation of aversive
memories activities, together with facilitation of adult hippocampal
neurogenesis (Campos et al., 2012). Considering the CBD-associated
modulation of serotonergic neurotransmission (Campos et al., 2016;
Lee et al., 2017; de Mello Schier et al., 2012d), which is per se involved
in the pathophysiology of OCD, assessing the use of CBD in animal
models of compulsive behaviour is clearly of interest. In the marble-
burying test (MBT) OCD preclinical model, CBD showed to be effective
in decreasing the number of buried marbles, a finding consistent with a
potential role of CBD in controlling compulsive behaviour (Casarotto
et al., 2010; Deiana et al., 2012). Moreover, CBD showed anti-com-
pulsive effects on repetitive burying induced by meta-chlorophenyl-
piperazine (mCPP) (Nardo et al., 2014).

8.5.2. Clinical trials
No related RCTs were identified.

8.6. Traumatic and stress-related disorders

8.6.1. Background
Post-traumatic stress disorder (PTSD) may develop as a maladaptive

response after experiencing a potentially traumatic event (American
Psychiatric Association, 2013; Bitencourt and Takahashi, 2018; Elms
et al., 2018; Jurkus et al., 2016). The eCBS’ dysregulation may pre-
dispose to the development of stress-related disorders (Heitland et al.,
2012; Hill et al., 2018; Korem et al., 2016; Lisboa et al., 2019). In fact,
eCBs are implicated in stress response, limbic system functioning and

the hypothalamic–pituitary–adrenal axis modulation: all mechanisms
putatively associated with PTSD development (Hill et al., 2018). In-
hibition of the eCBS could lead to an increased activity of stress-related
systems, ultimately causing chronic effects (Evanson et al., 2010; Abush
and Akirav, 2013; Gray et al., 2015). Hence, CBD may exert its ther-
apeutic effect on PTSD through the inhibition of either the reuptake or
the enzymatic degradation of endogenous cannabinoids (Bitencourt and
Takahashi, 2018; Berardi et al., 2016).

Marijuana may improve some PTSD symptoms, including sleep
difficulty and anxiety, whilst facilitating increased extinction of aver-
sive memories (Crippa et al., 2018; Elms et al., 2018; Greer et al., 2014;
Parolaro et al., 2010). Indeed, drugs acting on the eCBS may possess a
dual ability to modulate both memory processes and reduce anxiety/
depression (Crippa et al., 2011; Berardi et al., 2016). It is of interest that
CBD agonism at 5HT1A receptors occurs in brain areas associated with
defensive responses, including dorsal periaqueductal grey, bed nucleus
of the stria terminalis, and medial prefrontal cortex (Campos et al.,
2012; Crippa et al., 2011, 2018; Mandolini et al., 2018; Marinho et al.,
2015; Pisanti et al., 2017).

CBD was reported to reduce learned fear levels whilst acutely re-
ducing fear expression, disrupting memory reconsolidation, and en-
hancing the process of psychological extinction (Berardi et al., 2016;
Jurkus et al., 2016), features all relevant to PTSD. Consistent with this,
Das et al. (2013), exposed 48 healthy human subjects to a fear-con-
ditioning paradigm (i.e. brief electric shocks as unconditioned stimuli)
in a double-blind, placebo-controlled trial with inhaled CBD 32mg;
they found that CBD enhanced consolidation of explicit fear extinction
and attenuation of explicit fearful responding. Furthermore, a retro-
spective case series examined the effect of open-label oral CBD in 11
PTSD adult patients (Elms et al., 2018), that concurrently were re-
ceiving a pharmacological treatment and a psychotherapy during a
period of 8 weeks. CBD showed to be effective, decreasing PTSD
symptom severity in 91% (n=10) of the total sample. Further, nabi-
lone was observed to improve PTSD symptoms such as nightmares and
daytime flashbacks (Berardi et al., 2016)

8.6.2. Clinical trials
To date, no RCTs evaluating the efficacy of CBD in reducing

symptoms of PTSD have been completed. However, three ongoing trials
were identified. The first one (Clinical Trials.gov, 2016) is a placebo-
controlled crossover study focusing on both safety and efficacy of 4
different potencies of smoked CBD-containing marijuana, up to 1.8 g
per day and for a three-week period, administered to 76 veterans with
chronic PTSD. Weekly evaluations include measures of symptoms of
PTSD, depression, anxiety, sleep quality, suicidal ideation, general
functioning, and responses to cannabis. A second ongoing study
(Clinical Trials.gov, 2017b) aims at determining the effecacy of CBD in
treating 50 patients with moderate/severe alcohol use disorder co-
morbid with PTSD. Patients are being randomized to treatment with
either oral CBD 400mg daily or placebo for a period of 6 weeks. The
researchers will assess whether CBD treatment leads to a greater im-
provement in alcohol intake relative to placebo, and whether reduction
in alcohol drinking is temporally linked to improvement in PTSD
symptoms. A third study (Clinical Trials.gov, 2018b) has been designed
to test the efficacy of CBD+Prolonged Exposure therapy (PE) versus
PE+ placebo for the treatment of PTSD in 136 veterans.

8.7. Dissociative disorders

8.7.1. Background
The use of CBD in dissociative disorders (DDs) has not yet been

explored. However, a case report described the effectiveness of CBD use
in a subject with cannabis dependence and a history of cannabis
withdrawal syndrome (Crippa et al., 2013). After ten days of daily CBD
treatment, all significant withdrawal, anxiety and dissociative symp-
toms improved. In a double-blind placebo-controlled study, the effects
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of CBD and ketamine were investigated in a sample of 10 male healthy
subjects (Hallak et al., 2011). Ketamine was administered by in-
travenous infusion (bolus of 0.26mg/kg/1min followed by IV infusion
of 0.25mg/kg over 30min), preceded by either CBD (600mg) or pla-
cebo. Results included an increase of ketamine activating effects, and a
non-significant trend to reduce ketamine-induced depersonalisation/
derealisation dissociation symptoms, suggesting a complex interaction
between CB1/CB2 and N-Methyl-D-Aspartate receptor systems.

8.7.2. Clinical trials
No related RCTs were here identified.

8.8. Somatic disorders

8.8.1. Background
The use of cannabinoids has been suggested for the treatment of a

range of somatic conditions, such as chronic pain, glaucoma, nausea/
vomiting, sleep disorders, and Tourette syndrome (Whiting et al.,
2015). Conversely, given the CBD neuroprotective, antiepileptic, an-
algesic, anti-inflammatory, anti-asthmatic, and antitumor properties,
the molecule may possess a putative role in a large range of medical
disorders (Pisanti et al., 2017). A recent review described the beneficial
use of CBD in many common subjective pain syndromes having in
common a symptomatology of hyperalgesia and central sensitisation,
such as migraine and fibromyalgia (Russo, 2016). Finally, studies in
both animal models and human volunteers seemed to show a ther-
apeutic potential of cannabinoids in subjects affected by irritable bowel
syndrome (National Academies of Sciences, Engineering, and Medicine,
2017). These effects may be due to the cannabinoid action on CB1 re-
ceptors in the colon mucosa and neuromuscular layers, ultimately in-
hibiting gastric/small intestinal transit and colonic propulsion/motility.

8.8.2. Clinical trials
No related RCTs were identified.

9. Discussion and conclusions

To the best of our knowedge, the present paper constitutes the most
extensive and detailed systematic review specifically focussing on the
evaluation of efficacy and safety of CBD in psychiatric populations.
Recently, the therapeutic potential of drugs modulating the activity of
endocannabinoid receptors has attracted significant interest (Chye
et al., 2019; van der Flier et al., 2019v; Pretzsch et al., 2019). CBD use
has been proposed for many medical issues for which it has not been
studied (White, 2019). Conversely, levels of evidence relating to can-
nabinoids’ efficacy for the treatment of chronic pain (Dzierżanowski,
2019), chemotherapy-induced nausea (Mortimer et al., 2019), and
multiple sclerosis spasticity symptoms (Torres-Moreno et al., 2018;
National Academies of Sciences, Engineering, and Medicine, 2017) are
largely reported. Cannabinoids’ use for psychiatric diseases is still un-
clear. Given the availability of a range of high CBD/low THC experi-
mental preparations (Solowij et al., 2019), 8 registered major clinical
trials, focusing on a range of psychopathological conditions, are cur-
rently ongoing and a further one (Hurd et al., 2019), completed after
the current paper deadline for data collection, has been published.
Current data suggested that CBD showed some efficacy in the treatment
of cannabis withdrawal symptoms, although its effect on craving seems
limited to the acute phase. A few of the trials here commented reported
as well some efficacy in the treatment of psychotic symptoms in both
early-course and chronic schizophrenia, but not in cognitive perfor-
mance improvement. Finally, pre-administration of CBD seemed to re-
duce performance-related anxiety onset, a finding however suggested to
be promising but not proven (White, 2019). Indeed, for the remaining
psychopathological conditions here examined (e.g. mood; neurocogni-
tive; sleep; personality; eating; obsessive-compulsive; trauma stress;
dissociative; and somatic disorders) relating data resulted to be either

inconclusive or, in agreement with White (2019), still overall weak. In
parallel with this, there is increasing, but still preliminary, interest in
CBD as monotherapy or add-on treatment for the core symptoms and
co-morbidities of autistic spectrum disorders (Poleg et al., 2019). En-
couraging open label trials’ results have recently been made available
(Barchel et al., 2019) and, at present, many related RCTs are being
carried out worldwide (Premoli et al., 2019).

Despite the limited number of RCTs, the interest in CBD and CBD-
enriched preparations as promising psychotropic agents is growing,
partially substained from preclinical and observational studies (Khoury
et al., 2017). However, due to the limited number of available RCTs and
the elevate heterogeneity between both studied populations and treat-
ment characteristics (e.g. formulation, dosing, duration), an overall
interpretation on the role of CBD in the psychiatric disorders is far to be
clear.

Overall, with CBD administration no side effects other than sedation
has been reported throughout the studies. However, further study to
assess its impact on suicidal ideation are needed, and the risk of gas-
trointestinal adverse events; possible alteration in liver function tests;
and drug interactions have recently been emphasized (White, 2019).
Indeed, there are still a range of uncertainties regarding CBD sourcing,
long-term safety, and CBD use in special categories, such as children,
elderly and patients with degenerative and medical disorders (e.g.,
cardiovascular disease, renal and hepatic impairment; Fasinu et al.,
2016; Khoury et al., 2017).

Finally, because of the peculiar pharmacodynamics and psycho-
tropic properties of CBD and eCBS complexity (Szkudlarek et al., 2019),
its potential addictive and abuse profile needs to be further assessed.
Indeed, very recent studies suggested that CBD may well show some
intoxicating properties when compared to placebo (Solowij et al.,
2019). Furthermore, CBD low dosages combined with THC seem to
enhance the intoxicating effects of THC, whilst high doses of CBD may
reduce them (Solowij et al., 2019). In line with this, a range of CBD-
related pre-marketing activities should be facilitated and implemented.
Indeed, guidelines have been drafted to carry out laboratory-based
testing to improve medications’ abuse predictive ability (for a thorough
overview of the issue, see Schifano et al., 2016). Abuse liability-focused
laboratory testing may need to consider interaction studies of CBD with
alcohol and/or other drugs. Consistent with remaining central nervous
system active compounds, pharmaceutical manufacturers applying for
approval of novel molecules such as CBD should consider submitting
post-marketing plans for a strategy addressing education, prevention,
detection and abuse/diversion issues. Finally, CBD post-authorization
safety studies to monitor the effectiveness of any risk minimization
measures should be drafted as well (Schifano et al., 2016).

10. Limitations and conclusions

Current work presents with some limitations. First, potentially eli-
gible studies might have been missed. To minimise this risk, a wide
search strategy was performed on three international databases, to-
gether with a backward search from the reference lists of included
studies. Again, recruited participants in trials focusing on the same
disease presented heterogenous characteristics such as both stage (e.g.
early-stage or chronic condition; low- and high-risk individuals), and
state (i.e. acute or stable) of the disease being considered. Furthermore,
CBD administration also varied in terms of formulation and dose and it
is likely that the different CBD formulation used across studies could
have resulted in different CBD plasma levels, which may have phar-
macodynamics and pharmacokinetic implications. Also, due to the re-
lative paucity of the studies here examined and the heterogeneity of
both the examined populations and of the single RCTs it was not pos-
sible to provide here conclusive information on concurrent medication
use; drug plasma levels relevant to clinical effects; and also drug drug
interactions.

Interventional studies with purified CBD are warranted, with a call
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to target-engagement proof-of-principle studies using the research do-
main criteria framework (Rong et al., 2017). Larger-scale, placebo-
controlled, clinical studies are needed as well to investigate the effects
of CBD as an adjunct to psychological therapy (Papagianni and
Stevenson, 2019). In summary, further large-scale RCTs are required to
better evaluate the efficacy of CBD in both acute and chronic illnesses,
special categories, as well as to exclude any possible abuse liability.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in the
online version, at https://doi.org/10.1016/j.neuro.2019.08.002.
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