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Cannabidiol (CBD) has shown promise in treating psychiatric disorders, including cannabis use disorder – a major public health
burden with no approved pharmacotherapies. However, the mechanisms through which CBD acts are poorly understood. One
potential mechanism of CBD is increasing levels of anandamide, which has been implicated in psychiatric disorders including
depression and cannabis use disorder. However, there is a lack of placebo-controlled human trials investigating this in psychiatric
disorders. We therefore assessed whether CBD affects plasma anandamide levels compared to placebo, within a randomised clinical
trial of CBD for the treatment of cannabis use disorder. Individuals meeting criteria for cannabis use disorder and attempting
cannabis cessation were randomised to 28-day administration with placebo (n= 23), 400mg CBD/day (n= 24) or 800 mg CBD/day
(n= 23). We estimated the effects of each CBD dose compared to placebo on anandamide levels from baseline to day 28. Analyses
were conducted both unadjusted and adjusted for cannabis use during the trial to account for effects of cannabis on the
endocannabinoid system. We also investigated whether changes in plasma anandamide levels were associated with clinical
outcomes relevant for cannabis use disorder (cannabis use, withdrawal, anxiety, depression). There was an effect of 800 mg CBD
compared to placebo on anandamide levels from baseline to day 28 after adjusting for cannabis use. Pairwise comparisons
indicated that anandamide levels unexpectedly reduced from baseline to day 28 in the placebo group (−0.048, 95% CI [−0.089,
−0.007]), but did not change in the 800mg CBD group (0.005, 95% CI [−0.036, 0.047]). There was no evidence for an effect of
400mg CBD compared to placebo. Changes in anandamide levels were not associated with clinical outcomes. In conclusion, this
study found preliminary evidence that 28-day treatment with CBD modulates anandamide levels in individuals with cannabis use
disorder at doses of 800 mg/day but not 400 mg/day compared to placebo.
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INTRODUCTION
In recent decades, there has been considerable interest in the use
of cannabinoids for medicinal purposes [1]. The most abundant
cannabinoids are Δ9-tetrahydrocannabinol (THC) and cannabidiol
(CBD) [2, 3]. Unlike THC, CBD is non-intoxicating and has few
adverse effects at typical dosages [4]. CBD is recommended as a
treatment for Lennox-Gastaut syndrome and Dravet syndromes
[5]. A growing literature suggests that CBD may be a promising
pharmacological intervention for several other indications.

Efficacy of CBD in psychiatric disorders
Clinical studies have provided evidence on the efficacy of CBD for
psychiatric disorders including anxiety, psychosis and cannabis
use disorder. In a randomised controlled trial, an acute oral
600mg dose of CBD performed better than placebo at reducing
anxiety in individuals with social phobia during a public speaking
task [6]. For psychosis, three randomised clinical trials of CBD have
been conducted. Two of these demonstrated reductions in

psychotic symptoms following CBD treatment when compared
to placebo or active control, while the third showed no difference
relative to placebo [7–9]. Lastly, regarding cannabis use disorder,
this psychiatric disorder represents a growing public health issue.
In the past two decades, the proportion of people seeking
treatment for cannabis use disorders has risen in all world regions
other than Africa. In Europe, the number of first-time clients
presenting at addiction services for cannabis-related issues has
increased by 76% in the past decade [10]. Importantly, unlike
depression and psychosis, there are no pharmacotherapies
approved for the treatment of cannabis use disorder. CBD has
the potential to be a safe and efficacious treatment for this large
unmet clinical need, for example by counteracting somatic and
psychological symptoms of cannabis withdrawal, and decreasing
attentional bias towards cannabis-related stimuli [11–13]. A clinical
trial found that CBD at daily doses of 400mg or 800mg was more
efficacious than placebo at reducing cannabis use among
individuals meeting criteria for cannabis use disorder [14]. Such
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daily doses of CBD are considerably higher than those present in
street cannabis, which predominantly contain THC and little if any
CBD [15]. While further evidence is needed, existing data suggest
that CBD could have a potential role in treating a range of
psychiatric disorders.

Therapeutic mechanisms of CBD
Despite interest in the potential medicinal uses of CBD [1], its
therapeutic mechanisms of action are not well understood.
Gaining further insight in this area may be important to further
understanding the aetiology and treatment of psychiatric
disorders including targets for translational models. CBD has a
broad range of pharmacological mechanisms. For example, CBD
has been demonstrated to affect proxy measures of glutamate
and GABA in typically developing and autistic adults [16]. CBD
may also act within dopaminergic, serotoninergic and endocan-
nabinoid systems [17]. Of particular relevance may be the
endocannabinoid system, as it has been implicated in a number
of psychiatric disorders that CBD has shown therapeutic potential.
The endocannabinoid system consists of cannabinoid type 1

receptors (CB1Rs), type 2 receptors (CB2Rs), and endocannabinoid
ligands that bind to these receptors such as anandamide and
2-arachidonoylglycerol (2-AG) [18]. Anandamide is a partial
agonist of CB1Rs and is degraded by fatty acid amide hydrolase
(FAAH), while 2-AG is a full agonist of CB2Rs that is primarily
degraded by monoacylglycerol lipase (MAGL) [19].
Like CBD, the endocannabinoid system has been implicated in a

range of psychiatric disorders. In mouse and rodent models, the
experimental elevation of anandamide via exercise or inhibition of
FAAH resulted in anxiolytic effects, which were then nullified by
CB1R blockade [20, 21]. In humans, carriers of the FAAH 385A
allele, which results in destabilised FAAH proteins and elevated
anandamide levels, have been found to self-report lower anxiety
compared to non-carriers [22]. Anandamide levels in plasma have
also been found to be reduced in individuals with depression
compared to healthy, matched controls [23].
In addition to anxiety and depression, the endocannabinoid

system plays a key role in addiction [24]. Cannabis use disorder
can occur from persistent heavy cannabis use, which causes an
adaptive downregulation of brain endocannabinoid signalling
[25]. Indeed, individuals who use cannabis more than ten times
per month have been found to have reduced anandamide levels
in cerebrospinal fluid compared to non-users [26]. Similarly, CB1R
availability has been found to be reduced in daily cannabis users
compared to healthy controls [27, 28]. Moreover, lower CB1R
availability has been found to predict greater cannabis withdrawal
severity [29], although not in all studies [27]. Increasing
endocannabinoid signalling may therefore be a relevant ther-
apeutic target when addressing cannabis use disorder. A recent
phase 2a clinical trial of a FAAH inhibitor supports this, as
compared to placebo, it was found to increase anandamide levels
and decrease cannabis use and withdrawal symptoms among
individuals with cannabis use disorder [30].

Effects of CBD on the endocannabinoid system in psychiatric
disorders
The body of evidence discussed thus far implicates the
endocannabinoid system in a range of psychiatric disorders
where CBD may have therapeutic potential. It is therefore
plausible that the therapeutic effects of CBD occur, at least in
part, through its actions on the endocannabinoid system. CBD
may act on the endocannabinoid system through several means:
by inhibiting lipoxygenases involved in anandamide degradation;
[31] by competitively binding to proteins that transport ananda-
mide towards FAAH enzymes for catabolism; [32] by mediating
agonism bias of CB1Rs and CB2Rs that changes the effect of
anandamide [33]. Repeated administration of CBD after a daily
stressor has been found to approximately double anandamide

levels within mouse hippocampi [34]. In humans, one randomised,
double-blind trial of CBD among individuals with acute schizo-
phrenia found that a dosage of 800mg/day CBD for 28 days
produced significantly increased anandamide levels when com-
pared to a parallel group provided 800 mg/day amisulpride, or
when compared to baseline [8]. Furthermore, increases in plasma
anandamide levels following a course of CBD were correlated with
a reduction in psychotic symptoms [8].
Although this preliminary evidence indicates an effect of CBD

within the endocannabinoid system, our mechanistic under-
standing of this pathway is impeded due to methodological
limitations of the current literature. While animal studies offer
insight into the preclinical pharmacology of CBD, it remains to be
seen whether CBD causes the same effects in humans. While
Leweke et al. [8] provide the first indication that CBD increases
anandamide levels in humans, this trial was not placebo-
controlled and instead compared CBD to amisulpride, a first-line
antipsychotic. It is therefore unclear to what extent CBD compared
to placebo affects anandamide levels in humans.

The current study
To our knowledge, the current study is the first to investigate the
effects of CBD on anandamide levels compared to placebo in the
treatment of a psychiatric disorder. These data were recorded from
plasma measures of anandamide as part of a randomised clinical
trial of CBD for cannabis use disorder [14]. The primary analysis
from the trial demonstrated that 400mg/day and 800mg/day oral
CBD for 28 days was more efficacious than placebo at reducing
cannabis use. Here we present data on the effects of 400mg/day
and 800mg/day CBD on plasma measures of anandamide and
their association with anxiety, depression, cannabis use and
withdrawal symptoms during a 28-day course of CBD.

METHOD
Study design
A randomised, double-blind, placebo-controlled phase 2a clinical trial was
conducted to investigate CBD as a treatment for cannabis use disorder. The
full methodology of this trial, including randomisation and blinding, has
been reported previously [14]. This was a phase 2a trial using a two-stage
adaptive Bayesian dose-finding design, meaning that multiple dosages were
used in order to statistically analyse the most and least efficacious dosage at
mid-trial (stage 1) and end of trial (stage 2). Least efficacious dosages were
eliminated at stage 1 so that subsequently recruited participants could be
allocated to more promising dosages, which utilised resources and
participants more efficiently. Following screening, participants attended a
baseline visit (day 0). At the end of their baseline visit, participants began a
cannabis cessation attempt and were randomised to parallel treatment arms
lasting 28 days. This length of time was chosen based on a previous trial
showing that 800mg CBD was well tolerated and associated with improved
clinical symptoms after 28 days of treatment, with good tolerability [8].
During stage 1 of the adaptive trial, participants were randomised to parallel
treatment arms of CBD (200mg/day, 400mg/day, 800mg/day) or placebo,
using a 1:1:1:1 allocation ratio (see Fig. 1 for number of participants and
drop-out rates in each treatment arm). These dosages were chosen as
previous studies have shown repeated doses of 200–800mg CBD to have
excellent tolerability and safety [35]. Following a planned interim analysis,
400mg CBD/day and 800mg CBD/day were deemed more efficacious than
placebo at reducing cannabis use. By contrast, the 200mg CBD/day dose
was deemed inefficacious via planned Bayesian analyses [14] and this
dosage was eliminated from the trial, with newly recruited participants being
randomly and equally allocated to the remaining three treatment arms at
stage 2. The 200mg/day CBD group was not included in this secondary
analysis of anandamide levels.
All data was collected at the Clinical Psychopharmacology Unit

(University College London, London, UK). The first stage of the trial
occurred from May 28, 2014, to August 12, 2015, and the second stage
occurred from May 24, 2016, to January 12, 2017. The final follow-up
assessment was completed on June 5, 2017, and the trial ended on May 30,
2018, due to a lack of funding for a subsequent phase 2b stage. The trial
was preregistered prior to data collection with the EU Clinical Trials
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Register (2013-000361-36) and with clinicaltrials.gov (NCT02044809). The
trial was approved by the UK Health Research Authority (13/EE/0303) and
the UK Medicines and Healthcare Regulatory Agency (20363/0325/001-
0001). For the protocol see https://osf.io/3cbef/.
Sample sizes for this trial were informed by a pilot study testing the

effects of a 1-week course of CBD on cigarette consumption in tobacco
smokers who intended to quit. The effect of CBD on cigarette cessation
and cannabis cessation may be comparable as some of CBD’s potential
effects are non-drug specific. For example, CBD is thought to produce
anxiolytic effects [11, 13] which may counteract the withdrawal effects of
both cannabis and tobacco [36]. The pilot study indicated a sample size of
12 per group would be needed to provide 80% power to detect a similar
effect of CBD that was seen within the pilot study (Cohen’s d= 1.21). Given
the uncertainty around these estimates, a sample size of 12 per group
(interim analysis) and 24 per group (final analysis) was planned for the two-
stage adaptive design. The interim analysis allowed for the earlier
detection of inefficacious dosages (200mg CBD/day) which were then
eliminated from the trial. Subsequently, recruited participants were
assigned to the remaining groups, increasing trial efficiency and allowing
for a greater sample size at the final analysis. In this paper, we only report
data from the final analysis.

Participants
Participants were recruited through advertisements on websites and
forums, as well as flyers in the local community. Inclusion criteria were as
follows: aged 16–60 years, meeting DSM-5 criteria for a cannabis use
disorder with at least moderate severity, expressing a desire to stop using
cannabis and intending to do so in the next month based on an adapted
Motivation to Stop scale [37], reporting at least one failed quit attempt for
their cannabis use, reporting co-administering their cannabis together with
tobacco, providing a urine sample positive for THC-COOH, and capacity to
give informed consent as defined by Good Clinical Practice guidelines.
Informed, written consent was obtained from participants before
treatment began. Additionally, females of childbearing potential were
required to have a negative pregnancy test within seven days of starting
treatment. Females of childbearing potential and all males were also
required to use an effective method of contraception from the time
consent was signed until six weeks after treatment discontinuation.

Exclusion criteria were as follows: current breastfeeding or pregnancy,
allergies to CBD, microcrystalline cellulose or gelatin, prescribed psycho-
tropic drug use during screening or treatment, use of other illicit drugs
more than twice a month during screening, evidence of inaccurate self-
reported drug use due to a positive urine test for a drug not reported
during screening, current or prior self-reported diagnosis of a psychotic
disorder, any physical health problem deemed clinically significant, and
not speaking English.

Study intervention
Drugs used in the trial were contained in identical gelatin capsules
containing microcrystalline cellulose filler and cannabidiol (0 mg, 50mg,
100mg, or 200mg). Cannabidiol was obtained from STI Pharmaceuticals
(Brentwood, UK) and manufactured by Nova Laboratories (Leicester, UK).
During treatment, participants were instructed to take two capsules twice
daily to achieve the daily doses of placebo, 200mg CBD, 400mg CBD or
800mg CBD. Participants attended weekly site visits at baseline (day 0) and
treatment days 7, 14, 21 and 28). Adherence was assessed by self-report at
weekly site visits and by return of unconsumed capsules. Participants who
did not show adequate adherence on any treatment week (≥30% capsules
returned or ≥30% self-reported doses missed), or did not attend a site visit
within two days of the scheduled appointment, or did take concomitant
psychotropic medication during treatment, were not provided further CBD
capsules for the duration of the trial but continued all other aspects of the
protocol. Six 30-min individual sessions of motivational interviewing were
provided to all participants by trained psychologists. These were provided
during screening and weekly site visits. Motivational interviewing is a
talking therapy that aims to help clients increase their readiness for change
[38]. Meta-analyses indicate it is effective in treating substance use
disorders, including cannabis use disorder [39], and this psychological
intervention was provided in conjunction with CBD as clinical guidelines
state that drug misuse treatment should always involve a psychosocial
component [40].

Outcome measure of plasma anandamide levels
Levels of anandamide were measured at baseline (day 0) and treatment
days 14 and 28. These were determined by liquid chromatography-tandem

Fig. 1 CONSORT diagram. Diagram showing enrolment, allocation, and the groups at each stage of analysis.
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mass spectrometry, conducted by ABS laboratories (Hertfordshire, UK). In
order to extract plasma to assess plasma anandamide levels, blood was
obtained using a needle and a lithium heparin anticoagulant vacuum.
Plasma was obtained by immediately centrifuging blood samples using a
Clifton centrifuge for five minutes at 2800 rpm, before immediate storage
at −80 °C. Through this method, the lower limit of quantification for
anandamide levels in plasma was 0.1 ng/ml.

Clinical outcome measures for associations with plasma
anandamide levels
Cannabis use was assessed via two different measurements which were
the primary outcomes in the original clinical trial publication [14]. First, as
THC:COOH-creatinine ratios (a continuous measure of cannabis use) and
second, as days per week abstinent from cannabis. These two measure-
ments were analysed separately. Measurements of urine were taken in
order to assess THC:COOH-creatinine ratios, via liquid chromatography-
tandem mass spectrometry conducted by ABS laboratories of urine
samples taken at baseline (day 0), day 14 and day 28. Cannabis withdrawal,
anxiety and depression were secondary outcomes in the original clinical
trial publication [14]. Days per week abstinent from cannabis were
determined using the Timeline Follow-back Method in the past seven days
[41] and total scores on the Cannabis Withdrawal Scale [42], and total
scores on the Beck Anxiety Inventory [43] and Beck Depression Inventory
[44] were recorded during treatment weeks.

Statistical analyses
In order to investigate the effects of CBD on anandamide levels, linear
mixed-effects models were used due to the ability to incorporate
missing data into analysis via maximum likelihood estimation, in an
intention-to-treat analysis. Anandamide level was the dependent
variable. CBD (placebo, 400 mg/day, 800 mg/day; reference category:
placebo) and time (day 0, day 14 and day 28; reference category: day 0)
were added as predictor variables. Because this was a clinical trial for the
treatment of cannabis use disorder and changes in cannabis use could
potentially influence anandamide levels, models were run both
unadjusted and adjusted for cannabis use (urinary THC:COOH/creatinine
ratios). CBD, time and their interaction were modelled as fixed effects. In
adjusted models, cannabis use (measured as THC:COOH-creatinine
ratios) was fitted as a covariate. Participant was fitted as a random
intercept. The covariance structure was selected as first-order auto-
regressive as this provided the greatest model fit and accounted for the
likelihood that measurements taken closer in time would be more
strongly correlated. Significance was assessed according to an alpha
level of 0.05. Models were conducted on an intention-to-treat basis
under the assumption that missing data were at random. A total of 70
participants were included in the analysis. Datapoints of anandamide
were missing in 21 instances. Additionally, in 11 instances, levels of
anandamide were below the limit of quantification. These data were
coded as missing allowing them to be estimated via maximum likelihood
estimation without listwise deletion.
The original data produced a model with residuals that deviated from

normality (skewness = 2.16, excess kurtosis = 6.68). Following recom-
mendations by Tabachnick and Fidell [45], datapoints of anandamide were
winsorised to minimise the influence of outlying data and facilitate
normally distributed residuals. Datapoints of anandamide were stratified
by CBD dosage and time, then 9 values above or below two standard
deviations from the within-group mean were winsorised with values at the
two standard deviation threshold. This reduced deviations from normality
in the residuals to within recommended bounds (skewness = 1.29, excess
kurtosis = 1.95) [46]. Results of the linear mixed-effects model are reported
using winsorised data.
In order to investigate the extent to which changes in anandamide

levels were associated with changes in anxiety, depression, cannabis use or
withdrawal, Spearman’s rank-order correlation coefficients were calculated.
This was done using the winsorised data. Correlations were stratified by
CBD dosage and were conducted between changes in anandamide levels
(from day 0 to 28) and changes in anxiety/depression/cannabis use (as
THC:COOH-creatinine ratios or as days per week abstinent from cannabis)/
cannabis withdrawal (from day 0 to 28). Significance was assessed using
Bonferroni-adjusted alpha levels of 0.0125 (0.05/4). Bias corrected and
accelerated bootstrapped confidence intervals of correlation coefficients
were calculated based on 10,000 samples. All analyses were conducted
using IBM SPSS version 27.

RESULTS
Participant characteristics are shown in Table 1. Drop-out rates
throughout the trial were low, with two participants from the
placebo group and one participant from the 400 mg CBD/day
group not receiving the allocated treatment (Fig. 1).
There was no evidence for a CBD*time interaction with 400mg

CBD compared to placebo in either the adjusted or unadjusted
models, indicating that 400mg CBD did not significantly affect
anandamide levels relative to placebo. For 800mg CBD vs placebo
there was evidence for a CBD*time interaction from day 0 to day 28
in the adjusted model (p= 0.046) but not the unadjusted model. In
order to investigate this CBD*time interaction further, post hoc
pairwise comparisons were conducted in the adjusted model to
compare anandamide levels at day 0 compared to day 28, stratified
within the placebo and 800mg CBD groups. In the placebo group,
anandamide levels were higher at day 0 (Mean= 0.230, SE= 0.017)
than day 28 (Mean= 0.182, SE= 0.018), p= 0.042 (following
Bonferroni adjustment for multiple post hoc pairwise comparisons),
with a mean difference of −0.048, 95% CI [−0.089, −0.007]. In
contrast, in the 800mg CBD group anandamide levels at day 0
(Mean= 0.207, SE= 0.018) were not significantly different from
those at day 28 (Mean= 0.212, SE= 0.018), p= 1.000 (following
Bonferroni adjustment), with a mean difference of 0.005, 95% CI
[−0.036, 0.047]. Anandamide levels at days 0, 14 and 28 can be
visualised within individual CBD dosage groups in Figs. 2, 3 and 4,
while changes in anandamide levels from days 0 to 28 can be seen in
Fig. 5.

Association between changes to anandamide levels and
changes to clinical outcomes
Changes in anandamide levels between day 0 and day 28 were
not significantly correlated with changes to anxiety, depression,
cannabis use (as THC:COOH-creatinine ratios or days per week

Table 1. Participant characteristics within treatment groups.

Placebo 400mg/day CBD 800mg/day CBD

n 23 24 23

Age (in years)

M 24.9 26.6 27.4

SD 7.4 6.8 5.8

Range 18–45 18–47 19–38

Sex

Male 17 (74%) 17 (71%) 16 (70%)

Female 6 (26%) 7 (29%) 7 (30%)

Fig. 2 Estimated marginal means of anandamide levels in the 400 mg
CBD group by week.
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abstinent from cannabis) or withdrawal symptoms between day 0
to day 28, within CBD and placebo groups (all p values > .05).
Fisher’s r to z tests found no significant differences in correlation
coefficients between placebo, 400 mg CBD and 800mg CBD
groups when correlating changes to anandamide levels with
changes to anxiety, depression, cannabis use or withdrawal
symptoms.

Adverse effects
No severe adverse effects were recorded during the trial, and no
differences in mild and moderate adverse effects were observed
across treatment groups.

DISCUSSION
In this randomised clinical trial of CBD for the treatment of
cannabis use disorder, we compared the effects of 28-day
treatment with 400 mg and 800mg CBD per day to placebo on
anandamide levels in plasma. After adjusting for cannabis use
during the trial, we found evidence for an effect of 800 mg CBD
compared to placebo on plasma anandamide levels recorded at
baseline (day 0) compared to the end of treatment (day 28). Post
hoc tests revealed that anandamide levels remained stable in the
800mg CBD group from day 0 to day 28, while they significantly
decreased in the placebo group. There was no evidence for an
effect of 400mg CBD compared to placebo on plasma ananda-
mide levels. Lastly, changes to anandamide were not significantly
correlated with changes to cannabis use, withdrawal symptoms,
anxiety or depression in any of the three treatment groups.
These findings build upon previous work by Leweke et al. [8],

which found a 28-day course of 800mg CBD/day to increase
anandamide levels when compared to baseline, or a parallel group
receiving 800 mg/day of the antipsychotic amisulpride. The
current study did not find 800 mg CBD increased anandamide
levels compared to baseline. However, in the adjusted model,
800mg CBD appeared to protect against reductions to ananda-
mide levels which were experienced over the course of treatment
within the placebo group. These results may therefore corroborate
Leweke et al. [8] supporting an effect of 800mg in increasing
anandamide signalling relative to placebo. However, comparisons
between studies must be interpreted cautiously due to sample
differences – participants in Leweke et al. [8] had a diagnosis of
schizophrenia and were excluded if using cannabis, while
conversely in the current study, participants met criteria for
cannabis use disorder and were excluded if experiencing a
psychotic disorder. Given the importance of the endocannabinoid
system in psychiatric disorders, future work will be necessary to
evaluate the effects of repeated CBD doses on anandamide levels
in other indications, as well as in healthy controls.
The finding of a reduction in anandamide levels over the 28-

day-treatment period in the placebo group was unexpected, but
illustrates the value of a matched placebo group when interpret-
ing effects of CBD in this clinical population. The start of the
treatment period corresponded with the beginning of a cannabis
cessation attempt in all participants, which may be a possible
explanation for this reduction in anandamide. Previous evidence
shows that chronic cannabis use is associated with downregula-
tion of CB1 receptors, and that this effect is reversed (an increase
in CB1 receptor density) during abstinence [27, 29]. As all
participants in this trial were engaged in a cannabis cessation
attempt, reductions in cannabis use may have caused changes in
the endocannabinoid system such as increased CB1 receptor
density, thus potentially reducing the demand for anandamide, as
measured in placebo-treated participants in this trial. Further
research is warranted to aid the interpretation of changes in the
endocannabinoid system in relation to cannabis use disorder, such
as comparing changes in anandamide levels occurring during a
cessation attempt versus continued use.
The key strengths of the current study include a randomised

placebo-controlled and dose-response trial design. Using this, we
provide the first evidence of CBD’s effects on anandamide levels in
psychiatric disorders within humans, using a placebo-controlled
design. Moreover, we were able to assess the effect of multiple
CBD dosages, which is important as CBD has previously been
found to exert anxiolytic effects in an inverted-U shaped dose-
response manner [47]. However, our findings should also be

Fig. 3 Estimated marginal means of anandamide levels in the
800 mg CBD group by week.

Fig. 4 Estimated marginal means of anandamide levels in the
placebo group by week.

Fig. 5 Within-group changes in anandamide levels from day 0 to
day 28.
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considered within the context of methodological limitations.
Anandamide levels were assessed in plasma, and not in
cerebrospinal fluid. Although it is likely that the effect of CBD on
FAAH inhibition is seen in plasma anandamide levels [8],
measurements taken within cerebrospinal fluid may be a more
relevant marker of anandamide signalling. Thus, it should be
acknowledged that different results may have emerged if data
were collected from cerebrospinal fluid. However, sampling from
cerebrospinal fluid is more invasive than sampling from plasma
and may be less acceptable to participants in a clinical trial or in
routine clinical practice. Additionally, anandamide is believed to
be synthesised on demand in a time- and context-dependent
manner [48]. Therefore, fortnightly measurements in the labora-
tory may have been unable to capture the effects of CBD on
anandamide levels produced on demand in the context of
addiction (e.g. when participants are exposed to cues that might
precipitate craving and drug use). Other factors (such as contra-
ception and/or menstrual cycle) may have influenced fluctuations
in anandamide levels [49]. Given the modest sample size of this
clinical trial and the preliminary nature of the findings, they should
be interpreted cautiously until replicated. Furthermore, given that
this trial was conducted in people meeting criteria for cannabis
use disorder, this may have influenced the effects of CBD on
anandamide levels and the results generated should not be
generalised to other psychiatric disorders.
In summary, this study assessed the effect of CBD vs placebo on

anandamide levels among individuals meeting criteria for
cannabis use disorder undergoing a cannabis cessation attempt.
After adjusting for cannabis use during the trial, anandamide
levels significantly reduced in the placebo group across the trial,
though this effect was buffered in the 800mg CBD group, for
whom anandamide levels remained stable during treatment.
Taken together, these findings provide some support for the role
of CBD in enhancing anandamide signalling, although further
testing is needed. However, we did not find evidence that
changes in anandamide levels were associated with changes in
cannabis use, cannabis withdrawal, anxiety or depression during
treatment. Further research in other clinical populations and
sampling from cerebrospinal fluid could advance our mechanistic
understanding of CBD’s effects in the treatment of psychiatric
disorders.

REFERENCES
1. Grotenhermen F, Müller-Vahl K. The therapeutic potential of cannabis and can-

nabinoids. Dtsch Ärztebl Int. 2012;109:495–501.
2. Piscitelli F, Di Marzo V. Cannabinoids: a class of unique natural products with

unique pharmacology. Rendiconti Lincei Sci Fis E Nat. 2021;32:5–15.
3. Zurier RB. Prospects for cannabinoids as anti‐inflammatory agents. J Cell Bio-

chem. 2003;88:462–6.
4. Chesney E, Oliver D, Green A, Sovi S, Wilson J, Englund A, et al. Adverse effects of

cannabidiol: a systematic review and meta-analysis of randomized clinical trials.
Neuropsychopharmacology. 2020;45:1799–806.

5. Lamb A, Dawoud D, Dent R, Elliott N, Adler AI. Cannabidiol with clobazam for
seizures associated with Dravet and Lennox-Gastaut syndromes. Lancet Neurol.
2020;19:290–1.

6. Bergamaschi MM, Queiroz RHC, Chagas MHN, De Oliveira DCG, De Martinis BS,
Kapczinski F, et al. Cannabidiol reduces the anxiety induced by simulated public
speaking in treatment-naive social phobia patients. Neuropsychopharmacology.
2011;36:1219–26.

7. Boggs DL, Surti T, Gupta A, Gupta S, Niciu M, Pittman B, et al. The effects of
cannabidiol (CBD) on cognition and symptoms in outpatients with chronic
schizophrenia a randomized placebo controlled trial. Psychopharmacology (Berl).
2018;235:1923–32.

8. Leweke F, Piomelli D, Pahlisch F, Muhl D, Gerth C, Hoyer C, et al. Cannabidiol
enhances anandamide signaling and alleviates psychotic symptoms of schizo-
phrenia. Transl Psychiatry. 2012;2:e94–e94.

9. McGuire P, Robson P, Cubala WJ, Vasile D, Morrison PD, Barron R, et al. Canna-
bidiol (CBD) as an adjunctive therapy in schizophrenia: a multicenter randomized
controlled trial. Am J Psychiatry. 2018;175:225–31.

10. European Monitoring Centre for Drugs and Drug Addiction. European Drug
Report 2018: Trends and Developments. 2018. https://www.emcdda.europa.eu/
publications/edr/trends-developments/2018_en.

11. Resstel LB, Tavares RF, Lisboa SF, Joca SR, Corrêa FM, Guimarães FS. 5‐HT1A
receptors are involved in the cannabidiol‐induced attenuation of behavioural and
cardiovascular responses to acute restraint stress in rats. Br J Pharm.
2009;156:181–8.

12. Morgan CJ, Freeman TP, Schafer GL, Curran HV. Cannabidiol attenuates the
appetitive effects of Δ9-tetrahydrocannabinol in humans smoking their chosen
cannabis. Neuropsychopharmacology. 2010;35:1879–85.

13. Crippa JAS, Derenusson GN, Ferrari TB, Wichert-Ana L, Duran FL, Martin-Santos R,
et al. Neural basis of anxiolytic effects of cannabidiol (CBD) in generalized social
anxiety disorder: a preliminary report. J Psychopharmacology (Oxf). 2011;25:121–30.

14. Freeman TP, Hindocha C, Baio G, Shaban ND, Thomas EM, Astbury D, et al.
Cannabidiol for the treatment of cannabis use disorder: a phase 2a, double-blind,
placebo-controlled, randomised, adaptive Bayesian trial. Lancet Psychiatry.
2020;7:865–74.

15. Freeman TP, Craft S, Wilson J, Stylianou S, ElSohly M, Di Forti M, et al. Changes in
delta‐9‐tetrahydrocannabinol (THC) and cannabidiol (CBD) concentrations in
cannabis over time: systematic review and meta‐analysis. Addiction.
2021;116:1000–10.

16. Pretzsch CM, Freyberg J, Voinescu B, Lythgoe D, Horder J, Mendez MA, et al.
Effects of cannabidiol on brain excitation and inhibition systems; a randomised
placebo-controlled single dose trial during magnetic resonance spectroscopy in
adults with and without autism spectrum disorder. Neuropsychopharmacology.
2019;44:1398–405.

17. de Almeida DL, Devi LA. Diversity of molecular targets and signaling pathways for
CBD. Pharm Res Perspect. 2020;8:e00682.

18. Battista N, Di Tommaso M, Bari M, Maccarrone M. The endocannabinoid system:
an overview. Front Behav Neurosci. 2012;6:9.

19. Hillard CJ. Biochemistry and pharmacology of the endocannabinoids arachido-
nylethanolamide and 2-arachidonylglycerol. Prostaglandins Other Lipid Mediat.
2000;61:3–18.

20. Fuss J, Steinle J, Bindila L, Auer MK, Kirchherr H, Lutz B, et al. A runner’s high
depends on cannabinoid receptors in mice. Proc Natl Acad Sci.
2015;112:13105–8.

21. Kathuria S, Gaetani S, Fegley D, Valiño F, Duranti A, Tontini A, et al. Modulation of
anxiety through blockade of anandamide hydrolysis. Nat Med. 2003;9:76–81.

22. Gee DG, Fetcho RN, Jing D, Li A, Glatt CE, Drysdale AT, et al. Individual dif-
ferences in frontolimbic circuitry and anxiety emerge with adolescent changes
in endocannabinoid signaling across species. Proc Natl Acad Sci.
2016;113:4500–5.

23. Hill MN, Miller GE, Carrier EJ, Gorzalka BB, Hillard CJ. Circulating endocannabi-
noids and N-acyl ethanolamines are differentially regulated in major depression
and following exposure to social stress. Psychoneuroendocrinology.
2009;34:1257–62.

24. Parsons LH, Hurd YL. Endocannabinoid signalling in reward and addiction. Nat
Rev Neurosci. 2015;16:579–94.

25. Curran HV, Freeman TP, Mokrysz C, Lewis DA, Morgan CJ, Parsons LH. Keep off
the grass? Cannabis, cognition and addiction. Nat Rev Neurosci. 2016;17:293–306.

26. Morgan CJ, Page E, Schaefer C, Chatten K, Manocha A, Gulati S, et al. Cere-
brospinal fluid anandamide levels, cannabis use and psychotic-like symptoms. Br
J Psychiatry. 2013;202:381–2.

27. Hirvonen J, Goodwin R, Li C-T, Terry G, Zoghbi S, Morse C, et al. Reversible and
regionally selective downregulation of brain cannabinoid CB 1 receptors in
chronic daily cannabis smokers. Mol Psychiatry. 2012;17:642–9.

28. Spindle TR, Kuwabara H, Eversole A, Nandi A, Vandrey R, Antoine DG, et al. Brain
imaging of cannabinoid type I (CB1) receptors in women with cannabis use
disorder and male and female healthy controls. Addict Biol. 2021;26:e13061.

29. D’Souza DC, Cortes-Briones JA, Ranganathan M, Thurnauer H, Creatura G, Surti T,
et al. Rapid changes in cannabinoid 1 receptor availability in cannabis-dependent
male subjects after abstinence from cannabis. Biol Psychiatry Cogn Neurosci
Neuroimaging. 2016;1:60–7.

30. D’Souza DC, Cortes-Briones J, Creatura G, Bluez G, Thurnauer H, Deaso E, et al.
Efficacy and safety of a fatty acid amide hydrolase inhibitor (PF-04457845) in the
treatment of cannabis withdrawal and dependence in men: a double-blind,
placebo-controlled, parallel group, phase 2a single-site randomised controlled
trial. Lancet Psychiatry. 2019;6:35–45.

31. Takeda S, Usami N, Yamamoto I, Watanabe K. Cannabidiol-2′, 6′-dimethyl ether, a
cannabidiol derivative, is a highly potent and selective 15-lipoxygenase inhibitor.
Drug Metab Dispos. 2009;37:1733–7.

32. Elmes MW, Kaczocha M, Berger WT, Leung K, Ralph BP, Wang L, et al. Fatty
acid-binding proteins (FABPs) are intracellular carriers for Δ9-tetra-
hydrocannabinol (THC) and cannabidiol (CBD). J Biol Chem.
2015;290:8711–21.

D.Y.-H. Hua et al.

6

Translational Psychiatry          (2023) 13:131 

https://www.emcdda.europa.eu/publications/edr/trends-developments/2018_en
https://www.emcdda.europa.eu/publications/edr/trends-developments/2018_en


33. Navarro G, Reyes-Resina I, Rivas-Santisteban R, de Medina VS, Morales P, Casano
S, et al. Cannabidiol skews biased agonism at cannabinoid CB1 and CB2 receptors
with smaller effect in CB1-CB2 heteroreceptor complexes. Biochem Pharm.
2018;157:148–58.

34. Campos AC, Ortega Z, Palazuelos J, Fogaça MV, Aguiar DC, Díaz-Alonso J, et al.
The anxiolytic effect of cannabidiol on chronically stressed mice depends on
hippocampal neurogenesis: involvement of the endocannabinoid system. Int J
Neuropsychopharmacol. 2013;16:1407–19.

35. Hurd YL. Leading the next CBD wave—safety and efficacy. JAMA Psychiatry.
2020;77:341–2.

36. Gorelick DA, Levin KH, Copersino ML, Heishman SJ, Liu F, Boggs DL, et al.
Diagnostic criteria for cannabis withdrawal syndrome. Drug Alcohol Depend.
2012;123:141–7.

37. Kotz D, Brown J, West R. Predictive validity of the Motivation To Stop Scale
(MTSS): a single-item measure of motivation to stop smoking. Drug Alcohol
Depend. 2013;128:15–9.

38. Lundahl BW, Kunz C, Brownell C, Tollefson D, Burke BL. A meta-analysis of
motivational interviewing: Twenty-five years of empirical studies. Res Soc Work
Pr. 2010;20:137–60.

39. Calomarde-Gómez C, Jimenez-Fernandez B, Balcells-Oliveró M, Gual A, López-
Pelayo H. Motivational interviewing for cannabis use disorders: a systematic
review and meta-analysis. Eur Addict Res. 2021;27:413–27.

40. Department of Health. Drug misuse and dependence: UK guidelines on
clinical management. 2007. https://webarchive.nationalarchives.gov.uk/
ukgwa/20130123164248mp_/http://www.nta.nhs.uk/%2fuploads%
2fclinical_guidelines_2007.pdf.

41. Sobell LC, Sobell MB. Timeline follow-back. In: Litten RZ, Allen JP, editors. Mea-
suring alcohol consumption Ch. 3. Berlin: Springer; 1992.

42. Allsop DJ, Norberg MM, Copeland J, Fu S, Budney AJ. The Cannabis Withdrawal
Scale development: patterns and predictors of cannabis withdrawal and distress.
Drug Alcohol Depend. 2011;119:123–9.

43. Beck AT, Epstein N, Brown G, Steer RA. An inventory for measuring clinical
anxiety: psychometric properties. J Consult Clin Psychol. 1988;56:893–7.

44. Beck AT, Ward CH, Mendelson M, Mock J, Erbaugh J. An inventory for measuring
depression. Arch Gen Psychiatry. 1961;4:561–71.

45. Tabachnick BG, Fidell LS, Ullman JB. Using multivariate statistics. Boston, MA:
Pearson; 2007.

46. Byrne BM. Structural equation modeling with AMOS: basic concepts, applications,
and programming. Multivariate applications series. New York: Taylor Francis
Group; 2010.

47. Zuardi AW, Rodrigues NP, Silva AL, Bernardo SA, Hallak JE, Guimarães FS, et al.
Inverted U-shaped dose-response curve of the anxiolytic effect of cannabidiol
during public speaking in real life. Front Pharm. 2017;8:259.

48. Piomelli D. The molecular logic of endocannabinoid signalling. Nat Rev Neurosci.
2003;4:873–84.

49. El-Talatini MR, Taylor AH, Konje JC. Fluctuation in anandamide levels from ovu-
lation to early pregnancy in in-vitro fertilization-embryo transfer women, and its
hormonal regulation. Hum Reprod. 2009;24:1989–98.

ACKNOWLEDGEMENTS
The authors disclose receipt of the following financial support for the research,
authorship, and/or publication of this article: This trial was funded by the UK Medical
Research Council awarded to HVC, GB, CJAM and TPF [grant number MR/K015524/1]

AUTHOR CONTRIBUTIONS
TPF, CH, GB, CJAM and HVC designed the study. TPF and CH coordinated the trial.
HVC supervised the trial, and AM was responsible for medical supervision of the trial.
GB wrote the randomisation code. TPF, CH and NDCS did assessments and delivered
motivational interviewing. NDCS, TPF and RL handled database management. DYHH
conducted the statistical analysis and wrote the first draft of the manuscript with
supervision from TPF. All authors critically revised the manuscript.

COMPETING INTERESTS
CH is employed by GW pharmaceuticals. Her contribution to this work occurred
before moving from UCL to this position. All other authors have no potential conflicts
of interest to declare.

ADDITIONAL INFORMATION
Correspondence and requests for materials should be addressed to Tom P. Freeman.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

D.Y.-H. Hua et al.

7

Translational Psychiatry          (2023) 13:131 

https://webarchive.nationalarchives.gov.uk/ukgwa/20130123164248mp_/http://www.nta.nhs.uk/%2fuploads%2fclinical_guidelines_2007.pdf
https://webarchive.nationalarchives.gov.uk/ukgwa/20130123164248mp_/http://www.nta.nhs.uk/%2fuploads%2fclinical_guidelines_2007.pdf
https://webarchive.nationalarchives.gov.uk/ukgwa/20130123164248mp_/http://www.nta.nhs.uk/%2fuploads%2fclinical_guidelines_2007.pdf
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Effects of cannabidiol on anandamide levels in individuals with cannabis use disorder: findings from a randomised clinical trial for the treatment of cannabis use disorder
	Introduction
	Efficacy of CBD in psychiatric disorders
	Therapeutic mechanisms of CBD
	Effects of CBD on the endocannabinoid system in psychiatric disorders
	The current study

	Method
	Study design
	Participants
	Study intervention
	Outcome measure of plasma anandamide levels
	Clinical outcome measures for associations with plasma anandamide levels
	Statistical analyses

	Results
	Association between changes to anandamide levels and changes to clinical outcomes
	Adverse effects

	Discussion
	Acknowledgements
	Author contributions
	Competing interests
	ADDITIONAL INFORMATION




