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Abstract 
The endocannabinoid system is a promising candidate for anxiolytic therapy, but translation 
to the clinic has been lagging. We meta-analyzed the evidence for anxiety-reduction by com- 
pounds that facilitate endocannabinoid signaling in humans and animals. To identify areas of 
specific potential, effects of moderators were assessed. Literature was searched in Pubmed 
and Embase up to May 2021. A placebo/vehicle-control group was required and in human stud- 
ies, randomization. We excluded studies that co-administered other substances. Risk of bias 
was assessed with SYRCLE’s RoB tool and Cochrane RoB 2.0. We conducted three-level ran- 
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dom effects meta-analyses and explored sources of heterogeneity using Bayesian regularized 
meta-regression (BRMA). The systematic review yielded 134 studies. We analyzed 120 studies 
(114 animal, 6 human) that investigated cannabidiol (CBD, 61), URB597 (39), PF-3845 (6) and 
AM404 (14). Pooled effects on conditioned and unconditioned anxiety in animals (with the ex- 
ception of URB597 on unconditioned anxiety) and on experimentally induced anxiety in humans 
favored the investigational drugs over placebo/vehicle. Publication year was negatively asso- 
ciated with effects of CBD on unconditioned anxiety. Compared to approach avoidance tests, 
tests of repetitive-compulsive behavior were associated with larger effects of CBD and URB597, 
and the social interaction test with smaller effects of URB597. Larger effects of CBD on uncon- 
ditioned anxiety were observed when anxiety pre-existed. Studies reported few side effects 
at therapeutic doses. The evidence quality was low with indications of publication bias. More 
clinical trials are needed to translate the overall positive results to clinical applications. 
© 2023 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY 
license ( http://creativecommons.org/licenses/by/4.0/ ) 
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. Introduction 

annabis has long been considered to have therapeutic 
otential ( Cohen, 1978 ). Research on the cannabis con- 
tituent �9-THC and cannabimimetic compounds led to 
he discovery of cannabinoid receptors and, subsequently, 
f endogenous cannabinoids N-arachidonoylethanolamide 
AEA; anandamide; Bisogno et al., 2001 ; Mlost et al., 2020 ) 
nd 2-arachidonoylglycerol (2-AG; Devane et al., 1992 ; 
echoulam et al., 1998 ; Sugiura et al., 1995 ). Early stud- 
es with cannabidiol (CBD), a second major constituent 
f cannabis, demonstrated anxiolytic properties in animals 
 Guimarães et al., 1990 ; 1994 ; Onaivi et al., 1990 ) and hu-
ans ( Zuardi et al., 1993 ). 
In subsequent years, preclinical data in rodents accumu- 

ated suggesting that disruptions in endocannabinoid tone 
n brain regions including the amygdala, hippocampus and 
refrontal cortex contribute to anxiety-like behavior in- 
uced by acute or repeated stress (for narrative reviews see 
orzalka et al., 2008 ; Hill et al., 2010 ; Morena et al., 2016 ;
atel et al., 2008 ). Several experiments in rodents used fear 
xtinction (e.g., Chhatwal et al., 2005 ; Ganon-Elazar and 
kirav, 2009 ; Marsicano et al., 2002 ), a widely used trans- 
ational model for learning that takes place during expo- 
ure therapy ( Craske et al., 2018 ). It was shown that endo- 
annabinoid signaling in the amygdala and hippocampus me- 
iates the stress and glucocorticoid-induced enhancement 
f fear extinction and fear memory consolidation, and im- 
airment of fear memory retrieval ( Morena et al., 2016 ). 
he clinical potential of this approach has spurred more 
echanistic investigations in the endocannabinoid system 

ECS) as a candidate target for anxiolytic drug development. 
CBD is a prominent constituent of cannabis with a com- 

lex pharmacology, including as a mechanism of action 
nhibition of fatty acid amide hydrolase (FAAH), the pri- 
ary metabolic enzyme of AEA. Although CBD’s inhibition of 
AAH is relatively weak ( Bisogno et al., 2001 ; Mlost et al., 
020 ) subchronic CBD administration increased AEA levels 
n mouse hippocampal tissue ( Campos et al., 2013 ) and in 
erum of patients with acute schizophrenia ( Leweke et al., 
012 ). 
In contrast to direct CB1R agonists such as �9- 

etrahydrocannabinol ( �9-THC), CBD does not induce 
sychomotor impairment ( Dalton et al., 1976 ) or psy- 
80 
hotomimetic effects ( Dalton et al., 1976 ; Karniol et al., 
974 ). Further, CBD does not induce a change in heart rate
 Dalton et al., 1976 ; Karniol et al., 1974 ), and seems to
ttenuate the anxiogenic effect of �9-THC in healthy vol- 
nteers ( Karniol et al., 1974 ; Zuardi et al., 1982 ). These
ata suggest that CBD may indirectly exert CB1R mediated 
herapeutic actions, while circumventing unwanted side 
ffects. 
To overcome the lack of target selectivity of CBD 

 Bisogno et al., 2001 ; Mlost et al., 2020 ) and aiming to op-
imize a fear extinction enhancing effect, several classes 
f more selective inhibitors of FAAH have been developed. 
he O -aryl carbamate URB597 turned out to be a potent 
nd irreversible inhibitor of FAAH ( Kathuria et al., 2003 ). 
he transport inhibitor AM404 selectively attenuates break- 
own of AEA ( Bortolato et al., 2006 ) by inhibition of intra-
ellular fatty acid binding proteins (FABS; Deutsch, 2016 ; 
aczocha et al., 2012 ). The irreversible FAAH inhibitor PF- 
845 is more potent, more selective, and has a longer du- 
ation of action than URB597 ( Ahn et al., 2009 ). URB597,
F-3845 and inhibitor of AEA cellular uptake AM404 are pro- 
otypical examples of the many compounds that were de- 
eloped to increase CB1R activation by enhancing endo- 
annabinoid levels ( Paredes-Ruiz et al., 2021 ). 
To the best of our knowledge, numerous narrative 

 Griebel and Holmes, 2013 ; Lutz et al., 2015 ; Morena et al.,
016 ) but no systematic review on preclinical research 
nto anxiolytic effects of ECS manipulations has been pub- 
ished so far. One systematic review of animal studies 
f ECS manipulations including CBD, with a primary fo- 
us on inflammation and neurogenesis, included five stud- 
es that reported variable effects on anxiety outcomes 
 Giacobbe et al., 2021 ). 
A previous systematic review and meta-analysis summa- 

ized the limited available evidence from controlled stud- 
es conducted in human patients suffering from anxiety 
isorders, which included only two randomized controlled 
tudies in patients ( Black et al., 2019 ). This meta-analysis 
emonstrated no benefit of single doses of CBD (up to 
00 mg) over placebo ( Black et al., 2019 ). These preliminary
ndings in humans raise questions about the often discussed 
otential of pharmacological enhancement of AEA levels for 
reating anxiety symptoms. Clearly, there is a need for a 
ystematic review and meta-analysis of the large body of 
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ainly preclinical literature on this topic. This literature 
an provide an indication of clinical efficacy but is espe- 
ially suitable for identifying potential moderators of clin- 
cal effects given the diversity in anxiety models used in 
hese studies ( Griebel and Holmes, 2013 ; Vesterinen et al., 
014 ). 
The primary aim of the present systematic review and 
eta-analysis was to investigate anxiolytic effects of in- 
ibitors of FAAH and AEA transport, by synthesizing all ev- 
dence from animal, human, preclinical and clinical stud- 
es. Behavioral, physiological, and subjective effects were 
nvestigated. In addition, theoretically relevant modera- 
ors and sources of heterogeneity of drug effects were 
xplored. Part of the current literature examines acute 
nxiolytic effects, but a more recent approach is to de- 
elop treatments that aim to work synergistically with psy- 
hotherapeutic approaches by supporting adaptive learning, 
articularly fear extinction (cf., Davis et al., 2006 ). As dis- 
ussed above, modulators of brain endocannabinoid lev- 
ls have been shown to exert an effect on fear extinction 
nd related learning mechanisms (for narrative reviews see 
afenêtre et al., 2007 ; Morena et al., 2016 ; Ruehle et al., 
012 ) and attempts have been made to translate these find- 
ngs to potential use in psychotherapy ( Kwee et al., 2022a ). 
e therefore conducted separate meta-analyses for tests 
f conditioned versus unconditioned anxiety ( Rodgers and 
alvi, 1997 ). Additionally, we explored whether drugs af- 
ected different aspects of fear conditioning and extinction, 
nd investigated factors that are likely to moderate drug 
ffects: 1) variables related to the drug regimen (single vs 
sub)chronic administration, acute vs delayed effects); 2) 
pecies ( Haller et al., 2007 ; Kwee et al., 2022b ); 3) the pre-
xisting anxiety condition of the animal or human individ- 
al ( Bach, 2022 ; Sams-Dodd, 2006 ); 4) type of anxiety test 
 Sams-Dodd, 2006 ); 5) sex differences with respect to the 
ffects of AEA modulators, in light of the association be- 
ween oestradiol and CB1 receptor density in amygdala and 
refrontal cortex ( Castelli et al., 2014 ); 6) Publication year 
 Shrout and Rodgers, 2018 ). 
For our secondary research aim we summarized any in- 

ormation that was available in included studies on drug 
afety and tolerability. Several reviews are available for 
BD ( Chesney et al., 2020 ; Huestis et al., 2019 ; Iffland and
rotenhermen, 2017 ; Kwee et al., 2022b ). Previous preclin- 
cal research shows divergent results with respect to safety 
nd tolerability of FAAH inhibitors ( Panlilio et al., 2016 ). We 
herefore evaluated adverse effects in included studies on 
 drug-by-drug basis. 

. Experimental procedures 

his review was preregistered with PROSPERO (CRD42021236572) 
nd conducted in line with Preferred Reporting Items for Systematic 
eviews and Meta-analyses (PRISMA) guidelines (see Supplemental 
ables 1 and 2). 

.1. Search strategy 

tudies were searched in the electronic databases PubMed and Em- 
ase using both free text and underlying terms (MeSH and Emtree, 
81 
espectively) up to 19–05–2021. The search was aimed at evidence 
n modulation of fear expression, anxiety symptoms and fear mem- 
ry or extinction learning, by AEA hydrolysis and transport inhibitors 
n humans and non-human mammals (see Supplemental Table 3). 
nly peer-reviewed articles were included. No restrictions were 
laced on publication year or language. Preregistered but as of yet 
npublished studies were searched in the EU Clinical Trials Regis- 
er, the Australian and New Zealand Clinical Trials Registry, Animal 
tudy Registry (German centre for the Protection of Laboratory An- 
mals), ClinicalTrials.gov and Preclinicaltrials.eu, in order to get an 
ndication of potential positive results bias. 

.2. In- and exclusion criteria 

able 1 lists in- and exclusion criteria for the selection of studies. 

.3. Study screening and selection 

itles and abstracts of articles retrieved using the search strategy 
ere independently screened by a first (CK) and second reviewer 
NL or RvdK) to identify studies that appeared to meet the inclu-
ion criteria. They then independently screened the full text of 
hese studies for eligibility. Disagreements were resolved through 
iscussion, when no consensus was reached a third (LG) or fourth 
eviewer (JB) was consulted. 

.4. Data extraction 

ccording to the PICO framework ( Schardt et al., 2007 ) we recorded
he details of the populations, interventions (including concomi- 
ant medication in human studies), and outcomes. The comparison 
roup was always placebo/vehicle. 

.4.1. Primary research aim 

or our first research aim of drug effects on anxiety outcomes 
ithin behavioral, physiological, and subjective outcome domains 
see Supplemental Table 4), parameters of interest were means 
Ms) and standard deviations (SDs) of the anxiety outcome in ve- 
icle/placebo and active drug conditions. We used these parame- 
ers to calculate Hedge’s g, an effect size that corrects for bias 
esulting from small sample sizes ( Hedges, 1981 ). Higher scores 
n the effect size indicate an anxiolytic drug effect. Effect sizes 
ere reverse-coded if higher values indicated less anxiety than 
ower values. Decision rules in case of unreported data, or mul- 
iple outcome measures or experimental drug-placebo compar- 
sons are described in the Supplemental material, Section 2.2 . 
f parameters were not fully reported we estimated them from 

raphs in the paper or requested the information from the 
uthors. 
We extracted theoretically relevant moderators dose, type of 

nxiety test, selected outcome parameter, publication year, in- 
ormation on frequency of drug administration and timing of ef- 
ect measurement, pre-existing anxiety condition, sex, and species 
ten moderators in total), of which the first three were selected 
s theoretically most relevant for exploratory follow-up analysis. 
o standardize ‘dosages’ across species human equivalent dose 
HED) was calculated by using allometric scaling factors ( Center for 
rug Evaluation and Research, 2015 ). This dose-normalization ap- 
roach is common in systematic overviews of preclinical study re- 
ults across different species ( Van Gerven and Cohen, 2018 ). Our 
emi-quantitative analyses on the relation between CBD dose and 
nxiety-reducing effects tentatively suggest an inverted U-shaped 
ose-response curve ( Kwee et al., 2022b ), modeled here with a
uadratic trend for dose/HED. 
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Table 1 Study in- and exclusion criteria. 

Participants Interventions Comparison Outcomes 

Included 
1. Healthy or 
anxious phenotype 
2. Adult 
3. Mammal 

1. FAAH inhibitor or AEA 
transport inhibitor 

1. Randomized 
placebo-controlled 
design 

1. Fear expression, 
fear or extinction memory, 
extinction learning or anxiety 
disorder symptoms 
2. Outcome domain behavioral 
physiological, or subjective 
3. Data type continuous 

Excluded 
1. Chronic users of 
cannabis 
compounds 

1. Compounds with catabolic 
pathways for AEA other than 
FAAH hydrolysis 
2. Dual FAAH/ 
monoacylglycerol lipase 
inhibitors ( Fowler, 2021 ) 
3. Intracerebral/ intracere- 
broventricular/intravenous 
administration 
4. Coadministration of other 
substances b 

5. Time between drug 
administration and anxiety 
assay ≥ 24 h 

1. Studies without 
control group 
2. Non-randomization 

(studies in humans 
only) a 

1. Acquisition of fear 

Note: AEA: anandamide; FAAH: fatty acid amide hydrolase. 
a The use of randomization is usually not reported in animal research ( Muhlhausler et al., 2013 ) and it had not been empirically demon- 

strated whether the use of randomization would influence outcomes. Therefore, in animals we considered vehicle-controlled experiments 
without information about randomization and explicitly non-randomized but placebo/vehicle-controlled studies to be eligible as well. 
b In humans, studies that allowed stable concomitant anxiolytic and/or antidepressant medication were included. 
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.4.2. Secondary research aim 

he terms ‘harm’, ‘adverse’, ‘side’, ‘unwanted’, ‘undesirable’, 
safe ∗’, ‘toler ∗’ were searched in included articles. 

.4.3. Procedure 
he majority of the data were extracted by CK, the remainder by 
 second reviewer (NL or one of the collaborators on the project. 
hen one of the authors was in doubt about (categorization of) 
he data to be extracted, the issue was resolved through discus- 
ion (with a third (LG) and fourth reviewer (JB) when necessary). 
enerally, the outcomes extracted by the first and second reviewer 
atched (see Supplemental material, Section 2.3 for more infor- 
ation). 

.5. Data analysis 

eta-analyses were performed using R packages metafor 
 Viechtbauer, 2010 ) and pema ( Van Lissa and Van Erp, 2021 ,
reprint). All models were three-level random effects models. 
 three-level random effects model accounts for three sources 
f variance: sampling error of the observed effect size (which is 
reated as known), within-experiment variance of true experiment- 
pecific effect sizes, and variance of true experiment-specific 
ffect sizes across experiments. Effect sizes from different papers 
ere always categorized as independent; effect sizes from the 
ame paper only if it was explicitly stated that effects were tested 
n independent experiments and/or independent sets of study 
ubjects. 
We conducted separate analyses per drug (within the class of 

EA enhancing drugs), for unconditioned and conditioned anxiety in 
82 
nimals and experimentally induced anxiety in humans. Effect sizes 
er comparison and overall pooled effect size per meta-analysis 
ere visualized in forest plots (Supplementary Figs. 2–9). 
Statistical heterogeneity was assessed using τ 2 (a measure of 

etween-study variance) and I 2 (percent of variability in effect 
izes not caused by sampling error; Higgins and Thompson, 2002 ; 
esterinen et al., 2014 ). We conducted sensitivity analyses to exam- 
ne whether substantiated conclusions would change by excluding 
tudies with high risk of bias or atypical route of drug administra- 
ion. 
For categorical moderators, we used dummy coding, treating the 

argest category of each variable as the reference category. We 
tandardized continuous predictors only and not dummy variables. 
his may have given dummy variables a slight advantage, leading 
hem to become significant sooner than continuous ones. 
The number of effect sizes was small relative to the number 

f moderators. This introduces risks of model-nonidentification, 
verfitting, and multicollinearity ( Van Lissa, 2020 ). A novel tech- 
ique called Bayesian regularized meta-regression (BRMA) over- 
omes these risks by imposing a regularizing horseshoe prior to 
hrink the regression coefficients of irrelevant moderators towards 
ero ( Van Lissa and Van Erp, 2021 , Preprint). Thus, we used BRMA
n all moderator analyses to select moderators that are impor- 
ant in predicting the effect size. The resulting regression coeffi- 
ients are negatively biased by design, but simulation studies show 

hat the estimate of residual heterogeneity τ 2 is relatively unbi- 
sed ( Van Lissa and Van Erp, 2021 , Preprint). Supplementary clas- 
ic meta-regression with the maximum likelihood approach (Sup- 
lemental Tables 11, 13, 16, 18, 20, 22, 24, 28, 30, 32, 34, 36, 38,
0, 42) indeed evidenced model non-convergence and high variance 
nflation factors (VIF) confirmed the expected problems caused by 
he high ratio of moderators to effect sizes. 
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Table 2 Summary characteristics of included studies. 

Population 

Publication year 1990–2021 
Species 44% mouse, 50% rat, 

5% human, 2% other 
Pre-existing anxiety condition in 17% of studies 
Sample size per study ∗ 88 (109) 
Sample size per effect 20 (6) 
Sex 90% male 

Intervention 

Drug 52% CBD, 32% URB597, 
11% AM404, 5% PF-3845 

HED ∗60 90.08 (143.65) 
Administration route 90% i.p., 10% oral 
Frequency of administration 68% single dose 
Timing of effect measurement 82% acute drug effects 

Outcome 

Type of anxiety 71% unconditioned 
Type of anxiety test See Supplemental Table 7 
Selected outcomes for tests of conditioned anxiety See Supplemental Table 8 and Supplemental Fig. 1 

Note: Numbers are mean (SD) or as otherwise stated. 
∗ Sample sizes per tested effect can be found in the data files (doi: 10.5281/zenodo.7829148 ). 
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We decided a priori to only perform the planned quantitative 
yntheses for each meta-analysis (separate per drug and condi- 
ioned/unconditioned/experimentally induced anxiety for humans 
nd animals) if the number of included effect sizes in the meta- 
nalysis exceeded the number of moderator variables + 1, which 
e considered the minimum for model identification. In addition 
o planned moderator analyses which included all moderators, we 
onducted exploratory moderator analyses on potential interac- 
ions of drug dose with a smaller number of key moderators. 
To interpret these interaction effects, see plots with posterior 

redictive distribution of drug effects per moderator category, con- 
itional upon the observed effects ( Fig. 3 ). 
The Workflow for Open Reproducible Code in Science ( Van Lissa 

t al., 2021 ) was used to make analyses reproducible. A repro- 
ucible repository with all analysis codes and data are available 
t (doi:10.5281/zenodo.7829148). 

.6. Assessment of the quality of evidence 

ssessment of the quality of the meta-analytic evidence with the 
rading of Recommendations, Assessment, Development and Eval- 
ation (GRADE) approach ( Schünemann and Santesso, 2010 ) was 
one by CK and checked by NL. GRADE criteria and are summarized 
n the Supplemental material, Section 2.4 . 

. Results 

.1. Included studies and characteristics 

 PRISMA flowchart is shown in Fig. 1 . Study characteristics 
f included studies are summarized in Table 2 . The major- 
ty of included studies ( n = 114 out of a total of n = 120
tudies; 95%) were conducted in non-human mammals. Only 
83 
 = 6 studies (5%) were conducted in humans. Types of anx- 
ety tests in included studies are provided in Supplemental 
able 7. 
In Supplemental Table 8 the distribution is shown of out- 

omes in tests of conditioned anxiety, selected from the 
tudies according to a-priori definitions (see Supplemental 
ig. 1 for details). Outcomes were categorized as effects on 
ear memory reconsolidation when the drug was adminis- 
ered after memory retrieval, and as effects on extinction 
onsolidation when administered after an extinction learn- 
ng phase (before extinction retention was tested). 

.2. Effects of FAAH and AEA transport inhibitors 
n anxiety 

.2.1. Overall summary of findings regarding drug 
ffects 
cross meta-analyses, the pooled effect size estimates in- 
icated a lower level of anxiety after treatment with the 
nvestigational drug than after placebo/vehicle treatment 
 Fig. 2 and Table 3 ). This was true for all combinations of
rug types and types of anxiety for humans and non-human 
ammals except one, the effect of URB597 on uncondi- 
ioned anxiety in animals. The size of these drug effects 
as moderate-to-large. Note that CBD was the only com- 
ound for which sufficient studies in humans were available 
o analyze meta-analytically. For PF-3845 only studies with 
ests of unconditioned anxiety in animals were available. 
he illustrations of effect sizes of all studies from which the 
ooled effect sizes were derived can be found in Supple- 
ental Figs. 2–9. 
For most analyses, both within- and between-experiment 

ariance were significant, which indicates heterogeneity be- 

https://doi.org/10.5281/zenodo.7829148
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Fig. 1 PRISMA flowchart. Note: References of eligible studies are listed in Supplemental Table 5. Supplemental Table 6 describes 
ongoing or incomplete studies that meet inclusion criteria. 
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ween effect sizes both within and across experiments (see 
ections 3.2.2 and 3.2.5 for results of moderator analyses). 

.2.2. Planned moderator analyses 
oderator analyses with theoretically relevant moderators 
ere conducted to identify sources of heterogeneity of 
rug effects and to generate hypotheses on which circum- 
tances and for whom the tested drugs could be benefi- 
84 
ial. Supplemental Table 9 presents the applicable moder- 
tors per meta-analysis. Relevant predictors selected with 
RMA are listed in the Supplemental Tables 10, 12, 14, 15, 
7, 19, 21, 23. In the text below, only moderator effects 
hose 95% credible interval excluded zero are discussed. 
his interval contains the population effect size with 95% 

robability and is the Bayesian counterpart of statistical 
ignificance. 
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Fig. 2 Pooled effects per drug for unconditioned and conditioned anxiety in animals and experimentally induced anxiety in humans. 
Note: Diamonds illustrate point estimates plus 95% confidence intervals for each meta-analysis, see Table 3 for further details. 
Negative values indicate effects in favor of the placebo group; positive values indicate effects in favor of the experimental group 
that received the drug. Supplementary Fig.s 2–9 provide forest plots of the distributions of observed effect sizes. 

Table 3 Summary of findings of anxiolytic effects of FAAH and AEA transport inhibitors. 

Type of 
anxiety 

Drug Participants 
(experiments) 

Hedge’s G 

[95%CI] 
σw 

2 , σb 
2 [95%CI] I w 

2 , I b 2 Favors QoE 

Unconditioned 
in animals 

Cannabidiol 4859 
(61) 

0.50 
[0.29, 0.70] ∗

0.20 [0.12, 0.31] 
0.44 [0.23, 0.82] 

23.49 
52.23 

Cannabidiol Low 

URB597 2153 
(50) 

0.47 
[-0.06, 1.00] 

0.12 [0.01, 0.31] ∗

3.31 [2.13, 5.35] 
3.29 
89.18 

Neither Low 

AM404 743 
(12) 

0.73 
[0.21, 1.24] ∗

0.62 [0.27, 1.32] ∗

0.46 [0.08, 1.74] ∗
46.02 
34.04 

AM404 Low 

PF-3845 726.5 
(7) 

0.60 
[0.13, 1.07] ∗

0.15 [0.00, 0.47] ∗

0.28 [0.01, 1.57] ∗
23.80 
45.30 

PF-3845 Low 

Conditioned in 
animals 

Cannabidiol 1125 
(16) 

0.68 
[0.11, 1.26] ∗

< 0.01 [ < 0.01, 0.10] ∗

1.22 [0.50, 3.17] 
< 0.01 
83.57 

Cannabidiol Low 

URB597 787 
(13) 

0.50 
[0.17, 0.83] ∗

0.01 [0.00, 0.23] ∗

0.23 [0.04, 0.83] 
2.46 
49.31 

URB597 Low 

AM404 351 
(7) 

0.54 
[0.24, 0.85] ∗

0.14 [0.00, 0.66] 
< 0.01 [ < 0.01, 0.70] 

47.40 
< 0.01 

AM404 Low 

Experimentalin 
humans 

Cannabidiol 442 
(6) 

0.79 
[0.28, 1.31] ∗

< 0.01 [ < 0.01,0.25] ∗

0.28 [0.03, 2.07] 
0.09 
60.62 

Cannabidiol Moderate 

Note: QoE: Quality of evidence; σw 
2 , σ b 

2 , I w 2 , I b 2 : heterogeneity statistics. 
∗ p < 0.05. 
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Publication year, presence or absence of a pre-existing 
nxiety condition, and anxiety test moderated CBD effects 
n unconditioned anxiety. Effects of CBD were larger in the 
resence of pre-existing anxiety ( Fig. 3 , panel A) and in 
ests of repetitive compulsive-like behavior (RCLB) than in 
pproach avoidance tests ( Fig. 3 , panel B). Conversely, the 
ffects of CBD were smaller in more recent compared to 
lder publications. In URB597, anxiety test moderated drug 
ffects on unconditioned anxiety. The social interaction test 
as associated with smaller anxiolytic effects compared to 
pproach avoidance tests ( Fig. 3 , panel C). 
85 
.2.3. Quality of evidence 

ssessments of the quality of evidence using the GRADE 
pproach ( Schünemann and Santesso, 2010 ) are summa- 
ized in Supplemental Table 25. Risk of bias assessments 
or anxiety outcomes for individual studies are provided 
n Supplemental Fig. 10. Our ratings of quality of the 
ody of evidence were low for all combinations of drug 
CBD, URB597, AM404, PF-3845) in unconditioned and condi- 
ioned anxiety in animals and experimentally induced anxi- 
ty in humans. Quality of evidence was impacted negatively 
y: 
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Fig. 3 Plots of posterior predictive distributions of effect sizes for the levels of significant categorical moderator variables. Note: 
Break-down is presented of the different levels of significant moderators of unconditioned anxiety in animals: pre-existing anxiety 
condition (Panel A, CBD) and anxiety test (Panel B, CBD; Panel C, URB597). Blue lines represent median effect sizes. CBD: Cannabid- 
iol; SIT: social interaction test; RCLB: repetitive compulsive-like behavior; NSF: novelty suppressed feeding; ASR: acoustic startle 
response; AA: approach avoidance. Please note that all anxiety tests investigated per drug are plotted. 
1) Unclear to high risk of bias for reported effects. Risk 
of bias was considered serious across all animal stud- 
ies due to underreporting of this information, and com- 
peting financial interests. Risk of bias was also consid- 
ered serious for the effect of CBD on experimentally in- 
duced anxiety in humans, as 3 out of 6 studies were 
86 
assessed as high risk of bias because of 1) increased 
mental sedation in the CBD condition and, as a poten- 
tial consequence, unsuccessful blinding ( Crippa et al., 
2004 ); 2) highly variable CBD plasma concentrations 
(4.7 (7) and 17 (29) ng/mL 1 and 2 h after admin- 
istration ( Fusar-Poli et al., 2009 ), that led to con- 
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cerns about failures in implementing the intervention; 
3) unclear bias due to missing outcome data and con- 
cerns about selective outcome reporting ( Zuardi et al., 
1993 ). 

2) Publication bias which was (very) strongly suspected for 
all drugs and types of anxiety. Visual inspection of fun- 
nel plots (see Supplemental Fig.s 11–18) and significant 
results (ps ≤.02) on Egger’s test for funnel plot asymme- 
try indicated an overrepresentation of publications with 
large and beneficial compared to smaller or adverse drug 
effects across smaller studies, relative to a more bal- 
anced mix of findings across larger studies ( Peters et al., 
2008 ); 

3) Significant unexplained heterogeneity. High heterogene- 
ity in our included animal studies renders interpretation 
of an overall effect rather difficult ( Vesterinen et al., 
2014 ); 

4) Indirect evidence by the use of healthy subjects and no 
pre-existing anxiety in most preclinical studies, which 
may lower the level of face and predictive validity 
( Bach, 2022 ; Sams-Dodd, 2006 ), the use of conven- 
tional rather than ethological measures of anxiety (e.g., 
Carobrez and Bertoglio, 2005 ), and test conditions that 
were not always optimized to measure anxiolytic effects 
( Seillier and Giuffrida, 2017 ); 

5) Imprecision of URB597 effects on unconditioned anxiety, 
indicated by a large range of drug effects, from anxi- 
olytic to anxiety increasing; 

The moderate to large overall effect sizes, despite the 
act that within many studies (52%) different drug doses 
ere tested, led to quality of evidence upgrades. 

.2.4. Sensitivity analyses 
he robustness of the findings regarding our primary re- 
earch aim was evaluated in sensitivity analyses (see Sup- 
lemental Table 26 for excluded effects). Results of the sen- 
itivity analyses are available in supplementary online ma- 
erial (doi:10.5281/zenodo.7829148). After excluding stud- 
es with a high risk of bias, the pooled effect of CBD on 
uman experimentally induced anxiety became smaller and 
on-significant, Hedge’s g [95% CI] = 0.50 [-0.05, 1.05], 
 = 0.07. The pooled effect of URB597 on unconditioned 
nxiety became significant, Hedge’s g [95% CI] = 0.55 [0.11, 
.00], p = 0.01, but direction and magnitude of the effect 
ere unaltered. For the other compounds and types of anxi- 
ty, direction, magnitude, and significance of pooled effects 
emained unchanged in the sensitivity analyses. The moder- 
tors identified as having a non-zero effect with BRMA in 
he planned moderator analyses ( Section 3.2.2 ) remained 
he same in the sensitivity analyses. This indicates that the 
eta-analytic findings are largely robust to excluding stud- 

es assessed as high risk of bias or otherwise strongly affect- 
ng the overall results. 

.2.5. Exploratory moderator analyses 
xploratory moderator analyses were planned with a subset 
f theoretically most important study characteristics: anxi- 
ty test, drug dose (human equivalent dose (HED) ∗60 across 
rugs in included studies ranged between 0.05 and 900 mg) 
nd type of outcome for tests of conditioned anxiety. See 
upplemental Tables 27, 29, 31, 33, 35, 37, 39, 41 for all 
87 
elected predictors with BRMA. Interaction effects between 
nxiety test and type of outcome, and dose and dose 2 (or 
ED and HED 

2 for animal studies) were included in these 
odels to explore dose-response relationships. The moder- 
tor analyses showed that tests of repetitive-compulsive be- 
avior were associated with larger CBD effects and the so- 
ial interaction test was associated with smaller URB597 ef- 
ects compared to approach avoidance tests. Further, only 
ffects of AM404 in tests of repetitive compulsive-like be- 
avior were dependent on dose. Within the range of tested 
oses (HED 0.0081–1.62), higher HED was associated with 
arger drug effects (Supplemental Fig. 19). 

.3. Safety and tolerability of FAAH hydrolysis 
nd AEA transport inhibitors 

arm-related information was a secondary outcome, and 
ur literature search did not include terms related to safety 
nd tolerability. Our qualitative summary of harm-related 
nformation from the included studies with harm-related 
bjectives ( n = 17) is therefore non-systematic. 

.3.1. Safety and tolerability of CBD 

ncluded studies employing CBD, in which side effects were 
ither noted when mentioned spontaneously by human 
articipants ( Masataka, 2019 ) or were monitored as part 
f the study in humans ( Fusar-Poli et al., 2009 ) or dogs
 Morris et al., 2020 ), reported no significant adverse events. 
elf-rating of subjective states yielded no particularities 
 Crippa et al., 2004 , 2011 ; Fusar-Poli et al., 2009 ), ex-
ept from increased mental sedation in healthy individu- 
ls with 400 mg CBD, 60 and 75 min after oral drug intake
 Crippa et al., 2004 ), that was not observed in patients with
ocial anxiety disorder ( Crippa et al., 2011 ). This is in line
ith previous reviews ( Chesney et al., 2020 ; Huestis et al., 
019 ; Iffland and Grotenhermen, 2017 ; Kwee et al., 2022b ). 
No undesirable effects of the drug on learning and mem- 

ry were observed when repeatedly administered in mice 
 Myers et al., 2019 ; Schleicher et al., 2019 ) and rats
 Kajero et al., 2020 ). 
Differential effects of repeated CBD administra- 

ion, including no effect on motor activity in mice 
 Schleicher et al., 2019 ; Todd et al., 2017 ) and rats
 Kajero et al., 2020 ) and weight gain in rats ( Kajero et al.,
020 ) and dogs ( Morris et al., 2020 ) underline the difficulties
f interspecies translation. 

.3.2. Safety and tolerability of FAAH inhibitors 
ub-chronic treatment with irreversible FAAH inhibitors 
F-04457845 ( Mayo et al., 2020 ) and JNJ-42165279 
 Paulus et al., 2021 ) in experimental studies with healthy 
uman volunteers, and JNJ-42165279 in a clinical trial with 
atients with social anxiety disorder ( Schmidt et al., 2021 ) 
ielded no serious adverse events. 
Doses of PF-3845 sufficient to induce an anxiolytic effects 

n acute ( Bedse et al., 2018 ; Duan et al., 2017 ) and chron-
cally ( Duan et al., 2017 ) stressed mice exerted no effect
n working memory ( Duan et al., 2017 ), locomotor activ- 
ty, body temperature, and tests of learning and memory 
 Bedse et al., 2018 ). 
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Six weeks of treatment with the irreversible FAAH in- 
ibitor URB597 unexpectedly led to chemical alterations in 
he cingulate cortex in mice ( Lomazzo et al., 2017 ). The 
eversible FAAH inhibitor SSR411298 elicited in mice hyper- 
ocomotion, hypothermia, antinociception, and catalepsy at 
oses higher than needed to produce an anxiolytic effect 
 Griebel et al., 2018 ). 

.3.3. Safety and tolerability of AEA transport 
nhibitors 
he endocannabinoid transport inhibitor WOBE437 
 Chicca et al., 2017 ) elicited in mice a full cannabinoid 
etrad response at doses higher than needed to produce an 
nxiolytic effect. 

.3.4. Risk of bias for harm-related outcomes 
ll studies ( n = 17) with information on safety and tolerabil- 
ty were assessed as unclear risk of bias, see Supplemental 
aterial, section 3.7 for grading per criterion. Risk of bias 
or individual studies and summary risk of bias assessments 
re displayed in Supplemental Fig. 20. 

. Discussion 

he endocannabinoid system has gathered a lot of interest 
n relation to its potential role in (the alleviation of) anxi- 
ty. The potential of pharmacological enhancement of AEA 
evels for treating anxiety symptoms has often been dis- 
ussed. However, a comprehensive systematic review and 
eta-analysis into the effectiveness of this strategy, poten- 
ial moderators, and side effects, had not yet been con- 
ucted, which was the aim of this paper. 

.1. Overall drug effects 

ur results showed significant anxiety reduction across 
rugs for conditioned and unconditioned anxiety in rats, 
ice and Cricetidae, and for experimentally induced anxi- 
ty in humans, with moderate to large effect sizes (Hedge’s 
 between 0.47–0.79) and anxiety-reducing effects with all 
ompounds (CBD, URB597, AM404, PF-3845). The only ex- 
eption to these positive meta-analytic results was a lack of 
ignificant effect of the selective and irreversible FAAH in- 
ibitor URB597 on unconditioned anxiety in animals. These 
ndings provide broad evidence for the often discussed po- 
ential of AEA augmentation for treating symptoms of anxi- 
ty and related disorders. 

.2. Moderators of drug effects 

e identified several moderators of drug effects on anxi- 
ty outcomes, as expected given the large diversity in study 
rocedures. As explained in the introduction, a theoretical 
istinction can be made between unconditioned and con- 
itioned anxiety. For animal studies we conducted meta- 
nalyses for both classes of anxiety for CBD, URB597 and 
M404. For PF-3845, only tests of unconditioned anxiety 
ere available. Overall, the meta-analytic analyses demon- 
trated evidence of beneficial effects of CBD, AM404, and 
88 
F-3845 on unconditioned anxiety and of CBD, URB597 and 
M404 on conditioned anxiety. 
Moderators analyses were conducted using Bayesian regu- 

arized meta-regression (BRMA, Van Lissa and Van Erp, 2021 , 
reprint). Firstly, we found drug effects of CBD and URB597 
n unconditioned anxiety to be dependent on type of anxi- 
ty test. More than half (56%) of the effects on anxiety out- 
omes in this meta-analysis were measured using approach 
voidance tests in animals. Interestingly, approach avoid- 
nce tests yielded relatively low effect sizes, and in com- 
arison larger beneficial effects of CBD were found in tests 
f repetitive compulsive-like behavior. The marble burying 
est is an established and often used model of repetitive 
ehavior ( Thomas et al., 2009 ). Attenuating effects of CBD 

n marble burying are not likely a consequence of sedation. 
otor functioning was not affected by CBD in included stud- 
es that measured both marble burying and motor activity 
 Casarotto et al., 2010 ; Murphy et al., 2017 ; Nardo et al.,
014 ). 
The dose effect-relation for AM404 on repetitive 

ompulsive-like behavior, identified in exploratory moder- 
tor analyses, strengthens the evidence for beneficial ef- 
ects of AEA enhancement for this type of behavior. How- 
ver, beneficial effects of CBD and AM404 on repetitive 
ompulsive-like behavior have mostly been demonstrated 
n studies using the marble burying test. Single test results 
ave limited predictive validity for drug effects in patients. 
hese preclinical findings therefore warrant more extensive 
esting in other models of repetitive behavior as well as in 
umans. 
While URB597 was anxiolytic in other anxiety tests, our 
oderator analysis showed that overall, it decreased time 

n social interaction across studies ( Matricon et al., 2016 ; 
eillier et al., 2010 , 2013 , 2018 ). An explanation for this
nding may be that the social interaction test is not aver- 
ive enough to detect beneficial URB597 effects on anxi- 
ty ( Bambico et al., 2016 ; Haller et al., 2009 ). Some ef-
ects in the opposite direction may result from a curvilinear 
elation between amygdalar AEA levels and time in social 
nteraction ( Seillier et al., 2013 ). That is, normal physiolog- 
cal AEA levels in the amygdala during the test were associ- 
ted with maximum time in social interaction, and URB597 
ould only improve interaction time in rats with pharmaco- 
ogically reduced amygdalar AEA levels. Administration of 
RB597 to healthy animals increased AEA levels above the 
ptimum and led to social withdrawal ( Seillier et al., 2013 , 
018 ). 
Next to type of anxiety test, a second moderator with 

espect to the effects of CBD on unconditioned anxiety 
n animals was pre-existing anxiety condition, which in- 
reased effects compared to no such condition. Anxiety 
onditions were generated by exposure to a single stressor 
 Campos et al., 2012 ; Rock et al., 2017 ; Shallcross et al.,
019 ), or to chronic unpredictable stressors ( Campos et al., 
013 ; Fogaça et al., 2018 ). All procedures had in common 
hat they induced anxiogenic behavior by stress, compared 
o control animals. From the stress literature it is known 
hat the ECS acts mediates stress effects on behavior (for a 
eview, see Morena et al., 2016 ). Further, within single stud- 
es, anxiolytic effects of inhibitors of FAAH in rats seemed 
o depend on the stressfulness of experimental conditions 
 Haller et al., 2009 ; Song et al., 2016 ). 
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A third moderator of CBD effects on unconditioned anxi- 
ty was publication year. Our sample was characterized by 
 large range in publication years (1990–2021). Effects of 
BD were smaller in more recent compared to older publi- 
ations. This result is in line with a phenomenon called the 
ecline effect: over time, the number of controlled studies 
ncreases and scientifically discovered effects tend to be- 
ome smaller ( Schooler, 2011 ). Statistical power is very im- 
ortant to the decline effect: When studies are underpow- 
red, the chance increases that positive (non-null) effects 
re not indicative of a true effect in the population, or are 
n overestimations of this true effect ( Button et al., 2013 ). 
nfortunately, most studies in neuroscience are grossly un- 
erpowered ( Button et al., 2013 ). When initial underpow- 
red studies that report an effect are being followed up, it 
s very likely to find smaller effects over time. 
Further, differences between the sexes might partly ex- 

lain the effect of publication year on effect size, given that 
nly in publications from recent years the effect of CBD on 
emale animals has been studied. Sex differences were not 
dentified in the analysis. However, this might be a conse- 
uence of females still being poorly represented compared 
o males. Dependent on type of anxiety test, female animals 
how differences in anxiety-like behavior compared to their 
ale counterparts ( Krokas and Dalla, 2014 ). In addition, dif- 
erences in the endocannabinoid system in male and female 
odents have been observed ( Reich et al., 2009 ). These dif- 
erences may influence the effect of CBD in males and fe- 
ales. 
No moderator effects related to different types of out- 

omes in conditioned anxiety tests in animals were identi- 
ed. This may partly be due to the duration of drug effects 
hat can overlap different phases unless they are carefully 
eparated experimentally. No other moderators of drug ef- 
ects on conditioned anxiety in animals, and of the effect 
f CBD on experimentally induced anxiety in humans were 
dentified, whereas significant statistical heterogeneity sug- 
ests variation in effect sizes. Some categories in the mod- 
rator analyses included only few studies, and therefore 
hese levels of moderator variables were relatively poorly 
epresented. 

.3. Quality of the evidence 

otwithstanding our positive results, the quality of the ev- 
dence was assessed as low. Importantly, publication bias 
as strongly or very strongly suspected across all drug types 
nd types of anxiety. To date no procedures are yet avail- 
ble to estimate the extent of this bias for multilevel meta- 
nalysis. Nevertheless, we caution that the reported pooled 
ffect sizes likely overestimate the true effect sizes. Fur- 
hermore, our findings provide only indirect evidence of 
linical efficacy, since the vast majority of included stud- 
es (95%) was conducted in non-human mammals. Given 
he diversity in study procedures in preclinical research 
 Vesterinen et al., 2014 ), the available body of evidence is 
uitable for identifying potential moderators of clinical ef- 
ects, while conclusions about overall clinical efficacy are 
remature. 
Our sensitivity analyses demonstrated lack of robustness 

f our findings with respect to the effect of URB597 on 
89 
nconditioned anxiety in animals and of CBD on experi- 
entally induced anxiety in humans. We excluded studies 
ased on our assessment of bias that was, in retrospect, 
ather stringent. For example, concerns about blinding suc- 
ess given sedative effects of CBD led to a high risk of bias
ating in one human study, while blinding may have been 
nsuccessful in other studies as well. However, this remains 
bscure because blinding success was rarely assessed across 
tudies. Yet, the results of these sensitivity analyses indi- 
ate that more high quality evidence is paramount to fur- 
her substantiate our findings regarding beneficial effects 
f AEA augmentation for treating symptoms of anxiety and 
elated disorders ( Guyatt et al., 2008 ). 

.4. Safety and tolerability 

e described data from the n = 17 included papers with 
arm-related objectives, each with unclear risk of bias 
or harm-related outcomes. In most of these studies no 
unctional or behavioral side-effects were reported that 
ould be attributed to the drugs under study. Side ef- 
ects typically induced by CB1 receptor agonists were re- 
orted in two studies with drugs that were not studied 
nough to warrant meta-analysis (SSR411298; Griebel et al., 
018 and WOBE437; Chicca et al., 2017 ). In line with the 
verall favorable picture that emerges from previous re- 
iews ( Chesney et al., 2020 ; Huestis et al., 2019 ; Iffland
nd Grotenhermen, 2017 ; Kwee et al., 2022b ), the stud- 
es we reviewed reported no severe adverse events after 
BD administration. A systematic investigation of relations 
etween drug concentrations and desirable and undesirable 
rug effects is needed to elucidate whether undesirable ef- 
ects also occur at doses needed for anxiolytic effects. As 
e argue in Kwee et al. (2022b) , more studies that also in- 
lude integrated pharmacokinetic and anxiety assessments 
re needed to answer this question for repeated CBD dosing. 

.5. Limitations of the review 

 primary critical note concerns the assumption that the 
ffects of the studied compounds are associated with an in- 
rease in AEA levels. Most studies have relied on single dos- 
ng, whereas available evidence with CBD suggests signifi- 
ant increases in AEA levels after continuous dosing during 
everal weeks ( Leweke et al., 2012 ). Moreover, some com- 
ounds exert additional effects next to enhancement of AEA 
vailability. Specifically, FAAH inhibitors do not only elevate 
EA levels, but also elevate levels of oleoylethanolamide 
OEA) and palmitoylethanolamide (PEA) ( Bortolato et al., 
006 ; Fegley et al., 2005 ; Schmidt et al., 2021 . Neverthe-
ess, AM404, an AEA transport inhibitor that does not af- 
ect PEA and OEA levels ( Bortolato et al., 2006 ) also ex-
rted beneficial effects on anxiety outcomes in our meta- 
nalysis. This strengthens the assumption that the anxiolytic 
ffects of the drugs under study are set about via pharma- 
ological enhancement of AEA levels. For CBD, the mech- 
nistic route for anxiety reduction is even less clear. Al- 
hough CBD is a weak inhibitor of FAAH ( Bisogno et al., 2001 ;
lost et al., 2020 ) its action may also be partly explained by
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ts binding to intracellular AEA transporters. In fact, 76 dif- 
erent molecular targets of CBD were identified, including 
onotropic, non-cannabinoid targets ( Mlost et al., 2020 ). 
Several methodological limitations affect the generaliz- 

bility of our results. First, the number of studies in our 
eta-analysis did not allow testing a plethora of moderator 
ariables. That is, although BRMA limits overfitting, gener- 
lizability can still be low if the sample of studies is small 
nd idiosyncratic ( Van Lissa and Van Erp, 2021 , Preprint). 
ith this in mind, the data of different types of non-human 
ammals were analyzed together and we only investigated 
ain effects of species. Although the 95% credible inter- 
al of species on itself included zero in our planned mod- 
rator analyses, an interaction between species and other 
ariables, such as dose ( Kwee et al., 2022b ) cannot be ex- 
luded. 
Second, our findings regarding safety and tolerability of 

ested compounds do not result from a systematic literature 
earch and evaluation of these parameters. For a transla- 
ion of wanted and undesirable drug effects in preclinical 
odels to substantiated and safe dose selection for clinical 
rials we recommend using the IB-de-risk tool ( Van Gerven 
nd Cohen, 2018 ) see, for example Cohen et al. (2022) and 
wee et al. (2022b) for a dose response analysis of CBD. 
uch a structured approach for dose-rationale, as well as 
AAH inhibition assays and measurement of AEA plasma con- 
entrations (e.g., Russo et al., 2007 ) are required to iden- 
ify what constitutes unnecessarily high and perhaps riskful 
osing. 
Third, literature was searched up to May 2021 and at that 

ime, only two clinical trials with inhibitors of FAAH and AEA 
ransport were published. The first randomized controlled 
rial reported a positive effect of four weeks of 300 mg 
BD in social anxiety disorder ( n = 37; Masataka, 2019 ), 
hereas the second observed no effect of 12 weeks of JNJ- 
2,165,279 ( n = 134; Schmidt et al., 2021 ). More recent 
ublications including two clinical trials were not included 
n this meta-analysis. The first entailed an open-label study 
n which 300 mg oral CBD plus standard care ( n = 61) 
as compared to standard care alone ( n = 59) in frontline 
ealth care professionals working with patients with COVID- 
9 ( Crippa et al., 2021 ). In this study, CBD induced anxi- 
lytic effects. The second double-blind clinical, trial aug- 
entation of eight therapist-assisted exposure in vivo ses- 
ions (weekly, outpatient) with 300 mg oral CBD yielded no 
ifferences in treatment outcome over time between CBD 

 n = 39) and placebo ( n = 41; Kwee et al., 2022a ). 

.6. Recommendations for future work 

his promising field of research has room for improvement. 
ore systematic reporting of methods and study design 
an aid in interpreting each other’s work and assessment 
f research quality. A structured approach to reporting for 
uman research has been available in the form of the CON- 
ORT statement ( Begg et al., 1996 ). Standards for reporting 
re now also available for animal research in the ARRIVE 
.0 guidelines ( Percie du Sert et al., 2020 ). More uniformity 
cross anxiety tests in the parameters that are studied may 
id in synthesizing findings from multiple studies. The defi- 
itions for outcomes of tests of conditioned anxiety that we 
90 
stablished for this meta-analysis (see Supplemental Fig. 
) may help specify (reporting of) endpoints in conditioned 
nxiety research. 
In the past two decades FAAH inhibitors have been de- 

eloped at a rapid pace. These compounds have greater se- 
ectivity than the ‘old’ FAAH inhibitor URB597, for example 
ith respect to off-target carboxylesterases that may limit 
herapeutic applicability ( Clapper et al., 2009 ; Hill et al., 
013 ). Keeping in mind the serious adverse events in the 
IAL phase 1 trial ( Kerbrat et al., 2016 ) and given the diver-
ent results with respect to safety and tolerability of FAAH 

nhibitors ( Panlilio et al., 2016 ), a structured approach for 
ose-rationale (e.g., Cohen et al., 2022 ; Kwee et al., 2022) 
hould be employed on a drug-by-drug basis before proceed- 
ng to first in-human trials. 

.7. Conclusions 

his systematic review and meta-analysis provides exten- 
ive evidence for the beneficial effects of FAAH inhibitors 
nd inhibitors of AEA transport in preclinical tests of anxi- 
ty. The beneficial drug effects on conditioned anxiety are 
specially relevant to clinical practice, because fear condi- 
ioning paradigms model the learning that takes place dur- 
ng psychotherapy. Furthermore, a pre-existing anxiety con- 
ition in animals predicted larger effects of CBD on uncon- 
itioned anxiety. It is therefore tempting to conclude from 

ur meta-analytic results that effective application in pa- 
ients is feasible. However, the quality of the evidence was 
ow and human studies are still scarce. Therefore, defini- 
ive conclusions will have to await more high quality evi- 
ence. The analyses we present here indicate that anxiety- 
educing effects of the studied compounds can be demon- 
trated across-the-board but may also depend on the spe- 
ific facets of anxiety that are studied. They suggest that 
nxious animals and repetitive behavior seem most suscep- 
ible to pharmacological AEA enhancement. An increased 
ocus on the specific aspects of stress and anxiety that are 
nder endocannabinoid control will narrow down potential 
linical applications. At the same time, investigation of drug 
fficacy in patients remains paramount to allow the flow of 
nformation back and forth between preclinical and clinical 
esearch. 
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