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Abstract
Background Cannabinoids have been of increasing interest mainly due to their putative efficacy in a wide array of 
psychiatric, psychosomatic, and neurological conditions.

Aims This systematic review aims to synthesize results from randomized placebo-controlled trials regarding the 
efficacy and the dosage of cannabinoids as therapeutics in psychiatric disorders in children, adolescents, and young 
adults.

Methods All publications up to June 30th, 2024, were included from PubMed and Embase. Eligibility criteria 
in accordance with the PRISMA-guidelines was applied. RCTs providing pre- and post-treatment parameters on 
cannabinoid therapies for mental disorders in comparison to controls in an age range from 0 to 25 years were 
included. Effect sizes were calculated as Hedges’ g for primary outcomes, and a multilevel random-effects meta-
analysis was conducted to account for dependent outcomes from same study populations.

Results We identified 7603 records, of which 8 independent clinical trials (reported in 9 publications) met the pre-
established eligibility criteria, comprising 474 unique participants (245 treatment, 229 control). Analysis of 13 primary 
outcomes (of 7 clinical trials) revealed a modest positive overall effect for symptom improvement or normalization 
of brain physiology (Hedges’ g = 0.308, 95% CI: 0.167, 0.448). Autism spectrum disorder studies showed the most 
consistent evidence (g = 0.264, 95% CI: 0.107, 0.421), while other conditions showed wider confidence intervals. 
Age-stratified analysis showed that adult populations (mean age 23.3 years, n = 5 outcomes) demonstrated higher 
effect sizes (g = 0.463, SD = 0.402) compared to pediatric populations (mean age 11.8 years, n = 8 outcomes; g = 0.318, 
SD = 0.212). Whole plant preparations (g = 0.328, 95% CI: 0.083, 0.573) and pharmaceutical cannabinoids (g = 0.292, 
95% CI: 0.069, 0.515) showed comparable effects. CBD dosages ranged from 17.5 mg to 600 mg per day, with no 
significant correlation between dosage and effect size (ρ = -0.014, p = 0.963). Mild to moderate side effects were 
reported, but no serious adverse events. Risk of bias assessment ranged from low (n = 3) to high (n = 5).
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Introduction
Interest in the therapeutic benefits of cannabis and spe-
cific cannabinoids has grown significantly since the 
1990s, largely driven by an increased understanding of 
the endocannabinoid system (ECS) [1, 2]. In recent years 
there has been a global trend towards relaxing regulatory 
restrictions. Several countries and states have legalized 
recreational cannabis use, and many have approved its 
medicinal use [3] for adults. In some European countries, 
for instance in Switzerland, products containing cannabi-
diol (CBD) are available for purchase [4] for adult popu-
lations and regulated access to recreational cannabis is 
currently being investigated in several trials [5, 6].

In many countries, there has been a significant increase 
in recent years in medicinal cannabis (MC) prescriptions 
for mental health conditions [7, 8]. Notably, conditions 
such as autism spectrum disorder (ASD), anxiety disor-
der, and attention deficit hyperactivity disorder (ADHD) 
have seen an increased number of approvals despite a 
lack of definitive evidence supporting its efficacy [7]. 
Most of these psychiatric disorders emerge in childhood 
and early adolescence [9]. These trends underscore the 
rising interest in MC for pediatric neurodevelopmental 
and neuropsychiatric disorders, raising important ques-
tions about its efficacy and safety.

In child and adolescent psychiatry neurodevelopmen-
tal disorders (NDDs) are of interest due to their high 
prevalence [9]. NDDs are complex conditions that begin 
early in development and include ASD, ADHD, intellec-
tual disability (ID) and motor disorders. These disorders 
exhibit wide genetic and clinical variability and are recog-
nized as persistent, lifelong conditions that significantly 
impact quality of life and functioning into adulthood [10]. 
Co-occurring behavioral problems (BP), especially in 
children and adolescents with ID, present challenges for 
clinicians, caregivers and the socio-economic system [11, 
12]. Despite the frequent prescription of psychotropic 
medications for BP, these treatments often show limited 
efficacy, poor adherence, and potential adverse effects in 
adults [13]. Efficacy and adverse effects of psychophar-
macological treatment in children and adolescents are 
unfortunately still much less well understood [14, 15].

Research in child and adolescent psychopharmacology 
is gaining momentum, with newer modalities like ket-
amine, nitrous oxide, CBD, and other cannabis deriva-
tives showing therapeutic potential. However, these 

treatments still lack comprehensive data on long-term 
safety and efficacy, limiting their current clinical use in 
pediatric populations [16]. Given the emerging interest in 
cannabinoids as potential therapeutic agents for psychi-
atric disorders in young people, further research is essen-
tial to determine their safety, efficacy, and appropriate 
dosing in children and adolescents [17].

In the past decades an increasing number of publica-
tions describing the use of cannabinoids to treat pediatric 
NDDs, neuropsychiatric and somatic conditions. How-
ever, synthesized evidence to assess efficacy and safety 
for the younger population is scarce [18]. In contrast, sev-
eral reviews and meta-analyses have been conducted for 
adult populations [19–22]. Solmi et al. (2023) conducted 
an umbrella review investigating the risks and benefits 
of cannabis use [23]. They concluded that cannabis use 
is associated with poor mental health, cognitive impair-
ment, increased risk of traffic accidents, and adverse 
effects during pregnancy, making it unsuitable for ado-
lescents, young adults, pregnant women, and drivers. 
Conversely, CBD shows potential in reducing seizures 
in epilepsy [24] and cannabinoids may benefit chronic 
pain, multiple sclerosis, and cancer-related symptoms, 
though clinical guidelines require careful consideration 
of efficacy, safety, and patient information [25, 26]. Some 
surveys indicate high rates of cannabis use among indi-
viduals with conditions such as depression, anxiety and 
post-traumatic stress disorder, often for self-medication 
purposes [27, 28]. Adolescent use of commercial CBD 
for putative health benefits is also increasing [29]. While 
CBD seems safe for psychiatric symptoms, scholars agree 
that more research is needed before it can be recom-
mended for psychiatric treatment [23]. Comprehensive 
reviews of RCTs focusing on the use of cannabinoids in 
children, adolescents and young adults are lacking.

This systematic review aims to address this gap by 
focusing on RCTs to evaluate the impact of cannabinoids 
on mental health outcomes, as well as their safety in chil-
dren, adolescents, and young adults. By concentrating 
on RCTs, this review seeks to provide the highest level 
of evidence to guide future research and clinical practice 
regarding the use of cannabinoids in treating mental dis-
orders in younger populations.

Conclusion While meta-analysis of effect sizes for primary outcomes revealed modest positive effects, particularly 
for autism spectrum disorders, the current evidence remains insufficient to broadly recommend cannabinoids for 
treating mental disorders in youth populations. Larger, controlled studies with standardized outcomes are needed to 
establish definitive clinical recommendations.

Keywords Cannabinoid, Cannabidiol, Youth, Mental disorder, Cannabis therapy, Autism spectrum disorder, Psychotic 
disorders
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Background
Terminology in this review
In cannabinoid research and in the commercial cannabis 
industry, various forms of cannabis and its derivatives 
are used, each with distinct characteristics and applica-
tions [30, 31]. Commercially available cannabis products 
not regulated by medical quality control vary widely in 
cannabinoid content and ratios [32, 33]. Contrary, can-
nabis based medicinal products (CBMP), have under-
gone medical regulatory standards, such as for example 
Epidyolex® (CBD) for severe treatment-resistant epilepsy 
[34]. Beyond tetrahydrocannabinol (THC) and CBD, the 
cannabis plant contains over 100 other cannabinoids and 
additional compounds like terpenes [35]. Alongside phy-
tocannabinoids, there are also endogenous and synthetic 
cannabinoids [36]. This review analyzes RCTs involving 
whole-plant materials and pharmaceutically synthesized 
or extracted cannabinoids in different formulations. 
Whole-plant (WP) extracts typically specify a CBD: THC 
ratio, but also contain the full spectrum of cannabinoids 
and terpenes. In this review, analogue to Black et al. 
(2019), medicinal cannabis (MC) refers to any part of the 
cannabis plant, including buds, leaves, or complete plant 
extracts, used for therapeutic purposes [19]. This broad 
category encompasses a variety of plant-based prepara-
tions. In contrast, pharmaceutical cannabinoids (PC) 
include pharmaceutical-grade extracts with standardized 
levels of THC and CBD, as well as synthetic cannabinoid 
derivatives. Different CBD: THC ratios, such as for exam-
ple 20:1 or 9:1, are used to balance therapeutic benefits 
and minimize THC’s psychoactive effects. For clarity in 
this review, the term cannabis treatment (CTx) is used 
to encompass both MC and PC. Abbreviations are also 
listed in Appendix I (See Appendix I).

The endocannabinoid system (ECS)
The ECS is essential in the developing nervous system, 
facilitating communication between neurotransmitter 
systems and regulating various functions including psy-
chiatric, neurological, cardiovascular, endocrine, and 
immune processes [37]. It also plays a role in cognition 
[38], mood [39, 40], and sleep [41] regulation. The ECS 
consists of G-protein-coupled receptors (cannabinoid 
receptor types 1 (CB1) and 2 (CB2)), lipid-based endo-
cannabinoid neurotransmitters, and enzymes that syn-
thesize and degrade these endocannabinoids [42]. CB1 
receptors are prevalent in the central nervous system, 
but are also present in diverse organs including liver, 
adipose tissue and the skin. CB2 receptors are mainly 
found on immune cells within the central nervous, 
immune, and hematopoietic systems [42, 43]. Besides its 
role in response, synthesis and degradation of endocan-
nabinoids, the receptors of the ECS are a primary tar-
get of THC [42]. Abnormal levels of endocannabinoids 

correlate with the severity of psychotic disorders [44] and 
play a key role in the pathophysiology of autism spectrum 
disorder (ASD) [45, 46], epilepsy [47] and multiple scle-
rosis [48].

Tetrahydrocannabinol (THC) and cannabidiol (CBD)
THC is the best studied alkaloid of all cannabinoids. 
It is the primary psychoactive constituent in cannabis, 
that activates the CB1 receptor of the ECS [42]. THC 
disrupts the retrograde signaling systems of endocan-
nabinoids and allosterically modulates opioid receptors. 
Acute administration of THC causes increased dopamine 
(DA) release and neuron activity, while long-term use is 
associated with blunting the DA system [49]. Following 
THC, CBD is the most extensively researched phyto-
cannabinoid [50]. Although CBD engages with various 
receptor systems, the precise mechanisms underlying its 
proposed effects remain unclear. Unlike THC, CBD acts 
as an inverse agonist at the CB2 cannabinoid receptor 
and serves as a non-competitive modulator of the CB1 
cannabinoid receptor. Unlike most antipsychotic drugs, 
CBD does not appear to exhibit DA receptor antago-
nistic properties [51–53]. CBD stimulates the serotonin 
1  A receptor (5HT1A), inhibits adenosine reuptake, and 
enhances levels of the endocannabinoid anandamide 
[54]. The inhibition of glutamate release and partial ago-
nism at the DA2 receptor are also considered critical in 
explaining its purported antipsychotic effects [55].

Pharmacology, bodily impact and psychological effects
Pharmacokinetics of THC and CBD
Orally consumed THC is metabolized in the liver by 
CYP2C and CYP3A into the psychoactive 11-OH-THC 
and then into the inactive 11-COOH-THC [50]. About 
65% of THC is excreted in feces and 20% in urine, with 
80–90% eliminated within 5 days as hydroxylated and 
carboxylated metabolites [56]. THC’s bioavailability 
ranges between 4 and 12%. Due to its high lipid solubil-
ity, THC accumulates in fat tissues and is slowly released 
into circulation. The plasma half-life of THC is 1–3 days 
in occasional users and 5–13 days in chronic users [57]. 
CBD’s pharmacokinetics are complex, with major metab-
olites being hydroxylated 7-COOH derivatives excreted 
intact or as glucuronide conjugates [57]. The bioavail-
ability of CBD varies by administration route: inhalation 
ranges from 11 to 45%, while oral bioavailability is about 
6% [58, 59]. Like THC, CBD is highly lipid-soluble, rap-
idly distributing in the brain, adipose tissue, and other 
organs. Its half-life is estimated at 18–32 h [57]. CBD and 
THC influence drug metabolism by interacting with CYP 
P450 enzymes. THC induces CYP1A2 [60], while CBD 
inhibits CYP3A4 and CYP2D6 [61]. THC and CBD has 
been found in human breast milk, raising concerns about 
its impact on infant brain development [62, 63].
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Pharmacodynamics, bodily impact and psychological effects 
of THC and CBD
Cannabis produces sedation and causes significant phar-
macodynamic interactions when co-administered with 
other central nervous system (CNS) depressants [60]. 
Commonly, inhalation results in stronger psychoac-
tive effects than ingestion, with higher THC concentra-
tions in the brain compared to the blood [57]. Ethanol 
intoxication increases plasma THC levels and enhances 
subjective effects of smoking cannabis among healthy 
volunteers [61]. In healthy volunteers, THC induces psy-
chotic symptoms [64], altered perception [65], increased 
anxiety [66], and cognitive deficits [67]. THC causes 
dose-dependent performance impairment, peaking 
within the first hour and decreasing over 2 to 4  h [68]. 
Cannabinoids may cause tachycardia with cardiac toxic-
ity when combined with sympathomimetic agents [69]. 
CBD administration is associated with fatigue and som-
nolence, especially when combined with medications 
acting upon the CNS, and can mitigate THC-associated 
psychotropic and cardiovascular effects [70].

Safety and toxicity
THC stimulates the mesolimbic DA system, potentially 
leading to addiction via reward pathway overactivation 
[71]. Recent molecular and neuroimaging studies reveal 
that adolescent cannabis exposure affects cortical devel-
opment through alterations in synaptic and dendritic 
architecture, with significant impacts on gene expres-
sion patterns related to neuron projection development, 
learning, and memory processes [72]. Adolescent canna-
bis use heightens the risk of psychotic disorders, which 
seems dependent upon dose and age [73]. Conversely, 
some data suggest that CBD alleviate THC-induced psy-
chotic symptoms [74, 75]. However, converse evidence 
found that CBD did not reduce THC’s effects challenge 
the idea that CBD can make cannabis “safer” [76]. More-
over, THC levels in cannabis correlate with the incidence 
of cannabis-induced psychotic disorders [77]. Aside from 
increased risk for a psychotic disorder, long term canna-
bis use has been associated with somatic conditions, such 
as diseases of the liver, lungs, heart and vasculature [78]. 
Furthermore it may result in cognitive deficits [79, 80], 
anxiety [81], and development of cannabis use disorder 
[82]. Despite its proclaimed putative therapeutic poten-
tial, CBD is certainly not without risks [75]. Animal stud-
ies have shown adverse effects such as developmental 
toxicity, CNS inhibition and hepatocellular injury, typi-
cally at doses higher than those used in human therapy 
[83]. Human studies have reported drug interactions, 
hepatic abnormalities, diarrhea, fatigue, vomiting, and 
somnolence [84].

Methods
This systematic review is reported according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) guidelines [85, 86]. The protocol has 
been pre-registered on INPLASY (INPLASY202330017) 
https:/ /inplas y.com/i npla sy-2023-3-0017/ (doi:  h t t  p s : /  / d o  
i .  o r g / 1 0 . 3 7 7 6 6 / i n p l a s y 2 0 2 3 . 3 . 0 0 1 7     ) .  

Data acquisition
The data for this systematic review were gathered accord-
ing to the PRISMA guidelines for Systematic Reviews 
and Meta-Analyses. The main aim was the identification 
of all human randomized controlled trials (RCT) where 
cannabinoids have been used with therapeutic intention 
within the medical field of child, adolescent, and transi-
tional age psychiatry until a maximum mean age of 25 
years. Only studies published until 30th of June 2024 
were considered.

Search strategy
For data acquisition we performed systematic electronic 
searches using PubMed, Europe PubMed Central and 
EMBASE. We searched for a combination of the fol-
lowing search terms in each of the three databases: 
(‘child’ OR ‘adolescent’ OR ‘youth’) AND (‘cannabis’ OR 
‘cannabidiol’ OR ‘cannabinoid’) AND (‘psychiatry OR 
‘treatment’ OR ‘therapy’). Furthermore, we applied this 
combination of keywords: (‘child’ OR ‘child’/exp OR 
child) AND (‘adolescent psychiatry’/exp OR ‘adolescent 
psychiatry’ OR ((‘adolescent’ OR ‘adolescent’/exp OR 
adolescent) AND (‘psychiatry’ OR ‘psychiatry’/exp OR 
psychiatry))) AND (‘cannabinoid’ OR ‘cannabinoid’/exp 
OR cannabinoid) AND (‘treatment’ OR ‘treatment’/exp 
OR treatment).

Eligibility criteria
We determined eligibility criteria in accordance with the 
following PICOS:

Population
Children, adolescents, or young adults until a maximum 
mean age of 25 years of the cannabinoid treatment group. 
Any neurodevelopmental and/or psychiatric disorder 
including multiple co-occurring psychiatric disorders 
were eligible for inclusion provided clear diagnostic cri-
teria were reported. Epilepsy or other disorders outside 
the psychiatric context were excluded. Somatic comor-
bidities were considered if (a) cannabinoid treatment 
was primarily applied for psychiatric symptoms and (b) 
medical conditions did not significantly interfere with 
the interpretation of psychiatric outcomes. Studies were 
required to report participants’ relevant medical condi-
tions and concurrent medications.

https://inplasy.com/inplasy-2023-3-0017/
https://doi.org/10.37766/inplasy2023.3.0017
https://doi.org/10.37766/inplasy2023.3.0017
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Intervention/exposure
Only published RCTs with therapeutic application of can-
nabinoids within the field of psychiatry and focusing on 
children, adolescents, or young adults were considered.

Comparisons
The main comparators were pre-treatment and post-
treatment symptom changes and/or normalization of 
brain physiology.

Outcomes
Pre- and post-intervention measures and effect sizes 
were considered as primary outcomes. Secondary out-
comes were dosages and adverse events.

Data extraction and risk of bias assessment
All electronically gathered data were screened and 
assessed by two independent reviewers (rater 1 AB, rater 
2 PK). For data collection, screening, and assessment we 
used nested knowledge (www.nested-knowledge.com). 
The platform nested knowledge was used to organize 
the literature database and keep track of the screening 

process. Abstract screening was performed by rater 1 and 
2. Consequently, full text screening and inclusion deci-
sions were performed by rater 1 and 2. From the articles 
included we recorded author names and date, disor-
der type, number of participants (total, healthy controls 
(HC), CTx, placebo (PLB)), age range, mean age (Table 1); 
specification on cannabis applied within the RCT, for-
mulation, application route (Table  2); study duration, 
objectives/aims, exclusion criteria, questionnaires/com-
parators used within the trial (Table  3), statistical sig-
nificances, results (Table  4), information on cannabis 
naivety, concomitant medications and adverse events 
(Table 5), and effect sizes (Table 6; Fig. 1). For the analysis 
of risk of bias for all studies we used the Cochrane Risk of 
Bias 2 (RoB 2)-tool and assessment guidelines [87]. Fig-
ure 2 was created with robvis [88].

Meta-analysis for effect sizes of primary outcomes
In addition to the qualitative systematic review a meta-
analysis for effect sizes of primary outcomes was con-
ducted. Our meta-analysis was conducted using R 
(Version 4.2.3) and RStudio (2023.09.1 + 494) [88], 

Table 1 Study overview: participants receiving cannabinoids vs. placebo, age range
Author Disorder Number of particpants (N) Age range Mean age

Total HC CTx PLB
 1 Aran et al. (2021) [89]* ASD 150 0 100 50 5–21 11.8
 2 Schnapp et al. (2022) [90]* ASD 150 0 100 50 5–21 11.8
 3 da Silva Junior et al.(2024) [91] ASD 60 0 31 29 5–11 7.68
 4 Efron et al. (2020) [92] BP 8 0 4 4 8–16 13.9
 5 Berry-Kravis et al. (2022) [93] BP 212 0 110 102 5–21 9.70
 6 Wilson et al. (2019) [95] PSY 52 19 16 15 18–35 22.7 **
 7 Appiah-Kusi et al. (2020) [94] PSY 58 26 16 16 Not stated 22.33 **
 8 Van Boxel et al. (2023) [96] PSY 31 0 16 15 Not stated 24.7 **
 9 Bergamaschi et al. (2011) [97] ANX 36 12 12 12 Not 

stated
24.6 **

Dx = diagnosis/disorder type, HC = Healthy control, CTx = Cannabinoid Treatment, PLB = Placebo, MC = Medicinal cannabis, PC = Pharmaceutical cannabis, 
CBD = Cannabidiol, THC = Tetrahydrocannabinol; ASD = Autism Spectrum Disorder, BP = Behavioral problems, PSY = Psychotic disorders; being at clinical high risk for 
psychosis, ANX = Anxiety disorder; * Aran et al. (2021) and Schnapp et al. (2022) evaluated the same participants but different research questions, ** mean ages of 
the CTx-groups of respective studies

Table 2 Study overview: cannabinoid type, dosage, formulation and application
Author Dx CTx (MC/ PC) CBD THC CBD: THC Max. CBD/d in mg Max. THC/d in mg Form Application

 1 Aran et al. (2021) [89]* ASD MC and PC Yes Yes 20:1 420 21 Oil Oral
 2 Schnapp et al. (2022) [90]* ASD MC and PC Yes Yes 20:1 420 21 Oil Oral
 3 da Silva Junior et al.(2024) [91] ASD MC Yes Yes 9:1 17.5 1.95 Oil Oral
 4 Efron et al. (2020) [92] BP PC Yes No n.a. 1000 n.a. Oil Oral
 5 Berry-Kravis et al. (2022) [93] BP PC Yes No n.a. 500 n.a. Gel Topical
 6 Wilson et al. (2019) [95] PSY PC Yes No n.a. 600 n.a. Caps. Oral
 7 Appiah-Kusi et al. (2020) [94] PSY PC Yes No n.a. 600 n.a. Caps. Oral
 8 Van Boxel et al. (2023) [96] PSY PC Yes No n.a. 600 n.a. Caps. Oral
 9 Bergamaschi et al. (2011) [97] ANX PC Yes No n.a. 600 n.a. Caps. Oral
Dx = Diagnosis/disorder type; HC = Healthy control, CTx = Cannabinoid Treatment, PLB = Placebo, MC = Medicinal cannabis, PC = Pharmaceutical cannabis, 
CBD = Cannabidiol, THC = Tetrahydrocannabinol; Max. = Maximum, form = Formulation, caps. = Capsule, Application = Application route, mg = milligram; 
ASD = Autism Spectrum Disorder, BP = Behavioral problems, PSY = Psychotic disorders; being at clinical high risk for psychosis, ANX = Anxiety disorder; * Aran et al. 
(2021) and Schnapp et al. (2022) evaluated the same participants but different research questions

http://www.nested-knowledge.com
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primarily utilizing the ‘meta’ (Version 7.0–0) and ‘meta-
for’ (Version 4.2-0) packages. Effect sizes were calcu-
lated as Hedges’ g to correct for small sample size bias in 
Cohen’s d. For studies reporting change scores, post-only 
comparisons, least square means (LSM), pre-post mea-
surements, and F-statistics, appropriate effect size cal-
culations were implemented using custom functions in 

R. The random-effects model was fitted using restricted 
maximum likelihood estimation (REML) with Knapp-
Hartung adjustments. Heterogeneity was assessed using 
Q-statistics, I², and τ².

Subgroup analyses were performed for treatment type 
(WP vs. PC), study duration (short-term vs. long-term), 
and clinical indication (ASD, BP, CHR, and anxiety). 

Table 3 Study overview: description of objectives, exclusion criteria, questionnaires
Author Dx Duration Objectives/

aims
Exclusion criteria Questionnaires, 

Comparators
1 Aran et al. 

(2021) [89]*
ASD 12 w Assess the superiority

of CTx over PLB in ASD associated BP
Comparison between MC/PC and 
PLB as a secondary outcome

Psychotic disorders
Former CTx 
Medical condition 
Changes Tx 4 weeks prior

ADOS-2, VABS, 
CARS, HSQ-AS, SRS, 
CGI-I

2 Schnapp 
et al. (2022) 
[90]*

ASD 12 w Impact of a CBD-rich CTx on sleep in 
patients with ASD

Psychotic disorders
Current or former CTx

ADOS-2, CARS, 
SRS, CSHQ scores, 
VABS, CGI-I

3 da Silva 
Junior et 
al.(2024) [91]

ASD 12 w Evaluation of the efficacy and safety 
of MC in ASD

Somatic comorbidities 
Cannabis prior to trial

ATEC, CARS, 
semi-structured 
interview

4 Efron et al. 
(2020) [92]

BP 8 w Feasibility of a RPCT to reduce SBP in 
children with ID

Psychiatric comorbidities
Anti-epileptic med. interacting with CBD
Cannabis prior to trial

ABC-1; CASP; SDSC; 
FQOL; AQoL; DASS; 
APSI; CHU9D, SCQ, 
A-TAC, WASI-II, 
VABS, MOSES

5 Berry-Kravis 
et al. (2022) 
[93]

BP 12 w Efficacy and safety of transdermal 
CBD gel in Fragile-X-Syndrom and BP

Liver/renal problems
Positive drug screen 
Certain antiepileptic drugs / use of a strong CYP 
P450 3A4 inhibitor/inducer

ABC-C FXS,
CaGI-S, CaGI-C

6 Wilson et al. 
(2019) [95]

PSY 1 d Comparing salience network activa-
tion in the ACC and insular cortex in 
CHR vs. HC after single dose of CBD

Psychosis/mania
Substance dependence (except cannabis),
Neurological disorder or severe intercurrent 
illness

CAARMS; fMRI, 
reaction time, 
reward, delayed 
response

7 Appiah-Kusi 
et al. (2020) 
[94]

PSY 7 d Assessment of short-term CTx for 
normalisation of acute neuroendo-
crine and anxiety response in CHR 
patients

Psychiatric disorder STAI, SSDPS, 
cortisol reactivity 
in the TSST

8 Van Boxel et 
al. (2023) [96]

PSY 28 d Impact of adjunctive CTx on func-
tional connectivity, metabolite levels, 
reward processing in recent-onset 
psychotic disorder

Unstable
antipsychotic Tx
Corticosteroids, NSAI, drugs interacting with 
CBD 
Somatic and neurological disorders, IQ < 70
Substance use

PANSS, HAM-D, 
YRMS, CGI, GAF, 
SOFAS, BACS, 
WHO-Assist, MAQ, 
fMRI

9 Bergamaschi 
et al. (2011) 
[97]

ANX 1 d Effects of simulation public speaking 
test in HC and SAD patients receiving 
a single dose of CBD vs. PLB

Non treatment-naive 
Other concomitant psychiatric disorder
Neurological disorders 
Substance abuse

VAMS, SSPS, BSS; 
SPIN; skin conduc-
tance, blood pres-
sure, heart rate

Dx = Diagnosis/disorder type; CTx = Cannabinoid Treatment, PLB = Placebo, HC = Healthy control, SBP = Severe behavioral problems, ID = Intellectual disability, 
CHR = Clinical high risk for psychosis, ASD = Autism spectrum disorder, SAD = Social anxiety disorder, CBD = Cannabidiol, THC = Tetrahydrocannabinol, MC = medicinal 
cannabis, PC = pharmaceutical cannabis, ACC = Anterior cingulate cortex, PANSS = Positive and Negative Syndrome Scale, HAM-D = Hamilton Depression Scale, 
YMRS = Young Mania Rating Scale, CGI = Clinical Global Impression, GAF = Global Assessment of Functioning scale, SOFAS = Social and Occupational Functioning 
Assessment Scale, BACS = Brief Assessment of Cognition in Schizophrenia, WHO Assist 3.0 = World Health Organization Alcohol, Smoking, and Substance 
Involvement Screening Test, MAQ = Medication Adherence Questionnaire, CARS = Childhood Autism Rating Scale, ABC = Aberrant Behaviour Checklist, SCQ = Social 
Communication Questionnaire, A-TAC = Autism-Tics ADHD and Comorbidities Inventory, MOSES = Monitoring of Side Effects Scale, CHU-9D = Child Health Utility-9D, 
WASI-II = Wechsler Abbreviated Scale of Intelligence-II, Vineland-3, SDSC = Sleep Disturbance Scale for Children, AQoL = Assessment of Quality of Life, FQoL = Family 
quality of Life, DASS = Depression Anxiety Stress Scale, APSI = Autism Parenting Stress Index, CASP = Child and Adolescent Scale of Participation, CSHQ = Children’s 
Sleep-Habit Questionnaire, CGI-I = Clinical Global Impression-Improvement scale, SRS = Social Responsiveness Scale, ADOS-2 = Autism Diagnostic Observation 
Schedule, VABS = Vineland Adaptive Behavior Scales, HSQ-AS = Home Situations Questionnaire-ASD, ABC-C FXS = Aberrant Behavior Checklist-Community Edition 
FXS, CaGI-S = Caregiver Global Impression-Severity, CaGI-C = Caregiver Global Impression-Change, HSQ-ASD = Home Situations Questionnaire-Autism Spectrum 
Disorder, VAMS = Visual Analogue Mood Scale, SSPS = Self-Statements during Public Speaking Scale, BSS = Bodily Symptoms Scale, SPIN = Social Phobia Inventory, 
CAARMS = Comprehensive Assessment of At-Risk Mental States, fMRI = functional magnetic resonance imaging, DMN = Default mode network, ATEC = Autism 
Treatment Evaluation Checklist. * Aran et al. (2021) and Schnapp et al. (2022) evaluated the same participants but different research questions
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Table 4 Description of statistical findings and results
Author Dx Statistical significances Results

1 Aran et 
al. (2021) 
[89]*

ASD No significant changes in HSQ-ASD (primary-outcome) and APSI 
(secondary-outcome). 
Disruptive behavior on the CGI-I (co-primary outcome) was much/
very much improved in 49% on MC (n = 45) versus 21% on PLB (n = 47; 
p = 0.005). 
Median SRS Total Score (secondary outcome) improved by 14.9 on MC 
(n = 34) versus 3.6 points after PLB (n = 36); p = 0.009.

Disruptive behavior improved significantly with 
MC vs. PLB
SRS total score improved more with MC vs. 
placbeo
No significant differences in total scores of HSQ-
ASD and APSI

2 Schnapp 
et al. 
(2022) 
[90]*

ASD CTx AND PLB improved the CSHQ total score and was associated with 
improvements in the autistic core symptoms, indicated by SRS total 
scores (Period 1: p = 0.008; Period 2: p = 0.004)

CTx did not show superiority over PLB in sleep
Improvements in sleep were linked to bettered 
autistic core symtpoms

3 da Silva 
Junior et 
al.(2024) 
[91]

ASD Significant results were found for social interaction ( p = 0.0002), anxiety 
( p = 0.016), psychomotor agitation (F1,116 = 9.22, p = 0.003), number of 
meals a day (p = 0.04), and concentration (p = 0.01)

CBD-rich cannabis extract improved social inter-
action, anxiety and psychomotor agitation

4 Efron et 
al. (2020) 
[92]

BP Not possible due to low number of included participants Feasibile and accepted by participants and 
care-givers
Efficacy signal in favor of active drug
Caregivers showed high interest in participation

5 Berry-
Kravis et 
al. (2022) 
[93]

BP No statistical signifcance for primary endpoint for full cohort 
Signifcant improvement only in ≥ 90% methylation of FMR1 ( p = 0.020), 
in CaGI-C in SA and isolation, irritable and disruptive behaviors, and 
social interactions (p-values: P = 0.038, P = 0.028, and P = 0.002)

CTx showed significant improvement in social 
avoidance in patients with > 90% methylation
Patients with 90% methylation showed superior 
results

6 Wilson et 
al. (2019) 
[95]

PSY CAARMS subscale comparisions revealed no significant differences. 
Analysis of fMRI data showed significant activation differences in insula 
and frontal operculum regions 
Positive correlation between CAARMS score and left insula activation.

No significant differences in symptom subscales 
observed
CBD attenuated insular activation, correlated with 
psychotic symptoms and salience perception
CHR showed abnormal insular activation vs. HC

7 Appiah-
Kusi et 
al. (2020) 
[94]

PSY Cortisol reactivity group effect HC vs. CHR-PLB vs. CHR-CBD (p = 0.005) 
and linear decrease (p = 0.003).
Across groups changes in anxiety and experience of public speaking 
stress (all p’s < 0.02) were greatest in the CHR-P and least in the HC, with 
CHR-CBD participants demonstrating an intermediate level of change

CHR-CBD showed intermediate cortisol response 
compared to HC and CHR-PLB
CHR particpants had higher cannabis use than 
HC
CBD may affect neuroendocrine response of 
acute stress

8 Van Boxel 
et al. 
(2023) 
[96]

PSY CTx significantly changed functional connectivity in the DMN (DMN; 
time × treatment interaction p = 0.037), with increased connectivity in 
the CBD-group and reduced connectivity in the placebo group.
Decreased positive symptom severity associated with diminishing gluta-
mate (p = 0.029) and N-acetyl-aspartate (NAA; neuronal integrity marker) 
levels (p = 0.019) in the CBD, but not PLB group

CBD altered DMN connectivity in recent-onset 
psychosis patients
No significant impact on prefrontal metabolite 
leves or reward processing
No effect upon brain activity during reward 
processing

9 Berga-
maschi et 
al. (2011) 
[97]

ANX Significant differences among the groups were found in the mean 
scores of SPIN ( p = 0.001). The SPIN scores were significantly lower in 
healthy volunteers than in subjects with SAD who received CBD or PLB. 
No other significant differences were observed between the two groups 
with SAD

Reduced anxiety, cognitive impairments and 
discomfort in SAD patients
Decreased alert levels in anticipatory speech for 
SAD patients
Inhibited fear of public speaking in SAD patients
Improved self-evaluation during public speaking 
in SAD patients

Dx = Diagnosis/disorder type; CTx = Cannabinoid Treatment, PLB = Placebo, HC = Healthy control, SBP = Severe behavioral problems, ID = Intellectual disability, 
CHR = Clinical high risk for psychosis, ASD = Autism spectrum disorder, SAD = Social anxiety disorder, CBD = Cannabidiol, THC = Tetrahydrocannabinol, MC = medicinal 
cannabis, PC = pharmaceutical cannabis, ACC = Anterior cingulate cortex, PANSS = Positive and Negative Syndrome Scale, HAM-D = Hamilton Depression Scale, 
YMRS = Young Mania Rating Scale, CGI = Clinical Global Impression, GAF = Global Assessment of Functioning scale, SOFAS = Social and Occupational Functioning 
Assessment Scale, BACS = Brief Assessment of Cognition in Schizophrenia, WHO Assist 3.0 = World Health Organization Alcohol, Smoking, and Substance 
Involvement Screening Test, MAQ = Medication Adherence Questionnaire, CARS = Childhood Autism Rating Scale, ABC = Aberrant Behaviour Checklist, SCQ = Social 
Communication Questionnaire, A-TAC = Autism-Tics ADHD and Comorbidities Inventory, MOSES = Monitoring of Side Effects Scale, CHU-9D = Child Health Utility-9D, 
WASI-II = Wechsler Abbreviated Scale of Intelligence-II, Vineland-3, SDSC = Sleep Disturbance Scale for Children, AQoL = Assessment of Quality of Life, FQoL = Family 
quality of Life, DASS = Depression Anxiety Stress Scale, APSI = Autism Parenting Stress Index, CASP = Child and Adolescent Scale of Participation, CSHQ = Children’s 
Sleep-Habit Questionnaire, CGI-I = Clinical Global Impression-Improvement scale, SRS = Social Responsiveness Scale, ADOS-2 = Autism Diagnostic Observation 
Schedule, VABS = Vineland Adaptive Behavior Scales, HSQ-AS = Home Situations Questionnaire-ASD, ABC-C FXS = Aberrant Behavior Checklist-Community Edition 
FXS, CaGI-S = Caregiver Global Impression-Severity, CaGI-C = Caregiver Global Impression-Change, HSQ-ASD = Home Situations Questionnaire-Autism Spectrum 
Disorder, VAMS = Visual Analogue Mood Scale, SSPS = Self-Statements during Public Speaking Scale, BSS = Bodily Symptoms Scale, SPIN = Social Phobia Inventory, 
CAARMS = Comprehensive Assessment of At-Risk Mental States, fMRI = functional magnetic resonance imaging, DMN = Default mode network, ATEC = Autism 
Treatment Evaluation Checklist. * Aran et al. (2021) and Schnapp et al. (2022) evaluated the same participants but different research questions
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Additional sensitivity analyses were conducted using dif-
ferent correlation coefficients (r = 0.3 and r = 0.7) for the 
calculation of pre-post effect sizes.

For the analysis of dosage-effect and age-effect rela-
tionships, we employed additional R packages including 
‘correlation’ for Spearman rank correlations, ‘ggplot2’ 
(Version 3.4.3) for visualization of relationships between 
variables, and ‘dplyr’ (Version 1.1.3) and ‘tidyr’ (Version 
1.3.0) for data transformation and summary statistics. 
Age-stratified analyses were conducted to examine effect 
size variations between pediatric and adult populations, 
while controlling for potential confounding factors such 
as dosage and formulation type. Correlational analyses 
were performed to assess the relationships between CBD 

dosage, age, and treatment effects across different formu-
lation types and clinical indications.

Results
Selection of records
Following the PRISMA guidelines [85, 86] we performed 
data acquisition and analysis for inclusion and exclu-
sion of relevant literature. As per 30th of June 2024, we 
identified 7603 records through performance of data-
base searches (PubMed, Embase). After deduplication, 
7379 records were screened, of which nine publications 
of eight RCTs met the inclusion criteria (see flowchart in 
Fig. 3). We provided the main information of the identi-
fied studies in Tables 1, 2, 3, 4, 5 and 6. See Appendix I 

Table 5 Overview of cannabinoid naivity, concomitant medications, and adverse events
Author Dx Cannabinoid naive? Psychotropic medication Somatic 

medication
Adverse Events (AE) Serious 

adverse 
events (SAE)

1 Aran et al. 
(2021) [89]*

ASD Not stated, but current 
or former CTx was exlu-
sion criterion

Yes, ongoing, stable 
medication, e.g.: SGA, FGA, 
Anticonvusants, Stimulants, 
BZD, Melatonin, SSRI

Not stated 3 patients withdrew due to AEs,
Mild AEs MC: 383, PC: 388, and 
PLB: 353 
Moderate AEs MC: 80, PC: 78, and 
PLB: 57

No 
treatment-
related SAE, 
n = 6 had an 
unrelated SE

2 Schnapp 
et al. (2022) 
[90]*

ASD Not stated, but current 
or former CTx was exlu-
sion criterion

Yes, ongoing, stable 
medication, e.g.: SGA, FGA, 
Anticonvusants, Stimulants, 
BZD, Melatonin, SSRI

Not stated 3 patients withdrew due to AEs. 
Mild AEs MC: 383, PC: 388, and 
PLB: 353 
Moderate AEs MC: 80, PC: 78, and 
PLB: 57

No 
treatment-
related SAE, 
n = 6 had an 
unrelated SE

3 da Silva 
Junior et 
al.(2024) [91]

ASD Not stated, cannabis 
abstinence prior to trial

Approx. 50% of participants 
had psychotropic medica-
tion during trial, not further 
specified

Not stated 3 children in the CTx group had 
mild or moderate Aes

None 
reported

4 Efron et al. 
(2020) [92]

BP Not stated, cannabis 
abstinence prior to trial

Yes, different combinations 
of: risperidone, methylphe-
nidate, fluoxetine, guanfacin, 
valproate, melatonin

Yes: clonidine 
(n = 2)

Well tolerated, no dose reduction 
necessary
More AEs were documented in 
CBD group compared to PLB. 
CBD 18; PLB: 8

Not reported

5 Berry-Kravis 
et al. (2022) 
[93]

BP Not stated, cannabis 
abstinence prior to trial

Yes, ongoing, stable medica-
tion, not further specified

Not stated 54% of the 211 patients experi-
enced adverse events All TEAEs 
were mild or moderate

No SAE 
reported

6 Wilson et al. 
(2019) [95]

PSY Not necessarily; absti-
nence from cannabis, at 
least 96 h prior to trial

Not stated, anti-psychotic 
medication naive

Not stated None reported None 
reported

7 Appiah-Kusi 
et al. (2020) 
[94]

PSY No None None Not reported Not reported

8 Van Boxel 
et al. (2023) 
[96]

PSY No, cannabis use was 
tolerated, however CBD 
intake within one month 
prior to study was exclu-
sion criterion

All patients had 1 stable 
antipsychotic medication

Not stated, but 
corticosteroids, 
carbamazepine 
or fluvoxamine 
were exclusion 
criteria

Mild AEs: CBD 34; PLB 16
Moderate AEs: CBD 4; PLB 4

None 
reported

9 Bergamaschi 
et al. (2011) 
[97]

ANX No use of cannabis in 
the last 12 months prior 
to study particpation

None None None reported None 
reported

Dx = Diagnosis/disorder type; AE = Adverse Event, SAE = Severe/Serious Adverse Event, CBD = Cannabidiol, BZD = Benzodiazepine, SGA = Second Generation 
Antipsychotic, FGA = First Generation Antipsychotic, SSRI = Selective Serotonin Reuptake Inhibitor, CTx = Cannbinoid Treatment, PLB = Placbeo, MC = Medicinal 
Cannabis, PC = Pharmaceutical Cannabis, CYP = Cytochrome, * Aran et al. (2021) and Schnapp et al. (2022) evaluated the same participants but different research 
questions
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for abbreviations used. Please see supplementary files for 
the complete RStudio code and raw data.

Randomized placebo-controlled studies
In total we identified nine RCTs which were included in 
this review, however two publications referred to a single 
clinical trial [89, 90]. Thus, eight RCTs were analyzed; all 
of them were double-blinded. In our Tables (1, 2, 3, 4, 
5 and 6) we clustered the studies into “disorder types”: 
(i) Three studies of cannabinoid treatment (CTx) for 
symptoms of autism spectrum disorders (ASD) (ii) two 
studies of CTx for behavioral problems (BP) (iii) three 
studies focusing on CTx for psychotic disorders and/or 

clinical-high-risk for psychosis (PSY) and (iv) one study 
of CTx for anxiety (ANX). Results were qualitatively syn-
thesized, and quantitative analysis was conducted for pri-
mary outcomes where possible.

Cannabinoid treatment for autism spectrum disorder 
(ASD)
A study by Aran et al. (2021) investigated the effects of 
CTx on ASD in a randomized trial, with a focus on the 
Clinical Global Impression - Improvement (CGI-I) scale. 
The trial included 150 participants (mean age = 11.8, age 
range 5–21) diagnosed with ASD according to DSM-5 
criteria and moderate to severe BP. The participants were 

Table 6 Primary outcome effect sizes
Study Dx: Outcome Groups (n) C’ d Hedges’ g 

[95% CI]
I/E Key Calculation Notes

Aran et al. (2021) [89]* ASD HSQ-ASD WP [40] vs. 
PLB [39]

0.413 0.409 [−0.037, 
0.855]

I d = (M₁-M₂)/SDpooled Change scores, 
SD estimated from ranges

Aran et al. (2021) [89]* ASD HSQ-ASD PC [42] vs. 
PLB [39]

0.122 0.120 [−0.316, 
0.557]

I d = (M₁-M₂)/SDpooled Change scores, 
SD estimated from ranges

Aran et al. (2021) [89]* ASD CGI-S WP/PC [45] 
vs. PLB [47]

- - E - Only baseline 
data available

Aran et al. (2021) [89]* ASD CGI-I WP/PC [45] 
vs. PLB [47]

- - E - Only percentages
 of positive responses

Schnapp et al. (2022) 
[90]*

ASD CSHQ WP [44] vs. 
PLB [45]

0.147 0.146 [−0.270, 
0.562]

I d = (M₁-M₂)/SDpooled Change scores with 
reported SDs

Schnapp et al. (2022) 
[90]*

ASD CSHQ PC [42] vs. 
PLB [45]

0.188 0.187 [−0.235, 
0.608]

I d = (M₁-M₂)/SDpooled Change scores with 
reported SDs

da Silva Junior et 
al.(2024) [91]

ASD ATEC T WP [31] vs. 
PLB [29]

0.34 0.335 [−0.176, 
0.845]

I d = (M₁-M₂)/SDpooled Post-only
 comparison

da Silva Junior et 
al.(2024) [91]

ASD CARS WP [31] vs. 
PLB [29]

0.499 0.492 [−0.022, 
1.006]

I d = (M₁-M₂)/SDpooled Post-only
 comparison

Efron et al. (2020) [92] BP ABC PC [3] vs. PLB 
[4]

- - E - Sample size too small 
(n < 10)

Efron et al. (2020) [92] BP DASS PC [3] vs. PLB 
[4]

- - E - Sample size 
too small (n < 10)

Berry-Kravis et al. (2022) 
[93]

BP ABC-CFXS SA PC [110] vs. 
PLB [102]

0.137 0.137 [−0.627, 
0.901]

I d = LSMdiff/SDpooled LSM change 
scores with SE

Berry-Kravis et al. (2022) 
[93]*

BP ABC-CFXS SA PC [76] vs. 
PLB [91]

0.719 0.716 [−0.127, 
1.559]

I d = LSMdiff/SDpooled Methylation 
subgroup analysis

Wilson et al. (2019) [95] PSY RT PC [16] vs. 
PLB [15]

0.126 0.123 [−0.583, 
0.809]

I d = (ΔM₁-ΔM₂)/SDpooled Pre-post 
change comparison

Appiah-Kusi et al. 
(2020) [94]

PSY Cortisol PC [16] vs. 
PLB [16]

0.119 0.116 [−0.578, 
0.809]

I d = (ΔM₁-ΔM₂)/SDpooled Pre-post 
change comparison

Appiah-Kusi et al. 
(2020) [94]

ANX STAI PC [16] vs. 
PLB [16]

0.31 0.302 [−0.395, 
0.999]

I d = (ΔM₁-ΔM₂)/SDpooled Pre-post 
change comparison

Van Boxel et al. (2023) 
[96]

PSY DMN PC [16] vs. 
PLB [14]

0.8 0.778 [0.033, 
1.523]

I d = √(F×(n₁+n₂)/(n₁×n₂)) Calculated from 
time*treatment F-value

Bergamaschi et al. 
(2011) [97]

ANX VAMS-Anxiety PC [12] vs. 
PLB [12]

1.033 0.997 [0.145, 
1.849]

I d = √(F×(n₁+n₂)/(n₁×n₂)) Calculated from 
phases*group F-value

All effect sizes are positive, indicating improvement with cannabinoid treatment compared to placebo. Berry-Kravis* refers to subgroup analysis of participants with 
> 90% methylation. Confidence intervals in square brackets [lower limit, upper limit]. Abbreviations: Dx = Diagnosis/disorder type, ASD = Autism Spectrum Disorder, 
BP = Behavioral problems, PSY = Psychotic disorders; being at clinical high risk for psychosis, ANX = Anxiety disorder WP = Whole Plant extract, PC = Pure Cannabinoid, 
PLB = Placebo, n = sample size, g = Hedges’ g (corrected standardized mean difference), CI = Confidence Interval, I/E = Included/Excluded, LSM = Least Squares 
Mean, HSQ-ASD = Home Situations Questionnaire-Autism Spectrum Disorder, CSHQ = Children’s Sleep Habits Questionnaire, ATEC = Autism Treatment Evaluation 
Checklist, CARS = Childhood Autism Rating Scale, ABC-CFXS SA = Aberrant Behavior Checklist-Community Fragile X Syndrome Social Avoidance, RT = Reaction Time, 
STAI = State-Trait Anxiety Inventory, DMN = Default Mode Network, VAMS = Visual Analogue Mood Scale. Method Notes: Change scores indicate difference between 
pre- and post-treatment values, LSM change scores represent model-adjusted mean changes, Post-only refers to comparison of post-treatment values only, F-value 
interaction indicates effect sizes derived from time × treatment interaction F-statistics. Statistical Notes: All analyses conducted using random effects models
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divided into three groups: one receiving whole-plant 
cannabis extract (MC, n = 50), another receiving puri-
fied cannabinoids (PC, n = 50), and a PLB group (n = 50). 
Primary and secondary outcomes were changes in total 
scores of the home situations questionnaire (HSQ-ASD) 
and Autism Parenting Stress Index (APSI) which did not 
differ among groups. However, their analysis showed that 
disruptive behavior significantly improved in 49% of the 
whole-plant extract group compared to 21% in the PLB 
group (p = 0.005), as measured by the clinician-rated 
CGI-I scale. In contrast, the PC-group did not show a 
statistically significant improvement compared to the 
PLB-group (p = 0.08). The study concluded that while the 
treatment was well-tolerated, the evidence for its efficacy 
was mixed and insufficient [89].

Schnapp et al. (2022) studied the same population 
as part of the previously described trial by Aran et al. 
(2021). Their research question focused on the effects 
CTx on sleep disturbances in children and adolescents 
ASD as compared to PLB. The trial included 150 par-
ticipants (mean age = 11.8, age range 5–21) diagnosed 
with ASD confirmed by Autism Diagnostic Observation 
Schedule (ADOS-2), and who had moderate to severe BP. 
Participants were divided into three groups: MC (n = 50), 
PC (n = 50) and PLB (n = 50). To evaluate sleep scores 
a total of n = 131 participants completed pre- and post-
treatment measurements for twelve weeks. The results 
showed that CTx was not superior to PLB in improving 

sleep parameters measured by the Children’s Sleep-Habit 
Questionnaire (CSHQ), including bedtime resistance, 
sleep-onset delay, and sleep duration. However, improve-
ments in the CSHQ total score, regardless of treatment 
type, were associated with improvements in core autis-
tic symptoms, as indicated by the Social Responsiveness 
Scale (SRS) total scores (Period 1: r = 0.266, p = 0.008; 
Period 2: r = 0.309, p = 0.004). The study concluded that 
while sleep improvements were not higher with CTx 
compared to PLB, further research is needed. Addition-
ally, the study found no significant differences in the fre-
quency of mild to moderate adverse events between the 
CTx and PLB groups, and no treatment-related severe or 
serious adverse events were reported [90].

The most recent RCT was a study by da Silva Junior 
et al. (2024) which evaluated the efficacy and safety of a 
CBD-rich cannabis extract (MC) in children with ASD. 
Over 12 weeks 60 study participants (mean age = 7.68, age 
range 5–11) received either CTx (n = 31) or PLB (n = 29). 
Their results showed significant improvements in social 
interaction (p = 0.0002), anxiety (p = 0.016), psychomotor 
agitation (p = 0.003), and meal frequency (p = 0.04). Mild 
adverse effects, such as dizziness, insomnia, colic, and 
weight gain, were reported in 9.7% of the participants, 
with no serious adverse events. The findings suggest 
that CTx extract may offer therapeutic benefits for ASD 
symptoms, warranting further research to confirm these 
results [91].

Fig. 1 Forest plot for Hedges’ g. Forest plot showing standardized mean differences (Hedges’ g) with 95% confidence intervals for cannabinoid treatment 
versus placebo across studies. The size of squares represents the relative weight of each study in the meta-analysis based on inverse variance weighting. 
Horizontal lines indicate 95% confidence intervals. The black diamond at the bottom represents the overall effect (random effects] Hedges’s g = 0.308 
(0.167;0.448). Values to the right of the zero line indicate favorable effects of cannabinoid treatment. WP = Whole Plant extract, PC = Pure Cannabinoid, 
ATEC = Autism Treatment Evaluation Checklist, CARS = Childhood Autism Rating Scale, Cort = Cortisol, STAI = State-Trait Anxiety Inventory, DMN = Default 
Mode Network, VAMS = Visual Analogue Mood Scale. *Berry-Kravis subgroup analysis includes participants with > 90% methylation
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Cannabinoid treatment for behavioral problems (BP)
A small pilot-study by Efron et al. (2020) aimed to inves-
tigate the feasibility of conducting a RCT to assess the 
efficacy of pharmaceutical CBD in reducing severe BP in 
children and adolescents with intellectual disability (ID). 
The study enrolled eight participants (mean age = 13.9, 
age range 8–16), who were randomly assigned to receive 
either 98% CBD in oil (n = 4) or PLB (n = 4) for 8 weeks. 
The CBD dosage was gradually increased over nine days 
to a maximum of 20 mg/kg bodyweight per day, divided 
into two daily doses, with a maximum of 1000  mg per 
day. All participants (N = 8) completed the full study 
protocol with no serious adverse events or drop-outs. 
Adherence to the study protocol was good (100% adher-
ence to study visits and medication, 92% completion of 
blood tests, 88% completion of questionnaires). Parents 
reported high acceptability of the study design, and all 
indicated they would recommend the treatment to other 
families. The study observed an efficacy signal in favor 
of the CTx, with improvements in all assessed ques-
tionnaires being more pronounced in the CBD-group 
compared to PLB. These findings suggest that the trial 

protocol is feasible and well-accepted, and there is poten-
tial therapeutic efficacy of CBD in managing severe BP in 
children with ID. However, due to the very small sample 
size, further research with is needed [92].

Another RCT by Berry-Kravis et al. (2022) evalu-
ated the efficacy and safety of ZYN002 CBD trans-
dermal gel in children and adolescents with Fragile X 
Syndrome (FXS). The study involved 212 participants 
(mean age = 9.7; age range 5–21), who were diagnosed 
with FXS based on molecular documentation of the full 
FMR1 mutation. Participants were required to meet 
specific criteria related to BP and were excluded if they 
used cannabis products or certain medications. The trial 
administered ZYN002 in doses of 250 mg/day or 500 mg/
day for 12 weeks (n = 110), depending on body weight 
or PLB (n = 102). While the primary endpoint (changes 
in social avoidance) was not achieved in the full cohort, 
significant improvements were observed in patients with 
≥ 90% methylation of the FMR1 gene (n = 169; 79.7% of 
study population. ZYN002 was well-tolerated with a 
favorable benefit-risk profile, and about half of the partic-
ipants experienced mild to moderate treatment-emergent 

Fig. 2 Cochrane Risk of Bias 2 tool (RoB2) for Cannabinoids for psychiatric symptoms in youth
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adverse events, primarily application site pain, with no 
serious adverse events reported [93].

Cannabinoid treatment for psychotic disorders or clinical-
high-risk states (CHR)
Appiah-Kusi et al. (2020) investigated the effects of short-
term CBD treatment on stress response in individu-
als at clinical high risk (CHR) of developing psychosis. 
The study included 58 participants divided into three 
groups: CHR patients on CBD (n = 16; mean age = 22.3), 
CHR patients on PLB (n = 17, mean age = 25.12), and HC 
(n = 25, mean age 23.91). Over seven days, CHR patients 
received capsules of 600 mg of CBD (PC). On the eight 
day a Trier Social Stress Test (TSST) was performed. 
Intermediate cortisol reactivity and anxiety levels were 

measured via State Trait Anxiety Inventory (STAI) and 
Self-Statements during Public Speaking Scale (SSDPS). 
Results were compared to HC and PLB-treated CHR 
patients during stress exposure. The study found that 
cortisol reactivity to stress was highest in HC, lowest in 
CHR patients on PLB, and intermediate in CHR patients 
treated with CBD. Significant differences were observed 
between the HC and both CHR groups, but not between 
the CHR groups themselves. CBD-treated CHR patients 
also showed intermediate anxiety and stress levels com-
pared to the other groups. The findings suggest that CBD 
may help mitigate stress responses, especially cortisol 
reactivity, in CHR individuals, highlighting the need for 
further research with larger sample sizes and longer trial 
duration [94].

Fig. 3 Flow diagram according to PRISMA 2020
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Another study by Wilson et al. (2019) explored the 
effects of a single 600  mg dose of CBD on insular dys-
function during motivational salience processing in 
CHR. The study involved 52 participants, comparing 
fMRI responses during a monetary incentive delay task 
between antipsychotic-naive CHR patients and HC 
(n = 19, mean age = 23.9). Results indicated that CHR 
patients on PLB (n = 15, mean age = 24.1) exhibited 
increased activation in the insular cortex as compared to 
HC, while CBD treatment of CHR patients (n = 16, mean 
age = 22.7) appeared to attenuate this activation, sug-
gesting a potential moderating effect of CBD on abnor-
mal brain activity associated with psychosis risk. CBD 
reduced the heightened activation in the left insula/
parietal operculum and was linked to a general slowing 
of reaction time. This, according to the authors, indicates 
a potential mechanism for its proposed antipsychotic 
effects by normalizing motivational salience and regulat-
ing motor responses [95].

The most recent study investigating CTx for psychotic 
disorders van Boxel et al. (2023) examined the effects 
of CBD on patients with recent-onset schizophrenia 
or related psychotic disorders. The study involved 31 
patients who were treated with either 600  mg of CBD 
(n = 16; mean age = 24.7) or a PLB (n = 15, mean age = 27.5) 
daily for 28 days, alongside a stable dose of one antipsy-
chotic agent. The research focused on changes in rest-
ing-state functional connectivity, prefrontal metabolite 
levels, and reward processing. Results showed that CBD 
increased connectivity in the default mode network 
(DMN) compared to PLB but did not significantly affect 
prefrontal metabolite concentrations or reward process-
ing brain activity. However, exploratory analyses indi-
cated that CBD might reduce positive symptom severity 
by lowering prefrontal glutamate and N-acetyl-aspartate 
(NAA) levels. Specifically, the Positive and Negative Syn-
drome Scale (PANSS) scores for positive symptoms cor-
related with decreases in glutamate and NAA levels in 
the CBD group but not in the PLB group [96].

Cannabinoid treatment for anxiety disorders
Bergamaschi et al. (2011) investigated the effects of oral 
CBD in a short public speaking sequence in patients with 
Social Anxiety Disorder (SAD). A total of 24 treatment-
naive young adults with SAD were randomly allocated to 
receive either 600 mg of CBD (n = 12, mean age = 24.6) or 
a PLB (n = 12, mean age = 22.9) in a double-blind design 
1.5  h before the test. Additionally, HC (n = 12, mean 
age = 23.3) performed the speaking sequence without 
receiving any medication. Each participant took part 
in only one experimental session. Subjective ratings 
were measured using the Visual Analogue Mood Scale 
(VAMS) and the Negative Self-Statement Scale (SSPS-
N), alongside physiological measures such as blood 

pressure, heart rate, and skin conductance, at six dif-
ferent time points during the speaking sequence. Their 
study found that pretreatment with CBD significantly 
reduced anxiety, cognitive impairment, and discomfort 
during speech performance, and significantly decreased 
alertness during anticipatory speech. In contrast, the 
PLB group exhibited higher levels of anxiety, cognitive 
impairment, discomfort, and alertness compared to the 
control group, as assessed with the VAMS. The SSPS-N 
scores increased significantly during testing in the PLB 
group, but this increase was almost abolished in the CBD 
group. No significant differences were observed between 
the CBD group and HC in SSPS-N scores or in the cogni-
tive impairment, discomfort, and alert factors of VAMS. 
Overall, the increase in anxiety induced by the speaking 
sequence in subjects with SAD was reduced with the use 
of CBD, resulting in responses similar to those of HC 
[97]. See Tables  3 and 4 for study objectives and main 
results.

Cannabinoid dosages used
Across the nine studies analyzed maximum CBD dosages 
ranged from 17.5 mg per day to 1000 mg per day. Only in 
one study [91] the maximum applied CBD dose per day 
was “only” 17.5 mg. In this cohort the mean age was also 
the lowest (mean age = 7.68 years). In all other trials max-
imum CBD doses ranged between 420 mg and 1000 mg 
per day. In only two trials MC was used and THC was 
co-administered (n = 1 trial, CBD: THC = 20:1; n = 1 trial, 
CBD: THC = 9:1). In those studies, maximum THC doses 
ranged from 1.95 mg to 21 mg per day. In total 305 indi-
viduals with mean ages ranging from 7.68 to 24.7 years 
of age were treated with CBD within the analyzed RCTs. 
Of those 195 received oral CBD via oil (n = 3 trials) and 
capsules (n = 4 trials). In one trial (n = 1 trial) 110 indi-
viduals received CBD topical, as transdermal gel [93] (See 
Tables 1 and 2).

Safety– adverse effects– searching for a “safe dose”?
Across all analyzed studies no treatment related severe 
adverse events were reported. Three studies did not 
report any adverse events [94, 95, 97]. In the trial result-
ing in two publications by Aran et al. (2021) and Schnapp 
et al. (2022) three participants withdrew due to adverse 
events. They reported higher incidence of mild and mod-
erate adverse events in the CTx group vs. the PLB group, 
without being statistically significant. Similar rates of 
adverse events were reported by da Silva Junior et al. 
(2024); Efron et al. (2020) and van Boxel et al. (2023). For 
the cohort receiving transdermal CBD gel about 54% of 
all patients experienced adverse events, with the main 
adverse symptom being site pain of the transdermal 
application [93] (See Table 5).
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Generally, the applied cannabinoids and their respec-
tive dosages were reported to be well tolerated by the 
study participants, without any treatment related severe 
adverse events having been identified and stated. The 
applied dosages for children, adolescents and young 
adults were described above. The maximum applied dose 
of CBD per day was 20 mg/kg bodyweight (up to 1000 mg 
CBD per day as in Efron et al., (2020)). In the studies 
with 600 mg as daily CBD maximum in young adults we 
assumed a mean body weight of 70 kg and calculated an 
estimated dosage CBD of 8.57  mg/kg bodyweight as a 
conservative maximum dose for adults.

Quantitative analysis and risk of bias analysis
Effect sizes for 13 primary outcomes (n = 13, 13 primary 
outcomes of 8 analyzed studies) were calculated and are 
displayed in Table 6; Fig. 1. For baseline data please see 
supplementary excel files (Supp_BL_Data.xlsx). Several 
outcomes required careful consideration for inclusion. 
The primary outcomes from Efron et al. were excluded 
due to insufficient statistical power (< 10 participants). 
Similarly, we could not include the Clinical Global 
Impression-Severity (CGI-S) outcomes from Aran et 
al., as their results were reported only as percentages of 
positive responders without clear baseline comparisons. 
Where appropriate, we differentiated between WP vs. 
PLB and PC vs. PLB comparisons. For the outcome of 
Berry-Kravis et al., we conducted separate effect size cal-
culations for the total study population and a subgroup 
analysis focusing on Fragile-X patients with methylation 
levels exceeding 90%. Using a random-effects model, the 
overall pooled effect showed a modest positive effect 
(Hedges’ g = 0.308, 95% CI: 0.167, 0.448), though with 
substantial uncertainty in the estimate. Individual study 
effect sizes ranged from 0.116 (95% CI: −0.578, 0.809) to 
0.997 (95% CI: 0.145, 1.849), with most studies showing 
wide confidence intervals (CI) that included zero (see 
Fig. 1).

Subgroup analyses, accounting for the dependency 
structure, revealed comparable effects between WP prep-
arations (g = 0.328, 95% CI: 0.083, 0.573, n = 4 outcomes 
from 3 independent trials) and pharmaceutical canna-
binoids (g = 0.292, 95% CI: 0.069, 0.515, n = 9 outcomes 
from 6 independent trials). Duration analysis indicated 
that long-term interventions (g = 0.277, 95% CI: 0.132, 
0.422, n = 8 outcomes from 3 independent trials) showed 
a smaller but more precise effect compared to short-
term interventions (g = 0.416, 95% CI: −0.058, 0.891, 
n = 5 outcomes from 4 independent trials). Heterogene-
ity analyses, accounting for the dependency of outcomes 
from the same study population (particularly the Aran/
Schnapp cohort), revealed low statistical heterogeneity 
(I² = 0%, τ² = 0, Q = 8.01, df = 12, p = 0.784). The multilevel 
meta-analysis, which explicitly modeled the dependency 

structure between outcomes from the same clinical trial, 
confirmed these findings with negligible variance compo-
nents at both the study (σ² = 0.000) and outcome level (σ² 
= 0.000). This suggests that, despite the varying treatment 
durations, outcome measures, and the inclusion of multi-
ple outcomes from the same study population, the results 
were remarkably consistent across studies. However, 
this low heterogeneity should be interpreted cautiously 
given the small number of independent trials included in 
the quantitative analysis (n = 7) and the wide confidence 
intervals observed in some subgroups.

Among clinical indications, primary outcomes for 
symptoms related to ASD demonstrated the most con-
sistent evidence base (g = 0.264, 95% CI: 0.107, 0.421, 
n = 6 outcomes from 2 independent trials), while other 
subgroups showed considerably wider confidence inter-
vals: BP (g = 0.398, 95% CI: −3.262, 4.059, n = 2 outcomes 
from 1 trial), psychotic disorder/CHR (g = 0.439, 95% CI: 
−3.723, 4.601, n = 2 outcomes from 2 trials), and anxiety 
(g = 0.415, 95% CI: −0.667, 1.497, n = 3 outcomes from 2 
trials).

Generally, the analysis revealed complex relationships 
between age, cannabinoid dosing, and treatment effects. 
Age-stratified analysis showed that young adults (mean 
age 23.3 years, n = 5 outcomes from 117 participants) 
demonstrated higher effect sizes (g = 0.463, SD = 0.402) 
compared to pediatric populations (mean age 11.8 
years, n = 8 outcomes from 357 participants; g = 0.318, 
SD = 0.212). However, this difference should be inter-
preted cautiously as age and dosing were confounded, 
with adult studies consistently using higher CBD doses 
(mean 600 mg/day) compared to pediatric studies (mean 
339.4 mg/day).

Correlation analyses revealed no significant relation-
ship between CBD dosage and effect size (ρ = −0.014, 
p = 0.963), and only a weak, non-significant positive cor-
relation between age and effect size (ρ = 0.227, p = 0.457). 
Analysis by formulation type showed that oral capsule 
preparations, used exclusively in adult populations, 
demonstrated the highest mean effect size (g = 0.463, 
SD = 0.402), followed by topical gel applications used in 
pediatric populations (g = 0.426, SD = 0.409), while oil-
based formulations showed more modest but more con-
sistent effects (g = 0.282, SD = 0.153).

Risk of bias was performed using RoB 2-tool and robvis 
for visualization (see Fig. 2). Risk of bias for randomiza-
tion processes and deviation from intended intervention 
were found to be low in all studies. For the publications 
(n = 5, four trials) on ASD and BP some concerns were 
found for missing outcome data, bias in measurement 
of the outcome and bias in selection of reported results. 
Due to some concerns in more than one domain of the 
RoB 2, these studies were assessed as overall high risk of 
bias. The three studies on psychotic disorders/CHR were 
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rated as low risk for bias in all five domains (overall low 
risk of bias). The study on anxiety was rated with some 
concerns regarding bias in selection of the reported result 
(overall moderate risk of bias). However, these latter four 
trials were very short in duration ranging from one day/
single application of CBD (n = 2), 7 days (n = 1), to 28 days 
(n = 1).

Discussion
This systematic review and meta-analysis (for effect sizes 
of primary outcomes) provides an updated overview 
of RCTs on the therapeutic application of cannabinoids 
for children, adolescents, and young adults with psychi-
atric symptoms. We found that those studies qualifying 
for assessment (nine publications of eight clinical trials) 
studied the effects of cannabinoids on ASD, BP and psy-
chotic disorders/CHR. The last systematic review by Rice 
et al. (2024) included literature published until April 2021 
[18]. Then, the authors identified 5241 records through 
database searching and included 18 studies in their 
review. However, their study focused on human data (age 
range 0–18 years) and included one RCT, one open-label 
study, three observational trials, two case series and 11 
case reports. In this systematic review we focused on 
updating the evidence by opting to include only RCTs. 
The study by Efron et al. (2020; N = 8) is the only RCT 
that was included both in the review conducted by Rice 
et al. (2024) and this systematic review. Furthermore, for 
this review we increased the age range to a mean age of 
25 years for study populations that received CTx. The 
rationale to include trials with young adults aimed at cov-
ering the full transition age range typically referring to a 
period from late adolescence to early adulthood spanning 
from about 16 to 25 years in which most of psychiatric 
disorders emerge [9]. This includes schizophrenia with a 
peak age of onset of 20 to 25 years. Moreover, since brain 
maturation continues until the age of 25 [98], effects and 
side effects of medications/drugs may differ between age 
groups under and over 25 years.

Qualitative synthesis
The efficacy of CTx for ASD remains uncertain based on 
the two RCTs that we assessed in this review. Aran et al. 
found that MC improved disruptive behavior, but not 
other outcomes like parenting stress [89]. Schnapp et al. 
reported no improvement in sleep disturbances with CTx 
compared to PLB [90]. In contrast, da Silva Junior et al. 
reported significant improvements in social interaction, 
anxiety, and psychomotor agitation following cannabi-
noid treatment. However, the generalizability of these 
findings is constrained by methodological limitations, 
including a relatively small sample size and the absence of 
baseline comparisons, as only post-treatment outcomes 
were reported. Moreover, the administered cannabinoid 

dosages were notably lower than those employed in com-
parable studies, further complicating direct comparisons 
with the other studies [91]. Overall, while there are some 
indications of efficacy, the evidence is mixed. The two 
studies on CTx for BP also showed mixed results. Efron et 
al. found that CBD may reduce severe BP in children with 
ID, though the small sample size limits the findings [92]. 
In a larger trial, Berry-Kravis et al. observed that ZYN002 
CBD gel did not significantly reduce social avoidance in 
children with Fragile X Syndrome overall but did show 
benefits in a specific genetic subgroup [93]. The results 
of the three included studies of CTx for individuals at 
CHR or recent onset psychotic disorder are also mixed. 
Appiah-Kusi et al. found that CBD reduced stress-related 
cortisol reactivity and anxiety levels in CHR patients [94]. 
Wilson et al. observed that a single dose of CBD mod-
erated abnormal brain activity in the insula, potentially 
reducing psychosis risk [95]. However, van Boxel et al. 
reported that while CBD increased DMN connectivity 
in patients with recent-onset psychosis, it had limited 
impact on other brain metabolites and reward processing 
[96]. Bergamaschi et al. found that a single 600 mg dose 
of CBD significantly reduced anxiety, cognitive impair-
ment, and discomfort during a public speaking test in 
young adults with SAD, making their responses similar to 
HC. The PLB group experienced higher anxiety and dis-
comfort, highlighting CBD’s potential efficacy in reduc-
ing anxiety [97].

Quantitative synthesis
Our meta-analysis of effect sizes for primary outcomes 
presents preliminary evidence regarding CTx, with find-
ings suggesting modest overall effectiveness but marked 
by substantial uncertainty in specific applications. The 
overall effect size (g = 0.308) should be interpreted with 
considerable caution given the heterogeneous nature 
of included studies and outcomes. While ASD studies 
emerged as the most consistent subgroup in our analy-
sis, with a confidence interval not including zero, the 
modest effect size (g = 0.264) warrants careful interpre-
tation. However, ASD studies also exhibited heteroge-
neity and the inclusion of da Silva Junior and colleagues’ 
study, which reported only post-treatment data without 
baseline comparisons, introduces potential confounding 
factors.

The comparable effects observed between WP and PC 
might suggest similar efficacy profiles, but the overlap-
ping confidence intervals and uneven sample sizes pre-
clude definitive conclusions about relative effectiveness. 
Similarly, while long-term interventions showed more 
precise estimates than short-term studies, this finding 
warrants cautious interpretation given the different sam-
ple sizes and methodological heterogeneity across stud-
ies. The relationship between age, dosage, and treatment 
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response appears potentially non-linear. Adult studies, 
which exclusively used higher doses (600  mg/day) and 
oral capsule formulations, showed larger but more vari-
able effects. However, this finding is likely confounded 
by the predominance of short-term and single-dose 
studies in the adult population, which may overestimate 
effect sizes compared to longer-term interventions. 
The analyzed primary outcomes of the pediatric stud-
ies employed more diverse dosing strategies and formu-
lations, resulting in more consistent effects. A notable 
outlier in the pediatric group is the da Silva Junior study, 
which reported comparable effect sizes despite using 
substantially lower doses (17.5  mg CBD/day) compared 
to other pediatric studies (339.4  mg CBD/day mean 
dosage).

In total, several methodological considerations warrant 
attention when interpreting these quantitative findings. 
While our analysis included 13 primary outcomes from 
8 studies (with Efron et al. excluded due to small sam-
ple size), the relatively small sample sizes in some stud-
ies and subgroups resulted in wide confidence intervals, 
particularly evident in the behavioral problems (2 pri-
mary outcomes) and psychotic disorder/CHR (2 primary 
outcomes) subgroups. The varying treatment durations 
(from single-dose to 12-week interventions) potentially 
affect the interpretation of treatment effects on primary 
outcomes. Although our heterogeneity analyses suggest 
consistent findings across different treatment durations 
(I² = 0%), the smaller effect sizes but narrower confidence 
intervals in long-term studies (g = 0.277, 95% CI: 0.132, 
0.422, 8 primary outcomes) compared to short-term 
interventions (g = 0.416, 95% CI: −0.058, 0.891, 5 primary 
outcomes) suggest that treatment duration may influ-
ence both the magnitude and reliability of outcomes. The 
extreme width of confidence intervals in BP, CHR and 
anxiety subgroups underscores the substantial uncer-
tainty in these areas. This imprecision, combined with 
the small number of studies per subgroup, suggests that 
current evidence is insufficient to draw meaningful con-
clusions about efficacy in these conditions. The varying 
levels of bias risk across included studies and the hetero-
geneous nature of outcome measures further complicate 
interpretation of the pooled effects.

Adverse events and safety
Regarding adverse events all studies reported mild to 
moderate side effects of CTx, but no serious side effects 
(see Table  5). A maximum dosage of CBD 1000  mg/d 
and maximum co-administered doses of THC 21  mg/d 
were well tolerated. In recent safety analysis of CBD 
and CBD + THC in the population over 50 years of age 
showed that MC and PC are in general safe and accept-
able in older adults [99]. Regarding adverse events 
another recent meta-analysis found that CBD is generally 

well-tolerated but is associated with increased risks of 
adverse events, particularly in childhood epilepsy stud-
ies where it may interact with other medications [100]. 
Another meta-analysis of CBD for epilepsy found asso-
ciations with the development of several adverse events, 
such as somnolence, decreased appetite, diarrhea, and 
liver enzyme elevation. However, dosages ranged from 
5 to 50  mg/kg bodyweight. The risk for serious adverse 
events was higher in the CBD-groups compared to PLB 
[101]. Seven trials analyzed in this review remained 
under the threshold of CBD 10  mg/kg bodyweight, one 
study with n = 4 participants treated with CBD had a 
maximum of 20 mg/kg body weight.

Psychoactive drugs for minors?
While cannabinoids are different from psychedelics they 
share several similarities, particularly when considered 
for therapeutic use in the young [102, 103]. Both canna-
binoids and psychedelics interact with the brain’s neu-
rochemical systems, influencing mood, perception, and 
cognition. Furthermore, the ECS and serotonergic activ-
ity are closely linked and one system seems to modulate 
the other [104, 105]. While CBD also acts as an agonist 
at the 5HT1A receptor, THC and other cannabinoids 
primarily interact with the ECS [106]. Classical psyche-
delics such as LSD, psilocybin and mescaline modulate 
serotonin receptors, particularly the 5-HT2A receptor 
[107]. Both classes of substances are being investigated 
for their potential in treating severe psychiatric condi-
tions, including anxiety, PTSD, and depression, especially 
when conventional treatments have failed [108]. Safety 
and neurodevelopmental concerns are paramount for 
both, especially when considering their use in minors. 
The developing brain’s vulnerability necessitates a cau-
tious approach, with strict supervision in clinical settings 
to mitigate potential risks [109, 110].

Furthermore, both substance classes face significant 
legal and ethical challenges, as they are often heavily 
regulated [111]. This limits their availability and requires 
careful navigation of legal frameworks for their use in 
medical treatments, particularly in younger populations. 
The growing body of research into their therapeutic 
potential continues to shape our understanding of how 
these substances can be safely and effectively used.

Thus, cannabinoids, due to the existing scientific data 
on their therapeutic use and safety in minors, as well as 
the broader legal acceptance, could serve as a model for 
the therapeutic use of psychedelics in minors.

Limitations and strengths of this review
To our knowledge this is the first review assessing only 
RCTs within the domain of child, adolescent and young 
adult-psychiatry and the application of cannabinoids 
with therapeutic intend. Due to significant heterogeneity 
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in study designs, outcomes, and reporting methods, we 
restricted our quantitative analysis to primary outcomes 
only, as these represented the most robustly defined and 
reported endpoints across the studies. While we were 
able to calculate effect sizes for primary outcomes, the 
underlying heterogeneity in outcome measures, study 
populations, and intervention protocols suggests these 
results should be interpreted with considerable caution. 
This methodological challenge reflects a broader issue in 
cannabinoid research, where the rapid proliferation of 
studies has outpaced standardization of outcome mea-
sures and intervention protocols. The varying approaches 
to outcome measurement and reporting strongly limit 
the evidential strength of this review.

This systematic evaluation is especially timely given the 
increasing global trend toward cannabinoid legalization 
and the growing availability of cannabis-based products. 
From a clinical perspective, the rising interest from par-
ents and caregivers seeking alternatives to conventional 
pharmacotherapy in child and adolescent psychiatry cre-
ates an urgent need for evidence-based guidance. Clini-
cians increasingly face the question, “Isn’t it possible to 
prescribe CBD for my young patient?”

To this date the meta-analysis by Black et al. (2019) 
remains the most thorough review, covering RCTs and 
observational studies on mental health conditions such 
as depression, anxiety, ADHD, Tourette syndrome, 
PTSD, and psychotic disorders in adults [19]. Their find-
ings show limited evidence supporting the effectiveness 
of CBD or MC in treating these disorders. There was 
some low-quality evidence suggesting that pharma-
ceutical THC, with or without CBD, may help alleviate 
anxiety symptoms in people with other medical condi-
tions like chronic non-cancer pain and multiple sclerosis 
[19]. A recent meta-analysis of animal studies found that 
pre-existing anxiety predicted larger effects of CBD on 
unconditioned anxiety. However tempting to conclude 
from these results that effective application in human 
patients may be possible, the quality of their evidence was 
still low [112]. Another recent critical narrative review on 
the potential benefits of CBD for psychiatric conditions 
in adult populations came to similar conclusions like pre-
vious findings– more evidence and mid-to-long-term 
data are needed [22].

Implications for future research
Future research in this field would benefit from sev-
eral key improvements. Larger, well-controlled trials are 
needed. Standardization of outcome measures across 
studies would facilitate more meaningful comparisons 
and meta-analyses. Direct comparisons between whole 
plant and pharmaceutical preparations, conducted with 
rigorous methodology and adequate sample sizes, would 
help clarify their relative benefits and risks. Additionally, 

longer-term follow-up studies with standardized pro-
tocols would provide much-needed evidence about sus-
tained effectiveness and safety.

Conclusion
Despite growing interest in society and the increased 
number of publications and ‘cannabinoid-supportive’ 
statements in the media, current evidence for efficacy 
of cannabinoids is still scarce. Our effect size analysis 
for primary outcomes revealed a modest positive overall 
effect and the use of cannabinoids was associated with 
few side effects and generally well tolerated. However, 
results from previously published reviews, meta-analyses, 
and our findings suggest there is still insufficient evidence 
to recommend prescribing cannabinoids for mental dis-
orders in children, adolescents, and young adults. The 
growing interest in cannabinoid therapeutics, along with 
emerging trends in psychedelic medicine, underscores 
the crucial need for well-conducted, rigorous research 
with standardized protocols and outcome measures, par-
ticularly in young populations where neurodevelopmen-
tal considerations are paramount. Future research should 
prioritize large-scale, well-controlled trials with consis-
tent methodologies to establish a more robust evidence 
base for clinical decision-making.

Supplementary Information
The online version contains supplementary material available at  h t t  p s : /  / d o  i .  o r 
g / 1 0 . 1 1 8 6 / s 1 3 0 3 4 - 0 2 4 - 0 0 8 4 6 - 5     .  

Supplementary Material 1.

Supplementary Material 2.

Supplementary Material 3.

Acknowledgements
We would like to express our sincere gratitude for the support and 
encouragement provided by our colleagues at the University Clinics of Child 
and Adolescent Psychiatry and Psychotherapy in Bern (UPD), University Clinics 
for Psychiatry in Basel (UPK) and Clinic Barmelweid.

Author contributions
PK*: Conceptualization, data curation, formal analysis, writing– original draft. 
AB*: Data curation, writing– original draft. MM: Writing– review & editing. AK: 
Review & editing. MW: Supervision, review & editing. JK: Supervision, review 
& editing.* PK and AB contributed equally to this manuscript (shared first 
authorship).

Funding
The authors received no financial support for the research, authorship, and/or 
publication of this article.

Availability of data and materials
No datasets were generated or analysed during the current study.

Declarations

Ethical approval and consent to participate
Not applicable. An ethics statement is not applicable because this systematic 
review is based exclusively on previously published literature.

https://doi.org/10.1186/s13034-024-00846-5
https://doi.org/10.1186/s13034-024-00846-5


Page 18 of 20Köck et al. Child and Adolescent Psychiatry and Mental Health          (2024) 18:158 

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Human ethics and consent to participate
Not applicable.

Clinical trial number
Not applicable.

Author details
1Department of Psychosomatics and Psychotherapy, Clinic Barmelweid, 
Barmelweid, Switzerland
2University Hospital of Child and Adolescent Psychiatry and 
Psychotherapy, University of Bern, Bern, Switzerland
3Department of Psychiatry, University Clinics of Psychiatry Basel, 
University of Basel, Basel, Switzerland
4Department of Anesthesiology & Pain Medicine, Bern University Hospital, 
Inselspital, University of Bern, Bern, Switzerland
5Clinic of Psychiatry and Psychotherapy, Psychiatric Services Aargau, 
Windisch, Switzerland
6Child and Adolescent Psychiatry, Psychiatry Baselland, Liestal, 
Switzerland

Received: 27 August 2024 / Accepted: 27 November 2024

References
1. Di Marzo V, Bifulco M, De Petrocellis L. The endocannabinoid system and its 

therapeutic exploitation. Nat Rev Drug Discov. 2004;3(9):771–84.
2. Pacher P, Bátkai S, Kunos G. The endocannabinoid system as an emerging 

target of pharmacotherapy. Pharmacol Rev. 2006;58(3):389–462.
3. Farrelly KN, Wardell JD, Marsden E, Scarfe ML, Najdzionek P, Turna J et al. The 

impact of recreational Cannabis legalization on Cannabis Use and Associated 
outcomes: a systematic review. Subst Abus Res Treat. 2023;17:1–22

4. Köck P, Lang E, Trulley VN, Dechent F, Mercer-Chalmers-Bender K, Frei 
P, et al. Cannabidiol Cigarettes as Adjunctive Treatment for psychotic 
disorders– a randomized, open-label pilot-study. Front Psychiatry. 
2021;12(November):1–11.

5. Baltes-Flueckiger L, Steinauer R, Meyer M, Vogel M, Walter M. Effects of can-
nabis regulation in Switzerland: study protocol of a randomized controlled 
trial. Front Psychiatry. 2023;14(March):1–11.

6. Mosandl CF, Baltes-Flückiger L, Kronschnabel J, Meyer M, Guessoum A, 
Herrmann O, et al. Cannabis use and its association with psychopathological 
symptoms in a Swiss adult population: a cross-sectional analysis. Front Public 
Heal. 2024;12(May):1–11.

7. Cairns EA, Benson MJ, Bedoya-Pérez MA, Macphail SL, Mohan A, Cohen R, et 
al. Medicinal cannabis for psychiatry-related conditions: an overview of cur-
rent Australian prescribing. Front Pharmacol. 2023;14(June):1–19.

8. Mahabir VK, Merchant JJ, Smith C, Garibaldi A. Medical cannabis use in the 
United States: a retrospective database study. J Cannabis Res. 2020;2(1):32.

9. Solmi M, Radua J, Olivola M, Croce E, Soardo L, Salazar de Pablo G, et al. Age 
at onset of mental disorders worldwide: large-scale meta-analysis of 192 
epidemiological studies. Mol Psychiatry. 2022;27(1):281–95.

10. Antolini G, Colizzi M. Where do neurodevelopmental disorders go? Casting 
the Eye away from Childhood towards Adulthood. Healthc. 2023;11(7):1–22.

11. Chadwick O, Kusel Y, Cuddy M. Factors associated with the risk of behaviour 
problems in adolescents with severe intellectual disabilities. J Intellect Disabil 
Res. 2008;52(10):864–76.

12. Semovski V, King C, Lapshina N, Stewart SL. A cross-sectional examination of 
service complexity in youths with co-occurring autism spectrum disorder 
and psychiatric or medical diagnoses across service sectors. Front Psychol. 
2023;13(February):1–16.

13. Sheehan R, Hassiotis A, Walters K, Osborn D, Strydom A, Horsfall L. Mental 
illness, challenging behaviour, and psychotropic drug prescribing in 
people with intellectual disability: UK Population based cohort study. BMJ. 
2015;351.:1–9

14. Ninan A, Stewart SL, Theall LA, Katuwapitiya S, Kam C. Adverse effects of 
psychotropic medications in children: predictive factors. J Can Acad Child 
Adolesc Psychiatry. 2014;23(3):218–25.

15. Rapoport JL. Pediatric psychopharmacology: too much or too little? World 
Psychiatry. 2013;12(2):118–23.

16. Rao P, Morandini H. Newer modalities in psychopharmacology in children 
and adolescents: a selective narrative review of the literature. J Indian Assoc 
Child Adolesc Ment Heal. 2023;19(1):88–94.

17. Efron D, Taylor K. Medicinal Cannabis for paediatric developmental, 
behavioural and mental health disorders. Int J Environ Res Public Health. 
2023;20(8).:1–15

18. Rice LJ, Cannon L, Dadlani N, Cheung MMY, Einfeld SL, Efron D, et al. Efficacy 
of cannabinoids in neurodevelopmental and neuropsychiatric disorders 
among children and adolescents: a systematic review. Eur Child Adolesc 
Psychiatry. 2024;33(2):505–26.

19. Black N, Stockings E, Campbell G, Tran LT, Zagic D, Hall WD, et al. Canna-
binoids for the treatment of mental disorders and symptoms of mental 
disorders: a systematic review and meta-analysis. Lancet Psychiatry. 
2019;6(12):995–1010.

20. Hill KP, Gold MS, Nemeroff CB, McDonald W, Grzenda A, Widge AS, et al. Risks 
and benefits of Cannabis and cannabinoids in Psychiatry. Am J Psychiatry. 
2022;179(2):98–109.

21. Sarris J, Sinclair J, Karamacoska D, Davidson M, Firth J. Medicinal cannabis for 
psychiatric disorders: a clinically-focused systematic review. BMC Psychiatry. 
2020;20(1):1–14.

22. Dammann I, Rohleder C, Leweke FM. Cannabidiol and its potential 
evidence-based Psychiatric benefits - a critical review. Pharmacopsychiatry. 
2024;57(3):115–32.

23. Solmi M, De Toffol M, Kim JY, Choi MJ, Stubbs B, Thompson T et al. Balancing 
risks and benefits of cannabis use: Umbrella review of meta-analyses of 
randomised controlled trials and observational studies. BMJ. 2023;61.:1–19

24. Silvestro S, Mammana S, Cavalli E, Bramanti P, Mazzon E. Use of Cannabidiol 
in the treatment of Epilepsy: efficacy and security in clinical trials. Molecules. 
2019;24(8).:1–25

25. Whiting PF, Wolff RF, Deshpande S, Di Nisio M, Duffy S, Hernandez AV, et al. 
Cannabinoids for medical use: a systematic review and meta-analysis. JAMA - 
J Am Med Assoc. 2015;313(24):2456–73.

26. Bruni N, Della Pepa C, Oliaro-Bosso S, Pessione E, Gastaldi D, Dosio F. Can-
nabinoid Delivery systems for pain and inflammation treatment. Molecules. 
2018;23(10).:1–25

27. Leung J, Chan G, Stjepanović D, Chung JYC, Hall W, Hammond D. Prevalence 
and self-reported reasons of cannabis use for medical purposes in USA and 
Canada. Psychopharmacology. 2022;239(5):1509–19.

28. Wallis D, Coatsworth JD, Mennis J, Riggs NR, Zaharakis N, Russell MA, et al. 
Predicting Self-Medication with Cannabis in Young adults with hazardous 
Cannabis Use. Int J Environ Res Public Health. 2022;19(3):1–15.

29. Wade NE, Nguyen-Louie TT, Wallace AL, Sullivan RM, Tapert SF. Commercial 
cannabidiol for community-based young adolescents: Predicting Medicinal 
Use. Cannabis Cannabinoid Res. 2024;X(X):1–9.

30. Smith CJ, Vergara D, Keegan B, Jikomes N. The phytochemical diversity of 
commercial Cannabis in the United States. PLoS ONE. 2022;17(5):e0267498.

31. Lafaye G, Karila L, Blecha L, Benyamina A. Cannabis, cannabinoids, and health. 
Dialogues Clin Neurosci. 2017;19(3):309–16.

32. Mazzetti C, Ferri E, Pozzi M, Labra M. Quantification of the content of can-
nabinol in commercially available e-liquids and studies on their thermal and 
photo-stability. Sci Rep. 2020;10(1):6–11.

33. Quiñones R, Moreno S, Smythers AL, Sullins C, Pijor H, Brown G, et al. Quantifi-
cation of Cannabis in Infused Consumer products and their residues on skin. 
ACS Pharmacol Transl Sci. 2022;5(8):642–51.

34. NICE Clinical Guideline Team. Cannabis-based products for medicinal use| 
Guidance| NICE. Nice. 2019;1–12.

35. Aizpurua-Olaizola O, Soydaner U, Öztürk E, Schibano D, Simsir Y, Navarro 
P, et al. Evolution of the cannabinoid and terpene content during the 
growth of Cannabis sativa plants from different chemotypes. J Nat Prod. 
2016;79(2):324–31.

36. Schurman LD, Lu D, Kendall DA, Howlett AC, Lichtman AH. Molecular 
mechanism and cannabinoid pharmacology. Handb Exp Pharmacol. 
2020;258:323–53.

37. Behl T, Makkar R, Sehgal A, Singh S, Makeen HA, Albratty M et al. Exploration 
of Multiverse activities of endocannabinoids in Biological systems. Int J Mol 
Sci. 2022;23(10).:1–23



Page 19 of 20Köck et al. Child and Adolescent Psychiatry and Mental Health          (2024) 18:158 

38. Kitchigina VF. Cannabinoids, the Endocannabinoid System, and cognitive 
functions: enemies or friends? Neurosci Behav Physiol. 2021;51(7):893–914.

39. Garani R, Watts JJ, Mizrahi R. Endocannabinoid system in psychotic and mood 
disorders, a review of human studies. Prog Neuro-Psychopharmacology Biol 
Psychiatry. 2021;106(August 2020):110096.

40. Stampanoni Bassi M, Gilio L, Maffei P, Dolcetti E, Bruno A, Buttari F, et al. 
Exploiting the multifaceted effects of cannabinoids on mood to boost 
their therapeutic use against anxiety and depression. Front Mol Neurosci. 
2018;11(November):1–11.

41. D’Angelo M, Steardo L. Cannabinoids and sleep: exploring Biological mecha-
nisms and therapeutic potentials. Int J Mol Sci. 2024;25(7).:1–12

42. Lu HC, Mackie K. Review of the Endocannabinoid System. Biol Psychiatry 
Cogn Neurosci Neuroimaging. 2021;6(6):607–15.

43. Bie B, Wu J, Foss JF, Naguib M. An overview of the cannabinoid type 2 
receptor system and its therapeutic potential. Curr Opin Anaesthesiol. 
2018;31(4):407–14.

44. Minichino A, Senior M, Brondino N, Zhang SH, Godwlewska BR, Burnet PWJ, 
et al. Measuring disturbance of the Endocannabinoid System in psychosis: a 
systematic review and Meta-analysis. JAMA Psychiatry. 2019;76(9):914–23.

45. Su T, Yan Y, Li Q, Ye J, Pei L. Endocannabinoid System unlocks the puzzle of 
Autism Treatment via Microglia. Front Psychiatry. 2021;12:734837.

46. Dallabrida KG, de Oliveira Bender JM, Chade ES, Rodrigues N, Sampaio 
TB. Endocannabinoid System Changes throughout Life: implications and 
therapeutic potential for autism, ADHD, and Alzheimer’s Disease. Brain Sci. 
2024;14(6):1–22.

47. Katona I. Cannabis and Endocannabinoid Signaling in Epilepsy. Handb Exp 
Pharmacol. 2015;231:285–316.

48. Di Filippo M, Pini LA, Pelliccioli GP, Calabresi P, Sarchielli P. Abnormalities in the 
cerebrospinal fluid levels of endocannabinoids in multiple sclerosis. J Neurol 
Neurosurg Psychiatry. 2008;79(11):1224–9.

49. Bloomfield MAP, Ashok AH, Volkow ND, Howes OD. The effects of ∆(9)-tetra-
hydrocannabinol on the dopamine system. Nature. 2016;539(7629):369–77.

50. Huestis MA. Human cannabinoid pharmacokinetics. Chem Biodivers. 
2007;4(8):1770–804.

51. dos Santos RG, Hallak JEC, Crippa JAS. Neuropharmacological effects of the 
Main Phytocannabinoids: a narrative review. In: Murillo-Rodriguez E, Pandi-
Perumal SR, Monti JM, editors. Cannabinoids and Neuropsychiatric disorders. 
Cham: Springer International Publishing; 2021. pp. 29–45.

52. Laprairie RB, Bagher AM, Kelly MEM, Denovan-Wright EM. Cannabidiol is a 
negative allosteric modulator of the cannabinoid CB1 receptor. Br J Pharma-
col. 2015;172(20):4790–805.

53. Thomas A, Baillie GL, Phillips AM, Razdan RK, Ross RA, Pertwee RG. Cannabi-
diol displays unexpectedly high potency as an antagonist of CB1 and CB2 
receptor agonists in vitro. Br J Pharmacol. 2007;150(5):613–23.

54. Hahn B. The potential of cannabidiol treatment for Cannabis users with 
recent-onset psychosis. Schizophr Bull. 2018;44(1):46–53.

55. Gururajan A, Malone DT. Does cannabidiol have a role in the treatment of 
schizophrenia? Schizophr Res. 2016;176(2–3):281–90.

56. Sharma P, Murthy P, Bharath MMS. Chemistry, metabolism, and toxicology of 
cannabis: clinical implications. Iran J Psychiatry. 2012;7(4):149–56.

57. Chayasirisobhon S. Mechanisms of action and pharmacokinetics of Cannabis. 
Perm J. 2020;25:1–3.

58. Ujváry I, Hanuš L. Human metabolites of Cannabidiol: a review on their for-
mation, Biological Activity, and relevance in Therapy. Cannabis Cannabinoid 
Res. 2016;1(1):90–101.

59. Millar SA, Stone NL, Yates AS, O’Sullivan SE. A systematic review on the phar-
macokinetics of Cannabidiol in humans. Front Pharmacol. 2018;9:1365.

60. Stout SM, Cimino NM. Exogenous cannabinoids as substrates, inhibitors, and 
inducers of human drug metabolizing enzymes: a systematic review. Drug 
Metab Rev. 2014;46(1):86–95.

61. Huestis MA, Cone EJ. Relationship of Delta 9-tetrahydrocannabinol concen-
trations in oral fluid and plasma after controlled administration of smoked 
cannabis. J Anal Toxicol. 2004;28(6):394–9.

62. Baker T, Datta P, Rewers-Felkins K, Thompson H, Kallem RR, Hale TW. 
Transfer of inhaled Cannabis Into Human breast milk. Obstet Gynecol. 
2018;131(5):783–8.

63. Moss MJ, Bushlin I, Kazmierczak S, Koop D, Hendrickson RG, Zuckerman KE, 
et al. Cannabis use and measurement of cannabinoids in plasma and breast 
milk of breastfeeding mothers. Pediatr Res. 2021;90(4):861–8.

64. Bhattacharyya S, Crippa JA, Allen P, Martin-Santos R, Borgwardt S, Fusar-Poli P, 
et al. Induction of psychosis by∆9-Tetrahydrocannabinol reflects modulation 

of prefrontal and striatal function during Attentional Salience Processing. 
Arch Gen Psychiatry. 2012;69(1):27–36.

65. Sewell RA, Schnakenberg A, Elander J, Radhakrishnan R, Williams A, Skosnik 
PD, et al. Acute effects of THC on time perception in frequent and infrequent 
cannabis users. Psychopharmacology. 2013;226(2):401–13.

66. Bhattacharyya S, Egerton A, Kim E, Rosso L, Riano Barros D, Hammers A, et 
al. Acute induction of anxiety in humans by delta-9-tetrahydrocannabinol 
related to amygdalar cannabinoid-1 (CB1) receptors. Sci Rep. 2017;7(1):1–15.

67. Bourque J, Potvin S. Cannabis and cognitive functioning: from Acute to 
residual effects, from randomized controlled trials to prospective designs. 
Front Psychiatry. 2021;12(June):1–12.

68. Fitzgerald RL, Umlauf A, Hubbard JA, Hoffman MA, Sobolesky PM, Ellis SE, et 
al. Driving under the influence of Cannabis: impact of combining Toxicology 
Testing with Field Sobriety tests. Clin Chem. 2023;69(7):724–33.

69. Grotenhermen F. Pharmacokinetics and pharmacodynamics of cannabinoids. 
Clin Pharmacokinet. 2003;42(4):327–60.

70. Lucas P, Baron EP, Jikomes N. Medical cannabis patterns of use and substitu-
tion for opioids & other pharmaceutical drugs, alcohol, tobacco, and illicit 
substances; results from a cross-sectional survey of authorized patients. Harm 
Reduct J. 2019;16(1):9.

71. Peters KZ, Oleson EB, Cheer JF. A brain on cannabinoids: the role of dopamine 
release in reward seeking and addiction. Cold Spring Harb Perspect Med. 
2021;11(1).:1-19

72. Navarri X, Robertson DN, Charfi I, Wünnemann F, Sâmia Fernandes do, 
Nascimento A, Trottier G et al. Cells and molecules underpinning cannabis-
related variations in cortical thickness during adolescence. J Neurosci Off J 
Soc Neurosci. 2024;44(41)e2256232024.

73. McDonald AJ, Kurdyak P, Rehm J, Roerecke M, Bondy SJ. Age-dependent 
association of cannabis use with risk of psychotic disorder. Psychol Med. 
2024.

74. Hudson R, Renard J, Norris C, Rushlow WJ, Laviolette SR. Cannabidiol counter-
acts the psychotropic side-effects of ∆-9-Tetrahydrocannabinol in the ventral 
Hippocampus through bidirectional control of ERK1-2 phosphorylation. J 
Neurosci off J Soc Neurosci. 2019;39(44):8762–77.

75. Niesink RJM, van Laar MW. Does Cannabidiol protect against adverse psycho-
logical effects of THC? Front Psychiatry. 2013;4:130.

76. Ertl N, Freeman TP, Mokrysz C, Ofori S, Borissova A, Petrilli K et al. Acute effects 
of different types of cannabis on young adult and adolescent resting-state 
brain networks. Neuropsychopharmacology. 2024;49: 1640-1651

77. Di Forti M, Quattrone D, Freeman TP, Tripoli G, Gayer-Anderson C, Quigley 
H, et al. The contribution of cannabis use to variation in the incidence of 
psychotic disorder across Europe (EU-GEI): a multicentre case-control study. 
Lancet Psychiatry. 2019;6(5):427–36.

78. Gordon AJ, Conley JW, Gordon JM. Medical consequences of marijuana use: a 
review of current literature. Curr Psychiatry Rep. 2013;15(12):419.

79. Wieghorst A, Roessler KK, Hendricks O, Andersen TE. The effect of 
medical cannabis on cognitive functions: a systematic review. Syst Rev. 
2022;11(1):210.

80. Figueiredo PR, Tolomeo S, Steele JD, Baldacchino A. Neurocognitive con-
sequences of chronic cannabis use: a systematic review and meta-analysis. 
Neurosci Biobehav Rev. 2020;108:358–69.

81. Xue S, Husain MI, Zhao H, Ravindran AV. Cannabis Use and Prospective 
Long-Term Association with anxiety: a systematic review and Meta-analysis 
of longitudinal studies: usage du cannabis et association prospective à long 
terme avec l’anxiété: une revue systématique et une méta-analyse d’études. 
Can J Psychiatry. 2021;66(2):126–38.

82. Leung J, Chan GCK, Hides L, Hall WD. What is the prevalence and risk of can-
nabis use disorders among people who use cannabis? A systematic review 
and meta-analysis. Addict Behav. 2020;109:106479.

83. Turck D, Bohn T, Castenmiller J, De Henauw S, Hirsch-Ernst KI, Maciuk A et al. 
Statement on safety of cannabidiol as a novel food: data gaps and uncertain-
ties. EFSA J. 2022;20(6).:1-25

84. Huestis MA, Solimini R, Pichini S, Pacifici R, Carlier J, Busardò FP. Cannabidiol 
adverse effects and Toxicity. Curr Neuropharmacol. 2019;17(10):974–89.

85. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD et al. 
The PRISMA 2020 statement: an updated guideline for reporting systematic 
reviews. BMJ. 2021;372.:1-9

86. Page MJ, Moher D, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD et al. 
PRISMA 2020 explanation and elaboration: updated guidance and exemplars 
for reporting systematic reviews. BMJ. 2021;372.:1-36



Page 20 of 20Köck et al. Child and Adolescent Psychiatry and Mental Health          (2024) 18:158 

87. Higgins JPT, Savović J, Page MJ, Elbers RG, Sterne JAC. Assessing risk of bias 
in a randomized trial. In: Cochrane Handbook for Systematic Reviews of 
Interventions. 2019. pp. 205–28.

88. McGuinness LA, Higgins JPT. Risk-of-bias VISualization (robvis): an R package 
and Shiny web app for visualizing risk-of-bias assessments. Res Synth Meth-
ods. 2020;n/a(n/a).

89. Aran A, Harel M, Cassuto H, Polyansky L, Schnapp A, Wattad N, et al. Cannabi-
noid treatment for autism: a proof-of-concept randomized trial. Mol Autism. 
2021;12(1):1–11.

90. Schnapp A, Harel M, Cayam-Rand D, Cassuto H, Polyansky L, Aran A. A 
placebo-controlled trial of Cannabinoid Treatment for disruptive behavior in 
children and adolescents with Autism Spectrum Disorder: effects on Sleep 
parameters as measured by the CSHQ. Biomedicines. 2022;10(7).:1-14

91. da Silva Junior EA, Medeiros WMB, dos Santos JPM, de Sousa JMM, da Costa 
FB, Pontes KM, et al. Evaluation of the efficacy and safety of cannabidiol-rich 
cannabis extract in children with autism spectrum disorder: randomized, 
double-blind, and placebo-controlled clinical trial. Trends Psychiatry Psycho-
ther. 2024;46:1–9.

92. Efron D, Freeman JL, Cranswick N, Payne JM, Mulraney M, Prakash C, et al. A 
pilot randomised placebo-controlled trial of cannabidiol to reduce severe 
behavioural problems in children and adolescents with intellectual disability. 
Br J Clin Pharmacol. 2020;87(2):436–46.

93. Berry-Kravis E, Hagerman R, Budimirovic D, Erickson C, Heussler H, Tartaglia N, 
et al. A randomized, controlled trial of ZYN002 cannabidiol transdermal gel in 
children and adolescents with fragile X syndrome (CONNECT-FX). J Neurodev 
Disord. 2022;14(1):1–15.

94. Appiah-Kusi E, Petros N, Wilson R, Colizzi M, Bossong MG, Valmaggia L, et al. 
Effects of short-term cannabidiol treatment on response to social stress in 
subjects at clinical high risk of developing psychosis. Psychopharmacology. 
2020;237(4):1121–30.

95. Wilson R, Bossong MG, Appiah-Kusi E, Petros N, Brammer M, Perez J et al. 
Cannabidiol attenuates insular dysfunction during motivational salience 
processing in subjects at clinical high risk for psychosis. Transl Psychiatry. 
2019;9(1).:1-10

96. van Boxel R, Gangadin SS, Janssen H, van der Steur S, van der Vinne LJC, 
Dortants L, et al. The impact of cannabidiol treatment on resting state 
functional connectivity, prefrontal metabolite levels and reward process-
ing in recent-onset patients with a psychotic disorder. J Psychiatr Res. 
2023;163(April):93–101.

97. 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-nave social phobia patients. Neuropsychophar-
macology. 2011;36(6):1219–26.

98. Bethlehem RAI, Seidlitz J, White SR, Vogel JW, Anderson KM, Adamson C, et al. 
Brain charts for the human lifespan. Nature. 2022;604(7906):525–33.

99. Velayudhan L, McGoohan K, Bhattacharyya S. Safety and tolerability of natural 
and synthetic cannabinoids in adults aged over 50 years: a systematic review 
and meta-analysis. 18, PLoS Med. 2021.:1-42

100. 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. Neuropsychopharmacol off Publ Am Coll Neuropsychopharmacol. 
2020;45(11):1799–806.

101. Fazlollahi A, Zahmatyar M, Zaredini M, Golabi B, Nejadghaderi SA, Sullman 
MJM, et al. Adverse events of Cannabidiol Use in patients with Epilepsy: a 
systematic review and Meta-analysis. JAMA Netw Open. 2023;6(4):E239126.

102. Carhart-Harris RL, Goodwin GM. The therapeutic potential of psychedelic 
drugs: past, Present, and Future. Neuropsychopharmacol off Publ Am Coll 
Neuropsychopharmacol. 2017;42(11):2105–13.

103. Kuc J, Kettner H, Rosas F, Erritzoe D, Haijen E, Kaelen M, et al. Psychedelic 
experience dose-dependently modulated by cannabis: results of a prospec-
tive online survey. Psychopharmacology. 2022;239(5):1425–40.

104. Emons B, Arning L, Makulla VE, Suchy MT, Tsikas D, Lücke T et al. Endocan-
nabinergic modulation of central serotonergic activity in healthy human 
volunteers. Ann Gen Psychiatry. 2023;22 (11):1-9

105. Ibarra-Lecue I, Diez-Alarcia R, Urigüen L. Chapter 4 - serotonin 2A receptors 
and cannabinoids. In: Di Giovanni G, De Deurwaerdere PBT-P in BR, editors. 
5-HT Interaction with other neurotransmitters: experimental evidence and 
therapeutic relevance - part A. Elsevier; 2021. pp. 135–75.

106. Russo EB, Burnett A, Hall B, Parker KK. Agonistic properties of cannabidiol at 
5-HT1a receptors. Neurochem Res. 2005;30(8):1037–43.

107. Inserra A, De Gregorio D, Gobbi G. In: Tasman A, Riba MB, Alarcón RD, Alfonso 
CA, Kanba S, Ndetei DM, et al. editors. Medical Use of cannabinoids and Psy-
chedelic compounds BT - Tasman’s Psychiatry. Cham: Springer International 
Publishing; 2020. pp. 1–30.

108. Khan R, Naveed S, Mian N, Fida A, Raafey MA, Aedma KK. The therapeutic 
role of Cannabidiol in mental health: a systematic review. J Cannabis Res. 
2020;2(1):1–21.

109. Blest-Hopley G, Colizzi M, Giampietro V, Bhattacharyya S. Is the adolescent 
brain at Greater vulnerability to the effects of Cannabis? A narrative review of 
the evidence. Front Psychiatry. 2020;11:859.

110. van der Meer PB, Fuentes JJ, Kaptein AA, Schoones JW, de Waal MM, Gou-
driaan AE et al. Therapeutic effect of psilocybin in addiction: a systematic 
review. Front Psychiatry. 2023;14(February):1-10

111. Kupferschmidt K. What’s next for psychedelics after MDMA rejection? Vol. 
385, Science. New York: United States; 2024. p. 702–3.

112. Kwee CMB, Leen NA, Van der Kamp RC, Van Lissa CJ, Cath DC, Groenink L, et 
al. Anxiolytic effects of endocannabinoid enhancing compounds: a system-
atic review and meta-analysis. Eur Neuropsychopharmacol. 2023;72:79–94.

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


	Cannabinoids for treating psychiatric disorders in youth: a systematic review of randomized controlled trials
	Abstract
	Introduction
	Background
	Terminology in this review
	The endocannabinoid system (ECS)
	Tetrahydrocannabinol (THC) and cannabidiol (CBD)
	Pharmacology, bodily impact and psychological effects
	Pharmacokinetics of THC and CBD
	Pharmacodynamics, bodily impact and psychological effects of THC and CBD


	Safety and toxicity
	Methods
	Data acquisition
	Search strategy
	Eligibility criteria
	Population
	Intervention/exposure
	Comparisons
	Outcomes


	Data extraction and risk of bias assessment
	Meta-analysis for effect sizes of primary outcomes
	Results
	Selection of records
	Randomized placebo-controlled studies
	Cannabinoid treatment for autism spectrum disorder (ASD)
	Cannabinoid treatment for behavioral problems (BP)
	Cannabinoid treatment for psychotic disorders or clinical-high-risk states (CHR)
	Cannabinoid treatment for anxiety disorders
	Cannabinoid dosages used
	Safety– adverse effects– searching for a “safe dose”?
	Quantitative analysis and risk of bias analysis

	Discussion
	Qualitative synthesis
	Quantitative synthesis
	Adverse events and safety
	Psychoactive drugs for minors?
	Limitations and strengths of this review
	Implications for future research
	Conclusion

	References


