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Abstract

Background: Autism spectrum disorder (ASD) is a neurodevelopmental condition

estimated to affect 1 in 66 children in Canada and 1 in 270 individuals worldwide. As

effective therapies for the management of ASD core and associated symptoms are

limited, parents are increasingly turning to clinicians for advice regarding the use of

medicinal cannabis to manage behavioural disturbances.

Objective: The objective of this scoping review was to identify and map symptoms,

outcomes and adverse events related to medicinal cannabis treatment for ASD-

related behaviours.

Methods: Ovid MEDLINE, Embase, CINAHL, PsycInfo, Web of Science Core Collec-

tion, Google Scholar and grey literature sources were searched up to 5 January 2020

for studies. Included studies met the following criteria: (1) investigate the use of

medicinal cannabis, (2) at least 50% participants had ASD, (3) at least 50% of the

study population was 0–18 years old and (4) any study design (published or

unpublished).

Results: We identified eight completed and five ongoing studies meeting the inclu-

sion criteria. All studies reported substantial behaviour and symptom improvement

on medicinal cannabis, with 61% to 93% of subjects showing benefit. In the three

studies reporting on concomitant psychotropic medication usage and with cannabis

use, up to 80% of participants observed a reduction in concurrent medication use.

Adverse events related to cannabis use were reported in up to 27% of participants

related, and two participants had psychotic events.

Conclusions: Early reports regarding medicinal cannabis in paediatric ASD symptom

management are presented as positive; the evidence, however, is limited to very few

retrospective cohort and observational studies. Evidence of safety and efficacy from

prospective clinical trials is needed.
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1 | INTRODUCTION

Autism spectrum disorder (ASD) is a neurodevelopmental disorder

that has become increasingly prevalent in recent years. In Canada,

the most recent statistics indicate that 1 in 66 children and youth ages

5–17 have been diagnosed with ASD (Public Health Agency of

Canada, 2018), whereas in the United States, approximately 1 in

54 children have been identified as having ASD (Maenner

et al., 2020). ASD is characterized by deficits in social communication

and social interaction, as well as restricted, repetitive patterns of

behaviour, interests and activities. The concept of a spectrum disor-

der, such as ASD, implies wide variability in the manifestation and

functional impact of the disorder among individuals with the disorder.

To date, there are limited effective therapies targeting the core

symptoms of ASD, and existing interventions and treatments have

focused on behavioural strategies that facilitate learning and skill

acquisition and improve functional skills and quality of life

(Anagnostou et al., 2014). Behavioural intervention is the current

standard of care for individuals with ASD (Anagnostou et al., 2014).

Currently, there are no pharmacological approaches that target the

core symptoms of ASD. Only a handful of medications have been

found to be effective for reducing specific associated symptoms of

ASD. Two atypical antipsychotics, risperidone and aripiprazole, are

approved for treatment of irritability in children and adolescents with

ASD (Anagnostou et al., 2014). Other medications, such as attention

deficit hyperactivity disorder (ADHD) medications and melatonin,

have shown benefit towards reducing specific associated symptoms

of ASD, such as hyperactivity and sleep disturbances, respectively

(Anagnostou et al., 2014). However, a lack of efficacy and unwanted

side effects often reduce prolonged use. Recently, public and scien-

tific attention has turned to the use of medicinal cannabis as a poten-

tial treatment for symptomatic management of the behavioural

symptoms that frequently occur in children with ASD.

The recent expansion of medicinal cannabis research parallels

increasing legalization of both medicinal and recreational cannabis. At

the same time, parents have begun seeking information about the util-

ity of medicinal cannabis to treat their children with ASD and other

conditions, and reports of potential efficacy have shown up in main-

stream media (Gibbard et al., 2021; Miles, 2012). Currently, there is

limited research available on medicinal cannabis in general, but there

is low-to-moderate evidence for use of medicinal cannabis for a lim-

ited list of conditions, including chronic pain, nausea and vomiting

from chemotherapy, spasticity due to multiple sclerosis or spinal cord

injury, Tourette's syndrome and sleep disorders (Whiting et al., 2015).

In the paediatric population specifically, there is good evidence that

cannabidiol products are beneficial in reducing seizures in children

with specific subtypes of refractory epilepsy (Elliott et al., 2019).

Cannabis refers to a plant of the genus Cannabis, of which

two species, Cannabis sativa and Cannabis indica, are the most

common. The two primary components of medical relevance are

Δ9-tetrahydrocannabinol (THC) and cannabidiol (CBD). THC is the

compound responsible for the psychoactive component of cannabis,

whereas CBD has opposing mechanisms and generally is thought to

balance the effects of THC. Both compounds have been investigated

individually and together for their efficacy as medical treatment.

Alterations in the body's endocannabinoid system have been

implicated in children with ASD. Animal models of ASD have found

alterations in the endocannabinoid signalling system (Kerr et al., 2013;

S. Onaivi et al., 2011; Zamberletti et al., 2017), and additional animal

studies have shown that enhancement of endocannabinoid signalling

in mouse models corrects social impairment (Wei et al., 2016). Fur-

ther, clinical studies have shown changes in cannabinoid receptor

expression in peripheral blood cells of children with ASD and that

endogenous endocannabinoid serum levels are altered in children with

ASD (Karhson et al., 2018; Siniscalo et al., 2013). This body of work

provides a biological and chemical background suggesting that medici-

nal cannabis' influence on ASD symptoms should be further explored.

Previous reviews have examined the evidence for medicinal can-

nabis in treating medical conditions in paediatric populations (Pawliuk

et al., 2020; Wong & Wilens, 2017). A 2020 systematic review of can-

nabinoids in ASD highlighted significant knowledge gaps but did not

focus on a paediatric population (Fusar-Poli et al., 2020). There

remains significant concerns about the safety of medicinal cannabis,

especially in children who have a developing brain that may be vulner-

able to the effects of cannabis (Rieder, 2016). Previous studies on the

recreational use of cannabis in youth have highlighted potential

side effects such as impacts on memory and executive function

(Schweinsburg et al., 2008) and increased risk of schizophrenia

(Moore et al., 2007). As a result, policy currently reflects this substan-

tial concern of harm. The American Academy of Pediatrics position

statement on cannabis, released in 2015, states that their organization

does not support the use of medicinal cannabis due to insufficient

efficacy evidence and a high risk of harm to children and youth

(American Academy of Pediatrics, 2019). On a similar note, the

Canadian Pediatric Society has a position statement on medicinal

cannabis in children that was published in 2016, stating that there is

only sufficient evidence to recommend usage in epilepsy, and on a

case-by-case basis in exceptional circumstances for other conditions

(Rieder, 2016).

Key Messages

• The studies described here show possible benefit from

the use of medical cannabis in ASD, but due to the cur-

rent evidence consisting of a few retrospective cohort

and observational studies, and to high discontinuation

rates within those studies, more work must be done.

• Treatment with medicinal cannabis was generally well tol-

erated, but concerns with psychiatric adverse events war-

rants further investigation.

• High variability in product type, dose and CBD:TCH ratio

was seen across the studies, and more research is needed

to determine optimal parameters of treatment.
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At present, although families and healthcare providers alike may

be considering the potential use of medicinal cannabis as an approach

to managing ASD-related symptoms, there is low scientific evidence

for benefit and safety. This raises a critical and urgent need for a syn-

thesis of current information regarding current evidence for medicinal

cannabis to guide evidence informed clinical practice and prospective

clinical research. As children/youth with ASD typically are unable to

access cannabis without medical prescription, such evidence is partic-

ularly needed where the impact of cannabis on early brain develop-

ment are uncertain and are a key concern for parents and clinicians.

Thus, the objective of this scoping review is to identify and map the

outcomes, adverse events and symptoms of ASD that may be treated

by medicinal cannabis.

2 | METHODS

2.1 | Search strategy

We employed a three-stage search methodology, as described by the

Joanna Briggs Institute (Peters et al., 2017). An initial limited search of

MEDLINE and Google Scholar was undertaken to identify articles that

met the inclusion criteria. The titles and abstracts of these studies,

along with articles already identified by the research team, were used

to identify keywords, and the indexing terms in each database were

analysed. These keywords and index terms were used to create a

search that was also translated to all databases. We published an

open-access protocol for this review (Fletcher et al., 2021).

We searched MEDLINE (OVID; 1946–2020), Embase (OVID;

1974–2020), CINAHL (EBSCO; 1982–2020), PsycInfo (EBSCO;

1597–2020), Web of Science Core Collection (1900–2020) and

Google Scholar from database inception until 5 January 2020. To

locate grey literature, we searched clinical trial registries (ClinicalTrials.

gov, WHO International Clinical Trials Platform, EU Clinical Trial

Register and Open Trials), theses and dissertations (Networked Digital

Library of Theses and Dissertations, ProQuest Dissertations and

Theses Global and Open Access Theses and Dissertations) and confer-

ence proceedings (PapersFirst and Proceedings). We also searched

the websites of Charlotte's Web, GW Pharmaceuticals and the 49 pro-

ducers currently licensed in Canada to sell or produce cannabis oil.

We did not limit our search by language or by publication date. The

references of all included studies were hand searched, and Google

Scholar was used to search the citing articles of each study.

2.2 | Study inclusion

Studies included in our scoping review were required to meet the fol-

lowing inclusion criteria: (1) at least 50% of the participants had a

diagnosis of ASD or the ASD data were reported separately, (2) at

least 50% of the study population was 0–18 years old or paediatric

data were reported separately, (3) investigated the use of medicinal

cannabis and (4) any study design, including ongoing studies. Where

ASD and/or paediatric data were reported separately, we utilized only

this data in our analysis. For the purposes of this study, we considered

‘medicinal cannabis’ to encompass all cannabis products taken in any

form, including synthetic or semisynthetic cannabinoids (such as

dronabinol).

2.3 | Study selection and data extraction

All identified studies were uploaded to CADIMA, a web-based tool for

systematic reviews and evidence maps (Unger et al., 2020), and dupli-

cates were removed. The resulting titles and abstracts were screened

independently and in duplicate by two team members. First, we con-

ducted a pilot with 50 references to test the inclusion criteria then

proceeded to screen the remaining studies. The resulting full-text arti-

cles were then reviewed independently and in duplicate by two team

members. Any disagreements in screening and full-text review about

the relevance of a particular study were resolved through discussion

until consensus was reached. Data extraction was performed using

CADIMA independently and in duplicate. The data extracted from all

sources included the year of publication, percentage of participants

with ASD, sample size, age, study design, duration of treatment/

follow-up, product type and preparation, daily dosage, measures,

outcomes, adverse events and discontinuation rates. We further

categorized the type of cannabis product investigated into (1) pharma-

ceutical grade products that under government drug production

guidelines, are produced through a method of extraction or synthesis

that results in a highly purified form of cannabinoid with minimal by-

products; (2) nonpharmaceutical standardized extracts that follow a

natural products regulatory framework, such as the Health Canada, to

produce extracts with known CBD and THC concentrations; (3) non-

standardized products with CBD and THC concentrations that are not

reliably and/or transparently tested, including homemade or ‘artisanal’
products; or (4) unknown, where studies did not, or could not, report

the type of cannabis product used. For ongoing studies, we extracted

the year, trial ID, study design, estimated date of completion, esti-

mated enrolment, eligibility criteria, intervention(s) (including dose

used where available) and the period of study. For studies with projec-

ted recruitment complete at the point of data extraction, we con-

tacted the study authors to determine if data were available for that

study. The process of and results of the search are reported narra-

tively using the PRISMA extension for scoping reviews (Tricco

et al., 2018).

3 | RESULTS

Our search identified 1930 references, which was reduced to 1562

when duplicates were removed. During title and abstract screening,

1291 records were excluded for not meeting the inclusion criteria.

The remaining 271 records underwent full-text review and 255 were

excluded for the following reasons: not a research study (n = 111),

wrong study population (n = 98), did not use medicinal cannabis
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(n = 32), full text not available (n = 10), full-text duplicate (n = 3) and

no primary data or summary statistics present (n = 2). The remaining

15 reports were included in the review. Two reports were abstract

presentations of other reports (one full-text article and one ongoing

study), leaving a total of 13 studies to include in our qualitative syn-

thesis. This includes eight completed studies and five ongoing trials.

See Figure 1 for the PRISMA flow diagram and the Data S1 for our

search strategies in each database and Data S2 for a list of all

excluded records.

3.1 | Study design and characteristics

The eight completed studies were published from 2006 to 2019, with

six of them (80%) published from 2017 onwards (Aran et al., 2018,

2019; Barchel et al., 2019; Bar-Lev Schleider et al., 2019; Fleury-

Teixeira et al., 2019; Gaillard, 2019; Kruger & Christophersen, 2006;

Kuester et al., 2017). The sample sizes ranged from 1 to 183 (total

n = 253), and all participants were diagnosed with ASD in all but one

of the studies. The studies included participants from age 26 months

to 18 years; three studies also had participants above age 18. Most

studies did not report severity of symptoms, except Aran et al. that

reported all participants had severe disruptive behavioural problems

(Aran et al., 2018, 2019). The studies included four observational

studies, two retrospective reviews and two case studies. The period

of study ranged from 31 days to 2 years. Two studies used a pharma-

ceutical grade product, three studies used nonpharmaceutical stan-

dardized extracts, one study used artisanal extracts and for the

remaining two studies, the cannabis product classification was

unknown.

3.2 | Medicinal cannabis product and dosages

The majority of studies (5; 62.5%) used extracts reported to have a

high CBD:THC ratio (three with a 20:1 CBD:THC ratio, one with

a 75:1 CBD:THC ratio and one with a �200:1 CBD:THC ratio), with

another two studies using dronabinol, a synthetic form of THC, and

one study that included balanced CBD:THC extracts, as well as high

CBD and high THC extracts (Table 1). There was variation in the dos-

ages used. Of the studies reporting CBD and/or THC dosage in units

of mg/kg/day, average CBD doses ranged from 1.8 to 6.45 mg/kg/

day (Aran et al., 2019; Fleury-Teixeira et al., 2019), and average

doses of THC ranged from 0.22 to 0.29 mg/kg/day (Aran et al., 2019).

Of studies reporting total daily doses of CBD and/or THC,

average CBD doses ranged from 60 to 90 mg/day (Barchel

et al., 2019; Bar-Lev Schleider et al., 2019; Gaillard, 2019), and

average THC doses ranged from 4 to 7 mg/day (Barchel et al., 2019;

F IGURE 1 PRISMA flow diagram
showing the results of the systematic
search and the number of articles
included and excluded at each stage
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Bar-Lev Schleider et al., 2019) in patients with an age range of

2–22 years. Of the studies that used dronabinol, one study reported a

dose range of 0.14–0.36 mg/kg/day (Kruger & Christophersen, 2006),

and one study reported a dosage of 3.72 mg (Kurz & Blaas, 2010).

One study did not report dosage (Kuester et al., 2017).

3.3 | Outcome measures

All eight included studies completed at the time of this review

reported a majority of participants with ASD showing improvement

after treatment with medicinal cannabis. There is variability in how

the included studies assessed response to medicinal cannabis treat-

ment. Four studies used one or more standardized assessment tools

(Aran et al., 2019; Gaillard, 2019; Kuester et al., 2017; Kurz &

Blaas, 2010), which included the Autism Treatment Effectiveness

Checklist (ATEC), the Aberrant Behaviour Checklist (ABC), the

Autism Parenting Stress Index (APSI), Clinical Global Impression of

Improvement (CGI-I), the Clinical Global Impression of Severity

(CGI-S) and the Home Situations Questionnaire–Autism Spectrum

Disorder (HSQ-ASD). Two studies used unvalidated questionnaires

to capture parent reports of improvement (Bar-Lev Schleider

et al., 2019; Fleury-Teixeira et al., 2019), and one study used a ver-

bal parent report (Barchel et al., 2019). One study did not report

the assessment tool used (Kruger & Christophersen, 2006).

3.4 | Benefits

Of the four observational studies, the overall rates of some degree of

improvement in behaviour and/or symptoms ranges from 70% to 93%

of participants. Both retrospective reviews showed improvement

rates in behaviours (Aran et al., 2019) or core ASD symptoms (Kuester

et al., 2017) of 61% and 67%, respectively. The two case studies

included in this scoping review both reported improvement in chal-

lenging behaviours and other symptoms, and one case study

(Gaillard, 2019) observed a reduction in the amount of support ser-

vices the child required following initiation of medicinal cannabis

treatment.

Three studies (Aran et al., 2019; Bar-Lev Schleider et al., 2019;

Fleury-Teixeira et al., 2019) reported on the changes to concomitant

medication use for ASD symptoms (including medication classes such

as benzodiazepines, selective serotonin reuptake inhibitors [SSRIs],

stimulants and antipsychotics) following commencement of medicinal

cannabis treatment. Aran et al. (2019) found that, of participants tak-

ing concomitant medication, 33% decreased their total daily dose of

other medications and 24% stopped completely. Bar-Lev Schleider

et al. (2019) observed that 34% of those participants taking concomi-

tant medications had a decrease once started on medicinal cannabis

treatment. In Fleury-Teixeira et al. (2019), 80% of participants taking

concomitant medications decreased or stopped those medications

during the study.

3.5 | Symptoms assessed

The completed studies showed some overlap in the core and comor-

bid symptoms of ASD assessed (Table 2). Common symptoms specifi-

cally reported as improved following medicinal cannabis treatment

were anxiety (three studies; Aran et al., 2019; Barchel et al., 2019;

Bar-Lev Schleider et al., 2019), behavioural challenges (four studies;

Aran et al., 2019; Fleury-Teixeira et al., 2019; Gaillard, 2019; Kuester

et al., 2017), cognitive deficits (three studies; Bar-Lev Schleider

et al., 2019; Fleury-Teixeira et al., 2019; Gaillard, 2019), communica-

tion challenges (four studies; Aran et al., 2019; Gaillard, 2019; Kuester

et al., 2017; Kurz & Blaas, 2010), hyperactivity (four studies; Barchel

et al., 2019; Bar-Lev Schleider et al., 2019; Fleury-Teixeira

et al., 2019; Kurz & Blaas, 2010), mood (two studies; Bar-Lev

Schleider et al., 2019; Kruger & Christophersen, 2006), rage (two

studies; Barchel et al., 2019; Bar-Lev Schleider et al., 2019), repetitive

behaviours (two studies; Kuester et al., 2017; Kurz & Blaas, 2010),

self-injury (two studies; Barchel et al., 2019; Kruger &

Christophersen, 2006), seizures (three studies; Bar-Lev Schleider

et al., 2019; Fleury-Teixeira et al., 2019; Kuester et al., 2017) and

sleep challenges (four studies; Barchel et al., 2019; Bar-Lev Schleider

et al., 2019; Fleury-Teixeira et al., 2019; Kuester et al., 2017). Of the

four studies that reported numerical outcomes (% of participants

improved) for specific symptoms, although not all studies reported on

all symptoms, improvement was seen in anxiety (three studies, 39% to

89%; Aran et al., 2019; Barchel et al., 2019; Bar-Lev Schleider

et al., 2019), behavioural challenges (two studies, 53% to 61%; Aran

et al., 2019; Fleury-Teixeira et al., 2019), communication (two studies,

47% to 80%; Aran et al., 2019; Fleury-Teixeira et al., 2019), hyperac-

tivity (three studies, 68% to 90%; Barchel et al., 2019; Bar-Lev

Schleider et al., 2019; Fleury-Teixeira et al., 2019) and sleep (three

studies, 71% to 80%; Barchel et al., 2019; Bar-Lev Schleider

et al., 2019; Fleury-Teixeira et al., 2019). Although not a focus of this

review, it is worth noting that two studies reported numerical results

of seizures, both with 100% of participants showing improvement

(Bar-Lev Schleider et al., 2019; Fleury-Teixeira et al., 2019).

3.6 | Adverse events

Six of the eight completed studies reported adverse events. Table 3

shows the combined data for adverse events for these six studies

(total number of participants = 253). The most commonly reported

adverse events were somnolence (19 participants, 7.5%), decreased

appetite (13 participants, 5.1%), gastrointestinal symptoms (12 partici-

pants, 4.7%), increased appetite (12 participants, 4.7%), restlessness

(11 participants, 4.3%) and sleep disturbances (11 participants, 4.3%).

Two studies reported one patient each with psychiatric effects—

one had a worsening psycho-behavioural crisis (Fleury-Teixeira

et al., 2019), and the other had a psychotic event (Aran et al., 2019)—

while taking medicinal cannabis, both of which led to the discontinua-

tion of treatment. One of these patients was taking a THC dose of

FLETCHER ET AL. 7



0.72 mg/kg/day (Aran et al., 2019), which was on the high side of

reported doses in that study, and the dosage THC of the other patient

was not reported (Fleury-Teixeira et al., 2019). The studies with

psychiatric adverse events used nonpharmaceutical standardized

products at a ratio of CBD:THC of 75:1 and 20:1 (which was reduced

to 6:1 if ineffective), respectively.

3.7 | Discontinuation rates

Five studies reported on discontinuation rates. The discontinuation

rates ranged from 9% to 27% and included discontinuation reasons of

side effects, worsening symptoms, low efficacy and inability to give

the medication (see Table 1).

3.8 | Ongoing study design, characteristics and
dosage

A total of five ongoing studies examining medicinal cannabis in

the paediatric ASD population were identified by our search. This

included two randomized control trials (RCTs), two open-label studies

and one cohort registry. Three of the studies are taking place in the

United States, one in Israel and one in Australia, with estimated

sample sizes ranging from 30 to 150 participants. All included studies

are focusing on children with ASD from as young as 4 years old, up to

age 21 in some studies. Each study is using a different medicinal

cannabis product, with study periods lasting from 6 weeks to 1 year.

Of studies investigating CBD-containing products, dosages ranged

from 1 to 10 mg/kg/day for two studies investigating oral CBD

(Aran, 2018; Castellanos, 2020) and 250 to 500 mg/day for one study

investigating transdermal CBD application (Heussler, 2019). One

study investigating cannabidivarin reported a 10-mg/kg/day dose

(Hollander, 2019). One study did not report a dosage (Diliberto

et al., 2018; Zuppa, 2020). Table 4 shows the characteristics of

ongoing studies.

4 | DISCUSSION

This scoping review presented outcomes from the eight completed

studies reporting on the use of medicinal cannabis to manage

symptoms in children and youth with ASD. These studies were

characterized by variations in study designs (observational studies,

retrospective reviews and case studies), sample sizes, outcome mea-

sures, duration of treatment and nature of side effects. All studies

reported improvement in ASD-related behavioural symptoms after

starting on medicinal cannabis treatment. This included improved

TABLE 2 Symptoms assessed

Symptom

Number of studies reporting

(any results)

Number of studies reporting

(numerical results)

Range of numerical results

(% of participants improved)

Anxiety 3 (Aran et al., 2019; Barchel et al., 2019;

Bar-Lev Schleider et al., 2019)

3 (Aran et al., 2019; Barchel et al., 2019;

Bar-Lev Schleider et al., 2019)

39% to 89%

Behavioural

challenges

4 (Aran et al., 2019; Fleury-Teixeira

et al., 2019; Gaillard, 2019; Kuester

et al., 2017)

2 (Aran et al., 2019; Fleury-Teixeira

et al., 2019)

53% to 61%

Cognitive deficits 3 (Bar-Lev Schleider et al., 2019; Fleury-

Teixeira et al., 2019; Gaillard, 2019)

0 n/a

Communication

challenges

4 (Aran et al., 2019; Gaillard, 2019; Kuester

et al., 2017; Kurz & Blaas, 2010)

2 (Aran et al., 2019; Fleury-Teixeira

et al., 2019)

47% to 80%

Hyperactivity 4 (Barchel et al., 2019; Bar-Lev Schleider

et al., 2019; Fleury-Teixeira et al., 2019;

Kurz & Blaas, 2010)

3 (Barchel et al., 2019; Bar-Lev Schleider

et al., 2019; Fleury-Teixeira et al., 2019)

68% to 90%

Mood 2 (Bar-Lev Schleider et al., 2019; Kruger &

Christophersen, 2006)

0 n/a

Rage 2 (Barchel et al., 2019; Bar-Lev Schleider

et al., 2019)

0 n/a

Repetitive

behaviours

2 (Kuester et al., 2017; Kurz & Blaas, 2010) 0 n/a

Self-injury 2 (Barchel et al., 2019; Kruger &

Christophersen, 2006)

0 n/a

Seizures 3 (Bar-Lev Schleider et al., 2019; Fleury-

Teixeira et al., 2019; Kuester et al., 2017)

2 (Bar-Lev Schleider et al., 2019; Fleury-

Teixeira et al., 2019)

100%

Sleep challenges 4 (Barchel et al., 2019; Bar-Lev Schleider

et al., 2019; Fleury-Teixeira et al., 2019;

Kuester et al., 2017)

3 (Barchel et al., 2019; Bar-Lev Schleider

et al., 2019; Fleury-Teixeira et al., 2019)

71% to 80%

8 FLETCHER ET AL.



anxiety, communication, hyperactivity and sleep disturbances. More-

over, there was great heterogeneity in product source, chemical com-

position and dosing, as well as the outcome measures used to assess

improvement. Most studies did not use standardized symptom scores,

instead gathered data with internally developed surveys or global

assessment scales. This heterogeneity in outcome measures for ASD

research has recently been characterized in a systematic review

(Provenzani et al., 2020). These factors will make establishing effect

size and power calculations difficult for future RCTs.

Of note, none of the identified completed studies were RCTs.

Although retrospective and observational research studies are benefi-

cial, they provide a lower quality of evidence than RCTs. Of particular

note in the case of medicinal cannabis efficacy, the results reported in

these observational and retrospective studies could be skewed by

recall bias; a study looking at the efficacy of medicinal cannabis for

refractory paediatric epilepsy found that improvement rates were

higher (47% vs. 22%) among families who had moved to access

medicinal cannabis compared with those already living in an area

where they could access medicinal cannabis (Press et al., 2015). This

finding suggests the presence of recall bias when asking parents or

caregivers to assess improvement following medicinal cannabis, which

is a limitation of retrospective studies and those studies which rely on

parent reports and do not use validated tools to assess patient

improvement.

The completed studies indicated that up to 27% of patients (total

from all studies n = 253) reported adverse events, although these side

effects were generally mild. Of note, there were two patients who

experienced psychotic or behavioural symptoms that led to immediate

cessation of the treatment (Aran et al., 2019; Fleury-Teixeira

et al., 2019). The concern regarding the use of cannabis, particularly

with high THC content, and a well-established link to psychosis

and/or schizophrenia is well characterized in the literature

(Rieder, 2016), although the studies that found these correlations

were looking at the use of recreational cannabis (Moore et al., 2007;

Schweinsburg et al., 2008). Additionally, of note is that included stud-

ies reported discontinuation rates of 9% to 27%, in part due to side

effects or low efficacy of the cannabis treatment. These high discon-

tinuation rates may have artificially inflated the rates of improvement

as some studies excluded participants who discontinued from analysis.

In designing future RCTs, the likely overestimation of treatment effi-

cacy due to high discontinuation rates should be considered.

Previous literature reviews have analysed the available evidence

for the use of medicinal cannabis in treating a variety of paediatric

conditions (Pawliuk et al., 2020; Wong & Wilens, 2017), finding that

there is substantial evidence supporting the use of medicinal cannabis

in the treatment of refractory paediatric epilepsy, with limited-to-no

evidence available for other paediatrics conditions. Epilepsy is a com-

mon medical comorbidity of ASD; however, no specific mention was

made of the use of cannabis in individuals with epilepsy and comorbid

ASD in these reviews. Our review did not focus on epilepsy or seizure

symptoms but did note that two studies did report numerical results

with respect to seizures in those participants with comorbid epilepsy,

showing a 100% response rate with respect to seizures. These

reviews also found similar concerns as identified in this review relating

to adverse events. Of note, two systematic/scoping reviews looking

at medicinal cannabis conducted in 2017 and 2018, respectively, did

not identify or include studies with ASD, highlighting the rapidly

evolving nature of work in this field.

Additionally, our review identified five ongoing clinical trials

(Aran, 2018; Castellanos, 2020; Hollander, 2019; Heussler, 2019;

Zuppa, 2020), and there is also the potential of other unregistered

studies such as case studies and retrospective reviews that may cur-

rently be underway that should further inform the safe and efficacious

use of medicinal cannabis in children with ASD. These studies

included two RCTs, which would address some of the limitations of

the observational and retrospective review studies identified in this

scoping review, by providing a higher quality of evidence, with data

less affected by parental recall bias.

One limitation of this scoping review is that our literature search

of databases and grey literature was performed in January 2020; in

TABLE 3 Pooled adverse event data

Adverse event

Frequency (%);

n = 251

Somnolence 19 (7.6%)

Decreased appetite 13 (5.2%)

Gastrointestinal symptoms 12 (4.8%)

Increased appetite 12 (4.8%)

Restlessness 11 (4.4%)

Sleep disturbances 11 (4.4%)

Anxiety and nervousness 6 (2.4%)

Irritability 5 (2.0%)

Urinary incontinence (including nocturnal

enuresis)

5 (2.0%)

Agitation 4 (1.6%)

Dry mouth 4 (1.6%)

Unexplained laugh 4 (1.6%)

Fatigue 3 (1.2%)

Mood changes 3 (1.2%)

Abnormal response to temperature 2 (0.8%)

Confusion 2 (0.8%)

Eye blinking 2 (0.8%)

Eye redness 2 (0.8%)

Tremor 2 (0.8%)

Weight gain 2 (0.8%)

Weight loss 2 (0.8%)

Worsening psychiatric symptoms 2 (0.8%)

Acne 1 (0.4%)

Cough 1 (0.4%)

Hair loss 1 (0.4%)

Increased body temperature 1 (0.4%)

Increased heart rate 1 (0.4%)

Palpitations 1 (0.4%)
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this emerging field, the literature may have changed since that date.

It will be important to update reviews such as this one regularly in

the future so that new evidence can be identified. Further, this

study may also have been limited by potentially missing studies

looking at the use of cannabis for other conditions (such as fragile X

or epilepsy) that may have had a proportion of participants with a

concurrent ASD diagnosis, especially when considering ongoing

studies. We chose to focus on ASD for this review to limit the

scope but recognize there is much overlap with other conditions

that may be studied for the use of medicinal cannabis as well.

Lastly, as this is a scoping review and we did not critically appraise

the included studies, we are not able to comment on any potential

risk of bias or reach conclusions on the efficacy and/or safety of

medicinal cannabis for ASD. A systematic review will need to be

conducted when there is more available evidence to assess efficacy

and/or safety and make recommendations for treatment. This scop-

ing review can provide guidance for other reviews on the breath of

the current literature and on potentially safety concerns that should

be investigated further.

5 | CONCLUSION

In summary, the use of medicinal cannabis in children and youth with

ASD is an increasing area of scientific and public attention, yet to

date, published research remains limited, leading to a lack of sufficient

evidence for the use of medicinal cannabis as a symptomatic behav-

ioural treatment for children and youth with ASD. The eight identified

studies all found positive results in that the majority of participants

improved; however, it is important to note that adverse events were

also reported in up to 27% of participants. We identified five ongoing

clinical studies, suggesting that in the next few years, more research

will become available in this field, which will provide paediatric clini-

cians more of an evidence base to utilize when counselling parents on

this subject. Given the heterogenetic nature of ASD and comorbid

conditions, novel study designs, such as N-of-1 trials and placebo dose

reduction designs, may be required to account for confounding fac-

tors, the placebo effect and individual variability in pharmacological

metabolism. Additionally, further research will need to investigate the

impact of medicinal cannabis on functional status in children and

youth with ASD, as in a clinical context, changes in symptom severity

may not always correlate to functional improvement. The results from

early studies in this field show a need to continue further research in

this area, including the currently ongoing RCTs.
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TABLE 4 Study characteristics of included ongoing studies

Author (date)

Country
Trial ID Study design

Status

Estimated enrolment
Estimated completion

Eligibility criteria

Interventions (dose)
Period of study

Aran (2018)

Israel

NCT02956226

Double-blind RCT Study competed—no data

available

150 participants

December 2018

Children with ASD ages 5–21 years

Intervention 1: 20:1 CBD:THC extract in oil

solution (1–10 mg/kg/day of CBD)

Intervention 2: 20:1 99% pure CBD:THC

(1–10 mg/kg/day of CBD)

Intervention 3: Placebo

12 week period, crossover for additional 12 weeks

Castellanos (2020)

United States

NCT03900923

Open-label phase 2 clinical

trial

Recruiting

30 participants

January 2021

Children with ASD ages 7–17.9 years

98% pure CBD oral solution (3, 6 or 9 mg/kg/day)

6 weeks

Heussler (2019)

Australia

ACTRN12619000216112

Open-label study Unknown

36 participants

February 2020

Children with ASD ages 4 to <18 years

Transdermal gel synthetic cannabidiol

(250–500 mg/day of CBD)

14 weeks

Hollander (2019)

United States

NCT03202303

Double-blind RCT Recruiting

100 participants

September 2021

Children with ASD ages 5–18 years

Intervention 1: Cannabidivarin (10 mg/kg/day)

Intervention 2: Placebo

12 weeks

Zuppa (2020); Diliberto

et al. (2018)

United States

NCT03699527

Prospective cohort registry Recruitment complete—no

data available

119 participants

January 2020

Children and youth with ASD up to age 21

Medicinal cannabis products (dose not specified)

1 year
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