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Abstract
In recent years there has been growing interest in the potential bene�ts of CBD-rich cannabis treatment
for children with ASD. Several open label studies and one double blind placebo-controlled study have
reported that CBD-rich cannabis is safe and potentially effective in reducing disruptive behaviors and
improving social communication. However, previous studies have mostly based their conclusions on
parental reports without the use of standardized clinical assessments. Here, we conducted an open label
study to examine the e�cacy of 6 months of CBD-rich cannabis treatment in children and adolescents
with ASD. Longitudinal changes in social communication abilities and restricted and repetitive behaviors
(RRB) were quanti�ed using parent report with the Social Responsiveness Scale and clinical assessment
with the Autism Diagnostic Observation Schedule (ADOS). We also quanti�ed changes in adaptive
behaviors using the Vineland, and cognitive abilities using an age-appropriate Wechsler test. Eighty-two
of the 110 recruited participants completed the 6-month treatment protocol. While some participants did
not exhibit any improvement in symptoms, there were overall signi�cant improvements in social
communication abilities as quanti�ed by the ADOS, SRS, and Vineland with larger improvements in
participants who had more severe initial symptoms. Signi�cant improvements in RRB were noted only
with parent reported SRS scores and there were no signi�cant changes in cognitive scores. These
�ndings suggest that treatment with CBD-rich cannabis can yield improvements, particularly in social
communication abilities, which were visible even when using standardized clinical assessments.
Additional double-blind placebo-controlled studies utilizing standardized assessments are highly
warranted for substantiating these �ndings.

Lay summary: Previous studies have reported that treatment with CBD-rich cannabis may reduce aberrant
behaviors and improve social communication when measured with parent reported measures. Here we
performed standardized clinical assessments before and after 6 months of treatment with CBD-rich
cannabis. Both parent and clinician measures demonstrated that participants improved signi�cantly in
social skills, a core symptom of ASD. These encouraging results suggest that CBD-rich cannabis may be
an effective treatment for at least some individuals with ASD.

Introduction
There are currently no approved medications for treating core autism spectrum disorders (ASD)
symptoms, which include persistent de�cits in social communication and restricted and repetitive
patterns of behavior or interests (APA, 2013). However, children and adults with ASD are often prescribed
medications to treat co-morbid symptoms including hyperactivity, aggressiveness, irritability, anxiety, and
sleep disturbances (Dizitzer et al., 2020; Houghton et al., 2018; Popow et al., 2021) .

Endocannabinoids, including anandamide (AEA) and 2-arachidonoyl glycerol (2-AG), are lipid
neuromodulators that regulate excitatory and inhibitory synaptic transmission through the activation of
cannabinoid receptors and impact a variety of behavioral indices including cognitive function, emotional
regulation, social motivation, and reward processing (Mechoulam & Parker, 2013). Several recent studies
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have suggested that treatment with cannabinoids may have potential for improving core ASD symptoms
as well as comorbid symptoms (Chakrabarti et al., 2015; Nezgovorova et al., 2021; Poleg et al., 2019).
This suggestion is based on three lines of evidence. First, preclinical studies with mice models of ASD
have reported that increasing the activity of AEA endocannabinoids in Fragile X and BTBR mice (Wei et
al., 2015) and increasing the activity of 2-AG in SHANK3B mice (Folkes et al., 2020) signi�cantly
improved their social impairments. Similarly, increasing AEA levels in female prairie voles increased their
social interactions (Simmons et al., 2021) and administration of phyto-cannabinoids to SHANK3 mice
signi�cantly reduced anxiety and repetitive grooming symptoms (Poleg et al., 2021). The second line of
evidence comes from studies reporting that at least some children with ASD exhibit signi�cantly lower
plasma levels of endocannabinoids including AEA (Karhson et al., 2018), N-palmitoylethanolamine, and
N-oleoylethanolamine (Aran, Eylon, et al., 2019).

The third, and perhaps most convincing line of evidence comes from clinical studies with ASD
participants. In the last two decades parents of children with ASD have reported anecdotal success in
autonomously treating their children with medicinal cannabis despite a lack of clinical guidelines on the
topic (Duvall et al., 2019). Following the legalization of cannabis for medicinal use in many western
countries and its approval for compassionate use in ASD, several open label studies have reported that
children with ASD respond well to treatment with CBD-rich cannabis and that this treatment is both safe
and effective (Aran et al., 2021; Barchel et al., 2019; Bar-Lev Schleider et al., 2019; Fleury-Teixeira et al.,
2019). More speci�cally, several studies using parent questionnaires have reported improvements in
social communication (Aran, Cassuto, et al., 2019; Aran et al., 2021; Barchel et al., 2019; Bar-Lev Schleider
et al., 2019; Fleury-Teixeira et al., 2019; Ponton et al., 2020), while others have reported reductions in
disruptive behaviors including self-injury, tantrums, restlessness, and agitation (Barchel et al., 2019;
Ponton et al., 2020). To date, only one double-blind placebo-controlled study has tested the effectiveness
of CBD-rich cannabis for treating ASD. The study examined 150 children and adolescents with ASD, 5 to
21 years-old, over a treatment period of three months. The results revealed that the treatment was safe
and effective even in improving core ASD symptoms as reported by parent questionnaires and clinical
assessment using the Clinical Global Impression scale (Aran et al., 2021).

Note that the choice to treat individuals with ASD using CBD-rich cannabis, as performed in the studies
described above, was motivated by concerns that THC-rich cannabis would induce psychosis (Murray &
Hall, 2020; Volkow et al., 2016). Furthermore, CBD-rich cannabis was proven safe and effective in treating
epileptic seizures in children (Anderson et al., 2017) and was reported to improve symptoms in children
with ASD and epilepsy (Fleury-Teixeira et al., 2019; Ponton et al., 2020).

The aim of the current study was to expand existing knowledge by performing an open label study of
treatment e�cacy with CBD-rich cannabis. Unlike previous studies that have relied almost entirely on
parent report, here we performed standardized clinical behavioral assessments alongside parental
reports, before and after 6 months of treatment. This enabled us to quantify the effects of treatment
separately for social communication and restricted and repetitive behaviors, adaptive behaviors, and
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cognitive abilities, while examining the correspondence between clinical assessments and parental
reports.

Methods

Participants and recruitment procedure
We analyzed data from 82 participants who completed the study (see below). A total of 110 participants
(65 male, mean age: 9.2 years old, range: 5–25 years old) were recruited to this prospective study that
was carried out at Shamir Medical Center in Israel. Families were recruited through advertisements in the
community. Upon recruitment, a pediatric neurologist, who specializes in ASD, interviewed the parents
about the child’s medical history. Participants were included in the study if they ful�lled the DSM-5 criteria
for ASD and reported disruptive behavioral problems over the duration of the preceding 6 months. Criteria
for exclusion included: any use of cannabis prior to the study, previous diagnosis of a genetic disorder,
active epilepsy, a metabolic disease, an immunological disease, current use of opiates or other sedatives,
being pregnant or breastfeeding, diagnosis of the participant or a �rst-degree family member with
psychosis, schizophrenia, schizoaffective disorder, or substance abuse. All participants also completed a
video EEG assessment to rule out epilepsy.

Participants who were taking routine medications were instructed to continue without making any
changes during the study period. Out of 110 participants, 42 participants were regularly taking at least
one medication (Table 1.). Both parents, or a legal guardian, of each participant signed an informed
consent form. The study was approved by both institutional and national ethic Committees.
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Table 1
Chronic medications taken by participants during the study.

Reason for treatment Medication generic name N

Sleep problems Melatonin 14

Irritability, Aggressive behavior Aripiprazole 9

Risperidone 7

Coltiapine 2

Periciazine 1

Periciazine 1

Levomepromazine 1

Periciazine 1

Quetiapine 1

Hyperactivity and Attention de�cit disorder Methylphenidate 5

Lisdexamfetamine 4

Atomoxetine 2

Dextroamphetamine 1

Guanfacine 1

Anxiety Fluoxetine 4

Clonazepam 2

Other Dimethindene 1

Behavioral assessments
Participants completed the following behavioral assessments before starting the treatment and again six
months later (Table 2). In total, 53 participants completed all behavioral assessments and 29 completed
partial assessments. The assessments examined in this study included:
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Table 2
Characteristics of participants who completed the study at

treatment onset. Mean and standard deviation in parenthesis.

  Mean (standard deviation)

Age 9.3 (0.5)

ADOS CSS (n = 75) 8.44 (0.2)

SRS total score (n = 61) 111.62 (3.17)

Vineland total score (n = 76) 56.51 (1.9)

Cognitive GAI (n = 76) 62.03 (3.16)

Autism Diagnostic Observation Schedule, 2nd edition (ADOS-2)

Of the 82 participants who completed the study, 75 completed the ADOS-2 (Lord et al., 2012). We used
the calibrated severity scores (CSS), which are a transformation of the total ADOS-2 raw scores into a
scale of 0–10 that represents the child’s ASD symptom severity regardless of the administered ADOS
module (i.e., regardless of the child's age and language abilities). CSS scores are available for the total
ADOS-2 and for the Social Affect (SA) and Restricted and Repetitive Behavior (RRB) domains separately
(Hus et al., 2014). The ADOS-2 assessment was performed by a trained and licensed speech therapist
with research reliability.

Cognitive assessments

76 participants completed 5 subtests of an age-appropriate Wechsler Intelligence Scale; WPPSI (Wechsler,
2002), WISC (Wechsler, 1991) or WAIS (Wechsler, 1997). Cognitive assessments of children above the age
of 6 years old included the Block design and Matrix subtests from the Perceptual Organization Index
(POI), the Vocabulary and Similarities subtests from the Verbal Comprehension Index (VCI) and the Digit
symbol-coding subtest from the Processing Speed Index (PSI). Children below the age of 6 years old
preformed the Information subtest instead of the Similarities subtest. We assessed changes in the
standardized scores of each sub-test, which estimate cognitive abilities relative to typical age norms that
have a population mean of 10 and a standard deviation of 3.

Vineland adaptive behaviors scale, 3rd edition (Vineland-3): 76 participants completed the survey form
Vineland-3 (Sparrow et al. 1984), which was administered as a parent interview by a trained research
assistant. The Vineland scale assesses adaptive functions in four domains: Communication, Daily Living
Skills, Socialization, and Motor Skills. Raw scores from each domain are transformed to age equivalent
standardized scores with a population mean of 100 and a standard deviation of 15. Standardized scores
of the communication, daily living skills, and socialization domains are summed to create the overall
Adaptive Behavior Composite Score (ABC).

Social Responsiveness Scale, 2nd edition (SRS-2)
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61 participants completed the SRS-2 (Constantino & Gruber, 2005). The SRS is a 65-item questionnaire
completed by parents. The questions focus on the child's behavior over the last 6 months and provide
information about social skills including social awareness, social cognition, social communication, social
motivation, and restricted and repetitive behaviors. The cutoff for clinical ASD symptoms is typically a
score above 60, with scores in the range of 60–75 indicating mild to moderate ASD symptoms, and
scores over 75 indicating severe symptoms. All 4 social sub-scales can be summed and standardized to
a single score representing social abilities, separately from the scores of the RRB scale.

Drop out
Twenty-eight of the 110 participants who started treatment, did not complete the study. Eight were
excluded due to lack of corporation of the child or the family with one or more of the study procedures
(e.g., inability to consume cannabis regularly), 12 stopped treatment due to adverse side effects, and 8
stopped because of lack of improvement (Table 3).

Table 3
Characteristics of participants who dropped out of the study. Mean and standard deviation in

parenthesis.

  Age Sex Final CBD dosage
(mg/kg)

Dropout reason

Lack of cooperation
(n = 8)

11.1
(1.2)

7M/1F 1.55 (0.26) 3 refused to consume
cannabis oil

2 stopped treatment for > 7
days

2 refused to give blood
samples

1 family did not �ll
questionnaires

Side effects (n = 12) 9.9 (2) 9M/3F 1.58 (0.323) 5 increased aggression

3 increased anxiety

1 weight gain

1 abdominal pain

1 increased Hyperactivity

1 decrease in
communication

No improvement (n = 
8)

8.4
(1.1)

5M/3F 2.2 (0.54)  

Total (n = 28) 9.7 (1) 21M/7F 1.76 (0.22)  

Figures legends
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Cannabis treatment protocol
Parents received a supply of medicinal cannabis extract infused in medium-chain triglyceride (MCT) oil
with a CBD:THC ratio of 20:1 (Nitzan Spectrum®, Seach Medical Group, Israel) for a period of six months.
The exact same product was used throughout the treatment period. Parents were instructed to start with
one drop daily (each drop contains: 0.3mg THC and 5.7mg CBD) and increase the dosage gradually until
they perceived improvements in their child’s behavior such as decreased irritability, aggressiveness,
hyperactivity, and/or sleep disturbances. The amount and timing of doses during each day was tailored
to individual needs of the child (e.g., higher dose at night if needed for sleep support). Parents completed
a bi-weekly phone interview where they reported compliance, behavior, symptoms, and side effects. The
�nal dose did not exceed 10mg/kg/day (or total of 400mg/day) of CBD and 0.5mg/kg/day (or total of 20
mg/day) of THC.

Statistics
Statistical analyses were performed using JASP (Version 0.14.1.0) and R studio (Version 1.1.466). Since
data from most of the measures was not normally distributed (see table in supplement 1), a related-
samples randomization test was performed to determine whether scores at the end of the treatment
period differed signi�cantly from pre-treatment scores (Edgington, 2011). Actual pre/post differences
were compared to a null distribution of 10,000 random pre/post treatment differences. This distribution
was generated by computing the pre/post treatment difference for each subject and then randomly
shu�ing its sign (positive or negative) before computing the mean across the group. This manipulation
retained the magnitude of change for each subject while randomizing its direction. To achieve statistical
signi�cance the actual mean change of the group had to exceed the 95th percentile of this distribution
(i.e., equivalent to a p value of 0.05). Note that this is a more conservative statistical test than a paired t-
test, which assumes that pre/post treatment differences are normally distributed. Multiple regression
analyses were used to determine the in�uence of several covariates on pre/post treatment differences.

Missing data
There were missing items in some of the collected SRS questionnaires. Questionnaires with more than
25% of missing data (i.e., more than 16 of the 65 items) were excluded from analysis. In the remainder of
cases, missing data was completed using the multivariate imputation by chained equation (MICE)
package as implemented in the R software (Zhang, 2016). In short, this technique creates imputations
(replacement values) based on the mean values of available responses for each item and a linear
regression analysis that estimates the relationship of each item with all others.

Results
Of the 82 participants who completed the study, 75 completed ADOS assessments before and after 6
months of treatment. There was a signi�cant improvement in the ADOS total calibrated severity scores
(CSS) of these participants (M=-.56, SD = .17, Sum(x) = 42, p = 0.003, Fig. 1). Separating the ADOS CSS
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into social affect (SA) and restricted and repetitive behavior (RRB) components revealed that changes
were driven by large improvements in ADOS SA CSS (M=-.49, SD = .18, Sum(x) = 37, p = 0.001) and weak
improvements in ADOS RRB CSS that were not signi�cant (M=-.47, SD = .26, Sum(x) = 42, p = 0.08).

Next, we performed a multiple regression analysis to determine whether pre/post treatment changes in
ADOS CSS were associated with the age, �nal dosage, and initial ADOS CSS of the participants. The
results revealed that only initial ADOS CSS were signi�cantly associated with change in the total ADOS
CSS (β = − .37, p = .002; Fig. 2.) such that participants with higher initial ADOS CSS (i.e., more severe
initial symptoms) exhibited larger improvements. Age (β = .03, p = .78) and �nal dosage (β = .03, p = .8)
were not signi�cantly associated with changes in the ADOS CSS. Equivalent �ndings were also apparent
for the ADOS SA CSS and RRB CSS (see supplementary material for detailed regression analysis of all
measures).

Of the 82 subjects who completed the study, parents of 61 completed the SRS-2 questionnaire before and
after treatment. Parents reported a signi�cant improvement in core ASD symptoms of children who
completed treatment (M=-3.29, SD = 1.13, Sum(x) = 201, p = 0.043, Fig. 3). This was true for both the
social sub-scale scores (M=-2.51, SD = 1.19, Sum(x) = 153, p = 0.038, Fig. 3) and the RRB sub-scale scores
(M=-2.88, SD = 1.14, Sum(x) = 176, p = 0.014). A multiple regression analysis revealed that pre/post
changes in SRS scores were signi�cantly associated with the initial social (β = − .49, p < .001) and RRB (β
= − .39, p = .003) scores both not with age (β = .04, p = .72) or �nal dosage (β = .08, p = .53). Hence, higher
initial SRS scores predicted larger improvements following treatment.

Of the 82 subjects who completed the study, 76 completed the Vineland questionnaire before and after 6
months of treatment. There was a signi�cant improvement in total Vineland scores in children who
completed treatment (M = 4.37, SD = 1.18, Sum(x) = 332, p < 0.001, Fig. 4). Improvements were apparent in
the communication (M = 4.37, SD = 1.61, Sum(x) = 332, p = 0.008), daily living (M = 4, SD = 1.47, Sum(x) = 
305, p = 0.007), and socialization (M = 5.66, SD = 1.5, Sum(x) = 430, p < 0.001) sub-scales. A multiple
regression analysis revealed that pre/post treatment changes in the socialization sub-scale were
signi�cantly associated with initial socialization sub-scale scores (β = − .41, p < .001), but not with age (β 
= .06, p = .26) or dosage level (β = − .01, p = .65). Participants with lower initial socialization scores
exhibited larger improvements. Changes in other sub-scales of the Vineland questionnaire were not
associated with any of the covariates.

Of the 82 participants who completed the study, 76 completed cognitive assessments before and after 6
months of treatment. Equivalent analyses did not reveal any signi�cant impact of treatment on any of the
cognitive subtests: Block design perceptual (M = .13, SD = .25, Sum(x) = 10, p = 0.65, Fig. 5), Matrix
perceptual (M=-.14, SD = .19, Sum(x) = 11, p = 0.5), Vocabulary verbal (M = .29, SD = .28, Sum(x) = 22, p = 
0.37), Similarities & Information verbal (M = .04, SD = .22, Sum(x) = 3, p = 0.91), or Coding processing
speed (M = .22, SD = .18, Sum(x) = 11, p = 0.24).

Next, we examined the relationships between the SRS, Vineland, and ADOS, which measure similar ASD
symptom domains in different manners (Fig. 6). There were signi�cant correlations between scores from
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the socialization sub-scale of the Vineland and the SRS social scale both before (r(55)=-0.42, p = 0.001;
Fig. 6) and after treatment (r(55)=-0.44, p < 0.001). However, there were no signi�cant correlations in pre-
post treatment changes across the two scales (r(55)=-0.015, p = 0.27) indicating low reliability in parental
reported changes across the two measures.

Similarly, there were signi�cant correlations between the ADOS-2 SA CSS and the Vineland socialization
sub-scale scores before (r(67)=-0.28, p = 0.02) and after (r(67)=-0.3, p = 0.01) treatment, but there was no
correlation in pre-post treatment changes across the two scales (r(67)=-0.07, p = 0.56). There were no
signi�cant correlations between the ADOS-2 SA CSS and SRS social scores before (r(54)=-0.14, p = 0.3) or
after (r(54)=-0.15, p = 0.28) treatment and no correlation in pre-post treatment changes across the two
measures (r(54) = 0.04, p = 0.77). This demonstrates low reliability between parental and clinical reports
of changes in the severity of social symptoms following treatment.

Discussion
Our results revealed signi�cant improvements in overall ADOS-2, SRS, and Vineland scores of the ASD
participants who completed the 6-month treatment protocol with CBD-rich cannabis. Overall changes
were mostly driven by improvements in social communication skills that were apparent in ADOS-2 SA
CSS (Fig. 1), SRS social scores (Fig. 3), and Vineland communication and socialization scores (Fig. 4).
Signi�cant improvements in RRB symptoms were apparent only in parent reports with the SRS (Fig. 3)
and not in clinical reports with the ADOS-2 RRB CSS (Fig. 1). Regression analyses revealed that
participants with more severe initial symptoms as measured by ADOS-2, Vineland, or SRS scores,
exhibited larger improvements following intervention (Fig. 2) regardless of their age or �nal cannabis
dosage. Treatment did not have a signi�cant impact on any of the examined cognitive sub-tests (Fig. 5),
indicating that cannabis treatment did not have a positive or negative impact on cognitive abilities.

Despite these positive results it is important to note three caveats. First, these results are based on data
from 82 of 110 participants who started the study. Of the 28 participants who did not complete the study
for various reasons (Table 3), 12 participants (i.e., 11% of the initial sample) stopped treatment due to
adverse side effects. Since these participants did not complete behavioral assessments at the end of the
treatment period, we do not know the potential impact of these missing data on our results. Second, the
median change in ADOS-2 SA scores following treatment was zero (Fig. 1). This indicates that roughly
half of the participants (51%) who completed treatment did not exhibit improvements in core ASD
symptoms as measured by the ADOS-2 SA CSS. Hence, signi�cant group improvements in ADOS-2 SA
scores were driven by large improvements that were reported by less than half of the participants who
completed the study. Third, there was notable inconsistency across measures of change in social
communication skills following treatment, with no signi�cant correlations across ADOS-2 SA, Vineland
communication and socialization, and SRS social scores (Fig. 6). This suggests that improvements were
noted for different participants when using different measures, indicating that parents and clinicians did
not report consistent changes in the social behavior of individual participants.
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Nevertheless, these �ndings suggest that treatment with CBD-rich medicinal cannabis can lead to
signi�cant improvements in social communication skills of some ASD individuals, particularly those with
more severe initial symptoms. Moreover, these improvements were large enough to be visible even when
using coarse standardized clinical assessments such as the ADOS-2.

Effect of cannabis treatment on core ASD symptoms
The results of our study are in line with several previous studies demonstrating the potential e�cacy of
CBD-rich medicinal cannabis for treatment of ASD. These include studies reporting that cannabis
treatment was effective in improving social communication skills as reported by parents (Aran, Cassuto,
et al., 2019; Aran et al., 2021b; Bar-Lev Schleider et al., 2019; Fleury-Teixeira et al., 2019; Ponton et al.,
2020). Our results extend these �ndings by demonstrating that improvement in social communication
skills was apparent not only in parent reported SRS scores, but also in clinical scores using the relatively
coarse ADOS-2 SA CSS scale that has a range of 0–10. In contrast, improvements in RRB symptoms
were apparent only in the parent reported SRS scores, but not in ADOS-2 RRB CSS. Hence, of the two core
ASD symptoms, treatment with CBD-rich cannabis seems to have a more consistently reported positive
effect on social symptoms and particularly in cases with more severe initial social symptoms.

While previous studies focused entirely on group effects (i.e., how treatment affected the group on
average), we also examined the reliability of individual treatment effects across multiple measures of
social communication. This revealed that parent report and clinical observation measures were poorly
correlated (Fig. 6), indicating that different magnitudes of change were reported for different participants
when using different measures/tools. This raises concerns regarding the reliability of reported social
communication treatment effects and highlights the need for substantiating and implementing more
objective outcome measures that can directly assess the severity of core ASD symptoms (e.g., using
analysis of speech recordings(Eni et al., 2020) or eye tracking protocols (Avni et al., 2020).

Effect of cannabis treatment on additional behavioral
domains
We also examined changes in adaptive behaviors and cognitive abilities, two behavioral domains that
have not been examined to date in Cannabis treatment studies. The results revealed a signi�cant
improvement in adaptive behaviors as measured by the Vineland. This overall improvement was primarily
driven by improvements in social, communication, and daily living sub-scale scores that were all
signi�cant. In contrast, cognitive assessments did not reveal any changes following treatment. These
results demonstrate that CBD-rich cannabis treatment at least does not seem to have detrimental effects
on cognitive function.

Potential mechanisms of action
The cannabis plant includes more than 100 cannabinoids (phytocannabinoids), which vary in their
relative concentrations across strains. While cannabis has been used for medicinal and recreational
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purposes for thousands of years, the individual and entourage effects of different cannabinoids on the
human body are poorly understood. Most research to date has focused on the effects of two
cannabinoids: Δ9-tetrahydrocannabinol (THC) and cannabidiol (CBD). THC is a partial agonist of the
cannabinoid receptor (CB1) in the brain and induces the psychoactive effects of cannabis (Szkudlarek et
al., 2019). CBD is an allosteric modulator of the CB1 receptor and has an analgesic effect that
counteracts and complements the effects of THC (Campos et al., 2012).

Initial studies with recreational cannabis smokers revealed that within controlled settings, smokers were
more interactive, communicative, comfortable, and open toward one another(Georgotas & Zeidenberg,
1979) and exhibited enhanced social cooperation and reduced hostility (Foltin et al., 1987), compared
with nonsmokers. While these studies suggest that cannabis may improve some aspects of social
communication, perhaps through the activation of Oxytocin related pathways (Wei et al., 2015), the
speci�c strains used in these studies and their cannabinoid compositions were not examined or
controlled. To date, treatment of individuals with ASD has mostly been carried out with CBD-rich
cannabis, because of the analgesic quality and low risk of generating psychotic events, in contrast to
THC-rich cannabis (Seeman, 2016). However, comparison of the behavioral impact of different strains
and/or speci�c cannabinoids has not been performed systematically and considerable research is
required for revealing their underlying mechanisms of action (National Academies of Sciences
Engineering, and Medicine, 2017). Such research will hopefully enable future identi�cation of the
cannabinoid, or cannabinoid group, that most bene�t individuals with ASD.

Limitations
The current study had several limitations that should be acknowledged. First and foremost, this was an
open label study, which is likely to create a positive bias in parent and clinician reports given known
placebo effects (Devinsky et al., 2017, 2018). Indeed, a recent double-blind placebo-control study, testing
cannabis treatment for children with ASD, reported that 21% of the participants showed improvement in
clinical assessment after receiving placebo treatment (Aran et al., 2021). Second, out of the total 110
participants who started the treatment, 28 individuals did not complete the treatment protocol for
different reasons (Table 3). It is possible that if these participants had completed the study, the reported
improvement would have been milder or would not have achieved statistical signi�cance. In addition, due
to COVID-19 restrictions, some parents failed to complete follow-up questionnaires and clinical
assessments in time, which resulted in missing data in some of the measures. As a result, out of the 82
participants who completed the treatment protocol, only 53 completed all 4 behavioral assessments.
Since different participants completed different sets of assessments, the ability to observe and compare
trends of behavioral changes in the entire study sample was reduced. Last, the dose of cannabis was
adjusted individually such that each participant received a different dosage schedule throughout the
study. While this approach allowed maximum �exibility to the needs of each participant and their family,
it limited the ability to accurately monitor the in�uence of different dosages and dosage schedules and
associate them with e�cacy. More stringent double-blind placebo-controlled studies with comparable
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dosage schedules are, therefore, highly warranted for determining e�cacy using the standardized
behavioral assessments presented in the current study.

Conclusion
Accumulating evidence, mostly from open-label uncontrolled studies suggest that CBD-rich cannabis may
yield bene�ts for some individuals with ASD. In this study we demonstrate that this bene�t includes
improvement in social communication abilities, particularly for participants with high initial severity of
core ASD symptoms. Moreover, this is the �rst study to examine the e�cacy of cannabis treatment using
both standardized clinical assessments (i.e., ADOS), parent interviews (i.e., Vineland) and questionnaires
(i.e., SRS). Despite differences in individual scores reported by parents and clinicians (Fig. 6), the
convergence of evidence regarding overall improvements following treatment strengthens the
conclusions. These positive �ndings motivate further double-blind placebo-controlled studies for
determining the e�cacy of treatment with speci�c cannabis strains and/or synthetic cannabinoids.
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Figure 1

Change in ADOS CSS following 6-month cannabis treatment. Box plot diagrams presenting distribution
of changes in the total ADOS CSS (left) ADOS CSS SA (middle) and ADOS CSS RRB (right). Asterisk:
signi�cant change (p<0.05, randomization test). Black diamond: mean. Bold line: median
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Figure 2

Relationship between initial ADOS scores and change pre/post treatment. Scatter plot demonstrating the
relationship between initial ADOS CSS and change in ADOS CSS pre/post treatment. Asterisk: signi�cant
relationship (p<0.05, linear regression). grey line: regression line.
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Figure 3

Change in SRS scores, before and after treatment. SRS restricted and repetitive behaviors (RRB) scale,
SRS social scale, SRS total score.

Asterisk: Signi�cant change (p<0.05, randomization test). Black diamond: mean. Bold line: median.
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Figure 4

Change in Vineland scores pre/post treatment.

Vineland Total Score, communication sub-scale, socialization sub-scale, daily living skills sub-scale.

Asterisk: signi�cant change (p<0.05, randomization test). Black diamond: mean. Bold line: median
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Figure 5

Change in cognitive sub-test scores pre/post treatment.

Block design perceptual test, matrix perceptual test, vocabulary verbal test, similarities & information
verbal test, coding processing speed test.
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Asterisk: signi�cant change (p<0.05, randomization test). Black diamond: mean. Bold line: median

Figure 6

Relationship across different measures of social communication skills

Scatter plots demonstrate the relationship between: A. Initial Vineland socialization and SRS social
scores; B. Final Vineland socialization and SRS social scores; C. Pre/post change in Vineland
socialization and SRS social scores. D. Initial SRS social and ADOS-SA CSS scores; E. Final SRS social
and ADOS-SA CSS scores; F. Pre/post change in SRS social and ADOS-SA CSS scores. G. Initial ADOS-SA
CSS and Vineland socialization scores; H. Final ADOS-SA CSS and Vineland socialization scores; I.
Pre/post change in ADOS-SA CSS and Vineland socialization scores. Asterisk: signi�cant correlation
(p<0.05). Grey line: linear least-squares �t.
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