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A B S T R A C T

Objective: The aim of our study was to evaluate the efficacy and safety of purified cannabidiol as an add-on 
medication in pediatric patients with autism spectrum disorder (ASD) associated with treatment resistant re
petitive behaviors, behavior disorders, and intellectual disability and unresponsive to conventional medications 
and behavioral interventions.
Material and methods: A prospective, observational, before-and-after study was conducted including 20 patients 
with severe ASD who initiated treatment with purified CBD. Patients were evaluated using different scales at 
baseline and at three-month intervals during followup.
Results: The median total CBD dose was 363.5 mg (range, 100–700), and the median follow-up was 11 months 
(range, 6–12). As to the primary outcome evaluating symptoms reported by parents, improvement in at least one 
was observed after CBD initiation in 18 patients (90 %) and no improvement in two (10 %) (1 worsening, 1 no 
response). In the responders, 83.5 % (n = 76) of all reported symptoms improved. Regarding the secondary 
outcomes based on the assessment with different scales, improvement of around 30 % was found in irritability, 
social withdrawal, hyperactivity. Restricted and repetitive behavior improved in nine (50 %), while no changes 
were seen in seven (38.8 %). Sleep patterns were found to be slightly improved. Adverse effects were reported in 
13 patients (65 %), mainly consisting of increased irritability and decreased appetite, but were mild or moderate 
and transient in all. In 40 % of the children, concomitant medication could be reduced or partially discontinued.
Conclusion: Our results suggest that treatment with purified CBD is effective and safe and could benefit patients 
with severe ASD by improving some of the core symptoms, including repetitive behaviors and social interaction, 
as well as associated comorbidities. The families considered the quality of life to have improved.

Key messages

• Almost half of the children with autism spectrum disorder and 
exhibiting disruptive behavior fail to respond to behavioral and 
medical interventions.

• Cannabidiol may benefit patients with severe autism by improving 
some of the core symptoms, including repetitive behaviors and social 
interaction, as well as associated comorbidities, such as disruptive 
behaviors and sleep disorders.

• Families observe a positive impact of cannabidiol on the daily 
management of the child, family dynamics, stress levels, and overall 
quality of life.

• Conventional medications, often associated with severe side effects 
such as weight gain, can be reduced or discontinued in a large pro
portion of the patients.

1. Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental condition 
characterized by core symptoms that include persistent deficits in social 
communication and interaction, as well as restricted and repetitive 
patterns in behavior, interests, or activities (American Psychiatric As
sociation, DSM-5, 2013). In addition, ASD is associated with heteroge
neous non-core symptoms and comorbidities, both psychiatric and 
medical, such as social anxiety and oppositional defiant disorders, 
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attention-deficit/hyperactivity, intellectual disability (ID), irritability, 
depression, seizures, gastrointestinal disorders, mitochondrial dysfunc
tion, immune system abnormalities, and sleep disorders (Bauman, 2010; 
Masi et al., 2017; Mostafavi and Gaitanis, 2020). Severity is defined 
based on social communication impairments and restricted, repetitive 
patterns of behavior. The Diagnostic and Statistical Manual of Mental 
Disorders, Fifth Edition (American Psychiatric Association, DSM-5) has 
incorporated severity levels for ASD based on the support needed, 
including requires support (Level 1), requires substantial support (Level 
2), and requires very substantial support (Level 3) (American Psychiatric 
Association, DSM-5).

There is no established pharmacological treatment for ASD core signs 
and symptoms. Treatment is aimed at minimizing the core features and 
comorbidities, achieving functional independence, improving quality of 
life, and relieving family distress through behavioral, occupational, and 
speech therapies (Anagnostou, 2018). Conventional medical treatments 
to manage comorbid irritability and aggressive behavior include various 
psychotropic medications such as atypical antipsychotics, selective se
rotonin reuptake inhibitors (SSRIs), stimulants, and anxiolytics (Adler 
et al., 2015). Currently, only risperidone and aripiprazole have been 
approved by the U.S. Food and Drug Administration from the ages of 5 
and 6 years, respectively, to address irritability associated with ASD; 
however, they often lead to obesity and metabolic syndrome (Holdman 
et al., 2022; Wink et al., 2014; Goel et al., 2018).

Approximately 40 % of children diagnosed with ASD and exhibiting 
disruptive behavior fail to respond to these behavioral and medical in
terventions (Adler et al., 2015). The behavioral challenges may lead to 
increased social isolation of the patients and their families and make it 
harder to obtain benefits from intervention strategies. Consequently, a 
significant proportion of parents are turning to alternative treatments 
(Höfer et al., 2017), such as the use of cannabis-derived products. In the 
majority of cases, they are accessing these products without proper 
pharmacological controls, mainly due to insufficient medical and sci
entific evidence to substantiate their efficacy (Holdman et al., 2022).

Cannabis has historically been used for both recreational and me
dicinal purposes, demonstrating good results in conditions including 
epilepsy, pain, and anorexia (Russo, 2017). Among the many bioactive 
compounds of the plant, the cannabinoids delta-9-tetrahydrocannabinol 
(THC) and cannabidiol (CBD) are the most important. THC has psy
chotropic effects, may cause anxiety, and affects appetite, cognitive 
function, and memory. In contrast, CBD lacks psychoactive properties, 
exhibits a relatively high toxicity threshold, and is considered as an anti- 
inflammatory agent, and may therefore be beneficial in epilepsy and 
psychiatric disorders (Agarwal et al., 2019; Russo, 2011; Stolar et al., 
2022).

ASD is a highly complex condition with a pathophysiology that is still 
poorly understood. Nevertheless, emerging research has shown that the 
endocannabinoid system (eCB) is altered in different neuropsychologi
cal and neurodevelopmental diseases (Chakrabarti et al., 2015; Zam
berletti et al., 2017; Zou et al., 2021). Children with ASD have been 
found to have lower peripheral eCB levels (Karhson et al., 2018; Aran 
et al., 2019a, 2019b). The eCB is a cell-signaling network that modulates 
several organ systems (Mostafavi and Gaitanis, 2020), and is considered 
to play a role in neurotransmission, synaptic excitation and inhibition, 
and brain plasticity. In addition, it has been shown to be involved in 
aspects related to social interaction, motor control, repetitive behaviors, 
emotional processing, learning, and memory (Zou et al., 2021).

Therefore, the eCB system has emerged as a promising target for the 
treatment of core and non-core symptoms as well as comorbidities of 
ASD. The combination of anxiolytic, anti-inflammatory, and immune- 
regulatory properties, together with a lack of psychoactive effects and 
favorable safety profile, makes CBD an interesting treatment option for 
children with ASD. Different CBD formulations have been used, 
including CBD-enriched, highly purified, or synthetic pharmaceutical 
grade CBD, depending on the psychotropic THC co-content.

The objective of our study was to evaluate the effectiveness and 

safety of purified CBD as an add-on medication in 20 pediatric patients 
with ASD associated with repetitive behaviors, behavior disorders, and 
intellectual disability and unresponsive to conventional medications and 
behavioral interventions.

2. Material and methods

A prospective, observational, before-and-after study was conducted 
including 20 patients with ASD and severe treatment-resistant behav
ioral symptoms who initiated treatment with purified CBD.

Children and adolescents (3 to 18 years of age) with a diagnosis of 
ASD according to the DSM-5 diagnostic criteria were included in the 
study if they met the following criteria: 

• Severity Level 2 or 3 based the core symptoms of ASD including 
impaired social communication and restricted and repetitive 
behavior patterns according to the DSM-5.

• ID (specified/unspecified, if the patient's profile allowed assessment 
with formal testing), or classified according to DSM-5 as mild, 
moderate, severe, or profound ID.

• Language impairment (unintelligible “nonverbal” speech, use of 
single words or very short sentences) or without accompanying 
language impairment (whole sentence speech or fluent speech).

• Behavioral disorders and disruptive behavior with self- and hetero- 
aggressions occurring on an almost daily basis requiring caregiver 
restraint and antipsychotic drug treatment and that failed in mono
therapy or in combination.

• Daily, frequent, and sustained (>10 min) repetitive behavior.
• Intense hyperactivity interfering with daily activities and medical 

treatment or behavioral interventions.

Patients with epilepsy were excluded as epilepsy has been shown to 
respond well to CBD therapy and this may thus be a possible confounder. 
Exclusion criteria were patients with ASD severity Level 1 without ID, 
metabolic or immunologic disease, heart disease, genetic disorders, in
fections and/or bleeding, allergy to any of the components of CBD oil, 
pregnancy, cannabis use 7 days prior to the start of the study, and 
families at high risk of non-compliance with the protocol.

2.1. Intervention

All patients received treatment with highly purified CBD (Con
vupidiol® oral cannabidiol solution). The product was evaluated and 
approved by the Argentine National Administration of Drugs, Foods, and 
Medical Devices (ANMAT). The starting dose was 2 mg/kg/day for 
children weighing ≤45 kg, and 5 mg/kg/day in children weighing >45 
kg divided into 2 doses. Drug-sensitive children were started on 1 mg/ 
kg/day. Subsequently, the dose was uptitrated in increments equal to 
the starting dose (i.e., 2 mg/kg/day or 1 mg/kg/day) until the patient's 
baseline condition improved markedly, lack of tolerance, or up to a 
maximum dose of 25 mg/kg/day or 700 mg was achieved. The starting 
dose was maintained for 2 weeks and at the third week it was progres
sively increased according to the evolution of the symptoms described 
by the parents in the interviews held by telephone every 7, 10, 15 days 
or during office visits, according to the study phase. CBD was adminis
tered as an add-on to any ongoing stable medication (antipsychotics, 
CNS stimulants, etc.) or behavioral therapy.

2.2. Assessments

The clinicopathological characteristics of study participants were 
recorded at baseline, including age, gender, weight, and comorbidities.

2.2.1. Primary outcome
As a primary outcome we compared patients who had changes in at 

least one of five of the most severe symptoms of ASD identified by the 
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parents in the home, recreational, and therapeutic environments 
affecting quality of life of the patient and their families before CBD 
initiation and after each 3 months on CBD treatment.

Whenever possible, both parents jointly selected the most severe 
main symptoms, determined their frequency, and completed the ques
tionnaires for each evaluation. When this was not feasible, the mothers 
selected the symptoms and completed the questionnaires. During face- 
to-face or telephone follow-ups, the primary investigator (SF) evalu
ated each child, analyzed the parents' responses, processed the data, and 
conducted continuous follow-up from the beginning of the protocol.

To measure effectivity, changes were rated on a 6-point scale (1: 
much improved, >75 % reduction of the symptom/behavior frequency; 
2: improved, 74–50 % frequency reduction; 3: slightly improved, 49–25 
% frequency reduction; 4: unchanged, 24–0 % frequency reduction; 5: 
slightly worse; 6: much worse. A positive response was defined as scores 
of 1, 2, or 3.

2.2.2. Secondary outcomes
For secondary outcomes we evaluated changes on the following 

scales before CBD initiation and performed each 3 months on CBD 
treatment: 

Repetitive Behaviors Scale-Revised (RBS-R): This scale was used to 
measure the severity of repetitive behavior in people with autism 
spectrum disorder and ID. The RBS-R consists of six subscales 
including: Stereotyped Behavior, Self-injurious Behavior, Compul
sive Behavior, Routine Behavior, Sameness Behavior, and Restricted 
Behavior. The presence and frequency of the behaviors are rated on a 
4-point scale (i.e., 0 = behavior does not occur, 1 = behavior occurs 
and is a mild problem, 2 = behavior occurs and is a moderate 
problem, 3 = behavior occurs and is a severe problem) (Bodfish 
et al., 2000; Martínez-González et al., 2021).
Maladaptive Behavior Domain of the Vineland Adaptive Behavior 
Scales-II (VABS-II): This questionnaire was used to assess internal
izing, externalizing, and other challenging behaviors of the children. 
The items are rated on a 3-point scale (0 = never; 1 = sometimes; 2 =
usually or often). The maladaptive behavior subscales and index raw 
scores correspond to a V score (1 to 24) determining three clinical 
levels: clinically significant (21 to 24), elevated (18 to 20), or 
average (1 to 17) (Sparrow et al., 2005).
Pediatric Sleep Clinical Global Impressions Scale severity (CGI-S): 
The CGI-S is a clinician-based questionnaire that was used to eval
uate sleep patterns of the patients. Aspects of sleep included in the 
scale are (1) the child's ability to fall asleep and remain sleeping 
independently (e.g., apart from parents); (2) bedtime resistance; (3) 
sleep onset delay; (4) night awakening; (5) parental satisfaction with 
their child's current sleep patterns; (6) family functioning as affected 
by their child's current sleep patterns; and (7) clinician's overall 
concern with the child's sleep. The questions are rated by the clini
cian on a scale of 1 to 7, with 1 representing no concerns and 7 
among the highest level of concerns (Malow et al., 2016).
Aberrant Behavior Checklist: The ABC is a five-factor scale 
comprising 58 items used to assess drug and other treatment effects 
on individuals with ID. Each behavior is scored on a 4-point scale 
from 0 (not a problem) to 4 (serious problem) (Aman et al., 1985). 
For our study we selected 3 of the 5 factors of the scale: factor I: 
Irritability, agitation, crying, factor II: lethargy/social withdrawal, 
and factor IV: hyperactivity/noncompliance.
Autism Family Experience Questionnaire (AFEQ): The AFEQ, a four- 
domain, 48-item questionnaire, was used to evaluate the experience 
of a child with autism, family life, child development, child symp
toms (feelings and behavior) with a score from 1 (always) to 5 
(never). A lower score (minimum 48) indicates a positive outcome 
and a higher score a poor outcome (maximum 240) (Leadbitter et al., 
2018).

Parental Stress Scale (PSS): The PSS, an 18-item self-report scale, was 
used to evaluate stress experienced by parents. The scale considers 
positive and negative aspects of parenting with a 5-point scale rep
resenting strongly disagree, disagree, undecided, agree, strongly 
agree, with possible scores ranging from 18 to 90. Higher scores 
reflect more parental stress (Berry and Jones, 1995).

To evaluate tolerability and safety of CBD, the parents or caregivers 
of the patients filled out a daily standardized form of adverse effects 
(AE). Severe AE were those that led to treatment discontinuation or 
required a visit to the emergency department. Adherence was evaluated 
during office visits and by telephone every 7, 10, 15 days according to 
the study phase.

3. Results

3.1. General features

Between January and December 2023, 20 patients were enrolled in 
the study, of whom 17 (85 %) were male. The mean age ± standard 
deviation (SD) of the patients was 10 (±4.58) years. Median weight at 
baseline was 45 kg (IQR, 32–71) and mean weight was 53.8 (±31.6), 
ranging from 17 to 148 kg.

Based on the DSM-5 criteria for assessing severity in social commu
nication and restricted and repetitive behaviors, six patients (30 %) were 
classified as Level 2, and 14 patients (70 %) as Level 3.

All 20 patients presented with associated ID. According to the DSM- 
5, two patients (10 %) had mild ID, nine (45 %) had moderate ID, eight 
(40 %) had severe ID, and one patient (5 %) had profound ID.

Eighteen patients (90 %) had language involvement, of whom 10 
patients (50 %) were nonverbal. Of the verbal patients, five (25 %) 
expressed single words and three (15 %) short sentences. Two patients 
(10 %) without language involvement had fluent speech, but with dis
orders in morphosyntactic, semantic, and pragmatic aspects conditioned 
by their cognitive level.

All 20 patients were receiving pharmacological treatment at base
line. Seven patients (35 %) received one drug, five patients (25 %) two 
drugs, two patients (10 %) three drugs, two patients (10 %) four drugs, 
and four patients (20 %) five drugs. The drugs were used in mono
therapy or in combination to improve behavior, but, according to 
parental reports, did not improve behavior in 11 patients (55 %), 
partially improved behavior in four (20 %), slightly improved behavior 
in four others (20 %), or very slightly improved behavior in one (5 %). 
Drugs received by patients at protocol initiation and associated with 
cannabis were risperidone in 13, aripiprazole in 10, levomepromazine in 
six, topiramate in six, melatonin in four, olanzapine in three, valproic 
acid in two, metformin in two, and sertraline, thioridazine, clonazepam, 
atomoxetine, and diphenhydramine in one each. Number of drugs 
received by patients before and during treatment was one in seven pa
tients (35 %), two in five (25 %), three in two (10 %), four in two (10 %), 
and five in four patients (20 %). No drug-CBD interactions were 
observed.

Median initial CBD dose was 138.75 mg (range, 35–400) and the 
median total dose was 363.5 mg (range, 100–700). The mean time of 
treatment duration was 9.5 months (median, 11 months; range, 6 
months–12 months).

The demographic features of our patients are shown in Table 1.

3.2. Efficacy

Five symptoms were selected by each of the 20 families as being the 
most severe, resulting in 91 severe symptoms/behaviors. Most symp
toms were related to aggressive behaviors (self/hetero aggressive), ir
ritability, impulsivity, hyperactivity, repetitive behaviors, exaggerated 
responses to sensory stimuli and difficulties related to sleeping, eating, 
and staying dressed. The median number of episodes per week of the 
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nine most severe symptoms/behavior categories selected by the parents 
before CBD initiation and after 3 months on the treatment is shown in 
Table 2. Of the symptoms reported, improvement in at least one was 
observed after initiation of CBD treatment in 18 patients (90 %) and no 
improvement in two (10 %) (1 worsening, 1 non-response). Overall, 
83.5 % (n = 76) of all symptoms reported improved. Of those that 
improved, 50 % (n = 38) were much improved (>75 %), while 40.7 % (n 
= 31) were improved (50–74 %) and 9.3 % (n = 7) were slightly 
improved (25–49 %) (Fig. 1).

The severity of restricted and repetitive behavior was measured 
using the RBS-R. At baseline, severity was mild in one (5.5 %), moderate 
in 11 (61.1 %), and severe in six patients (33.3 %). After CBD initiation, 
severity was mild in three patients (16.6 %), moderate in 13 (72.2 %), 
and severe in the remaining two patients (11.1 %). Therefore, severity 

improved in nine (50 %), remained unchanged in seven (38.8 %), and 
worsened in two patients (11.1 %).

In the Maladaptive Behavior Domain of the VABS-II, the patients had 
a median score of 22 (clinically significant) at baseline, which decreased 
to a median score of 20.5 (elevated) after CBD treatment.

On the ABC, at baseline patients had a median score of 28.7 (range, 
16–45) on irritability, of 10 (range, 2–29) on social withdrawal, and of 
30 (range, 9–36) on hyperactivity, compared to 19.8 (range, 9–36), 6 
(range, 0–14), and 21 (range, 9–36), respectively, after CBD initiation. 
The mean improvement in irritability was 33 %. The irritability score 
decreased in 15 patients, with a reduction between 1 % and 24 % in 
three, between 24 % and 49 % in 10, between 50 % and 74 % in one, and 
>75 % in the remaining patient. Regarding social withdrawal, a mean 
improvement of 40 % was found. The social withdrawal score decreased 
in 15 patients, with a reduction between 1 % and 24 % in four, between 
24 % and 49 % in six, between 50 % and 74 % in two, and >75 % in three 
patients. The hyperactivity showed a mean improvement of 30 % and 
the score decreased in 16 patients, of whom eight had a reduction be
tween 1 % and 24 %, two between 24 % and 49 %, five between 50 % 
and 74 %, and the remaining patient of >75 %.

The Pediatric Sleep CGI-S showed that all 18 patients who remained 
on the treatment had sleep difficulties at baseline without significant 
differences at three months on CBD. In all patients at least one item of 
the scale continued to be affected but, if evaluated individually, we 
found that difficulties to fall asleep and remain sleeping independently 
apart from parents were observed in 13 patients (72.2 %) at baseline, 
who all continued with the same difficulties, although they were less 
severe in the majority of them. Bedtime resistance was seen in 16 pa
tients (88.8 %) before and nine patients (50 %) after CBD initiation, 
delayed sleep onset in 16 (88.8 %) versus seven patients (38.8 %), and 
nocturnal awakenings in 14 (77.7 %) versus seven patients (38.8 %).

The median score on the AFEQ was 154.5 at baseline and decreased 
to 144.5 after starting CBD, while the median score on the PSS at 
baseline was 53 versus 49 after CBD initiation, which was not statisti
cally significant.

The results of the behavioral assessments before CBD initiation and 
at 3 months after CBD initiation in our series of patients with ASD are 
shown in Table 3.

3.3. Safety

Adverse effects were reported in 13 patients (65 %), mainly con
sisting of increased irritability and decreased appetite. All the adverse 
effects were mild or moderate and transient. The adverse effects are 
detailed in Table 4. They coincided with a dose increase or a febrile 
episode and were resolved by reverting to the previous dose or following 
the remission of the infectious disease. After decreasing the dose, slow 
uptitration was carefully tried again.

3.4. Follow-up

The patients were evaluated every three months. During the study 
period, independently of the time of follow-up, the patients kept a 
similar performance on all the scales. Due to the good response in the 
majority of patients, a relatively low dose was used and not further 
increased, resulting in improvement of the quality of life of the patients 
and their families.

Throughout the follow-up period, dosage adjustments or discontin
uation of different medications was achieved in eight patients (40 %). 
The supervision of these reductions varied; some were guided by the 
principal investigator, while others resulted from parental decisions, 
because of symptom improvement during CBD treatment. Importantly, 
no excessive weight gain was observed in any of the patients throughout 
the protocol.

In two patients, CBD was discontinued, due to increased irritability 
in one and because of non-compliance in the other.

Table 1 
Demographic data of our cohort of patients.

General data Patients (n 
= 20)

Patients with 
improvement in at 
least one severe 
symptom (n = 18)

Patients with 
improvement in all 
severe symptoms (n 
= 15)

Sex: m (%) 17 (85 %) 15 (83.3) 12 (80 %)
Mean age years 

(±SD)
10 (±4.58) 10.66 (±4.11) 11.13 (±4.08)

Median weight kg 
(IQR)

45 (32–71) 45 (34–66.5) 45 (33–74)

Mean final CBD 
dose (±SD) mg

329.73 
(±204.26)

375 (±188.4) 408 (±188.4)

Number of drugs 
used (±SD)

4.5 (±2.29) 4.2 (±2.18) 4.3 (±2.3)

Number of drugs 
with dose 
lowering (±SD)

1.75 
(±0.95)

1.75 (±0.95) 1.75 (±0.95)

Mean number of 
discontinued 
drugs (±SD)

2 (±1.15) 2 (±1.15) 2 (±1.15)

Median treatment 
duration days 
(IQR)

306 
(14–368)

317 (185–368) 325 (185–368)

Table 2 
Number of episodes per week of the 9 most severe symptoms/behavior cate
gories selected by the parents before CBD initiation and after 3 months on the 
treatment.

Symptom/behavior (n =
number of patients)

Before CBD 
initiation

After CBD initiation 
(assessment at 3 months 
post-CBD)

p 
valuea

Aggressive behavior (n 
= 15) 
Median (IQR)

70 (21–140) 12 (3− 30) 0.001

Irritability (n = 13) 
Median (IQR)

35 (21–70) 10 (3–14) 0.001

Hyperactivity (n = 10) 
Median (IQR)

38 (35–42) 12 (9–25) 0.005

Repetitive behavior (n =
10) 
Median (IQR)

95 (40–210) 39 (25–100) 0.005

Sleep difficulties (n = 5) 
Median (IQR)

7 (5–7) 0 (0–1) 0.042

Impulsivity (n = 4) 
Median (IQR)

39 (32–49) 13 (8–15) 0.068

Difficulties staying 
dressed (n = 4) 
Median (IQR)

25 (13–67) 3 (2–5) 0.06

Exaggerated response to 
stimuli (n = 2) 
Median (IQR)

25 (14–35) 2 (0–3) 0.18

Eating difficulties (n = 2) 
Median (IQR)

28 (28–28)c 7 (3− 10)b 0.18

a IQR, interquartile range.
b Wilcoxon Signed-Rank Test.
c Episodes were 28 in both patients.
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4. Discussion

Our study was driven by the need to provide support to families 
encountering severe behavioral challenges leading to significant 
dysfunction and family stress. We evaluated CBD for the treatment of 20 
children aged between 3 and 17 years, diagnosed with ASD Level 2 or 3 
and associated ID and language impairment. All children exhibited be
haviors classified by their families as “severely disruptive,” affecting the 
quality of life of the children and their families. These behaviors per
sisted despite the use of multiple medications, either as monotherapy or 
in combination. Additionally, most patients experienced clear adverse 
effects typical of these drugs, such as a significant increase in body 
weight.

CBD has emerged as an interesting option for the treatment of ASD 
with a good safety profile (Stolar et al., 2022). ASD is currently the 
second-largest condition for which the drug is used, surpassed only by 
epilepsy. Over recent years, different studies using CBD for children with 
ASD have been published using different evaluation tools (Aran et al., 
2021; Barchel et al., 2019; Fleury-Teixeira et al., 2019; Bar-Lev 
Schleider et al., 2019; Silva et al., 2024; Bilge and Ekici, 2021; Hacohen 
et al., 2022). Interestingly, Aran et al. (2021) compared three groups of 
patients in a cross-over study using whole-plant CBD, purified CBD, and 
placebo.

Autism is a highly heterogeneous disorder characterized by various 
core and non-core symptoms, along with a range of comorbidities. 
Questionnaires often fail to capture the diverse symptomatology of in
dividual patients, particularly those with more severe manifestations 
(Aran et al., 2021). Therefore, as the primary objective of our study, 
families were asked to identify five of the most disruptive symptoms/ 
behaviors exhibited by their children. The effectiveness of CBD was then 
assessed based on the reduction or improvement of these identified 
behaviors following CBD initiation. Improvement in at least one symp
tom was observed after CBD initiation in 18 patients (90 %), while no 
improvement was noted in two patients (10 %). Effectiveness was 
further assessed using various scales. In correlation to the improvement 
of the primary objective, the score in the Maladaptive Behavior Domain 
of the VABS-II responded by the parents decreased.

Severity of irritability, social withdrawal, and hyperactivity 
improved at least 30 % in the cohort, which is similar to findings in other 
studies (Barchel et al., 2019; Fleury-Teixeira et al., 2019; Hacohen et al., 
2022; Aran et al., 2021). On the other hand, the severity of restricted and 
repetitive behavior, which could be measured in 18, improved in nine 
(50 %), remained unchanged in seven (38.8 %), and worsened in two 
patients (11.1 %). Hacohen et al. (2022), who also studied this item, 

Fig. 1. Evaluation of the symptoms selected by the parents (n = 91).

Table 3 
Behavioral assessments before CBD initiation and at 3 months after CBD initi
ation in our series of patients with autism spectrum disorders.

Behavioral assessments Before CBD 
initiation n = 20

After CBD initiation 
(assessment at 3 months 
post-CBD) n = 18

RBS-R Mild 1, 
moderate 11, 
severe 6

Mild 3, moderate 13, severe 
2

Maladaptive Behavior Domain 
VABS-II – score median 
(range)

22 (19–26) 20.5 (19–24)

ABC score median (range)  

- Irritability
- Social withdrawal
- Hyperactivity

28.7 (16–45) 
10 (2–29) 
30 (9–36)

19.8 (9–36) 
6 (0–14) 
21 (9–36)

AFEQ – score median (range) 154.5 (128–198) 144.5 (123–169)
PSS – score median (range) 53 (38–70) 49 (29–68)
Pediatric Sleep CGI-S – number 

of patients (%)  

- Difficulty falling asleep and 
sleeping independently

- Bedtime resistance
- Delayed sleep onset
- Nocturnal awakenings

13 patients 
(72.2 %) 
16 patients 
(88.8 %) 
16 patients 
(88.8 %) 
14 patients 
(77.7 %)

13 patients (72.2 %)  

9 patients (50 %) 
7 patients (38.8 %) 
7 patients (38.8 %)

Abbreviations: ABC, Aberrant Behavior Checklist; AFEQ, Autism Family Expe
rience Questionnaire; CGI–S, Clinical Global Impressions Scale severity; PSS, 
Parental stress scale; RBS-R, Repetitive Behaviors Scale-Revised; VABS-II, 
Vineland Adaptive Behavior Scales-II.

Table 4 
Adverse effects observed in our series of patients.

Adverse effect Number of patients

Increase in irritability 6
Decreased appetite 2
Increase in impulsivity 1
Hetero-aggressivity 1
Hand tremor 1
Worsening behavior 1
Fever 1
Sleep disturbances 1
Nervousness 1
Increase in anxiety 1
Increase in auto-aggressivity 1
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found that a significant improvement in symptoms of restricted and 
repetitive behavior was apparent only in parent reports evaluated 
through the Restricted and Repetitive Behavior domain of the Social 
responsiveness scale, 2nd edition (SRS-2) but not in clinical reports of 
the same subscale on the Autism diagnostic observation schedule, 2nd 
edition (ADOS-2).

Regarding sleep, in our series only a slight improvement in sleep 
patterns was found, similar to Bar-Lev Schleider et al. (2019), while 
other authors found more significant improvements (Silva et al., 2024; 
Barchel et al., 2019; Fleury-Teixeira et al., 2019). Nevertheless, in a 
randomized trial specifically evaluating sleep in children with ASD, 
comparing whole-plant cannabis extract (CBD-THC ratio 20:1), purified 
CBD, and oral placebo, no sleep improvements were found (Schnapp 
et al., 2022).

In previous studies, the most common adverse effects were somno
lence, decreased appetite, irritability, and weight loss, which were 
usually mild or moderate and generally not a reason to discontinue 
treatment (Barchel et al., 2019; Aran et al., 2021; Fleury-Teixeira et al., 
2019; Bar-Lev Schleider et al., 2019; Silva et al., 2024). Adverse effects 
were similar in our study, although remarkably, somnolence, as reported 
by other studies (Bar-Lev Schleider et al., 2019; Aran et al., 2019b), was 
not observed in any of our patients. In our study, one patient stopped the 
treatment due to increased irritability. In a study by Aran et al. (2019b) a 
severe adverse effect was observed in an adolescent girl who had a 
psychotic event. In the study by Hacohen et al. (2022), 12/82 dis
continued, due to increased aggression or anxiety, weight gain, 
abdominal pain, increased hyperactivity, and a decrease in communi
cation. On the other hand, as children with ASD generally take 
concomitant medications, it is difficult to determine whether these 
adverse events were caused by the CBD or a negative synergy between 
CBD and other drugs. Fleury-Teixeira et al. (2019) reported that three 
patients stopped CBD, due to worsening autistic behaviors in two pa
tients, and due to insomnia, irritability, increased heart rate, and 
worsening of psycho-behavioral crises in the remaining patient. The 
authors speculated that the former situation may have been due to the 
unsupervised and sudden cessation of the antipsychotics, while the 
latter may have been caused by the interaction of CBD with previously 
prescribed antipsychotic drugs.

An important secondary advantage of CBD is that in a considerable 
number of cases the number and dosage of other medications can be 
reduced (Fusar-Poli et al., 2020). In our study, concomitant medications 
could be decreased or partially stopped in 40 %, but not completely 
discontinued in any of the patients. In a retrospective study on the use of 
CBD in 60 children with ASD and severe behavioral problems (Aran 
et al., 2019a), 33 % received fewer medications or a lower dosage, while 
24 % stopped taking medications. In the observational studies by Fleury- 
Teixeira et al. (2019) and Bar-Lev Schleider et al. (2019), concomitant 
medication could be completely withdrawn in 20 %, and partially 
withdrawn or reduced in dosage in 40 % and 5.4 %, respectively.

Quantifying a meaningful qualitative change for the families through 
a decrease in scores on scales and questionnaires proves challenging, 
given the subjective nature of parental responses. Moreover, there is a 
lack of questionnaires and scales that are entirely tailored to objectively 
measure the diverse comorbidities present in our patient population. In 
addition, it has been observed that many items in the questionnaires 
may be inapplicable for some low-functioning participants, leading to 
invalid scores (Aran et al., 2021).

Unlike most of the previous reports that used CBD-enriched products 
(Barchel et al., 2019; Fleury-Teixeira et al., 2019; Silva et al., 2024), in 
our study we used a purified CBD formulation, which was pharmaco
logically the most reliable among our options. Nevertheless, in the other 
studies, the ratios of CBD:THC were highly variable, ranging from 9:1 
(Silva et al., 2024) to 75:1 (Fleury-Teixeira et al., 2019), making com
parisons difficult. In addition, the so-called entourage effect, i.e., the 
synergistic pharmacological effect of other biochemical compounds of 
the cannabis plant, may be positive or negative. Aran et al. (2021) found 

no clear advantages for the whole-plant extract over pure cannabinoids, 
suggesting that attempts to search for the optimal ‘entourage’ effect 
across cannabis strains with the same CBD:THC ratio are likely to be 
challenging.

Prior research has demonstrated that CBD can inhibit the metabolism 
of many commonly prescribed medications via Cytochrome P450 (CYP) 
pathways, potentially increasing the risk of adverse effects or dimin
ishing therapeutic efficacy (Campos et al., 2024). In a retrospective 
chart review of adverse event reports involving interactions between 
cannabinoids and psychotropic drugs, Chrobak et al. (2024) found that 
cannabinoids were implicated in 8 % (20/256) of adverse events asso
ciated with the concomitant use of psychotropic drugs and other prep
arations. Of these, 10 % (2/20) were related to the simultaneous use of 
sertraline and CBD, while 18 cases (90 %) involved potentially severe 
adverse effects linked to the combination of THC and CBD. Notably, no 
side effects were observed in our patient who concomitantly received 
CBD and sertraline.

Another pharmacokinetic mechanism underlying clinically signifi
cant drug interactions involves ATP-binding cassette (ABC) transporters. 
P-glycoprotein (P-gp), an ABC transporter located at the blood-brain 
barrier, limits the brain accumulation of central nervous system sub
strates, including several antipsychotics. P-gp at the blood-brain barrier 
binds antipsychotic drugs such as risperidone, paliperidone (9-hydroxy 
risperidone), olanzapine, quetiapine, amisulpride, and aripiprazole, 
transporting them out of brain tissue and back into the bloodstream. 
THC exposure has been shown to increase P-gp expression in brain re
gions critical for risperidone's antipsychotic effects (Brzozowska et al., 
2017). Despite risperidone and aripiprazole being the most commonly 
used antipsychotics in our study, no diminished effect was observed, 
likely due to the use of a purified CBD product containing minimal THC.

Results on the scales measuring parental stress (Berry and Jones, 
1995) and family experience (Leadbitter et al., 2018) did not show 
significant differences. However, 18/20 families observed improve
ments in behavior, sleep patterns, and social interaction. The parents 
reported that CBD positively impacted daily child management, family 
dynamics, perception of the condition's severity, stress levels, and 
therefore overall quality of life. These changes were also observed in 
areas beyond the family setting, including medical, recreational, and 
therapeutic contexts. Remarkably, in 40 % of the children, medication 
could be reduced or partially discontinued.

Parental expectations play a significant role in shaping subjective 
reports of treatment outcomes in children with ASD (Barchel et al., 
2019). High expectations from a treatment, such as cannabinoid ther
apy, may lead parents to perceive improvements due to a placebo effect, 
as evidenced by previous studies highlighting moderate placebo re
sponses in ASD trials. Interestingly, clinician ratings have been associ
ated with a stronger placebo effect than those of parents. While parental 
optimism often correlates with increased placebo responses, studies also 
indicate that caregiver strain and reduced hopefulness at the start of a 
trial may lower this effect (Masi et al., 2017). Importantly, parents 
remain a vital source of information for assessing both the child's 
progress and adverse events, especially in populations where commu
nication limitations necessitate caregiver reporting (Barchel et al., 
2019).

In a recent study by Aran et al. (2023) evaluating child and parent 
characteristics associated with the placebo response to CBD treatment in 
a large cohort of children and adolescents with ASD, contrary to what 
was expected, parental expectations regarding cannabinoid treatment 
were not associated with the placebo response.

Our study has several limitations. First, the small sample size limits 
the generalizability of the findings. Additionally, the open-label study 
design may have introduced positive bias among parents and physicians 
due to the placebo effect. The absence of a control group, a comparison 
with whole-plant extracts (entourage effect), and a placebo group 
further restricts the ability to draw definitive conclusions about the in
tervention's effectiveness. Moreover, the scales and questionnaires used 
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were not specifically tailored to the unique circumstances of individual 
patients, and the subjective nature of the responses complicates data 
interpretation. The content of these tools may also fail to comprehen
sively capture the full impact of the intervention. Consequently, the 
findings must be interpreted with caution due to these study design 
limitations. Further research is needed to generate more robust data on 
the efficacy, tolerability, and safety of CBD for managing ASD-associated 
symptoms and comorbidities.

5. Conclusions

Our findings suggest that treatment with purified CBD is effective 
and safe, potentially benefiting patients with severe ASD by improving 
core symptoms, including repetitive behaviors and social interaction, as 
well as associated comorbidities such as disruptive behaviors and sleep 
disorders. Additionally, families reported an improvement in overall 
quality of life. However, these results should be interpreted in light of 
the study's limitations, and further research is required to provide more 
robust data on the efficacy, tolerability, and safety of CBD for managing 
ASD-associated symptoms and comorbidities.
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