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Background: Autism spectrum disorder (ASD) is a heterogeneous neurodevelopmental condition often associated
with severe behavioral disturbances and limited pharmacological treatment options. Cannabidiol (CBD) has
emerged as a potential therapeutic option; however, evidence on its long-term effectiveness and safety in chil-

Ejzni:;ill()l dren with ASD is scarce.
Treagtment Objective: To evaluate the long-term effectiveness and safety of purified CBD as add-on therapy in children with

severe ASD and treatment-resistant behavioral symptoms.

Material and methods: We conducted a prospective observational before-and-after study in children and adoles-
cents (3-18 years) with ASD severity levels 2 or 3 and intellectual disability treated with add-on CBD. The
primary outcome was change in caregiver-identified symptoms, while secondary outcomes included standard-
ized behavioral scales (Repetitive Behavior Scale-Revised [RBS-R], Vineland Adaptive Behavior Scales-II mal-
adaptive behavior domain, Aberrant Behavior Checklist [ABC], Pediatric Sleep Clinical Global
Impressions-Severity, Autism Family Experience Questionnaire, and Parental Stress Scale). Safety and tolera-
bility were assessed through caregiver-reported adverse events.

Results: Twenty children were enrolled, of whom 13 completed the long-term follow-up (mean 27.6 + 1.3
months). Of the caregiver-identified symptoms, improvements observed during the initial short-term study were
maintained or further improved during follow-up. Standardized scales showed modest but sustained improve-
ments, particularly in irritability, social withdrawal, and hyperactivity. Mild, transient adverse events, mainly
irritability or decreased appetite, did not recur during long-term followup, and concomitant medications were
reduced in 40% of patients.

Conclusion: Long-term treatment with purified CBD in children with severe ASD was well tolerated and associated
with sustained improvement in caregiver-reported outcomes and standardized scales.

1. Introduction

Autism spectrum disorder (ASD) is a group of heterogeneous neu-
rodevelopmental conditions characterized by deficits in social commu-
nication and interaction associated with restricted and repetitive
patterns of behavior, interests, or activities (American Psychiatric
Association, DSM-5, 2013). In addition to these core features, children
with ASD may present with a wide range of psychiatric and medical
comorbidities, including intellectual disability (ID), epilepsy, irritabil-
ity, aggression, anxiety, sleep disorders, and gastrointestinal distur-
bances (Bauman, 2010; Masi et al., 2017; Mostafavi and Gaitanis, 2020).

These associated symptoms can significantly worsen functional
impairment, family stress, and quality of life.

Behavioral and educational interventions are an important part of
the management (Anagnostou, 2018), but pharmacological options are
limited. Currently, risperidone and aripiprazole are the only agents
approved by the U.S. Food and Drug Administration for the treatment of
irritability in ASD; however, both are associated with considerable
adverse effects, including weight gain and metabolic syndrome
(Holdman et al., 2022; Wink et al., 2014; Goel et al., 2018).

Nearly 40% of children with ASD and disruptive behaviors do not
respond adequately to conventional behavioral or pharmacological
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interventions (Adler et al., 2015). Consistent with this unmet need, a
recent network meta-analysis found that although risperidone and ari-
piprazole may reduce irritability in the short term, the overall certainty
of the evidence is low (Meza et al., 2025).

Cannabidiol (CBD), a non-psychoactive cannabinoid, has gained
increasing interest as a potential therapeutic option for both core
symptoms of ASD and associated comorbidities, based on its anxiolytic,
anti-inflammatory, and neuromodulatory properties, together with a
generally favorable safety profile (Russo, 2011; Agarwal et al., 2019;
Stolar et al., 2022). Alterations in the endocannabinoid system, a neu-
romodulatory network involved in the regulation of social behavior,
anxiety, and sleep, have been described in individuals with ASD
(Chakrabarti et al., 2015; Zamberletti et al., 2017; Karhson et al., 2018;
Aran et al., 2019a; Zou et al., 2021). These findings provide a biological
rationale for the clinical use of CBD as a therapeutic strategy in autism.

Several studies have evaluated the use of CBD in children with ASD
(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). However, most of these used CBD-enriched for-
mulations with different ratios of CBD to tetrahydrocannabinol (THC),
the psychoactive component of the cannabis plant.

In our previous study (Fortini et al., 2025), we reported the initial 3-
month outcomes of this same cohort of children with ASD and severe
treatment-resistant behavioral symptoms treated with purified CBD. We
chose to use purified CBD to avoid exposure to THC and its potential
psychoactive effects, which are of particular concern in pediatric pop-
ulations. In that study, we observed favorable short-term outcomes with
purified CBD in children with ASD and severe treatment-resistant
behavioral symptoms, including ID and repetitive behaviors.

Currently, there are no data on the prolonged use of purified CBD in
children with ASD. Long-term outcomes are of important to evaluate the
ongoing efficacy and the potential for tolerance.

The aim of the present study was therefore to assess the long-term
effectiveness and safety of purified CBD as an add-on treatment in the
same cohort of children with ASD and severe treatment-resistant
behavioral disturbances. By extending the follow-up, we aimed to
evaluate the persistence of clinical benefits, the durability of treatment
response, and the long-term tolerability of CBD.

2. Material and methods

This study represents the long-term follow-up of a previously pub-
lished prospective observational before-and-after study evaluating pu-
rified CBD in children with ASD and severe treatment-resistant
behavioral symptoms (Fortini et al., 2025). The present analysis was
conducted to assess the long-term effectiveness and safety of purified
CBD in the same cohort.

Children and adolescents (3 to 18 years of age) with a diagnosis of
ASD according to DSM-5 criteria were included. Participants were
eligible if they had ASD severity levels 2 or 3, requiring substantial or
very substantial support and showing marked impairments in social
communication and restricted, repetitive patterns of behavior; the
presence of ID, severe behavioral disturbances with daily episodes of
self- and hetero-aggression requiring physical restraint by caregivers
and antipsychotic treatment that had proved ineffective as monotherapy
or in combination; daily, frequent, and sustained (>10 min) stereotyped
or repetitive behaviors; and hyperactivity significantly interfering with
daily functioning and adherence to medical or behavioral interventions.

Patients were excluded if they had epilepsy, given its known
responsiveness to CBD and the potential for confounding effects. Addi-
tional exclusion criteria included ASD severity level 1 without ID; a
history of metabolic, immunologic, cardiac, genetic, infectious, or
bleeding disorders; known allergy to any component of the CBD oil;
pregnancy; cannabis use within seven days prior to study initiation; and
a high likelihood of non-compliance with the study protocol.
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2.1. Intervention

All patients received treatment with highly purified CBD oral solu-
tion (Convupidiol®), a product approved by the Argentine National
Administration of Drugs, Foods, and Medical Devices (ANMAT).

Our dosing strategy was based on gradual and individualized titra-
tion according to tolerability and clinical response. For children
weighing <45 kg, the starting dose was 2 mg/kg/day, and for those >45
kg, 5 mg/kg/day, given in two divided doses. Drug-sensitive patients
began at 1 mg/kg/day. Doses were then increased by the same amount
as the initial dose (2 mg/kg/day or 1 mg/kg/day), according to toler-
ance and clinical response, up to a maximum of 25 mg/kg/day or 700
mg. The initial dose was maintained for two weeks, and from week three
onward, titration was adjusted based on the child's clinical evolution.
Similar individualized titration protocols and broad dosing ranges have
been reported in previous ASD studies using CBD, with starting doses
ranging from 1 to 5 mg/kg/day and target doses commonly around
7.5-10 mg/kg/day (Aran et al., 2021; Bilge and Ekici, 2021; Hacohen
et al., 2022).

CBD was administered as an add-on therapy to ongoing stable
treatments, including antipsychotics, stimulants, or behavioral
therapies.

Clinical evolution was assessed through structured caregiver reports
obtained during scheduled follow-up contacts conducted either by
telephone or during in-person visits, depending on the study phase.
Follow-up interviews were performed at regular intervals of approxi-
mately every 7, 10, or 15 days. Information obtained during the in-
terviews was recorded using standardized data collection forms and
incorporated into the longitudinal outcome analysis.

2.2. Assessments

Baseline demographic and clinical characteristics were systemati-
cally collected at study entry, including age, sex, body weight, and
comorbidities.

2.2.1. Primary outcome

The primary outcome was defined as longitudinal changes in indi-
vidualized target symptoms identified by caregivers as having the
greatest impact on the child's daily functioning and family quality of life
across home, recreational, and therapeutic settings. At baseline, prior to
CBD initiation, caregivers identified five symptoms for each patient.
These same target symptoms were reassessed at approximately three-
month intervals during treatment and at the extended follow-up
evaluation.

Whenever feasible, both parents jointly identified the target symp-
toms and contributed to the follow-up ratings. When this was not
possible, the primary caregiver—most often the mother—completed the
evaluations. Follow-up assessments were conducted through scheduled
in-person visits or structured telephone interviews. The principal
investigator reviewed caregiver reports, confirmed symptom classifica-
tion, and ensured consistency in longitudinal data collection throughout
the study period.

The reported symptoms/behaviors were grouped into nine pre-
defined categories: aggressive behavior, irritability, hyperactivity, re-
petitive behaviors, sleep disturbances, impulsivity, difficulty remaining
dressed, exaggerated responses to sensory stimuli, and feeding
difficulties.

Treatment response was assessed by evaluating changes in the fre-
quency of these behaviors using a six-point ordinal scale: 1 = much
improved (>75% reduction in frequency); 2 = improved (50-74%
reduction); 3 = slightly improved (25-49% reduction); 4 = no change
(0-24% reduction); 5 = slightly worse; and 6 = much worse. A positive
treatment response was defined as a score of 1, 2, or 3.
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2.2.2. Secondary outcomes

Secondary outcomes were evaluated using standardized instruments
administered at baseline and at approximately three-month intervals
throughout CBD treatment. The assessments included the Repetitive
Behavior Scale-Revised (RBS-R) (Bodfish et al., 2000; Martinez-
Gonzalez et al., 2021), the Maladaptive Behavior domain of the Vine-
land Adaptive Behavior Scales, Second Edition (VABS-II) (Sparrow et al.,
2005), the Pediatric Sleep Clinical Global Impressions-Severity scale
(Sleep CGI-S) (Malow et al., 2016), selected subscales of the Aberrant
Behavior Checklist (ABC: irritability, social withdrawal, and hyperac-
tivity) (Aman et al., 1985), the Autism Family Experience Questionnaire
(AFEQ) (Leadbitter et al., 2018), and the Parental Stress Scale (PSS)
(Berry and Jones, 1995), as explained in our previous study (Fortini
et al., 2025).

Safety and tolerability were monitored through daily caregiver-
completed adverse event forms. Adverse events were graded by
severity, and those leading to treatment discontinuation or emergency
department evaluation were classified as severe. Treatment adherence
and clinical status were reviewed during scheduled in-person visits and
structured telephone follow-up interviews conducted every 7, 10, or 15
days, depending on the study phase.

The study was approved by the Bioethics in Research Committee
(accreditation nr. MSGCBA 00012) before participant enrollment.
Written informed consent was obtained from parents or legal guardians
of all participants prior to inclusion. All procedures were performed in
accordance with institutional guidelines, national regulations, and the
ethical standards of the Declaration of Helsinki and its later
amendments.

3. Results
3.1. General features

Between January and December 2023, 20 children were enrolled in
the study, of whom 13 completed prospective follow-up through June
2025, allowing evaluation of the sustained effects and safety profile of
CBD treatment over a mean follow-up period of 27.6 + 1.3 months.
Demographic and clinical characteristics of the long-term follow-up
cohort are summarized in Table 1.

According to DSM-5 criteria, five patients (38%) were classified as
ASD severity Level 2 and eight (62%) as Level 3. All patients had in-
tellectual disability, classified as mild in two (16%), moderate in six
(46%), and severe in five (38%). Language impairment was present in 11
patients (85%), including eight (73%) who were nonverbal. The
remaining two patients had fluent speech but showed deficits in mor-
phosyntactic, semantic, and pragmatic domains consistent with their
cognitive level.

Patients were receiving multiple concomitant medications at base-
line, most commonly risperidone, aripiprazole, levomepromazine, and
melatonin. During follow-up, six patients (46%) were able to reduce the
dose or partially discontinue at least one concomitant medication, most

Table 1

Demographic and clinical characteristics of the 13 patients with moderate-to-
severe ASD included in the long-term extension study of purified cannabidiol
(n=13).

Variable Value

Male sex, n (%) 10 (76%)

Age at inclusion, years, mean + SD 9.9 + 4,51
Weight at baseline, kg, mean + SD 53.6 + 35.8
Weight at follow-up, kg, mean + SD 60.6 + 33.8
Final CBD dose, mg, mean + SD 373.8 £182.4

Number of concomitant drugs, mean + SD (median, range)
Drugs with dose reduction, mean + SD (median, range)
Discontinued drugs, mean + SD (median, range)
Treatment duration, days, mean + SD (median)

2.84 + 1.46 (2, 1-5)
0.61 + 0.96 (0,0-3)
0.53 +1.12 (0, 0-3)
853.3 + 42.2 (872)
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frequently aripiprazole or levomepromazine. No clinically relevant
drug-CBD interactions were observed.

The median initial CBD dose was 100 mg (mean 135.7 mg; range
35-400), and the mean final dose was 373.8 + 182.4 mg. Overall, pa-
tients remained within the same age-adjusted weight percentiles
throughout follow-up.

The demographic and clinical characteristics of the cohort are sum-
marized in Table 1.

3.2. Efficacy

3.2.1. Primary outcome

At baseline, caregivers identified five severe target symptoms per
patient (91 total), most commonly aggressive behaviors, irritability,
impulsivity, hyperactivity, repetitive behaviors, sensory hypersensitiv-
ity, and difficulties related to sleep, eating, or remaining dressed. After
three months of CBD treatment, improvement in at least one target
symptom was observed in 18 of 20 patients (90%), with 83.5% of all
reported symptoms showing improvement. Among the 13 children
included in the long-term follow-up, caregivers initially identified a total
of 62 severe symptoms. Improvement of all target symptoms remained
steady or slightly improved further over the course of treatment. At the
26-month follow-up, 65% (41 symptoms) were rated as much improved
(>75% reduction), 25% (15) as improved (50-74% reduction), and 10%
(6) as slightly improved (25-49% reduction).

Table 2 summarizes the median weekly frequency of the nine
caregiver-identified target symptom/behavior categories at baseline and
at three and 26 months after CBD initiation.

3.2.2. Secondary outcomes

For secondary outcomes, the children were evaluated using stan-
dardized instruments. The severity of restricted and repetitive behaviors
was assessed using the RBS-R at baseline, after three months of CBD
treatment, and at long-term follow-up. At baseline, severity was classi-
fied as mild in one patient (5.5%), moderate in 11 (61.1%), and severe in
six (33.3%). After three months of CBD treatment, severity was mild in
three patients (16.6%), moderate in 13 (72.2%), and severe in two
(11.1%). At that time point, compared with baseline, severity improved
in nine patients (50%), remained unchanged in seven (38.8%), and
worsened in two (11.1%).

Among the 13 patients who completed the long-term follow-up, five
(38.5%) demonstrated additional improvement beyond that observed at

Table 2

Weekly frequency of caregiver-identified symptom/behavior categories at
baseline, 3 months, and long-term follow-up in the 13 patients included in the
long-term extension study.

Symptom/behavior Baseline (n = 3 months (n = 26 months (n =

(n)* 13) Median 13) Median 13) Median
(IQR) (IQR) (IQR)

Aggressive behavior 72 (21-140) 19 (5-30) 9(3-28) (n =

(n=12)" 12)

Irritability (n = 10)° 39 (21-70) 10 (3-14) 8(2-19) (n=
10)

Hyperactivity (n = 4)° 36 (30-42) 17 (9-30) 6(4-21)(n=4)

Repetitive behavior (n 75 (28-210) 37 (18-100) 20 (12-50) (n =
=5)° 5)

Sleep difficulties (n = 7 (7) 77 77 (m=1)
1)°

Impulsivity (n = 2)* 38 (28-49) 11 (8-15) 8(4-12)(n=2)

Difficulties staying 24 (13-35) 4 (3-5) 3(1-5m=2)
dressed (n = 2)*

Exaggerated response 25 (14-35) 2 (0-4) 2049 (n=2)
to stimuli (n = 2)*

Eating difficulties (n = 28 (28-28)" 7 (4-10) 7 (4-10) (n =2)

2)*

@ Number of patients with the symptom at long-term follow-up.
b Episodes were the same (28/week) in both patients.
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the three-month evaluation. Specifically, one patient shifted from severe
to moderate, two from moderate to mild, and two from mild to no
problem. The remaining eight patients showed no further change and
remained within the moderate severity category.

In the Maladaptive Behavior domain of the VABS-II, among the 13
patients who completed the extended evaluation, the median baseline
score was 22, corresponding to the clinically significant range.
Following CBD treatment, the median score decreased to 20.5, as re-
ported in the initial study, shifting to the elevated range. At long-term
follow-up, the median score further declined to 20.1, remaining
within the elevated range.

In the initial study, scores on the ABC decreased following CBD
initiation, with mean improvements of 33% in irritability, 40% in social
withdrawal, and 30% in hyperactivity. At long-term follow-up, among
the 13 patients who completed the extended evaluation, these im-
provements were sustained and in some cases further reduced. Median
scores decreased to 22,1 (range, 5-38) for irritability, 4.8 (range, 0-14)
for social withdrawal, and 17.3 (range, 6-34) for hyperactivity.
Compared with baseline values, these corresponded to mean reductions
of 30%, 46%, and 38%, respectively.

In the initial study, the Pediatric Sleep CGI-S showed that sleep
disturbances were present in all 18 patients who remained on treatment.
Although no significant overall changes were observed after three
months of CBD therapy, some improvements were noted in specific sleep
parameters. Difficulties in falling asleep and remaining asleep inde-
pendently from parents were reported in 13 patients (72.2%) at baseline
and persisted in all, although symptoms were generally less severe.
Bedtime resistance decreased from 16 patients (88.8%) at baseline to
nine (50%) after CBD initiation, delayed sleep onset from 16 (88.8%) to
seven (38.8%), and nocturnal awakenings from 14 (77.7%) to seven
(38.8%).

At long-term follow-up, all 13 patients who completed the extended
evaluation continued to present some degree of sleep disturbance. Dif-
ficulties in falling asleep and remaining asleep independently from
parents were reported in seven patients (54%), bedtime resistance in
seven (54%), delayed sleep onset in five (38%), and nocturnal awak-
enings in six (46%), similar to baseline and the 3-month evaluation.

Among the 13 patients who completed the long-term follow-up, the
median score on the AFEQ was 155.7 at baseline and decreased to 136.6
after CBD initiation, with a further reduction to 134.5. The median score
on the PSS was 54.4 at baseline and 49 after CBD initiation, remaining
stable at 49 throughout the long-term follow-up.

The results of the behavioral assessments conducted at baseline and
at three and 26 months after treatment initiation in our cohort of pa-
tients with ASD are summarized in Table 3.

3.3. Safety

During short-term follow-up, adverse events were observed in 10 of
the 13 patients included in the long-term follow-up cohort (76.9%),
most commonly increased irritability and decreased appetite (Table 4).
All events were mild to moderate and transient, and were managed by
slowing dose escalation or reducing the dose. During long-term follow-
up, these adverse events did not recur, and no new or unexpected
adverse events were observed.

3.4. Follow-up

Our initial report presented the outcomes of 18 of the 20 patients
originally enrolled, as two discontinued CBD treatment—one due to
increased irritability and the other because of poor adherence. In the
present report, we describe the long-term outcomes of 13 of these 18
patients. Five patients were not included in the extended follow-up:
three discontinued treatment due to adherence difficulties related to
family dynamics, and two discontinued for maternal health-related
reasons. In one family within the long-term follow-up cohort, CBD
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Table 3
Behavioral assessments at baseline, 3 months, and 26 months in the 13 patients
included in the long-term extension study.

Measure Baseline (n = 3 months (n = 26 months (n
13) 13) =13)
RBS-R Mild 1, Mild 3, None 2, mild
moderate 8, moderate 9, 3, moderate 8
severe 4 severe 1
Maladaptive Behavior 22 (19-26) 20.5 (19-24) 20.1 (19-22)
Domain VABS-II — score
median (range)
ABC, median (range)
Irritability 31,2 (10-39) 19.8 (9-36) 22.1 (5-38)
Social withdrawal 9 (2-29) 6 (0-14) 4.8 (0-14)
Hyperactivity 28 (9-36) 20 (9-36) 17.3 (6-34)
AFEQ, median (range) 155,7 136,6 134.5
(128-178) (111-168) (116-157)
PSS, median (range) 54,4 (38-70) 49 (29-68) 49 (36-65)
Pediatric Sleep CGI-S — n
(%)
Difficulty falling asleep 7 patients 7 patients 7 patients
and sleeping (54%) (54%) (54%)
independently
Bedtime resistance 7 patients 7 patients 7 patients
(54%) (54%) (54%)
Delayed sleep onset 5 patients 5 patients 5 patients
(38%) (38%) (38%)
Nocturnal awakenings 6 patients 6 patients 6 patients
(46%) (46%) (46%)

ABC, Aberrant Behavior Checklist; AFEQ, Autism Family Experience Question-
naire; CGI-S, Clinical Global Impressions-Severity; PSS, Parental Stress Scale;
RBS-R, Repetitive Behavior Scale-Revised; VABS-II, Vineland Adaptive Behavior
Scales-II.

Table 4
Adverse effects observed in the 13 patients included in the long-
term extension study.

Adverse effect Number of patients

Increased irritability
Decreased appetite
Hand tremor
Worsening behavior
Fever

Sleep disturbances
Nervousness

= =N W

treatment was independently discontinued without medical indication.
Three weeks later, the parents reported worsening behavioral symp-
toms, including increased aggression and irritability. CBD was subse-
quently reintroduced, resulting in a clear improvement in symptoms.

4. Discussion

The present long-term follow-up study builds on our initial report
evaluating purified CBD in children with severe ASD. In that study, we
included 20 children aged 3-17 years with moderate or severe ASD
Level 2 or 3, all presenting with ID and language impairment. In this
study, we followed 13 of the original children for a period of 26 months,
and we found that purified CBD continued to have a good safety profile
and was well tolerated.

As ASD is highly heterogeneous, with a wide range of core and
associated symptoms as well as multiple comorbidities, standardized
questionnaires may not fully capture the complexity of symptoms in
individual patients, particularly in those with more severe presentations
(Aran et al., 2021). Therefore, for the primary outcome measure, parents
and caregivers were asked at baseline to identify the five behaviors they
considered most disruptive in their child's daily life. Treatment effec-
tiveness was then evaluated based on changes in these individualized
target symptoms after CBD initiation. Among the 13 patients who
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completed the long-term follow-up, the initial improvement observed in
these target symptoms was maintained or slightly increased over the 26-
month follow-up.

For the secondary outcomes, several psychometric instruments were
used to assess treatment effects. Restricted and repetitive behaviors
measured with the RBS-R improved in half of the evaluated patients and
remained stable in most others; in the long-term follow-up, five of the 13
patients showed further improvement and eight remained stable, while
none of the children worsened. In the Maladaptive Behavior domain of
the VABS-II, the mean score decreased from the clinically significant
range at baseline to the elevated range after three months of CBD
treatment, and this improvement was maintained among the 13 patients
who completed the extended follow-up. On the ABC, irritability, social
withdrawal, and hyperactivity improved by at least 30% at three months
in the initial study. During the long-term follow-up, five children
showed further improvement and eight remained stable, with no
worsening. Finally, sleep improvements were modest in our cohort. At
long-term follow-up, sleep disturbances persisted in all 13 patients,
although some parameters showed partial improvement.

Previous studies have reported somnolence, decreased appetite, ir-
ritability, and weight loss as the most common adverse effects of CBD,
generally mild or moderate and rarely leading to treatment discontin-
uation (Barchel et al., 2019; Aran et al., 2019a; Aran et al., 2019b, 2021;
Fleury-Teixeira et al., 2019; Bar-Lev Schleider et al., 2019; Silva et al.,
2024). In our cohort, adverse events were similar, although somno-
lence was not observed. The adverse effects were managed by slowing
dose titration or reducing the dose. During long-term follow-up, the
adverse effects did not recur and no new adverse events were reported.

In children with severe ASD, blood sampling may be particularly
challenging due to behavioral and sensory difficulties, which limited
systematic laboratory monitoring in our study, including routine
transaminase measurements. Nevertheless, no clinical evidence sug-
gestive of hepatotoxicity was observed during long-term follow-up.
Concerns regarding CBD-associated hepatotoxicity have mainly
emerged from epilepsy studies using higher CBD doses (10-29 mg/kg/
day), particularly in combination with valproic acid (Stohs and Ray,
2020). In children with ASD, lower doses are generally used, and
available studies have reported acceptable biochemical safety profiles,
although systematic laboratory monitoring has been inconsistent (Stolar
et al., 2022; Aran et al., 2021).

An additional advantage of CBD is the possibility of reducing the
number or dosage of concomitant medications, as reported in previous
studies (Fusar-Poli et al., 2020; Aran et al., 2019a; Fleury-Teixeira et al.,
2019; Bar-Lev Schleider et al., 2019). In our cohort, doses of concomi-
tant medications could be reduced or partially discontinued in 40% of
the patients, although complete discontinuation was not achieved.
However, [smail et al. (2025) described biological mechanisms that may
support combination therapy in ASD. The authors analyzed shared
proteomic targets between CBD, risperidone, and fluoxetine, suggesting
that these drugs may act on common serotonin-related pathways and
neuroinflammatory mechanisms, potentially producing synergistic ef-
fects that stabilize neurotransmitter imbalances. In our cohort, the most
common combination was CBD with risperidone, which may have
contributed to the clinical improvements observed.

Unlike most previous studies that used CBD-enriched cannabis
products (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), we used purified CBD to ensure
formulation consistency and avoid exposure to THC in pediatric pa-
tients. In contrast, Parrella et al. (2026) recently evaluated a broad-
spectrum CBD oil combined with terpenes and negligible amounts of
THC in a randomized, double-blind, placebo-controlled crossover trial.
In earlier studies, CBD:THC ratios varied widely, ranging from 9:1 to
75:1 (Silva et al., 2024; Fleury-Teixeira et al., 2019), making compari-
sons difficult. The so-called entourage effect, referring to the potential
synergistic action of other cannabis plant compounds, may also
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influence outcomes, especially regarding social functioning (Hacohen
et al., 2022; Parrella et al., 2026; Pereira et al., 2025); however, Aran
et al. (2021) found no clear advantage of whole-plant extracts over
purified cannabinoids.

Trauner et al. (2025) also used purified CBD for the treatment of
severe ASD. In their double-blind, placebo-controlled crossover study
using the RBS-R, Child Behavior Checklist (CBCL), and Autism Diag-
nostic Observation Schedule, Second Edition (ADOS-2). Both the CBD
and placebo groups showed improvement, with no statistically signifi-
cant differences between groups, highlighting a notable placebo effect.
However, improvements in repetitive behaviors measured by the RBS-R
were nearly twice as large in the CBD group, although not statistically
significant. In addition, blinded clinicians correctly identified the ma-
jority of children in the phase they were taking the active drug and
observed clinical benefits, including reduced aggression and hyperac-
tivity, improved communication, fewer self-injurious behaviors, and
lower anxiety.

Parenting a child with autism spectrum disorder is associated with
higher levels of parental stress. In our cohort, five of the 18 children
initially included did not continue long-term treatment, three due to
adherence difficulties related to family dynamics and two due to
maternal health-related reasons, suggesting that family burden may
influence treatment continuity. Improvements in parental well-being
have been associated with better outcomes in autistic children,
emphasizing the importance of evaluating both child- and caregiver-
related outcomes in clinical studies (Parrella et al., 2026).

As in our initial study, standardized measures of parental stress
(Berry and Jones, 1995) and family experience (Leadbitter et al., 2018)
did not show statistically significant changes during long-term follow-
up. However, all 13 families reported improvements in their child's
behavior, sleep, and social interaction. Caregivers described a positive
impact of CBD on daily management, family dynamics, perceived
symptom severity, stress levels, and overall quality of life. These
perceived benefits also motivated families to continue treatment, as they
expressed reluctance to return to the behavioral difficulties observed
before to CBD initiation.

Assessing behavioral change in children with ASD remains method-
ologically challenging, particularly in those with severe ID and language
impairment. Selecting appropriate outcome measures is difficult, as
many commonly used instruments were originally developed for diag-
nostic classification rather than for monitoring treatment response. For
example, diagnostic tools such as the ADOS-2 provide severity metrics
useful for case definition and phenotyping, but were not designed to
detect short-term therapeutic effects. Longitudinal studies have shown
that ADOS-2 scores tend to remain relatively stable over time and are
only modestly associated with functional change, with limited sensi-
tivity to pharmacological interventions administered over weeks or
months (Aragao et al., 2026). Similarly, the difficulty of identifying
outcome measures capable of adequately capturing behavioral change
in this diverse population has been reported, showing that clinical
improvement observed by clinicians or parents is not always paralleled
by measurable changes on standardized scales (Hacohen et al., 2022;
Trauner et al., 2025).

Because many important healthcare outcomes, such as symptom
reduction, decreased disability, and improved quality of life, are best
evaluated by patients and families (Black, 2013), caregivers in our study
identified the five symptoms most disruptive to their child's daily life
and monitored their evolution during CBD treatment. This approach was
particularly relevant because all patients had ID and language impair-
ment, limiting participation in structured assessments. Consistent with
the concept of Patient-Centered Outcome Measures (PCOMs) (Scheffer
et al., 2025), this strategy may better capture clinically meaningful
changes, even though it relies on subjective caregiver reports.

Parental expectations may influence subjective reports of treatment
outcomes in children with ASD and contribute to placebo responses in
clinical trials (Barchel et al., 2019). However, caregivers remain a key
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source of information for assessing behavioral changes and adverse
events, particularly in patients with limited communication abilities.
While parental optimism may increase placebo responses, caregiver
stress may reduce them (Masi et al., 2017). Importantly, a recent study
found that parental expectations regarding cannabinoid treatment were
not associated with placebo response (Aran et al., 2023). This long-term
follow-up study has several limitations. Most importantly, the long-term
results are based only on patients who completed follow-up and
remained on treatment, which may have introduced selection bias, as
these individuals were more likely to have experienced clinical benefit.
In addition, the small sample size limits the generalizability of our
findings. The absence of a placebo or comparison group makes it diffi-
cult to determine whether the observed changes were solely due to CBD
treatment. In addition, most outcomes were based on caregiver reports,
which are inherently subjective. However, although standardized scales
were used, they may not fully reflect the individual changes that families
considered most meaningful. For these reasons, the results should be
interpreted with caution.

Nevertheless, our findings support the long-term tolerability and
safety of CBD at the administered doses, including its use in combination
with other medications, with no clinically relevant drug interactions
observed in the majority of patients.

In addition, even from a conservative perspective, the potential value
of CBD in this population should be considered in the context of previous
treatment failures. All patients included in this study had persistent se-
vere behavioral symptoms despite multiple pharmacological in-
terventions. Although seven of the 20 patients did not continue in the
protocol, the majority of families chose to maintain treatment, and 13
patients were followed long term.

Our findings emphasize the importance of caregiver-perceived out-
comes and suggest that conventional questionnaires may not fully cap-
ture clinically meaningful changes in children with severe ASD. Larger
controlled studies using validated, patient-centered outcome measures
are needed to better define the long-term efficacy and safety of CBD in
this population.

5. Conclusions

In this long-term follow-up of children with severe ASD treated with
purified CBD, no significant differences were observed between the
three-month and the 26-month evaluations, suggesting that the initial
improvements were maintained over time. Among patients who
completed the extended follow-up, purified CBD was well tolerated and
associated with sustained improvement in several symptoms, particu-
larly those identified by families as most disruptive in daily life.

These findings suggest a potential therapeutic role for CBD in chil-
dren with severe ASD while also highlighting the limitations of con-
ventional assessment scales in capturing meaningful change in this
complex population. However, given the observational design and small
sample size, the results should be interpreted with caution.
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