2021QualifyingCondition
Upon petition, the State Medical Board of Ohio has the authority to approve and designate conditions or diseases as qualifying medical conditions for
treatment with medical marijuana. For the calendar year of 2021, the board will accept petitions for consideration between November 1, 2021 and
December 31, 2021.
The following conditions are already part of the program: AIDS, amyotrophic lateral sclerosis, Alzheimer’s disease, cachexia, cancer, chronic traumatic
encephalopathy, Crohn’s disease, epilepsy or another seizure disorder, ﬁbromyalgia, glaucoma, hepatitis C, Huntington's disease, inﬂammatory bowel
disease, multiple sclerosis, pain that is either chronic and severe or intractable, Parkinson’s disease, positive status for HIV, post-traumatic stress disorder,
sickle cell anemia, spasticity, spinal cord disease or injury, terminal illness, Tourette syndrome, traumatic brain injury, and ulcerative colitis.
The board’s Medical Marijuana Committee determined that arthritis, migraines (chronic), and complex regional pain syndrome were already covered by the
existing qualifying condition of pain that is either chronic or intractable. You do not need to submit a petition for one of these three conditions. Click here
to read the board’s position statement.
The petition will not be considered if:
Received after December 31, 2021
It seeks to add a broad category of diseases or conditions
The condition that has been previously reviewed by the board and rejected unless new scientiﬁc research that supports the request is offered
If you are petitioning for a previously considered condition:
Do not resubmit documents which have already been reviewed by the board
Only new scientiﬁc research should be submitted for previously rejected petitions
A catalogue of submitted research and documents can be found here
Most information submitted as part of a petition is public record and may be posted on the Medical Board’s website at med.ohio.gov. This includes the
submitter’s name provided contact information, and responses.
Instructions:
All sections below are required to be completed per Ohio Administrative Code 4731-32. All text boxes are required. Applicants may type "see
attached" or "previously submitted" in the required ﬁelds.
If you would like for the Medical Board to consider multiple conditions, please complete a separate submission for each one.
Please refrain from providing personal medical information as all submissions are subject to public record requests.
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mwells@standardwellness.com
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Speciﬁc Disease or Condition *
Autism Spectrum Disorder

1) Information from experts who specialize in the disease or condition *
Autism Spectrum Disorder.
Please do not include any links in the text ﬁeld. All materials submitted for review must be attached in the format of a Microsoft Word document or PDF
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File Name

Size

Links will not be reviewed
2) Relevant medical or scientiﬁc evidence pertaining to the disease or condition *
See attached.
Please do not include any links in the text ﬁeld. All materials submitted for review must be attached in the format of a Microsoft Word document or PDF
Question 2 Attachments

File Name

Size

Question 2_3_4_Autism Spectrum Disorder.pdf

501.52 kB

3) Consideration of whether conventional medical therapies are insuﬃcient to treat or alleviate the disease or condition *
See attached.
Please do not include any links in the text ﬁeld. All materials submitted for review must be attached in the format of a Microsoft Word document or PDF
Question 3 Attachments
File Name

Size

Question 2_3_4_Autism Spectrum Disorder.pdf

501.52 kB

4) Evidence supporting the use of medical marijuana to treat or alleviate the disease or condition, including journal articles, peer-reviewed studies, and
other types of medical or scientiﬁc documentation *
See attached.
Please do not include any links in the text ﬁeld. All materials submitted for review must be attached in the format of a Microsoft Word document or PDF
Question 4 Attachments
File Name

Size

Question 2_3_4_Autism Spectrum Disorder.pdf

501.52 kB

5) Letters of support provided by physicians with knowledge of the disease or condition. This may include a letter provided by the physician treating the
petitioner, if applicable. *
See attached.
Please do not include any links in the text ﬁeld. All materials submitted for review must be attached in the format of a Microsoft Word document or PDF
Question 5 Attachments
File Name

Size

ASD Letter of Support Dr Ray.pdf

794.32 kB

Specific Disease or Condition:
Autism Spectrum Disorder
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Information from experts who specialize in the disease or condition:
Background:
Autism Spectrum Disorder (ASD) is a developmental disability that involves social
communication, restricted interests, and behavioral challenges. ASD is a lifelong disorder with
largely varying degrees of severity and impairment. Current prevalence data suggests that 1 in
44 children are affected with some degree of ASD, which is roughly 265,000 persons in Ohio
(2.3%) and males being four times more likely than females to present with this condition
(Maenner et al.).
Treatment Options:
At present, a treatment options are two-pronged for ASD, involving extensive behavioral
analyses combined with a tailored strategic behavioral plan and pharmacological intervention.
These therapies include target advancements in adaptive skills and conditioning to combat
inappropriate behaviors. The current pharmacological options for treatment target common
comorbid conditions associated with ASD. These conditions include, but are not limited to
insomnia and sleep challenges, anxiety, depression, repetitive behaviors, attention and
hyperactivity disorders, cognitive deficits, seizures, and irritabilities specific to Autism.
Common treatment plans include but are not limited to the use of antipsychotics,
psychostimulants, benzodiazepines, and selective serotonin reuptake inhibitors (American
Psychiatric Association).
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Consideration of whether conventional medical therapies are insufficient to treat or
alleviate the disease or condition:
As discussed previously, the two types of treatment strategies for Autism Spectrum Disorder are
pharmacological and non-pharmacological. More specifically, the intervention with
pharmacological treatments is directed towards symptoms related to ASD, not the mitigation of
the condition itself. Non-pharmacological treatments such as behavioral, speech, and
occupational therapies show significant improvement in daily life function and quality of life
improvements, but these interventions fall short in the treatment of many of the most common
specific symptoms of ASD (Centers for Disease Control and Prevention).
Pharmacological Intervention:
In a review of the literature, the most common conditions associated with ASD are irritability,
inappropriate/aberrant social behaviors, hyperactivity and attention disorders, repetitive
behaviors, cognitive disorders, and insomnia. With these conditions being the most common,
these areas also have the greatest volume of literature published and attempted treatment
explorations. Overall, many current pharmacological treatment options show positive results and
efficacy in treating comorbid conditions related to ASD. There are drug categories that have
shown no efficacy in treating the variable representations of ASD, specifically, selective
serotonin reuptake inhibitor (SSRI), central nervous system (CNS) stimulants, NMDA-receptor
antagonists (LeClerc & Easley).
The most common treatment options for irritability in persons with ASD are risperidone and
aripiprazole. Both pharmacological intervention options have shown effective reduction in
irritability, however, each of these FDA approved interventions is associated with what can be
debilitating side effects. Risperidone is associated with weight gain, fatigue, and anxiety.
Aripiprazole is associated with fatigue, weight gain, and sedation. Persons with ASD are already
at an increased risk for overweight related disorders compared to the neurotypical population;
57% of persons with ASD and 40% of the neurotypical population are overweight or obese
(Sedgewick, Leppanen & Tchanturia). Overweight and obesity contributes to conditions such as
heart disease, stroke, type 2 diabetes, and certain types of cancers, which are the leading causes
of preventable, premature death.
Haloperidol is a treatment option for inappropriate/aberrant behaviors, particularly involuntary
behaviors. The most common side effects related to haloperidol is persistent dyskinesias, which
is caused from long-term use and treatment of inappropriate/aberrant behaviors. Although, the
side effect behaviors may be different, a persistent behavior disorder may still develop from the
recommended pharmacological intervention.
Methylphenidate intervention has positive correlations for treatment of attention and
hyperactivity disorders (ADD and ADHD). However, methylphenidate also shows correlations
with side effects of increased irritability, restlessness, and social withdrawal.
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Fluoxetine has shown mild success in the intervention of repetitive behaviors (i.e. obsessive
compulsive disorder). The major common side effects are moderate insomnia and headaches.
Rivastigmine has shown significant improvement in cognition. The major common side effects
are nausea, irritability, and hyperactivity.
Mirtazapine and melatonin have shown effective significant improvements in treating insomnia.
The most common side effect of these treatments is increased appetite (LeClerc & Easley).
Conclusion:
Effective treatments for ASD exist, however, these intervention options are tangled with side
effects that are also characteristics or conditions of ASD that pharmaceuticals are attempting to
treat. In treating one symptomatic arm of ASD, we may be exacerbating another, creating a
cycle of overtreatment and polypharmacy.
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Evidence supporting the use of medical marijuana to treat or alleviate the disease or
condition, including journal articles, peer reviewed studies, and other type of medical or
scientific documentation.
Upon review of published literature in the two most recent years, there is significant evidence for
cannabis as an effective treatment for symptoms relating to ASD. According to a literature
review by Fletcher et al. there are six symptoms, anxiety, behavioral challenges, communication
challenges, hyperactivity, seizures, and sleep challenges that show evidence of improvement
with cannabinoid treatment. As a summary, anxiety has showed improvements ranging from 3989%, behavioral challenges showed improvements ranging from 53-61%, communication
challenges showed improvements ranging from 47-80%, hyperactivity showed improvements
ranging from 68-90%, seizures showed improvements 100%, and sleep challenges showed
improvements ranging from 71-80% (Fletcher et al.).

Not only was cannabis an effective treatment for major common symptoms of ASD, but
cannabis showed significant benefits in reduction of concomitance in multiple studies. In a study
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from Bar-Lev Schleider et al., there was a 34% decrease in concomitant medication use, and in
another study from Fleury-Teixeira et al., there was an observed 80% or decrease or complete
stop of concomitant medications. In a patient population that has estimated 35-50%
polypharmacy, cannabis could be a viable solution in reduction of multiple psychotropics and
overprescription. A reduction in polypharmacy could have been correlated with improvements
in quality of life, improved activities of daily living, positive mood, and sleep in a study by BarLev Schleider et al.
Conclusion:
Cannabis has shown to be an effective treatment for symptoms relating to autism spectrum
disorders. If accredited physicians within the program are mindful of dosing and product
consumption methodology, ASD can make a significant impact in a large population group in the
state of Ohio. If persons with ASD and their support team strategically work with their
physician teams and healthcare professionals, medical cannabis is a safe alternative treatment
option to the current traditional pharmacological recommendations.
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Letters of support provided by physicians with knowledge of the disease or condition.

To whom it may conce1n,
My name is Dr. Sharrie Ray, and I am a doctor specialist in
Inte1nal Medicine and Primary care. I have recommended
Medical Marijuana since 2018 and I have treated many patients
for the Ohio Qualifying conditions. I have seen many have good
relief from many distressing symptoms of these conditions with
minimal side effects.
I also have treated and worked with patients on the autistic
spectrum for years. In addition, I have treated patients with
many developmental disabilities, and I also have raised 2 boys
on the Autistic spectrum.
The medicines available to help the symptoms of Autistic
spectrum Disorder are not very effective and are not tolerated
well and have undesirables side effects such as weight and
metabolic side effects leading to weight gain diabetes mellitus
and abnormal movement disorders or urinary problems and
sedation. Marijuana use has been rep011ed to calm hyperactivity
and decrease ilTitability as well as help with sleep. It has enabled
some to comply with directions and requests of caretakers better
facilitating tolerance of social settings without undue mental
distress by decreasing irritability. Marijuana has also decreased
self-harm and hostility towards others allowing them to be in
less restrictive environments in the community.
I would like to see more people on the Autistic Spectrum to be
able to use Medical Marijuana to help them cope with the
symptoms of this disorder. I am therefore asking you to consider
adding ASD to the list of Qualifying conditions for Medical
Marijuana so Doctors can recommend it for their patients in
Ohio
Should you have any questions regarding my supp011 please feel
free to contact me.
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Abstract
There has been a dramatic increase in the number of children diagnosed with autism
spectrum disorders (ASD) worldwide. Recently anecdotal evidence of possible
therapeutic effects of cannabis products has emerged. The aim of this study is to
characterize the epidemiology of ASD patients receiving medical cannabis treatment
and to describe its safety and efficacy. We analysed the data prospectively collected as
part of the treatment program of 188 ASD patients treated with medical cannabis
between 2015 and 2017. The treatment in majority of the patients was based on
cannabis oil containing 30% CBD and 1.5% THC. Symptoms inventory, patient global
assessment and side effects at 6 months were primary outcomes of interest and were
assessed by structured questionnaires. After six months of treatment 82.4% of patients
(155) were in active treatment and 60.0% (93) have been assessed; 28 patients (30.1%)
reported a significant improvement, 50 (53.7%) moderate, 6 (6.4%) slight and 8 (8.6%)
had no change in their condition. Twenty-three patients (25.2%) experienced at least
one side effect; the most common was restlessness (6.6%). Cannabis in ASD patients
appears to be well tolerated, safe and effective option to relieve symptoms associated
with ASD.
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Cannabis Treatment in Autism:
Analysis of Safety and Efficacy
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, Raphael Mechoulam3, Naama Saban2, Gal Meiri4,5 &

There has been a dramatic increase in the number of children diagnosed with autism spectrum disorders
(ASD) worldwide. Recently anecdotal evidence of possible therapeutic effects of cannabis products has
emerged. The aim of this study is to characterize the epidemiology of ASD patients receiving medical
cannabis treatment and to describe its safety and efficacy. We analysed the data prospectively collected
as part of the treatment program of 188 ASD patients treated with medical cannabis between 2015
and 2017. The treatment in majority of the patients was based on cannabis oil containing 30% CBD and
1.5% THC. Symptoms inventory, patient global assessment and side effects at 6 months were primary
outcomes of interest and were assessed by structured questionnaires. After six months of treatment
82.4% of patients (155) were in active treatment and 60.0% (93) have been assessed; 28 patients
(30.1%) reported a significant improvement, 50 (53.7%) moderate, 6 (6.4%) slight and 8 (8.6%) had
no change in their condition. Twenty-three patients (25.2%) experienced at least one side effect; the
most common was restlessness (6.6%). Cannabis in ASD patients appears to be well tolerated, safe and
effective option to relieve symptoms associated with ASD.
There has been a 3-fold increase during the last 3 decades in the number of children diagnosed with autism spectrum disorders worldwide1–5. No specific treatments are currently available and interventions are focussing on
lessening of the disruptive behaviors, training and teaching self-help skills for a greater independence6.
Recently, CBD enriched cannabis has been shown to be beneficial for children with autism7. In this retrospective study on 60 children, behavioural outbreaks were improved in 61% of patients, communication problems
in 47%, anxiety in 39%, stress in 33% and disruptive behaviour in 33% of the patients. The rationale for this
treatment is based on the previous observations and theory that cannabidiol effects might include alleviation of
psychosis, anxiety, facilitation of REM sleep and suppressing seizure activity8. A prospective single-case-study
of Dronabinol (a THC-based drug) showed significant improvements in hyperactivity, lethargy, irritability,
stereotypy and inappropriate speech at 6 month follow-up9. Furthermore, Dronabinol treatment of 10 adolescent patients with intellectual disability resulted in 8 patients showing improvement in the management of
treatment-resistant self-injurious behaviour10.
In 2007, The Israel Ministry of Health began providing approvals for medical cannabis, mainly for symptoms palliation. In 2014, The Ministry of Health began providing licenses for the treatment of children with
epilepsy. After seeing the results of cannabis treatment on symptoms like anxiety, aggression, panic, tantrums
and self-injurious behaviour, in children with epilepsy, parents of severely autistic children turned to medical
cannabis for relief.
Although many with autism are being treated today with medical cannabis, there is a significant lack of knowledge regarding the safety profile and the specific symptoms that are most likely to improve under cannabis treatment. Therefore, the aim of this study was to characterize the patient population receiving medical cannabis
treatment for autism and to evaluate the safety and efficacy of this therapy.
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Total (188)
Mean age (SD)

12.9 (7.0)

Gender (male), No. (%)

154 (81.9)

Mean body mass index (SD)

29.0 (5.3)

Previous experience with cannabis (Yes), No. (%)

19 (10.1)

Comorbidities:
Epilepsy, No. (%)

27 (14.4)

Attention Deficit Hyperactivity Disorder, No. (%)

7 (3.7)

Tourette syndrome, No. (%)

4 (2.1)

Celiac Disease, No. (%)

3 (1.6)

Anxiety Disorder, No. (%)

3 (1.6)

Table 1. Demographic and clinical characteristics of patients at intake.

Change at six months
Intake prevalence
Total (188)

Symptom
disappeared

Improvement

No change or
deterioration

Restlessness, No. (%)

170 (90.4)

1 (1.2)

71 (89.8)

7 (8.8)

Rage attacks, No. (%)

150 (79.8)

1 (1.3)

65 (89.0)

7 (9.5)

Agitation, No. (%)

148 (78.7)

1 (1.4)

57 (83.8)

10 (14.7)

Sleep problems, No. (%)

113 (60.1)

9 (19.5)

27 (58.6)

10 (21.7)

Speech Impairment, No. (%)

113 (60.1)

—

15 (30)

35 (70)

Cognitive impairment, No. (%)

91 (48.4)

—

15 (27.2)

40 (72.7)

Anxiety, No. (%)

69 (36.7)

—

24 (88.8)

3 (11.1)

Incontinence, No. (%)

51 (27.1)

2 (9.0)

7 (31.8)

13 (59.0)

Seizures, No. (%)

23 (12.2)

2 (15.3)

11 (84.6)

—

Limited Mobility, No. (%)

17 (9.0)

2 (18.1)

—

9 (81.8)

Constipation, No. (%)

15 (8.0)

1 (12.5)

6 (62.5)

2 (25)

Tics, No. (%)

15 (8.0)

1 (20.0)

4 (80.0)

—

Digestion Problems, No. (%)

14 (7.4)

1 (12.5)

5 (62.5)

2 (25.0)

Increased Appetite, No. (%)

14 (7.4)

1 (33.3)

1 (33.3)

1 (33.3)

Lack of Appetite, No. (%)

14 (7.4)

2 (40.0)

1 (20.0)

2 (40.0)

Depression, No. (%)

10 (5.3)

—

5 (100.0)

—

Table 2. Symptom prevalence and change. Symptom prevalence at intake in 188 patients assessed at intake and
change at six months in patients responding to the six-month questionnaire.

Results

Patient population.

During the study period, 188 ASD patients initiated the treatment. Diagnosis of ASD
was established in accordance with the accepted practice in Israel; six board certified paediatric psychiatrists and
neurologists were responsible for treatment of 125 patients (80.6%), the remaining 30 children were referred
by 22 other physicians. Table 1 shows demographic characteristics of the patient population. The mean age was
12.9 ± 7.0 years, with 14 (7.4%) patients being younger than the age of 5, 70 patients (37.2%) between 6 to 10 years
and 72 (38.2%) aged 11 to 18. Most of the patients were males (81.9%). Twenty-seven patients (14.4%) suffered
from epilepsy and 7 patients (3.7%) from Attention Deficit Hyperactivity Disorder (ADHD).
At baseline parents of 188 patients reported on average of 6.3 ± 3.2 symptoms. Table 2 shows the prevalence of
symptoms with most common being restlessness (90.4%), rage attacks (79.8%) and agitation 78.7%.
Cannabis products recommended to the patients were mainly oil applied under the tong (94.7%). Seven
patients (3.7%) received a license to purchase oil and inflorescence and three patients (1.5%) received a
license to purchase only inflorescence. Most patients consumed oil with 30% CBD and 1.5% THC, on average
79.5 ± 61.5 mg CBD and 4.0 ± 3.0 mg THC, three times a day (for a more detailed distribution of CBD/THC
consumptions see Supplementary Fig. S1). Insomnia recorded in 46 patients (24.4%) was treated with an evening
does of 3% THC oil with on average additional 5.0 ± 4.5 mg THC daily. All the products content was validated by
HPLC (High Performance Liquid Chromatography) in each production cycle. The cannabis dose was not significantly associated with weight (r correlation coefficient = −0.13, p = 0.30), age (r correlation coefficient = −0.10,
p = 0.38), or gender (p = 0.38).

Follow-up, one month. After one month, out of 188 patients, 8 (4.2%) stopped treatment, 1 (0.5%) switched
to a different cannabis supplier, and 179 patients (94.6%) continued active treatment (Fig. 1). Of the latter group,
119 (66.4%) responded to the questionnaire with 58 patients (48.7%) reporting significant improvement, 37

SCIeNTIFIC REPorTS |

(2019) 9:200 | DOI:10.1038/s41598-018-37570-y

2

www.nature.com/scientificreports/

Screening 207

Intake

One-month follow-up

Six-month follow-up

119 responded

93 responded

188 in
treatment and
responded

- 17 Transferred
from a different
supplier
- 2 refused
treatment

1 switched
supplier

- 8 stopped
treatment

179 ongoing
treatment

155 ongoing
treatment

9 switched
supplier

- 15 stopped
treatment

Figure 1. The study population in the three follow-up periods, at intake, after one month and after six months
of medical cannabis treatment.

(31.1%) moderate improvement; 7 patients (5.9%) experienced side effects and 17 (14.3%) reported that the
cannabis did not help them.
The reported side effects at one month were: sleepiness (1.6%), bad taste and smell of the oil (1.6%), restlessness (0.8%), reflux (0.8%) and lack of appetite (0.8%).

Follow-up, six months.

After six months, of the 179 patients assessed in the one-month follow-up, 15
patients (8.3%) stopped treatment, 9 (4.9%) switched to a different cannabis supplier and 155 patients (86.6%)
continued treatment (Fig. 1). Of the latter group, 93 (60.0%) responded to the questionnaire with 28 patients
(30.1%) reporting a significant improvement, 50 patients (53.7%) moderate improvement, 6 patients (6.4%) slight
improvement and 8 (8.6%) having no change in their condition. None of the variables entered to the multivariate
analysis to predict treatment success was statistically significant.
To assess the potential response bias, we have compared baseline characteristics between 93 respondents and
62 non-respondents to the 6-month questionnaire. The former group was slightly older (13.7 ± 0.8 vs. 10.8 ± 0.5,
p = 0.004).

Quality of Life. Quality of life, mood and ability to perform activities of daily living were assessed before the

treatment and at six months. Good quality of life was reported by 31.3% of patients prior to treatment initiation
while at 6 months good quality of life was reported by 66.8% (p < 0.001, Supplementary Fig. S2). Positive mood
was reported by the parents on 42% before treatment and 63.5% after 6 months of treatment (p < 0.001). The
ability to dress and shower independently was significantly improved from 26.4% reported no difficulty in these
activities prior to the treatment to 42.9% at six months (p < 0.001). Similarly, good sleep and good concentration were reported by 3.3% and 0.0% (respectively) before the treatment and on 24.7% (p < 0.001) and 14.0%
(p < 0.001) during an active treatment (Table 3).
The improved symptoms at 6 months included seizures, of the 13 patients on an active treatment at six months
11 patients (84.6%) reported disappearances of the symptoms and two patients reported improvement; restlessness and rage attacks were improved in 72 patients (91.0%) and 66 (90.3%) respectively (Table 2).

Medications Use.

The most common concomitant chronic medications on the intake were antipsychotics
(56.9%), antiepileptics (26.0%), hypnotics and sedatives (14.9%) and antidepressants (10.6%). Out of 93 patients
responding to the follow-up questionnaire, 67 reported use of chronic medications at intake. Overall, six patients
(8.9%) reported an increase in their drugs consumption, in 38 patients (56.7%) drugs consumption remained the
same and 23 patients (34.3%) reported a decrease, mainly of the following families: antipsychotics, antiepileptics
antidepressants and hypnotics and sedatives (Table 4). Antipsychotics, the most prevalent class of medications
taken at intake (55 patients, 33.9%); at 6 months it was taken at the same dosage by 41 of them (75%), 3 patients
(5.4%) decreased dosage and 11 patients (20%) stopped taking this medication (Table 4).

Side Effects. The most common side effects, reported at six months by 23 patients (25.2%, with at least one
side effect) were: restlessness (6 patients, 6.6%), sleepiness (3, 3.2%), psychoactive effect (3, 3.2%), increased appetite (3, 3.2%), digestion problems (3, 3.2%), dry mouth (2, 2.2%) and lack of appetite (2, 2.2%).
Out of 23 patients who discontinued the treatment, 17 (73.9%) had responded to the follow-up questionnaire
at six months. The reasons for the treatment discontinuation were: no therapeutic effect (70.6%, twelve patients)
and side effects (29.4%, five patients). However, 41.2% (seven patients) of the patients who discontinued the treatment had reported on intentions to return to the treatment.

Discussion

Cannabis as a treatment for autism spectrum disorders patients appears to be well-tolerated, safe and seemingly
effective option to relieve symptoms, mainly: seizures, tics, depression, restlessness and rage attacks. The compliance with the treatment regimen appears to be high with less than 15% stopping the treatment at six months
follow-up. Overall, more than 80% of the parents reported at significant or moderate improvement in the child
global assessment.
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Sleep
Before
Severe difficulty

Eating with Appetite
During

44 (47.3)

p value

Before

During

2 (2.2)

1 (1.1)

2 (2.2)

Moderate difficulty 18 (19.4)

27 (29.0)

No difficulty

28 (30.1)

39 (41.9)

Good

2 (2.2)

15 (16.1)

10 (10.8)

Very Good

1 (1.1)

8 (8.6)

16 (17.2)

<0.001

6 (6.5)

13 (14.0)

59 (63.4)

47 (50.5)

Concentration on daily tasks
p value

Before

During

75 (80.6)

21 (22.6)

Bowel Activity

p value Before

During

3 (3.2)

2 (2.2)

11 (11.8)

41 (44.1)

13 (14.0)

2 (2.2)

11 (11.8)

<0.001 71 (76.3)

16 (17.2)

0

10 (10.8)

5 (5.4)

13 (14.0)

14 (15.1)

0

3 (3.2)

1 (1.1)

4 (4.3)

0.751

p value

17 (18.3)
54 (58.1) 0.242

Table 3. Assessment of daily activities. Ability to perform activities of daily living was assessed prior to and six
months after initiation of cannabis treatment. Numbers in parenthesis represent the % of patients.

Intake

Change at six months follow-up

Total

Stopped taking
this medication

Antipsychotics, n (%)

55

11 (20)

Antiepileptics, n (%)

46

6 (13)

Medication family

Dosage
decreased

Has not
changed

Dosage
increased

New
medication

3 (5)

41 (75)

0

0

0

35 (76)

2 (4.5)

3 (6.5)

Antidepressants, n (%)

10

3 (30)

0

4 (40)

1 (10)

2 (20)

Hypnotics and sedatives, n (%)

10

2 (20)

1 (10)

7 (70)

0

0

Anxiolytics, n (%)

7

2 (28)

0

5 (72)

0

0

Table 4. Concomitant medications. Concomitant medications use at the baseline and six months follow up in
patients responding to the six-month questionnaire.

The exact mechanism of the cannabis effects in patients with ASD is not fully elucidated. Findings from ASD
animal models indicate a possible dysregulation of the endocannabinoid (EC) system11–16 signalling behaviours,
a dysregulation that was suggested to be also present in ASD patients17. Mechanism of action for the effect of
cannabis on ASD may possibly involve GABA and glutamate transmission regulation. ASD is characterized by
an excitation and inhibition imbalance of GABAergic and glutamatergic signalling in different brain structures18.
The EC system is involved in modulating imbalanced GABAergic19 and glutamatergic transmission20.
Other mechanism of action can be through oxytocin and vasopressin, neurotransmitters that act as important
modulators of social behaviours21. Administration of oxytocin to patients with ASD has been shown to facilitate
processing of social information, improve emotional recognition, strengthen social interactions, reduce repetitive
behaviours22 and increase eye gaze23. Cannabidiol was found to enhance oxytocin and vasopressin release during
activities involving social interaction16.
Two main active ingredients (THC and CBD) can have different psychoactive action mechanisms. THC was
previously shown to improve symptoms characteristic to ASD patients in other treated populations. For example,
patients reported lower frequency of anxiety, distress and depression24, following THC administration, as well as
improved mood and better quality of life in general25. In patients suffering from anxiety, THC led to improved
anxiety levels compared to placebo26 and in dementia patients, it led to reduction in nocturnal motor activity,violence27,28 behavioural and severity of behavioural disorders29. Moreover, cannabis was shown to enhances
interpersonal communication30 and decrease hostile feelings within small social groups31.
In our study we have shown that a CBD enriched treatment of ASD patients can potentially lead to an
improvement of behavioural symptoms. These findings are consistent with the findings of two double-blind,
placebo-controlled crossover studies demonstrating the anxiolytics properties of CBD in patients with anxiety
disorder32,33. In one, CBD had a significant effect on increased brain activity in the right posterior cingulate cortex, which is thought to be involved in the processing of emotional information32, and in the other, simulated public speaking test was evaluated in 24 patients with social anxiety disorder. The CBD treated group had significantly
lower anxiety scores than the placebo group during simulated speech, indicating reduction in anxiety, cognitive
impairment, and discomfort factors33.
The cannabis treatment appears to be safe and side effects reported by the patients and parents were moderate
and relatively easy to cope with. The most prevalent side effects reported at six months was restlessness, appearing in less than 6.6% of patients. Moreover, the compliance with the treatment was high and only less than 5%
have stopped the treatment due to the side effects. We believe that the careful titration schedule especially in the
ASD paediatric population is important for maintaining a low side effects rate and increase of the success rate.
Furthermore, we believe that a professional instruction and detailed parents’ training sessions are highly important for the increasing of effect to adverse events ratio.
The present findings should be interpreted with caution for several reasons. Firstly, this is an observational
study with no control group and therefore no causality between cannabis therapy and improvement in patients’
wellbeing can be established. Children of parents seeking cannabis therapy might not constitute a representative
sample of the patient with the specific disease (self-selection bias). We have not formally confirmed the ASD diagnosis, however all the children included in the study were previously diagnosed with ASD by certified neurologist
or psychiatrist, as required by Ministry of Health prior to the initiation of the cannabis-based treatment.
This study was based on a subjective self-report of the patient’s parent’s observation and not by the patients
themselves. These reports, with subjective variables such as quality of life, mood, and general effects, may be
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biased by the parent’s opinion of the treatment. Moreover, even though the effect was assessed at six months,
the possibility of the inflated expectations of the novel treatment “miracle” effect cannot be excluded. The questionnaire response rate at 6 months was 60%, thus the estimates of the efficacy and safety of the treatment can be
biased. However, high compliance (above 80%) with the treatment provides a good evidence of the patients and
parents satisfaction with the treatment.
While this study suggest that cannabis treatment is safe and can improve ASD symptoms and improve ASD
patient’s quality of life, we believe that double blind placebo-controlled trials are crucial for a better understanding of the cannabis effect on ASD patients.

Methods

Study Population.

There are currently over 35,000 patients approved for medical cannabis use in Israel and
15,000 (~42.8%) of them receive treatment at Tikun-Olam Ltd. (TO), the largest national provider of medical
cannabis. This study included all patients receiving cannabis license at TO with the diagnosis of autism in the
years 2015–2017.
During the routine treatment process at the cannabis clinic, all willing patients underwent an extensive initial
evaluation and their health status was periodically assessed by the treating team. At the intake session, the nurse
assessed a complete medical history. The patient’s parents were interviewed by the nurse and filled a medical
questionnaire, which included the following domains: demographics, comorbidities, habits, concomitant medications, measurements of quality of life and a detailed symptoms check-list. Following intake, the nurse advised
on the treatment plan.

Treatment Regiment.

The treatment in majority of the patients was based on cannabis oil (an extract of a
high CBD strain dissolve in olive oil in a ratio THC:CBD of 1:20, 30% CBD and 1.5% THC), and underwent an
individualized titration. The starting dose was one sublingual drop three times a day with one oil drop (0.05 ml)
containing 15 mg CBD and 0.75 mg Δ9-THC. Oil contained 45% olive oil, 30% CBD, 1.5% THC, <1.5% CBC,
0.5% CBG, <0.5% CBDV and <0.1% CBN. The remaining ingredients were terpenes, flavonoids, waxes and
chlorophyll
In patients who reported high sensitivity to previously used medications, the treatment started with oil containing 1:20 15% CBD and 0.75% THC. In patients with severe sleep disturbances, following the initial treatment
phase, 3% THC oil was added to the evening dose. In cases with a significant aggressive or violent behaviour, 3%
THC oil was added.
The dose was increased gradually for each patient depending on the effect of the cannabis oil on the targeted
symptoms according to the treatment plan and the tolerability of each patient. Finding of the optimal dose could
take up to two months and dosage range is wide: from one drop three times a day to up to 20 drops three times a
day of the same product.
After one month, the treating team contacted the parents to follow-up on the treatment progression. At six
months patients underwent an additional assessment of the symptom intensity, side effects and quality of life.

Study outcomes. For safety analysis we have assessed the frequency of the following side effects at one and

at six months: physiological effects – headaches, dizziness, nausea, vomiting, stomach ache, heart palpitation,
drop in blood pressure, drop in sugar, sleepiness, weakness, chills, itching, red/irritated eyes, dry mouth, cough,
increased appetite, blurred vision, slurred speech; cognitive side effects – restlessness, fear, psycho-active effect,
hallucinations, confusion and disorientation, decreased concentration, decreased memory or other. The patient
parents were asked to provide details of the incidence, duration and severity of the reported side effect.
For the efficacy analysis we used the global assessment approach where the patient parents were asked: “How
would you rate the general effect of cannabis on your child condition?” the options were: significant improvement, moderate improvement, slight improvement, no change, slight deterioration, moderate deterioration and
significant deterioration. Autism symptoms severity assessment included the following items: restlessness, rage
attacks, agitation, speech impairment, cognitive impairment, anxiety, incontinence, depression and more. Quality
of life was assessed on a Likert scale ranging from very poor to poor, neither poor nor good and good to very
good34.
The study was approved by Soroka University Medical Centre Ethics Committee and due to the nature of
the data analysis based on the routinely obtained clinical data, it was determined that no informed consent is
required. All methods were performed in accordance with the relevant institutional and international research
guidelines and regulations.

Statistical analysis. Continuous variables with normal distribution were presented as means with standard

deviation. Ordinary variables or continuous variables with non-normal distribution were presented as medians
with an interquartile range (IQR). Categorical variables were presented as counts and percent of the total.
We used t-test and paired t-test for the analysis of the continuous variables with normal distribution. The
non-parametric Mann-Whitney U test and paired Wilcoxon test was used whenever parametric assumptions
could not be satisfied.
We utilized logistic regression for the multivariate analysis of factors associated with treatment success. We
have included the following variables into the models based on clinical considerations: age, gender, number
of chronic medications, number of total symptoms, and the three most prevalent symptoms: restlessness, rage
attacks and agitation (as a dichotomous variable- yes/no), as reflected in the intake form.
P value < 0.05 was considered to be statistically significant. All analyses were performed at the Clinical
Research Centre, Soroka University Medical Centre, Beer-Sheva, Israel using IBM SPSS version 22 (SPSS,
Chicago, IL).
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Abstract
Autism Spectrum Disorders comprise conditions that may affect cognitive development,
motor skills, social interaction, communication, and behavior. This set of functional
deficits often results in lack of independence for the diagnosed individuals, and severe
distress for patients, families, and caregivers. There is a mounting body of evidence
indicating the effectiveness of pure cannabidiol (CBD) and CBD-enriched Cannabis
sativa extract (CE) for the treatment of autistic symptoms in refractory epilepsy patients.
There is also increasing data support for the hypothesis that non-epileptic autism shares
underlying etiological mechanisms with epilepsy. Here we report an observational study
with a cohort of 18 autistic patients undergoing treatment with compassionate use of
standardized CBD-enriched CE (with a CBD to THC ratio of 75/1). Among the 15 patients
who adhered to the treatment (10 non-epileptic and five epileptic) only one patient
showed lack of improvement in autistic symptoms. Due to adverse effects, three patients
discontinued CE use before 1 month. After 6-9 months of treatment, most patients,

including epileptic and non-epileptic, showed some level of improvement in more than
one of the eight symptom categories evaluated: Attention Deficit/Hyperactivity Disorder;
Behavioral Disorders; Motor Deficits; Autonomy Deficits; Communication and Social
Interaction Deficits; Cognitive Deficits; Sleep Disorders and Seizures, with very infrequent
and mild adverse effects. The strongest improvements were reported for Seizures,
Attention Deficit/Hyperactivity Disorder, Sleep Disorders, and Communication and Social
Interaction Deficits. This was especially true for the 10 non-epileptic patients, nine of
which presented improvement equal to or above 30% in at least one of the eight
categories, six presented improvement of 30% or more in at least two categories and
four presented improvement equal to or above 30% in at least four symptom categories.
Ten out of the 15 patients were using other medicines, and nine of these were able to
keep the improvements even after reducing or withdrawing other medications. The
results reported here are very promising and indicate that CBD-enriched CE may
ameliorate multiple ASD symptoms even in non-epileptic patients, with substantial
increase in life quality for both ASD patients and caretakers.
Keywords: Cannabis sativa; autism spectrum disorders; cannabidiol; endocannabinoid
system; epilepsy.
Copyright © 2019 Fleury-Teixeira, Caixeta, Ramires da Silva, Brasil-Neto and MalcherLopes.

Figures

Figure 1 Improvement of symptoms observed in the patients that underwent CE treatment for at least 6
months. Data was collected from the caretakers' monthly follow-up questionnaires. (A) Pooled data
from all 15 patients in the following categories: attention deficit/hyperactivity disorder (ADHD, n = 15);
behavioral disorders (BD, n = 15); motor deficits (MD, n = 12); autonomy deficits (AD, n = 15);
communication and social interaction deficits (CSID, n = 15); cognitive deficits (CD, n = 15); sleep
disorders (SD, n = 12); convulsive seizures (SZ, n = 5). (B) Subset including only the 10 non-epileptic
patients that underwent CE treatment for at least 6 months. Attention deficit/hyperactivity disorder
(ADHD, n = 10); behavioral disorders (BD, n = 10); motor deficits (MD, n = 7); autonomy deficits (AD, n =
10); communication and social interaction deficits (CSID, n = 10); cognitive deficits (CD, n = 10); sleep

disorders (SD, n = 7). Red lines denote medians, blue boxes the interquartile range, black whiskers the
minimum and maximum values. Note that all categories present improvements that range from modest
to robust, in spite of a very short period of treatment with CE.
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Autism Spectrum Disorders comprise conditions that may affect cognitive development,
motor skills, social interaction, communication, and behavior. This set of functional
deficits often results in lack of independence for the diagnosed individuals, and severe
distress for patients, families, and caregivers. There is a mounting body of evidence
indicating the effectiveness of pure cannabidiol (CBD) and CBD-enriched Cannabis
sativa extract (CE) for the treatment of autistic symptoms in refractory epilepsy patients.
There is also increasing data support for the hypothesis that non-epileptic autism shares
underlying etiological mechanisms with epilepsy. Here we report an observational study
with a cohort of 18 autistic patients undergoing treatment with compassionate use
of standardized CBD-enriched CE (with a CBD to THC ratio of 75/1). Among the 15
patients who adhered to the treatment (10 non-epileptic and five epileptic) only one
patient showed lack of improvement in autistic symptoms. Due to adverse effects, three
patients discontinued CE use before 1 month. After 6–9 months of treatment, most
patients, including epileptic and non-epileptic, showed some level of improvement in
more than one of the eight symptom categories evaluated: Attention Deficit/Hyperactivity
Disorder; Behavioral Disorders; Motor Deficits; Autonomy Deficits; Communication and
Social Interaction Deficits; Cognitive Deficits; Sleep Disorders and Seizures, with very
infrequent and mild adverse effects. The strongest improvements were reported for
Seizures, Attention Deficit/Hyperactivity Disorder, Sleep Disorders, and Communication
and Social Interaction Deficits. This was especially true for the 10 non-epileptic patients,
nine of which presented improvement equal to or above 30% in at least one of the
eight categories, six presented improvement of 30% or more in at least two categories
and four presented improvement equal to or above 30% in at least four symptom
categories. Ten out of the 15 patients were using other medicines, and nine of these were
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able to keep the improvements even after reducing or withdrawing other medications.
The results reported here are very promising and indicate that CBD-enriched CE may
ameliorate multiple ASD symptoms even in non-epileptic patients, with substantial
increase in life quality for both ASD patients and caretakers.
Keywords: autism spectrum disorders, cannabidiol, epilepsy, Cannabis sativa, endocannabinoid system

INTRODUCTION

in the production and regulation of endogenous cannabinoids
in ASD (61). This hypothesis has been recently confirmed
specifically for anandamide, a major endocannabinoid, which
is reduced in ASD patients (62). The understanding of the
possible mechanisms involving the endocannabinoid system in
the etiology of ASD has been derived from basic research in
animal models. Special attention has been given to the neuronal
hyperexcitability hypothesis and its possible relationship with
the endocannabinoid system, which may also explain the
higher incidence of epilepsy among ASD patients (63–68).
Significant epileptform EEG activity has been recorded even
in the central nervous system of non-epileptic autistic children
(69), which is consistent with the “intense world hypothesis,”
that relates autistic symptoms to excessive neuronal activity
and connectivity (70). Together, these findings strongly support
the need for testing Cannabis sativa extracts (CEs) and
isolated phytocannabinoids as pharmacological approaches to
control severe symptoms in both epileptic and non-epileptic
ASD patients (68). Furthermore, CBD has been shown to
have anxiolytic (71–75) and antipsychotic effects (76–79) in
humans. It is plausible to assume that such effects are,
at least in part, mediated by CBD-induced accumulation
of the endocannabinoid anandamide (80). Although the
mechanisms underlying CBD-induced antiepileptic effects are
not entirely clear, anandamide modulation is likely to play
an important role (68). In this context, it is interesting
to note that anandamide accumulation, caused by inhibitors
of its metabolic degradation, leads to reduction of social
interaction deficits in the valproate-treated animal model of
autism (81).
Here we report an observational study analyzing the effects
of the compassionate use of Cannabis sativa extract (CE)
containing a 75/1 CBD/THC ratio, which was given to a
group of 18 ASD patients. The participant group includes
11 patients with no history of epilepsy, two previously
diagnosed with epilepsy but seizure-free for over a year,
and 5 currently diagnosed with epilepsy who had seizures
during the month preceding treatment with CE. Treatment
results were assessed by means of monthly questionnaires and
clinical evaluation. The results after 6–9 months of treatment
were extremely promising for both epileptic and non-epileptic
patients. For the latter, observed improvements were much
more comprehensive with fewer adverse effects than it would
have been expected from currently available therapies. These
preliminary results indicate, therefore, the urgent need for
more extensive and detailed clinical studies to further validate
the use of ECs and cannabinoids for the treatment of severe
ASD symptoms.

According to the DSM 5 (2013), Autism Spectrum Disorder
(ASD) is characterized by functional deficits in three areas:
mental development, social interaction, and behavior (1). In
a multicenter epidemiological study done in 2012, involving
nine countries, the median estimate of prevalence of ASD was
62/10.000 inhabitants (2). In clinical practice, the term ASD
comprises a broad group of syndromes, diseases, and disorders
(3, 4), that can affect cognitive development, motor skills,
social interaction, communication, and behavior (frequently
including auto and hetero-aggressiveness) (5–15). Often,
this set of functional deficits results in incapacitation, lack
of independence and severe distress for patients, families,
and caregivers. For a recent review on this topic, refer
to (16).
It is believed that ASD has multifactorial causes, generally
associated with chromosomal or epigenetic changes in
many different genes, which are often associated with
neuronal function (17–24). Currently, there are no drugs
or psychotherapeutic approaches capable of comprehensively
improving life quality, social skills, and cognitive development
of the most severe ASD patients (25–31). Currently available
drugs may mitigate some specific symptoms, but generally
speaking, they do so with a narrow range of effectiveness,
and are often associated with important side effects (32, 33).
Antipsychotic, antidepressant, or anxiolytic drugs, for example,
may soothe autistic patients who display self-aggressive
behavior (33–36). Antiepileptic drugs may be effective for
seizure control and may even improve sleep quality and
behavioral aspects (37). However, these drugs are known to
cause major side effects (38–46). Moreover, none of these drus
has been shown to significantly improve the lack of social
interaction and communication skills that characterize and
impose great impact on the lives of patients with ASD and
their families.
Recent observational studies and trials reporting the use
of pure CBD or CBD-enriched cannabis extracts for the
treatment of syndromes characterized by refractory epilepsy and
regressive autism suggest therapeutic potential of cannabinoids
for autistic symptoms (47–60). These studies, which include
extracts with a CBD/THC ratio of up to 20/1, showed that,
even in children and adolescents, the side effects of these
extracts are infrequent and less damaging than those reported for
drugs traditionally used either for ASD, ADHD, sleep disorders,
or epilepsy.
Changes in the expression of peripheral cannabinoid receptors
were verified in autistic patients, suggesting possible deficiencies
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CBDRx R (Colorado, USA). The standardized CE contained a
proportion of ∼75/1 CBD/THC and was administered orally
in capsules containing 25 or 50 mg of CBD and ∼0.34 or
0.68 mg of THC, respectively (according to data provided by
the manufacturer).
From the 18 patients who started standardized CE treatment,
15 had never used any CE previously, while three had already
used CEs for periods ranging from 5 to 24 months. The
standardized CE doses were established individually by a titration
process within a dose range based on CBD doses previously
reported for use of CBD-enriched CEs for treatment of refractory
epilepsy associated with regressive autism (53, 54, 57, 58, 60).
Thus, the average initial dose of CBD was ∼2.90 mg/kg/day,
varying according to individual case severity at the beginning
of treatment (minimum: 2.30 mg/kg/day and maximum: 3.60
mg/kg/day). Dosage adjustment was done intensively during the
first 30 days and more sparsely over the following 150 days. The
average dose of CBD administered from then until the end of
the study was 4.55 mg/kg/day, with a minimum of 3.75 and a
maximum of 6.45 mg/kg/day (Table 1). The average dose of THC
in the same period was 0.06 mg/kg/day, with a minimum of
0.05 and a maximum of 0.09 mg/kg/day. Individual maintenance
doses used by patients after the adjustment period are shown
in Table 1, which does not include patients who abandoned
the standardized CE treatment during the first month. The
administration schedule was of two daily doses, one in the
morning and one in the evening.

TABLE 1 | Cohort description and individual dosage* of phytocannabinoids
prescribed.
Case
#

Age
(years)

Weight
(kg)

CBD
THC
CBD
(mg/kg/day) (mg/kg/day) (mg/day)

THC
(mg
/day)

01f

07

25.0

4.00

0.05

100.00

1.33

02m

12

45.0

3.89

0.05

175.00

2.33

03m

09

33.0

3.79

0.05

125.00

1.67

04m

12

80.0

4.38

0.06

350.00

4.67

05f

11

34.0

5.88

0.08

200.00

2.67

06m

10

26.0

3.85

0.05

100.00

1.33

07m

09

32.0

3.91

0.05

125.00

1.67

08f

08

35.0

4.29

0.06

150.00

2.00

09m

14

49.0

4.08

0.05

200.00

2.67

10m

12

32.0

4.69

0.06

150.00

2.00

11m

18

89.5

3.35

0.04

300.00

4.00

12m

07

15.5

6.45

0.09

100.00

1.33

13f

15

46.0

5.43

0.07

250.00

3.33

14m

09

25.0

6.00

0.08

150.00

2.00

15m

11

35.0

4.29

0.06

150.00

2.00

Average

10.9

40.1

4.6

0.06

175.0

2.33

STD

3.06

20.18

0.94

0.01

74.40

0.99

*The administration schedule was of two daily doses, one in the morning and one in
the evening.
f Female patients.
m Male patients.

Cannabinoid Extract Acquisition
MATERIALS AND METHODS

By means of a non-commercial collaboration between the
Brazilian Association of Medicinal Cannabis Patients (also known
as AMAME) and the manufacturer CBDRx R , the standardized
CE was donated by the company CBDRx LLC at no charge to
the patients.

Participants
The initial cohort included 18 ASD patients (ICD 10 = F84),
aged 06–17 years (average 10), including five (28%) females and
13 (72%) males. Treatment with CE was spontaneously pursued
by the patient’s parents, who obtained legal authorization from
the National Sanitary Surveillance Agency of Brazil (ANVISA)
for the compassionate use of CE with all clinical assistance and
treatment follow-up supervised by one of the authors of this
article (P. F). Out of the 18 patients who had initiated treatment
with standardized CE, three abandoned the treatment in the first
month. Among the 15 patients who remained in the study, 05
had a diagnosis of epilepsy and had had seizures in the month
preceding CE treatment, while the remaining 10 had never been
diagnosed with epilepsy or had not had any clinical seizures
for more than 12 months before treatment with CE. Among
the five epileptic patients, one was diagnosed with Dravet’s
syndrome, two had epilepsy associated with cerebral palsy, and
two had refractory epilepsy of undetermined etiology. Nonepileptic cases were randomly numbered 1–10, while epileptic
cases were randomly numbered from 11 to 15. Demographic data
are detailed in Table 1, while the individual patient’s symptom
profiles are detailed in Table 2.

Data Acquisition
The patient’s parents and/or caregiver received a standardized
form by e-mail (Supplementary Material), which should be
answered once before the beginning of the study (baseline),
and monthly throughout the duration of the CE treatment. In
these forms the parents/caregivers were asked to estimate the
severity of each of the eight symptom categories evaluated (see
Supplementary Material). They should inform a score between
0 and 100, in which 0 means the lowest level of performance (or
the maximum level of deficit and impairment associated to the
symptom), and 100 means maximum performance (or complete
absence of deficit and impairment associated to that symptom).
The data presented here correspond to the difference observed
between baseline results and results reported in the final month
of treatment.
To ensure that the parents/caregiver properly understood
the meaning of each category and that they were using
the numeric scores in a consistent way throughout the
study, the forms also contained two accessory questions
(see Supplementary Material). In the first of these accessory
questions the caregivers were asked to freely describe, in their
own words, what changes they had observed since the last month.

Treatment
In August 2016, all patients started receiving standardized
CE, with the same composition and origin, manufactured by
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TABLE 2 | Caretakers’ perception of improvement in each symptom category.
Case #

Months of CE treatment#

Perception of improvement of symptoms (%)*
ADHD

BD

MD

AD

CSID

CD

SD

SZ**

01f

09

15

15

-

10

15

15

50

-

02m

06

40

10

20

30

60

40

40

-

03m

09

40

30

40

20

40

30

50

-

04m

15

30

20

20

10

40

30

30

-

05f

27

50

25

35

20

25

35

40

-

06m

09

30

00

-

00

00

20

-

-

07m

09

15

15

15

15

15

15

50

-

08f

09

20

20

-

10

60

20

60

-

09m

09

00

−10

20

00

00

20

-

-

10m

09

30

25

20

10

30

15

-

-

11m

09

85

85

10

25

30

50

60

100

12m

09

50

00

55

00

40

10

25

≥50

13f

09

20

20

00

00

00

00

20

≥50

14m

39

35

40

20

15

25

30

85

≥50

15m

09

00

00

00

00

00

00

10

100

n##

15

15

12

15

15

15

12

05

Median

30

20

20

10

25

20

40

NA

ADHD, Attention Deficit/Hyperactivity Disorder; BD, Behavioral Disorders; MD, Motor Deficits; AD, Autonomy Deficits; CSID, Communication and Social Interaction Deficits; CD, Cognitive
Deficits; SD, Sleep Disorders; SZ, Seizures. f female patients. m male patients. *Lack of improvement is computed as 00% and worsening of symptoms are recorded as negative values.
time of CE use, including before the onset of standardized CE. ## Number of patients presenting each symptom. A dash (-) indicate lack of the symptom before treatment onset.
NA, Not applicable. ** Scores for seizures are: 00, for lack of improvement, <50%, for reduction of <50% in the occurrence of SZ, ≥50%, for reduction of more than 50% in the occurrence
of SZ; or 100% for cases of complete cessation of SZ.
# Total

the onset of CE treatment. In the monthly questionnaires
that followed for the next 9 months, until April 2017, the
perceived percentage change for each symptom category was
assessed. Clinical assessments and monthly records also included
information regarding side effects and changes, maintenance,
reduction, or withdrawal of neuropsychiatric drugs that were
already in use (Table 2).
The descriptive statistics in Figures 1A,B were plotted in
MATLAB 2017a using the default settings of the boxplot function
from the “Statistics and Machine Learning Toolbox.”

In the second accessory question parents/caregivers were asked
to inform the degree of change in a 5-level Likert-like scale, for
each group of symptoms, in relation to the previous month. The
three different responses allowed the detection of inconsistencies.
Every month the patient’s physician (P. F.) checked the numeric
evaluation for consistency, and whenever an inconsistency was
observed the physician would contact the parent/caregiver, either
in person or by phone, and ask them to consider adjusting
the response.

Evaluation of the Results
Patients were followed by means of periodic clinical evaluations
made by the physician in charge. A monthly questionnaire was
used to record treatment effects based on the answers given by
the parents. Monthly standardized forms were filled out and
contained questions covering the following symptom categories
(see Supplementary Material for a detailed description of
each category):
1.
2.
3.
4.
5.
6.
7.
8.

RESULTS
General Results
Three patients (one female and two males, or 17% out of the
cohort of 18 patients) chose to suspend treatment before the end
of the first month due to the occurrence of adverse effects. In two
of these patients a worsening of symptoms may have been due to
the concomitant and unsupervised attempt to remove or reduce
the dosage of antipsychotics. The third patient may have suffered
adverse effects of the interaction of the prescribed cannabinoids
with two other psychiatric medications that were being used
simultaneously. For the remaining 15 patients that adhered to
the standardized CE treatment, the consolidated results recorded
during the final month of treatment are presented in Table 2
and graphically depicted in Figure 1A. Results for all nonepileptic patients are presented in Figure 1B. No differences were
observed between genders, and for that reason results for both
genders are shown together.

Attention Deficit/Hyperactivity Disorder (ADHD);
Behavioral Disorders (BD);
Motor Deficits (MD);
Autonomy Deficits (AD);
Communication and Social Interaction Deficits (CSID);
Cognitive Deficits (CD);
Sleep Disorders (SD);
Seizures (SZ).

Parents answered the initial questionnaires in August 2016
to assess the presence or absence of these symptoms before
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FIGURE 1 | Improvement of symptoms observed in the patients that underwent CE treatment for at least 6 months. Data was collected from the caretakers’ monthly
follow-up questionnaires. (A) Pooled data from all 15 patients in the following categories: attention deficit/hyperactivity disorder (ADHD, n = 15); behavioral disorders
(BD, n = 15); motor deficits (MD, n = 12); autonomy deficits (AD, n = 15); communication and social interaction deficits (CSID, n = 15); cognitive deficits (CD, n = 15);
sleep disorders (SD, n = 12); convulsive seizures (SZ, n = 5). (B) Subset including only the 10 non-epileptic patients that underwent CE treatment for at least 6
months. Attention deficit/hyperactivity disorder (ADHD, n = 10); behavioral disorders (BD, n = 10); motor deficits (MD, n = 7); autonomy deficits (AD, n = 10);
communication and social interaction deficits (CSID, n = 10); cognitive deficits (CD, n = 10); sleep disorders (SD, n = 7). Red lines denote medians, blue boxes the
interquartile range, black whiskers the minimum and maximum values. Note that all categories present improvements that range from modest to robust, in spite of a
very short period of treatment with CE.

patients who presented BD, eight (53.3%) had improvements
equal to or above 20% in this symptom category. In AD, only
four (26.7%) had improvements equal to or above 20%. The most
robust results were found for ADHD, SD, and SZ, with more
than 80% of patients presenting improvements equal to or above
30%. The results were particularly impressive for the control of
seizures in the five epileptic patients, with seizure reduction of
50% in three cases and 100% in the other two cases. It is also
worth noting that CE treatment made it possible to achieve a
decrease in the dosage or to discontinue other neuropsychiatric
medications in eight out of 10 patients that were receiving
OM (Table 2).

Overall, mostly positive outcomes were reported for the 15
patients that adhered to the standardized CE treatment (one
case for 6 months and 14 cases for 9 months), especially
regarding improvements in sleep disorders, seizures, and
behavioral crisis. Also, signs of improvement were reported
for motor development, communication and social interaction,
and cognitive performance (Table 2). We highlight that 14
out of these 15 patients (93%) showed improvements equal
to or above 30% in at least one symptom category. Most
patients that adhered to the treatment had improvements
in more than one symptom category: seven patients (47%)
had improvements equal to or above 30% in four or
more symptom categories; two patients (13%) presented
improvements equal to or above 30% in two symptom
categories, and five patients (33%) presented improvements
equal to or above 30% in one symptom category. Only one
patient, referred to as Case 9, who was receiving multiple
neuropsychiatric medications throughout the study, presented
overall maintenance or worsening of symptoms.

Untoward Effects
The following adverse effects were reported among the 15
patients who adhered to CE treatment: sleepiness, moderate
irritability (three cases each); diarrhea, increased appetite,
conjunctival hyperemia, and increased body temperature (one
case each). All these side effects were mild and/or transient.
Two patients presented nocturia, which in one case appeared
concomitantly to an improvement in sleep quality.
As stated previously, three patients interrupted the treatment
before the end of the first month of CE treatment due to
adverse effects such as insomnia, irritability, increased heart
rate, and worsening of psycho-behavioral crisis. Additionally,
there was one patient (Case 2) who adhered to the treatment
until the sixth month and, in spite of improvement in some
respects, showed significant worsening in psycho-behavioral
aspects. The patients who experienced relevant side effects
were all receiving several drugs (Patient 1: Clomipramine +
Pericyazine; Patient 2: Risperidone + Prometazine + Sodium
Valproate; Patient 3: Risperidone + Prometazine), including at
least one antipsychotic, and in two cases there was an abrupt
cessation of the antipsychotic.

Results Grouped by Symptom Categories
Clinical assessment and records of patients’ evolution, which
were filled in monthly by the patients’ guardians/caretakers,
targeted the main symptom categories associated with autism.
Possible side effects of CE administration and modifications in
the dosage of other neuropsychiatric drugs that were prescribed
were also evaluated and are presented in Table 3. From the 15
patients who adhered to the treatment with standardized EC, 15
had symptoms of ADHD; 15 of BD; 12 of MD; 15 of AD; 15
of CSID; 15 of CD; 12 of SD; and 5 of SZ. Also, as shown in
Table 3, 10 of these patients were also concomitantly taking other
prescribed neuropsychiatric medications (OM).
At least 60% of patients showed improvements of 20% or
more in ADHD, MD, CSID, BD, SD, and SZ. From the 15
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TABLE 3 | Neuropsychiatric drugs taken by each patient during the study.
Case #

OM in use before CE
treatment

OM in use after CE treatment

Summary of changes in OM

CE side effects

01f

None

None

No OM

None

02m

Risperidone + Melatonin

None

Complete withdrawal

None

03m

None (used oxcarbazepine
before the study)

None

No OM

None

04m

None

None

No OM

Nocturia and polyuria

05f

None (used several OM before
the study)

None

Complete withdrawal

None

06m

None

None

No OM

Hyperaemia, sleepiness, and
transient increase in core temperature

07m

Promethazine + Risperidone

Risperidone

Partial withdrawal

Transient sleepiness

08f

Melatonin + Risperidone

Risperidone

Partial withdrawal + dosage
reduction

Slight increase in appetite

09m

Oxcarbazepine + Risperidone +
Levomepromazine

Oxcarbazepine + Risperidone +
Levomepromazine

None

None

10m

None

None

No OM

None

11m

Carbamazepine + Risperidone

Risperidone

Partial withdrawal + dosage
reduction

Transient diarrhea at treatment onset

12m

Phenobarbital

Phenobarbital

Complete withdrawal

Nocturia

13f

Lamotrigine + Topiramate

Lamotrigine + Topiramate

Dosage reduction

Sleepiness and mild irritation

14m

Oxcarbazepine + Levetiracetam
+ Topiramate + Valproate
semisodium + Risperidone

Topiramate + Risperidone

Partial withdrawal + dosage
reduction

Transient sleepiness and mild irritation
when waking up

15m

Risperidone + Oxcarbazepine

Risperidone + Oxcarbazepine

Dosage reduction

None

OM, alterations in other prescribed medication after introduction of CE (unaltered: no changes in the use of other medication was made; reduction, reduced the dosage of one or more
medication; partial withdrawal, stopped completely the use of one of the medications; withdrawal, stopped completely the use of all other medication with the exception of CE. f female
patients; m male patients.

DISCUSSION

of refractory seizures (47–60). Moreover, to the best of our
knowledge, this is the first report of a marked improvement in
autistic symptoms of non-epileptic patients with the use of CE
(Figure 1B).
Not all patients benefited equally from the treatment.
From the initial cohort of 18 patients, four patients reported
negative results. All of these participants were receiving multiple
drugs, including at least one antipsychotic, which suggests the
occurrence of undesirable drug interactions. In one of these cases,
we suspect that the worsening of symptoms may have been due
to an abrupt and unsupervised withdrawal of an antipsychotic
drug. These observations point to a potential risk of paradoxical
effects when introducing CE in a drug combination that includes
antipsychotic drugs. This underscores the need for extra vigilance
and of a gradual increase in the dosage of EC in patients
receiving many drugs, and also to evaluate with caution the
possibility of either partial or complete withdrawal of previously
prescribed drugs.
Among the 15 patients who adhered to treatment for at least
6 months, 10 were non-epileptic or had not experienced seizures
for at least 1 year (Table 2 and Figure 1B). These patients showed
positive effects in almost all evaluated categories, namely: ADHD,
MD, AD, CSID, CD, and SD. Particularly among non-epileptic,
nine (90%) presented improvement equal to or above 30% in at
least one of these categories, six (60%) presented improvement of
30% or more in at least two categories, and four (40%) presented

Here we report an observational study, which collected
information provided by the clinician and the patients’ parents
during treatment of autistic patients with a CBD-enriched CE
containing a rate of ∼75:1 CBD to THC. Treatment duration
ranged from 6 to 9 months. The initial cohort included 18
patients aged between 7 and 18. Three participants suspended CE
use in the first 30 days of treatment, while 15 continued the use of
standardized CE for six (01 patient) or nine (14 patients) months.
All patients received the equivalent to an average CBD dose of
4.6 mg/kg/day and an average THC dose of 0.06 mg/kg/day.
The prescribed THC dose is considered to be substantially
below its safety margin (54). On the other hand, even low
doses of pure THC, ranging from 0.04 to 0.12 mg/kg/day, have
been previously shown to cause spasticity reduction, increased
interest and connection with the environment, increased
demonstration of initiative, reduction of seizure frequency,
and improvement in dystonia of children with severe epileptic
syndromes (82).
Previous studies have shown reliable efficacy and safety of CE
containing a 20:1 CBD to THC proportion for the treatment of
syndromes characterized by refractory epilepsy and regressive
autism (54). Our positive results obtained from five epileptic
patients (Table 1 and Figure 1A) corroborate the existing data
regarding the effectiveness of CBD-enriched CE in the control
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improvement equal to or above 30% in at least four symptom
categories (Table 2). Therefore, the present observational study
corroborates the notion that the range of therapeutic benefits of
CBD-enriched CE extends to several distinct autistic symptoms,
even in non-epileptic patients.
We note that due to the fact that the behavior/symptoms
were annotated by caregivers, results on behavior improvement
contain a significant degree of subjectivity. We also note
that the reported results are subjectively quantitative, and
that the degree of improvement may be non-linear (so that
60% improvement does not necessarily mean twice as much
improvement as 30%).
Conspicuous positive effects, in both epileptic and nonepileptic patients, were observed in ADHD, SD, and CSID
categories. It is evident that sleep quality improvement and
hyperactivity reduction tend to have major positive impacts
on mood and general health, as well as on the efficacy of
psycho-pedagogic therapeutic interventions. Furthermore, in a
long-term perspective, psycho-pedagogic therapy may potentiate
the social, cognitive, and behavioral benefits observed after
CE treatment. The least pronounced effects were seen on
improvement of autonomy deficits (AD). This may indicate
a need for a larger time interval to allow for consolidated
routines and behavioral patterns, both from patients and from
caretakers, to be remodeled before any benefit can be obtained
from CE treatment.
The findings presented here, taken together, support the
notion that many autism symptoms are associated to neuronal
hyperexcitability, and indicate that CBD-enriched CE yields
positive effects in multiple autistic symptoms, without causing
the typical side effects found in medicated ASD patients.
Most patients in this study had improved symptoms even
after supervised weaning of other neuropsychiatric drugs.
The intrinsic limitations of the present study, due to its
observational nature, are the lack of control groups, the
small cohort size, and potentially significant placebo effects
(83). Further clinical trials are warranted to confirm these
initial findings.
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Abstract
Background: Autism spectrum disorder (ASD) is a neurodevelopmental condition
estimated to affect 1 in 66 children in Canada and 1 in 270 individuals worldwide. As
effective therapies for the management of ASD core and associated symptoms are
limited, parents are increasingly turning to clinicians for advice regarding the use of
medicinal cannabis to manage behavioural disturbances.
Objective: The objective of this scoping review was to identify and map symptoms,
outcomes and adverse events related to medicinal cannabis treatment for ASD-related
behaviours.
Methods: Ovid MEDLINE, Embase, CINAHL, PsycInfo, Web of Science Core Collection,
Google Scholar and grey literature sources were searched up to 5 January 2020 for
studies. Included studies met the following criteria: (1) investigate the use of medicinal
cannabis, (2) at least 50% participants had ASD, (3) at least 50% of the study population
was 0-18 years old and (4) any study design (published or unpublished).
Results: We identified eight completed and five ongoing studies meeting the inclusion
criteria. All studies reported substantial behaviour and symptom improvement on
medicinal cannabis, with 61% to 93% of subjects showing benefit. In the three studies
reporting on concomitant psychotropic medication usage and with cannabis use, up to
80% of participants observed a reduction in concurrent medication use. Adverse events

related to cannabis use were reported in up to 27% of participants related, and two
participants had psychotic events.
Conclusions: Early reports regarding medicinal cannabis in paediatric ASD symptom
management are presented as positive; the evidence, however, is limited to very few
retrospective cohort and observational studies. Evidence of safety and efficacy from
prospective clinical trials is needed.
Keywords: anxiety; autism spectrum disorder; behaviour; communication; hyperactivity.
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Abstract
Despite limited evidence, complementary and alternative medicine treatments are
popular in autism spectrum disorder. The aim of this review was to summarize the
available evidence on complementary and alternative medicine use frequency in autism
spectrum disorder. A systematic search of three electronic databases was performed. All
research studies in English or German reporting data on the frequency of
complementary and alternative medicine use in individuals with autism spectrum
disorder were included. Two independent reviewers searched the literature, extracted
information on study design and results, and assessed study quality using an established
quality assessment tool. Twenty studies with a total of 9540 participants were included.
The prevalence of any complementary and alternative medicine use ranged from 28% to
95% (median: 54%). Special diets or dietary supplements (including vitamins) were the
most frequent complementary and alternative medicine treatments, ranking first in 75%
of studies. There was some evidence for a higher prevalence of complementary and
alternative medicine use in autism spectrum disorder compared to other psychiatric
disorders and the general population. Approximately half of children and adolescents
with autism spectrum disorder use complementary and alternative medicine. Doctors
should be aware of this and should discuss complementary and alternative medicine use
with patients and their carers, especially as the evidence is mixed and some
complementary and alternative medicine treatments are potentially harmful.
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Abstract
Despite limited evidence, complementary and alternative medicine treatments are popular in autism spectrum disorder.
The aim of this review was to summarize the available evidence on complementary and alternative medicine use frequency
in autism spectrum disorder. A systematic search of three electronic databases was performed. All research studies in
English or German reporting data on the frequency of complementary and alternative medicine use in individuals with
autism spectrum disorder were included. Two independent reviewers searched the literature, extracted information
on study design and results, and assessed study quality using an established quality assessment tool. Twenty studies with
a total of 9540 participants were included. The prevalence of any complementary and alternative medicine use ranged
from 28% to 95% (median: 54%). Special diets or dietary supplements (including vitamins) were the most frequent
complementary and alternative medicine treatments, ranking first in 75% of studies. There was some evidence for a higher
prevalence of complementary and alternative medicine use in autism spectrum disorder compared to other psychiatric
disorders and the general population. Approximately half of children and adolescents with autism spectrum disorder
use complementary and alternative medicine. Doctors should be aware of this and should discuss complementary and
alternative medicine use with patients and their carers, especially as the evidence is mixed and some complementary and
alternative medicine treatments are potentially harmful.
Keywords
autism spectrum disorder, complementary and alternative medicine, prevalence, systematic review

When there is no cure, there are 1000 treatments. (Donald J.
Cohen)

The term “complementary and alternative medicine”
(CAM) refers to a heterogeneous group of treatments that
are defined as a “broad set of health care practices that are
not part of that country’s own tradition and are not integrated into the dominant health care system” (World
Health Organization (WHO), 2000). According to the
National Health Interview Survey (NHIS), 33% of adults
and 12% of children in the United States used some form
of CAM in 2012 (Black et al., 2015; Clarke et al., 2015).
CAM treatments are also employed for a broad range of
indications, ranging from mild health problems (e.g. sinusitis (Birdee et al., 2010)) or disorders with unfavorable
prognosis (e.g. cancer (Ernst and Cassileth, 1998)) to
chronic difficult-to-treat disorders (e.g. epilepsy (Ricotti
and Delanty, 2006), multiple sclerosis (Olsen, 2009)),
including psychiatric disorders in children and adolescents

(Kemper et al., 2013; Kompoliti et al., 2009; Prussing
et al., 2005).
The popularity of CAM treatments for chronic illness
or disability (Committee on Children With Disabilities,
2001; Zuzak et al., 2013) also extends to autism spectrum
disorder (ASD). ASD is characterized by impairments in
social interactions; impairments in communication skills;
and restricted, repetitive, and stereotyped patterns of
behavior and interests (American Psychiatric Association
(APA), 2013). ASDs are lifelong disorders for which no
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Table 1. Databases and search terms.
Database

Search terms

PubMed

(“Autistic Disorder” [MeSH] OR autistic OR autism OR “ASD”) AND (“alternative treatment” OR
“alternative medicine” OR “alternative therapies” OR “alternative therapy” OR “integrative treatment”
OR “integrative medicine” OR “integrative therapies” OR “integrative therapy” OR “complementary
treatment” OR “complementary medicine” OR “complementary therapies” OR “complementary
therapy” OR “CAM” OR “CAT” OR “complementary therapies” [MeSH])

ERIC
(Education
Resources
Information
Center)

(autistic OR autism OR “ASD”) AND (“alternative treatment” OR “alternative medicine” OR “alternative
therapies” OR “alternative therapy” OR “integrative treatment” OR “integrative medicine” OR
“integrative therapies” OR “integrative therapy” OR “complementary treatment” OR “complementary
medicine” OR “complementary therapies” OR “complementary therapy” OR “CAM” OR “CAT”)

PsycINFO

(autistic OR autism OR “ASD”) AND (“alternative treatment” OR “alternative medicine” OR “alternative
therapies” OR “alternative therapy” OR “integrative treatment” OR “integrative medicine” OR
“integrative therapies” OR “integrative therapy” OR “complementary treatment” OR “complementary
medicine” OR “complementary therapies” OR “complementary therapy” OR “CAM” OR “CAT”)

MeSH: Medical Subject Headings; ASD: autism spectrum disorder; CAM: complementary and alternative medicine; CAT: complementary and
alternative therapies.

causal treatment is currently known. The global prevalence of ASD has increased markedly in recent decades
(Autism and Developmental Disabilities Monitoring
Network Surveillance Year 2008 Principal Investigators
and Centers for Disease Control and Prevention, 2012;
Autism and Developmental Disabilities Monitoring
Network Surveillance Year 2010 Principal Investigators
and Centers for Disease Control and Prevention, 2014;
Elsabbagh et al., 2012; Ouellette-Kuntz et al., 2013),
probably because of a combination of better recognition
of the disorder, changes in reporting practices, and a true
increase in prevalence (Autism and Developmental
Disabilities Monitoring Network Surveillance Year 2008
Principal Investigators and Centers for Disease Control
and Prevention, 2012; Hansen et al., 2015; OuelletteKuntz et al., 2013). CAM treatments used for individuals
with ASD encompass a diverse range of modalities,
including diets (e.g. gluten-free diet), dietary supplements
(e.g. vitamins), mind–body medicine (e.g. hypnosis, shamanism), homeopathic remedies, acupuncture, and animal-assisted therapy (e.g. dolphin therapy, therapeutic
horseback riding). The limited evidence regarding the
effectiveness of these treatments is mixed. Although there
are some studies indicating effectiveness of selected CAM
treatments (e.g. equine-assisted therapy (Gabriels et al.,
2015)), there is also reason for concern, as some treatments have proven ineffective, and some treatment
modalities carry unacceptable potential adverse effects
(Levy and Hyman, 2015; Rey et al., 2008).
As authoritative data on the frequency of CAM use
in patients with ASD are lacking, the primary aim of
this review was to provide an overview of the current
literature. The second aim was to assess the quality of the
existing studies of CAM use in ASD.

Methods
Literature search
The process of screening for relevant literature was
performed using three different electronic databases:
PubMed, Education Resources Information Center
(ERIC), and PsycINFO. For searching in PubMed, a
combination of Medical Subject Headings (MeSH) terms
and free text terms was used. The databases ERIC and
PsycINFO were searched with a similar combination of
free text terms (Table 1). In all databases, the search was
restricted to studies published in English or German. The
period of the search was from the inception of each database through 22 June 2015.

Inclusion and exclusion criteria
Studies were included if they reported quantitative data on
CAM use within a population of individuals with ASD.
These studies needed to be cross-sectional studies, cohort
studies, or randomized, controlled trials and needed to be
published in a peer-reviewed journal.

Study selection and data extraction
After removing the duplicates, two reviewers (first author
(J.H) and second author (F.H)) independently examined
study titles and abstracts for inclusion or exclusion in this
review. Subsequently, potentially relevant full texts were
assessed by the same reviewers. Disagreements were
resolved by discussion. In addition, all reference lists of
the included articles and existing reviews of evidence for
CAM modalities (Brown and Patel, 2005; Lofthouse et al.,
2012; Surette et al., 2013; Whitehouse, 2013) were
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Table 2. Quality assessment of studies.
QAT item
Study methods
Recall bias—low risk
Recall bias—some risk
Piloted questionnaire (or
interview schedule)
Address potential sources of bias
Adjust for potential confounders
Sampling
Response rate reported

Brief definition

Points awarded

Prospective data collection
Retrospective data collection within previous
12 months
Any pilot, feasibility test, pretest, or previous use
of study materials
Report efforts to address nonresponsive bias or
information bias
Any adjustment for confounders in analyses of
variables associated with CAM use

2
1

0 (0%)
9 (45%)

1

4 (20%)

1

0 (0%)

1

9 (45%)

1

8 (40%)

1

2 (10%)

Where response rate = (no. of participants in the
study/no. of individuals invited to take part) ×
100
Any attempt to achieve a representative sample

Representative sampling strategy
Reporting of individuals’ characteristics
Specific diagnosis
Reports information about individuals’ diagnoses
Time since diagnosis
Reports information about the time period from
diagnosis to study participation
Indicator of socioeconomic
Reports any information about an indicator of
status
individuals’ socioeconomic status
Age
Reports information about the individuals’ age
Ethnicity
Reports information about the individuals’
ethnicity
Gender
Reports information about the individuals’ gender
CAM usage
CAM clearly defined to
A definition of CAM and/or a list of specific CAM
respondents
therapies is provided to participants
Definition of CAM reported in
A definition of CAM and/or a list of specific CAM
article
therapies is provided in the article
Use of CAM modalities assessed
Reports the prevalence of use of specific CAM
modalities or groups of CAM

Number of studiesa (%)

1
0.5

11 (55%)
10 (50%)

0.5

16 (80%)

0.5
0.5

18 (90%)
12 (60%)

0.5

19 (95%)

2

14 (70%)

1

14 (70%)

1

20 (100%)

QAT: quality assessment tool; CAM: complementary and alternative medicine.
aNumber of studies that scored under each criterion.

manually searched to locate further articles not found by
the abovementioned methods. Detailed information related
to data collection and results were extracted by J.H and
checked by F.H.

Assessment of study quality
For the purpose of assessing the quality of the included
studies, we used the quality assessment tool (QAT), an
existing quality assessment tool that is based on the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) statement checklist for observational studies. The QAT was developed by Bishop
et al.(2010) for a systematic review of the prevalence of
CAM use for pediatric cancer, and it has also subsequently been used by other researchers (Bishop et al.,
2011; Grant et al., 2012; Italia et al., 2014). We removed
two items that were irrelevant to our study (concerning
a cancer diagnosis) and weighted the remaining items

in accordance with the weighting suggested by the
developers of the QAT. This step resulted in a modified
tool consisting of 16 items with a maximum score of
15.5 points (Table 2). J.H and F.H scored each study
using the QAT, with disagreements resolved through
discussion.

Results
Study selection and characteristics
The initial electronic database search produced 1013 journal article references, from which 96 duplicate records
were removed (Figure 1). A total of 894 references were
excluded based on title or abstract. In total, 23 full-text
articles were obtained and further screened for possible
eligibility. Of these articles, 17 studies (Akins et al., 2014;
Bilgic et al., 2013; Carter et al., 2011; Christon et al., 2010;
Goin-Kochel et al., 2007; Hall and Riccio, 2012; Hanson
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Figure 1. PRISMA flow chart of included and excluded studies.

et al., 2007; Harrington et al., 2006a, 2006b; Huang et al.,
2013; Levy et al., 2003; Perrin et al., 2012; Salomone
et al., 2015; Valicenti-McDermott et al., 2013; Witwer and
Lecavalier, 2005; Wong and Smith, 2006; Wong, 2009)
met the inclusion criteria. By searching all of the reference
lists of the included articles and existing reviews, we discovered and included 3 more articles (Bowker et al., 2011;
Granich et al., 2014; Green et al., 2006). Detailed characteristics of the included studies are presented in Table 3.
Of the 20 studies, nine were conducted in the United
States (Akins et al., 2014; Christon et al., 2010; Hanson
et al., 2007; Harrington et al., 2006a, 2006b; Huang et al.,
2013; Levy et al., 2003; Valicenti-McDermott et al.,
2013; Witwer and Lecavalier, 2005), two in Australia
(Carter et al., 2011; Granich et al., 2014), and one each in
Turkey (Bilgic et al., 2013), Canada (Wong and Smith,
2006), and China (Wong, 2009). Six studies were undertaken in multiple countries. The included studies were
published between 2003 and 2015; 13 studies did not

report the dates of data collection, and the others collected data between 2000 and 2011.
The sample size ranged from 22 participants (Huang
et al., 2013) to 3173 participants (Perrin et al., 2012), with
a total of 9540 participants. The characteristics of the study
participants varied considerably. Some studies included
only children of preschool age (Carter et al., 2011) or children under 7 years old (Salomone et al., 2015) or employed
no age limit at all (Harrington et al., 2006a). The studies
also varied in the methods of reporting participants’ age,
using age groups, absolute ranges, median age, or mean age
to characterize the respective samples. In 13 studies (Akins
et al., 2014; Bilgic et al., 2013; Carter et al., 2011; Christon
et al., 2010; Goin-Kochel et al., 2007; Granich et al., 2014;
Harrington et al., 2006b; Huang et al., 2013; Levy et al.,
2003; Salomone et al., 2015; Valicenti-McDermott et al.,
2013; Witwer and Lecavalier, 2005; Wong and Smith,
2006), the mean age ranged from 3.5 years (Carter et al.,
2011) to 10.9 years (Huang et al., 2013). Across

United States

Turkey

United States: 78%
Canada:14%
Europe, Australia, others: 8%

Australia

United States

United States: 78%
England, Ireland, Canada,
Australia, New Zealand: 17%
others: 6%
Australia

Akins et al., 2014

Bilgic et al., 2013

Bowker et al.,
2011

Carter et al.,
2011

Christon et al.,
2010

Goin-Kochel
et al., 2007

United States: 80%
Canada: 7%
Australia: 5%
others: 8%

United States: 93%
others (⩾11 countries): 7%d

United States

Green et al., 2006

Hall and Riccio,
2012

Hanson et al.,
2007

Granich et al.,
2014

Countrya

Author and year

Email invitations to participate were sent to
approximately 800 support groups of parents/
caregivers of children with ASD
Participants were selected from a list of children
seen in the Development Medicine Center at
Children’s Hospital Boston, who received a
diagnosis of ASD between 1997 and 2003

Part of the Western Australian Autism Biological
Registry; participants were recruited via flyers,
distributed among local services providers and
clinicians
Survey was distributed via colleagues and through
chapters of the Autism Society of America and
autism organizations worldwide

Part of an online questionnaire study; parents were
recruited through county, state and national autism
organizations in the United States (newsletter,
email lists, websites)
Participants were recruited through autism-support
organizations (email messages, newsletter, web
pages)

Part of a larger randomized trial;
children were registered through Autism Spectrum
Australia

Survey was posted on autism-related websites and
on autism-related distribution lists in Canada and
the United States

Part of CHARGE study (population-based, casecontrol study); children were identified through
California Regional Centers
Children admitted to one of six psychiatric clinics

Recruitment method

Table 3. Characteristics of included studies.

970
(n.a.)

⩽5 years: 41%
6–12 years: 46%
13–18 years: 9.6%
>18 years: 3.4%
(83%)
∅ 3.5 years
(91%)

Children and
adolescents

169
(n.a.)

552
(n.a.)

∅ 8.6 years
(79%)

⩽5 years: 34%
6–10 years: 36%
11–14 years: 18%
⩾15 years: 12%
(84%)c
n.a.
(n.a.)
<5 years: 17%
5–10 years: 49%
>10 years: 34%
(82%)

Children and
adolescents

Children and
adolescents

Children

Children

ASD
(n.a.)
Autism
PDD-NOS
MR/GDD
Other
(clinical diagnosis/
parent report)

112
(35%)

452
(n.a.)

479
(n.a.)

∅ 8.3 years (80%)

⩽21 years

248
(n.a.)

∅ 8.6 years
(85%)

⩽21 years

84
(31%)

172
(n.a.)

∅ 8.8 years
(81%)

<18 years

Preschool age
at trial start

453
(n.a.)

∅ 3.8 years
(86%)

2–5 years

ASD
DD
(ADI-R/ADOS)
Autistic disorder
PDD-NOS
Asperger’s syndrome
(DSM-IV)
Autistic disorder
PDD-NOS
Asperger’s syndrome
(Parent report)
Autistic disorder
PDD-NOS
Asperger’s syndrome
(DSM-IV)
Autistic disorder
PDD-NOS
Asperger’s syndrome
(Parent report)
Autistic disorder
PDD-NOS
Asperger’s syndrome
(n.a.)
Autistic disorder
PDD-NOS
Asperger’s syndrome
(DSM-IV-TR)
Asperger’s syndrome
Mild autism
Severe autism
(Parent report)

Sample size
(survey response)b

Age of person with
ASD (% males)

Eligibility (age)

Type of disability

(Continued)

Mailed questionnaire
(n.a.)

Web-based questionnaire
(n.a.)

Web-based questionnaire
(n.a.)

Mailed questionnaire
(n.a.)

Web-based questionnaire
(n.a.)

Web-based questionnaire
(n.a.)

Face-to-face interview or
telephone interview;
(2006–2007)

Web-based questionnaire
(n.a.)

Face-to-face interview during
medical history by physicians
(n.a.)
Interviewer-administered
questionnaire;
(04/2010– 01/2011)

Mode of data collection
(period of data collection)
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United States

United States

United States

United States

United States, Canada

18 European countries

United States

Harrington et al.,
2006a

Harrington et al.,
2006b

Huang et al., 2013

Levy et al., 2003

Perrin et al., 2012

Salomone et al.,
2015

ValicentiMcDermott et al.,
2013
Witwer and
Lecavalier, 2005

China

Wong, 2009

Children with a diagnosis made or confirmed at the
child development center at Hotel Dieu Hospital or
Pathways for Children and Youth
Participants were recruited from a Children’s
Hospital Child Assessment Center during follow-up
clinic visit

Participants were recruited from among the
parents/caregivers of the patient panel of a
Professor of Pediatrics at a New Jersey University
All children seen by a physician at the Regional
Autism Center at the Children’s hospital of
Philadelphia
Analyses of the Autism Speaks Treatment Network
patient registry
All children enrolled during the study period were
included
Participants were recruited via national parent’s
associations who advertised the link on their
website (in former Yugoslav Republic of Macedonia
recruitment through a clinic)
Children followed by the developmental pediatrics
program of the Albert Einstein College of Medicine,
New York
Data were collected in 37 school districts across
Ohio as part of a larger project

Participants were recruited in a conference on
autism (New York, 2002), which was intended for
parents, educators, and health professionals
Parents of children previously diagnosed with
ASD and followed by two large private pediatric
practices in New York City

Recruitment method

3173 (100%)

50
(n.a.)
353
(58%)
50
(91%)
98
(n.a.)

2–5 years: 56%
6–11 years: 33%
12–18 years: 10%
(84%)
∅ 4.8 years
(83%)

∅ 8.8 years
(94%)
∅ 9.5 years
(79%)
∅ 9.0 years
(84%)
<5 years: 31%
5–<10 years: 48%
10–<15 years: 17%
15–18 years: 4%
(85%)

2–18 years

2–18 years

3–21 years

Children

Children

ASD
(DSM-IV/ADI-R/
ADOS)

ASD
Other major DD
(DSM-IV-TR/CARS)
ASD
(parent/teacher
report)
ASD
(ADOS/CARS)

284 (100%)

∅ 4.6 years
(83%)

Children

1680 (n.a.)

Self-administered
questionnaire
(12/2007–4/2011)

22
(n.a.)

∅ 10.9 years
(68%)

Children

<7 years

Face-to-face interview
(7/2000–12/2002)

77
(51%)

∅ 7.2 years
(79%)

Children

Autistic disorder
PDD-NOS
Asperger’s syndrome
(ICD-9/parent
report)
ASD
ADHD
(parent report)
ASD
(DSM-IV-TR/CARS/
ADOS)
Autism
PDD-NOS
Asperger’s syndrome
(DSM-IV/ADOS)
ASD
(n.a.)

Interviewer-administered
questionnaire
(3/2006–12/2006)

Self-administered
questionnaire
(spring of 2002 and 2003)
Telephone interview
(n.a.)

Web-based questionnaire,
paper version of the
questionnaire
(n.a.)
Face-to-face interview
(n.a.)

Mailed questionnaire
(n.a.)

Self-administered
questionnaire
(2002)
Mailed questionnaire
(n.a.)

62
(87%)

8.0 years (median)
(77%)

Mode of data collection
(period of data collection)

n.a.

Sample size
(survey response)b

ASD
(parent report)

Age of person with
ASD (% males)

Eligibility (age)

Type of disability

ASD: autism spectrum disorder; CHARGE: Childhood Autism Risks from Genetics and Environment; DD: developmental disabilities; ADI-R: Autism Diagnostic Interview—Revised; ADOS: Autism Diagnostic Observation Schedule;
PDD-NOS: pervasive developmental disorder—not otherwise specified; DSM-IV: Diagnostic and Statistical Manual of Mental Disorders (4th ed.; DSM-IV); DSM-IV-TR: Diagnostic and Statistical Manual of Mental Disorders (4th ed.; text
rev.; DSM-IV-TR); MR: Mental Retardation; GDD: Global Developmental Delay; ICD-9: International Classification of Diseases, 9th Revision; ADHD: attention deficit hyperactivity disorder; CARS: Childhood Autism Rating Scale.
aWhere applicable, the percentage of respondents’ nationality is given.
bSample size and survey response refer to the number of individuals with ASDs.
cRefers to a total number of 548. For four children, sex was not specified.
dInformation was not given in the article but was available in the underlying dissertation.

Canada

Wong and Smith,
2006

United States

Countrya

Author and year

Table 3. (Continued)
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the 19 studies that reported respondents’ sex, 82% of the
participants were boys and 18% were girls. Eight studies
(Bilgic et al., 2013; Bowker et al., 2011; Carter et al., 2011;
Christon et al., 2010; Goin-Kochel et al., 2007; Granich
et al., 2014; Harrington et al., 2006b; Perrin et al., 2012)
classified the type of disorder into the categories autistic
disorder/autism, pervasive developmental disorder—not
otherwise specified (PDD-NOS), and Asperger’s syndrome
(AS); two studies (Green et al., 2006; Hanson et al., 2007)
used other forms of classification; and the remaining 10
studies did not specify the ASD subtype (Akins et al., 2014;
Hall and Riccio, 2012; Harrington et al., 2006a; Huang
et al., 2013; Levy et al., 2003; Salomone et al., 2015;
Valicenti-McDermott et al., 2013; Witwer and Lecavalier,
2005; Wong and Smith, 2006; Wong, 2009). Of the 20 studies, 17 reported how ASD diagnosis was confirmed. Eight
studies (Bowker et al., 2011; Christon et al., 2010; Green
et al., 2006; Hanson et al., 2007; Harrington et al., 2006a,
2006b; Huang et al., 2013; Witwer and Lecavalier, 2005)
reported that type of disability was indicated by parents or
teachers. In seven studies (Bilgic et al., 2013; Carter et al.,
2011; Granich et al., 2014; Levy et al., 2003; Perrin et al.,
2012; Valicenti-McDermott et al., 2013; Wong, 2009), clinical diagnosis of ASD had been made using the Diagnostic
and Statistical Manual of Mental Disorders (DSM), mostly
in combination with standard autism assessment tools.
All included articles were cross-sectional studies.
Regarding recruitment approaches, participants were
recruited from health care providers (Akins et al., 2014;
Bilgic et al., 2013; Hanson et al., 2007; Harrington et al.,
2006b; Huang et al., 2013; Levy et al., 2003; Salomone
et al., 2015; Valicenti-McDermott et al., 2013; Wong and
Smith, 2006; Wong, 2009), from a school (Witwer and
Lecavalier, 2005), from two different registers (Carter
et al., 2011; Granich et al., 2014; Perrin et al., 2012), via
advertisement through autism-related organizations
(Bowker et al., 2011; Christon et al., 2010; Goin-Kochel
et al., 2007; Green et al., 2006; Hall and Riccio, 2012;
Salomone et al., 2015), and conferences (Harrington et al.,
2006a). The data collection methods included face-to-face
interviews (Akins et al., 2014; Carter et al., 2011; Levy
et al., 2003; Valicenti-McDermott et al., 2013), telephone
interviews (Carter et al., 2011; Wong and Smith, 2006),
interviewer-administered questionnaires (Bilgic et al.,
2013; Wong, 2009), and self-administered questionnaires
(Bowker et al., 2011; Christon et al., 2010; Goin-Kochel
et al., 2007; Green et al., 2006; Hall and Riccio, 2012;
Harrington et al., 2006a; Perrin et al., 2012; Salomone
et al., 2015; Witwer and Lecavalier, 2005), including webbased questionnaires and mailed questionnaires.

Study quality
Percentage scores on the QAT ranged from 29% (Granich
et al., 2014; Levy et al., 2003) to 65% (Perrin et al., 2012)

of the maximum score, with 12 studies (Akins et al.,
2014; Bilgic et al., 2013; Bowker et al., 2011; Carter
et al., 2011; Granich et al., 2014; Hall and Riccio, 2012;
Harrington et al., 2006a; Huang et al., 2013; Levy et al.,
2003; Witwer and Lecavalier, 2005; Wong and Smith,
2006; Wong, 2009) attaining less than 50% of the maximum QAT score. Table 2 summarizes the results of the
quality assessment for each QAT item. Fewer than half of
the studies used data collection strategies suitable to minimize the risk of recall bias. In addition, data collection
was retrospective in all studies. Similarly, studies were
generally poor in reporting the validity of the survey
instrument and providing a representative sample.
Although most studies defined CAM clearly to the
respondents, the lists of CAM modalities included in
these definitions varied considerably, and the time period
of CAM use was not always specified.

Prevalence of CAM use
The overall prevalence of CAM use among individuals
with ASD was reported in 15 studies (Table 4) and ranged
from 28% (Perrin et al., 2012) to 95% (Harrington et al.,
2006b; median: 54%). Four studies (Akins et al., 2014;
Bilgic et al., 2013; Granich et al., 2014; Wong and Smith,
2006) reported lifetime prevalence, and another four studies (Carter et al., 2011; Salomone et al., 2015; Witwer and
Lecavalier, 2005; Wong, 2009) chose specific recall periods (maximum 12 months). While one study (Christon
et al., 2010) reported both current and lifetime prevalence,
seven studies (Hanson et al., 2007; Harrington et al.,
2006a, 2006b; Huang et al., 2013; Levy et al., 2003; Perrin
et al., 2012; Valicenti-McDermott et al., 2013) did not
mention any period of time as a denominator for prevalence estimation. Across the studies reporting lifetime
prevalence, the values ranged from 39% (Akins et al.,
2014) to 92% (Hall and Riccio, 2012).

Types of CAM used
As shown in Table 4, the reported CAM modalities differed
markedly across the included studies. Most of the CAM
modalities were reported individually, but in some studies,
prevalences for defined modalities were reported in aggregated groups, for example, dietary supplements (Akins
et al., 2014; Huang et al., 2013), vitamin supplements/special vitamins (Bowker et al., 2011; Carter et al., 2011;
Christon et al., 2010; Granich et al., 2014; Levy et al., 2003;
Salomone et al., 2015; Valicenti-McDermott et al., 2013;
Witwer and Lecavalier, 2005; Wong and Smith, 2006), dietary restriction/special diet/dietary therapies/modified diet/
alternative diets (Bilgic et al., 2013; Bowker et al., 2011;
Christon et al., 2010; Granich et al., 2014; Hanson et al.,
2007; Perrin et al., 2012; Witwer and Lecavalier, 2005), or
mind–body medicine (Akins et al., 2014).

Open-ended questions

Named therapies

Open-ended questions

Open-ended questions
and named therapies:
gluten-free diet, caseinfree diet, other forms
of dietary modification
Named therapies

Named therapies and
open-ended questions

Open-ended questions

Akins et al.,
2014

Bilgic et al.,
2013

Bowker
et al., 2011

Carter et al.,
2011

Goin-Kochel
et al., 2007

Granich
et al., 2014

Christon
et al., 2010

Measurement method
of CAM use

Author and
year

Table 4. Prevalence of CAM use.

Lifetime CAM
use

Current and past
CAM use

Lifetime and
current CAM use

CAM use in
research year

Current and past
CAM use

Lifetime CAM
use

Lifetime CAM
use

Period of time

Natural health practices: homeopathy, herbal therapies, dietary
therapies, vitamins, minerals, extracts from organisms: fish oil, physical
therapies: massage

Gluten-free, casein-free diet or both, auditory integration therapy,
chelation, music therapy, neurofeedback, sensory integration, Tomatis
programb

Vitamins, GFCF-diet, gluten-free diet alone, casein-free diet alone,
oils/fatty acids, dietary restriction (not gluten or casein), homeopathy,
kinesiology, medication unrelated, biomedical Rx (non-specific),
naturopathy, chiropractic, auditors/sound treatment, chelation,
vaccination withdrawal, mood or behavior medication, other
Animal therapy, auditory integration training, chelation, craniosacral
therapy, HBOT, magnetic therapy, music therapy, pattering (Doman
Delacato Method), secretin, special diet, special vitamins

Dietary supplements, GFCF-diet, antifungals, chelation, B12 injections,
IVIg, secretin, homeopathic remedies, mind–body medicine, melatonin,
probiotic, other CAM treatments
Spiritual healing, food supplements, modified diet, vitamin supplement,
herbal therapy, chelation, music therapy, HBOT, horse/dolphin
therapy, massage, withholding immunization, neurofeedback,
meditation, hypnosis, acupuncture, others
Vitamin supplements, alternative diets, alternative therapies and
medicines, detoxifications (chelation)b

Reported CAM modalities

54%

n.a.

71% (lifetime)
51% (current)

62%c

n.a.

Current use
Special vitamins: 20%
Special diets: 14%
Animal therapy: 11%
Lifetime use
Special diet: 29%
Special vitamins: 27%
Animal therapy: 24%
Current use
Sensory integration: 37%
Music therapy: 16%
Gluten-free, casein-free diet or both:
15%
Used in the past
Sensory integration: 53%
Music therapy: 27%
Gluten-free, casein-free diet or both:
27%
Extracts from organisms: fish oil: 48%
Vitamins: 21%
Minerals: 11%

Dietary supplements: 25%
GFCF-diet: 18%
Other CAM treatments: 14%
Spiritual healing: approximately 40%a
Food supplements: approximately
17%a
Modified diet: 13%a
Current
Alternative diets: 14%
Vitamin supplements: 9%
Detoxifications: 5%
Used in the past and discontinued
Alternative diets: 19%
Vitamin supplements: 13%
Alternative therapies: 6%
Vitamins: 32%
GFCF-diet: 29%
Oils/fatty acids: 24%

39%

56%

Prevalence of the three most popular
CAM modalities (%)

Prevalence of any
CAM use (%)
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Measurement method
of CAM use

Named therapies

Named therapies and
open-ended questions

Named therapies

Named therapies and
open-ended questions

Named therapies and
open-ended questions

Named therapies

Open-ended questions

Author and
year

Green et al.,
2006

Hall and
Riccio, 2012

Hanson
et al., 2007

Harrington
et al., 2006a

Harrington
et al., 2006b

Huang et al.,
2013

Levy et al.,
2003

Table 4. (Continued)

n.a.

n.a.

n.a.

n.a.

n.a.

Current, past
and lifetime CAM
use

Current and past
CAM use

Period of time

Gluten-free diet: 66%
Casein-free diet: 60%
Megadose vitamin: 47%

Gluten-free diet: 53%
Essential fatty acids: 51%
Casein-free diet: 50%
Sensory integration: 50%
Dietary supplements: 55%
Sensory integration: 41%
Auditory integration: 18%

87%

95%

n.a.

Vitamins, GI meds, melatonin, GFCF-diet, secretin, cod liver oil, antiinfectives, chelation, withholding immunization, nonbiologicals

Dietary supplements, sensory integration, auditory integration,
facilitated communication, music therapy, candida therapy, GFCF-diet,
intravenous secretin, kinesiology, behavior modification, vision therapy

Gluten-free diet, essential fatty acids, casein-free diet, probiotics,
digestive enzymes, carnitine, antifungal, melatonin, homeopathy,
antibiotics, secretin, chelation, sensory integration, chiropractor, delay
vaccinations, no vaccination, hippotherapy, massage

Gluten-free diet, casein-free diet, sugar-restricted diet, yeast-free diet,
other diet, megadose vitamin, DMG, omega-3 fatty acid, probiotic,
magnesium, folic acid, zinc, l-carnosine powder, garlic, alpha lipoic
acid, other dietary supplement, antifungal agent, secretin, auditory
integrative therapy, chelation for lead or mercury, glutathione
peroxidase, dolphin swim therapy, music and dance therapy, sensory
integration, chiropractic, homeopathy, other therapies

(Continued)

GFCF-diet : approximately 17%a
Vitamins: approximately 13%a
Secretin: approximately 6%a

Modified diet: 38%
Vitamins/minerals: 30%
Food supplements: 23%

74%

32%

Current use
Omega-3 fatty acids: 29%
Probiotics: 26%
Melatonin: 26%
Used in the past
GFCF-diet: 33%
Sensory integration: 28%
Music therapy: 21%

92% (lifetime)

Secretin, GFCF-diet, specific carbohydrate diet, digestive enzymes,
probiotics, antifungals, antibiotics, D-Cycloserine, IVIg, DMG,
Omega-3 fatty acids, tryptophan, tyrosine, cyproheptadine, naltrexone,
S-adenosylmethionine, oxytocin infusion, HBOT, vitamin C,
melatonin, St. John’s Wort, vitamin B12, glutathione, vitamin B6 and
magnesium, folic acid, metallothionein, chelation, auditory integration
training, sensory integration training, massage therapy, craniosacral
manipulation, facilitated communication, music therapy, behavioral
optometry
Modified diet, vitamins/minerals, food supplements, herbal remedies,
secretin, prayer/shaman, biofeedback, meditation/relaxation response,
guided imagery/hypnosis, massage/bodywork, craniosacral therapy,
special exercises, auditory integration, vagus nerve stimulation, healer/
healing touch, acupuncture/acupressure, anthroposophic medicine

Current use
Sensory integration: 38%
Vitamin C: 31%
Vitamin B6: 30%
Used in the past
Sensory integration: 33%
DMG: 27%
Weighted vest/blanket: 26%
Vitamin B6: 26%

Prevalence of the three most popular
CAM modalities (%)

n.a.

Prevalence of any
CAM use (%)

Sensory integration, vitamin C, vitamin B6, essential fatty acids,
casein-free diet, magnesium, gluten-free diet, vitamin A, probiotics,
music therapy, mega-vitamin therapy, DMG, weighted vest/blanket,
melatonin, homeopathy, facilitated communication, auditory
integration training, yeast-free diet, detoxification (chelation),
craniosacral manipulations, holding therapy, infant massage,
aromatherapy, feingold diet, dance therapy, neurofeedback
(biofeedback), secretin, osteopathy, acupuncture, naltrexone, watsu,
dolphin therapy, rolfingb

Reported CAM modalities
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CAM use in
the previous
6 months

n.a.

CAM use in
the previous
12 months

Named therapies

Named therapies

Open-ended questions

Named therapies

Named therapies

Salomone
et al., 2015

ValicentiMcDermott
et al., 2013

Witwer and
Lecavalier,
2005

Wong and
Smith, 2006

Wong, 2009

Prevalence of the three most popular
CAM modalities (%)
Other CAM: 20%
Special diets: 17%
Other vitamin supplements: 13%

Vitamins: 15%
Pet therapy: 14%
Sensory integration: 14%

Supplements/vitamins: 42%
Sensory integration: 36%
GFCF-diet: 26%
Vitamin/supplements: 17%
Diet modification: 15%
Secretin: 3%
Gluten-free diet: 18%
Casein-free diet: 12%
Sensory integration: 12%

Acupuncture: 48%
Traditional Chinese medicine: 30%
Prayer/blessing: 8%

Prevalence of any
CAM use (%)
28%

47%

58% (lifetime)d

n.a.

52%

41%d

Special diets, gluten-free diet, casein-free diet, no processed sugars,
no sugars or salicylates, feingold diet, other specified special diet,
other CAM, other vitamin supplements, probiotics, essential fatty
acids, digestive enzymes, higher dosing vitamins B6 and magnesium,
chiropractic, aminoacids, antifungals, glutathione, chelation, HBOT,
acupuncture, sulfation, other specified CAM
Vitamins, GFCF-diet, yeast-free diet, other diet, acupressure,
acupuncture, auditory integration training, biofeedback, craniosacral
therapy, deep pressure therapy, massage osteopathy, sensory
integration therapy, chelation, HBOT, packing, aromatherapy, Doman
Delacato patterning, facilitated communication, holding therapy,
homeopathy, oxytocin, pet therapy
Sensory integration, supplements/vitamins, GFCF-diet, herbs, oral
immune therapy, consultation with Defeat Autism Now doctor,
auditory integration, homeopathy, music therapy, yeast treatment,
chiropractor, chelation, craniosacral therapy
vitamin/supplements, diet modification, secretinb

Aromatherapy, homeopathic remedies, acupuncture, naturopathic
remedies, casein-free diet, gluten-free diet, low glycemic diet, no
additive and preservatives, sugar free, yeast-free, caffeine free,
digestive enzymes, essential fatty acids liquid, melatonin, magnesium,
calcium, selenium, magnesium/vitamin B6, magnesium/vitamin B12,
nutritional supplements, omega-3 oil, vitamin B, vitamin C, echinacea,
garlic oil, strawberry extract, vitamin D, body based relaxation
therapies, chiropractic, massage, sensory integration, therapeutic
horseback riding, music therapy, spiritual healing
Acupuncture, traditional Chinese medicine, homeopathy, vitamin
supplement, bee pollen, weight loss/get rid of toxic substances,
chelation/antibiotic, special diet, prayer/blessing, spa/hot spring,
chiropractic/osteopathy

Reported CAM modalities

CAM: complementary and alternative medicine; GFCF-diet: Gluten-free/casein-free diet; IVIg: Intravenous immunoglobulin; HBOT: Hyperbaric oxygen therapy; DMG: Dimethylglycine; GI: Gastrointestinal.
aData on prevalence had to be extracted from figures because no percentages or numbers of CAM users were available in the text.
bThis study surveyed both conventional and CAM treatment use. The treatment modalities listed here are those that could unambiguously be classified as CAM.
cThis refers to the category “medical, dietary and CAM interventions.”
dExcluding sensory integration techniques.

CAM use in
the previous
12 months

Lifetime CAM
use

n.a.

Named therapies

Perrin et al.,
2012

Period of time

Measurement method
of CAM use

Author and
year

Table 4. (Continued)
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The CAM modality most frequently employed was special diets or dietary supplements (including vitamins),
which ranked first in 15 of 20 studies (75%); (Akins et al.,
2014; Bilgic et al., 2013; Bowker et al., 2011; Carter et al.,
2011; Christon et al., 2010; Granich et al., 2014; Green
et al., 2006; Hanson et al., 2007; Harrington et al., 2006a;
Huang et al., 2013; Levy et al., 2003; Perrin et al., 2012;
Salomone et al., 2015; Valicenti-McDermott et al., 2013;
Witwer and Lecavalier, 2005).
In 10 studies, vitamin supplements were ranked among
the three most popular CAM modalities, with the use of
vitamin supplements ranging from 9% (Bowker et al.,
2011) to 42% (Valicenti-McDermott et al., 2013). Five
studies (Bilgic et al., 2013; Bowker et al., 2011; Christon
et al., 2010; Hanson et al., 2007; Perrin et al., 2012) had
special/modified/alternative diets among the three most
frequently used modalities (range: 13% (Bilgic et al.,
2013) to 38% (Hanson et al., 2007)). In nine other studies,
a gluten-free diet, a casein-free diet or both were among
the three most frequently used CAM modalities (Akins
et al., 2014; Carter et al., 2011; Goin-Kochel et al., 2007;
Hall and Riccio, 2012; Harrington et al., 2006a, 2006b;
Levy et al., 2003; Valicenti-McDermott et al., 2013; Wong
and Smith, 2006). The prevalence of the choice of glutenfree diet, the casein-free diet or both ranged from 12%
(Wong and Smith, 2006) to 66% (Harrington et al., 2006a).

Predictors of CAM use
Diagnostic category and symptom severity. Nine studies
assessed the potential influence of symptom severity or
ASD diagnostic category on CAM use (Akins et al., 2014;
Bilgic et al., 2013; Bowker et al., 2011; Christon et al.,
2010; Goin-Kochel et al., 2007; Granich et al., 2014; Hall
and Riccio, 2012; Perrin et al., 2012). Of those, three surveys found no association between the aforementioned
variables and CAM use (Akins et al., 2014; Bilgic et al.,
2013; Granich et al., 2014). Two studies reported a higher
frequency of CAM use in children with autism than in
those with AS (Christon et al., 2010; Perrin et al., 2012).
Two other studies (Hall and Riccio, 2012; Hanson et al.,
2007) showed a positive association between symptom
severity and CAM use, and two studies (Bowker et al.,
2011; Goin-Kochel et al., 2007) found such differences
only for certain CAM modalities.
Age. Nine studies assessed the association between a
child’s age and the use of CAM (Bilgic et al., 2013; GoinKochel et al., 2007; Granich et al., 2014; Hanson et al.,
2007; Levy et al., 2003; Salomone et al., 2015; Witwer and
Lecavalier, 2005; Wong and Smith, 2006; Wong, 2009).
Two studies found group differences among single CAM
modalities, whereby younger age was related to the use of
modified diets (Goin-Kochel et al., 2007; Witwer and
Lecavalier, 2005) and behavioral/educational/alternative
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treatments (Goin-Kochel et al., 2007). The remaining
seven studies revealed no significant association between
children’s age and CAM use.
Sex. Nine studies assessed the relationship between
CAM use and sex (Bilgic et al., 2013; Granich et al.,
2014; Hanson et al., 2007; Levy et al., 2003; Perrin et al.,
2012; Salomone et al., 2015; Valicenti-McDermott et al.,
2013; Wong and Smith, 2006; Wong, 2009). While one
study reported that mind–body practices were more likely
to be used by girls than by boys (Salomone et al., 2015),
the other studies found no significant association between
sex and CAM use.
Ethnicity. Eight studies assessed the relationship between
ethnicity and CAM use (Akins et al., 2014; Granich et al.,
2014; Hall and Riccio, 2012; Hanson et al., 2007; Harrington et al., 2006b; Levy et al., 2003; Perrin et al., 2012;
Valicenti-McDermott et al., 2013). Two articles reported
that Hispanic families were less likely to use CAM (Akins
et al., 2014) or that they use fewer types of CAM (Valicenti-McDermott et al., 2013) than non-Hispanic families.
In one study (Perrin et al., 2012), children in White families had higher rates of CAM usage than did Afro American or Latino families, while another study found that
Latino children were more likely to use CAM than European American children (Levy et al., 2003). The remaining
four studies did not find any significant association.
Parental characteristics. In total, 10 studies evaluated the
association between CAM use and parents’ education
(Akins et al., 2014; Bilgic et al., 2013; Granich et al., 2014;
Hall and Riccio, 2012; Hanson et al., 2007; Harrington
et al., 2006b; Salomone et al., 2015; Valicenti-McDermott
et al., 2013; Wong and Smith, 2006; Wong, 2009). Of
these, six studies found a significant association between
more frequent CAM use and higher parental education
(Akins et al., 2014; Hall and Riccio, 2012; Hanson et al.,
2007; Salomone et al., 2015; Valicenti-McDermott et al.,
2013; Wong and Smith, 2006). One study (Bilgic et al.,
2013) reported an association between parents’ educational level and CAM use if spiritual healing was excluded,
but the direction of this effect was not stated. The remaining three studies revealed no significant association
between parents’ education and CAM use (Granich et al.,
2014; Harrington et al., 2006b; Wong, 2009). Parental
income was tested in only two studies (Granich et al.,
2014; Harrington et al., 2006b), and both revealed no significant association.
CAM use in ASD in comparison to other conditions. Four of
the included studies compared the CAM use in children
with ASD to CAM use in children with non-ASD conditions (Akins et al., 2014; Huang et al., 2013; ValicentiMcDermott et al., 2013; Wong and Smith, 2006). In two
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studies, the comparison group consisted of children with
other developmental disabilities (DD). One study (Valicenti-McDermott et al., 2013) reported higher CAM use
with ASD than with DD, with the variety of CAM modalities used also being higher in the ASD group. Although not
statistically significant, the results of the second study
(Akins et al., 2014) were similar.
Compared with the CAM use of children with attention
deficit hyperactivity disorder (ADHD), the proportion of
CAM use for children with ASD was significantly higher
(Huang et al., 2013). In this study, the average number of
CAM therapies was also higher within the ASD group than
within the ADHD group.
One study (Wong and Smith, 2006) investigated patterns of CAM therapy use in children with ASD compared
with CAM use in a control group of children without ASD.
The authors found that both the general prevalence of
CAM use and the number of CAM modalities per user
were greater among children with ASD than in the general
population.

Discussion
The main findings of this systematic review are as
follows:
1.

2.

3.

4.

CAM use is common in children with ASD, with
special diets or dietary supplements (including
vitamins) being the most frequent treatment
modality.
There is some evidence for a higher prevalence of
CAM use in children with ASD compared with
children and adolescents with other psychiatric
conditions and compared with the general population. However, these findings are based on a limited number of studies.
Although higher parental education and CAM use
with ASD might be associated, there is no evidence for an influence of other socio-demographic
factors.
The quality of studies on CAM use in ASD is
mixed, with the majority of studies reaching less
than 50% of the maximum QAT score.

Regarding the first finding, the frequent use of CAM in
children and adolescents with ASD (median: 54%) is not
an unexpected result. As mentioned in the introduction,
CAM treatments are often used in chronic conditions or
conditions for which no effective treatment is yet known.
Both aspects apply to ASD, which are lifelong disorders
for which no causal treatment is currently known.
Moreover, ASD usually constitutes a significant burden
for both caregivers and patients, resulting in considerable
distress and reduced quality of life (Karst and Van Hecke,
2012; Khanna et al., 2011; Van Heijst and Geurts, 2015).

These factors are probably dominant in leading caregivers
to choose CAM treatments but beyond the goal of symptom alleviation, there are various other reasons for their
use (Matson and Williams, 2015), including health promotion in general, holistic health philosophies, or the alleviation of adverse effects of conventional treatment (Levy
and Hyman, 2015). The fact that the median prevalence of
CAM use in this review roughly equals the prevalence of
CAM use in pediatric cancer—with about two-thirds of
studies reporting prevalences between 20% and 60%
(Bishop et al., 2010)—underlines the perceived impact of
ASD on affected families. For people with Down syndrome, with 70% the prevalence of present CAM use was
even higher (Prussing et al., 2005).
In their systematic review, Bishop et al. (2010) found
the prevalence of CAM use in pediatric cancer ranging
from 6% to 91%. Large variations in CAM use were also
found in children with ADHD (Chan et al., 2003; Huang
et al., 2013; Kemper et al., 2013). The wide range of CAM
use prevalence in this review is consistent with other CAM
reviews in the literature (Bishop et al., 2010; Harris et al.,
2012; Italia et al., 2014; Posadzki et al., 2013) and probably reflects the diverse study quality and CAM definitions.
Interestingly, this prevalence roughly equals the prevalence of psychotropic medication use in children and adolescents with ASD (Bachmann et al., 2013). The debilitating
impact of ASD is also a likely reason for the reported findings of greater CAM use in individuals with ASD than in
children with ADHD and in the general population.
Their easy accessibility may explain the fact that diets
or dietary supplements (including vitamins) were the most
popular CAM treatment modality, as they are typically
more readily available and cheaper than, for example, dolphin therapy. The attitudes of the attending physician
toward CAM may also be a relevant factor in the choice of
CAM treatment—regarding CAM in ASD, a study by
Golnik and Ireland (2009) showed that physicians most
frequently encouraged the use of multivitamins, essential
fatty acids, melatonin, and probiotics. Regarding the mentioned dietary treatments, it should be noted that evidence
for the vast majority of these treatments is low (e.g.
omega-3 fatty acids (Bent et al., 2014)) and that some of
these treatments carry a risk of adverse and potential harmful effects (e.g. chelation agents: toxicity, gluten-free/
casein-free diets: compromised nutrition, withholding
immunization: risk of severe infections, vitamin A: toxicity; Levy and Hyman, 2015; Rey et al., 2008). This is a
cause for concern, especially because CAM treatments are
often started without informing the attending doctor
(Kompoliti et al., 2009).
Concerning potential influencing factors associated
with CAM use, our data are consistent with the evidence of
a systematic review of CAM use in pediatric cancer
(Bishop et al., 2010), in which CAM use was not associated with socio-demographic factors except for parental
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education. Interestingly, we found no studies of CAM use
in adults with ASD, which might explain why there was no
significant association of age and CAM use.
The quality of the reviewed studies was highly variable.
In our review, 60% (12/20) of studies scored less than 50%
of the maximum QAT score. These results are roughly
comparable to those of Bishop et al., (2010) whose review
of CAM use in pediatric cancer showed that half of studies
scored less than 50%. There are various reasons for the
mixed study quality: many studies did not strive for a representative sample, and the data collection in most studies
was retrospective, which may have introduced significant
recall bias. Furthermore, many studies failed to report the
underlying recall period. This lack of specific and consistent time period reporting renders comparisons difficult.
Researchers in future studies should clearly state the time
periods and should precisely define age in their inclusion
criteria (as exemplarily done in the study of Perrin et al.
(2012)). A standardized reporting of age in the baseline
characteristics, such as mean age, would also be helpful.
Because there is no universally accepted definition of
CAM, the diversity in the definition of CAM use in the
included studies was vast. Different surveys studied the
use of different modalities, and in addition to the different
modalities, some studies reported only the prevalence of
aggregated groups. As a result, many of the included studies are not comparable with respect to the range of assessed
CAM modalities. For example, in some of the included
studies, sensory integration training had been considered a
type of CAM (Akins et al., 2014; Goin-Kochel et al., 2007;
Green et al., 2006; Hall and Riccio, 2012; Harrington
et al., 2006a, 2006b; Huang et al., 2013; Salomone et al.,
2015; Valicenti-McDermott et al., 2013; Wong and Smith,
2006), while other studies assigned this modality to the
conventional therapy category (Bilgic et al., 2013; Hanson
et al., 2007; Wong, 2009). In addition, choosing openended questions as a means of measuring CAM use precludes the recording of CAM usage in a structured way.
The considerable variation in CAM use prevalence may
therefore be a consequence of the varied definitions of
CAM use utilized in the included studies. Even if some
CAM modalities are determined by cultural influences, a
generally agreed on definition of CAM and a standardized
assessment of CAM use would be helpful to obtain comparable figures. For this purpose, Quandt et al. (2009) developed an international questionnaire to measure the use of
CAM in different populations.
This review has several strengths and limitations. To
our knowledge, this is the first review of CAM use in individuals with ASD. To increase the probability of including
most of the relevant literature, two independent researchers continuously examined the study titles and abstracts
and subsequently inspected the full texts for inclusion or
exclusion. The data extraction was also checked by a second reviewer. Because we did not search in non-English,

non-German, gray literature (non-peer-reviewed articles
written for specific entities), or databases other than
PubMed, ERIC, and PsycINFO, we cannot exclude the
possibility that some potentially important publications
were missed. However, other reviews concerning CAM
use have already noted that use of and concerns about
CAM are growing fastest within English-speaking countries
(Grant et al., 2012) and that nearly all studies investigating
CAM use are published in English (Bishop et al., 2010,
2011). Our conclusions are limited by the varying quality
of the original studies, as discussed extensively above.
Moreover, the study participants, who were often recruited
through ASD-related support groups or websites, might
have been caregivers with above average motivation,
engagement, and interest in ASD treatment options, which
might have led to an overestimation of CAM use in the
studies underlying this review. Interestingly, the study
with the best methodological quality (65% of the maximum QAT score; (Perrin et al., 2012)) reported a prevalence below the median, which might also be an indicator
of overestimation in the studies with lower methodological
quality. As the majority of studies analyzed in this review
stem from the United States, our results most likely reflect
CAM use in this country. The results cannot be generalized, as there are significant differences between countries
regarding the accessibility and reimbursement of CAM
and attitudes toward CAM. For example, Zuzak et al.
(2013) analyzed data from 20 European countries and
reported an extrapolated CAM use prevalence (last
12 months) of 52% in children from the general population. This figure stands in contrast to 12% of children in
the general population using some form of CAM in the
United States (Black et al., 2015).
To assess quality, we used an existing quality assessment instrument that had not, however, been validated.
Because of the considerable heterogeneity across individual studies, it was not possible to pool prevalence estimates of CAM for a meta-analysis. Nevertheless, the
current review provides much-needed information about
CAM use in children and adolescents with ASD. The lack
of data on CAM use in adults with ASD is certainly another
aspect that limits the generalizability of our findings and
an area suggesting the need for future studies.

Conclusion
As a significant percentage of children and adolescents
with ASD use CAM or have used CAM at one point in
their lives, doctors treating patients with ASD should be
aware of this fact and should explicitly address CAM use
in their assessment of patients (Kompoliti et al., 2009;
Volkmar et al., 2014). They should have knowledge about
the effectiveness of CAM treatments in ASD and discuss
CAM use openly with patients and their carers. Because
evidence for most CAM treatments is low and because
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some treatments may be potentially harmful, the effects of
CAM treatments should be monitored, and the safety of
the patient with ASD should be ensured (Levy and Hyman,
2015). Considering both the widespread use of CAM in
ASD and the predominantly low quality of studies of CAM
effectiveness in this population (Levy and Hyman, 2015),
this work underlines the need for methodically sound indepth studies of CAM use in ASD. Fortunately, some
research projects in this area are already underway (IACC/
OARC, 2012); however, research in this field needs to be
expanded (to include, e.g. melatonin, music therapy, and
omega-3-fatty acids).
Finally, given the lack of studies of CAM use prevalence in adults with ASD, well-designed studies in this age
group are desirable, especially in view of the increasing
awareness and prevalence of ASD in adults.
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