From:
To:
Subject:
Date:

noreply@pharmacy.ohio.gov
MedicalMarijuana@med.ohio.gov
Condition Petition for Tiffany A Carwile
Monday, December 28, 2020 3:22:18 PM

This message was sent from the Condition page on medicalmarijuana.ohio.gov.
Box was check regarding file size being too large to upload. Action needed!
Name: Tiffany A Carwile
Address: 936 East Wilson street apartment E-3, Bryan, OH, 43506
Phone: (567) 239-6185
Email: autismallianceofohio@gmail.com
Specific Disease or Condition:
Autism Spectrum Disorder: Asperger syndrome, Autistic Disorder and Pervasive
Developmental Disorder
Information from experts who specialize in the disease or condition.
Affecting 1 in 59, (CDC), Autism spectrum disorder is a complex heterogeneous
neurodevelopmental disorder characterized by core deficits in social, communication, and
motor behaviors. Additional common comorbidities such as anxiety, seizures, sleep
disturbances, hyperactivity, and self-injurious behavior. Autism is a severe, long term
developmental disability that affects cognitive ability, & physical functioning. Including
ability to reason, problem solve, plan, exercise judgment, & learn.
Relevant medical or scientific evidence pertaining to the disease or condition.
Many with ASD have underlying medical conditions (gut/brain inflammation, oxidative stress,
autoimmune dysfunction, gaba/glutamate imbalance, mitochondrial disorder)*, comorbid
disorders (encephalopathy, IBS/Crohn’s/Colitis, seizures, pain, PTSD, Tourette’s, TBI), &
intellectual disability. Apraxia/dyspraxia, inherent in diagnosis, may also present as SPD,
sleep/anxiety/feeding disorders, OCD, depression & ADHD. Includes behavioral aggression,
self injury/nociception, & mood disorders.
Consideration of whether conventional medical therapies are insufficient to treat or alleviate
the disease or condition.
No pharmaceutical can safely or effectively treat the core symptoms of ASD. Antipsychotics,
risperidone & aripiprazole are the only two medications that are FDA approved to treat
irritability in ASD. Individuals with ASD are often prescribed a variety of antidepressants,
anxiolytics, antipsychotics, benzodiazepines as well as stimulants in off-label, untested
combinations to treat symptoms. These drugs have serious side effects & when given in
combination, risk of harm increases significantly.
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.
The ECS represents a network of lipid signaling pathways. Regulating many, or all,that are
dysregulated in ASD, positive for helping core symptoms. Improvements are a result of the

medicinal effects of cannabis on the underlying medical conditions of autism. Research from
Stanford University shows that children with ASD have lower plasma levels of anandamide.
Anandamide is the Endocannabinoid that mimics THC in the body & plays a role in learning,
memory, social functioning, easing anxiety etc
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.
Given the known role of the ECS system & the documented deficit of anandamide in ASD it
seems entirely possible, if not likely, that cannabinoid rich botanical extracts from cannabis
can be utilized as useful agents for targeting the pathology of ASD. As well as many
debilitating symptoms associated with it. We believe that families & physicians should have
the authorized right to explore these options without fear of legal repercussions, despite age or
severity of Autism Spectrum diagnosis.
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I had to submit the form because she was having issues. Attached are her PDFs. They were too large
to attach. Let me know if you have any questions.
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Jon Brown

Jon Brown
Software Development Specialist
77 South High Street, 17th Floor, Columbus, Ohio
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T: (614) 644-8557
jonathan.brown@pharmacy.ohio.gov
www.pharmacy.ohio.gov  
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From: Tiffany Carwile <autismallianceofohio@gmail.com>
Sent: Monday, December 28, 2020 3:12 PM
To: Brown, Jonathan <Jonathan.Brown@pharmacy.ohio.gov>
Subject: Re: Regarding the Pharmacy Board Website

Tiffany A Carwile
936 East Wilson street apartment E-3
Bryan, Ohio 43506
567-239-6185
autismallianceofohio@gmail.com

CONDITION: 100/100 Characters
Autism Spectrum Disorder: Asperger syndrome, Autistic Disorder and Pervasive
Developmental Disorder.
Question 1:

Information from experts who specialize in the disease or condition.

500 Character max.
Affecting 1 in 59, (CDC), Autism spectrum disorder is a complex heterogeneous neurodevelopmental disorder
characterized by core deficits in social, communication, and motor behaviors. Additional common
comorbidities such as anxiety, seizures, sleep disturbances, hyperactivity, and self-injurious behavior. Autism
is a severe, long term developmental disability that affects cognitive ability, & physical functioning. Including
ability to reason, problem solve, plan, exercise judgment, & learn. 495 characters

Attached files in pdf:
Prevalence of Co-occurring Medical and Behavioral Conditions/ Symptoms Among 4- and 8-Year-Old
Children with Autism Spectrum Disorder in Selected Areas of the United States in 2010.
Autism Prevalence Chart.
Plasma anandamide concentrations are lower in children with autism spectrum disorder.
EDUCATOR PERSPECTIVE ON CANNABIS FOR AUTISM SPECTRUM DISORDER.
Michael W. Elice, MD
Abstracts of Papers Accepted for Presentation at the Annual Meeting of the Society for Developmental and
Behavioral Pediatrics.
Autism and the Environment.

Question 2:

Relevant medical or scientific evidence pertaining to the disease or condition.
500 Character max
Many with ASD have underlying medical conditions (gut/brain inflammation, oxidative
stress, autoimmune dysfunction, gaba/glutamate imbalance, mitochondrial disorder)*,
comorbid disorders (encephalopathy, IBS/Crohn’s/Colitis, seizures, pain, PTSD,
Tourette’s, TBI), & intellectual disability. Apraxia/dyspraxia, inherent in diagnosis, may
also present as SPD, sleep/anxiety/feeding disorders, OCD, depression & ADHD.
Includes behavioral aggression, self injury/nociception, & mood disorders.
500 characters
Attached files in pdf:
Medical Comorbidities in ASD .
Systems Biology Analysis of the Endocannabinoid System Reveals a Scale-free Network with Distinct Roles
for Anandamide and 2-Arachidonoylglycerol.
Biphasic effects of THC in memory and cognition.
Plasma Anandamide Stanford .
Medical cannabis for pediatric developmental–behavioural and psychiatric disorders.
Effect of Cannabidiol on Drop Seizures in the Lennox-Gastaut Syndrome.
Self Injurious Behavior is ASD .
Aggression in Autism .
ASD and Pain .

Question 3:

Consideration of whether conventional medical therapies are insufficient to treat or
alleviate the disease or condition.
500 Character max.

No pharmaceutical can safely or effectively treats the core symptoms of ASD.
Antipsychotics, risperidone & aripiprazole are the only two medications that are FDA
approved to treat irritability in ASD. Individuals with ASD are often prescribed a
variety of antidepressants, anxiolytics, antipsychotics, benzodiazepines as well as
stimulants in off-label, untested combinations to treat symptoms. These drugs have
serious side effects & when given in combination, risk of harm increases significantly.
499 characters
Attached files: (two seperate pdfs)
Antipsychotics in the treatment of autism.
Antipsychotics used to manage autism and intellectual disability behavior can have serious side effects – new
study.
Use of dronabinol (delta-9-THC) in autism: A prospective single-case-study with an early infantile autistic
child.
Brain Shrinkage with antipsychotics .
Atypical Antipsychotic Drug .
Risperdal/Abilify Black Label .

Question 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. 500 Character max.
The ECS represents a network of lipid signaling pathways. Regulating many, or all, that
are dysregulated in ASD, positive for helping core symptoms. Improvements are a result
of the medicinal effects of cannabis on the underlying medical conditions of autism.
Research from Stanford University shows that children with ASD have lower plasma
levels of anandamide. Anandamide is the Endocannabinoid that mimics THC in the body
& plays a role in learning, memory, social functioning, easing anxiety etc.
500 characters
Attached files: (two seperate pdfs)

The therapeutic role of Cannabidiol in
mental health: a systematic review (NEW STUDY)
Cannabidiol as a Suggested Candidate for Treatment of Autism Spectrum Disorder (NEW STUDY)
The role of the endocannabinoid system in autism spectrum disorders (NEW STUDY)
Effects of CBD enriched cannabis sativa extract on Autism spectrum disorder symptoms: an observational
study. (NEW STUDY)

ALSO INCLUDED:

Oral cannabis extracts as a promising treatment for the core symptoms of autism spectrum disorder.
Medical cannabis for pediatric developmental–behavioural and psychiatric disorders.
Israel CBD study .
The Endocannabinoid System as it Relates to Autism.
ECS and the brain.
Endocannabinoid Signal Dysregulation in Autism Spectrum Disorders: A Correlation Link between
Inflammatory State and Neuro-Immune Alterations.
Endocannabinoid Signaling in the Control of Social Behavior.
Dr. Aran Israel Study 2018 .
Chile Study.
Characteristics of children prescribed antipsychotics.
Open Label Marinol Study.

Question 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. 500 Character max.
Given the known role of the ECS system & the documented deficit of anandamide in
ASD it seems entirely possible, if not likely, that cannabinoid rich botanical extracts
from cannabis can be utilized as useful agents for targeting the pathology of ASD. As
well as many debilitating symptoms associated with it. We believe that families &
physicians should have the authorized right to explore these options without fear of legal
repercussions, despite age or severity of Autism Spectrum diagnosis. 498 Characters
Letters of support in pdf:
Christian Bogner, MD.
Dr. Mcnamra
Dr. Powell
Dr. Ross
Dr. Rubilino
Dr. Mikovits
Texas Letter 2018
Dr Simmons

On Mon, Dec 28, 2020, 2:50 PM Jonathan.Brown@pharmacy.ohio.gov
<Jonathan.Brown@pharmacy.ohio.gov> wrote:
Okay, send me the information and I will submit the form for you. The medical board will then
reach out about submitting the supporting documents.
Thanks,
Jon Brown

Jon Brown

Software Development Specialist
77 South High Street, 17th Floor, Columbus, Ohio
43215
T: (614) 644-8557
jonathan.brown@pharmacy.ohio.gov
www.pharmacy.ohio.gov  
This e-mail may contain sensitive law enforcement and/or privileged information. If you are not the
intended recipient (or have received this e-mail in error) please notify the sender and destroy this e-mail.
Any unauthorized copying, disclosure or distribution of the material in this e-mail is strictly forbidden. This
message and any response to it may constitute a public record and thus may be publicly available to
anyone who requests it.

From: Tiffany Carwile <autismallianceofohio@gmail.com>
Sent: Monday, December 28, 2020 2:46 PM
To: Brown, Jonathan <Jonathan.Brown@pharmacy.ohio.gov>
Subject: Re: Regarding the Pharmacy Board Website
Yes, I am on or below the character count for every section, with both spaces and punctuation
included.
On Mon, Dec 28, 2020, 2:24 PM Jonathan.Brown@pharmacy.ohio.gov
<Jonathan.Brown@pharmacy.ohio.gov> wrote:
Are you copying and pasting the answers into the text boxes? If so, make sure they are less than
the max number before you copy and paste them in. FYI – any character counts including a
space.
Thanks,
Jon Brown

Jon Brown
Software Development Specialist
77 South High Street, 17th Floor, Columbus, Ohio
43215
T: (614) 644-8557
jonathan.brown@pharmacy.ohio.gov
www.pharmacy.ohio.gov  
This e-mail may contain sensitive law enforcement and/or privileged information. If you are not the
intended recipient (or have received this e-mail in error) please notify the sender and destroy this email. Any unauthorized copying, disclosure or distribution of the material in this e-mail is strictly
forbidden. This message and any response to it may constitute a public record and thus may be
publicly available to anyone who requests it.

From: Tiffany Carwile <autismallianceofohio@gmail.com>
Sent: Monday, December 28, 2020 2:05 PM
To: Brown, Jonathan <Jonathan.Brown@pharmacy.ohio.gov>

Subject: Re: Regarding the Pharmacy Board Website
I tried that before contacting you, and still received an ERROR message.
On Mon, Dec 28, 2020, 1:54 PM Jonathan.Brown@pharmacy.ohio.gov
<Jonathan.Brown@pharmacy.ohio.gov> wrote:
Please fill out the form and do not upload any attachments. Check the box for file too large
(see screenshot) and submit the form. The Medical Boar will then reach out with instruction
on how to submit your supporting documents.

Thanks,
Jon Brown

Jon Brown
Software Development Specialist
77 South High Street, 17th Floor, Columbus, Ohio 43215
T: (614) 644-8557
jonathan.brown@pharmacy.ohio.gov
www.pharmacy.ohio.gov  

This e-mail may contain sensitive law enforcement and/or privileged information. If you are
not the intended recipient (or have received this e-mail in error) please notify the sender and
destroy this e-mail. Any unauthorized copying, disclosure or distribution of the material in
this e-mail is strictly forbidden. This message and any response to it may constitute a public
record and thus may be publicly available to anyone who requests it.

-----Original Message----From: Autismallianceofohio@gmail.com <Autismallianceofohio@gmail.com>
Sent: Monday, December 28, 2020 1:41 PM
To: PRX IT <IT@pharmacy.ohio.gov>
Subject: Regarding the Pharmacy Board Website

Name: TIFFANY CARWILE
Contact number: 5672396185
License number:
i am receiving a"404 error" message when trying to submit my petition online for the last
week or so. this happened last year and the it dept had me email them my petition for them
to submit to the board.

please respond asap

t.carwile

CAUTION: This is an external email and may not be safe. If the email looks suspicious, please do
not click links or open attachments and forward the email to csc@ohio.gov or click the Phish
Alert Button if available.
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Plasma anandamide concentrations are
lower in children with autism spectrum
disorder
Debra S. Karhson1*, Karolina M. Krasinska2, Jamie Ahloy Dallaire3, Robin A. Libove1, Jennifer M. Phillips1,
Allis S. Chien2, Joseph P. Garner1,3, Antonio Y. Hardan1 and Karen J. Parker1

Abstract
Background: Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by restricted, stereotyped
behaviors and impairments in social communication. Although the underlying biological mechanisms of ASD remain
poorly understood, recent preclinical research has implicated the endogenous cannabinoid (or endocannabinoid),
anandamide, as a significant neuromodulator in rodent models of ASD. Despite this promising preclinical evidence, no
clinical studies to date have tested whether endocannabinoids are dysregulated in individuals with ASD. Here, we
addressed this critical gap in knowledge by optimizing liquid chromatography-tandem mass spectrometry methodology
to quantitatively analyze anandamide concentrations in banked blood samples collected from a cohort of children with
and without ASD (N = 112).
Findings: Anandamide concentrations significantly differentiated ASD cases (N = 59) from controls (N = 53), such that
children with lower anandamide concentrations were more likely to have ASD (p = 0.041). In keeping with this notion,
anandamide concentrations were also significantly lower in ASD compared to control children (p = 0.034).
Conclusions: These findings are the first empirical human data to translate preclinical rodent findings to confirm a link
between plasma anandamide concentrations in children with ASD. Although preliminary, these data suggest that
impaired anandamide signaling may be involved in the pathophysiology of ASD.
Keywords: Anandamide, Autism spectrum disorder, Blood biomarker, Cannabinoid

Introduction
Autism spectrum disorder (ASD) is a neurodevelopmental
disorder characterized by restricted, stereotyped behaviors
and impairments in social communication [1]. ASD affects
approximately 1% of US children [2], yet its underlying
biological mechanisms are poorly understood. Identification
of ASD biomarkers therefore is a public health priority, as
this would enhance diagnostic accuracy and facilitate
targeted therapeutic development. One biological system of
increasing interest for ASD is the endogenous cannabinoid
or endocannabinoid system [3, 4]. Endocannabinoids
(eCBs) are a specialized class of lipid neuromodulators
that regulate synaptic transmission, and play an important
* Correspondence: dkarhson@stanford.edu
1
Department of Psychiatry and Behavioral Sciences, Stanford University, 401
Quarry Rd., Stanford, CA 94305, USA
Full list of author information is available at the end of the article

role in behavioral functions with relevance to ASD (i.e.,
cognitive function, emotional regulation, social functioning,
motivation, and reward processing) [5].
Anandamide (AEA) is one of the most studied eCBs
and has been implicated in several preclinical ASD models
[6]. Specifically, mice with neurexin and neuroligin genetic
mutations demonstrate disrupted tonic eCB signaling at
the synapse. In humans, neuroligin gene mutations are
associated with ASD risk, suggesting that eCB system
dysregulation may also occur in ASD patients [7].
Moreover, four additional ASD rodent models which
demonstrate ASD-related behavioral impairments (i.e.,
FMR1 knockout, BTBR strain, valproate acid exposed, and
postnatal lipopolysaccharide administered) show improvements in social functioning and anxiety-like behavior
following pharmacological AEA modulation [6, 8, 9].
These collective findings suggest that heterogeneity in

© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
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ASD pathophysiology may have a point of convergence
within the eCB system. Yet, despite the promise of these
preclinical data, no studies to date have investigated AEA
concentrations in humans with ASD.
One reason for this gap in knowledge is that the
majority of preclinical AEA studies have used brain
tissue (in part, due to AEA’s high stable abundance in
this matrix). Opportunities to study human brain tissue
are of course rare, yet alternative matrices which are more
accessible (e.g., blood) present their own challenges. These
include (1) selection and refinement of appropriate lipid
extraction and purification methods for AEA and (2) the
low circulating abundance of AEA in blood. The present
study therefore was designed to address these barriers to
scientific progress regarding the role of AEA in ASD.
The aims of this project were twofold: (1) optimize lipid
extraction and liquid chromatography-tandem mass
spectrometry (LC-MS/MS) methodology to detect AEA
(350 Da) concentrations in small volumes (~ 100 μl) of
human blood and (2) quantify plasma AEA concentrations
in children with ASD and neurotypical control children.
We hypothesized that children with ASD would have
lower plasma AEA concentrations compared to control
children, in keeping with preclinical ASD findings.

Methods
Participants, recruitment, and eligibility criteria

Participants were N = 116 children (N = 60 children with
ASD and N = 56 neurotypical control children), aged 3
to 12 years. Participants had been recruited as part of a
previous study to investigate blood biomarkers and
genetic variants in children with ASD [10]. Participants
with ASD were primarily recruited through the Autism
and Developmental Disorders Research Registry and by
flyers posted in the Stanford University Autism and
Developmental Disorders Clinic. Unrelated control participants were recruited through advertisements posted online
or hardcopy in the surrounding community.
A comprehensive diagnostic evaluation was performed
in children with ASD to confirm the accuracy of their
existing diagnosis based on the Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition, Text Revision
(DSM-IV-TR) criteria [11]. This diagnosis was confirmed
using research diagnostic methods (i.e., the Autism
Diagnostic Instrument-Revised and the Autism Diagnostic
Observation Schedule [12, 13]) by assessors trained by a
research-reliable clinician. Study eligibility criteria were
as follows. All participants were required to be (1)
pre-pubertal, (2) in good medical health, (3) willing to
provide a blood sample, and (4) capable of completing
behavioral testing. Participants with ASD were included
if they had a full-scale IQ of 50 and above. Control
participants were included if they had an IQ score of 70
and above. Cognitive functioning was determined using
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the Stanford Binet 5th Edition [14]. ASD participant
exclusion criteria included (1) a genetic, metabolic, or
infectious etiology for ASD or (2) a DSM-IV-TR diagnosis of any severe mental disorder (e.g., schizophrenia,
bipolar disorder). Participants using psychotropic medications were included if medications were stable for at
least 1 week before blood collection. The most common
medications in use by participants with ASD were stimulants (n = 10), selective serotonin reuptake inhibitors (n = 8),
norepinephrine reuptake inhibitors (n = 5), and antipsychotics (n = 5). Controls were required to (1) be free of
present or past neurological disorders; (2) be free of present
or past psychiatric disorders on the basis of behavioral
scales, a psychiatric evaluation, and, if needed, the
Kiddie-Schedule for Affective Disorders and Schizophrenia
for School-Aged Children [15]; (3) have no evidence of
difficulty during gestation, labor, delivery, or immediate
neonatal period, or abnormal neurological or developmental
milestones; and (4) have no siblings with ASD.
Sample preparation and quantification

Blood collection was performed between 10 am and 2
pm to control for any potential circadian rhythmicity in
plasma AEA concentrations [16, 17]. Whole blood samples
were collected into EDTA-treated vacutainer tubes and
promptly centrifuged (1300×g at 4 °C for 10 min). The
plasma fraction was aliquoted into polypropylene tubes
and stored at − 80 °C until the morning of quantitative
analysis. Plasma samples underwent lipid extraction
with a modified salt-assisted liquid-liquid extraction
(SALLE) [18]. During method optimization, comparison
of traditional toluene liquid-liquid extraction to SALLE
demonstrated that although both methods provided
similar extraction yields (toluene vs SALLE, 85–90% vs
90–95%, respectively), SALLE was more reproducible,
provided greater precision with decreased matrix effects,
and had more efficient recovery. Commercially available
stable isotope-labeled AEA-d8 (Cayman Chemicals;
Ann Arbor, MI) was used as an internal standard (IS)
for LC-MS/MS in creation of a calibration curve for
quantitation of the analyte of interest, endogenous
AEA. Plasma samples (100 μl/participant) were thawed
in an ice bath (in less than 30 min), de-proteinized with
200 μl of acetonitrile containing 10 ng/ml internal
standard solution mix and 50 μl of 5 M ammonium formate.
Sample mixtures were then vortexed for 1 min before being
spun at 13,000 rpm at 4 °C for 5 min. Organic layers from
each sample were collected and transferred to autosampler
vials in preparation for LC-MS/MS. Each sample was
measured in triplicate. The samples could not be run as
one group and, thus, were run in three sets.
The LC-MS/MS system was a TSQ Vantage triple
quadrupole mass spectrometer coupled with an Accela
1250 HPLC system (Thermo Fisher Scientific, San Jose,
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CA). Baseline separation was achieved with gradient
elution from an Acquity BEH C18 column (150 mm ×
2.1 mm, 1.7 μm particle size) (Waters, Millford, MA).
Calibration curve linearity was validated in spiked plasma
from 0.25–10,000 pg/μl. The lower limit of AEA quantification was 50 fg on column. The total LC-MS/MS run
was 8 min in duration, and samples were maintained at
4 °C throughout. Mobile phases were 0.1% formic acid (A)
and acetonitrile containing 0.1% formic acid (B). Linear
gradient conditions were as follows: 0–1 min, 50% B;
1–2 min ramp to 98% B; 2–4 min, 98% B; 4–5 min ramp
back to 50% B; and 5–8 min equilibration at 50% B. The
heated electrospray source was operated in positive ion
mode. The triple quadrupole mass spectrometer was
operated in selected reaction monitoring (SRM) mode
for mass/charge transitions specific to AEA (m/z:
348.3 > 287.4, 203.4, 269.2, 91.0) and AEA-d8 (m/z:
356.25 > 294.3, 252.1, 206.1). Chromatograms were
processed using Xcalibur software as well as visually
inspected for inconsistencies.
Calibration curves and linearity

Intrinsic to the consideration of AEA quantification is
the “endogenous level challenge,” which relates to the
difficulty encompassed by efforts to minimize contributions of sample matrix (e.g., plasma) effects through the
use of a blank matrix for preparation of calibration
standards in LC-MS/MS quantitation [19, 20]. It is known
that for analytes of interest, such as AEA, that will be
present at basal conditions, availability of a true blank
matrix is rare. Thus, several strategies have been proposed
to overcome this confound. The following strategy is a
variation of the “authentic analyte in authentic matrix”
approach and is related to the “standard addition”
approach [19, 20]. For the calibration curve, peak area ratio
of spiked unlabeled to labeled analyte (AEA/D8-AEA)
was determined in buffer (i.e., phosphate-buffered saline,
termed PBS) and extracted “blank pooled plasma” (i.e.,
from non-affected, healthy adult plasma) and used to
construct a linear regression equation: y = m (x) + b, where
y is equal to the peak area ratio of spiked analyte/internal
standard, m is equal to the slope of the calibration curve,
x is equal to the concentration of analyte, and b is equal to
the y-intercept of the calibration. Calibration curves were
fitted using different weighting schemes (unweighted, 1/x,
or 1/x2) and over different ranges of spiked AEA concentrations (minimum 0.1 pg/μl; maximum between 20 and
10,000 pg/μl prepared in plasma, equivalent to 0.5 pg to
50 ng on column). As experimental samples produced
calculated AEA concentrations near the lower end of this
range, the curve that generated the lowest average relative
error at the lower end of the spiked concentration range
was retained (range 0.2–20 pg/μl, weighted by 1/x2).
Unknown sample AEA concentrations were corrected
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for the endogenous presence of the analyte in plasma,
estimated as the negative X-intercept of the calibration
curve. The lowest limit of quantification (LLOQ) in
extracted plasma was defined as signal-to-noise ratio of
10 to 1 and was 50 fg for AEA. Additionally, the triplicate
measures for each participant were highly consistent, with
intra-class correlation (ICC) coefficients within each
sample set between 90.2 and 94.8%. High ICC coefficients
provide evidentiary support for the reliability of calculated
AEA concentrations [21].
Statistical analysis

Study data were managed using REDCap [22] and analyzed
using JMP V.13 (SAS Institute, Cary, NC, USA). Four
participants were excluded from analyses because their
samples either produced highly inconsistent concentrations between replicates (N = 1F with ASD) or extremely
elevated AEA outlier concentrations were detected (i.e.,
three standard deviations above mean; N = 3 controls: 2M,
1F). A logistic regression was performed to test whether
mean AEA concentrations predicted group membership
(i.e., ASD vs. control), using a generalized linear model
with a binomial error distribution and logit link function.
All models included the following blocking factors: age,
full-scale IQ, ethnicity, gender, sample set, and sample
order within set (as described below).

Results
Characteristics of participants included in the statistical
analyses are provided in Table 1. Full-scale IQ and age
differed between children with and without ASD. To
eliminate the possibility that these (or any other variables)
could exert confounding effects and generate false positive
or false negative results [23, 24], we adopted the standard
epidemiological approach to this problem and included
these variables in the statistical models as blocking factors.
Additionally, secondary analyses were performed to
determine whether blocking factors were related to
plasma AEA concentrations. Plasma AEA concentrations
were not predicted by age (F1,107 = 1.54, p = 0.218) or sex
(F1,107 = 1.36, p = 0.246) alone. We also verified that blood
AEA concentrations were not significantly related to
blood collection time (F1,98 = 0.5595; p = 0.4563), including
when analysis was performed using a quadratic term
(F1,98 = 0.0417 p = 0.386).
Plasma AEA concentrations significantly differentiated
cases and controls (likelihood ratio chi-square, χ2 = 4.16,
p = 0.041; Fig. 1a). Across the range of observed plasma
AEA concentrations, the likelihood of ASD decreased
over 20-fold, corresponding to nearly a fourfold decrease
in risk with each twofold increase in plasma AEA concentration (range odds ratio = 0.043; unit odds ratio =
0.257; regression coefficient ± SE = − 1.359 ± 0.698). We
next tested whether children with and without ASD
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Table 1 Participant characteristics
Demographics

Control
children

Children with
ASD

N

53

59

Female

20

14

Male

33

45

Age

7.13 ± 2.96

8.25 ± 2.67*

Full-scale IQ

115.49 ± 9.51

83.24 ± 28.37*

Full-scale IQ range

92–134

50–140

N cases with IQ < 70

0

17

N cases of psychotropic medication use

0

29

Asian

6

11

Caucasian

38

35

Other

9

13

Ethnicity

Values in the table are reported as arithmetic means ± standard deviation. The
χ2 likelihood ratio was used to examine whether the distribution of individuals
in the two groups differed by sex and by ethnicity; no significant effects were
found (sex, χ2(1) = 2.60, p = 0.107; ethnicity, χ2(2) = 2.03, p = 0.363). Welch’s
unequal variances t test was used to test for differences in age and full-scale
IQ between groups (* = p < 0.05). Significant group differences were observed
for both measures (age, t(105.4) = 2.09, p = 0.039; IQ, t(72.2) = 8.23, p < 0.0001)
and therefore were used as blocking variables in the analysis
Abbreviations: ASD autism spectrum disorder, IQ intelligence quotient

differed in AEA concentrations. As predicted, plasma
AEA concentration was significantly lower in ASD
compared to control children (F1,102 = 4.64, p = 0.034;
Fig. 1b).
Most experimental samples had calculated AEA concentrations that were higher than the LLOQ, but lower
than the endogenous concentration for the AEA-spiked
plasma matrix used in calibration. Therefore, to provide
secondary support of the calculated AEA concentrations
in patient samples, all analyses were also performed

using ranks of AEA concentrations (instead of mean
log-transformed concentrations) to verify that the results
were robust deviations from linearity. Analyses using
AEA concentration rank instead of AEA concentrations
themselves produced qualitatively identical results and
support the reliability of quantified AEA concentrations.

Discussion
There is a growing body of preclinical data that suggests
the eCB system may be involved in ASD pathophysiology. Specifically, AEA signaling has been shown to
exert a modulatory role in rodent behaviors that are
relevant to ASD symptomatology and to pharmacologically rescue the social deficits observed in ASD rodent
models [25, 26]. The present study is the first to translate these preclinical data to patients, by optimizing a
LC-MS/MS method to quantitatively analyze AEA concentrations in small volumes of banked plasma with
short sample preparation time and high sample repeatability. Two significant findings were observed: (1)
plasma AEA concentrations significantly differentiated
ASD cases from controls, such that children with lower
AEA concentrations were more likely to have ASD, and
(2) AEA concentrations were significantly lower in ASD
compared to control children (Fig. 1). These results, although preliminary, corroborate preclinical evidence that
AEA signaling may be impaired in patients with ASD.
Detection of biomarkers in plasma is highly advantageous for brain disorders due to the relatively non-invasive
procedures required to collect blood (compared with those
required to access brain-relevant tissues). Circulating eCB
concentrations are thought to be in equilibrium with
brain-related eCB concentrations [27], suggesting that
plasma eCB concentrations may be a viable proxy for the
behavioral effects generated by bioactive, brain-related

Fig. 1 Plasma AEA concentrations in children with ASD and neurotypical control children. a Plasma AEA concentration significantly differentiates
cases from controls. Plasma AEA is plotted partialed (adjusted) for other variables in the statistical model. ASD individuals plotted above, and control
individuals plotted below, the dashed lines are correctly classified. b Plasma AEA concentrations in children with and without ASD, back-transformed
from logged values. Data are presented as LSM ± SEM. Children with ASD had lower plasma AEA concentrations (mean 0.149 pg/μl) compared to
control children (mean 0.177 pg/μl)
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AEA. Therefore, although plasma AEA concentrations
do not perfectly classify idiopathic ASD and control
participants, AEA signaling impairments nevertheless
may characterize a specific subset of ASD patients or
be useful for inclusion in a multidimensional biomarker
panel employed to detect idiopathic ASD.
The present findings are preliminary and warrant
subsequent replication in an independent study cohort.
These findings must also be considered in the context
of several limitations. First, our study was not powered
to assess potential sex differences and relationships
with between behavioral symptomology and AEA concentrations within the heterogeneous ASD population.
Second, our ASD participants were taking a variety of
prescription medications in contrast to the control
participants, which were medication free (Table 2).
Thus, it is possible that our findings were driven by
medication status, particularly as inclusion criteria only
required medication to be stable for 1 week prior to
blood collection. We think this is unlikely in light of the
aforementioned preclinical AEA data (in which “affected”
mice were medication-free); nevertheless, future research is
required to evaluate the impact of commonly prescribed
ASD medications on plasma AEA concentrations and other
eCBs. Finally, we measured a single eCB analyte using extrapolated AEA concentrations. Further optimization of the
present LC-MS/MS methodology would allow for more
precise AEA quantitation as well as concomitant study of
additional eCBs, such as 2-arachidonoylglycerol (2-AG),
which has also been implicated in preclinical ASD models
with respect to pathophysiology and behavioral features.
AEA concentrations have been studied in other brain
disorders and have been reported to be lower in patients
with temporal lobe epilepsy and post-traumatic stress
disorder [28, 29]. Whether the lower plasma AEA concentrations observed in ASD patients in the present study are
related to common, associated features (e.g., epilepsy,
anxiety), or core symptoms, remains to be determined.

Conclusion
In conclusion, this report extends preclinical findings
to provide the first empirical evidence that plasma AEA
concentrations are lower in individuals with ASD
compared to neurotypical control individuals. Future
research must now determine the relationship between
plasma AEA concentrations and ASD symptom severity,
particularly with regard to the core and associated features
thought to be related to AEA signaling deficits in patients
with ASD (i.e., phenotypic profiles with atypical cognitive
and social functioning as measured by gold-standard
assessments like the Autism Diagnosis Observational
Schedule). In parallel, research is also needed to identify
the mechanisms responsible for the lower AEA concentrations observed in ASD patients (e.g., is this reduction
related to changes in AEA transporter proteins, synthesizing
enzymes, catabolizing enzymes, and/or eCB receptor
expression? [8, 25, 26, 30–32]). Should these follow-up
studies implicate a convincing role for AEA in the
pathophysiology of ASD, the eCB system may represent
a promising target for therapeutic development in ASD.
Abbreviations
2-AG: 2-Arachidonoylglycerol; AEA: Anandamide; ASD: Autism spectrum
disorder; DSM-IV-TR: Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition, Text Revision; eCB: Endocannabinoid;
EDTA: Ethylenediaminetetraacetic acid; F: Female; FMR1: Fragile X Mental
Retardation knockout mice; ICC: Intra-class correlation; IS: Internal standard;
LC-MS/MS: Liquid chromatography with tandem mass spectrometry;
LLOQ: Lowest limit of quantification; M: Male; PBS: Phosphate-buffered saline;
SALLE: Salt-assisted liquid-liquid extraction; SRM: Selected reaction monitoring
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Abstract
We compared the prevalence of various medical and behavioral co-occurring conditions/symptoms between 4- and 8-yearolds with autism spectrum disorder (ASD) from five sites in the Autism and Developmental Disabilities Monitoring Network
during the 2010 survey year, accounting for sociodemographic differences. Over 95% of children had at least one co-occurring
condition/symptom. Overall, the prevalence was higher in 8- than 4-year-olds for 67% of co-occurring conditions/symptoms
examined. Further, our data suggested that co-occurring conditions/symptoms increased or decreased the age at which
children were first evaluated for ASD. Similarly, among the 8-year-olds, the prevalence of most co-occurring conditions/
symptoms was higher in children with a previous ASD diagnosis documented in their records. These findings are informative
for understanding and screening co-occurring conditions/symptoms in ASD.
Keywords Autism spectrum disorder · Autism · Prevalence · Co-occurring conditions · Comorbid conditions

Introduction
Autism spectrum disorder (ASD) is a group of neurodevelopmental disorders characterized by deficits in social communication and interaction and the presence of restricted
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and repetitive patterns of behaviors, interests, and activities (American Psychiatric Association 2013). In addition,
affected individuals may have co-occurring conditions/
symptoms. The most frequently reported are: intellectual
disability (ID); Attention Deficit Hyperactivity Disorder
(ADHD); developmental regression; behavioral, sleep, sensory processing, and gastrointestinal problems; and ASDassociated genetic conditions, such as Down syndrome,
Fragile X syndrome (Bauman 2010; Gurney et al. 2006; Kielinen et al. 2004; Krakowiak et al. 2008; Levy et al. 2010;
Lundstrom et al. 2015; Simonoff et al. 2008; Supekar et al.
2017; Wiggins et al. 2009).
In 8-year-olds with ASD from the Autism and Developmental Disabilities Monitoring (ADDM) Network,
Levy et al. (2010) reported that 83% had at least one cooccurring developmental diagnosis, 16% had at least one
co-occurring neurologic diagnosis, and 10% at least one
psychiatric diagnosis. Further, other studies have reported
that co-occurring conditions/symptoms tend to cluster in
the same individual (Boulet et al. 2009; Fulceri et al. 2016;
Hirata et al. 2016; Levy et al. 2010; Lundstrom et al. 2015;
Magnusdottir et al. 2016; Simonoff et al. 2008). Using
the National Health Interview Survey data, Boulet et al.
(2009) found that 96% of children with ASD had one or
more co-occurring developmental disabilities. Likewise,
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Simonoff et al. (2008) found that 70% of children with
ASD had at least one co-occurring condition/symptom and
41% had two or more co-occurring conditions/symptoms.
Co-occurring conditions/symptoms contribute to the
heterogeneity in ASD phenotype and may influence its
recognition. Some co-occurring conditions/symptoms can
mask or modify the expression of the core ASD symptoms,
which may result in later age of diagnosis or loss of a previous diagnosis (Blumberg et al. 2016; Close et al. 2012;
Davidovitch et al. 2015; Jonsdottir et al. 2011; Levy et al.
2010; Mandell et al. 2007; Mazurek et al. 2014; Wiggins
et al. 2012; Wu et al. 2016). For example, Davidovitch
et al. (2015) found that children with language or cognitive
deficits, or attention or motor problems were more likely
to be diagnosed with ASD after the age of 6 years, even
though they were initially evaluated at a younger age. A
current or past developmental condition (e.g., developmental delay, hearing problem) or other disorders, such as
anxiety or epilepsy, was associated with a loss of a previous ASD diagnosis (Close et al. 2012). Studies have documented sociodemographic differences in the prevalence of
some co-occurring conditions. For example, Supekar et al.
(2017) reported sex differences in ADHD and epilepsy in
those with ASD. Likewise, Non-Hispanic White children
were more likely to have a diagnosis of ADHD than children from other racial/ethnic groups (Coker et al. 2016).
Co-occurring conditions/symptoms increase the societal
impact of ASD, since they often contribute to a higher level
of impairment, increased need for services, including medications and emergency rooms visits for injuries, impacting
the quality of life of children with ASD and their families
(Gurney et al. 2006; Ianuzzi et al. 2015; Malow et al. 2016;
Peacock et al. 2012; Posserud et al. 2018; Schieve et al.
2012; Sikora et al. 2012; Vohra et al. 2016).
Most past studies had methodological limitations, including (1) use of clinic-based samples, which may not be representative of those with ASD; (2) reliance on parental report
for the diagnosis of ASD and co-occurring conditions/symptoms; (3) no adjustment for sociodemographic characteristics that may differ among children with ASD at different
ages, and (4) assessment of a limited set of co-occurring
conditions/symptoms. Further, while a few studies reported
differences in the prevalence of co-occurring conditions/
symptoms between age groups (Croen et al. 2015; Lever
and Geurts 2016; Mannion and Leader 2016; Supekar et al.
2017), there is a need for large population-based studies. In
this study, we compared the prevalence of various medical
and behavioral co-occurring conditions/symptoms between
4- and 8-year-old children in a population-based sample,
accounting for sociodemographic differences. Secondarily,
we evaluated whether the presence of co-occurring conditions/symptoms affected the age at which children were first
evaluated for ASD.

Methods
Study Design
This is a cross-sectional, secondary analysis of data from
the ADDM Network surveillance system collected during
the 2010 survey year. Data collection was done under the
ADDM protocol, which was approved by the institutional
review board at each ADDM site.

Data Source and Participants
Since 2000, the ADDM Network has been tracking the
prevalence of ASD among 8-year-old children in selected
areas of the United States (Yeargin-Allsopp et al. 2003).
Surveillance among 4-year-old children was added in 2010
in a subset of sites to assess early identification of ASD.
The ADDM Network is an active, multisite surveillance
system for ASD and other developmental disabilities
that use information from children’s health and education records to determine case classification. During the
2010 survey year, 11 sites conducted surveillance among
8-year-old children (born in 2002) and five of these sites
(Arizona, Missouri, New Jersey, Utah, and Wisconsin)
also conducted surveillance among 4-year-old children
(born in 2006). This analysis includes only data from these
five sites. Previous ADDM studies have shown that the
reported ASD prevalence was consistently lower in sites
with access to health records only versus sites with access
to both health and education records, suggesting a potential under-ascertainment in the former group (Christensen
et al. 2016; Soke et al. 2017). During the 2010 survey year,
Arizona, New Jersey, and Utah had access to health and
education records and were classified as “sites with more
complete case ascertainment”, while Missouri and Wisconsin used health records only and were considered “sites
with less complete case ascertainment” (Soke et al. 2017).
In all ADDM sites, case determination follows a standardized, validated, multi-step common approach, which
is detailed in other publications (CDC 2016; Christensen
et al. 2016; Soke et al. 2017; Yeargin-Allsopp et al. 2003).
In brief, health records (all sites) and health and education records (some sites) of children, who (1) live in the
ADDM catchment areas, (2) are 4 or 8-years old during
the surveillance year, and (3) have international classification of diseases (ICD) and special education codes indicative of ASD or other developmental disabilities, are first
screened. This screening consists of determining whether
these records contain social deficits symptoms associated
with ASD, a documented or suspected diagnosis of ASD
by a qualified professional, eligibility for autism special
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education services, or presence of an autism test administered by a qualified professional. If any of these four
above conditions are met, information from all available
comprehensive developmental evaluations of the child
from birth to age 4 or 8 years is abstracted verbatim,
and for each child, evaluations from multiple sources are
summarized into a single file. Expert clinicians at each
site review the summarized abstraction file using criteria from the Diagnostic and Statistical Manual for Mental
Disorders-IV-Edition-Text Revision [DSM-IV-TR] (APA
2000) to decide if the child meets the ADDM case classification for ASD. The DSM-IV-TR criteria were used
instead of DSM-5 because children included in this study
were evaluated prior to the revision of the ASD diagnostic
criteria in 2013. In addition to determining whether a child
meets the ASD criteria, ADDM expert clinicians review
each child’s summary file to assess if there is documentation of any co-occurring condition/symptom in the child’s
evaluations between birth to age 4 or 8 years. The documentation of these co-occurring conditions/symptoms by
ADMM experts clinicians was based on a pre-specified list
of co-occurring conditions/symptoms in ASD (see Supplemental Table 1 for the complete list). The ADDM final
dataset is linked to area census data and birth certificate
data, if available.

Key Variables
The outcome of interest is the presence of one or more documented co-occurring conditions/symptoms in the child summary record. We assessed 18 most prevalent co-occurring
conditions/symptoms among those listed in Supplemental
Table 1. These co-occurring conditions/symptoms were
coded by the reviewer as present or absent. Since we found
differences between 4-year and 8-year-old children on sociodemographic characteristics and because most co-occurring conditions varied with child’s sex and race/ethnicity,
maternal education, and study site (data not shown), these
variables were included as covariates. In a subset of children
with a documented previous ASD diagnosis from a community provider in their records, we evaluated the age at the
first evaluation confirming a diagnosis of ASD.

Analytical Strategy
We used log-binomial regression to compare the prevalence of co-occurring conditions/symptoms between 4- and
8-year-old children. We first calculated the unadjusted prevalence ratio (PR) for each co-occurring condition/symptom
individually between 4- and 8-year-old children using the
4-year group as the reference in all five sites. In the next step,
we calculated the adjusted PR accounting for the four above
variables. In a sub-group analysis, we calculated PRs in the

three sites with “more complete case ascertainment”, and in
the two sites with less complete case ascertainment. Because
of small cell numbers in some co-occurring condition/symptoms, we did not report PRs when cells had less than five
children. We also compared the number of co-occurring
conditions documented for each child between the two age
groups. Among children with a documented previous diagnosis in their records, we compared the mean age (months)
at which children were first evaluated for ASD between
children with and without a specific co-occurring condition/symptom in each age group. As a post-hoc analysis, in
8-year-olds, we compared the prevalence of each co-occurring condition/symptom between children with a previous
ASD diagnosis in their records and those without it to assess
whether the presence of a co-occurring condition/symptom
affected ASD diagnosis. We limited this sub-analysis to
8-year-olds since we found that the prevalence of a previous ASD diagnosis and of most co-occurring conditions/
symptoms were lower in 4-year-olds versus 8-year-olds.
Therefore, findings in 4-year-olds may be uninformative.

Results
This study included 4-year-olds (n = 783) and 8-year-olds
(n = 1091). Sociodemographic characteristics of the two age
groups are presented in Table 1. The ratio male to female
tended to be higher in 8- versus 4-year-olds and there were
more Non-Hispanic White children in the older age group
compared to the younger age group. Unadjusted and adjusted
PRs comparing the two age groups in all five sites are presented in Table 2. The prevalence was higher in 8-year-olds
compared to 4- year-olds for 12 of the 18 (67%) co-occurring conditions/symptoms. However, these differences were
statistically significant for only eight conditions/symptoms
(ADHD, oppositional defiant disorder, anxiety, aggression,
language disorder, sleep abnormalities, motor disability,
and mood problems). For the remaining six co-occurring
conditions/symptoms examined, the prevalence was lower
in 8-year-olds compared to 4-year-olds, but none of these
differences were significant. The subgroup analysis in sites
with more complete and less complete case ascertainment is
presented in Table 3. Though most findings were comparable
in the two subgroups of sites, some differences were noted.
Significant differences in cognitive and motor developmental
disabilities, and language disorder were only observed in
sites with access to both health and education records. Conversely, a significant difference in the prevalence of temper
tantrums in 8-year versus 4-year-olds was noted in the two
sites with access to health records only.
The mean number of co-occurring conditions/symptoms was 4.9 per child among 8-year-olds and 3.8 per child
among 4-year-olds (data not shown). While nearly all 8- and
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Table 1  Characteristics of 4- and 8-year-old children with autism
spectrum disorder in the EarlyADDM Network during the 2010 surveillance year
Variable
Sex
Female
Male
Race
Non-Hispanic White
Others
Missing
Maternal education
Post high school education
High school diploma
or less
Missing
Previous ASD diagnosis
in the records
Yes
No
Specific sites
Arizona
Missouri
New Jersey
Utah
Wisconsin

4-year-olds
(n=783)

8-year-olds
(n=1091)

P-value

173 (22.09)
610 (77.91)

207 (18.97)
884 (81.03)

374 (47.76)
381 (48.66)
28 (3.58)

594 (54.45)
446 (40.88)
51 (4.67)

381 (48.66)

507 (46.47)

256 (32.69)

335 (30.71)

146 (18.65)

249 (22.82)

513 (65.52)
270 (34.48)

834 (76.44)
257 (23.56)

< 0.0001

123 (15.71)
103 (13.15)
352 (44.96)
132 (16.86)
73 (9.32)

155 (14.21)
207 (18.97)
404 (37.03)
190 (17.42)
135 (12.37)

.0003

.10

age difference was positive, i.e., those with these conditions
were first evaluated for ASD at an older age compared to
those without these conditions. Significant differences in
the age at first evaluation were commonly found in 8- year
versus 4-year-olds. Among 8-year-olds, the prevalence of 14
of 18 (78%) co-occurring conditions examined was higher
in children with a previous diagnosis of ASD documented
in their records versus those without it (Table 5).

Discussion
0.003
0.09

Bold values were significant at the conventional P-value of 0.05

4-year old children had at least one co-occurring condition/
symptom (98% and 96%, respectively), 8-year-old children
had more conditions/symptoms recognized than 4-year-old
children (Fig. 1).
For example, 69% and 53% of 8-year-olds and 4-yearolds, respectively, had four or more co-occurring conditions/
symptoms; 26% and 13% of 8-year-olds and 4-year-olds,
respectively, had seven or more co-occurring conditions/
symptoms.
The comparisons of mean age at first evaluation confirming ASD diagnosis between those with and without a specific documented co-occurring condition/symptom in each
age group are presented in Table 4. For some conditions/
symptoms (e.g., developmental regression, cognitive disability, self-injurious behaviors, temper tantrums), both the
unadjusted and adjusted mean age difference were negative
i.e., children with these co-occurring conditions/symptoms
were first evaluated for ASD at a younger age compared to
children who did not have them. Conversely, for other cooccurring conditions/symptoms (e.g., ADHD, anxiety, oppositional defiant disorder, aggressive behaviors), the mean

We compared the prevalence of various medical and behavioral conditions/symptoms between 4- and 8-year-old children with ASD. Though co-occurring conditions/symptoms
were documented in both age groups, the prevalence of most
of them was higher in children in the older age group and
those in the older group had more co-occurring conditions/
symptoms. Further, for the majority of co-occurring conditions/symptoms, we found that the age at which children
were evaluated for a possible ASD diagnosis increased or
decreased when a co-occurring condition/symptom was
documented, suggesting a possible association between cooccurring condition/symptoms and the age at first evaluation
for ASD. Likewise, among 8-year-olds, the prevalence of
most co-occurring conditions/symptoms was higher in those
with a previous diagnosis of ASD than those without it.
In line with other studies (Gurney et al. 2006; Levy et al.
2010; Lundstrom et al. 2015; Nicholas et al. 2009; Simonoff
et al. 2008; Supekar et al. 2017; Wiggins et al. 2015), we
documented a high prevalence of co-occurring conditions/
symptoms in those with ASD. As indicated by others (e.g.,
Levy et al. 2010; Lundstrom et al. 2015) and confirmed in
our study, only a small proportion of children with ASD did
not have any co-occurring condition/symptom. While the
reasons behind this high prevalence are still unclear, their
presence contributes to the ASD phenotype heterogeneity,
which is a potential barrier to a timely diagnosis of ASD and
a challenge for studying ASD etiology because of difficulties
in defining a single early ASD behavioral marker (Georgiades et al. 2013; Waterhouse et al. 2016). Further, like others
(Levy et al. 2010; Lundstrom et al. 2015; Simonoff et al.
2008; Wiggins et al. 2015), we confirmed the clustering of
co-occurring conditions in the same child. We found that
more than 95% of children with ASD, independent of their
age group, had at least one co-occurring condition/symptom
identified in their records. However, the proportion found
in our study was higher compared to some of these studies
(Levy et al. 2010; Simonoff et al. 2008; Wiggins et al. 2015).
This may be due to a number of reasons, including, the type
and number of co-occurring conditions/symptoms assessed
and whether some of these co-occurring conditions/symptoms were combined in larger categories. Further, since the
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Table 2  Unadjusted and adjusted prevalence ratios of medical and behavioral co-occurring conditions between 4- and 8-year-old children with
autism spectrum disorder in the Early ADDM Network during the 2010 surveillance year
Co-occurring condition/symptom

Developmental disability-cognitive
Yes
No
Congenital conditionsb
Yes
No
Self-injurious behaviors
Yes
No
Sensory integration disorder
Yes
No
Developmental regression
Yes
No
Epilepsy/seizure disorder
Yes
No
ADHD
Yes
No
Oppositional defiant disorder
Yes
No
Anxiety
Yes
No
Aggression
Yes
No
Language disorder
Yes
No
Sleep abnormalities
Yes
No
Developmental disability-motor
Yes
No
Genetic conditionsc
Yes
No
Mood disorder
Yes
No
Developmental disability-adaptive
Yes

4-year-olds (n = 783)

8-year-olds (n = 1091)

Unadjusted prevalence ratio
and 95% CI 8 versus 4 years

Adjusteda prevalence
ratio and 95% CI 8 versus
4 years

131 (16.73)
652 (83.27)

159 (14.57)
932 (85.43)

0.87 (0.70, 1.08)
1.00

0.83 (0.67, 1.05)
1.00

84 (10.73)
699 (89.27)

145 (13.30)
946 (86.70)

1.24 (0.96, 1.59)
1.00

0.93 (0.75, 1.16)
1.00

192 (24.52)
591 (75.48)

273 (25.02)
818 (74.98)

1.02 (0.87, 1.20)
1.00

0.94 (0.79, 1.12)
1.00

63 (8.05)
720 (91.95)

95 (8.70)
996 (91.30)

1.08 (0.80, 1.47)
1.00

0.96 (0.68, 1.34)
1.00

154 (19.67)
629 (80.33)

211 (19.34)
880 (80.66)

0.98 (0.82, 1.18)
1.00

0.98 (0.80, 1.20)
1.00

22 (2.81)
761 (97.19)

33 (3.02)
1058 (96.98)

1.08 (0.63, 1.83)
1.00

0.99 (0.54, 1.84)
1.00

43 (5.49)
740 (94.51)

306 (26.05)
785 (71.95)

5.11 (3.76, 6.93)
1.00

4.78 (3.40, 6.73)
1.00

7 (0.89)
776 (99.11)

44 (4.03)
1047 (95.97)

4.51 (2.04, 9.96)
1.00

4.13 (1.75, 9.75)
1.00

37 (4.73)
746 (95.27)

122 (11.18)
969 (88.82)

2.37 (1.66, 3.38)
1.00

2.28 (1.57, 3.39)
1.00

306 (39.08)
477 (60.92)

592 (54.26)
499 (45.74)

1.39 (1.25, 1.54)
1.00

1.39 (1.24, 1.56)
1.00

204 (26.05)
579 (73.95)

380 (34.83)
711 (65.17)

1.34 (1.16, 1.54)
1.00

1.39 (1.19, 1.62)
1.00

211 (26.95)
572 (73.05)

405 (37.12)
686 (62.88)

1.38 (1.20, 1.58)
1.00

1.34 (1.15, 1.56)
1.00

169 (21.58)
614 (78.42)

293 (26.86)
798 (73.14)

1.24 (1.05, 1.47)
1.00

1.30 (1.08, 1.56)
1.00

4 (0.51)
779 (99.49)

7 (0.64)
1084 (99.36)

1.26 (0.37, 4.27)
1.00

1.30 (0.38, 4.43)
1.00

438 (56.00)
345 (44.00)

816 (74.80)
275 (25.20)

1.33 (1.24, 1.43)
1.00

1.25 (1.16, 1.35)
1.00

1.02 (0.86, 1.23)

1.13 (0.93, 1.36)

159 (20.31)

227 (20.81)
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Table 2  (continued)
Unadjusted prevalence ratio
and 95% CI 8 versus 4 years

Adjusteda prevalence
ratio and 95% CI 8 versus
4 years

864 (79.19)

1.00

1.00

403 (51.47)
380 (48.53)

619 (56.74)
472 (43.26)

1.10 (1.01, 1.20)
1.00

1.06 (0.97, 1.17)
1.00

428 (54.66)
355 (45.34)

603 (55.27)
488 (44.73)

1.01 (0.93, 1.10)
1.00

1.03 (0.94, 1.13)
1.00

Co-occurring condition/symptom

4-year-olds (n = 783)

No
Abnormalities in eating, drinking
Yes
No
Temper tantrums
Yes
No

624 (79.69)

8-year-olds (n = 1091)

Bold values were significant at the conventional P-value of 0.05
CI confidence interval, ADHD attention deficit hyperactivity disorder
a

b
c

Adjusted for child sex, child race/ethnicity, maternal education, and study site
Congenital conditions include Cerebral palsy, encephalopathy, vision impairment and hearing loss
Genetic conditions include Down syndrome, Fragile X syndrome, Tuberous sclerosis

ADDM Network uses all available information from multiple sources from birth to the age of ascertainment, this may
also explain the low proportion reported in studies that used
only one data source (e.g., parental report) and included only
a few evaluations. Because of the clustering of co-occurring
condition/symptom reported in our study, this finding suggests, and as reported by others (Carbone et al. 2010; Kogan
et al. 2008), that children with ASD may benefit from receiving services in a comprehensive system of care (i.e., medical
home).
Similar to the study by Cummings et al. (2016), we
found a higher prevalence for most conditions examined in
the 8-year-old group compared to the 4-year-old group. A
number of reasons, including developmental maturation with
age, similarities between some of these co-occurring conditions/symptoms and the core symptoms of ASD in young
children impeding their recognition, and fewer opportunities for evaluation by clinicians in 4-year-olds (specifically
because they are not at school yet) may contribute to the
observed differences (Christensen et al. 2016). Since cooccurring conditions/symptoms were still documented even
in the younger age group (Hartley et al. 2008; Nicholas et al.
2009; Salazar et al. 2015; Wiggins et al. 2015), this has
implications for the clinical assessment and management
of children with ASD. As others have suggested and confirmed in our data, clinicians may consider screening for cooccurring conditions/symptoms in those with ASD, so the
most appropriate interventions are identified and provided.
We found a few differences on some co-occurring conditions
between ADDM sites based on whether they had access to
education records. Our findings suggest that having access
to education records improved documentation of conditions
such as cognitive and motor disabilities, and language disorder, which are often first identified in schools rather than

in the health care system. Therefore, as reported by others on documenting the core ASD symptoms (Christensen
et al. 2016), our findings suggest that access to education
records is important in documenting the presence of some
co-occurring conditions/symptoms. Though a significant
difference in temper tantrums was observed in sites with
health records, the prevalence at both ages were lower compared to sites with access to education records. On the other
hand, these differences between sites may also be due to
differences in providers practices, state specific health and
education reporting requirements.
Among 8-years-olds, most co-occurring conditions influenced both the age at which children were first evaluated
for a diagnosis of ASD and whether the child had a previous diagnosis of ASD documented in their records. However, different co-occurring conditions/symptoms might
influence the age at first evaluation for ASD in opposing
directions (i.e., increasing or decreasing the age). An early
recognized co-occurring condition/symptom (e.g., developmental regression, self-injurious behaviors, and cognitive
developmental delay) might result in earlier recognition of
ASD, if the child receives an early comprehensive developmental assessment triggered by the co-occurring condition/
symptom. For example, Jonsdottir et al. (2011) reported that
children with ASD and co-occurring ID or developmental
regression were more likely to be diagnosed before the age
of 6 years than children without these conditions. Additionally, some co-occurring conditions/symptoms might impact
severity of ASD symptoms, which again could trigger an
earlier developmental assessment. Aldinger et al. (2015)
found that co-occurring gastro-intestinal, sleep problems,
and epilepsy increased the severity of core ASD symptoms.
Likewise, our data also showed that children with developmental regression were more likely to have a previous
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Table 3  Unadjusted and adjusted prevalence ratios of medical and behavioral co-occurring conditions between 4- and 8-year-old children with
autism spectrum disorder in the Early ADDM Network during the 2010 surveillance year depending on the type of records assessed by the sites
Co-occurring
condition/
symptom

Developmental
DisabilityCognitive
Yes

Prevalence in
Prevalence
in 4–year-olds 8-year-olds
(n=749)
(n=607)

122 (20.10)

117 (15.62)

485 (79.90)

632 (84.38)

23 (3.79)

46 (6.14)

No
Self-injurious
behaviors
Yes

584 (96.21)

703 (93.86)

150 (24.71)

183 (24.43)

No
Sensory
integration
disorder
Yes

457 (75.29)

566 (75.57)

55 (9.06)

75 (10.01)

No
Developmental regression
Yes

552 (90.94)

674 (89.99)

116 (19.11)

133 (17.76)

No
Epilepsy/
seizure
disorder
Yes

491 (80.89)

616 (82.24)

15 (2.47)

19 (2.54)

No
ADHD
Yes

592 (97.53)

730 (97.46)

32 (5.27)

196 (26.17)

No
Oppositional
defiant
disorder
Yes

575 (94.73)

553 (73.83)

6 (0.99)

32 (4.27)

No
Anxiety
Yes

601 (99.01)

717 (95.73)

34 (5.60)

78 (10.41)

No
Congenital
conditionsb
Yes

Prevalence ratios between
8-year and 4-year-olds in the
three sites with access to both
health and education records

Prevalence in
4-year-olds
(n=176)

Prevalence in
8-year-olds
(n=342)

Unadjusted
estimates and
95% CI

Adjusteda
estimates and
95% CI

0.78 (0.62,
0.98)
1.00

0.73 (0.57,
0.95)
1.00

9 (5.11)

42 (12.28)

167 (94.89)

300 (87.72)

1.62 (0.99,
2.64)
1.00

1.56 (0.90,
2.69)
1.00

61 (34.66)

99 (28.95)

115 (65.34)

243 (71.05)

0.99 (0.82,
1.19)
1.00

0.90 (0.73,
1.11)
1.00

42 (23.86)

90 (26.32)

134 (76.14)

252 (73.68)

1.11 (0.79,
1.54)
1.00

0.91 (0.63,
1.32)
1.00

8 (4.55)

20 (5.85)

168 (95.45)

322 (94.15)

0.93 (0.74,
1.16)
1.00

0.98 (0.77,
1.26)
1.00

38 (21.59)

78 (22.81)

138 (78.41)

264 (77.19)

1.03 (0.53,
2.00)
1.00

0.85 (0.39,
1.89)
1.00

7 (3.98)

14 (4.09)

169 (96.02)

328 (95.91)

4.96 (3.47,
7.10)
1.00

4.32 (2.94,
6.37)
1.00

11 (6.25)

110 (32.16)

165 (93.75)

4.32 (1.82,
10.27)
1.00

3.70 (1.43,
9.60)
1.00

1.86 (1.26,
2.74)

1.66 (1.09,
2.53)

Prevalence ratios between
8-year and 4-year-olds in the
two sites with access to health
records only
Unadjusted
estimates and
95% CI

Adjusteda
estimates and
95% CI

2.40 (1.20,
4.82)
1.00

1.95 (0.95,
4.00)
1.00

0.84 (0.64,
1.08)
1.00

0.77 (0.59,
1.02)
1.00

1.10 (0.80,
1.52)
1.00

1.02 (0.72,
1.44)
1.00

1.29 (0.58,
2.86)
1.00

1.26 (0.49,
3.22)
1.00

1.06 (0.75,
1.49)
1.00

1.02 (0.69,
1.49)
1.00

1.03 (0.42,
2.50)
1.00

1.46 (0.53,
4.08)
1.00

232 (67.84)

5.15 (2.84,
9.31)
1.00

6.46 (3.06,
13.62)
1.00

1 (0.57)

12 (3.51)

–

–

175 (99.43)

330 (67.84)

–

–

3 (1.70)

44 (12.87)

–

–
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Table 3  (continued)
Co-occurring
condition/
symptom

Prevalence in
Prevalence
in 4–year-olds 8-year-olds
(n=749)
(n=607)

Prevalence ratios between
8-year and 4-year-olds in the
three sites with access to both
health and education records
Unadjusted
estimates and
95% CI

Adjusteda
estimates and
95% CI

Prevalence in
4-year-olds
(n=176)

Prevalence in
8-year-olds
(n=342)

Prevalence ratios between
8-year and 4-year-olds in the
two sites with access to health
records only
Unadjusted
estimates and
95% CI

Adjusteda
estimates and
95% CI

No
Aggression
Yes

573 (94.40)

671 (89.59)

1.00

1.00

173 (98.30)

298 (87.13)

–

–

249 (41.02)

408 (54.47)

184 (53.80)

358 (58.98)

341 (45.53)

1.32 (1.15,
1.50)
1.00

57 (32.39)

No
Language
disorder
Yes

1.33 (1.18,
1.49)
1.00

119 (67.61)

158 (46.20)

1.66 (1.31,
2.10)
1.00

1.74 (1.34,
2.27)
1.00

171 (28.17)

314 (41.92)

66 (19.30)

436 (71.83)

435 (58.08)

1.49 (1.26,
1.76)
1.00

33 (18.75)

No
Sleep abnormalities
Yes

1.49 (1.28,
1.73)
1.00

143 (81.25)

276 (80.70)

1.03 (0.71,
1.50)
1.00

0.96 (0.62,
1.48)
1.00

150 (24.71)

254 (33.91)

151 (44.15)

457 (75.29)

495 (66.09)

1.35 (1.11,
3.12)
1.00

61 (34.66)

No
Developmental
disabilitymotor
Yes

1.37 (1.16,
1.63)
1.00

115 (65.34)

191 (55.85)

1.27 (1.01,
1.61)
1.00

1.32 (1.01,
1.73)
1.00

143 (23.56)

221 (29.51)

72 (21.05)

464 (76.44)

528 (70.49)

1.27 (1.04,
1.56)
1.00

26 (14.77)

No
Genetic
conditionsc
Yes
No
Mood disorder
Yes

1.25 (1.04,
1.50)
1.00

150 (85.23)

270 (78.95)

1.43 (0.95,
2.15)
1.00

1.42 (0.88,
2.27)
1.00

3 (0.49)
604 (99.51)

3 (0.40)
746 (99.60)

–
–

–
–

1 (0.57)
175 (99.43)

4 (1.17)
338 (98.83)

–
–

–
–

341 (56.18)

561 (74.90)

255 (74.56)

188 (25.10)

1.29 (1.18,
1.41)
1.00

97 (55.11)

266 (43.82)

1.33 (1.23,
1.45)
1.00

79 (44.89)

87 (25.44)

1.35 (1.17,
1.57)
1.00

1.30 (1.11,
1.51)
1.00

No

diagnosis of ASD in their records than children without it.
Conversely, symptoms of other co-occurring conditions
(e.g., ADHD, oppositional defiant disorder, aggression)
might “mask” core ASD behaviors resulting in later identification of ASD. Similar to our findings, Frenette et al. (2011)
reported that in children with a diagnosis of ADHD, attention and hyperactivity symptoms masked core ASD symptoms and could explain why they were diagnosed 1.29 years
later than those without ADHD. Further, Davidovitch et al.
(2015) reported that almost half of children later diagnosed
with ASD were initially diagnosed with ADHD features
and behaviors problems. The potential “masking effect” of

ADHD symptoms on the diagnosis of ASD may lead clinicians to consider primarily a diagnosis of ADHD instead
of ASD. This was also confirmed in our study since the
prevalence of ADHD was lower in children with a previous
ASD diagnosis compared to those without a previous diagnosis. Before the publication of the current DSM-5, ASD
and ADHD were mutually exclusive diagnoses.
This study is the first to compare the prevalence of a
large and diverse group of co-occurring conditions/symptoms between two different age groups of children with ASD
using a large population-based sample, accounting for differences between the two age groups. Unlike Nicholas et al.
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Table 3  (continued)
Co-occurring
condition/
symptom

Developmental
disabilityadaptive
Yes

Prevalence in
Prevalence
in 4–year-olds 8-year-olds
(n=749)
(n=607)

141 (23.23)

181 (24.17)

No
466 (76.77)
Abnormalities
in eating,
drinking
Yes
290 (47.78)

568 (75.83)

No
Temper tantrums
Yes

317 (52.22)

344 (45.93)

362 (59.64)

432 (57.68)

245 (40.36)

317 (42.32)

No

405 (54.07)

Prevalence ratios between
8-year and 4-year-olds in the
three sites with access to both
health and education records

Prevalence in
4-year-olds
(n=176)

Prevalence in
8-year-olds
(n=342)

Unadjusted
estimates and
95% CI

Adjusteda
estimates and
95% CI

1.04 (0.86,
1.26)
1.00

1.09 (0.88,
1.35)
1.00

18 (10.23)

46 (13.45)

158 (89.77)

296 (86.55)

1.13 (1.02,
1.26)
1.00

1.09 (0.97,
1.23)
1.00

113 (64.20)

214 (62.57)

63 (35.80)

128 (37.43)

0.97 (0.88,
1.06)
1.00

0.97 (0.88,
1.07)
1.00

66 (37.50)

171 (50.0)

110 (62.50)

171 (50.0)

Prevalence ratios between
8-year and 4-year-olds in the
two sites with access to health
records only
Unadjusted
estimates and
95% CI

Adjusteda
estimates and
95% CI

1.32 (0.79,
2.20)
1.00

1.32 (0.75,
2.35)
1.00

0.97 (0.85,
1.12)
1.00

1.02 (0.88,
1.19)
1.00

1.33 (1.07,
1.66)
1.00

1.39 (1.08,
1.78)
1.00

Bold values were significant at the conventional P-value of 0.05
CI confidence interval, ADHD attention deficit hyperactivity disorder

a

b
c

Adjusted for child sex, child race/ethnicity, maternal education, and study site
Congenital conditions include Cerebral palsy, encephalopathy, vision impairment and hearing loss
Genetic conditions include Down syndrome, Fragile X syndrome, Tuberous sclerosis

Fig. 1  Proportion of children
with co-occurring conditions in
4 and 8-year-old children with
autism spectrum disorder in the
Early ADDM Network during
the 2010 survey year
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Table 4  Comparison of the mean age at the first evaluation confirming the diagnosis of autism spectrum disorder in months between children
with and without a specific co-occurring condition in the Early ADDM Network during the 2010 surveillance year
Co-occurring condition/
symptom

Unadjusted mean difference and 95% CI in 4year-olds

Adjusteda mean difference Unadjusted mean differand 95% CI in 4- year-olds ence and 95% CI in 8year-olds

Adjusteda mean difference
and 95% CI in 8 year-olds

Developmental regression
Developmental disabilityadaptive
Abnormalities in eating,
drinking
Developmental disabilitycognitive
Temper tantrums
Developmental disabilitymotor
Congenital conditionsb
Self-injurious behaviors
Sensory integration disorder
Epilepsy/seizure disorder
Language disorder
ADHD
Oppositional defiant disorder
Anxiety
Genetic conditionsc
Mood disorder
Aggressive behaviors
Sleep abnormalities

− 3.8 (− 5.8, − 1.8)
− 2.5 (− 4.8, − 0.3)

− 3.9 (− 6.1, − 1.8)
− 2.1 (− 4.7, 0.5)

− 14.4 (− 17.3, − 11.4)
− 8.0 (− 11.1, − 4.8)

− 13.9 (− 17.6, − 10.2)
− 6.7 (− 11.0, − 2.3)

− 0.4 (− 2.2, 1.4)

− 0.6 (− 2.5, 1.4)

− 8.0 (− 11.1, − 5.0)

− 8.2 (− 11.7, − 4.7)

− 1.5 (− 3.9, 1.0)

− 1.9 (− 4.7, 0.8)

− 5.6 (− 9.7, − 1.6)

− 5.8 (− 10.4, − 1.1)

− 0.9 (− 2.7, 0.8)
− 1.2 (− 3.3, 0.9)

− 1.0 (− 3.0, 0.9)
− 1.6 (− 3.9, 0.8)

− 5.6 (− 8.7, − 2.6)
− 5.5 (− 8.7, − 2.4)

− 6.5 (− 9.8, − 3.1)
− 5.0 (− 8.7, − 1.2)

− 0.4 (− 2.9, 2.4)
− 0.3 (− 2.3, 1.6)
− 2.3 (− 5.2, 0.6)
− 2.9 (− 8.8, 2.9)
− 0.4 (− 2.2, 1.4)
0.7 (− 3.1, 4.4)
5.5 (− 5.6, 16.6)

0.5 (− 2.8, 3.9)
− 0.9 (− 3.1, 1.2)
− 1.7 (− 4.9, 1.4)
− 3.6 (− 10.0, 2.9)
0.7 (− 1.5, 2.8)
− 0.3 (− 4.4, 3.8)
5.7 (− 5.2, 16.7)

− 4.1 (− 8.3, 0.2)
− 3.6 (− 6.9, − 0.3)
− 1.1 (− 6.0, 3.7)
− 2.2 (− 10.1, 5.6)
− 2.2 (− 5.2, 0.8)
12.3 (8.8, 15.7)
9.9 (2.5, 17.4)

− 4.9 (− 10.3, 0.4)
− 4.9 (− 8.6, − 1.1)
− 2.7 (− 8.5, 3.1)
− 3.5 (− 12.6, 5.6)
− 2.2 (− 5.9, 1.4)
11.3 (7.7, 15.0)
10.5 (1.8, 19.1)

3.9 (0.2, 9.7)
2.0 (− 7.6, 11.7)
0.9 (− 0.9, 2.6)
0.9 (− 0.9, 2.7)
− 1.3 (− 3.3, 0.6)

3.6 (− 1.1, 8.2)
2.2 (− 7.5, 11.9)
0.9 (− 1.1, 2.9)
0.4 (− 1.6, 2.4)
− 1.9 (− 4.1, 0.3)

6.8 (1.6, 12.0)
12.5 (− 8.3, 33.3)
1.1 (− 2.3, 4.5)
1.6 (− 1.4, 4.6)
− 0.4 (− 3.4, 2.6)

6.9 (1.8, 12.0)
14.5 (− 5.9, 34.8)
0.6 (− 3.4, 4.5)
1.6 (− 1.8, 5.0)
− 0.10 (− 4.5, 2.5)

Bold values were significant at the conventional P-value of 0.05
CI confidence interval, ADHD attention deficit hyperactivity disorder
a

b
c

Adjusted for child sex, child race/ethnicity, maternal education, and study site
Congenital conditions include Cerebral Palsy, encephalopathy, vision impairment and hearing loss
Genetic conditions include Down syndrome, Fragile X syndrome, Tuberous sclerosis

(2009), we compared children from the same surveillance
year, whose records were evaluated by the same clinicians,
thus, reducing the effect of inter-reviewer variability. Further, this study included children with symptoms of ASD
who did not have yet a diagnosis of ASD from the community. These children are not included in studies that use
clinical samples, since a confirmed diagnosis of ASD is
required. Nevertheless, this study had a few limitations. The
various co-occurring conditions/symptoms examined were
documented in the available child records. It is possible that
we missed co-occurring conditions/symptoms for children
whose records were not identified or unavailable. This may
be important in the 4-year-old group, since they may not be
receiving school services yet, therefore, health records constitute the only source of information. Co-occurring conditions/symptoms identified during early evaluations may not
be confirmed in later evaluations in some children and we
could have missed this information if these later evaluations

were not available. This could have resulted in an overestimation of the prevalence of co-occurring conditions/symptoms in our study. However, our prevalence estimates were
within the range of those reported in past studies. This analysis is cross-sectional at two age points and do not allow for
a longitudinal assessment of co-occurring conditions/symptoms and also fails to account for between subject variability.
Though our findings are from a population-based sample,
they may have limited external validity, since these analyses
included data from five sites not chosen to be a representative sample of children with ASD in the United States. While
the age at which children were evaluated for a diagnosis of
ASD was affected by the presence of a co-occurring condition/symptom, other factors that influence access to services,
including family income, health insurance may also have
contributed to this finding. Further, since some conditions
may have not been identified yet by age 4, data from this age
group may be limited to assess how co-occurring conditions
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Table 5  Prevalence of medical and behavioral co-occurring conditions in 8- years olds in Early ADDM Network among children with and without a previous diagnosis of autism spectrum disorder during the 2010 survey year
Co-occurring condition/symptom

Developmental disability-cognitive
Yes
No
Congenital conditionsa
Yes
No
Self-injurious behaviors
Yes
No
Sensory integration disorder
Yes
No
Developmental regression
Yes
No
Epilepsy/seizure disorder
Yes
No
Attention deficit hyperactivity disorder
Yes
No
Oppositional defiant disorder
Yes
No
Anxiety
Yes
No
Aggression
Yes
No
Language disorder
Yes
No
Sleep abnormalities
Yes
No
Developmental disabilities-motor
Yes
No
Genetic conditionsb
Yes
No
Mood disorder
Yes
No
Developmental disabilities-adaptive
Yes

Prevalence among children with
a previous ASD diagnosis in the
records (n=834)

Prevalence among children without a previ- P-value
ous ASD diagnosis in the records (n=257)

130 (15.6)
704 (84.4)

29 (11.3)
228 (88.7)

116 (13.9)
718 (86.1)

29 (11.3)
228 (88.7)

228 (27.3)
606 (72.7)

45 (17.5)
212 (82.5)

84 (10.1)
750 (89.9)

11 (4.3)
246 (95.7)

192 (23.0)
642 (77.0)

19 (7.4)
238 (92.6)

< .0001

30 (3.6)
804 (96.4)

3 (1.2)
254 (98.8)

0.05

227 (27.2)
607 (72.8)

79 (30.7)
178 (69.3)

0.27

33 (4.0)
801 (96.0)

11 (4.3)
246 (95.7)

0.82

100 (12.0)
734 (88.0)

22 (8.6)
235 (91.4)

462 (55.40)
372 (44.60)

130 (50.6)
127 (55.40)

0.18

296 (35.5)
538 (64.5)

84 (32.7)
173 (67.3)

0.41

339 (40.7)
495 (59.3)

66 (25.7)
191 (74.3)

< 0.0001

218 (26.1)
616 (73.9)

75 (29.2)
182 (70.8)

4 (0.5)
830 (99.5)

3 (1.2)
254 (98.8)

0.23

629 (75.4)
205 (24.6)

187 (72.8)
70 (27.2)

0.39

167 (20.0)

60 (23.4)

0.08
0.28

0.002
0.004

0.13

0.34
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Table 5  (continued)
Co-occurring condition/symptom

Prevalence among children with
a previous ASD diagnosis in the
records (n=834)

Prevalence among children without a previ- P-value
ous ASD diagnosis in the records (n=257)

No
Anomalies in eating, drinking
Yes
No
Temper tantrums
Yes
No

667 (80.0)

197 (76.6)

0.25

509 (61.0)
325 (39.0)

110 (42.8)
147 (57.2)

< 0.0001

471 (56.5)
363 (43.5)

132 (51.4)
125 (48.6)

0.15

Bold values were significant at the conventional P-value of 0.05
ASD autism spectrum disorder
a

b

Congenital conditions include Cerebral Palsy, encephalopathy, vision impairment and hearing loss
Genetic conditions include Down syndrome, Fragile X syndrome, Tuberous sclerosis

might influence ASD evaluation or a previous diagnosis of
ASD. The sub-analysis of sites based on records accessed
had low power because of small cell numbers. Future studies
should consider including more recent ADDM data when
they become available.
Despite the above limitations, findings from this study are
informative and useful to policymakers, clinicians, and early
intervention specialists. These data may inform policymakers
on the type of screening programs that may provide the best
opportunity to capture most co-occurring conditions/symptoms during routine evaluations of children with ASD. Since
co-occurring conditions can be found even at a young age, clinicians may use these data to support screening for co-occurring conditions/symptoms and provide specific interventions.
As reported by others, the high prevalence and the diversity of
co-occurring conditions/symptoms in ASD suggest the need
for a comprehensive system of care for these children. Assessment of co-occurring conditions/symptoms at an early age may
provide opportunity for early identification of children with
ASD, since these conditions/symptoms increase the likelihood
to be in contact with different health care providers.
In conclusion, co-occurring conditions/symptoms are
common in ASD, and entail a diverse set of symptoms and
developmental courses. Consideration of these co-occurring
conditions/symptoms may be useful for early detection and
assessment of ASD and also helpful in selecting the most
appropriate interventions and services for children with ASD.
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Autism and the Environment
Research has shown that environmental factors likely
play a role in autism.1 Studies also indicate that genetics
contribute to the disorder.2 The National Institute of
Environmental Health Sciences (NIEHS) supports research
to discover how the environment may influence autism.
This important environmental research offers real promise
for prevention — because you can’t change your genes,
but you can change your environment.

What is autism?
Autism is a group of developmental brain disorders,
known as autism spectrum disorders, that begin early in
life and affect how a person acts and interacts with others,
communicates, and learns.

What are the symptoms?
Although people with autism have a variety of
symptoms that vary in severity, they all have difficulties
communicating and interacting with others, and show
restricted and repetitive patterns of behavior and interests.
Most symptoms are noticeable by the time a child is
2-3 years old, but many children are not diagnosed until
later. Early intensive behavioral intervention can improve
communication, learning, and social skills in children
with autism.

NIEHS Autism
Research Funding
NIEHS funding of autism research
reached $7.5 million in 2013.
ARRA indicates funds
from the American Recovery
and Reinvestment Act of 2009.

NIEHS Funding (in millions)

Autism affects people for their entire lives, and often
comes with other conditions, such as epilepsy, sleep
disturbances, and gastrointestinal problems. Currently,
no drugs have proven effective for treating core
autism symptoms.
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How is NIEHS contributing to autism research?
NIEHS has steadily increased funding of autism research
over the last decade, and this investment is producing
important new discoveries that may help prevent autism.
For example, NIEHS-funded researchers have shown that
taking folic acid and avoiding infections during pregnancy
can help lower autism risk. Researchers have also shown
that problems with the immune system are involved in
autism, and that early-life exposure to high levels of air
pollution may increase risk, especially for children whose
genetic makeup causes them to be more susceptible.
The NIEHS Autism Research Program has attracted talented
scientists from toxicology, epidemiology, and other areas.
These researchers are using new ways to measure prenatal
exposures, screen for contaminants that affect brain
development, and understand how environmental
factors interact with genes to lead to autism.
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National Institutes of Health
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Prenatal conditions
Researchers funded by NIEHS discovered that problems
with the immune system, as well as maternal conditions
during pregnancy, are linked with higher autism risk.
• Research showed that some children are born to
mothers with antibodies that interfere with fetal brain
development in ways that could lead to autism.8
• Maternal diabetes and obesity, which are associated with
inflammation, both have strong links to the likelihood
of having a child with autism or another developmental
disability.9

The impact of autism
• Autism affects about one in 68 children.3

• During pregnancy, elevated levels of inflammation,
which can come from an infection, were linked with an
increased risk of having a child with autism. This finding
may help to identify preventive strategies.10

• The number of children with autism more than
doubled from 2000 to 2010.3
• Autism is nearly five times more common in boys,
one in 42, than girls, one in 189.3
• People with autism had average medical expenses
of $4,110 to $6,200 more per year than people
without autism.4
• Nearly half of children with autism, 46 percent,
have average or above average intellectual ability.5

Environmental factors play a role in autism
Air pollution
Work supported by NIEHS indicates that early-life
exposure to air pollution is a risk factor for autism.
• A 2011 study reported that children living within 1,014
feet, or a little less than 3.5 football fields, of a freeway,
at birth, were twice as likely to develop autism.5
• Building on those findings, in 2013, researchers reported
an association between exposure to traffic-related air
pollution, as well as components of regional air pollution,
and an increased risk of autism.6
• A 2014 study pointed to a likely gene-environment
interaction. Children whose genetic makeup causes
them to be more susceptible to the health effects of high
levels of air pollution showed the highest risk for autism.7

Nutrition
According to NIEHS-funded research, prenatal vitamins
may help lower autism risk.
• Women who took a daily prenatal vitamin during the
three months before and during the first month of
pregnancy, were less likely to have a child with autism
than women not taking the supplements. This was more
evident in genetically susceptible women or children,
suggesting that a gene-environment interaction could
be responsible.11
• A later study identified folic acid as the source of the
protective effects of prenatal vitamins. Women who
consumed the daily recommended dosage during the
first month of pregnancy had a reduced risk of having
a child with autism.12

Mercury and other contaminants
There continues to be concern about autism and mercury
exposure. NIEHS funds research examining this and
exposures to other contaminants.
• Eating fish is the primary way that we are exposed to
organic mercury. A 2013 study examined people in
the Republic of Seychelles, where fish consumption is
high. The study found no association between prenatal
organic mercury exposure and autism behaviors.13
• Scientists can test for recent exposure to organic
mercury with blood tests. Researchers found that after
adjusting for dietary and other mercury sources, children
with autism had blood mercury levels that were similar
to those found in children without autism.14
• Researchers are also studying other contaminants,
such as bisphenol A (BPA), phthalates, heavy metals,
flame retardants, polychlorinated biphenyls (PCBs), and
pesticides, to see if they affect early brain development
and play a role in autism.

Collaborations
Much of the research funded by NIEHS addresses
priorities identified by the Interagency Autism Coordinating
Committee, which coordinates all autism efforts within
the U.S. Department of Health and Human Services.
NIEHS also collaborates with the U.S. Environmental
Protection Agency, other NIH institutes, and various
autism research and advocacy groups.

Population-based research
Studies that look at large numbers of people can
reveal patterns that may indicate the involvement of
environmental factors in autism. NIEHS funds studies with
participants in various parts of the United States, as well
as in Australia, Denmark, Finland, Israel, Norway, Sweden,
and South Korea. Key projects include the following:
CHARGE – The Childhood Autism Risks from Genetics
and the Environment study seeks to identify causes and
contributing factors for autism, by conducting medical
exams and collecting biological samples from children,
and obtaining information on environmental exposures,
health, lifestyle, sociodemographics, and behavior from
their parents. Launched in 2003, this study is enrolling
children with autism, children with developmental delay
but not autism, and children with typical or expected
development.
MARBLES and EARLI – The Markers of Autism Risk
in Babies – Learning Early Signs (MARBLES), and Early
Autism Risk Longitudinal Investigation (EARLI) studies
are following women at high risk of giving birth to a child
with autism. Women are enrolled during early pregnancy
and their children followed to age 3. By collecting data
from mothers and their babies throughout critical
periods, these studies can better identify and measure
environmental exposures that may impact the very early
stages of brain development.

National Institute of Environmental Health Sciences

What’s next?
In addition to identifying environmental factors that
may influence autism risk, NIEHS-funded researchers
are investigating how these factors may interact with
a person’s genes. This information could identify new
targets for prevention and therapies, and also point to
areas that need to be examined in human studies.
• Researchers are studying early-life exposures, using
blood samples from participants in the MARBLES study.
The investigators want to understand whether these
exposures cause DNA to change in a way that influences
brain development and affects risk of autism.

• Stem cells from people with fragile X syndrome are
being studied for gene-environment interactions.
By using these stem cells to create sets of neurons
that are identical, except for a gene known to be
involved in autism, researchers can better understand
how different forms of this gene influence susceptibility
to environmental factors.
• Using data on genes known to be involved with autism,
investigators are screening chemicals that interact with
those genes, to identify which chemicals may increase
autism risk. This research will help reveal environmental
factors that increase autism risk and provide information
about specific gene-environment interactions.

For more information on the National Institute of Environmental Health Sciences,
go to www.niehs.nih.gov.
To learn more about NIEHS autism research, visit
www.niehs.nih.gov/research/supported/dert/programs/autism
or contact the program lead, Cindy Lawler, Ph.D., at lawler@niehs.nih.gov.
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neurodevelopmental risk. Demographic variables are more influential
at 24-months. Overall, parents tend to underestimate abilities, however this may be due to familiarity with, and type of developmental
items employed.

Abstract # 1
Caretaker Report in Neurodevelopmental Screening of High-Risk
Infants, Glen P. Aylward1, Steven J. Verhulst1; 1SIU School of
Medicine-Pediatrics, Springﬁeld, IL; 2SIU School of Medicine-Statistics
& Research Design, Springﬁeld, IL.

5Y6 months
11Y15 months
21Y24 months

Purpose/Background: There is increasing interest in use of parent
report in developmental screening. However, application of caretaker
report in screening of high-risk infant populations has not been
investigated adequately. Purpose. 1) To compare a caretaker-completed
neurodevelopmental prescreening questionnaire (NPQ) to a hands-on
screener (Bayley Infant Neurodevelopmental Screener; BINS); 2) to
identify factors that influence agreement, and 3) to clarify if agreement
differs across areas of neurodevelopmental function. Methods: Of a total
of 1436 infants drawn from 5 university affiliated centers, 471 were
prospectively evaluated at 6-months corrected age, 376 at 12-months,
and 244 at 24-months, in a mixed longitudinal/cross-sectional design. Of
these, 55% were male, 28% African-American, 70% Caucasian, 3%
Bother;[ M gestational age = 31.2 weeks (40% G 28 weeks) (SD =
5.08), birth weight 1568 g. (965), days hospitalized 46.76 (34.7),
maternal education 13.45 years (2.69), paternal education 13.44 (2.44);
39% had IVH, 60% RDS. Caretakers completed the NPQ (11Y13 items),
based on the BINS, while watching a video depicting infants engaged in
items. The BINS was subsequently administered by examiners blinded
to NPQ score. BINS items were scored optimal (1) or non-optimal (0)
and scores were summed to determine risk status. The NPQ was scored
on a 1Y5 point Likert scale (4 and 5 were optimal). Results: Sensitivity/
specificity, PPV and NPV are found in the table. M difference
between BINS and NPQ was .517, .868, .669 at 6-, 12-, and 24months (p G .0001), with NPQ being lower in each case. When sensitivity
and specificity were evaluated within the low, moderate, and high-risk
BINS groupings, M sensitivity/specificity in low risk = 72/74, moderate
risk = 70/51, high risk = 92/100; M agreement was 74%, 60%, and 97%
respectively. BWT, GA, RDS, IVH, days hospitalization, 5_ Apgar,
gender, race, asphyxia, maternal/paternal education, occupation, and BINS
risk status were compared between cases of agreement/non-agreement
via chi square, t-tests, and logistic regression. All were non-significant
at 6-months except BINS risk; OR = 1.966 (CI-1.33Y2.9), p = .0001;
the same occurred at 12-months OR = 2.441 (CI-1.39Y4.3), p = .003.
At 24-months, maternal occupation, race, RDS, and IVH were
significant (p = .02Y.001; OR_s 1.64Y9.2); BINS risk was not significant.
Conclusions: Background biomedical and environmental variables are
not directly related to caretaker-screener agreement prior to 24-months;
however, infants_ developmental status influences agreement. Agreement
is best in infants at high and low risk; it is poorest in those at moderate

Sensitivity

Specificity

PPV

NPV

Agreement

80%
91%
86%

57%
57%
82%

71%
72%
77%

70%
84%
90%

70%
76%
83%

Abstract # 2
Do Children with Down Syndrome Have a More Atherogenic Lipid
Proﬁle Compared to a Sibling Control Group? Tahira G. Adelekan1,
Nicolas Stettler2; 1The Children’s Hospital of Philadelphia, Philadelphia, PA; 2The Children’s Hospital of Philadelphia, Philadelphia, PA.
Purpose/Background: Historically, individuals with Down syndrome
(DS) have been considered protected from atherosclerotic vascular
disease; however, recent data suggest that compared to the general
population, individuals with DS may have an increased mortality from
ischemic heart disease and cerebrovascular disease. Furthermore, individuals with DS are at increased risk for obesity and diabetes mellitus,
which are known risk factors for atherosclerotic vascular disease.
Conflicting results have been published regarding lipid profiles, another
known risk factor for atherosclerotic disease, in individuals wiwith DS.
The purpose of this study is to determine if there is a difference in serum
total cholesterol (TC), low density lipoprotein (LDL), high density
lipoprotein (HDL), and triglycerides (TG) between children with DS
and a control group, composed of one of their siblings, in order to adjust
for shared genetic familial factors. We hypothesized, that compared to
their siblings; the children with DS have higher TC, LDL, TG and lower
HDL, all of which are part of a more unfavorable lipid profile. The
secondary aim was to explore if the difference in lipid profiles could be
explained by differences in weight status. Methods: This study was
performed as part of a longitudinal study of growth and nutrition in
children with DS (n = 35) and their unaffected siblings (n = 33) age 3 to
10 years and with no severe co-morbidities (heart disease, cancer,
hypothyroidism, or obesity). Weight (kg) and height (m) were measured
in triplicate and used to calculate body mass index (BMI). As BMI
changes throughout childhood and differs by sex, BMIz scores were
utilized to account for these differences. Fasting TC, LDL, HDL, and TG
were obtained from each group and compared using generalized
estimating equations (GEE) to account for the lack of independence
between the groups. Results: The mean total cholesterol in children with
DS was 10.8 + 5.1 mg/dL higher than in sibling controls (p = .037). The
children with DS had lower HDL (j6.12 mg/dL, +/j2.14; p = .004),

428

Copyr ight © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

Abstracts
higher LDL (10.9 mg/dL, +/j4.4; p = .01) and higher TG (27.8 mg/dL,
+/j9.19; p = .002) than the controls. Results remained essentially
unchanged after adjustment for age, sex, race, ethnicity and income. After
further adjustment for BMIz, the results remained statistically significant.
Conclusions: When compared with a group of unaffected siblings, and after
adjustment for important confounding variables, including shared genetic and
familial factors, children with DS had lower HDL, higher TC, higher LDL
and higher TG, thus a less favorable lipid profile. These differences in lipid
profile remained significant after adjustment for body mass. With the
increasing life expectancy of individual_s with DS and the existence of other
cardiovascular risk factors, it is important to assess lipid profiles and to
implement primary prevention for cardiovascular disease in this population.
Further research is necessary to determine if the lipid profile in these children
with DS is related to the gene expression of chromosome 21 and whether the
differences seen in these children persist into adulthood.
Mean Differences in Lipid Profile Variables Adjusteda
Mean Difference Adjusteda
TC
HDL
LDL
TG
a

12.9
j6.9
12.5
30.6

mg/dL
mg/dL
mg/dL
mg/dL

95% Conf. Interval

p Value

1.9Y23.7
j11Yj2.7
3.6Y21.3
11.4Y49.8

0.02
0.001
0.005
0.002

Adjusted for age, sex, race, ethnicity and income.

Abstract # 3
Prevalence of Diagnosis and Medication Treatment for Attention
Deﬁcit Hyperactivity Disorder In Patients With Spina Biﬁda, Scott W.
Stuart1, Michelle M. Macias1, Conway F. Saylor2; 1Medical University of South Carolina, Charleston, SC; 2The Citadel, Charleston, SC.
Purpose/Background: There is minimal published evidence to support the
clinical observation that patients with Spina Bifida (SB) have a higher
prevalence of Attention Deficit Hyperactivity Disorder (ADHD). Our
hypothesis is that the prevalence of diagnosis and medication treatment for
ADHD in patients with SB is greater than that observed in the general
population (7.8%). Methods: This was a retrospective chart review for all
SB clinic patients enrolled for care at a Southeast United States, tertiary
care center, multi-disciplinary SB clinic. Patient information was extracted
from electronic and paper medical records. Inclusion criteria included an
age of 97 years old at last documented hospital visit and had a diagnosis of
spina bifida, specifically myelomeningocele or lipomeningocele. Patients
were then divided into three categories: (1) documented diagnosis of
ADHD (all sub-types), (2) documented concern for ADHD (all sub-types),
or (3) no diagnosis of ADHD. Documented history of having ever used
medications for treatment of ADHD was also analyzed. Results: Of the 151
patients enrolled at the SB clinic, 96 (63.5%) met inclusion criteria.
Excluded patients included G7 years old (24.1%), non-qualifying diagnosis
(6.6%) and insufficient data (5.3%). The ethnicity distribution was
equivalent to South Carolina normative values (62.5% white, 34.4% black,
1.0% Hispanic, and 2.1% Native American). Sixty-two patients (64.6%) did
not have supporting documentation for a diagnosis or concern for ADHD.
Eleven patients (11.5%), 72.7% male and 27.3 % female, had documented
concerns for ADHD. This male to female distribution 2.7:1 is consistent
with national values of 3Y4:1. Twenty-three patients (24.0%), 47.8% male
and 52.2% female, had a diagnosis of ADHD. This male to female ratio
of 0.92:1 varies from the national values. All 23 patients (100%) had
documentation of ever using medications for the treatment of ADHD. This
demonstrates a prevalence of 24% for the diagnosis and treatment of
ADHD in SB. Conclusions: In this data, the prevalence of diagnosis and
medication treatment for ADHD in patients with SB is three times greater
than that observed in the general population. Given this, physicians
providing routine care to patients with SB should establish routine screening
for ADHD to provide early intervention for ADHD and minimize secondary
behavioral and learning impairments.
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Abstract # 4
From Innocence to Awareness: Life Experiences of Children, Adolescents and Young Adults with Disabilities, Susan Speraw; University of
Tennessee, Knoxville, TN.
Purpose/Background: This research illuminated the experience of
children, adolescents and young adults living with disabilities. This group,
vulnerable by both age and disability is little studied. Because their
perspective is lacking, health professionals who work with them are
hampered in efforts to provide optimal care. Methods: 25 participants
included children, adolescents and young adults between 7 and 30 years;
able to understand spoken English, and respond verbally; with physical,
cognitive, developmental and/or emotional disabilities that spanned a
wide range; who gave consent or assent, or whose parent or legal guardian
gave consent; and who were in sufficiently good health that they
participated without risk. Recruitment was through announcements to
listservs targeting specific disabled populations or to organizations that
serve disabled individuals, and by referral. Using a qualitative approach to
explore the experience of disability is consistent with the caring
philosophy of health professions. Phenomenology, the theoretical approach
used here, focused on the immediacy of human experience, and reduced
pitfalls of bias associated with using forced response questionnaires for
those with developmental limitations. Interviews were audio-taped and
transcribed. Themes revealed the essential structure of the experience of
living with disability. A unified description of the phenomenon resulted.
Analysis reliability was achieved when scholars from several disciplines
scrutinized transcripts and their interpretation. To verify accuracy
participants had the opportunity to comment on the description of their
collective experience. Results: A process of moving from the innocence of
childhood to the painful awareness characteristic of early adulthood is
described. Along the way children realized the extent of their vulnerabilities and differences. Families could provide support by enabling
children to develop their strengths and focus on abilities; they could not
compensate for the realities of exclusion by peers, hurtful school incidents, or
limitations on life events such as childbearing that Bnormalcy[ would allow.
Exploitation and cruelty were among the dangerous threats that participants
shared. Health professionals did little to encourage quality of life, ignoring
problems, giving mixed messages encouraging independence and thwarting it, and at times being disrespectful or dehumanizing. Conclusions: The
research makes progress in filling a gap in the understanding of childhood,
adolescent and young adult disability. It gives accurate information that
health professionals need as a foundation for patient relations and improved
practice. Findings can help professionals support the dignity of the
disabled, and provide care reflecting a high value placed on their
perceptions and place in the world.

Plenary Session II
Sunday, September 17, 2006 10:45 a.m. Y 11:40 a.m.
Abstract # 5
The Effects of a Stress Management Technique on Elementary School
Children, Denise A. Bothe1,2, Karen N. Olness1,2; 1Rainbow Babies
and Children’s Hospital, Cleveland, OH; 2Case Western Reserve
University, Cleveland, OH.
Purpose/Background: To test the effectiveness of a brief stress management technique delivered daily in the classroom on measures related to
stress-related symptoms in elementary school children. Methods: The
design is a randomized controlled study with pre and post measures.
Participants were in 2 third grade classrooms at a public school, with 15
in the intervention group and 13 in the control group. In the intervention
group the teacher was trained to perform a stress management (SM)
technique with the children during a fixed 10 minute period each school
day. The SM technique centered on deep breathing, movement, and
guided imagery. The teacher in the control classroom spent 10 minutes

Copyr ight © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

430

Abstracts

per day reading aloud to the class. Measures included a self report anxiety
scale, using the Revised Children_s Manifest Anxiety Scale (RCMAS),
heart rate variability using the Freeze Framer computer biofeedback
program (HeartMath), and grades using Proficiency scores and a math
test. Measures were collected before the start of the intervention, after the
experimental period of 4 months, and one year later. Qualitative data was
also collected from the teacher and each child after the intervention.
Repeated measures ANOVA was used to assess changes over time in
scores for the intervention and control classrooms between baseline and 4
months, and between baseline and 1 year. Results: Between baseline and
4 months there was a significant decrease in mean total anxiety T-scores
on the RCMAS for the intervention classroom (F = 7.42, p = .01), and no
change in the control classroom. There was a trend toward improvement
of heart rate variability in the intervention classroom. Between baseline
and one year there was a significant improvement in heart rate variability
in the intervention group (F = 10.61, p = .005). The change in the anxiety
scores between baseline and one year follow up continued to show a trend
toward improvement. The intervention had no significant impact on
proficiency scores or the math test. Children reported that the stress
management intervention was enjoyable and helped them during stressful
times in school and at home. Children also reported that, following the
conclusion of training, they continued to use the stress management
techniques. Conclusions: A short daily stress management intervention
delivered in the classroom setting in elementary school can decrease
feelings of anxiety, and improve a child_s ability to relax. In addition, the
technique was adopted by many of the children who continue to use it in
their daily lives to help them cope with stressful circumstances.

Abstract # 6
The Friend To Friend Program: Initial Evaluation of A School-Based
Aggression Prevention Program for Inner-City African American
Girls, Stephen S. Leff; 1The Children’s Hospital of Philadelphia,
Philadelphia, PA; 2Univ. of Pennsylvania School of Medicine,
Philadelphia, PA.
Purpose/Background: Low level bullying occurs regularly in elementary
school (Nansel et al., 2001). Research indicates that while both girls and boys
are aggressive, boys typically use physical aggression (i.e., hitting, and
pushing) while girls usually use relational aggression (i.e., gossiping or
threatening to withdraw friendships; Crick & Grotpeter, 1995). In addition,
most aggression interventions have been designed for and/or are more
successful with boys than girls (see Leff et al., 2001). Thus, there is a need to
develop aggression intervention programs that are targeted for relational
aggression. The current presentation will illustrate how a partnership-based
approach was used to establish the Friend to Friend (F2F) Program and
establish its initial effectiveness and acceptability through a randomized trial.
F2F combines a social information processing theory of aggression (e.g.,
Crick & Dodge, 1994) and an ecological/systems model of development
(e.g., Bronfenbrenner, 1986) with a partnership-based model of program
development (e.g., Nastasi et al., 2000). The program strives to decrease girls_
levels of relational and physical aggression and tendency to make a hostile
attributional bias, while increasing their range of prosocial behaviors. The 20session group intervention and 8 classroom sessions are co-led by a research
team member and a teacher. Cartoons, role plays, and videotaping are the
central modalities used to teach relationally aggressive girls (and participating non-aggressive girls) to identify signs of physiological arousal, learn
basic anger control strategies, accurately assess others_ intentions, and
generate alternatives to challenging social situations. Methods: Three
hundred and sixty one 3rdY5th graders (97% of the sample was African
American) from two inner-city elementary schools participated in the initial
evaluation of F2F. These individuals completed an unlimited peer
nomination procedure, and 32 girls were designated as being relationally
aggressive (>.50 SD on relational aggression) for the purposes of the study.
The relationally aggressive girls were then randomized to the F2F
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intervention or to a control condition (referral to the school counselor).
Results: Analyses comparing change scores from pre- to post intervention
indicated that relationally aggressive girls randomly assigned to the
intervention exhibit considerably less teacher-reported relational (ES =
0.64) and physical aggression (ES = 0.38), and are rated by teachers as
considerably better liked by peers (ES = 1.73), and exhibit less of a hostile
attributional bias in relationally provocative social situations (ES = 0.58)
then relationally aggressive girls randomly assigned to the control
condition. Further, the program was rated as highly acceptable and feasible
from the perspective of participating students, teacher, and parents.
Conclusions: The design of intervention programs in partnership with key
school and community stakeholders holds great promise for meeting the
needs of urban, ethnic minority youth. Further, developing a program in this
manner illustrates that the resulting program likely will be acceptable,
feasible, and hopefully sustainable over time.

Abstract # 7
Early Reading Readiness in Young Children With Speech Sound
Disorders, Laura Sices, Lisa Freebairn, Amy Hansen, Stephanie
Serna, H. Gerry Taylor, Barbara Lewis; Case Western Reserve U.,
Cleveland, OH.
Purpose/Background: Speech sound disorders (SSD) are common in
young children. Although speech and language disorders in early
childhood are a risk factor for later reading disabilities, little is known
about the association between SSD and early reading skills before school
age. We sought to characterize early reading readiness among young
children with SSD, and identify factors associated with early reading
readiness skills in this population. Methods: Subjects were 125 children
aged 3Y6 years receiving speech therapy services for SSD in a
metropolitan area in Northeast Ohio. All children had scores below the
10th percentile for age on the Goldman Fristoe Test of Articulation
(GFTA), and performance IQ scores 980. Subjects were recruited from a
larger study of the genetics of SSD; the sample was 64% male and 87%
white; 53% had co-existing language impairment. Reading readiness was
assessed using the Test of Early Reading Ability (TERA). Linear
regression was used to examine the association between the severity of
SSD and scores on the TERA, and ANOVA to examine the effect of comorbid language impairment. Performance on a battery of speechlanguage tests was reduced via factor analysis to composites for
articulation, narrative skills, grammar, and word knowledge. The battery
included 2 additional measures of phonological processing which did not
cluster onto a composite. Regression analysis was conducted to identify
speech/language skills associated with performance on the TERA.
Results: Socio-economic status (SES) was independently associated with
performance on the TERA ( p G .05), but sex was not. After adjusting for
SES, we found a significant association between more severe SSD and
lower scores on the TERA ( p G .05). There was also a significant
association the presence of co-morbid language impairment (LI) and
lower scores on the TERA ( p G .05). Furthermore, after adjusting for LI,
the relationship between SSD severity and TERA scores was no longer
significant. All speech/language composites, as well as 1 of 2 measures of
phonological processing, were significantly correlated with the TERA.
Regressions revealed that only composites for grammar and word
knowledge were independently associated with performance on the
TERA, even after adjusting for performance IQ, but that the measures
of phonological processing were not. Conclusions: Both language and
speech/articulation skills were related to performance on a measure of
reading readiness in young children with speech sound disorders.
Suboptimal language skills, particularly in the areas of grammar and
word knowledge, place a child at increased risk for deficits in early
reading readiness skills, which may have implications for the later
development of reading disability. These results suggest that in addition
to phonological processing skills, other language skills are important in
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the development of reading readiness. These findings provide added
incentive for pediatricians to identify and refer affected children for
assessment and treatment services in a timely way.

Abstract # 8
Comparison of a General Developmental Screening Tool and an
Autism Speciﬁc Screening Tool in Autistic Spectrum Disorder (Asd)
Assessment, Lisa Young1, Jennifer A. Pinto-Martin1, Anna Warszawa1, Ellen Giarelli1, Susan E. Levy2; 1University of Pennsylvania
School of Nursing, Philadelphia, PA; 2Children’s Hospital of
Philadelphia, Philadelphia, PA.
Purpose/Background: The increasing prevalence of Autism Spectrum
Disorders (ASD) has generated increased interest in identifying children with
ASD at a young age. There is much discussion in the literature regarding best
practices for screening and early identification. Some argue that at a young
age, a general developmental screening tool at a first level (and then autism
specific screening if the child fails) is as effective as using an ASD-specific
tool at selected intervals to screen all young children. Objective: Determine
the utility of using a general developmental screening tool compared to an
autism specific tool when screening for ASD. Methods: An ongoing study
to improve Developmental Delay (DD) and ASD screening practices in an
urban pediatric primary care practice is underway. Data has been collected
on the use and results of a standardized general developmental screening
tool, the PEDS (Parents_ Evaluation of Developmental Status) and an
autism-specific screening tool, the Modified Checklist for Autism in
Toddlers (M-CHAT) in children ages 15 to 30 months. Assessments are
complete for 66 children (55% male, mean age 23 months, 41% African
American, 30% Caucasian, 15% Biracial, 14% Asian). The sensitivity,
specificity, and positive predictive value of the PEDS compared to the MCHAT in identifying young children at risk for ASD was computed. While
the sensitivity of the PEDS compared to the M-CHAT was 77.8%, the
specificity was only 26.3% and the positive predictive value was just 14.3%.
Results: Preliminary analysis indicates that in this urban pediatric
population the PEDS as a first line screen is not a good substitute for the
M-CHAT when screening for ASD, as children who screen negative for
general developmental concerns may score positive on the M-CHAT.
Conclusions: Specific red flag items for autism, included in ASD-specific
screening tools, may not be adequately examined in a this specific general
developmental screening tool. These findings should be replicated in a
larger population with greater ethnic diversity. Sponsor: Centers for Disease
Control and Prevention.

Abstract # 9
Providing ADHD Services In Primary Care: The Perspective of
Primary Care Physicians, Thomas J. Power, Nathan J. Blum, Jennifer
A. Mautone, Leslee Frye; The Children’s Hospital of Philadelphia,
Philadelphia, PA.
Purpose/Background: The purpose of this project was to develop and
administer a needs assessment survey (ADHD Questionnaire for Primary
Care Providers [AQ-PCP]) to the PCPs throughout our hospital_s primary
care network (n = 185). Primary care physicians (PCPs) have an important
role in the identification and treatment of attention-deficit/hyperactivity
disorder (ADHD). Assessing and treating ADHD in an effective manner
involves many components, including collaboration with families, school
professionals, and mental health providers. It is important to identify which
components of care are appropriate and feasible for PCPs to perform and
which need to be triaged to tertiary care providers. Also, it is important to
identify the technical support needed by PCPs to provide care for these
children in a manner that is within their scope of practice. Methods: The
AQ-PCP is a self-report measure that was designed to assess PCP views
about the extent to which elements of the ADHD assessment and treatment
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process are appropriate and feasible for PCPs. The measure was developed
and refined by conducting focus groups and interviews with 29 PCPs. The
AQ-PCP includes 24 items rated on a 4-point Likert scale (1 = not at all; 4 =
very much) to indicate the appropriateness and feasibility of various
assessment and treatment activities within a primary care practice. Surveys
were distributed to the PCPs by the managers of each practice. Results:
Responses from 102 out of 185 PCPs were obtained, representing a total
response rate of 55%. Results indicated that PCPs perceive activities
related to obtaining information from teachers to be highly appropriate for
them (M = 3.52), but generally not feasible (M = 2.03). Also, PCPs
indicated that assessing comorbid internalizing conditions was somewhat
appropriate (M = 2.90), but lacking in feasibility (M = 2.32). Further, PCPs
reported that providing recommendations for behavior modification
strategies to families was appropriate (M = 3.06), but not feasible (M =
2.40). Conclusions: Although PCPs consider the assessment and treatment
of ADHD to be appropriate within their practices, components of the
process are not feasible (e.g., connecting the family, school, and primary
care systems to obtain data and coordinate treatment). The findings suggest
a three-fold strategy to supporting ADHD services in primary care: (a)
training and consultation for PCPs to improve their capacity to provide
care, (b) establishing criteria for referral to a tertiary-care ADHD center,
and (c) developing practice-based resources to promote collaboration with
schools and mental health professionals and to provide support for families.

Poster Session
Sunday, September 17, 2006 6:00 p.m. Y 7:00 p.m.
Abstract # 10
Are Children with Autistic Spectrum Disorder Diagnosed Before 2 Years
of Age Different Clinically from Older Children Diagnosed after 2 Years of
Age? Rosa Seijo, Maria Valicenti-McDermott, Nancy Tarshis, Debbie
Meringolo, Lisa Shulman; AECOM-Kennedy Center, Bronx, NY.
Purpose/Background: By definition, the onset of Autistic Spectrum
Disorder (ASD) is before 3 years of age. There is increasing evidence that
clinicians can reliably identify children on the autism spectrum as young as 2
years of age, and symptoms of ASD and related disorders may be identifiable
in even younger children. Studies have shown that children with ASD looked
different on home videos at 12Y30 months than typically developing children.
There are few studies that focused in children with diagnosis of ASD before
age 2 but the information is controversial. Hand flapping, toe walking,
sustained odd play and severe language deficits were associated with
decreases in the age of diagnosis. On the other hand, the literature also
reports that children with ASD with early vs. late onset of symptoms were not
found to differ on their cognitive level, verbal skills and observational
measures of autism symptoms severity. The purpose of the study is to
characterize the clinical presentation of children diagnosed with ASD before
age 2 in terms of chief complaint, cognitive, language skills, mannerisms,
play and family history and to assess whether their presentation differs when
compared to children diagnosed after age 2. Methods: Retrospective chart
review of 53 children between ages 1 to 3 presenting to a University
Affiliated Program for multidisciplinary evaluation from 2003 to 2005, who
received a diagnosis of an ASD. The multidisciplinary evaluations consisted
of pediatric neurodevelopmental, speech and language and psychological
evaluations. Play and language skills were assessed using the Westby Play
Scale and the Rossetti Infant-Toddler Language Scale. Cognitive/developmental levels were assessed using the Bayley Scales of Infant and Toddler
Development. The Childhood Autism Rating Scale (CARS) was completed
on each child. Statistical analysis included relative proportions, Chi-square
statistics and independent T sample test. Results: 23/53 were under 24
months (age range 14Y24 months)at the time of the evaluation. Children
younger than 2 were more likely to have a history of behavioral regression
noted by the parents (41% vs. 10% p = .01), a family history of psychiatric
problems (56% vs. 17% p = .004) and a family history of autism (26% vs.
3% p = .03) than children older than 2. We did not find differences in the
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chief complaint, cognitive level, language and play skills, presence of
mannerisms and level of maternal education between the two groups.
Conclusions: Although children diagnosed with ASD under age 2 are not so
different clinically from older children with this diagnosis, they are more
likely to have an increased family history of psychiatric and autistic disorder.
Parents of these young children may be more likely to seek earlier
developmental evaluation.

Abstract # 12
Withdrawn

Abstract # 11
Clinical Features of Young Children with Autistic Spectrum Disorders
With and Without a Reported History of Regression, Lisa H. Shulman1,
Oscar Purugganan1, Nancy Tarshis1, Maria del Rosario ValicentiMcDermott1, May Chan2; 1Albert Einstein College of Medicine, Bronx,
NY; 2New York City Department of Education, New York, NY.

Purpose/Background: Improved perinatal and neonatal care has resulted
in increased survival of ELBW infants, both in normal pregnancy, as well
as in assisted reproductive technology. Neonatal survival rate for G23
weeks GA, is estimated to be 15% and improves at 24 weeks by 30% and
25 weeks by 50%. ELBW Infants are subject to significant morbidities,
with varying results in different institutions. The lack of information
regarding the neurodevelopment outcome of infants of extremely low
gestation 23, 24, 25 wks is a concern for parent counseling to make
objective decisions before the delivery of the infant by both, the
obstetrician and neonatologist. We report the study of Neurodevelopmental outcome of 120 infants, at GA of 23Y25 wks delivered, cared and
followed at Developmental Follow up Clinic of University of Illinois
Medical Center for the last 10 years. Methods: This was a retrospective
review of the medical records of infants followed in the Developmental
Follow up Program (DFUP) during 1994Y2004. The data included
pertinent perinatal neonatal history of 220 infants born at 23, 24, and 25
wks of GA. Only 120 infants followed in DFUP for a period of two to
three years. All infants were evaluated at 2,4,8,12,18.24,30, and 36
months. During the clinic visit all children were assessed by a
Developmental pediatrician for neurological outcome using Ameil-Tison
neurodevelopment tool, and were also independently assessed by
Standardized Bayley-II Infant Motor Scale, by the OT, PT/DT. Speech
and Language was assessed by S/T using Early Childhood Language
Developmental Scale. Results: Complete data for analysis were
available on 114 infants. The table below shows Neonatal Morbidity
and developmental outcome data. There was no significant difference in
birth weight between 24 and 25 wks. Normal development was found in
only 29 infants, Mild delay was found in 54 infants, severe delay was
found in 24 infants, there were 4 infants with CP. Three infants in 23
wks, were excluded from further analysis. No significant differences
were found in neonatal morbidity of BPD, ROP, need for laser surgery,
or vision, hearing impairment, and speech delay at 3 years. Significantly
there were twice the number of normal infants found by Bayley among
25 weeks GA, than 24 Wks GA group i.e., 30% vs 16.1%, p G .05, and
Severe delay in 24 wks GA was twice that of 25 wks GA 30% vs 14%.
Morbidity of IVH was seen 1.56 times higher among 24 wks, compared to
25 wks GA (28% vs. 15%, p G .05. Conclusions: These data suggest
infants born at 25 wk have significantly 2 times better neurodevelopmental outcome than at 24 wk gestation, thus promising the beneficial effect
in prolonging gestation by a week. This information may help physicians
to provide counseling to parents of Lower GA, thus help them make
objective decisions regarding the action plan.

Purpose/Background: Approximately 20 to 30% of parents of children
diagnosed with Autistic Spectrum Disorders (ASD) report a history of
language and/or social regression, generally occurring between 15 and 21
months of age. Analysis of family videotapes of infants made prior to the
described language regression has confirmed this to be a pattern in a
minority of young children ultimately diagnosed with ASDs. This group
of children is of particular interest to many researchers and clinicians as it
may represent a distinct subgroup with a common etiologic factor that
may distinguish it from the more heterogeneous group of children with
ASDs. There is a paucity of detail in the literature comparing the clinical
features of children with ASD with and without a history of regression.
The purpose of the study is to compare demographic characteristics, play
skills, expressive and receptive language skills, cognitive/developmental
functioning and autistic symptom severity between children with ASD
with and without a history of language regression. Methods: Retrospective chart review of 60 children between ages 1 to 3 years who
received a diagnosis of an ASD after a multidisciplinary evaluation at a
University Affiliated Program from 2004 to 2005. The multidisciplinary
evaluation consisted of pediatric neurodevelopmental, speech and
language and psychological evaluations. The diagnosis of autism was
based on DSM IV criteria, the Childhood Autism Rating Scale (CARS),
and clinical impression. Language regression (LR) was defined as
parental report of the loss of at least one or more words paired with the
loss of communicative intent, social and/or imitative skills. Play skills
were assessed using the Westby Play Scale and language was assessed
using the Rossetti Infant Toddler Language Scale. For both play and
language, a Quotient was calculated which represents the level at which
the child was performing relative to the child_s chronological age.
Cognitive/developmental levels were assessed using the Bayley Scales
of Infant and Toddler Development. Statistical analysis included Chisquare and independent T tests. Results: Of the total sample, 31 (52%)
were diagnosed as having autism and 29 (48%) as ASD. The mean age
at evaluation was 26 +/j 6 months and 47 (78%) were boys. Of the 60
children, 25 (42%) had history of LR. Children with a history of LR had
a greater delay in language expression (Language Quotient 34.4 +/j 4)
than those without a history of LR (45.6 +/j 3). There were no
significant differences in terms of developmental diagnosis (autism in
LR 60% vs. 45% in no LR), age at evaluation (LR: 28 +/ 8 mo. vs. no
LR: 26 +/j 7 mo.), gender (LR 76% boys vs. no LR 80%), play skills
(Play Quotient LR: 56 +/j 18 vs. no LR: 56 +/j 16), language comprehension (Language Quotient LR: 32 +/j 19 vs. no LR: 39 +/j 20)
and autistic symptom severity (CARS LR: 37 +/j 5 vs. no LR: 36 +/j 5).
There was no statistical difference in the cognitive level between the groups
(MDI below 50 LR: 71% vs. no LR 72%). Conclusions: Children with
ASD and history of LR presented with similar demographic characteristics, play skills, cognitive level and autistic symptom severity as
children with ASD without history of LR. In terms of language,
expressive language skills were significantly lower in children with
history of LR than in those without a history of LR, without differences
in receptive skills.

Abstract # 13
What Can We Counsel Regarding Neurodevelopmental Outcome of
Extremely Low Gestational Age Infants (23Y25 Wks)? Nagamani
Beligere, Milette Oliveros; University of Illinois at Chicago Medical
Center, Chicago, IL.

Neonatal Morbidity and Neurodevelopmental Outcome at 3
Years
*Mild
*Normal Delay Severe
MDI/ MDI/ Delay
PDI
PDI
MDI/
GA
ABR 985Y 970Y
PDI Visual Hearing
Wk NO BW T SD Apgar Score BPD IVH ROP Failed 100
84
G69 Defect Loss CP
23
3 610 T 113 3 at 1; 6 at 5 2 3
2
24 56 674 T 103 4 at 1; 7 at 5 23 15* 42
25 55 740 T 135
7 at 1’
19 9 42

2
7 10* (16.1%) 28 16* (30%) 3
6 19 (30%) 25
8 (14%) 4

5
3

2
2

*Significant differences between the 24 and 25 wks gestational age among normal and severe
delay (p G .05).
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Abstract # 14
An Open Label Study of the Use of Dronabinol (Marinol) in the
Management of Treatment-Resistant Self-Injurious Behavior in 10
Retarded Adolescent Patients, Tarah Kruger, Ed Christophersen;
Children’s Mercy Hospital, Kansas City, MO.
Purpose/Background: In the treatment of severely disturbed children, the
control of self-injurious behavior (SIB) which occurs in a small
percentage of these children, must be given a high priority (Powers,
2001). Lorenz (2004) reported on the therapeutic use of cannabis (in a
liquid preparation) in children with combinations of neurological
disorders (6 of the 8 also had epilepsy), with improvements. Methods:
Ten patients (ages 11 to 17) with SIB from a convenience sample, with
varying degrees of retardation and autism, received Marinol 2.5 mg bid up
to 5 mg qid. The patients had failed to respond to a number of
medications, ranging from 4 previous medications to 17, including four
who had tried naltrexone (two of whom were still on it and two who had
discontinued it due to negative side effects). Results: Seven of the ten had
a significant improvement in the SIB and their overall mood/well being as
reported by caregivers. Two experienced agitation from the Marinol and it
was discontinued. Five of the seven who responded had no change in their
appetites, and the two that did, benefited from that effect. At follow up to
6 months out, patients continued to respond favorably to the Marinol.
Conclusions: In a series of patients who presented with treatmentresistant self-injurious behavior, eight of the 10 showed an improvement
in their behavior when treated with Marinol without serious enough side
effects to merit discontinuing the medication. At 6 month follow-up,
seven of the 10 continued to benefit from the Marinol, and the eighth
patient had discontinued the medicine due to a change in her living
situation. The tolerability of Marinol in this study is consistent with the
experience of Lorenz (2004) whose patients presented with a variety of
neurological disorders but not specifically SIB.
Outcome of Marinol in adolescents with SIB and MR
Age Gender
11
13
13

M
M
M

17
16
17
14
13
16

M
F
M
M
F
M

14

M

Co-Morbid Diagnoses
Visual impairment
Aphasia
PDD-NOS
Angelman Syndrome,
Aggression
Autism, Hearing Impaired
Autism, Hearing Impaired
Autism
Hyperactivity
Autism, Hyperactivity
Fragile  Syndrome,
Aggression
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practitioner and social worker. A standardized protocol was applied,
utilizing the Behavior Assessment System for Children, Second Edition
(BASC-2), Structured Developmental History (SDH), the Parent Rating
Scale - Preschool (PRS-P) or the Infant-Toddler Social and Emotional
Assessment (ITSEA), depending on age. Physical examination findings
were entered directly into a database with criteria established to identify
critical findings. The Developmental Assessment of Young Children
(DAYC) was administered by interview and observation. Findings were
entered into algorithms that directed recommendations for next steps such
as comprehensive evaluation, developmental therapy services, or parent
support. A brief report was mailed to the parents and referring physician.
Results: Mid-level assessments were completed on 116 patients with a
mean age of 47.7 months (SD 14.9 months); 70% of the patients were
male. The average time from date of referral to date of appointment was
26 days. The average total time for assessment was 110 minutes (SD 33.6
minutes). A majority of the children evaluated (75%) manifested at least
one area of developmental delay on the DAYC (SS 9 1 SD). Delays were
most frequent in the Social-Emotional domain (46%), followed by
Cognitive (37%), and Functional Communication (34%). Fifty five
percent of children were reported to have clinically significant Externalizing Problems on the BASC PRS-P, while 25 percent were reported to
have Internalizing Problems. For the 11 children administered the ITSEA,
clinical deficits were most prevalent in the area of Dysregulation.
Satisfaction surveys were obtained from 31 referring physicians and 99
parents. On the physician survey 6 of 8 items were endorsed as Bagree[ or
Bstrongly agree[ by more than 80% of respondents; however, only 52
percent endorsed the item, BI was able to implement the recommendations
without difficulty.[ Parent satisfaction ratings of Bagree[ or Bstrongly
agree[ were reported by over 75% of respondents, including the critical
item, BThe assessment was helpful in understanding my child_s development.[ Conclusions: The mid-level assessment model was proven to be
feasible and was well accepted by parents and referring physicians. The
majority of children referred with ill-defined developmental and
behavioral concerns were found to have externalizing behavioral
problems and social-emotional developmental delays.

# Previous
Dose
Medications (mg/kg/d) Outcome
17
9
14

0.6
0.2
0.24

+
+
+/j

9
12
4
11
13
8

0.09
0.36
0.3
0.14
0.15
0.3

agitation
+
+
agitation
+ ***
+

11

0.2

+

***Marinal was discontinued due to a change in her living situation.

Abstract # 15
Feasibility Study of a Mid-Level Developmental-Behavioral Pediatric
Assessment, Desmond P. Kelly, Mark C. Clayton, Nancy R. Powers,
William H. Wiist, Anna L. Cass, Jeannine Jacobs; Division of
Developmental-Behavioral Pediatrics, Children’s Hospital, Greenville
Hospital System, Greenville, SC.
Purpose/Background: The limited availability of developmentalbehavioral pediatric services has created long wait times, potentially
delaying much-needed interventions. A secondary screening and triage
model, termed Bmid-level assessment,[ was developed for preschool-aged
children referred to a tertiary care center with non-specific developmentalbehavioral concerns. Methods: Decision rules were applied to information
provided by referring physicians. Patients aged birth through five years
who met inclusion criteria were scheduled for evaluation by a nurse

Abstract # 16
Managing Demand: The Role of a Medical Social Worker in Improving
Access to Services in a Multidisciplinary Child Development Clinic,
Lorrie Ufkin, Paula C. Horner; Mayo Clinic, Rochester, MN.
Purpose/Background: Would a change in the intake process shorten wait
time for local and regional patients with developmental and behavioral
problems? Patients residing locally, regionally and nationally are referred
to the Mayo Clinic Dana Child Development and Learning Disorders
Program for multidisciplinary evaluations for a variety of behavioral and
developmental problems. This program typically serves children ages 3 to
18 years. All new patients are mailed an intake packet as the first step to
accessing the program. This intake packet consists of a number of forms
regarding presenting concerns, medical history, developmental history,
family history, school history, interventions and behaviors. Previous
outside medical records and school records are also requested. This
information is summarized and reviewed for appointment scheduling.
Wait time for appointments is typically 5 to 6 months. A large percentage
of our patients live within a one hour drive of the Mayo Clinic. Methods:
All patients who live within a one hour drive of Mayo Clinic were sent
the same intake packet described above plus The ANSER System School
Questionnaire developed by Dr. Mel Levine. When these were returned,
an interview with a medical social worker was scheduled, typically within
one to two weeks of receipt of the packet. The child and parent/guardian
came to this interview. The stated purpose of the visit was to determine
what additional appointments and services needed to be provided (i.e., a
comprehensive evaluation through the Dana Program, referral to a
developmental pediatrician or psychologist for a single consultation,
referral elsewhere in the Mayo medical system, a community referral, or
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no other appointments.) A comprehensive social work assessment note
was generated, reviewing all the outside material collected, impressions
during the interview, resources given to parents and plan for referral. 95
patients were interviewed using this process. Results: 42 of the 95
patients interviewed were referred for multidisciplinary assessments in the
Dana Program. See table for wait times. 53 local and regional patients
who did not require multidisciplinary assessments in the Dana Program
received the following services: interview only, referral to the Division of
Behavioral and Developmental Pediatrics, referral to other specialty areas
within Mayo Clinic, and referral to community services. Conclusions:
The use of a face to face interview decreased the wait time for all services
for children with a broad range of developmental and behavioral
problems. This triage approach offers the potential to improve access to
appropriate services, while reserving limited multidisciplinary assessment
slots for patients with the most complex problems.

Wait Time for Completed Evaluation: 1/2005 to 4/2006
Days
0Y30
31Y60
61Y90
91Y120
121Y150
151Y180
181+

Dana Patients
N = 157

Percentage

ANSER Patients
N = 42

2
5
12
22
36
25
55

1%
3%
8%
14%
23%
16%
35%

6
10
13
5
6
1
1
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African-American, 26% were White, and 4% of other ethnicity; the
majority of parents were mothers (73%). 1 in 6 children and 1 in 10
parents had clinically meaningful traumatic stress symptoms at follow-up.
Among children, 7% had PTSD and another 8% had partial PTSD.
Among parents, 4% had PTSD and another 7% had partial PTSD. 19% of
children and 16% of parents endorsed depression symptoms. Statistical
analyses revealed positive correlations between parents_ partial-PTSD and
depression (r = 0.66, p G .05), and also between children_s partial-PTSD
and depression (r = 0.74, p G .05). Conclusions: Rates of ED-treated
children_s and parents_ PTSD, depression, and their comorbidity, are
consistent with prior studies of injured hospitalized children. While the
vast majority of injured children experience full physical recovery, a
significant subset of children suffer negative psychological sequelae
such as PTSD and depression, even following less severe injuries treated
in the ED. Acute- and primary care physicians may be unlikely to
identify injured children at risk for traumatic stress; therefore, these data
support the need for new approaches to ensure adequate screening and
follow-up for the psychological impact of injury from the acute care
setting through to primary care.

Percentage
1%
24%
31%
12%
14%
2.5%
2.5%

Based on weighted average: Dana patients 142 days. ANSER patients 76
days.

Abstract # 17
Posttraumatic Stress and Depression in Children With Acute, Unintentional Injury, Michelle Berrong, Nancy Kassam-Adams, Angela
Marks, Flaura Winston; The Childrens Hospital of Philadelphia,
Philadelphia, PA.
Purpose/Background: The purpose of this study was to examine postinjury Post-traumatic Stress Disorder (PTSD) and depression in acutely
injured children and their parents identified in the busy emergency
medicine setting. Empirical studies suggest that among child and parent
reactions to acute injury, PTSD is a particular concern, with real impact
on children_s post-injury functioning and recuperation. Post-injury PTSD
and depression may affect broad health outcomes. Unfortunately, gaps in
providers_ awareness and detection of injury-related traumatic stress in
acute and primary care cause the majority of children_s psychological
reactions to injury go undiagnosed and untreated. In one study, primary
care providers of injured adolescents identified no new mental health
concerns although research evaluations identified 30% with significant
PTSD symptoms and 11% with depression symptoms. Much of the
pediatric PTSD literature pertains to inpatient children; few studies have
examined psychosocial outcomes for injured children who are treated and
released home from the ED. Methods: Eligible children were ages 8Y17,
treated in the emergency department for an acute, unintentional injury
(falls, sports injuries, injuries from traffic crashes, and others), and
discharged home. Participants were English speakers with sufficient
cognitive ability to comprehend and answer questions. 263 eligible
children and one parent per child were enrolled at an urban Level I
Pediatric Trauma Center. ED nurses administered a screening measure to
evaluate patients_ and parents_ PTSD risk. Telephone follow-up interviews at three months measured PTSD, depression symptoms, parents_
perception of children_s_ recovery, and their help-seeking for themselves
and their children. Symptom measures were scored to determine whether
participants experienced impairing levels of depression, PTSD, and partial
PTSD (at least one symptom of re-experiencing, avoidance and arousal).
Results: Children_s mean age was 11.7 years; 58% were male. 70% were

Abstract # 18
Neuropsychological Predictors of Long Term Functional Outcomes
Following Pediatric Traumatic Brain Injury (TBI), Courtney E.
Johnson1, Keith O. Yeates2, Dennis Drotar1,3, Nori M. Minich3, H.
Gerry Taylor1,3; 1Case Western Reserve University, Cleveland
Heights, OH; 2Department of Pediatrics, The Ohio State University
and Children_s Research Institute, Columbus, OH; 3Rainbow Babies
and Children_s Hospital, Department of Pediatrics, Cleveland, OH.
Purpose/Background: Neuropsychological tests are frequently used to
predict functional outcomes following pediatric traumatic brain injury.
Unfortunately, the relationship between functioning and neuropsychological abilities in this population has yet to be established. TBI commonly
leads to deficits in meeting demands of daily living; however neuropsychological tests may have limited sensitivity to these deficits. The
current study examined the predictive validity of neuropsychological status
after pediatric TBI in relation to long-term adaptive functioning. Methods:
Assessments of neuropsychological skills and functioning were collected as part of a prospective longitudinal study of children injured
between 6 and 12 years of age. The sample included 45 children with
severe TBI, 54 with moderate TBI, and 63 with orthopedic injuries.
Cognitive outcomes were assessed at 6 months post injury and included
domains of Language, Attention, Memory, Visual-spatial processing,
and Executive Function. Functional outcomes were measured by the
Vineland Adaptive Behavior Scales (VABS)at 6-months and 4-years
post injury. Group differences in post-injury adaptive behavior skills
were examined using general linear mixed model analysis. Results:
Results confirmed group main effects for all domains of functioning.
Tests of simple effects revealed that outcomes were poorer for the severe
TBI group than for the ORTHO group across all domains of functioning.
The most common pattern of results across domains was a two-way
interaction between group and neuropsychological skill predicting
functioning. This finding occurred in each domain of functioning with
various neuropsychological skills. In each case, groups were significantly
different at lower levels of neuropsychological skill but not at higher
levels. In two cases, analyses revealed interactions of Language with time
since injury suggesting differential rates of growth according to initial
level of ability. Analyses generally failed to reveal three-way interactions
of group  neuropsychological skill  time. In most cases, time since
injury was not significant suggesting a stable pattern of sequelae over
time. Conclusions: Neuropsychological skills were generally predictive
of functioning. Furthermore, Language, Memory, and Executive Functioning predicted multiple domains of current and future adaptive
functioning as well as growth in some cases. Results also demonstrated
improvement over time in all groups; however those with lower
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neuropsychological skills shortly after injury had a slower progression.
Injury groups were different from each other at lower levels of
neuropsychological skill but not at higher levels. Children with high
neuropsychological skill and severe TBI did not differ from other
groups in long-term outcomes. It is possible that low neuropsychological
skill soon after injury may be a signal of more severe or disperse injury.
Poor neuropsychological skills early after injury could also be related to
pre-injury neuropsychological functioning signaling an emerging deficit
rather than a cumulative deficit. Current findings demonstrate the utility
of early neuropsychological skills in predicting subsequent development
in children with TBI. Further work is needed to better understand the
cognitive basis of functional deficits and to develop neuropsychological
tests with improved sensitivity to these problems.
Abstract # 19
Caregiver Coping Following Traumatic Childhood Injuries: Stability and
Association with Interpersonal Stressors and Resources, Lisa Y.
Ramirez, H. Gerry Taylor, Nori Minich; Case Western Reserve
University, Departments of Pediatrics and Psychology, Cleveland, OH.
Purpose/Background: Caregiver coping styles following traumatic injuries
in children are related to both immediate postinjury family burden and with
subsequent changes in burden (Wade et al., 2001). However, we know little
about the stability of coping styles over time postinjury or about
associations of coping with other caregiver characteristics. Methods: To
address these issues, we examined data from a longitudinal study of 52
children with severe traumatic brain injuries (TBI), 56 with moderate TBI,
and 80 with orthopedic injuries only. Children 6Y12 years of age at injury
and their families were assessed soon after injury (baseline) and again at 6
and 12 months post baseline. Caregivers completed the COPE to assess
coping styles that included acceptance, active coping/planning, denial,
humor, religion, and seeking emotional support. Self reports of interpersonal stressors and social supports were obtained from caregivers
using the Life Stressors and Social Resources Inventory. Results: Mixed
model analysis indicated that coping styles changed little across the followup interval. Additionally, even when controlling for group effects and
sociodemographic factors, greater conflicts at baseline were associated with
higher use of humor (R2 change = .023, p = .03) and denial/disengagement
(R2 change = .024, p = .02). Greater supports at baseline predicted higher
use of religion (R2 change = .064, p G .001) and seeking emotional support
(R2 change = .124, p G .001) as well as lower use of denial/disengagement
(R2 change = .030, p = .01). Conclusions: In addition to suggesting that
coping styles are stable after childhood injuries, the findings raise the
possibility that the caregiver interpersonal relationships may help to account
for associations of coping with postinjury family burden. Further research is
needed to investigate caregiver correlates of coping and to determine if
coping can be modified through direct intervention, which could lead to
appropriate intervention programs and support for at-risk families.
Abstract # 20
Pediatrician Identiﬁcation of Psychosocial Problems: Role of Child
Behavior, Parent Affect, Parenting Behavior, Parenting Satisfaction And Efﬁcacy, Robert Dempster1, Beth G. Wildman1, Diane
Langkamp2; 1Kent State University, Kent, OH; 2Children’s Hospital
Medical Center of Akron, Akron, OH.
Purpose/Background: This study aimed to identify characteristics of
parents and their children that differentiate whether or not children were
identified with a behavioral or emotional (psychosocial) problem by their
pediatrician (PCP). Methods: Participants were 480 parents of children (ages
2Y16 years) who presented for routine care to four community-based
pediatric practices in northeastern Ohio. Participants were approached in
the waiting room and completed a demographic questionnaire along with
measures of child problem behavior (Eyberg Child Behavior Inventory;
ECBI), affect (Positive and Negative Affect Scale; PANAS), parenting
practices (Parenting Scale; PS), and parenting efficacy (Parent Sense of
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Competence; PSOC). PCPs completed a checklist assessing their concerns
about the mental health status of both the parent and the child. Results:
Among parents of children with clinically elevated ECBI scores, measures of
parental affect, parenting style, and parental self-efficacy were not statistically significantly different between parents of children who were identified
by their PCP and those who were not. Children who were identified by their
PCP with subclinical ECBI scores were more likely to have clinically
elevated levels of attention difficulties than oppositional defiant or conduct
problem related behaviors. PCPs were more likely to identify children as
having a psychosocial problem if the child was attending school than if they
were not in school, despite similar levels of symptoms. Conclusions:
Findings indicated that neither parental distress nor clinically significant
child symptomotology were predictive of PCP identification, but ADHD
symptoms and school age were associated with increased identification.
These findings are consistent with hypotheses that pediatricians PCPs
identify problems that they can treat within their practice setting.
Abstract # 21
The Effect of Caregiver Perceptions of Child Vulnerability on
Functioning and Health Care Utilization in Children With Chronic
Pain Syndromes, Mark Connelly1, Kelly Anthony2, Laura Schanberg2, Janet Wootton2, Shelia Rittgers2, Christopher Edwards2;
1
Children’s Mercy Hospital and Clinics, Overland Park, KS; 2Duke
University Medical Center, Durham, NC.
Purpose/Background: Burgeoning research has begun to uncover parent/
caregiver characteristics that adversely impact functional outcomes in
children and adolescents with chronic pain. Caregiver perception of child
vulnerability is a variable that has been found to significantly impact
functioning and healthcare utilization for children with chronic illness.
However, this variable has not yet been evaluated in pediatric chronic
pain syndromes despite clinical observations that poorer prognoses are
often associated with children whose parent perceives them as more
vulnerable relative to other children. Methods: Eighty-seven (87)
pediatric outpatients evaluated in an interdisciplinary pediatric pain clinic
and their caregivers provided data for this study. Children completed
measures of pain, functioning, and cutbacks in school and social
activities. Caregivers completed measures of psychosocial adjustment,
perceptions of child vulnerability, and healthcare utilization. All measures
were completed and returned prior to undergoing an evaluation at the
pediatric pain clinic. Results: Hierarchical regression analyses found that
caregiver perceptions of child vulnerability predicted child functioning as
well as healthcare utilization. Further, results of mediational regression
analyses suggested that increases in perceptions of child vulnerability
intercede the relationship between caregiver psychological adjustment and
the functioning of children with chronic pain. Caregivers with poorer
psychological adjustment perceived their children with chronic pain as
more vulnerable; this in turn predicted poorer child functioning perhaps
through a maintained focus on pain due to heightened caregiver vigilance.
Conclusions: Our data suggest that educating caregivers about the nature of
chronic pain and helping them empower the child to independently develop
and apply effective pain coping skills may improve child functioning and
reduce utilization of health care resources.
Abstract # 22
Withdrawn
Abstract # 23
Persistent Caregiver Stress and Children’s Asthma Morbidity,
Madeleine Shalowitz1,2, Carolyn A. Berry3; 1Evanston Northwestern
Healthcare, Evanston, IL; 2Northwestern University, Feinberg School
of Medicine, Chicago, IL; 3New York University, New York, NY.
Purpose/Background: Stress has been associated with asthma morbidity
in cross-sectional studies. Emerging information links stress in infancy
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and later asthma onset. Other work suggests that the cost of adaptation to
stress over time (allostatic load) can be related to morbidity. This analysis
from Social Factors and the Environment in Pediatric Asthma (SPARC,
1RO1 ES10908) assesses temporal precedence of caregiver life stress and
later child asthma morbidity. Further it assesses caregiver stress profiles
over time and their association with child asthma morbidity. Methods:
SPARC is a longitudinal study on health disparities in pediatric asthma.
Participants were initially drawn from an asthma survey effort in 15 low
income, racially and ethnically diverse Chicago public elementary schools.
The 321 caregivers in these analyses all had a child with diagnosed asthma
or respiratory symptoms consistent with possible asthma. They participated
in the baseline T1 telephone interview and the T2 home visit which were 6
months apart. 55% of the caregivers were Hispanic, 33% African-American
and 10% White. 65.5% completed the interview in English; the others
Spanish. Asthma morbidity at T1 at T2 was measured after validation of a
four level set of composites of symptoms and health services use (from very
mild to severe ) generated by cluster analysis. Life stress over the prior 6
months was measured at T1 and T2 with the CRISYS-R. Results: In these
low income (but not poor) neighborhoods, asthma morbidity at T2 was
associated with life stress at both T1 and T2. At least 20% of respondents
experienced these life stressors in the six months prior to T1: decreased
income, debt, unpaid utility bills, neighborhood violence, illness and death
of a family member. In the period between T1 and T2,among other
stressors, the frequency of concern about violence and neighborhood safety
rose to more than 30%. Using a median split of the CRISYS-R scores,
participants were further characterized as being high at T1 and T2 (hiYhi,
36%), low at T1 and T2 (loYlo, 38%), or loYhi (13%) or hiYlo (13%). The
hiYhi life caregiver stress profile was associated with higher child asthma
morbidity at T2 and loYlo was associated with lower morbidity. The
changing profiles were not significantly associated with asthma morbidity.
Conclusions: Current child asthma morbidity is associated with caregiver
life stress over 2 prior 6 month periods. Changing profiles, even if the high
stress is in the current period, do not show a consistent relationship to child
asthma morbidity. A highly stressed caregiver profile is reflected in higher
child asthma morbidity, consistent with the proposed influence of stress and
allostatic load. Health providers’ efforts to identify and address sources
of caregiver stress are likely to accrue to better health for their children
with asthma.

Abstract # 24
Children and Parents: How Do Their Ratings of Asthma Health
Compare? Lynn M. Olson, Linda Radecki, Mary Pat Frintner;
American Academy of Pediatrics, Elk Grove Village, IL.
Purpose/Background: In research and in patient care it is often not clear
whom to ask: parent or child? This report compares child and parent
reports of asthma health status, examining: a) level of agreement and b)
direction of differences. We explore reports by child age and physical
versus emotional health. Methods: Parents and children, in separate
interviews answered equivalent questions about activities and impact of
asthma in the past 2 weeks, including 5-point Likert scale items from
Children_s Health Survey for Asthma (CHSA). Scales were computed for:
a) physical symptoms and b) emotional impact of asthma. Scale scores
could range from 0Y100; higher scores = better health. Level of agreement
examined by % of parents and children who agreed on specific items and
weighted kappas. Direction of differences based on paired-sample t-tests
comparing parent-child mean scores. Results were examined by child
age groups: 7Y9, 10Y12, and 13Y16. Results: 414 parent-child pairs
completed the study. 59% of children were male; mean child age = 10.9
years (range = 7Y16 years); 46% African American. 42% of families
reported annual incomes G$30,000/year. 41% of children had ever been
hospitalized overnight for asthma. 53% currently had moderate/severe
asthma as rated by parents. Percent agreement between children and
parents on individual asthma-related items ranged from 69% to 93%,
while kappa scores ranged from .09 to .26. Overall, children rated their
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asthma physical health (eg, wheezing, sleep disturbance) worse than did
their parents (79.2 vs 84.4, p G .001); this pattern was the same in each
age group. There were distinct age differences for emotional health, with
teenagers (13Y16 years) rating their emotional health better than did their
parents (79.3 vs 69.1, p G .001). Conclusions: Child and parent reports
differ, with children rating their asthma physical health worse than did their
parents. The largest differences between parents and children were found
among adolescents, who reported less of an impact of asthma on emotional
health than did their parents. The findings underscore the importance of
assessing both child and parent reports about symptoms and impact of asthma
and other health conditions.

Abstract # 25
Informant Discrepancy in Cystic Fibrosis, Tracy L. Masterson1,3, Beth
G. Wildman3, Benjamin Newberry3, Gregory Omlor2; 1du Pont
Hospital for Children, Wilmington, DE; 2Children’s Hospital Medical
Center of Akron, Akron, OH; 3Kent State University, Kent, OH.
Purpose/Background: To evaluate whether informants differ in their
perception of disease severity, treatment adherence, and psychological
adjustment. Previous research suggests that there is a discrepancy between
informant (child, parent, and physician) report of psychosocial and diseaserelated parameters (e.g. psychological adjustment, treatment adherence,
and disease severity) (Abbott, Dodd & Webb, 1996; Connelly, Wagner,
Brown, Rittle, Clouse & Taylor, 2005; Overholser, Spirito & Difilippo,
2000). As outcome variables in pediatric populations have been shown to
vary as a function of the data source (Thompson & Gustafson, 1996), it is
important to assess the relationship between multiple informants in
pediatric populations (Connelly et al., 2005; Holmbeck, Li, Schurman,
Friedman, and Coakley, 2002). Methods: Participants were 45 children
with cystic fibrosis (CF) between the ages of 8 and 18 (and their
guardians). Information regarding disease severity, psychosocial adjustment, and treatment adherence were collected from children, parents, and
physicians during routine outpatient visits to the CF Clinic at the
Children_s Hospital Medical Center of Akron. Results: To determine
if there was a statistically significant difference between child, parent
and physician report of disease severity, treatment adherence, and
psychological adjustment, the Friedman_s statistic was employed. The
analyses revealed significant differences between informants for disease
severity (X2 = 8.015, p = .018) and psychological adjustment (X2 = 6.021,
p = .048), but not for treatment adherence. Next, the Wilcoxin_s T-test
was performed to compare perceptions of the aforementioned parameters between groups: (1) child versus parent, (2) child versus physician,
and (3)parent versus physician. Results demonstrated a significant difference between child versus physician report of disease severity (Z = j2.528,
p = .011), parent versus physician report of disease severity (Z = j2.179,
p = .029), child versus physician report of psychological adjustment
(Z = j2.151, p = .031), and parent versus physician report of psychological adjustment (Z = j3.047, p = .002). Conclusions: These results
support previous findings demonstrating discrepant reporting among
informants in pediatric populations. In this sample, physician perception
of disease severity and psychological adjustment were discrepant from
child and parent report. Specifically, children and parents were more
likely to view disease as more severe than physicians. As physician report
of disease severity is based on objective medical indicators, physicians
are likely to be more accurate than children or parents (Abbott, Dodd &
Webb, 1995), suggesting that children and parents in this sample are overestimating disease severity. Additionally, physicians tended to underestimate children_s levels of psychological distress compared with
children and parents. Taken together, study findings indicate that there
is a discrepancy between informants in this sample, with the most significant discordance between physicians and other informants. While there
appears to be agreement between informants on report of child treatment
adherence, physicians have a tendency to report less severe disease and

Copyr ight © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

Abstracts
psychosocial distress than children and parents. Findings indicate good
overall agreement between child and parent report.

Abstract # 26
Parental Distress, Family Functioning, and Social Support in Families
With and Without a Child With Neuroﬁbromatosis, Jennifer ReiterPurtill1, Elizabeth K. Schorry2, Anne M. Lovell2, Kathryn Vannatta3,
Cynthia A. Gerhardt3, Robert B. Noll1; 1Children’s Hospital of
Pittsburgh - Pediatrics, Pittsburgh, PA; 2Cincinnati Children’s Hospital Medical Center, Cincinnati, OH; 3The Ohio State University Pediatrics, Columbus, OH.
Purpose/Background: Neurofibromatosis 1 (NF1), an autosomal dominant genetic disorder, affects 80,000Y100,000 individuals in the US.
Expression of the disorder can vary from minimal impact to significant
impairment, including orthopedic problems, cosmetic disfigurement,
seizures, optic gliomas, and cognitive difficulties. NF1 in children, like
other pediatric chronic conditions, has the potential to adversely affect the
psychosocial adjustment of parents and the family. Concern about the
child’s well-being and the challenges associated with meeting medical
needs can put strain on the social, emotional, and financial resources of a
family. The purpose of the current study was to compare parental distress,
social support, and family functioning between families of children with
NF1 and demographically similar comparison families of children without
a chronic illness. In addition, the impact of disease severity was examined.
Methods: Medical records were used to identify every child with NF1
between the ages of 7Y15 years who received care at a large, children’s
hospital in the Midwest. Children in full time special education were
excluded. Fifty-four of the 65 eligible children identified with NF1 agreed
to participate in the current study. Potential comparison children were
identified from the classroom of each child with NF1. The family of the
child who was the same gender and race and whose birthday was closest
to that of the child with NF1 was contacted first. If they declined
participation, the family of the child whose birthday was next closest was
called. Eighty-five percent of these families were first choice comparisons
(COMP). All COMP families were screened to ensure that none had a
child with a severe chronic illness. Questionnaires (Demographics; SCL90-R; Family Environment Scale; Norbeck Social Support Inventory;
About Your Child_s Eating-Revised) were completed in the home by the
parents of the children with NF1 (54 mothers and 42 fathers) and the
parents of comparison children (49 mothers and 32 fathers). A clinical
geneticist independently rated children with NF1 on general disease,
cosmetic, and neurological severity. Results: Few significant between
group differences were identified for mother and father reports of mean
levels of parental distress, social support, family environment, or
mealtime climate. However, according to mothers of children with NF1,
greater neurologic severity of their child_s disease was associated with
greater distress (r = 0.34, p G .05), more family conflict (r = 0.44, p G .01),
less family support (r = j0.35, p G .05), less positive mealtime interactions (r = j0.50, p G .001), and less perceived social support (r = j0.34,
p G .05). Conclusions: Overall, parents of children with NF1 report
similar levels of distress, family functioning, mealtime climate, and social
support as demographically similar families of children without a chronic
illness. Mothers who have children with more severe neurologic disease
may be at risk for greater distress, less social support, and poorer family
relationships. Future work utilizing empirically supported interventions to
alleviate distress among mothers of children with NF1 seems appropriate.
One area that might be targeted by interventions is social support, since
these mothers perceived less support and support may mediate the link
between NF1 in the child and maternal distress.

Abstract # 27
Withdrawn
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Abstract # 28
The Relationship Parent-Reported Social Support Conﬂict, Discrepancy in Decision-Making Autonomy and Adolescent Adherence to
Medical Treatment in Families of Adolescents With Type 1 Diabetes,
Amy Lewandowski1, Dennis Drotar1,2; 1Case Western Reserve University, Cleveland, OH; 2Division of Behavioral Pediatrics and
Psychology, Rainbow Babies and Children’s Hospital, Cleveland, OH.
Purpose/Background: The current study used a comprehensive model that
integrated diabetes social support theory, Belsky_s (1984) model of spousal
support, and Holmbeck_s (1996) model of discrepancy in decision-making
autonomy (DDMA) to examine the role of the social support systems for
parents of adolescents with IDDM. The study investigated the relationships
between both parent-reported spousal support and social network support,
and parent-adolescent diabetes-related conflict, discrepancies in decisionmaking autonomy (DDMA), and adolescent adherence to diabetes treatment.
Methods: Fifty-one mothers of adolescents with IDDM completed selfreport measures of social support, diabetes-related conflict, and adolescent
autonomy for diabetes care. Analyses tested the role of conflict and DDMA
as mediators between parent-reported social support systems and adolescent
adherence to treatment. Results: Findings from the current study indicated
that higher levels of parent-adolescent diabetes-related conflict were
associated with poorer adolescent adherence to treatment (R squared
change = .17, p G .05). Parent-reported spousal support was significantly
related to both parent-adolescent conflict (R squared change = .21, p G .01)
and adolescent adherence to treatment (R squared change = .34, p G .01) (as
measured by nurse report), with lower levels of support associated with
increased conflict and worse treatment adherence. Sobel_s test was
conducted to approximate the significance of the indirect effect. Sobel_s
test approached significance ( p G .07), indicating a statistical trend toward
mediation. However, because Sobel_s test did not reach p G .05, the
hypothesis that diabetes-related conflict mediated the relationship between
mother-reported spousal support and adolescent treatment adherence was
not supported. Contrary to the hypotheses, DDMA were not predictive of
parent-adolescent conflict and DDMA did not emerge as a mediator
between parent-reported social support and adherence. Conclusions: The
findings of this study highlight the important role of spousal support for
parents of adolescents with IDDM. Results indicate that spousal support not
only impacts parents_ interactions with their adolescents, but that the level
of spousal support mothers receive can play a role in the health care
behaviors of their adolescents. The role of parent-reported social support in
adolescent adherence to treatment is an important area for future
intervention research, and future studies should examine the specific
mechanisms of spousal support that parents report as being most helpful
in caring for their children and adolescents with IDDM. The findings also
suggests that treatment teams should consider taking an inventory of
parents_ spousal and social network support systems, to give clinicians an
index of the total support a family is receiving and to indicate situations in
which necessary social support may be lacking. Conducting these assessments early in the treatment process can help to identify problematic
patterns of social support so that relevant interventions can be instituted.
Abstract # 29
Parent-Teacher Concordance Regarding Psycho-Educational Needs of
Pediatric Cancer Survivors, Samantha E. Huestis1, Lisa Y. Ramirez1,
Catherine C. Peterson2; 1Case Western Reserve University, Cleveland,
OH; 2Rainbow Babies and Children’s Hospital, Cleveland, OH.
Purpose/Background: Survivors of childhood cancer are at risk for neurodevelopmental (ND) late effects, which may result in academic, social, and
emotional impairment. Screening survivors for potential impairment is
important to ensure optimal psychological adjustment post-illness. As
survivors re-integrate into their schools, teacher collaboration with
the child_s family and treatment team becomes increasingly important.
The purpose of this project was two-fold: first, to examine concordance
between parent and teacher reports on the Hematology-Oncology
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Psycho-Educational (HOPE) Needs Assessment questionnaire for identifying ND late effects among cancer survivors; and second, to compare
HOPE items to domains of psychological functioning assessed by the
Behavioral Assessment System for Children (BASC). Methods: Study
participants were the parents and teachers of 43 childhood cancer
survivors ages 7 to 17 years recruited from an oncology clinic at a large
children_s hospital. Participants were mailed questionnaires upon consent.
Pearson chi-squares and independent samples t-tests were calculated to
determine rates of concordance and agreement between raters and
measures. Results: Due to the potential for spurious findings, only
significance values of G.01 are reported. Pearson chi-squares revealed
significant concordance between informants_ HOPE results regarding
changes in attention or memory; history of special school services or an
Individual Education Plan; teacher concerns about the child_s behavior;
and history of detentions or suspensions. Independent samples t-tests
indicated that parents who reported academic performance concerns on
the HOPE endorsed significantly more attention problems on the BASC.
Similarly, parents who reported difficulties or changes in their child_s
ability to pay attention reported more attention problems on the BASC.
Parents who reported HOPE teacher concerns about behavior endorsed
higher BASC levels of aggression, attention problems, and hyperactivity.
Parents concerned about their child_s home behaviors indicated more
conduct problems on the BASC. Parents who reported social difficulties
on the HOPE noted more withdrawn behaviors on the BASC. Those
concerned about their child_s frustration tolerance endorsed higher levels
of child withdrawal and depression. Finally, parents who endorsed
somatic symptoms on the HOPE reported higher BASC somatization
scores. Teachers concerned with the child_s education on the HOPE
endorsed lower study skills and more learning problems on the BASC.
Those concerned with school behaviors also reported more aggression and
conduct problems. Further, teacher concerns about attention indicated
greater learning problems. Finally, teachers concerned with the child_s
friendships reported lower social skills. Conclusions: The HOPE is a
clinically valuable screening tool for psycho-educational needs in cancer
survivors at risk for ND late effects when validated against BASCreported psychological functioning. Further, the present findings indicate
good parent-teacher agreement on the HOPE, suggesting it is reliable in
terms of multi-informant concordance. Future research with larger
samples should emphasize both multi-informant and multi-measure
concordance (e.g., neuropsychological measures) for identification of,
and subsequent interventions for, those at-risk for ND late effects.
Abstract # 30
Longitudinal Study of the Relationship Between Illness Uncertainty
and Anxiety Symptoms Among Children With Sickle Cell Disease,
Ahna L. Pai1, Lisa L. Ferguson2, Sophie Foster-Fink3, Dennis
Drotar3; 1Division of Oncology, Children_s Hospital of Philadelphia,
Philadelphia, PA; 2Department of Psychology, Cleveland State
University, Cleveland, OH; and 3Tufts University, Medford, MA;
4
Case Western Reserve University School of Medicine and Rainbow
Babies and Children’s Hospital, Cleveland, OH.
Purpose/Background: The purpose of the current study is two fold: 1) to
examine the longitudinal relationship of caregiver uncertainty about their
child_s illness to child reported anxiety, and 2) to examine the longitudinal
relationship of child reported uncertainty to self-reported anxiety among
children with sickle cell disease (SCD). Methods: Participants. Children
with SCD (N = 27) ages 8Y18 and their primary caregivers were recruited
from an outpatient clinic at a Midwestern children_s hospital. Sixty-three
percent of the children were male, all participants identified themselves as
African-American and 48% of the sample had a household income of less
than $19,999. Measures. Caregivers completed a demographic questionnaire and the Parent Perception of Uncertainty Scale (Mishel, 1983).
Children over the age of eight years completed the Children_s Uncertainty
in Illness Scale (Mullins & Hartman, 1995) and the Behavior Assessment
System for Children (BASC; Reynolds & Kamphaus, 1992). The anxiety
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subscale of the BASC was used to assess anxiety symptoms. Chart reviews
were conducted to calculate the number of hospitalizations in the past year.
Procedure. Questionnaire packets containing consent/assent forms, and
measures were sent to the participants via post. Participants completed
measures at baseline and at a 6 month follow-up. Participants received a gift
certificate for packet completion. Results: Caregiver and child reports were
examined separately. Only baseline data is reported here. Child uncertainty
was significantly associated to anxiety symptoms (r = .52, p = .003) but
parent uncertainty was not (r = .12, p = .27). Hierarchical regression
analyses revealed that child uncertainty accounted for a significant
proportion of variance in child anxiety after accounting for age, gender,
and number of hospitalizations (R2ch = .17, p = .03). Six-month data
collection was just completed and will be reported. Longitudinal analyses
will examine if baseline parent and child illness uncertainty account for a
significant proportion of variance in child anxiety symptoms at a 6-month
follow-up after controlling for demographic and disease parameters as well as
baseline anxiety. Conclusions: This preliminary study examined the
relationship uncertainty to anxiety among children with SCD. Consistent
with previous studies child reported uncertainty accounted for a significant
proportion of anxiety symptoms. However, findings revealed that caregiver
reported uncertainty did not predict child anxiety. Baseline findings suggest
that illness uncertainty may be a modifiable cognitive mechanism contributing to increased anxiety among children with SCD. Strengths and limitations
of the study will be discussed.

Abstract # 31
Does Parental Consent Bias Adolescent Substance Use Research? Neal
L. Rojas1,2, Lon Sherrit1,2, Knight R. John1,2; 1Children’s Hospital
Boston, Boston, MA; 2Harvard Medical School, Boston, MA.
Purpose/Background: Few studies have assessed the effect of parental
consent on study participation rates and sample characteristics among
adolescents. It is unknown how requiring parental consent might bias a
study sample in demographic characteristics and substance use severity.
The purpose of this study is to assess the potential effects of requiring
parental consent on study participation and sample characteristics.
Methods: This retrospective study is a secondary analysis of data
collected in two non-contemporaneous studies that included 14 to 18year-old patients at the Adolescent/Young Adult Medical Practice at
Children_s Hospital Boston (AYAMP). We extracted study recruitment
logs to obtain information on participation and refusal rates for both
studies. We created a combined database comprised of all Study 1
participants (N = 538), and Study 2 participants (N = 168) who were in
the 14 to 18-year-old age range (we excluded 12 and 13-year-olds) and
who were recruited at the AYAMP site (we also excluded the other two
study sites). The combined dataset included variables common to both
individual datasets, including demographic characteristics, and CRAFFT
substance abuse screening test responses. An ordinal regression model
was then entered to predict CRAFFT score using the following variables:
Age, gender, ethnicity (white, Black, Hispanic, Asian, and other), and
Study membership. We also computed CRAFFT screen-positive rates for
both studies, and adjusted Study 2 rates for differences in demographic
characteristics. Results: 538 of 670 (80.3%) eligible patients agreed
to participate in Study 1, compared to 168 of 413 (40.7%) of eligible
participants in Study 2, for a near two-fold difference in study participation ( p = G .0001). Study 1 recruited significantly more white
participants than study 2 (50.6% vs. 16.7% p G .0001). Study 2 status
predicted CRAFFT scores that were significantly lower ( p G .03) in a regression model that controlled for age, gender, and ethnicity. Conclusions:
This study suggests that parental consent may significantly and negatively
affect study participation in adolescent health risk behavior research and
that it may result in substantial self-selection bias. A greater proportion of
higher-risk, white adolescent participants enrolled in the study that
waived parental consent. Further studies should assess the mechanisms
of parental consent bias across different cultures and risk behaviors.
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Abstract # 32
Patients With Spina Biﬁda Frequently Identiﬁed With Inattentive
Behaviors, Scott W. Stuart1, Michelle M. Macias1, Conway F. Saylor2;
1
Medical University of South Carolina, Charleston, SC; 2The Citadel,
Charleston, SC.
Purpose/Background: Spina bifida (SB) is a disorder that is associated with
hydrocephalus, in which the vast majority will require placement of a
ventriculoperitoneal shunt. This stretching and thinning of the cortex leads to
a series of neurologic insults that can lead to several other medical and
neurocognitive co-morbidities. Clinicians who provide care to the youth with
SB population note a high prevalence of attention problems. What few
reports that have been published demonstrate that the prevelance of Attention
Deficit Hyperactivity Disorder (ADHD) in the SB population is 31Y39.2%. If
there is a marked increase of inattention in this population, it becomes a high
priority to screen and provide appropriate interventions to prevent secondary
impairment. We hypothesized that spina bifida has an increased prevalence
of attention problems relative to the general population. Methods:
Prospective cross-sectional descriptive study design that received approval in advance by the IRB. The objective was to assess the frequency of
inattentive behaviors in a statewide sample of youth with SB as identified
by parent completed Childhood Behavior Checklist (CBCL). Patients
were enrolled into a CDC funded South Carolina state wide project
designed to assess behavioral and learning profiles, and social support in
youths with SB and their families. Study population consisted of 79
youths with SB ages 6Y17 years old with 46.8% male and 53.2% female.
Parents completed standardized questionnaires about learning, behavior,
attention and social skills in these youth. Data were extracted from the
parent CBCL to assess the frequency and severity of inattention behaviors
and analyzed utilizing SPSS version 12. T-scores of 61Y66 or 1 SD above
the mean were considered borderline clinically significant for attention
problems. T-scores 967 or 2 SD above the mean were considered
clinically significant for attention problems. Results: In this descriptive
analysis, 79 study participants had parents who completed the attention
problems sub-scales in the CBCL. In regards to level to spinal defect, 35.4%
were at the sacral level, 38% were at the L4YL5 level, and 26.6% were at the
L3 to thoracic level. Twenty five subjects (31.6%) had attention problems tscores that were concerning. Further delineation demonstrates 17.7% were
one SD above the mean and 13.9% were 2 SD above the mean. Conclusions:
In these data, 31.6% of youths with SB had behaviors indicative of attention
problems. This is consistent with previously published results and supports
that patients with SB have inattentive problems greater than that observed in
the general population. Given these results, routine screening, identification
and treatment of attention problems / ADHD in youth with SB is indicated
to prevent secondary impairment. Further research specifically evaluating
ADHD symptoms in this population is warranted.

Abstract # 33
Prevalence of ADHD in Girls with Turner Syndrome, Carol Forssell1,
Nancy E. Lanphear1, Cynthia Molloy2, Amy Newmeyer1, Philippe
Backeljauw3; 1Cincinnati Children’s Hospital Medical Center - Division
of Developmental; and Behavioral Pediatrics - University of Cincinnati
College of Medicine, Cincinnati, OH; 2Cincinnati Children’s Hospital
Medical Center - Center of Epidemiology and Biostatics - University of
Cincinnati College of Medicine, Cincinnati, OH; 3Cincinnati Children’s
Hospital Medical Center - Division of Endocrinology - University of
Cincinnati College of Medicine, Cincinnati, OH.
Purpose/Background: Turner syndrome (TS) is a genetic condition of girls,
clinically characterized by short stature, ovarian dysgenesis and other
multiple anomalies. Overall IQ in most girls with TS is in the normal range.
Learning disability is reported to occur in 55% of girls with TS, compared to
26% of mixed gender controls. The estimated prevalence of Attention Deficit/
Hyperactivity Disorder (ADHD) in the general population is 3Y12%, with a
female:male ratio of 1:3. In one unpublished study, 24.4% of the girls with TS
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met DSM-IV criteria for ADHD. In another study using DSM-III criteria and
only parent report, an increased prevalence of ADHD was also found.
Objective: To determine the prevalence of ADHD in a cohort of girls with TS
utilizing the Vanderbilt Assessment Scale - Parent Informant (VASPI) and
the Vanderbilt Assessment Scale - Teacher Informant (VASTI) forms.
Methods: Girls with TS 5Y18 years followed in the TS Clinic at our
institution were approached for participation in this study. The parent(s)
completed the VASPI. The girls_ teachers were asked to complete the
VASTI. Medical records were reviewed and parents were interviewed to
elicit known risk factors of ADHD using a questionnaire designed for this
study. If scores on either the VASTI or VASPI were positive for symptoms
suggesting the diagnosis of ADHD, further cognitive and language evaluations were performed. A test of single proportion (! = 0.05) was used to
determine if the observed proportion of girls in the study cohort differed
significantly from the 4% reported for the general population of girls.
Results: Of 37 families approached about the study, 32 agreed to participate
and 24 have completed data collection. Mean subject age = 11.5 yrs (SD =
3.5 yrs). Four girls were classified as having ADHD by both the VASPI &
VASTI. In this cohort of girls with TS, the prevalence of ADHD = 0.16 is
significantly greater than the proportion of girls with ADHD in the general
population ( p = .002). In addition, 1 girl was positive on the VASTI alone,
while 3 girls were positive on the VASPI alone. Conclusions: Our
preliminary data suggest an increased prevalence of ADHD in girls with
TS. Because of this, we recommend all girls with TS should be screened for
ADHD by their medical care providers as part of routine health
maintenance. This can be done easily using the VASPI and VASTI.

Abstract # 34
Written Language Learning Disorder: Incidence in a Population-Based
Birth Cohort, 1976Y1982, Rochester, Minnesota, Slavica K. Katusic1,
William J. Barbaresi2, Robert C. Colligan3, Stephanie M. Bagniewski4,
Amy L. Weaver4; 1Division of Epidemiology, Mayo Clinic College of
Medicine, Rochester, MN; 2Division of Developmental & Behavioral
Medicine, Mayo Clinic College of Medicine, Rochester, MN; 3Department of Psychiatry and Psychology, Mayo Clinic College of Medicine,
Rochester, MN; 4Division of Biostatistics, Mayo Clinic College of
Medicine, Rochester, MN.
Purpose/Background: There is little information regarding the incidence
of written language learning disorder (WLD). Most estimates are based on
medical or school referred samples, potentially limiting their utility in
understanding the etiology, natural history and societal impact of WLD.
Objective: To determine the cumulative incidence of WLD in a welldefined, population-based birth cohort based on three definitions of WLD
and information from all existing evaluation and remediation resources
for children in Rochester, Minnesota. Methods: Subjects included all
children born 1976Y1982 in Rochester, Minnesota who remained in town
after age 5 (N = 5718). Records from all public and private schools in
District 535, all sources of medical care (Mayo Clinic and Olmsted
Medical Center), and the Reading Center/Dyslexia Institute of Minnesota
(the only local private tutoring agency) were reviewed in detail for every
child in the birth cohort. All individually administered IQ and achievement tests were abstracted. Three formulas (regression-based discrepancy
formula, a non-regression-based discrepancy formula, and one based on
low achievement) were used to determine WLD. Cumulative incidence
rates of WLD were estimated using the Kaplan-Meier method. Associations between gender and time to WLD were evaluated using Cox models.
Results: Cumulative incidence rates of WLD by age 19 varied from 6.9%
to 14.7% according to the formula (Table). Within each formula, males
were more likely to be identified as having WLD than females, with
relative risks ranging from 2.0 to 2.9. The mean age at diagnosis was
around 9.5 years. Conclusions: This report offers important information
on incidence rates of WLD. These data, from a community-based birth
cohort, suggest that WLD is common among school children and more
common among boys than girls, regardless of definition. Absolute rates,
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however, vary by definition. WLD is a common LD which deserves the
attention of clinicians and researchers.

Regression
Formula

Variables
Number of cases
Cumulative incidence
95% confidence interval
Relative risk (M:F)
95% confidence interval

333
6.9%
6.2Y7.7
2.9
2.3Y3.7

Discrepancy
Formula
511
10.4%
9.7Y11.3
2.5
2.1Y3.0

Low
Achievement
Formula
704
14.7%
13.6Y15.7
2.0
1.7Y2.3

Abstract # 35
The Co-Morbidity of Math Learning Disorder (Math LD) and
Attention-Deﬁcit/Hyperactivity Disorder (AD/HD): Results from a
Population-Based Birth Cohort Study, William Barbaresi, Slavica K.
Katusic, Robert C. Colligan, Stephanie M. Bagniewski, Amy L.
Weaver; Mayo Clinic College of Medicine, Rochester, MN.
Purpose/Background: Previous research indicates that children with
learning disorder (LD) are at increased risk for co-morbid AD/HD.
Population-based information about the co-morbid occurrence of AD/HD
in children with Math LD is limited. The objective os this study is to
determine the occurrence of co-morbid AD/HD among children with
Math LD in a population-based birth cohort. Methods: Subjects included
all children from a 1976Y1982 birth cohort who remained in the
community after age 5 years (N = 5,718). Records from all public and
private schools in the community, all sources of medical care, and the
only private tutoring center were reviewed in detail for every subject.
All individually administered IQ and achievement tests were abstracted.
Math LD case status was determined by three formulas (regressionbased discrepancy YRFM, non-regression based discrepancyYDS, and
low achievement YLA). Research identified AD/HD cases (n = 379)
were defined by a model combining three categories of information
(DSM-IV criteria, ADHD-specific questionnaire results, and clinical
diagnoses). Results: Children with Math LD by any of the three
formulas were 11.8 times more likely to have AD/HD than children
without Math LD, after adjusting for gender (odds ratio = 11.8; 95% CI
= 9.5Y14.8; p G .001). Specifically, among the 791 Math LD cases, 228
(28.8%) had AD/HD, whereas among the 4908 children without Math
LD, just 151 (3.1%) had AD/HD. Girls with Math LD were 18.3 times
more likely to have research-identified AD/HD than girls who did not
have Math LD (95% CI = 11.8Y28.4; p G .001), while boys with Math LD
were 10.0 times more likely to have AD/HD than boys without Math LD
(95% CI = 7.7Y13.1; p G .001). Results were similar for each of the three
Math LD definitions (RFM, DS and LA). Conclusions: These results
from a population-based birth cohort demonstrate that AD/HD is
significantly more common among children with Math LD, regardless
of how Math LD is defined. When caring for a child with Math LD,
clinicians should routinely assess for co-morbid AD/HD.

Abstract # 36
Functional Impairment in Preschool Children With ADHD-Combined
Subtype vs. ADHD-Hyperactive/Impulsive Subtype: Is There a Difference? Catherine Riley1, George DuPaul2, Nathan Blum1, Mary
Pipan1, Lee Kern2, John Van Brakle3; 1The Children’s Hospital of
Philadelphia, Philadelphia, PA; 2Lehigh University, Bethlehem, PA;
3
Lehigh Valley Hospital, Allentown, PA.

Purpose/Background: Attention-deficit/hyperactivity disorder (ADHD)
occurs in 2Y5% of preschool children. Prior study in preschool children
shows that most preschool children are diagnosed with either the
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combined or hyperactive-impulsive subtype and both are associated with
functional impairment. However, little research has been done looking for
differences in functional impairment between these subtypes. The purpose
of this study is to evaluate whether preschool children with HyperactiveImpulsive ADHD (ADHD-HI) and Combined ADHD (ADHD-C) have
different levels of functional impairment in four domains: Externalizing
symptoms, Internalizing symptoms, Social skills, and Academic functioning. Methods: Subjects are 102 children 3 to 5 years of age, meeting
DSM-IV criteria for ADHD (71 combined and 31 hyperactive-impulsive
subtype) based on a structured diagnostic interview and parent/teacher
ratings. Subjects were recruited from pediatric practices, preschools and
community daycare programs and enrolled in an ongoing behavioral
intervention study. Exclusion criteria included mental retardation, autism,
conduct disorder or motor impairment. Children with ADHD-C vs.
ADHD-HI were compared across two measures for each functional
domain of interest. Externalizing and Internalizing behavior were
assessed using ratings on the Conners’ Rating Scales-Revised: Long
Form (CRSR-P for Parent ratings and CRSR-T for Teacher ratings).
Social skills were evaluated using parent and teacher ratings on the Social
Skills Rating System (SSRS) (K-6 version). Pre-academic functioning
was assessed using the Dynamic Indicators of Basic Early Literacy Skills
(DIBELS) and the Woodcock-Johnson Psycho-Educational Batteryrevised (WJ-R). Direct observation was completed in the preschool
setting to assess off task and disruptive behavior. The Abikoff Structured
School Observation Code was used during structured classroom time and
a modified version of the Early Screening Profile (ESP) was used to
observe classroom behavior during free play. Results: There were no
significant differences reported by either teachers or parents on the
Conners’ Rating Scales (see Table). No statistically significant differences were found between the groups when examining off task and/or
disruptive behavior during structured and free play observations at
school (data not shown). Parents rated the ADHD-HI group as having
slightly better social skills, whereas there was a trend toward teachers
rating the ADHD-C group as having better social skills (see Table). No
differences between the subtypes were found for pre-academic functioning on the Woodcock-Johnson or the DIBELS (see Table). Conclusions:
Across the 4 areas of functioning assessed in this study, preschool
children with ADHD-HI type and those with ADHD-C type demonstrated similar levels of functioning. This study suggests that preschool
children with ADHD Hyperactive-Impulsive type have as much need
for intervention as those with ADHD Combined type.

Measure
CRSR-P Oppositional T Score
CRSR-T Oppositional T Score
CRSR-P Anxious T Score
CRSR-T Anxious T Score
SSRS-P Social Skills Raw Score
SSRS-T Social Skills Raw Score
DIBELS Initial Sound Fluency
Raw Score
W-J III Applied Problems
Standard Score

ADHD-C (S.D.) ADHD-HI (S.D.) p Value
66.7 (13.5)
70.9 (15.6)
53.5 (11.1)
59.2 (11.6)
37.5 (9.0)
25.8 (8.0)

65.7
75.5
53.2
58.5
41.5
22.7

(11.7)
(14.7)
(9.7)
(12.2)
(8.1)
(8.7)

0.73
0.17
0.90
0.77
0.047
0.08

4.2 (4.6)

4.1 (4.0)

0.86

99 (14)

104 (16)

0.15

Abstract # 37
Efﬁcacy and Safety of Extended-Release Dexmethylphenidate in
Children With ADHD: A 12-Hour Placebo-Controlled Laboratory
Classroom Study, Raul R. Silva1, Rafael Muniz2, Linda Pestreich2,
James Wang2, Frank A. Lopez3; 1New York University School of
Medicine, New York, NY; 2Novartis Pharmaceuticals Corporation,
East Hanover, NJ; 3Children’s Development Center, Maitland, FL.
Purpose/Background: The objective of this study is to examine the
efficacy of extended-release dexmethylphenidate (d-MPH-ER) in children
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aged 6Y12 years with attention-deficit/hyperactivity disorder (ADHD)
over a 12-hour period. Methods: Data from two multicenter, placebocontrolled, randomized, crossover studies were pooled for a post-hoc
analysis. Children aged 6Y12 years old who had been stabilized on dMPH (20 mg/day) or MPH (20Y40 mg/day) for at least one month before
the study were randomized to receive d-MPH-ER 20 mg/day or placebo
for 7 days, followed by the alternate treatment for 7 days. The final dose
of each treatment period was administered in a laboratory classroom setting
where trained, blinded raters assessed participants. Efficacy variables
included change from pre-dose to post-dose time points in Swanson,
Kotkin, Agler, M-Flynn, and Pelham (SKAMP) Combined, Deportment,
and Attention subscale scores, number of Math questions attempted (MathAttempted) and number of Math questions answered correctly (MathCorrect). Predose SKAMP scores were compared with scores obtained
from 0.5 to 6 hours (SKAMP AUC0Y6) and 6 to 12 hours post-dose
(SKAMP AUC6Y12) after the final dose on Day 7 of each treatment
sequence. An Analysis of Covariance (ANCOVA) model was used to
assess comparative efficacy between groups at each time period. Results:
A total of 122 children participated in the two studies and 121 had
evaluable data. D-MPH-ER provided a significant improvement in ADHD
symptoms 0.5 hours post-dose compared with placebo (SKAMP Combined score change from pre-dose j2.20 vs 3.49, respectively; p = .001).
Greater improvements in ADHD symptoms with d-MPH-ER compared
with placebo were noted during the first 6 hours post-dose and the second
6 hours post-dose (SKAMP Combined score AUC0Y6 change from predose d-MPH-ER: j63.44; placebo: 34.63, and SKAMP AUC6Y12 d-MPHER: j50.80; placebo: 48.35, respectively). The superiority of d-MPH-ER
versus placebo at all time points was also shown in the SKAMP deportment ( p G .05 change from baseline), and attention subscores ( p G .05),
and Math-Attempted score ( p G .001), and Math-Correct score ( p G .001).
The most frequent adverse events in the d-MPH-ER group (occurring in
93% of patients) were decreased appetite and anorexia. No patients
receiving d-MPH-ER discontinued treatment due to adverse events.
Conclusions: This post-hoc analysis from two randomized, placebocontrolled, multicenter studies showed that in school-age children, dMPH-ER (20 mg/day) provided effective control of ADHD symptoms
over a 12-hour period in a classroom laboratory setting. Clinically, this
suggests that once-daily administration of d-MPH-ER to children with
ADHD provides effective improvement in behavior as early as 0.5 hours
after dosing, throughout the school day and into the early evening.

Abstract # 38
Response to Extended-Release Dexmethylphenidate in Ethnically
Diverse Children With ADHD: A 12-Hour Placebo-Controlled Laboratory Classroom Study, Frank A. Lopez1, Rafael Muniz2, Linda
Pestreich2, James Wang2, Raul Silva3; 1Children’s Development Center,
Maitland, FL; 2Novartis Pharmaceuticals Corporation, East Hanover,
NJ; 3New York University School of Medicine, New York, NY.
Purpose/Background: It has been suggested that ADHD symptoms vary
by race and ethnicity. This post-hoc analysis examined the efficacy of
extended-release dexmethylphenidate (d-MPH-ER) in the treatment of
attention-deficit/hyperactivity disorder (ADHD) in children with diverse
racial and ethnic backgrounds. Methods: Data from two multicenter,
double-blind, randomized, crossover studies conducted in children aged
6Y12 years who met DSM-IV criteria for ADHD were pooled and
stratified according to BWhite[, BBlack[, and BHispanic/Other[ racial and
ethnic groups. Children stabilized on MPH (20Y40 mg/day) or d-MPH (20
mg/day) for at least 1 month prior to entry to the studies were randomized
to receive d-MPH-ER 20 mg/day or placebo for 7 days before switching
to the alternate treatment for 7 days. The final dose of each treatment was
administered in a laboratory classroom setting where trained, blinded
raters assessed participants over 12 hours. Efficacy measures included
change from pre-dose to various timepoints post-dose (0.5 to 12 hours) on
the Swanson, Kotkin, Agler, M-Flynn, and Pelham scale (SKAMP
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Combined score, Deportment and Attention subscale scores) and written
Math tests (questions attempted and number correct). Pre-dose SKAMP
scores were compared with scores obtained from 0.5 to 6 hours (SKAMP
AUC0Y6) and 6 to 12 hours (SKAMP AUC6Y12) post-dose on Day 7 of
each treatment sequence. Results: 122 children participated and 121 had
evaluable data. Demographic characteristics between the two studies were
similar. Sixty-eight (55.7%) children were BWhite[, 22 (18%) BBlack[,
and 32 (26.2%) BHispanic/Other[. Significant (all p G .01) improvements
in change from pre-dose in SKAMP Combined and subscale scores
throughout the 12 hours post-dose were noted with d-MPH-ER compared
with placebo for the complete study group and each ethnic group. A
greater decline in SKAMP scores occurred during placebo treatment for
the BHispanic/Other[ group than other ethnic groups; this trend was most
pronounced in the morning and early afternoon (combined score AUC0Y4:
Hispanic/other 25.4; black 19.6; white 21.2; AUC4Y8: Hispanic/other 43.0;
black 36.4; white 39.6). The numbers of Math questions attempted and
answered correctly were greater for all ethnic groups with d-MPH-ER
than placebo at all timepoints ( p G .001); black patients demonstrated
greater improvements than other groups (Math attempted change from
pre-dose at 4 hours post-dose: Hispanic/other 60.3; black 86.4; white 49.3.
Math correct: Hispanic/other 58.0; black 75.0; white 48.3). Conclusions:
The results of this post-hoc analysis suggest that there may be subtle
differences in how different racial or ethnic groups respond to ADHD
treatment. The deterioration in symptoms across the day may be greater in
some ethnic groups when their ADHD medication is missed. Once-daily
d-MPH-ER 20 mg can provide relief from ADHD symptoms for children
from different racial and ethnic backgrounds.

Abstract # 39
Behavioral Effects of Methylphenidate Transdermal System in
Children With ADHD, Frank A. Lopez1, Tarra Shingler2, Kristen
Heinlein2; 1Children’s Development Center, Maitland, FL; 2Shire,
Wayne, PA.
Purpose/Background: This study was conducted to assess the efficacy
and safety of a methylphenidate transdermal system (MTS) versus a
placebo transdermal system (PTS) in a laboratory classroom setting.
Methods: This was a randomized, double-blind, placebo controlled,
laboratory classroom, cross-over study. Children aged 6Y12 (mean age 9.1
years) diagnosed with attention-deficit/hyperactivity disorder (ADHD) by
DSM-IV-TR criteria were enrolled. The primary behavioral outcome
measure used in the classroom was the Swanson, Kotkin, Agler, M-Flynn
and Pelham Rating Scale deportment (SKAMP-D) subscale. Additional
efficacy measures included Permanent Product Measure of Performance
(PERMP) age-adjusted math test scores. Results: Mean SKAMP-D scores
for the MTS group were significantly better than for the placebo group [3.2
(T3.64) vs. 8.0 (T6.33), respectively; p G .0001]. A significant increase in
number of completed and attempted math problems in the PERMP was
also seen in the MTS group versus baseline (pre-dose) (Shire, Wayne, PA
G .001). Conclusions: Compared with placebo, treatment with MTS
resulted in statistically significant improvements in all efficacy measures
analyzed. MTS was generally well tolerated and there were no serious
adverse events reported. These data suggest that MTS may be an
efficacious alternative for the treatment of ADHD in children.

Abstract # 40
The Effects of Transdermal Methylphenidate With Reference to
OROS Methylphenidate in ADHD Frank A. LFpez1, Tarra Shingler2,
Kristen Heinlein2; 1Children’s Development Center, Maitland, FL;
2
Shire, Wayne, PA.
Purpose/Background: To evaluate the efficacy and safety of methylphenidate transdermal system (MTS) compared to placebo with reference
to OROS methylphenidate in children with ADHD in a naturalistic
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community setting. Methods: This was a randomized, double-blind,
multi-center, parallel-group, placebo-controlled, dose optimization study
in children aged 6 to 12 diagnosed with ADHD using DSM-IV-TR
criteria. Primary efficacy was assessed by clinicians using the ADHD-RSIV rating scale. Additional efficacy measures included clinician and
parent global assessment ratings (CGI and PGA). Results: The change
from baseline to study endpoint in mean ADHD-RS-IV scores was j24.2
(T14.55), j22.0 (T14.91), and j9.9 (T14.06), for treatment with MTS,
OROS methylphenidate, and placebo, respectively. Compared with the
placebo group, a significantly higher percentage of subjects treated with
MTS ( p G .0001) and OROS methylphenidate ( p G .0001) were rated as
improved by CGI and PGA. MTS was generally well tolerated and there
were no serious adverse events reported. Conclusions: Subjects treated
with MTS displayed statistically significant improvements in all efficacy
measures used in this study, including the ADHD-RS-IV, CGI and PGA
scales, compared with placebo-treated subjects.

Abstract # 41
OROSA MPH Prescribing Patterns among Physician Specialties
Treating ADHD, Huabin Zhang1, Harriette L. Starr1, Kemner E.
Jason2, Cooper M. Kimberly1; 1McNeil Consumer & Specialty
Pharmaceuticals, Fort Washington, PA; 2Ethicon USA, Somerville, NJ.
Purpose/Background: To examine OROSA methylphenidate (MPH) prescribing patterns among pediatricians and psychiatrists in a communitybased setting that treat children with attention-deficit/hyperactivity disorder.
Methods: Children 6 to 12 years of age who were treated with once-daily
OROSA MPH and had complete dosage and titration information were
identified from a prospective, open-label, 3-week, randomized (2:1 OROS
MPH or atomoxetine) study. Two hundred ninety-seven children were
treated by pediatricians (pediatricians and developmental and behavioral
pediatricians) and 343 by psychiatrists (psychiatrists and child psychiatrists). Initiation and titration of medication was based on each investigator_s clinical judgment. Titration period was defined as days to the final
OROS MPH dose in the study. Investigators assessed ADHD symptoms
using ADHD Rating Scale (ADHD-RS) and Clinical Global ImpressionSeverity of Illness (CGI-S). Results: Baseline ADHD symptoms were
similar between children treated by the two physician groups. Pediatricians
and psychiatrists applied similar titration periods (7.72 vs. 7.79 days) and
prescribed comparable mean final dose of OROS MPH (32.5 mg/d vs.
33.4 mg/d). The distribution of final OROS MPH dosage was also similar
between pediatricians and psychiatrists (18 mg: 22.9% vs. 24.1%; 27 mg:
23.9% vs. 18.7%; 36 mg: 38.4% vs. 39.1%; 54 mg: 13.8% vs. 16.9%; 72
mg: 1% vs. 1.2%; chi-square p = NS). At the end of study, ADHD
symptom improvements were comparable between the two specialty
groups. Conclusions: Pediatricians are similar to psychiatrists in prescribing patterns and ADHD symptom management.

Abstract # 42
OROS MPH Treatment Effects Between Girls and Boys With ADHD,
Harriette L. Starr1, Huabin Zhang1, Jason E. Kemner2, Kimberly M.
Cooper1; 1McNeil Consumer & Specialty Pharmaceuticals, Fort
Washington, PA; 2Ethicon USA, Somerville, NJ.
Purpose/Background: Studies are needed to evaluate treatment and
symptom improvement in girls with attention-deficit/hyperactivity disorder (ADHD). The objective was to evaluate symptom improvement
in OROS methylphenidate (MPH)-treated girls and boys with attentiondeficit/hyperactivity disorder (ADHD). Methods: In this sub-analysis, all
850 once-daily OROS MPH-treated children (219 girls and 631 boys 6 to
12 years of age with ADHD) were identified from a prospective, openlabel, 3-week, randomized (2:1 OROS MPH or atomoxetine) trial. Initiation
and titration of medication was based on each investigator s clinical
judgment. Investigators assessed ADHD symptoms and clinical improve-
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ment using the ADHD Rating Scale (ADHD-RS), Clinical Global Impression
Severity of Illness (CGI-S) and Clinical Global Impression-Improvement
of Illness (CGI-I). Gender differences were measured by ANOVA and
Chi-square tests. Results: Baseline ADHD symptoms were similar between
OROS MPH-treated girls and boys (ADHD-RS: 39.1 vs. 40.3; CGI-S:
4.52 vs. 4.75). At the end of study, ADHD symptom improvement
was comparable between girls and boys: change from baseline on ADHDRS was 20.2 vs. 20.5 and CGI-I was 2.26 vs. 2.21. Analyses comparing
the percentage of subjects achieving response (defined as 30%, 40%, or
50% reduction from baseline ADHD-RS as well as scoring 2 on the CGI-I
scale) were comparable by gender. Conclusions: OROS MPH is equally
effective in the management of ADHD symptoms in both girls and boys
with ADHD.

Abstract # 43
Improvements in Symptoms of Attention-Deﬁcit/Hyperactivity Disorder in School-Aged Children with Lisdexamfetamine Dimesylate
[LDX; NRP104] and Mixed Amphetamine Salts Extended-Release
vs. Placebo, Joseph Biederman1, Samuel W. Boellner2, Ann Childress3,
Frank A. Lopez4, Suma Krishnan5, Hilary Mandler6; 1Clinical and
Research Program in Pediatric Psychopharmacology, Massachusetts
General Hospital, Harvard Medical School, Boston, MA; 2Clinical
Study Centers, Little Rock, AR; 3Center for Psychiatry and Behavioral Medicine, Las Vegas, NV; 4Children_s Developmental Center,
Maitland, FL; 5New River Pharmaceuticals Inc, Blacksburg, VA;
6
Shire Development Inc, Wayne, PA.
Purpose/Background: Lisdexamfetamine dimesylate [LDX] is designed as
a pharmacologically inactive prodrug in which d-amphetamine is covalently
bonded to l-lysine, a naturally occurring amino acid. It is not until it_s
metabolized that the pharmacologically active d-amphetamine molecule is
gradually released, which may make drug tampering difficult and
impractical. LDX was designed to have comparable efficacy and tolerability
to currently marketed once-daily, extended-release stimulants with reduced
potential for abuse, diversion and overdose toxicity. The objective of this
study was to compare the efficacy and safety of LDX and mixed
amphetamine salts extended-release (MAS XR) with placebo in school-aged
children with attention-deficit/hyperactivity disorder (ADHD). Methods:
This was a phase 2, multicenter study conducted in an analog classroom
environment, comparing LDX (30 mg, 50 mg, or 70 mg) and MAS XR (10
mg, 20 mg, or 30 mg) with placebo, in children (6Y12 years) with ADHD who
had been treated with a stimulant for Q1 month within the past 6 months.
There was a 1-week screening phase, a 3-week MAS XR dose-optimization
phase, and a randomized, double-blind, 3-week, 3-way crossover, with
subjects receiving 1 week each of LDX (dose equivalent to subject_s optimal
MAS XR dose), MAS XR (subject_s optimal dose), or placebo. Efficacy
measures included the Swanson, Kotkin, Agler, M-Flynn, and Pelham scale
(SKAMP) and Permanent Product Measure of Performance (PERMP). Safety
parameters included adverse events (AEs), vital signs, and ECGs. Results:
Fifty-two subjects were enrolled and 50 completed the study; 2 terminated
during the first double-blind treatment week while on placebo. Least squares
(LS) mean SKAMP-deportment scores significantly and comparably
improved with both active treatments (LDX, 0.8; MAS XR, 0.8) versus
placebo (1.7) ( p G .0001, for both). Significant improvement in the LS mean
PERMP-attempted (LDX, 133.3; MAS XR, 133.6; placebo, 88.2 [p G .0001,
for both]) and PERMP-correct (LDX, 129.6; MAS XR, 129.4; placebo, 84.1
[p G .0001, for both]) was also seen with both active treatments versus
placebo. AEs were mild to moderate in severity, with no notable vital signs
or changes in ECG parameters with the active treatments. The most
common AEs for LDX were insomnia (8%), decreased appetite (6%), and
anorexia (4%); for MAS XR they were decreased appetite (4%), upper
abdominal pain (4%), insomnia (2%), and vomiting (2%). Conclusions:
LDX and MAS XR resulted in comparable, significant improvements in
ADHD symptom control versus placebo and were well tolerated in schoolaged children with ADHD.
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Abstract # 44
Efﬁcacy and Safety of Lisdexamfetamine Dimesylate [LDX; NRP104]
in Children Aged 6 to 12 Years with Attention-Deﬁcit/Hyperactivity
Disorder, Joseph Biederman1, Hilary Mandler2, Suma Krishnan3,
Robert L. Findling4; 1Clinical and Research Program in Pediatric
Psychopharmacology, Massachusetts General Hospital, Harvard
Medical School, Boston, MA; 2Shire Development Inc, Wayne, PA;
3
New River Pharmaceuticals Inc, Blacksburg, VA; 4Case Western
Reserve University, Cleveland, OH.
Purpose/Background: Lisdexamfetamine dimesylate [LDX] is designed
as a pharmacologically inactive prodrug in which d-amphetamine is
covalently bonded to l-lysine, a naturally occurring amino acid. It is not
until it_s metabolized that the pharmacologically active d-amphetamine
molecule is gradually released, which may make drug tampering difficult
and impractical. LDX was designed to have comparable efficacy and
tolerability to currently marketed once-daily, extended-release stimulants
with reduced potential for abuse, diversion and overdose toxicity. The
objective of this study was to compare the efficacy and safety of LDX
with placebo in school-aged children with attention-deficit/hyperactivity
disorder (ADHD). Methods: This was a phase 3, randomized, multicenter, double-blind, parallel-group study with children (6Y12 years) with
ADHD (either combined or hyperactive-impulsive subtypes), whether or
not on medication for ADHD. The study consisted of 1 week to screen
subjects, a 1-week washout, and 4 weeks for the double-blind treatment.
Subjects were randomized in a 1:1:1:1 ratio to a single daily dose of LDX
(30 mg, 50 mg, or 70 mg) or placebo. The primary efficacy measure was
the ADHD Rating Scale (ADHD-RS). Safety parameters included adverse
events (AEs), vital signs, laboratory tests, and ECGs. Results: Of the 290
randomized subjects, 230 (in brackets) completed the trial (placebo n = 72
[54]; LDX 30 mg n = 71 [56]; 50 mg n = 74 [60]; 70 mg n = 73 [60]). The
most common reasons for discontinuations were lack of efficacy (placebo,
17%; 30 mg, 1%; 50 mg, 0%; 70 mg, 1%) and AEs (placebo, 1%; 30 mg,
9%; 50 mg, 5%; 70 mg, 14%). There were no notable demographic
differences between groups, with 36% of the subjects previously treated
for ADHD. At study end, the ADHD-RS changes from baseline were
j6.2, j21.8, j23.4, and j26.7 for placebo, LDX 30 mg, 50 mg, and
70 mg, respectively. Significant improvements in ADHD symptoms were
seen with all doses of LDX compared with placebo ( p G .0001).
Significant differences for all doses of LDX versus placebo were observed
as early as week 1 ( p G .0001 for all comparisons). Most AEs were mild
to moderate in severity and occurred in the first week. The most common
AEs were decreased appetite, insomnia, headache, and upper abdominal
pain. Conclusions: In children with ADHD, short-term treatment with
LDX significantly improved ADHD symptoms and was well tolerated.

Abstract # 45
Abuse Liability Of Intravenous Lisdexamfetamine Dimesylate [LDX;
NRP104], Donald Jasinski1, Suma Krishnan2, George Kehner3; 1The
Johns Hopkins University, Baltimore, MD; 2New River Pharmaceuticals Inc, Blacksburg, VA; 3Shire Development Inc, Wayne, PA.
Purpose/Background: Lisdexamfetamine dimesylate [LDX] is designed as
a pharmacologically inactive prodrug in which d-amphetamine is covalently
bonded to l-lysine, a naturally occurring amino acid. It is not until it_s
metabolized that the pharmacologically active d-amphetamine molecule is
gradually released, which may make drug tampering difficult and
impractical. LDX was designed to have comparable efficacy and tolerability
to currently marketed once-daily, extended-release stimulants with reduced
potential for abuse, diversion and overdose toxicity. The objective of this
study was to assess the safety, tolerability and abuse liability of IV LDX
in patients with a history of stimulant abuse. Methods: LDX 50 mg,
d-amphetamine 20 mg, and placebo IV were given over 2 minutes at 48hour intervals to 9 stimulant abusers in a double-blind crossover design.
Drugs were given according to 3  3 balanced latin squares. LDX 50 mg
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and d-amphetamine 20 mg contain equal d-amphetamine base on a mole
weight basis. Each dosing day, vital sign measures, and subjective and
behavioral effects were assessed with questionnaires before dosing and at
0.5, 1, 1.5, 2, 3, 4, 5, 6, 9, 12, 16, and 24 hours after dosing. At these times
and at 5 minutes, a blood sample (5 mL) was taken for d-amphetamine
levels. Results: For d-amphetamine, mean peak plasma level of 77.7 ng/mL
of d-amphetamine occurred at 5 minutes and then rapidly subsided. damphetamine produced expected d-amphetamine-like effects with mean
peak responses at 15 minutes. When compared to placebo, d-amphetamine
20 given intravenously produced significant BLiking scores[ by both
subjects and observers with no significant BDisliking scores[ by subjects
and observers indicating a significant euphoric response. ( p = .01). For
LDX, mean peak plasma level of 33.8 ng/mL of d-amphetamine occurred at
3 hours and remained at this level through the 4-hour observation. LDX
produced d-amphetamine-like subjective, behavioral, and vital sign effects
with mean peak responses at 1 to 3 hours. For the primary variable of Subject
Liking VAS, when compared to placebo, LDX 50 mg did not produce
significant BLiking scores[ by both subjects and observers with significant
BDisliking scores[ by subjects and observers indicating a lack of significant
euphoric response ( p = .29). Changes in blood pressure following LDX
were significant. At the end of the study, subjects were asked which
treatment they would take again. Six subjects chose d-amphetamine 20 mg,
2 subjects chose none of the treatments, and 1 subject chose LDX 50 mg.
Conclusions: LDX 50 mg did not produce euphoria or amphetamine-like
subjective effects, although there were late occurring increases in blood
pressure. The findings support the hypothesis that LDX itself is inactive.
After 1 to 2 hours, LDX is converted to d-amphetamine. Taken IV, LDX
has significantly less abuse potential than immediate-release d-amphetamine
containing an equal amount of d-amphetamine base.

Abstract # 46
Salivary Testosterone, Cortisol, and Dehydroepiandrosterone Levels
and Diurnal Variation: Relation to Pediatric Psychotropic Medication
Status, Leah C. Hibe1, Douglas A. Granger1, Dante Cicchetti2,3, Fred
Rogosch2; 1Penn State University, University Park, PA; 2University
of Rochester - Mt. Hope Family Center, Rochester, NY; 3University
of Minnesota - Institute for Child Development, Twin Cities, MN.
Purpose/Background: Technical advances that enable the non-invasive
measurement of biomarkers in saliva combined with the contemporary
theoretical emphasis on modeling individual differences as a function of
multi-level biosocial processes has added a new dimension to the study of
developmental psychopathology. The widespread application of this
approach has generated important findings, but in the process, potential
confounds capable of affecting our conceptual and statistical models have
also been revealed. This study rigorously addressed whether medications
prescribed to children with problem behavior are associated with levels
of, and diurnal variation in, salivary biomarkers most commonly
employed in developmental science- cortisol (C), testosterone (T), and
dehydroepiandrosterone (DHEA). Methods: Saliva was collected in the
AM, midday, and afternoon from 432 disadvantaged and maltreated
children ages 6Y13 years. Samples were assayed for T, C and DHEA.
Psychotropic medications were rigorously documented and coded as
antipsychotics, antidepressants, anticonvulsants, hypotensives, or psychostimulants: methylphenidate (Ritalin), methylphenidate (Concerta)
and amphetamine salts (Adderall). Results: Relative to the no medication
comparison group, children taking (1) antipsychotic medications had
higher DHEA levels and flat C diurnal rhythms, (2) Ritalin or Adderall
had flat T diurnal rhythms, (3) Concerta had higher T levels, (4)
antidepressants had flat DHEA diurnal rhythms, and (5) hypotensives
had flat C and DHEA diurnal rhythms and higher T levels. Conclusions:
The findings strongly suggest that medications prescribed to children with
problem behavior have potential to introduce error variance in salivary
hormones that should be carefully monitored in studies of the endocrine
correlates and consequences of developmental psychopathology.
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Abstract # 47
The Physical Environment as a Contributing Factor to Overweight in
Preschool-Age Children, John Worobey, Harriet S. Worobey; Rutgers
University, New Brunswick, NJ.
Purpose/Background: Child obesity in the United States has reached
near epidemic proportions, with risk for overweight seen as early as
toddlerhood. Given the multifactorial causes of the problem, the purpose
of this study was to explore whether diet, activity, or physical setting
relates to preschool-age children_s Body Mass Index (BMI). Methods:
Forty children, age 4Y5, attending either a University Preschool (UP) or a
local Head Start (HS) center participated in this study. The children
attending the UP were from middle-income white families, while the HS
children were Black or Hispanic, from low-income families. Trained
observers recorded what children ate while at UP or HS, and caregivers
completed 24-hour diet records the same day. In addition, parents and
teachers rated the children on activity. To measure their motor activity,
children had an actometer attached to their ankle when they arrived at UP
or HS in the morning. Results: A 90-minute segment of time
corresponding to free play was chosen to compare activity levels of
children across programs. Comparisons revealed the HS children to have
significantly higher caloric intake and significantly lower motor activity.
The HS children had a slightly higher BMI relative to the UP children.
However, using CDC growth charts, 52% of the HS children were at risk
for overweight, with 28% of them already considered as overweight. In
contrast, 37% of the PS children were at risk, with only 1 of them
overweight. Conclusions: Although the racial/ethnic composition differed
by program, an alternate explanation for the motor activity discrepancy
rests with the physical environment. Measurement of the two settings
revealed that the HS classroom was slightly less than one-half the size in
square feet of the UP classroom. As has been reported by Finn et al.
(2002), physical activity may be reduced as a response to the restricted
play space of particular childcare centers. With obesity rates on the rise,
future research should examine the possible role of the physical environment in suppressing spontaneous childhood activity. Work on this project
was supported by grants to the first author from Johnson & Johnson, the
New Jersey Agricultural Experiment Station, and R01HD047338.

Abstract # 48
Does Desiring a Fat Baby Result in a Fat Baby? John Worobey;
Rutgers University, New Brunswick, NJ.
Purpose/Background: Obesity in infancy is due to a variety of complex
factors, such as genetic predisposition, excessive feeding, low activity, and
mother-infant interactions. It is possible that cultural attitudes toward infant
weight gain may also influence the baby_s energy intake. Among less
educated mothers, for example, the belief that a Bheavy[ infant is a
Bhealthy[ infant has been reported, even in cases where the mothers identify
themselves as being obese (Baughcum et al., 1998). Methods: 242 lowincome mothers and their infants were seen when recruited at a WIC center
at about 1-month of age, and again at home when their babies were 3- and
6-months. As part of a larger project, these mothers were asked to indicate
where they perceived their infant to fall on a pictorial continuum of babies
who differed by size, from leanest to fattest (Rand & Wright, 2000). They
were next asked to indicate what size they would like their infant to be.
Results: At the time of recruitment, Mexican mothers estimated their
infants to be the leanest, followed by Other Latina, Black, and White. The
same order prevailed in terms of desired infant size, with Mexican mothers
appearing to want infants that were heavier than average, followed by the
other groups who desired decreasingly leaner infants. By the time of the 3month home visit, the Mexican infants had in fact exceeded their expected
growth by 6 ounces, while infants in the other groups were either at or
below their expected weights. Conclusions: The results suggest that
formula-feeding mothers who view a heavier infant as desirable may
actually be overfeeding their infant in an effort to help them grow more
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rapidly. Culturally speaking, the Mexican mothers may be facilitating an
outcome that can unfortunately lead to early overweight and its resultant
health problems. Work on this project was supported by NIH Grants
R03HD039697 and R01HD047338 to the author.

Abstract # 49
Use of Complementary and Alternative Therapies in an Hispanc
Immigrant Inner City Population, Ranjini Chugh1, Candace J.
Erickson1,2, Margarita Fermin1; 1St. Barnabas Hospital, Bronx, NY,
and St. Barnabas Hospital, Bronx, NY; 2Columbia University College
of Physicians and Surgeons, New York, NY.
Purpose/Background: Studies report 12Y21% pediatric patients use
complementary and alternative medicine (CAM) therapies. These samples
have only 2Y5% Hispanics. Immigrants may come from cultures where
CAM practices are common, so knowing their use of such practices is
helpful. This study’s purpose was to determine the use of specific CAM
practices in a largely Hispanic immigrant pediatric population. We
hypothesized that there would be higher rates of CAM use in children
whose caregivers had used CAM, had a child with a chronic illness, and
were recent immigrants. Methods: A structured interview assessing
demographics, children’s ongoing medical problems and use of CAM
modalities was administered by bilingual research assistants to a
convenience sample of female caretakers of 4Y18 yr olds presenting to
3 inner city general pediatric clinics on specified days during July August 2005. Statistical analysis was performed using SPSS version 11.
Results: 101 female caregivers (94% mothers) were interviewed . The
children were 53.9% male, with a mean age of 9.2 yrs. 86.3% were
Hispanic and 9.8% African-Americans. 76.2% of caregivers were NOT
born in the US. For those, the mean years in US was 12. The mean highest
grade completed was 10.4. 38.6% of the mothers worked. 52% had
children with ongoing medical problems. 23.5% had children with
asthma. 37% of mothers reported that their children used at least 1
CAM modality. 30% used home rememdies, 18% herbs and 12% prayer
healing. 1Y4% used chiropractic, massage, acupuncure, spiritual healing
or naturopathy. Parents only reported using CAM modalities for their
children that they had used themselves. All parents reporting use of a
CAM modality for themselves or their child found it helpful. Use of CAM
by children in this population was associated with the mother’s use of
CAM (Pearson r = .70, p G .001) and higher maternal education (ANOVA
F = 4.84, p = .03), but was not significantly related to age or sex of the
child, mother’s age, country of birth, years since immigration, ethnicity,
employment status, or having a child with an ongoing medical problem or
with asthma. Conclusions: There was a higher use of CAM by inner city,
immigrant, Hispanic pediatric patients than is reported in other populations. The most commonly used CAM modalities are similar to those
described in previous surveys and include home remedies, herbs, and
prayer healing. All modalities used were reported as useful. Use of CAM
in this population was highly correlated with use of CAM by the
caregiver. No child used a CAM modality that had not been used by the
caregiver. Pediatric use of CAM was associated with higher caregiver
educational level. These associations are similar to those reported by
previous pediatric CAM surveys. However, in this sample, other
potentially important variables including being an immigrant, time since
immigration, and presence of an ongoing illness in a child were not
significantly associated with child CAM use.
Abstract # 50
Treatment of Tics in Patients with Tourette Syndrome with SelfHypnosis Training Enhanced with Videotapes, Jeffrey Lazarus1,2,
Susan K. Klein2; 1University Hospitals Health System, Cleveland,
OH; 2Rainbow Babies and Children’s Hospital, Cleveland, OH.
Purpose/Background: Tourette Syndrome (TS) is a complex neurobehavioral disorder characterized by multiple motor tics, as well as
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vocalizations, which wax and wane. Many people believe that these tics
and vocalizations are involuntary. However, many patients are able to
exercise some control over these behaviors. Self-hypnosis (SH) has been
used successfully to treat patients with TS. It can be used either as a
primary therapeutic modality, without the use of medication, or as an
adjunctive therapy in addition to medication. When used as an adjunct,
medication can often be decreased or even discontinued. Daily practice of
SH may decrease tic behavior even when the patient is not focusing on the
actual tics. Methods: Experience with twenty-one patients with TS will
be presented. In addition to SH, videotapes were used to help treat all of
these patients except the first one. Results: In sixteen of the patients, SH
alone was successful in controlling their tics. In another patient, clonidine
had been successful in controlling one tic, but he developed copropraxia
while on this medication. With SH, he was successful in eliminating his
copropraxia as well as the other tic. One patient was on multiple
medications which were ineffective; SH allowed him to discontinue his
medications. SH was also helpful in a patient who developed TS after
taking lamotrigine to control his seizures. In another patient, SH was
introduced after he had taken clonidine for two years and he was able to
discontinue his morning dose without any increase in tic behaviors.
Dramatic response was noted after two visits in 14 patients, after three
visits in three patients, and there was no response in four patients. Two were
not bothered by the tics and were therefore not motivated to make a change.
Two additional patients did not respond and were referred for psychological
counseling. Conclusions: To our knowledge, this is the first report of the
use of videotapes to help children with TS modulate their tic behaviors.

Abstract # 50
The Use of Pharmacotherapy to Treat Pediatric Insomnia in
Hospitalized Patients, Judith Owens1, Christine Gould1, Lisa Meltzer2,
Jodi Mindell2, Juhee Lee1; 1Brown Medical School, Providence, RI;
2
Philadelphia Children’s Hospital, Philadelphia, PA.
Purpose/Background: The purpose of the study was to determine the
prevalence of medication use for insomnia in hospitalized children, the types
of medications being prescribed, and the medical and demographic variables
related to medication use in pediatric inpatients. Methods: A retrospective
chart review was conducted on all children who were pediatric inpatients at a
tertiary care childrens_ teaching hospital on 17 randomly chosen dates
between 1/1/04 and 12/31/04. Patient demographic variables, medical
information (length of stay, admitting and consultation services, admission
and discharge diagnoses, etc), and information regarding medications were
gathered from an extensive review of the patient discharge summary,
physician and nursing notes, consult reports and notes, nursing flow sheets,
order sheets and medication records and coded by two independent raters.
The charts of all patients on any medication that was administered between
1800 and 0400 on a daily (QD) or as needed (PRN) dosing schedule from one
of 8 specific potential sleep medication categories (22 medications total) were
then coded for specific medication indications. Results: Mean age for
hospitalized children included in sample (N = 805) was 7.1 years of age;
55.2% were male, and 66.7% Caucasian, 9.4% African-American, and 11.4%
Hispanic. A total of 40 patients (4.9%) were initially classified as having been
prescribed a sleep medication; however, less than half of these patients (n =
18) were confirmed by secondary chart review as being on at least one
medication for a sleep indication. Sleep medications used were: clonidine
(n = 4), diazepam (n = 2), diphenhydramine (n = 6), trazodone (n = 4),
zolpidem (n = 4); nine of the prescriptions (45%) were for medications
already prescribed at home. The nature of the sleep problems were not
specified in the charts for 61.1% (N = 11) of the patients taking sleep
medications. Inpatients that were prescribed a sleep medication did not differ
from the non-medicated sample by gender or ethnicity; however, patients on
sleep medications were older (t(803) = 2.16, p G .05), and had a longer
length of stay (t(803) = 3.27, p = .001), were more likely to have a
psychiatric diagnosis, (.2(1, N = 804) = 38.51, p G .0001) and to have had
a psychosocial consult during their hospital stay, (.2(1, N = 804) = 5.37,
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p G .05). Conclusions: Sleep medications are infrequently prescribed
for pediatric inpatients, but are more commonly used in children with a
psychiatric diagnosis. Studies using proxy definitions for sleep medications
may overestimate the number of sleep medications administered in
hospitalized children.

Abstract # 52
Outcome and Symptom Reduction for Children in Enuresis Conditioning Treatment, Michael W. Mellon, Stephen Whiteside; Mayo
Clinic, Rochester, MN.
Purpose/Background: Nocturnal enuresis is considered a common
childhood disorder that affects between 8% to 10% of the school-aged
population and is more common in males. Extensive research has
demonstrated the enuresis conditioning alarm to be an empirically
established treatment with initial success rates as high as 75% to 80%
with low relapse rates. The published literature has infrequently reported
characteristics about those children who fail to complete treatment and
even less about symptom reduction. Although children who drop out early
or those who continue to be enuretic are typically classified as treatment
failures, current standards for outcome metrics call for indicators of
Bsymptom reduction[ to be included. This study compared the efficacy of
an enuresis-conditioning program in a community sample to that reported
in the published literature, quantified symptom reduction in children who
completed treatment versus those who dropped out, and identified factors
associated with treatment drop-out. Methods: Subjects were consecutive
referrals to an enuresis-conditioning treatment clinic from 1990 to 2001. Data
were retrospectively analyzed with regard to sample demographics, multiple
indicators of treatment outcome, and symptom reduction. Analyses were first
completed with the total sample, including patients who dropped out of
treatment (n = 333), secondly for those patients who completed treatment
regardless of outcome (n = 261), and then a select sample who were retreated
after initial failure or relapsing (n = 73). Results: The average age at the start
of treatment was 8.77 years, with 60% of males comprising the total sample
A total of 65% of the sample were cured with treatment lasting an average
of 25.1 weeks. A total of 19% of the sample dropped out prior to 20 weeks.
However, those children who dropped out, and those children continuing to
wet beyond 20 weeks, benefited from a significant reduction in wetting
frequency, 49% and 57%, respectively. For the group that completed
treatment, 80% were cured. Younger children were in treatment longer:
F(1,330) = 3.94, p = .048. Children who evidenced more frequent wetting at
initiation of treatment led to treatment failure: F(1,319) = 4.06, p = .045.
Those patients who initially failed and then were retreated demonstrated a
60% cure rate. Conclusions: This study adds further evidence that the
enuresis conditioning treatment is an Empirically Supported Intervention
and should be considered a first-line treatment for simple bedwetting. Those
patients who actually complete at least 20 weeks of treatment were much
more likely to achieve a complete cessation of wetting. Future research
should focus on supporting younger children and those who wet more often
at baseline in completing an adequate amount of time in treatment in order
to increase cure rates. Symptom reduction should also be considered a valid
outcome variable by which to judge the effectiveness of the enuresis
conditioning treatment.

Abstract # 53
Resident Education in Developmental-Behavioral Pediatrics: Impact
of the 80-Hour Work Week and Competency-Based Learning, Viren
A. D’Sa1,2, Pamela C. High1,2; 1Brown Medical School, Providence,
RI; 2Hasbro Children’s Hospital, Providence, RI.
Purpose/Background: The ACGME limited resident work to a maximum
of 80 hours a week and on-call activity to no more than 30 consecutive
hours beginning July 2003. Through the Outcome Project it endorsed
general competencies for resident education with integration beginning
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July 2002. Little has been studied about the impact of these mandates on
resident education, especially in the field of DBP. The objectives of this
study are to assess the structure of resident DBP rotations in the context of
the duty hour rule, to study the impact of these requirements on resident
DBP training and to identify teaching and evaluation of general
competencies in resident DBP training. Methods: A 39-item online
survey was distributed electronically to resident DBP rotation directors in
134 pediatric residency programs in late April 2006. Questions addressed
structure of DBP rotations including call schedules, impact of the duty
hour rule and competency-based instruction. The initial 45 responses
representing 46 pediatric residencies are analyzed in this preliminary
report. (Additional responses will be included in any SDBP presentation).
Results: Data from 46 programs with a mean of 52 pediatric residents
(range: 18Y150) was obtained. 82% of the respondents were DBP rotation
directors with a mean of 8 years (range: 1Y30) in that role. Of these, 49%
were board certified (BC) DBPs, 13% Pediatricians board eligible in DBP,
11% BC Neurodevelopmentalists, 13% Psychologists, 9% other MDs, and
4% other disciplines. Overall, 68% of respondents have a single DBP
rotation (mean: 4.2 weeks), 66% during the PGY-1 year. A third of
residency programs reported at least one week of vacation during their
DBP rotation. More than 90% of responding programs report that
residents take call during the rotation, over half reporting overnight call.
Since institution of the 80-hour work week, 72% of responding programs
report decreases in DBP block rotations. No increases were reported.
Decreases were in clinical (37%), community-based (42%) and didactic
(40%) areas of DBP training. Programs with overnight calls were more
likely to report reductions in DBP block rotations (15.2% vs. 5.7%
reduction; p G .01). Medical Knowledge, Patient Care and Communication were often taught in 78Y82% of rotations, while Professionalism was
often taught in 64%. These competencies were often evaluated in 58Y69%
of rotations. Practice-based Learning and Systems-based Practice, the 2
most elusive competencies, were often taught in 56Y58% of rotations and
evaluated in 38%. Priorities for increasing resident education in DBP
listed by rotation directors were 1) more faculty time for DBP education,
2) more resident time on DBP rotations and 3) greater DBP presence in
continuity settings. Conclusions: Preliminary returns from this DBP
rotation director survey indicate that programs have made changes in
response to ACGME duty hour mandates, resulting in a decrease in DBP
block rotations in clinical, community and didactic domains. Overnight
call, in particular, appears to be limiting DBP education. Resident
education in Practice-based Learning and Systems-based Practice is
integral in DBP rotations in well over half of programs surveyed.
Opportunities exist for sharing curriculum and evaluation tools to enhance
learning in these mandated competencies, which have been more difficult
to integrate into resident education.

Abstract # 54
Does Focus on the 15 and the 18 Month Age Facilitate Training in
Evidence-Based Developmental Screening? Mary H. Pavan, Sharon
Dabrow, Jennifer Takagishi, Rani Gereige, Lynn Ringenberg; University of South Florida, Tampa, FL.
Purpose/Background: Developmental screening with standardized tools
such as the Ages and Stages Questionnaire (ASQ) is recommended at
every well childcare (WCC) visit. However, we train residents to use
focused developmental questions and clinical judgment to identify
concerns. An informal survey of the other Florida programs indicates
that we are not unique. Only 23% of practicing pediatricians report using
standardized tools: only 7% using the ASQ. This project seeks to
implement ASQ screening in Continuity Clinics (CC) to facilitate training
in evidence-based developmental screening. With methods from PracticeBased Learning and Improvement, the project started small to determine
if standardized developmental screening with the ASQ can be increased
by focusing on only the 15 and the 18 month WCC visits. Methods:
Clinic staff at two locations was trained on the importance of screening
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and the benefits of the ASQ. Staff gave ASQ to each family coming for
WCC at 15 or 18 months of age. Doctors scored and discussed results
with families. Residents were trained during noon conferences, Development Rotation, and CC. The protocol was shared by email with
attendings and residents. Under IRB approval, one author examined the
patient log to identify the total number of visits and the WCC visits being
studied. All children at 15 and 18 month WCC visits were assigned a
unique study number, and charts were reviewed for responses to focused
developmental questions, completion of ASQ, concerns identified, and
referrals made. Visits in the prior year were compared. Results: The rate
of focused questions (428/439 = 97.5%) was consistently high. ASQ use
increased from 3/166 = 1.8% before the study began to 143/272 = 52.6%
during the study. Use was lowest during the busiest month: December
(32%). It was highest at the end of the study in March (63%). Doctors
documented ASQ review with only 78/121 = 64% of those completed.
Some families returned them to the nurse, or did not finish completing
them. Family satisfaction with the process and content was measured as
part of the ASQ (response rate 112/143 = 78%). Respondents expressed
high levels of satisfaction with the process. Forty-six percent (n = 51)
gained new ideas for play with their children while 38% (n = 42) were
alerted to skills that their child can do. The average number of ASQs done
per resident was 2.7 in the 6 month period of study. The number of
children with concerns identified with focused questions (238/439 =
54.2%) was compared with the number of children with concerns
identified on ASQs (35/143 = 25%). When six of the 46 pediatric and
13 internal medicine-pediatric residents were asked, 5/6 recommended
continuing ASQs at 15 and 18 month WCC visits and 4/6 recommended
expanding to at least one more WCC visit. They felt the ideal number of
ASQs per resident was an average of 12 in 6 months time. Conclusions:
Our study demonstrates improvement in the rate of standardized
developmental screening. Starting at the 15 and the 18 month age is
shown to be a useful strategy. This study was supported in part by the
Pediatric Clinical Research Center of All Children_s Hospital and the
University of South Florida, and the Maternal and Child Health Bureau,
R60 MC 00003Y01, Department of Health and Human Services, Health
Resources and Services Administration.

Abstract # 55
Screening in Primary Care: Validation of Parents_ Evaluation of Developmental Status: Developmental Milestones (PEDS-DM), Frances P.
Glascoe1, Michelle M. Macias2, Lynn M. Wegner3; 1Vanderbilt
University, Nashville, TN; 2Medical University of South Carolina,
Charleston, SC; 3Learning First Associates, Chapel Hill, NC.
Purpose/Background: Most primary care providers use informal measures of developmental skills in their efforts to detect children with delays
and disabilities. Because fewer than 30% are identified by such an
approach, there is need for a brief checklist that has high levels of
sensitivity and specificity. Methods: Data was drawn from the 2003
standardization and validation studies of the Brigance Inventory of Early
Development-II (IED-II), a diagnostic measure of more than 700 items
used in special education programs. Subjects were 1171 children, ages
0Y7 years of age from 22 states whose sociodemographic characteristics
conformed to US population parameters. Pediatric offices/public health
clinics, day care/preschool/Head Start programs served as sites. IED-II
items were normed by parental report, direct administration or both. The
measure has high levels of internal consistency, test-retest reliability and
inter-rater reliability (.92Y.99), correlates closely with other diagnostic
measures, discriminates children with various kinds of disabilities, and
has validity in predicting outcomes two to six months later. Children’s
performance on each domain of the IED-II was grouped into those whose
quotients fell at or below the 16th percentile versus above. Binary logistic
regression analyses were run at each age level (grouped in 1Y3 month
intervals in the first and second years of life, and in 4Y6 month intervals
thereafter) using items within each domain to predict overall performance in
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the same domain. Once potential items were identified, each was viewed for
sensitivity and specificity. Final item selection was also based on simplicity
of stimuli (e.g., did not require scissors, blocks, etc.), and known/perceived
likelihood that parents could easily observe or elicit targeted skills. This
process refined items to 1 per domain (fine motor, self-help, gross motor,
expressive language, receptive language, social-emotional, and, for older
children, academic skills in math and reading) for a total of 6Y8 items per age
range. Sensitivity and specificity were computed across domains and
separately across age levels. Analysis of readability was conducted on each
age level of the new measure (with response options excluded so as to avoid
underestimation). Results: For each domain, sensitivity to performance at
or below the 16th percentile ranged from 75% to 90% with specificity from
79% to 86%. When analyzed by each age level, sensitivity across domains
to performance at or below the 16th percentile ranged from 70% to 93%
with specificity from 77% to 93%. Items required a mean reading level of
4.3 grades (range 2.6Y6.7). Conclusions: The PEDS-DM shows promise as
a brief and accurate replacement for informal measures. Additional research
should include further study of reliability, reanalysis of accuracy in
comparison with other measures, discriminant validity in detection of a
range of conditions, feasibility of use in clinic settings, and impact on
parents and providers over time.

Accuracy of the PEDS-DM According to Developmental Areas
in Identifying Performance in that Same Domain on the IED-II
Ns Failing
Item/Ns
Below
16th% tile

Domain
Fine Motor
Gross Motor
Expressive Language
Self-Help
Receptive Language
Social-Emotional
Academic/Preacademic
(for 39+ months)
TOTAL

Ns Passing
Items/Ns
Above
Sensitivity
16th% tile Specificity
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completed and returned for seventy-four children (mean age = 31 months)
who were evaluated and diagnosed with an autistic spectrum disorder (45)
or non-autistic spectrum disorder (29). Overall, parents were Fmostly_ to
Fextremely_ satisfied with the screening and evaluation process (sample
mean of 3.43 on a 4 point scale). There were differences with certain
aspects of the screening, evaluation and diagnostic process by 1)
MINORITY STATUS: minority participants reported lower levels of
satisfaction with the Bquality of the screening and evaluation[ that they
received (2.70 vs. 3.53; p = .000), and reported more unmet needs (2.73
vs. 3.25; p = .008); 2) DIAGNOSIS (ASD versus non-ASD): the parents
of the children diagnosed with a non-ASD diagnosis reported less
ambivalence about completing a developmental screening checklist
(3.52 vs. 3.14; p = .025); 3) MATERNAL EDUCATION: those with
less formal education reported higher levels of satisfaction with the clarity
of the explanation provided regarding the child_s diagnosis (3.44 vs. 3.06;
p = .018); 4) PATERNAL EDUCATION: less education was associated
with reports that the staff tried to make the family feel comfortable (3.86
vs. 3.63; p = .033); agreement with the diagnosis given at the conclusion
of the evaluation (3.52 vs. 3.06; p = .009); and the intention to followthrough with the recommendations included in the report (3.72 vs. 3.23;
p = .001); 5) HOUSEHOLD INCOME: families with less household
income were more satisfied with the amount of information they were
provided at the end of the evaluation (3.83 vs. 3.44; p = .031).
Conclusions: The reported differences in satisfaction with specific
aspects of the screening and diagnostic process may be related to
expectations of health care providers. Understanding the factors influencing parental satisfaction is an important step if clinicians are to improve
the rates of early identification of neuro-developmental disorders.

163/191
172/197
139/168
132/146
152/186
133/177

85%
87%
83%
90%
81%
75%

747/936
678/828
816/947
832/982
795/934
797/936

80%
82%
86%
85%
84%
85%

Abstract # 57
Asking for Help with Child Psychosocial Problems: Race of Parent
and When Parents Seek Help, Christine Golden1, Beth G. Wildman1,
John C. Duby2; 1Kent State University, Kent, OH; 2Children’s
Hospital Medical Center of Akron, Akron, OH.

63/78
954/1143

81%
84%

322/407
5002/5962

79%
84%

Purpose/Background: Surveys of the American Academy of Pediatrics
membership indicate primary care physicians (PCPs) believe attention to
behavioral health is an important part of their role, and surveys of parents
indicate they want information about psychosocial issues from their
child_s PCP. However, less than half of the approximately 20% of
children seen by PCPs are identified and even less are managed by their
PCP. Many parents who are concerned about their child_s psychosocial
functioning fail to share their concerns with their child_s PCP, a necessary
precursor to PCP identification and management. Previous research
indicates that mothers who are members of racial minority groups are
less likely to seek help from PCPS for psychosocial problems than
Caucasian mothers. This study examined predictors of mothers helpseeking from professionals for their children_s psychosocial problems
among African-American and Caucasian mothers. Methods: Participants
were 44 African American mothers and 66 Caucasian mothers of children
between the ages of 4 and 12 years scheduled for a well-child or acutecare appointment with their PCP. Mothers completed a questionnaire
asking from whom they had sought help regarding their child_s behavior
or emotions, as well as, questions regarding potential barriers to helpseeking. Results: African American mothers were less likely to seek help
from professionals than Caucasian mothers2 = 3.881, p = .049). Logistic
regressions were performed among African-American and Caucasian
mothers with mothers_ years of education and mothers_ perception
that their child was being treated badly by others predicting help-seeking
from a professional. For both African-American and Caucasian mothers,
tests of the models were significant (.2 = 7.006, p = .030; .2 = 9.718,
p = .008, respectively) with mothers_ endorsement that her child was
being treated badly by others as the only significant predictor of
professional help-seeking for both groups (African-American, b = 2.107,
p = .034; Caucasian, b = 2.734, p = .015). Conclusions: Results support

Abstract # 56
Parental Satisfaction with Screening and Diagnosis of Neuro-Developmental Disorders in Young Children: Effects of Demographic Factors,
Thyde M. Dumont-Mathieu1,2, Leandra Wilson2, Deborah Fein2;
1
University of Connecticut Department of Pediatrics, Farmington,
CT; 2University of Connecticut Department of Psychology, Storrs, CT.
Purpose/Background: To explore correlations between parental sociodemographics (maternal education, paternal education and household
income), minority status, child diagnostic status (ASD or non-ASD) and
satisfaction with the screening, evaluation, and diagnosis of neurodevelopmental disorders, including ASDs. Methods: As part of an
ongoing Early Detection study at the University of Connecticut, parents
complete the Modified Checklist for Autism in Toddlers (M-CHAT)
during a visit to their pediatric provider or at their Early Intervention site
when the child is between 16 and 30 months old. If they remain a positive
screen after a follow up Telephone Interview, they are offered a
comprehensive developmental and diagnostic evaluation. At the end of
a 3-hour evaluation, the family receives verbal feedback regarding the
child_s developmental functioning, diagnosis and recommendations. A
report is mailed to the family within a month of the evaluation. Included
with the report are a pre-paid return envelope and a 30 item PostEvaluation Satisfaction Questionnaire. The Post-Evaluation Satisfaction
Questionnaire is a modification of the Client Satisfaction Questionnaire
(CSQ-8; Attkisson, C., 1989). Results: Satisfaction questionnaires were
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previous findings that African-American mothers are less likely to seek
professional help for their child_s psychosocial problems than are
Caucasian mothers. However, these differences are substantially reduced
among mothers who perceive their child is being treated badly by others
because of their behavior or emotion. African-American mothers were 7
times more likely to seek help from a professional when they perceived
their child_s behavior resulted in poor treatment by others. These findings
suggest PCPs may be more successful in identifying psychosocial
problems in African-American children by asking parents about whether
others treat their child poorly because of their child’s behavior, rather than
asking about parental concern about their child’s behavior. Findings of
both this study and others indicate that African-American mothers seek
help from professionals at lower rates than Caucasian mothers. To
identify children at risk for psychosocial problems, PCPs need to assess
African-American children in a manner that is likely to result in parental
disclosure. Our data indicate that PCPs should ask mothers, BDo you think
people treat your child badly because of his/her behavior or emotions?[ as
this question significantly increased the odds of mothers help-seeking
from a professional for both African Americans and Caucasians.
Abstract # 58
Exploratory and Conﬁrmatory Factor Analyses of the Child Health
Questionnaire-Child Form 87 (CHQ-CF87) With Children Chronic
Conditions and Healthy Children, Witherspoon Dawn1, Drotar
Dennis2,1, Greenley Rachel2, Zebracki Kathy1, Palermo Tonya3,
Burant Christopher1; 1Psychology, Case Western Reserve Univeristy,
Cleveland, OH, USA; 2Rainbow Babies and Children’s Hospital,
Cleveland, OH, USA; 3Rainbow Babies and Children’s Hospital,
Cleveland, OH, USA.
Purpose/Background: The Child Health Questionnaire-Child Form 87
(CHQ-CF87) was constructed to evaluate the self-perceived psychosocial
and physical well-being of children and adolescents using multi-item
summated rating scales. The goal of this study was to conduct separate
exploratory (EFA) and confirmatory factor analyses (CFA) of the CHQCF8 with a sample of children and adolescents with chronic conditions.
Methods: 207 children with chronic conditions including cancer,
epilepsy, recurrent headache, inflammatory bowel disease, juvenile
rheumatoid arthritis, sickle cell disease, and recurrent sleep disturbance
completed the Child Health Questionnaire-Child Form (CHQ-CF87).
Results: The EFA yielded a reduced version of the measure resulting in
less factors and items. Structural equation modeling procedures were used
to conduct a second order CFA, which yielded the secondary factors as
well. A CFA yielded a good fit to the data. Conclusions: CFA derived
model of the CHQ-CF87 demonstrated validity for children and
adolescents with chronic health conditions.

Plenary Session III
Monday, September 18, 2006 8:30 a.m. Y 9:15 a.m.
Abstract # 59
A Memory-Guided Saccade Task of Executive Functions in Subtypes of
Attention-Deﬁcit/Hyperactivity Disorder (ADHD), Irene M. Loe1, Beatriz
Luna2,3, Enami Yasui2, Heidi M. Feldman1,3; 1Children’s Hospital of
Pittsburgh, Pittsburgh, PA; 2Western Psychiatric Institute and Clinics,
Pittsburgh, PA; 3University of Pittsburgh, Pittsburgh, PA.
Purpose/Background: DSM-IV recognizes ADHD subtypes based on
behavioral symptoms. Neuropsychological tests do not consistently differentiate ADHD-Combined (C) and ADHD-Predominantly Inattentive (I)
subtypes. Oculomotor tasks are objective, non-verbal measures of
executive function, easily performed by children, and used to study
cognitive and brain systems in children with typical development and
neurodevelopmental disorders. Objective: To determine whether responses
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of children with ADHD-C, ADHD-I, and controls differ on an oculomotor
task of spatial working memory (SWM), the memory-guided saccade
task (MGS). Methods: Experimental cross-sectional study compared 8 to
13 year olds with ADHD-C, ADHD-I and controls. ADHD subjects met
DSM-IV criteria. Subjects on stimulants withheld medication the day of
testing. Controls were group matched to subjects on age, sex, and IQ.
Tasks: (1) visually-guided saccade (VGS) tests the ability to shift gaze to
a peripheral stimulus (control condition) and (2) MGS tests the ability to
fixate on a central target, encode the location of a stimulus viewed in
peripheral vision, and then use working memory to direct gaze to the
remembered location after a short (2.5 sec) or long (7.5 sec) delay. MGS
was evaluated for % of trials with response inhibition (RI) errors (child
broke fixation to look toward the location of the peripheral stimulus prior
to the end of the delay period), accuracy of initial and final saccades
(degrees of visual angle from the target location), and reaction time
(msec) to initiate the first saccade at short vs. long delays. Results: All
children performed well on the VGS control task (p ns), indicating
intact basic sensorimotor function. RI errors decreased with increasing
age ( p = .001). Children with ADHD had more RI errors than controls
( p = .017). ADHD-C had significantly more errors than controls
( p = .045) with ADHD-I intermediate ( p ns). There was a main effect of
group on reaction time to initiate saccades. ADHD-I and control children
showed faster reaction times compared to children with ADHD-C on
correct MGS trials. There was a trend for a group x delay interaction with
ADHD-C children having prolonged reaction times with increased delays
on the MGS, compared to shorter reaction times for controls and children
with ADHD-I. This finding suggests that children with ADHD-C do not
use the increased delay time to prepare a response. There were no
differences between the groups on the accuracy of the initial saccade or
final resting saccade ( p ns). All 3 groups showed similar improvement in
the location of the final saccade. Conclusions: The MGS task did not
demonstrate differences in SWM accuracy in subtypes of ADHD and
controls. However, the task revealed differences in response inhibition and
in response preparation as indicated by reaction time. These findings
indicate difficulties with cognitive control, the ability to filter and suppress
irrelevant information, thoughts or actions in favor of relevant ones.
Deficits in cognitive control implicate differences in frontostriatal circuits,
consistent with other studies on ADHD. The MGS task, coupled with other
oculomotor tasks, demonstrates behavioral differences between ADHD
subtypes and may elucidate different neural systems underlying them.
MGS Results
% Response
Inhibition
Errors
Controls
(n = 27)
ADHD-I
(n = 12)
ADHD-C
(n = 13)

Sig ( p)

RT Short
Delay (SD)

Accuracy
in Degrees
RT Long
of Visual
Delay (SD) Angle (SD)

28

616 (154)

499 (158)

2.9 (1.5)

2.6 (2.3)

37

607 (121)

570 (126)

2.4 (0.9)

1.9 (1.0)

42

661 (159)
Group
p = .027;
Group*Delay
p = .089

702 (274)

2.6 (1.2)

2.3 (1.0)

0.58

0.58

.067

Abstract # 60
Do Verbal-Performance IQ Discrepancies at 5 Years Persist and Predict School Performance at 8 Years in High Risk Children? Patricia
Schram, Noelle Huntington, Clarissa Valim, Marie McCormick,
Alison Schonwald; Children’s Hospital Boston, Boston, MA.
Purpose/Background: Low birth weight children are at increased risk for
learning disabilities (LD) and academic achievement difficulties. It would be
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useful to have a means of identifying those children at greatest risk as early as
possible. Large discrepancies in Verbal IQ (VIQ) and Performance IQ (PIQ)
in younger children are often considered risk factors for the future development of LD. However, the data to support these contentions remain sparse and
debatable. The purpose of our study is to compare the VIQ-PIQ discrepancy at
age 5 between low-birth-weight children and the general population, and to
examine the association between the VIQ-PIQ discrepancy at age 5 and
academic achievement at age 8 in a low-birth-weight sample. Methods: This
is a secondary data analysis of a randomized controlled intervention for
premature infants with birth weight G or = 2500 g. Every child had cognitive
testing at 5 years of age using the WPPSI and cognitive and academic testing
at 8 years of age using the WISC-III and the Woodcock-Johnson Test of
Achievement-Revised (broad reading and math scores). Children with a
diagnosis of cerebral palsy and/or with FSIQ G80 or 9119 were excluded. A
total of 503 participants were included in the analyses. Results: The VIQ-PIQ
discrepancy was considered in the central range if it was between j10 and
+10; PIQ 9 VIQ by more than 10 points was considered a negative
discrepancy and VIQ 9 PIQ by more than 10 points was considered a
positive discrepancy. At age 5, the percentage of children outside the central
range was 40% in the LBW sample and 24% in the general population. At age
8, 41% of the LBW and 44% of the general population had a VIQ-PIQ
discrepancy outside the central range. At age five, the VIQ-PIQ discrepancy
ranged from j44 to +29; 40% were outside the central range with 32%
showing a negative discrepancy and 8% showing a positive discrepancy.
Although there was a moderate correlation between VIQ-PIQ discrepancy
scores at age 5 and age 8 ( p G .0001.), the actual scores changed significantly
( p G .001) as a result of a decrease in PIQ scores and an increase of VIQ
scores. There was no correlation between VIQ-PIQ discrepancy at 5 years
and academic performance at 8 years, for either broad reading scores (r =
0.08; p = .08) or math scores (r = 0.08; 0.06). Children with extreme
discrepancy scores at age 5 still tended to earn average academic scores at
age 8. However the children with a positive discrepancy (VIQ 9 PIQ) at age
5 had significantly higher scores in both reading ( p = .05) and math ( p =
.02) than those in the central range or with a negative discrepancy.
Conclusions: Early VIQ-PIQ discrepancies may not be a useful indicator of
later academic difficulties. One reason may be that, by age 8, this high risk
population looked very similar to the general population in terms of VIQ-PIQ
discrepancies and academic performance. This Bnormalization[ process,
similar to that seem in other areas of development for low birth weight infants,
may create non-linearity in academic development making it difficult to
predict future academic performance.

Abstract # 61
Developmental Assessment of Latino Kindergarten Children As They
Transition To English-Speaking School Settings, Emily K. Forrest,
Bernard P. Dreyer, Purnima T. Valdez, Jennifer W. Fleming, Ingrid
Luchsinger, Leyla Almanza, Alan L. Mendelsohn; New York University School of Medicine-Bellevue Medical Center, New York, NY.
Purpose/Background: Children of immigrant parents may be exposed to
limited English prior to school entry, making interpretation of developmental assessments challenging. One approach recommended for preschool children from bilingual households is the use of composite
measures (e.g., assessment including both languages). However, there is
no consensus regarding the developmental assessment of children with
limited prior English exposure once they transition to English-dominant
school settings. The objective of this study was to compare language and
concept readiness scores when Latino children are evaluated using
English, Spanish and composite measures. Methods: Latino motherinfant dyads were enrolled during the postpartum period in an urban
public hospital as part of a long-term longitudinal study. All families were
considered high risk due to poverty and low maternal education. Children
enrolled in kindergarten were assessed with the Developmental Indicators
for the Assessment of Learning, 3rd edition (DIAL-3), using both the
English and Spanish versions. Standardized domain scores (Language and
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Concepts) for the English and Spanish versions were computed according
to the manual. In addition, composite scores were computed by summing
scaled item scores, using the higher of the two scores (i.e., English or
Spanish), and applying the single standardization used across the English
and Spanish versions. Information was obtained by parental interview
regarding the child_s language exposure at home, preschool and kindergarten. Assessment of additional children from the cohort is ongoing.
Results: 20 children were assessed, all during second half of the
kindergarten year. Mean (SD) age was 5.7 (0.25) years. 20 children
(100%) were exposed mostly or exclusively to Spanish in the home. 10
(50%) had been exposed to either English or bilingual daycare or
preschool. 15 (75%) were in monolingual English kindergartens, with 5
(25%) in bilingual classrooms. Mean (SD) DIAL-3 language scores were
88.7 (15.7) in English, and 83.3 (13.7) in Spanish, and 95.5 (15.0) on the
composite (F = 28.5, p G .001), and concept scores were 89.1 (10.5) in
English, 82.1 (10.7) in Spanish and 93.1 (11.0) on the composite (F =
28.4, p G .001). On the language domain, 50% performed 9 = 1/3 SD
better on the English version, 25% performed better on the Spanish
version, and 25% did equally well; on the concept scale, 60% performed
better on the English version, 10% performed better on the Spanish
version, and 30% did equally well. No association was seen between
better performed version and language exposure prior to kindergarten;
however, power was limited by sample size. Conclusions: Use of
monolingual measures of language and concept readiness may lead to
underestimation of skills in Latino kindergarten children transitioning
from Spanish-predominant to English language settings. Consideration
should be given to the development and use of composite measures.

Abstract # 62
Assessing Psychosocial Risk: Mother, Physician, Nurse Report, Anna
Maria Patino-Fernandez1, Ahna Pai1, Melissa Alderfer1,2, Merritt M.
Jensen-Pace1, Anne Reilly1,2, Anne E. Kazak1,2; 1Children’s Hospital
of Philadelphia, Philadelphia, PA; 2The University of Pennsylvania,
Philadelphia, PA.
Purpose/Background: The Psychosocial Assessment Tool (PAT, Kazak
et al., 2001; 2003) is a brief screener for psychosocial risk in pediatric
oncology based on the Pediatric Psychosocial Preventative Health Model
(PPPHM) a three-tier model (Kazak, in press). Most families are expected
to adjust well to their child_s diagnosis, despite acute distress (Universal).
The second tier includes families with specific vulnerabilities and greater
risk (Selected). The third tier is smallest;those at greatest risk (Targeted).
The data in this paper are from a revised PAT for family members (PAT
2.0) and a new, parallel, physician and nurse form (Staff PAT).
Descriptive data regarding psychosocial risk as rated by mothers,
physicians and nurses are reported and associations between the reports
of these respondents are assessed. Methods: Mothers (N = 130) of
patients newly diagnosed with cancer completed the PAT 2.0, which
assesses psychosocial risk across 18 domains and yields a sum score.
Cutoffs to correspond with the PPPHM were derived. Oncologists (MD;
N = 30) and nurses (RN; N = 47) completed the Staff PAT, a 16-item
scale with a Likert scale and a categorical classification of risk (Universal,
Selected, Targeted). Median time from diagnosis to study participation
was less than one week and 89% of approached families consented. The
sample was 74% Caucasian. 80% of participants were married/partnered
and 61% of the children were male. The average age of mothers was 38
yrs and of children 8 yrs. Families were primarily middle class. Staff
PATs were completed within 3 weeks. Results: PAT 2.0 scores for this
sample ranged from 0Y10.5 (M = 2.2, SD = 2.0). Mothers_ PAT 2.0 scores
were positively correlated with child age (r = .30, p = .001). Therefore,
child age was controlled in the analyses. Staff PAT scores for MDs
ranged from 0Y39 (M = 10.6, SD = 7.7) and for RNs from 0Y29 (M = 9.4,
SD = 6.7). MDs_ and RNs_ scores were significantly correlated (r = .57,
p G .001). Staff PAT scores were also significant correlated with PAT
2.0 scores (r[MD] = .47, p = .001; r[RN] = .36, p = .001). Mother PAT
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2.0 scores were classified into categories based on the PPPHM Model and
MDs and RNs provided categorical ratings (Table 1). Chi-square analyses
were used to compare level of risk ratings by mothers, physicians and
nurses. MD and RN risk classification did not significantly differ (.2(4) =
7.3, p = .12) and nurse risk classification did not differ significantly from
mothers (.2(4) = 3.7, p = .45). However, MD classification differed from
mother report (.2(4) = 16.7, p = .002). Conclusions: The PAT 2.0
provides a feasible brief psychosocial risk screening that can be used
immediately after the diagnosis of cancer in a child. Physicians and nurses
easily and consistently used the form. In general, there is significant
association among the three raters (mothers, physicians, nurses) in terms
of assessment of psychosocial risk. Consistent with the PPPHM,
approximately three quarters of families seen with a newly diagnosed
child in our pediatric oncology center are at low risk for ongoing
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psychosocial distress, despite acute distress at this difficult time. Nevertheless, one quarter of families are at higher risk, related to child or family
factor factors, as confirmed by MD and RN report. The data provide
evidence that the PPPHM risk classification may be useful in distinguishing which families need the most intense level of psychosocial care.
Table 1: Risk Classification

PAT score
Oncologist (N = 120)*
Nurse (N = 104)**

Universal

Selected

Targeted

78% (101)
73% (87)
76% (79)

17% (22)
18% (22)
22% (23)

5% (7)
9% (11)
2% (2)

*53% attendings, 47% fellows; average yrs of experience: 7 (range 1Y30 yrs).
**60% primary nurse, 40% bedside; average yrs of experience: 5 (range 1Y19 yrs).
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Prevalence of Autism Spectrum Disorder (ASD) in 8-year-o lds (2014 )

Data Courtesy of CDC

Sex

Race/Ethnicity

Prevalence

Percent

About 1 in every “x” children

Overall

16.8 per 1,000

1.7%

1 in 59

Boys

26.6 per 1,000

2.7%

1 in 38

Girls

6.6 per 1,000

0.7%

1 in 152

White

17.2 per 1,000

1.7%

1 in 58

Black

16.0 per 1,000

1.6%

1 in 63

Asian/Pacific Islander

13.5 per 1,000

1.4%

1 in 74

Hispanic*

14.0 per 1,000

1.4%

1 in 71

Michael W. Elice, MD
40 Crossways Park Drive, Suite 104
Woodbury, New York 11797
July 15, 2017
Re: Julian Grancarich
To whom it may concern:
Julian has been a patient of mine for 10 years. He was diagnosed with autism spectrum
disorder; PDD-NOS, speech and language delay. After many years of biomedical investigation, it was
determined that Julian also had inflammatory bowel disease (IBD), mitochondrial disorder, occult
bacterial infections in the gastrointestinal tract, heavy metal poisoning, seizures and metabolic
problems. He has intermittently failed to thrive. He suffers from extreme anxiety and obsessive
compulsive behaviors that often present as aggressive self-injurious behavior and aggression to others.
This is typical of adrenal insufficiency and dysregulation of the hypothalamic-pituitary- adrenal axis (H-PA axis)
Recent reports based on past and present medical literature support the use of essential oils
from the cannabis plants or medical marijuana. Cannabis therapy is now legal in New York State .
Cannabis has been shown to be anti-inflammatory and antimicrobial in its function via activation of the
endocannabinoid system. It also has a regulatory effect on the H-P-A axis. Clinical effects that have
been observed are optimization of bowel function, reduction of inflammation when IBD has been
confirmed. It has served as an antiepileptic often with better results in autistic patients than the usual
pharmaceutical anti-seizure drugs. Cannabis has been used in children since the 1930’s and continued
to be part of the pharmacopeia in the US until the 1960’s. It has an excellent safety profile, is not
addictive and has no known overdose issues.
I have recommended that Julian be considered for legal use of cannabinoids to aid in the
treatment of his IBD, OCD, anxiety, pain and seizures. I thank you for your consideration in the care of
this special needs boy. If you have any questions feel free to contact me at this office.

Sincerely yours,

Michael W Elice MD

EDUCATOR PERSPECTIVE ON CANNABIS FOR AUTISM SPECTRUM DISORDER 1

Educator Perspective on Cannabis for Autism Spectrum Disorder
Kaelie M. Connors, M.Ed.
MAMMA – Ohio Chapter
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Abstract
Autism Spectrum Disorder, or ASD, is the main topic of this paper. With the
continuous evolution of modern medicine and treatments, cannabis has been
researched and implemented in some states as a promising means of treating
symptoms of ASD. This paper is a summary of an educator, Kaelie Connors, and her
experiences with students and adults with ASD throughout her life and how she
believes cannabis could greatly curb the many negative impacts ASD has on the people
with it and their families. The beginning of this paper describes and summarizes her
past and current experiences as an educator and advocate for those with ASD. The
second portion of this paper describes her experiences and ideas about differences
among with the utilization of pharmaceutical medications and possible positive
outcomes for utilizing cannabis instead. The third portion of this paper describes her
ideas for potential medical interventions and what those implications mean for those
with ASD, both younger and older. This paper serves as a descriptive composition with
embedded research to justify educational integrity and cannabis as a valid and powerful
means of intervention to help those with ASD, specifically in Ohio.
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Educational integrity and positive student progress are vital components of a
successful school system. With the increasing prevalence of the diagnosis of Autism
Spectrum Disorder, or ASD, these vital components have been compromised and
students with ASD are not meeting their true potentials. Not only are students with ASD
not reaching their true potentials, teachers feel unprepared as individual differences
among students greatly influence educational integrity and outcomes. In a study by
Shukor & Abdullah, researchers found that ‘teachers viewed that they had to be
constantly prepared before teaching, such as adjusting to a lower register and using
content appropriate with the students’ individual differences’ (Shukor & Abdullah, 2016).
Maybe part of this preparation should be inquiring and analyzing how medical
interventions are working for students at home and school.
I am an educator and behavior analyst that has experienced a lack of effective
medical intervention with my students for about ten years. I have taught in many
formats, classrooms, and with dynamic groups of students – individually, as a small
group, and a whole class format. Throughout my experience, I have noticed how
students’ behaviors have been positively and negatively influenced by the medical and
educational interventions implemented in their lives. In a study by Carlson,
Pokrzywinski, Uran, and Valdovinos, they found that ‘results from previous studies
suggest that any changes in medication may function as motivating operations, or MOs,
to produce changes in the conditions where problem behavior is likely to occur’
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(Carlson, Pokrzywinski, Uran, & Valdovinos, 2012). In Ohio, services and school
districts vary depending on location – more comprehensive, advanced approaches are
utilized in more populated areas, like at the capital of Columbus, Ohio, and less
comprehensive, simplistic approaches are utilized in areas where educational funding is
not as high, like in northeast Ohio. For instance, in the state report card in the 2016-107
school year, Columbus City School District had an ‘operating spending per pupil
averaged $10,250 by the district, while in the Painesville City School District, the
operating spending per pupil averaged $8,296 by the district’ (Ohio Department of
Education, 2018). These discrepancies in district funding are part of the reason why
students in less funded areas of Ohio are not meeting state goals and are not reaching
their educational potentials.
Charter schools were created to provide alternative methods of teaching to
children with and without disabilities. The function of a charter school is to provide
alternative teaching methods to replace public school teaching methods and are funded
by the federal government through grants and public funds according to student
enrollment. In my experience as a lead instructor of a group of students with ASD at a
charter school, the vital component of educational integrity was pushed to the side and
students did not meet their Individual Education Plan, or IEP, goal objectives. In a study
by Dunn et. al, authors discussed a pivotal court case of P.B. et. al. versus Paul
Pastorek et al., which was when a ‘Southern Poverty Law Center filed a class action suit
against the Louisiana Department of Education on behavior of 13 students’ (Dunn et.
al., 2018). Some of the alleged violations include ‘failure by the charter school district to
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accommodate a blind student’s disabilities by requiring his mother to attend school with
him and expelling a student with an emotional disability by claiming her depression was
disruptive to school operations’ (Dunn et. al., 2018). Strong levels of integrity are
necessary as teachers send data to the state board of education and provide this as
evidence of their practice, which is a process that is questionable in charter school
districts.
In terms of medical intervention, children with ASD tend to be prescribed
psychotropic medications that compromise their level of motivation and learning. One of
my students was so dependent on his medications, that if any were missed, his
behavior escalated and created dangerous situations throughout the day. It was difficult
for me to learn about these psychotropic medications in my college coursework, allow
my students to take them knowing how damaging they are on the brain, and know that
this cyclic phenomenon will affect families deeply – especially anti-convulsant and mood
stabilizer psychotropic medications. In one study, researchers found that ‘psychotropic
medication use in ASDs is linked to an increased rate of co-morbid disorders and
conditions, and in their study, it was also related to increased repetitive behaviors and
reduced executive function as measured by the BRIEF questionnaire’ (Linke et. al.,
2017). As research continues, more people will be informed of the major implications of
choosing to use psychotropic medication for their children with ASD and will likely turn
away from them as evidence supports holistic interventions.
Cannabis is a promising alternative for people with ASD in so many ways. Not
only is it easier for people with ASD in high and low socioeconomic demographics to
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access, it is also beneficial to the brain of a person with ASD. The properties cannabis
has, especially the anti-inflammatory property, directly target and intervene with features
of ASD, such as encephalitis and self-injurious behaviors. Dr. Bogner and Joe Stone
researched this topic and found that ‘CB2 upregulation and its ability to play
neuroprotective role in the brain can be a potential target for treatment of ASD’ (Stone &
Bogner, 2018). They also found that each symptom of ASD, such as ‘gastro-intestinal
disorders, repetitive behaviors, seizures, sleep dysfunction, and depression/anxiety can
be effectively treated by activating the endo-cannabinoid system in the human body’
(Stone & Bogner, 2018). Unfortunately, I have yet to witness the differences as an
educator in the learning process of those with ASD that have chosen to utilize cannabis
over prescription drugs due to the current legislation. But, I am certain and optimistic
that Ohio can provide its citizens with ASD a way for them to reach their full potentials.
This is why I support and advocate for Mothers Advocating Medical Marijuana for
Autism, or MAMMA, in Ohio.
All people with ASD in Ohio deserve an alternative that allows them to feel like
themselves so they can lead functional, successful lives. Cannabis allows all people
from varying demographics to benefit and gives them the same opportunities other
people have. Currently, most evaluation clinics and schools have waiting lists for
children with ASD. Cannabis interventions can even out these opportunities so that
families in lower socioeconomic demographics can access effective medicine. Applied
Behavior Analysis intervention approaches are costly to parents, especially those that
need therapy daily to function appropriately in their environment. Applied Behavior
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Analysis with the addition of cannabis methods can increase positive outcomes and
educational opportunities.
The average lifespan for a person with ASD is ‘39.5 to 53.87 years old,
depending on if they are diagnosed with high or low functioning ASD, and is mostly due
to epilepsy, suicide, and congenital malformations such as certain heart conditions’
(Hirvikoski et. al., 2016). Cannabis can help with these conditions, along with the
attached stigma about how people with ASD ‘can’t socialize.’ Cannabis, coupled with
Applied Behavior Analysis, can open the door for people with ASD to develop
appropriate social skills and children will experience less bullying and more learning at
school. Cannabis lessens the stigma of ASD by providing effective medication that is
easier to access than psychotropic medications and increases lifespan longevity for
people with ASD.
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Medical Comorbidities in Autism Spectrum Disorders

Introduction
Many children and adults with a diagnosis of autism
spectrum disorder (ASD) have comorbid health
problems. Recent large-scale studies have conﬁrmed
that several medical conditions are signiﬁcantly more
prevalent in people with autism compared to the
typical population. A detailed assessment conducted

“Comorbidity is to be expected in autism
spectrum disorders ― directly or indirectly.
Comorbid conditions may be markers for
underlying pathophysiology and request a more
varied treatment approach.”
Isaksen et al 2012. ‘Children with autism spectrum disorders: The
importance of medical investigations.’

by the US Centers for Disease Control and Prevention
demonstrated that children with autism had much
higher than expected rates of all of the medical

2001; Pickett et al., 2006; Gillberg et al., 2010;

conditions studied, including: eczema, allergies,

Bilder et al., 2012; Woolfenden et al., 2012). One study

asthma, ear and respiratory infections, gastrointestinal

found that deaths from gastrointestinal and respiratory

problems, severe headaches, migraines, and seizures

disorders were 40.8 and 24.5 times higher,

(Kohane et al., 2012).

respectively, in moderately to severely affected
patients versus typical peers (Shavelle et al., 2001).

Further studies from the US, Europe and Asia that

Another study that looked at the general health of

carried out detailed clinical investigations conﬁrmed

adults with autism found that without intervention,

that medical comorbidities were highly prevalent in

those patients appear to be at signiﬁcant risk for

children and adolescents diagnosed with ASD.

developing diabetes, coronary heart disease,

Abnormal clinical ﬁndings were common and

and cancer (Tyler et al., 2011). Adults with

additional investigations revealed a high prevalence of

developmental disabilities are also at much higher

medical disorders or manifestations, making it clear

risk for osteoporosis and show severe degrees of

that “an appropriately extensive medical

bone demineralisation (Jaffe et al., 2001; Jaffe and

assessment is essential in all cases” (Isaksen et al.,

Timell, 2003).

2012; Mazurek et al., 2012; Memari et al., 2012;
Kose et al., 2013).

Over time, anecdotal reports and opinions on what
constitutes 'autism behaviours' have been adopted as

Mortality is signiﬁcantly increased in autism, with death

unofﬁcial criteria in the assessment of autistic patients;

rates being three to ten times higher than the general

however, there is no evidence supporting the

population (Bilder et al., 2012; Woolfenden et al.,

attribution of behaviours such as head banging, night

2012). These deaths tend to be the result of medical

waking, aggression and posturing to the

comorbidities, such as epilepsy, gastrointestinal

pathophysiology of autism. In fact, there is substantial

conditions and respiratory disorders (Shavelle et al.,

evidence to the contrary, as reﬂected in the consensus
report from the American Association of Pediatrics
(AAP) which states that, “Care providers should be

“Treatment of comorbid medical
conditions may result in a
substantial improvement of quality
of life both of the child and their
parents. What investigations should
be implemented can vary both
within the autism spectrum and
individually.”
Isaksen et al., 2012 ‘Children with autism spectrum
disorders: The importance of medical investigations.’

aware that problem behavior in patients with ASDs
may be the primary or sole symptom of the underlying
medical condition, including some gastrointestinal
disorders.” (Buie et al., 2010). Behaviours in the ASD
population are often physical in origin, identifiable
through investigation, and treatable or manageable
through appropriate medical care.
The AAP, in their widely distributed Autism A.L.A.R.M.
(2004), encourages clinicians to listen to parents,
because they “generally DO give accurate and quality
information”. However, like clinicians who are working
3
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with communicatively-impaired ASD patients, parents
or carers may also face communication barriers with
their ASD child. Furthermore, parents may be unaware
of the possible implications of the symptomatology,
especially if at any point they have been told that
behaviours are ‘simply autism’. Nearly a third of adults
with high functioning autism report that they don’t
receive appropriate medical care for physical health
problems (Nicolaidis et al., 2012), and it is feared that
suboptimal medical care is even more likely for those
severely affected by autism and less able to
communicate with clinicians and carers. In a survey

“Recognition from health care
professionals that comorbid medical
conditions such as GI disturbances,
sleep disorders, and epilepsy were
real issues that affect children with
ASD was sorely needed.”
Lajonchere et al. 2012 ‘Leadership in Health Care,
Research, and Quality Improvement for Children and
Adolescents With Autism Spectrum Disorders:
Autism Treatment Network and Autism Intervention
Research Network on Physical Health’

conducted by Treating Autism, 81% of parents and
carers of children with ASD and 76% of persons with
ASD themselves (total N=220), stated that their health

aspect of this extensive list, a recent study found

concerns had not been adequately investigated by

higher than expected prevalence of aggressive

health professionals. Further to this, 23.6% of total

behaviours, with parents reporting that 68% of their

respondents had a medical diagnosis other than autism,

ASD children had demonstrated aggression to a

yet that health concern had been dismissed in the past

caregiver and 49% to non-caregivers (Kanne and

as ‘autism’ by their doctors. For 70.9% of these, the

Mazurek, 2011). The costs, both human (Hodgetts et

attribution of that comorbid medical problem to ‘autism’

al., 2013) and monetary, (Knapp et al. 2009; Cidav et

by a health care professional had occurred more than 4

al. 2012; Barrett et al. 2012) reﬂected by these

times (Treating Autism Survey, 2009).

statistics are incalculable, especially given the everincreasing autism rates (Centers for Disease Control

Impairments in communication and social interaction

and Prevention 2012; Zahorodny et al., 2012).

are by deﬁnition core symptoms of ASD and play a
role in the challenges clinicians face in diagnosing

Widespread reports of severe medical conditions

medical comorbidities. However, other symptoms and

being attributed, without investigation and sometimes

behaviours that frequently occur in autism have been

without physical examination, to autism behaviours

erroneously assumed to be a result of autism itself,

have compelled the creation of this document in order

including anxiety, aggression, agitation, irritability,

to present relevant information to healthcare providers,

impulsivity, lack of focus, disturbed sleep,

policy makers and the wider audience. A summary of

self-harming, self-stimulatory behaviours, lack of

current research, including the positions of leading

coordination, and visual, tactile and auditory

governmental and professional bodies, is hoped and

oversensitivity. These so-called autistic behaviours

expected to help bridge the knowledge and training

have a substantial negative impact on not only the

gap, and as a consequence, decrease the premature

individual with autism, but also families and society as

attribution of physical symptoms to 'autism

a whole (Sukhodolsky et al., 2008; Cheely et al., 2012;

behaviours'. Current research, shared below, offers

Geluk et al., 2011; Quek et al., 2012). Looking at one

support to health care and care providers in
understanding the possible mechanisms,
symptomatology, and consequences of common

“The elevated mortality risk associated with ASD
in the study cohort appeared related to the
presence of comorbid medical conditions and
intellectual disability rather than ASD itself
suggesting the importance of coordinated medical
care for this high risk sub-population of individuals
with ASD.“
Bilder et al., 2012 ‘Excess Mortality and Causes of Death in Autism
Spectrum Disorders’

comorbidities in ASD, thus allowing improved
patient care and reduced long-term costs.
This document also provides a list of symptoms and
behaviours that are indicative of health problems but
often dismissed as ‘autism’, and offers common
sources of such behaviour. Case studies highlight
and contextualize some challenges faced in
diagnosing this unique patient group and the possible
outcomes of successful identiﬁcation of underlying
medical problems.
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Current state of knowledge

oxidative stress and mitochondrial dysfunction ―
all of which could have pathological consequences

Current neurological, immunological, metabolic,

and clear negative impact on behavior and

endocrinological, and epidemiological research is at

neurological functioning.

the leading edge of a paradigm shift in our
understanding of ASD. Studies published in the last
12 months confirm many earlier findings of
widespread biomedical abnormalities in autism.
While autism has been commonly assumed to
be a neurodevelopmental and behavioural
disorder, and kept within the boundaries of
psychiatry and neurology, it is now increasingly
recognised as a whole-body disorder, with the core
deﬁcits in communication, social interaction,
restrictive/stereotypic behaviours, and other
commonly seen behaviours that have been attributed
to ASD, being surface manifestations of a systemic

“Allergic conditions are easily treatable; however,
ASD children may be under-diagnosed and/or
undertreated for allergic and other common
childhood diseases, in part due to their impaired
communication skills. Practicing physicians should
be aware of the potential impact of allergic
diseases on behavioral symptoms and cognitive
activity in ASD children”
Jyonouchi, 2010 ‘Autism spectrum disorders and allergy: Observation
from a pediatric allergy/immunology clinic’

and complex disease process.
Scientiﬁc evidence is accumulating that challenges the
previously held belief that autism is an in-born and

Neuroinflammation and immune
dysregulation in ASD

unchangeable condition: numerous studies now
conﬁrm that a signiﬁcant percentage of previously

There is ﬁrm evidence of immune dysfunction in

typically-developing children regress into autism, and

individuals with autism. Results of numerous studies

also that some children present with decreasing

point to abnormal immune function, including on-going

symptoms, or even complete recovery from autism or

neuroinﬂammatory response. Several postmortem and

"optimal outcome" (Fein et al., 2013) following

in vivo investigations found chronic inﬂammatory

intensive intervention (Barger et al., 2012; Ekinci et al.,

processes in multiple areas of the brain and multiple

2012; Eriksson et al., 2012; Pellicano, 2012). Fein et

studies have found a correlation between levels of

al.’s study in particular challenges the assumption that

immune dysfunction and severity of autistic symptoms

ASD is static and lifelong, and provides strong

(Vargas et al., 2005; Chez et al., 2007; Li et al., 2009;

“evidence that recovering from autism is indeed

Morgan et al., 2010; Wei et al., 2011; Young et al., 2011;

possible and opens up the possibility of improvement,

Suzuki et al., 2013). These observations resemble

even without optimal normalization.” (Ozonoff, 2013).

ﬁndings in other inﬂammatory and autoimmune disease
states, in which elevations in levels of cytokines or

While further studies are under way to elucidate the

autoantibodies are associated with the pathogenesis of

exact reasons why some typical children may

neuroinﬂammation, neurotoxicity and neuronal injury,

descend into autism, or why some lose their autism

and subsequent behavioural and cognitive

following intervention, it is now well established that

impairments, for example multiple sclerosis or HIV-

specific medical problems are associated with the

induced neurological dysfunction.

severity of the condition and that successfully
addressing these comorbidities often leads to
signiﬁcant improvement in overall functioning.
"Several lines of research lend hope to the idea that
biomedical treatments may someday improve the
prognosis for a larger majority of children diagnosed
with ASD." (Helt et al., 2008).
Some of the biomedical abnormalities found to date
in ASD include, but are not conﬁned to,
neuroinﬂammation and immune dysregulation,

CASE EXAMPLE 1 Munair is a 5-year old boy with regressive autism.
He was progressing reasonably well when he developed what looked like selfharming behaviour. Munair would frequently strike his jaw forcefully, always in
the direction of the occiput. This would make a loud clunking noise. At the
same time he developed a ‘fondness’ for jumping from higher and higher
height. On examination he had bilateral purulent ear effusions. He was
underweight and undernourished despite good intake. Amoxicillin was
unsuccessful. Azithromycin helped significantly, but discontinuation led to
recurrence. A five-day course of azithromycin followed by every other day
dosing led to a sustained and substantial improvement. The jaw-striking and
jumping was thought to be an attempt to unblock his ears.

abnormal gut ﬂora, autonomic dysfunction,
5
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“For patients with ASDs, a detailed
history (including personal history of
allergic disease, dietary history, and
family history) and physical
examination should be performed to
accurately identify potential
comorbid allergic disease.”
Consensus Report, American Academy of
Pediatrics, Buie et al., 2010

and Goldblatt, 2004) while treatment of allergies often
results in improvement in behaviours such as anxiety,
hyperactivity, and irritability, commonly attributed to
‘being autistic’ (Jyonouchi, 2010; Schieve et al., 2012;
Chen et al., 2013).
Both IgE and non-IgE mediated allergic reactions are
increasingly recognized causative factors of anxiety
and mood disorders. As well, these allergic reactions
contribute to difﬁculty focusing, irritability, tics, daytime
fatigue and sleep problems in both children and adults.
Children with allergies suffering from learning

In autism, ﬁndings of chronic inﬂammation and

disabilities, hyperactivity, fatigue, incoordination and

immune dysregulation throughout the central nervous

irritability who are treated for their allergies show

system are accompanied by serum ﬁndings, all

marked improvement in ability to learn, reduction of

pointing to widespread dysregulation of immune

hyperactivity and incoordination, and ability to perform

mechanisms. Individuals with autism often display

intelligence tests (Randolph, 1947; Millman et al.,

immune abnormalities in the form of altered cytokine

1976; Price et al., 1990; Chen et al., 2012). The

proﬁles, autoantibodies, changes in immune cell

characteristic symptoms of allergic disorders may

function and abnormal mast cell activation (Molloy et

include bronchial asthma, allergic rhinitis, and atopic

al., 2006; Enstrom et al., 2009; Ashwood et al., 2011;

dermatitis, all of which may cause difﬁculty falling

Naik et al., 2011; Suzuki et al., 2011; Abdallah et al.,

asleep as well as night waking due to difﬁcult

2012; Afaf El-Ansary and Al-Ayadhi, 2012; Theoharides

breathing, itching and scratching. These sleep

et al., 2012b).

disturbances lead to daytime inattention, irritability,
and hyperactivity (Dahl et al., 1995; Shyu et al., 2012).

Addressing the immunological differences found in

Similarly, a large population-based study recently

autism can often alleviate some of the core symptoms

found that the presence of anxiety, aberrant mood and

of the disorder and improve overall functioning of

behaviours is considerably reduced in adults who

affected individuals (Gupta et al., 1996; Matarazzo,

receive allergy treatments compared to those left

2002; Boris et al., 2007; Sharma et al., 2012).

untreated (Goodwin et al., 2012).

Allergic disorders in ASD: effects
of allergies on behaviour, cognition
and anxiety

According to a report by Neuroallergy Committee of
the American College of Allergy,
“Allergic irritability syndrome is a concise,
quantifiable way to define the decreased ability to

Food and inhalant allergies, including frank atopic

concentrate, bouts of irritability and temper

diseases, and food intolerances are common in autism

tantrums that sometimes occur as side effects of

(Kohane et al., 2012; Schieve et al., 2012).

allergic rhinitis.” (Klein et al., 1985).

Furthermore, it has been demonstrated that a
challenge with nasal allergens results in increase of

It is now known that allergic diseases like atopic

autism symptoms in over half of children studied (Boris

dermatitis and allergic rhinitis are characterised by an

CASE EXAMPLE 2 Edward is a 14-year-old boy with a history of severe regressive autism. He presented with an 18-month history of
altered behaviour. Sub-acute onset of self-harm, agitation, frequent night waking and latterly, aggression against others. Appetite was variable
but largely maintained. Stools were reported as normal on the background of long-standing constipation. GP had referred to paediatrician,
who referred to a paediatric gastroenterologist, who referred on to a neurologist. He was commenced on carbamazepine for mood-stabilisation.
At consult he was agitated, preferred to sit, but frequently stood straight, pacing. He required constant one to one supervision, provided by
his father. Edward struck his father twice during the consultation. He had no speech. No further examination was possible. He was
re-referred to gastroenterology, referred on to a general surgeon and underwent a semi-urgent gastric fundoplication. Aggressive behaviour
has not recurred.
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imbalance of the hypothalamus-pituitary-adrenal axis

Non-celiac food sensitivity and ASD

(HPA) and the sympathetic axis, which in turn can
inﬂuence behaviour and cognition. These effects are

Recent large-scale double-blinded studies have

most likely mediated through effects of histamine on

conﬁrmed the existence of non-celiac wheat sensitivity

adrenaline release and also via direct activation of

as a new clinical entity. Patients with a history of

HPA by pro-inﬂammatory molecules released by mast

allergies and atopic diseases are more likely to suffer

cells, which have long been implicated in stress-

from non-celiac food sensitivity (Massari et al., 2011;

induced immune responses (Scaccianoce et al.,

Carroccio et al., 2012). Since children with autism are

2000; Kalogeromitros et al., 2007; Liezmann et al.,

almost twice as likely as controls to suffer from atopy

2011).

and allergies, possible wheat sensitivity in those
children needs to be considered, especially when

Mastocytosis or mast cell activation syndrome is a

irritable bowel syndrome symptoms are present (see

spectrum of rare diseases characterized by increased

following section) (Menchetti et al., 1995; Sandler et

number of activated mast cells in many body organs.
Children who are affected by this disorder
appear to have autism at a rate tenfold higher
than that of the general population children
(Angelidou et al., 2011). It has been proposed that
excessive activation of mast cells could be the
central pathogenic mechanism in at least some types
of idiopathic autism. This is currently being
investigated by Tufts University researchers, with
preliminary treatment trials of mast cell blocking
agents yielding promising results (Theoharides et al.,
2012a; Theoharides et al., 2012b).

“If the gastrointestinal disorder is recognized and
medical treatment is effective, the problem
behaviours may diminish. When abdominal pain or
discomfort is a setting event, psychotropic
medications are likely to be ineffective and may
even aggravate the problem if they have adverse
gastrointestinal effects.”
Consensus Report, American Association of Pediatrics Buie et al., 2010

Given the high prevalence of allergic diseases and
non-IgE mediated hypersensitivity reactions and mast

al., 2000; Schieve et al., 2012). A joint clinical trial

cell over-activation in autism, as well as conﬁrmed

currently being undertaken by Massachusetts General

HPA and sympathetic over-activation (see following

Hospital and Second University of Naples is focusing

section), it seems likely that many aberrant

on identifying a clinical diagnostic biomarker for

behaviours that are frequently characterized as

non-celiac gluten sensitivity. It should be noted that

‘autism’ are being caused or exacerbated by

Carrocio and colleagues (2013) found that the main

potentially treatable and preventable allergic

histological characteristic of non-celiac wheat

reactions.

sensitivity was mucosal eosinophil inﬁltration.
Histological ﬁndings of prominent mucosal eosinophil

Health professionals should be aware that when a

inﬁltration have been observed in a high percentage of

child or adult with autism presents with ‘autistic

children with autism, and have been found to be

irritability’ or increased anxiety, inability to fall or stay

signiﬁcantly lower in children following a gluten-free

asleep, inability to concentrate, hyperactivity and

diet (Ashwood et al., 2003; Chen et al., 2010). The

daytime fatigue, the possibility of allergic and

most recent Cochrane systematic review of gluten-

hypersensitive conditions should be considered

and casein-free diets for autistic spectrum disorder,

(Jyonouchi, 2010; Goodwin et al., 2012; Theoharides

published in 2009, recommended that large scale,

et al., 2012b).

good quality randomised controlled trials are needed,

CASE EXAMPLE 3

Christopher is a 20-year old male with moderate to severe autism. He presented with sudden onset self-harm and
destructive behaviour. Over three years he was trialled on various neuroleptics, to minimal effect. Chest infections had become progressively
worse over the three-year period. Chest exam suggested right lower consolidation. Chest CT revealed consolidation. Only partial resolution
with antibiotics was achieved. Bronchoscopy revealed a 15mm twig central to the consolidation. Removal, prednisolone and a protracted
course of azithromycin resolved the consolidation, and his self-harm and destructive behaviour also resolved. Christopher had not localised
to the pain source nor had he developed pyrexia.
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CASE EXAMPLE 4

David is a 34-year old male with mild to moderate
autism. He presented with a two-month history of unexplained aggressive
outbursts. Despite reasonable communication skills he could not explain the
outbursts of rage. Examination was unremarkable. Routine investigations
revealed H.Pylori. His rage episodes resolved after eradication therapy and one
month on a proton pump inhibitor.

Immune system in ASD: translational
research and clinical evidence
Autism-related symptoms and behaviours can be
induced in offspring by maternal exposure to infection
and maternal immune mediators. These outcomes have
been observed in both animal experiments and maternal

however from the existing trial evidence it concluded

clinical histories. Animal models show clear

that “the diet poses no disbenefit or harm”, and it

connections between anxiety, abnormal social

identiﬁed positive effects of the this diet relating to

behaviours and levels of proinflammatory cytokines.

improvement in overall autistic traits, social isolation,

Correcting immune abnormalities in post-exposure

and overall ability to communicate and interact

experiment animals with immune-modulatory

(Millward et al., 2008). A more recent review of the

treatments results in normalisation of immune function,

literature on the beneﬁts of a gluten free diet in autism

and more importantly, improvements in cognitive

found that “although not wholly affirmative, the

function and complete and lasting reversal of abnormal

majority of published studies indicate statistically

autism-related behaviours (Kipnis et al., 2004;

significant positive changes to symptom

Hsiao et al., 2012).

presentation following dietary intervention”
(Whiteley et al., 2012).

Autoimmunity in ASD
The connection between autism and autoimmune
disorders is gaining increasing support with a number of
studies demonstrating a high incidence of autoimmune
conditions in autism and an association between serum
levels of various autoantibodies and severity of autistic
symptoms (Mostafa and Al-Ayadhi, 2011; Frye et al.,

“For patients with ASDs, a detailed
history (including personal history of
allergic disease, dietary history, and
family history) and physical
examination should be performed to
accurately identify potential
comorbid allergic disease.”
Consensus Report, American Academy of
Pediatrics, Buie et al., 2010

2012; Mostafa and Al-Ayadhi, 2012; Chen et al., 2013).
Autoantibodies to folate receptors for example are
suspected to play a pathological role in some forms of

Activation of the immune system is known to lead to

idiopathic autism because of their negative effects on

functional changes in the central and autonomic

cerebral folate metabolism and well-known involvement

nervous system and to impact behaviour. Prolonged

in other neurodevelopmental syndromes (Hyland et al.,

peripheral inﬂammation, even when subclinical, causes

2010; Ramaekers et al., 2012).

‘sickness behaviours’ in animals characterized by
reduced affection and social motivation, increased

Consistently, family history of autoimmune diseases is

anxiety, avoidance of novel situations, repetitive

signiﬁcantly higher in autistic children than in general

behaviours, reduced exploration, self-imposed dietary

population (Sweeten et al., 2003; McDougle and

restrictions and many other symptoms that mirror

Carlezon, 2013).

those seen in autism (Kohman et al., 2009; Johansson,
2012; Yee and Prendergast, 2011).

The combination of these ﬁndings has led many
researchers and clinicians to suggest that autoimmune

Similarly, the presentation of patients suffering from

mechanisms could be a causative or contributing

chronic inﬂammatory or autoimmune disease, or

factor in at least a subset of individuals with autism.

undergoing cytokine therapy, demonstrates that

CASE EXAMPLE 5

Max is a 13 year old by with high functioning autism. He presented with a 2-3 year history of increasingly labile mood,
obstinance and some mild cognitive impairment. Behaviour and performance had begun to affect his school placement. Examination revealed
grossly pitted and erythematous tonsils. Bloods revealed an ASOT of 800 (nr > 200), mildly elevated platelets of 420 (nr > 400) and marginally
elevated ESR of 11 (nr > 10). Results remained abnormal over time with only partial response to antibiotics. Max was referred to ENT, and
subsequently underwent a tonsillectomy. Within two weeks mood improved, obstinance ceased and his school grades returned to normal.
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immune dysregulation can impact behavior, moods,
personality and cognitive function. Addressing
peripheral infections (for example in the gastrointestinal
system or sinuses) calming autoimmune reactions, or
discontinuing therapy with inﬂammation-inducing
agents, often leads to reversal and normalization of

“The role of immune responses in the pathogenesis
of gastrointestinal disorders in individuals with ASDs
warrants additional investigation.”
Consensus Report, American Academy of Pediatrics, Buie et al., 2010

symptoms and restoration of brain function (Siegel and
Zalcman, 2008; Myint et al., 2009).

showed that children with autism, in addition to many
other unmet health needs, were twice as likely as

A link between immune dysfunction and autism is

children with ADHD, learning disability or other

further exempliﬁed by a recent multi-genome analysis

developmental delays, to have experienced frequent

study, which found links between genes that

diarrhoea and/or colitis during the past year. They were

predispose individuals to aberrant immune response

also seven times more likely to have experienced

to infections and risk of developing autism (Saxena

these gastrointestinal problems than typical controls

et al., 2012), as well as two separate ﬁndings from large

(Schieve et al., 2012).

European birth cohorts, which both found perturbed
immune responses and pro-inﬂammatory biomarkers in

Over the past several years there has been an

mothers and newborns who later develop autism

increased recognition of gastrointestinal comorbidities

(Abdallah et al., 2012; Brown et al., 2013).

among individuals with autism, including increased
intestinal permeability, diarrhoea, constipation,

In this context it must be mentioned that the most

gastroesophageal reﬂux, digestive enzyme deﬁciency

rigorous and largest population-based twin study of

and bacterial dysbiosis (Horvath et al., 1999;

autism done to date has found that “susceptibility to

Wasilewska et al., 2009; de Magistris et al., 2010;

ASD has moderate genetic heritability and a substantial

Kushak et al., 2011; Williams et al., 2011; Persico and

shared twin environmental component” and “although

Napolioni, 2012). Recent research has also conﬁrmed

genetic factors also play an important role, they are of

that, contrary to commonly-held beliefs, presence of

substantially lower magnitude than estimates from prior

gastrointestinal dysfunction in children with autism

twin studies of autism.” (Hallmayer et al., 2011).

is not associated with distinct dietary habits or

Furthermore, the three largest genome-wide

medication status, and parental reporting of any

association studies performed on more than 3000

GI dysfunction in their children is highly concordant

individuals in total, have failed to detect any speciﬁc

with later clinical diagnosis of that dysfunction

gene association with any consistency across the

(Gorrindo et al., 2012).

studies (Wang et al., 2009; Weiss et al., 2009; Pinto et
al., 2010). These studies identify a small number of

The strong correlation of gastrointestinal symptoms

ASD individuals with novel genetic changes called

with severity of autism indicates that children more

Copy Number Variantion or CNV. However, as Pinto et

severely affected by autism are likely to have severe

al. states, “the population attributable risk ... is

gastrointestinal symptoms (Adamset al., 2011, Wang

estimated to be 3.3%”. This says, in effect, that 96.7%

et al., 2011; Gorrindo et al., 2012). An American

of ASD cannot be attributed to these genetic changes.

Academy of Pediatrics consensus paper recommends
that health care providers should be alerted to the

Abnormal bacterial flora
and gastrointestinal
comorbidities in ASD
Gastrointestinal problems are a commonly found in
autism and may be related to problem behaviours,
sensory overresponsitivity, dysregulated sleep, anxiety
and irritability (Heijtz et al., 2011; Mazurek et al., 2012;
Schurman et al., 2012; Chandler et al., 2013). Results
from a large-scale population-based study conducted

CASE EXAMPLE 6 Steven is a 5-year old boy with marked regressive
autism. He suffered sleep disturbance, self-selected dietary restriction and
marked hyperactivity. He could follow no commands. He ate only dry, starchy
food. Parents had placed a plastic shield over their TV due to Steven continuously
slapping the screen. On examination he had marked tonsillar enlargement with
marked erythema, and reactive anterior cervical chain lymphadenpathy. Bloods
showed mildly raised inflammatory markers and elevated eosinophils. He was
commenced on a protracted course of co-amoxiclav for strep throat. Within three
weeks he had calmed, seemed happier and widened his diet. He began obeying
one and two stage commands. Parents reduced potential allergens in the
bedroom and he began sleeping through the night.

by the US Centers for Disease Control and Prevention
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“Despite the magnitude of these issues, potential GI

CASE EXAMPLE 7

Joseph is a pleasant 10-year old boy with
regressive autism. Visual learning was markedly improving, but speech and
listening skills were disproportionately behind. He had a long history of ear
infections with grommet insertion twice before. Further ENT review revealed
failed grommets, reinsertion with titanium grommets failed too. He did not
respond to allergy management, a trial of antifungals and a protracted course
of azithromycin. He was duly referred to an immunologist, and subsequently
found to have a Mannose-Binding Protein deficiency. He has made good
progress on long-term prophylactic antibiotics.

problems are not routinely considered in ASD
evaluations. This likely reflects several factors,
including variability in reported rates of GI disorders,
controversies regarding the relationship between GI
symptoms and the putative causes of autism, the
limited verbal capacity of many ASD patients, and the
lack of recognition by clinicians that certain
behavioral manifestations in children with ASDs
are indicators of GI problems (e.g. pain, discomfort,
or nausea). Whether GI issues in this population are

behavioral manifestations of gastrointestinal disorders

directly related to the pathophysiology of autism, or

in patients with autism, “as those can be atypical

are strictly a comorbid condition of ASD remains to

and evident only as a change in behaviour, thus

be determined, but clinical practice and research to

presenting a significant challenge to both

date indicate the important role of GI conditions in

parents and health care providers.” (Furuta et al.,

ASDs and their impact on children as well as their

2012). This consensus paper identiﬁed that, in

parents and clinicians.” (Coury et al., 2012).

children with ASDs:
1. subtle or atypical symptoms might indicate the
presence of constipation;
2. screening, identification, and treatment through
a deliberate approach for underlying causes of
constipation is appropriate;
3. diagnostic-therapeutic intervention can be
provided when constipation is documented;

“Developing effective treatments
and improving care for individuals
with ASDs throughout the life span
remain urgent priorities.”
James M. Perrin, MD, Harvard Medical School,
President-elect of the American Academy of
Pediatrics

4. careful follow-up after any intervention be
performed to evaluate effectiveness and tolerance
of the therapy.

Analyses of the bacterial ﬂora composition of
individuals with autism have frequently revealed the

In individuals with autism, atypical presentations of

presence of abnormal bacteria that are absent from

common gastrointestinal problems can include

healthy controls, as well as translocation of bacterial

emergence or intensifying of seemingly non-related

species to parts of gastrointestinal system that are

‘autistic’ behaviours such as self-harm, irritability,

not host to those bacteria in healthy individuals

aggression, strange posturing or movements (Buie et

(Finegold et al., 2002; Parracho et al., 2005; Ekiel et

al., 2010). Because autonomic disturbances are

al., 2010; Finegold et al., 2010; Williams et al., 2012).

common in autism, the posturing and guarding
responses typically seen in non-ASD children with

Metabolic/biochemical changes found in the urine of

abdominal disease might be decreased in individuals

individuals with autism further conﬁrm the gut

with autism. Practitioners need to bear in mind the

microbiota abnormalities revealed by stool and ileal

high mortality rate from digestive diseases in autism.

tissue investigations (Yap et al., 2010; Ming et al.,
2012). Endotoxemia has been observed in patients

In another paper, the American Academy of Pediatrics

with autism, and the levels of bacterial toxins in the

stresses the need for appropriate investigations:

blood have been found to correlate to severity of

CASE EXAMPLE 8 Luke is a 5-year old boy with regressive autism. With intensive intervention he made good progress, but
marked anxiety in social situations remained. Parents complained that he suffered uncontrolled terror when he even went near a busy
play park. Parents had resorted to taking him very early in the morning. On examination he had a pulse of 100 BPM, with further increase
upon questioning/challenging. He was commenced on 20mgs of propranolol in the morning and 10mgs in the afternoon. Immediate
resolution of social anxiety ensued. Within one week Luke was playing for 30 minutes in a busy park. He has made further advancements
in development since.
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autism symptoms (Emanuele et al., 2010). This is
believed to result from both the increased presence
of pathogenic bacteria and the increased intestinal
permeability seen in autism. A small treatment trial of
oral vancomycin noted a decrease in autism-related
behaviours following a course of this antibiotic. This

“Perpetuating the myth of autism as a primarily
genetic disorder is a disservice to those who
might beneﬁt from treatment and diverts attention
from nongenetic causes."
Prof Richard Deth, Northeastern University, Boston

observation, which has since been mirrored by
numerous clinical reports, points further to a
possible correlation between levels of pathogenic

metabolism, and high levels of oxidative stress are

bacteria and severity of autistic symptoms (Sandler

common in persons affected by autism.

et al., 2000).

Elevations in metabolic markers of oxidative stress
as well as reduced levels of glutathione and other

As discussed in the previous section, pain and

cellular antioxidants have been found in many areas

sickness have profound inﬂuences on mood,

of the body, including the brain and primary immune

cognition, and behaviour, including sociability and

cells (Chauhan et al., 2012; Ghanizadeh et al., 2012;

communication. Equally, chronic inﬂammation and

Rose et al., 2011; Rose et al., 2012). Reactive

infections of the gastrointestinal tract are associated

oxygen species are destructive to cells and organs,

with increased circulatory levels of pro-inﬂammatory

and elevated oxidative stress has been implicated in

cytokines with direct effect on behaviour, including

autoimmune, inﬂammatory, cardiovascular and

anxiety, motivation, socialisation, avoidance of novel

neurodegenerative diseases, and cancer.

situations, and adherence to routine and repetitive
actions. Pathogens or mediators derived from the

A substantial percentage of autistic patients display

immune system interact with peripheral neural

markers of abnormal mitochondrial energy

pathways, such as the intestinal enteric nervous

metabolism, such as elevated lactate, pyruvate, and

system and the autonomic nervous system, and

alanine in blood, urine and/or cerebrospinal ﬂuid, as

consequently affect brain function (Sharkey and

well as serum carnitine deﬁciency (Filipek et al.,

Kroese, 2000; Goehler et al., 2005; Goehler and

2004; Oliveira et al., 2005; Frye et al., 2013). In the

Gaykema, 2009). In animal models of autism, animals

majority of cases this abnormal energy metabolism

exposed early in life to bacterial toxins develop

cannot be linked to speciﬁc inborn mitochondrial

autistic traits (MacFabe et al., 2011; Willette et al.,

disease, or another primary inborn error of

2011; Baharnoori et al., 2012; El-Ansary et al., 2012).

metabolism. It has therefore been suggested that in

Subclinical gastrointestinal infections, such as Small

autism, abnormalities in mitochondrial function could

Intestinal Bacterial Overgrowth are known to induce

be a downstream consequence of immune

anxiety and aberrant behaviours in previously healthy

dysfunction (Palmieri and Persico, 2010; Rossignol

adult animals (Lyte et al., 1998; Lyte et al., 2006).

and Frye, 2011). Insufﬁcient mitochondrial
energy production could both result from and
contribute to cellular oxidative stress and chronic

Oxidative stress, acquired
mitochondrial dysfunction and
metabolic abnormalities in ASD

inﬂammation in autism.
Raising antioxidant levels and/or metabolic
precursors and supporting mitochondrial function

There is increasing evidence that mitochondrial

have been proposed as treatment avenues. Small

dysfunction, perturbation in sulfur and amino acid

clinical trials of antioxidants such as carnosine and

CASE EXAMPLE 9 Sally is an 11-year old girl with late regressive autism. She presented with a six-month history of worsening selfharm, head-banging, obsessions and episodic aggression against others. Previously Sally was placid with episodic obsessional behaviours.
On examination Sally held her head frequently and disliked bright lights. When asked where it hurts Sally localised to the top of her head. Apart
from some mild right iliac fossa tenderness there was little else to find. Bloods showed ASOT of 800 (nr >200), ESR of 12 and platelets of 350.
Rheumatoid Factor was markedly elevated at 104 (nr >14). She was commenced on co-amoxiclav and prednisolone and referred to Paediatric
Neurology and Rheumatology. Within three days her symptoms had reduced substantially. There was no self-harm, no aggression and Sally
returned to her placid self. Speech was significantly improved, and Sally was able to express widespread joint pain.
11
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N-acetyl-l-cysteine, mitochondrial agents such as

It has been suggested that manipulating autonomic

carnitine, and metabolic precursors such as

function could be a possible treatment avenue for

methylcobalamin and folinic acid have shown

aggression, anxiety and irritability, as well as the core

promising results in autism (Chez et al., 2002; James

symptoms of autism and cognitive functioning (Ratey

et al., 2009; Rossignol and Frye, 2011; Ghanizadeh

et al., 1987; Narayanan et al., 2010; Beversdorf et al.,

et al., 2012; Hardan et al., 2012).

2011; Bodner et al., 2012). Following very promising
pilot trials on adults with autism, which
demonstrated that adrenergic antagonist propranolol

Autonomic nervous system
dysfunction (dysautonomia)
in ASD

improves the core features of the disorder, such as
impaired social interaction and communication,
randomised controlled trials are currently underway
at the University of Missouri, MU Thompson Center

In recent years, an increasing number of researchers

for Autism and Neurodevelopmental Disorders.

and clinicians have focused their attention on
abnormalities of the autonomic nervous system
(ANS) within the ASD population.

Seizure disorders in ASD

Elevated sympathetic and lowered parasympathetic

Prevalence of seizure disorders is signiﬁcantly higher

activity is frequently present in children and adults

in people with ASD than is the norm and epilepsy is a

with autism whether or not they have more

contributing factor to the elevated mortality risk seen

obvious outward symptoms or signs of

in autism, making detection and treatment of this

autonomic abnormalities (Toichi and Kamio, 2003;

medical comorbidity in autism of utmost importance

Ming et al., 2005; Fan et al., 2009; Patriquin et al.,

(Hughes and Melyn, 2005; Mouridsen et al., 2011).

2011; Cheshire, 2012; Daluwatte et al., 2012).

This is especially relevant in the context of
subclinical epileptiform activity being found in a
majority of individuals with autism, even in the

“Given the extreme heterogeneity of ASDs and
other neurodevelopmental disorders, effective
treatments for individuals with ASDs will likely
beneﬁt from a personalized medicine approach
that takes into account individual differences in
etiologic and phenotypic characteristics.”
Lajonchere et al. 2012 ‘Leadership in Health Care, Research, and Quality
Improvement for Children and Adolescents With Autism Spectrum
Disorders: Autism Treatment Network and Autism Intervention Research
Network on Physical Health’

absence of clinical seizure disorder. When
epileptiform activity is present in the ASDs,
therapeutic strategies such as antiepileptic drugs,
steroids, and even neurosurgery aimed at its control
can often lead to a signiﬁcant improvement in
language and autistic behaviours, in addition to
reducing seizure activity (Lewine et al., 1999;
García-Peñas, 2005; Muñoz-Yunta et al., 2008).
“Given the frequency of seizure disorders in this
population, a high index of clinical suspicion
should be maintained for subtle symptoms of
seizures.” (Kagan-Kushnir et al., 2005).

CASE EXAMPLE 10

Jameel is a 5-year old boy. He developed normally until 15 months of age when he experienced 3 weeks of
continuous fever. His communication, socialisation and behaviour became affected from that point; he lost all speech and eye contact, and
presented with marked sleep disturbance, and self-restricted diet. Gastrointestinal symptoms were present early on including a distended
abdomen, alternating diarrhoea and constipation and marked malodour. He became prone to ear infections, had chronic dermatitis, head
banging every 2 hours, cracked lips, allergy shiners.
At presentation Jameel was underweight, distressed, uncooperative and unhappy. Jameel received a diagnosis of autism at age 2 years
and 7 months. A number of laboratory tests were undertaken and several issues were identified: elevated total IgE and eosinophil count
(allergy against foods and inhalants identified), low Natural Killer Cell Count, markedly elevated ASLO titer, deficiencies in iron, vitamin D,
Omega 3, together with raised proprionic acid, hippuric acid and 4-hydroxyphenyacetic acid.
Successful treatment consisted of dietary exclusion, good environmental hygiene, correction of deficiencies, and combination antimicrobials
for intestinal bacterial overgrowth. Over three months sleep normalised, vocalisation, eye contact and understanding improved. Head
banging stopped. Bowels improved.
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Approaching comorbidity in the ASD patient:
Medical Considerations
Up until recently, scientific consensus suggested autism

pain or tenderness, level of baseline agitation, lack of a

progresses to a predetermined outcome regardless of

coherent history, and other factors can all contribute to a

medical intervention. Advice to patients, guardians and

challenging assessment. In all likelihood, such challenges

the wider audience has reflected such consensus. Now

reflect the substantial respiratory, gastrointestinal and

the consensus has changed, and so must the awareness.

neurological morbidity and mortality rates that are
consistently reported.

Until more definitive answers pertaining to the
pathophysiology of autism are available, frontline

The chart below is an attempt to improve recognition of

physicians are charged with treating, as best as they can,

common problems encountered when autistic patients

whatever medical illnesses a patient may have, whether

present with comorbid health issues. These

they be comorbid, or part of the underlying pathology.

recommendations may seem somewhat basic

The importance and value of such treatment has been

considerations when dealing with a communication-

highlighted by recent authoritative studies.

challenged patient of any age, however, increasing reports
of premature attribution of physical health issues to the

Managing comorbid illness in the autistic patient carries a

autism phenotype and the consequences thereof, make it

multitude of challenges. Communicating pain, processing

prudent to highlight the following:

Behaviours which may
indicate an underlying
comorbid illness include:

1
l

Sudden change in behaviour

l

Loss of previously acquired
skills

l

Sensory hyper-responsitivity:
hyperacusis, tactile
defensiveness, sensitivity
to light

l

Covering ears with hands

l

Teeth grinding

l

Irritability and low mood

l

l

Tantrums and oppositional
behaviour

Posturing or seeking pressure
to specific area

l

Behaviour around evacuation

l

Aggression: onset of, or
increase in, aggressive
behavior

l

Frequent night-waking or
general sleep disturbance

l

Change to appetite or dietary
preferences

l

Heightened anxiety and/or
avoidance behaviours

l

Repetitive rocking or other new
repetitive movement

l

l

Self-injurious behaviour: biting,
hits/slaps face, head-banging,
unexplained increase in
self-injury

l

Constant eating/drinking/
swallowing (‘grazing’ behavior)*

l

Facial grimacing, wincing, tics*

l

Frequent clearing of throat,
swallowing*

l

Mouthing behaviours: chewing
on clothes*

l

Tapping behaviour: finger
tapping on throat*

l

Sobbing ‘for no reason at all’*

l

Vocal expressions of moaning,
groaning, sighing, whining*

l

Agitation: pacing, jumping up
and down*

l

Blinking, sudden screaming,
spinning and fixed look **

walking on toes

2 Pain can be acute or chronic, progressive or static.
3
Common sources of pain
and discomfort include:

l

Headache

l

Earache

l

Toothache

l

Sore Throat

l

Reflux

l

Oesophagitis

l

Gastritis

l

Colitis

l

Soft or hard stool constipation
(underlying cause will be
relevant)

l

Small Intestinal Bacterial
Overgrowth

l

Musculoskeletal injury or
disease

l

Seizure Disorder (including
subclinical crisis**)

l

Allergy Disorder

* from Buie et al., 2010, ** from: Munoz-Yunta et al., 2008.
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Conclusion
Medical comorbidities are much more prevalent and difﬁcult to recognise in
patients with autism than in the general population. The failure to identify such
comorbidities is due in part to communication impairments and ambiguous
symptomatology, but widespread under-diagnosis is also the result of
commonly held beliefs that aberrant behaviours and symptoms are ‘just a part
of autism’. As a result, these pathologies are often left untreated.
All of the discussed medical comorbidities and consecutive pathological
processes can negatively impact behaviour, socialisation, communication,
cognitive function and sensory processing of individuals with autism. It is also
becoming increasingly clear that the medical abnormalities that underlie autism
are not stagnant or transient, but tend to be chronic and in many cases, if left
unrecognised and untreated, progressive. Accurate diagnosis and treatment
often results in improved level of functioning and decreased severity of
symptoms. Recognition that problem behaviours might indicate an underlying
medical condition will facilitate diagnosis and treatment and ultimately improve
the quality of life for many individuals with autism. As well, correctly identifying
and addressing medical comorbidities in autism will help reduce the immense
emotional, physical and ﬁnancial burden on families and carers, and is ﬁscally
responsible to the wider society.
Children and adults with autism have an increased need for paediatric
and/or specialist services, both for their core functional deficits and
concurrent medical conditions. Appropriate and individualised medical
assessment must be carried out in all cases, including a documented
clinical examination.

CASE EXAMPLE 11 Maryam is a 4-year old girl with regressive autism. At presentation she suffered frequent night-waking, episodic
distress and, on direct questioning, posturing behaviour. Stools were malodorous, variable in consistency and could cause some discomfort.
Developmentally, Maryam had a few words and was making slow progress. Mum felt the slow progress was due to her being in some sort of
pain, and not sleeping properly. On examination, she looked uncomfortable. She was pale, with dry skin. There was slight right iliac fossa
tenderness. Bloods revealed an ESR of 45 and iron deficiency anaemia. She was referred to a tertiary gastroenterologist who advised a gluten,
casein and soya free diet. Symptoms improved significantly. She began sleeping through the night, passing normal bowel motions and looked
brighter. Speech and general development improved. ESR fell to 25 after 2 months, 19 after 4 months and after one year reached 9.
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“Caring for youths with autism spectrum disorder can be overwhelming for some primary care
physicians because of the multiple comorbid conditions that often accompany ASD…
But treating these associated health issues often helps children with ASD feel better and can improve
their behavior and performance in school.”
Dr James Perrin, Professor of Pediatrics, Harvard Medical School,
President–elect of the American Academy of Pediatrics

“This study reveals that medical disorders or manifestations are highly prevalent in children and
adolescents diagnosed with ASD. Abnormal clinical neurological ﬁndings were quite common, and we
found a high degree of pathology as a result of the additional medical investigations... This means that
an appropriately extensive medical assessment is essential in all cases.”
Isaksen et al., 2012 ‘Children with autism spectrum disorders ― The importance of medical investigations’

“Care providers should be aware that problem behavior in patients with ASDs may be
the primary or sole symptom of the underlying medical condition.”
Consensus Report, American Academy of Pediatrics, Buie et al., 2010

“Many individuals with ASD have symptoms associated with underlying medical conditions,
including seizures, sleep problems, gastrointestinal (GI) disorders, psychiatric conditions, nutritional
deﬁciencies, and metabolic conditions; when left untreated, these conditions may not
only compromise general health but also have clear effects on behavior,
development, and educational outcomes for individuals with ASD.”
Lajonchere et al. 2012 ‘Leadership in Health Care, Research, and Quality Improvement for
Children and Adolescents With Autism Spectrum Disorders: Autism Treatment Network and Autism
Intervention Research Network on Physical Health’

“We need to empower primary care physicians to know that they already have the
skill set to work with children who have autism… Doctors can address these co-occurring
behaviors head-on. It will make a positive difference.”
Darryn M. Sikora, PhD. pediatric psychologist, Providence Child Center

“Autism is what we call a mosaic disease, it has many different facets to it… if you look into the
literature, you’ll ﬁnd that autism isn’t just a sort of neuropsychiatric, behavioural, and social disorder…
It is a systemic disease, but the most obvious effect is the social and behavioural, and so it tends to be
associated with that... What we have to do now using our modern technology is to take a step
back, look at the whole problem as a systemic problem, and see how all the abnormal interactions that
are occurring in the different organ systems in the body might impact on brain development and
to give us the symptoms of autism, which are becoming all too familiar.”
Prof Jeremy Nicholson, Chair In Biological Chemistry,
Head of Department of Surgery and Cancer, Imperial College London

“Sudden and unexplained behavioral change can be the hallmark of underlying pain or
discomfort. Behavioral treatment may be initiated as the possible concurrent medical
illness is being investigated, diagnosed (or excluded), and treated, but the behavioral treatment
should not substitute for medical investigation.”
Consensus Report, American Association of Pediatrics, Buie et al. 2010
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Abstract: This paper provides information about the prevalence and topography of self-injurious
behavior in children and adults with autism spectrum disorder and intellectual disability.
Dominant models regarding the etiology of self-injury in this population are reviewed, with a
focus on the role of reactivity to pain and sensory input. Neuroimaging studies are presented and
suggestions are offered for future research.
Keywords: self-injury; autism spectrum disorder; intellectual disability; pain; sensory
processing abnormalities

1. Introduction
Severe self-injury is a debilitating behavior that occurs in a proportion of children and adults
with autism spectrum disorder (ASD) and can have a devastating impact on their physical health,
developmental outcomes, and quality of life. Watching individuals harm themselves to the point of
causing visible injury and not knowing the reasons why or how to stop it is both frightening and
frustrating to parents and caregivers.
The purpose of this paper is to explore the role of reactivity to pain and sensory input in
individuals with ASD and intellectual disability (ID) who engage in self-injurious behavior (SIB).
We provide background information about the prevalence and topography of SIB in this population
and outline risk factors. We are particularly interested in chronic SIB among individuals with ASD who
have more severe cognitive and communication impairments as their SIB can have the most significant
consequences. We present theories regarding the etiology of SIB in this population, with a focus on
reactivity to pain and sensory input. Neuroimaging studies are also reviewed and suggestions are
offered for future research. Finally, we provide practical recommendations for clinicians.
2. Diagnostic Criteria for ASD
Autism spectrum disorder is a neurodevelopmental condition that is characterized by social
communication deficits and inflexible, repetitive patterns of behavior that are present from early in
life and which result in significant limitations in adaptive functioning [1]. One very important aspect
of ASD concerns sensory abnormalities, which are now included in the DSM 5. In contrast to prior
versions of the DSM which categorize subtypes of conditions, the DSM 5 takes a more dimensional
view, recognizing that all individuals share these common features. Although a strong genetic basis
Brain Sci. 2017, 7, 140; doi:10.3390/brainsci7110140
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for ASD has been established, the causes are in fact heterogeneous. ASD is frequently accompanied by
intellectual disability.
3. Self-Injurious Behavior (SIB)
3.1. Background Information on SIB
Self-injurious behavior (SIB) often refers to actions directed toward the self that lead to physical
harm, typically in the form of tissue damage [2]. Potential forms of SIB can be observed in typically
developing children. For instance, infants have been known to display persistent rhythmic head
banging. The behavior occurs particularly when children are tired, alone, upset, or at bedtime
and may provide vestibular stimulation [3]. Toddlers and young children may hit themselves or
bang their heads during a temper tantrum [4], reflecting underlying emotional states of anger and
distress [5]. These behaviors may resemble SIB in form (“proto-SIB” [6]), but do not typically result in
physical injury. Moreover, children tend to “outgrow” them as they develop language and emotional
regulation skills.
Self-injurious behaviors, sometimes referred to as self-harm, can be present in the general
population of youth and adults. Psychiatric conditions such as borderline personality disorder
are associated with deliberate self-harming behavior in the absence of suicidal intent, which is
known as non-suicidal self-injury or NSSI. Examples of these behaviors include skin cutting, burning,
or interfering with wound healing. NSSI in these conditions may be related to impulsivity, emotional
dysregulation, and inadequate coping skills, and can be seen in part as a way for an individual to
bring about relief from or gain control over intense negative emotions [7]. It is also important to
recognize that NSSI can occur in individuals with ASD. In a study by Maddox and colleagues [8],
a history of engaging in NSSI was reported by a number of high functioning adults with ASD who were
recruited to complete an on-line survey about behavioral issues. Women with ASD were more likely
to have engaged in NSSI than men with ASD, suggesting that further research on gender differences
is warranted.
In addition to the above populations, SIB has a high prevalence rate among individuals with
severe intellectual disabilities (ID), many of whom have co-occurring autism spectrum disorder (ASD),
and the impact of this behavior can have devastating consequences for these individuals and their
caregivers. The next sections provide information about the topography, impact, and prevalence of SIB
in this population.
3.2. Topography and Impact of SIB for Individuals with ASD and ID
SIB is frequent in children and adults with ASD (occurring in up to 50% of the population) and
can be understood as existing on a continuum in relation to frequency and intensity, ranging from
mild and infrequent to severe and chronic. The latter types of SIB involve forceful intense contact
with specific body sites which has the potential to cause lasting physical damage [9]. Repetitive or
stereotyped motor movements are a key component of SIB [10]. The physical impact of SIB has been
demonstrated to be of significant concern for the health and well-being of the individual. For instance,
Newell and colleagues [11] conducted a biomechanical analysis of head hitting in adults with severe ID,
and determined that the physical impact of their SIB was equivalent to the effects of boxing punches.
Within the ASD/ID population, head banging is one of the most common forms of SIB;
other forms include head hitting, biting, scratching or picking the skin, hair pulling, eye poking,
vomiting/rumination, and ingestion of non-edible substances, known as pica [12]. Individuals often
engage in more than one form of SIB [13]. Physical damage may be visible on the surface of the body
or injuries can occur internally [14]. Consequences of SIB include infection, scarring, concussion,
accidental poisoning, fractures, eye and dental injuries, bowel obstruction [15], and even premature
death [16]. Interestingly, post mortem examinations conducted on the brains of two individuals with
ASD and ID ages of 24 and 27 who had a long history of head banging (but died from unrelated
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causes) showed neuropathological changes, including neurofibrillary tangles similar to boxers who
suffered chronic repetitive head injury [17,18]. Injuries caused by SIB may require medical treatment
in the form of antibiotics and anti-inflammatories, suturing, skin grafts, and surgical intervention,
and emergency care is sometimes necessary [19]. SIB is also associated with reduced learning and social
opportunities, placement in more restrictive settings, increased levels of family stress, and exorbitant
costs for care [20].
Distinctive patterns of SIB are part of the behavioral phenotype found in over one dozen genetic
intellectual disability syndromes [21]. Examples include the biting of lips and fingers in Lesch-Nyhan;
self-hitting in Cornelia de Lange; the removal of finger and toe nails in Smith Magenis; and skin
picking in Prader Willi syndrome [22]. In addition, ASD-like characteristics such as restricted and
repetitive behavior have been reported in a number of these syndromes [23]. Animal models have
been developed for SIB. For instance, SIB has been induced in rodents by administering high doses of
pemoline, which is a monoamine agonist that blocks the uptake of dopamine and norepinephrine [24].
Genetically altered mice have been created for human ID syndromes that include SIB as part of
their phenotype. These mouse models can be useful for conducting behavioral observations and
testing new therapies, with the hopes of extrapolating findings to humans. In non-human primates,
the development of SIB has been linked to negative life experiences, including being raised in isolation
or separation from the mother or social group at a critical stage of development. Stress and trauma
may also play a role in the development of SIB, including when non-human primates are repeatedly
exposed to medical procedures [25,26].
3.3. Prevalence of SIB
Prevalence estimates of SIB among individuals with ID (some of whom also have a diagnosis of
ASD) can vary widely, depending in part on the methodology used for ascertainment, the definition of
SIB, and the characteristics of the participants being evaluated. In one of the largest studies to date, a
total population approach was used to determine the point prevalence of SIB among 1023 individuals
with ID ages of 16 and older who were receiving supportive services [27]. Individuals with ID and
their caregivers were interviewed to establish the presence of SIB based on well-defined clinical criteria,
resulting in a prevalence rate of 4.9%. An earlier total population study yielded a 4% prevalence rate
for SIB among children and adults with ID and a 33% prevalence rate among those who were identified
by caregivers as having more severe challenging behavior [28]. Multiple forms of SIB were common in
this group, with some individuals displaying five or more topographies of SIB. Deb and colleagues [29]
studied the prevalence of SIB in children and adults with ID who were randomly selected from a social
service registry. Data on SIB were obtained using a rating scale that was completed during a psychiatric
evaluation. The investigators were interested in SIB that was frequent (occurring more than three
times per week) and/or severe, reporting that 24% of the sample met these criteria. Unfortunately,
despite the fact that children with SIB are up to 13 times more likely to require significant behavioral
intervention than those without frequent SIB, they are unlikely to receive this level of support [30].
Prevalence rates of SIB among individuals with ASD and ID are higher than for individuals
with ID alone [31]. Some of the reasons for this finding will be explored in the section on risk factors
for SIB. Baghdadli and colleagues [32] reported a 53.2% prevalence rate of SIB among 222 children
with ASD ages of 2–7 who were enrolled in their longitudinal prospective study. Caregivers were
asked to complete a questionnaire to indicate whether SIB was an issue and the level of severity (mild,
moderate, severe) posed by the behavior. Severe SIB was reported among 14.6% children in the study,
whereas mild and moderate SIB occurred among 21.5% and 17.1% of children in the study, respectively.
Richards and colleagues [33] surveyed caregivers of 149 children and adults with ASD ages of 4–39
that were recruited through an autism society. A questionnaire was used to establish the presence
and describe the topography of SIB. The results indicated that 50% of individuals with ASD had
engaged in SIB in the previous month. The three most common topographies of SIB were self-hitting,
self-biting, and self-scratching. However, the study did not yield information about the severity of

Brain Sci. 2017, 7, 140

4 of 16

SIB exhibited. Rattaz and colleagues [34] studied SIB in 152 adolescents with ASD who were part of a
large cohort undergoing longitudinal follow-up. A subset of questions from a behavioral checklist
were used to document the presence and severity of SIB. Overall, 35.8% of adolescents in the study
exhibited SIB; 16.6% were in the less severe group and 19.2% in the more severe group. An additional
finding was that parents’ functioning and quality of life were more negatively impacted for the group
of adolescents with severe SIB than low or no SIB. Duerden and colleagues [35] surveyed parents of
children and adolescents who were participating in a larger study on the genetics of ASD about the
occurrence and severity of SIB using data that were obtained from parent report measures. The results
indicated that 52.3% of children and adolescents with ASD had engaged in SIB at some point in their
lives. More severe forms of SIB such as self-hitting and self-biting occurred in 34% and 26% of children
in the study, respectively, and there was a trend for older children (aged 12–19) to engage more in
severe forms of the behavior.
3.4. Persistence of SIB
The issue of the persistence of SIB is also important to consider. Cross sectional and longitudinal
designs have been used to study this issue, the latter providing important information about the
natural history of SIB. Dimian and colleagues [36] studied the evolution of SIB precursor behaviors in a
group of infants and toddlers (N = 235) at high risk for a diagnosis of ASD by virtue of having an older
sibling with the disorder. Children were part of an ongoing longitudinal study and were assessed at 12
and 24 months of age. Baseline information was gathered in regard to children’s cognitive and adaptive
functioning, as well as their scores on a scale that measures the occurrence and severity of different
types of SIB and repetitive behavior. The point prevalence of SIB was 39% at 12 months of age and 32%
one year later. SIB persisted in 48% of children at the one-year follow-up. The relative risk of engaging
in SIB at 24 months of age was 1.85 times higher for children who went on to meet clinical criteria for a
diagnosis of ASD (20% of the total sample) versus those who did not. Rice and colleagues [37] followed
the developmental course of SIB over a time span of 18 years using data from a caregiver report
measure that was administered a total of five times. The participants in the study consisted of groups
of children and adults with ASD, ID from heterogeneous causes, and Prader Willi syndrome, all of
whom were functioning in the mild-to-moderate range of ID. Self-hitting and self-biting were more
common in the ASD group than the two contrast groups and rates of head banging and skin picking
among individuals with ASD increased with age. Richards and colleagues [38] conducted a three-year
follow-up of 67 children (age range of 10–17) with ASD and ID from a non-clinical sample that was
recruited from a parent support organization. Children’s caregivers completed questionnaires that
measured challenging behavior, as well as behaviors associated with ASD and broader mental health
and developmental concerns. The results indicated that self-injury persisted in 77.8% of children who
exhibited the behavior three years’ earlier and hitting self with body remained a prominent concern.
3.5. Risk Factors for SIB
In addition to describing the frequency, severity, and duration of SIB, it is important to identify
the determinants of SIB to help guide timely assessments and interventions [39]. Risk factors include
individual characteristics and aspects of the physical and social environment. A meta-analysis of
22 prevalence and case-control studies that provided information on risk markers for challenging
behavior in individuals with ID revealed that the likelihood of displaying SIB was significantly
increased among individuals with ASD and those with more severe intellectual and communication
impairments [40]. Due to limited data, however, it was not possible to tease apart the relative
contribution of each factor to SIB. Murphy and colleagues [41] studied 157 children with ASD ages
of 3–14 who were receiving ABA intervention to determine the prevalence of challenging behavior
among this group, as well as to identify risk factors for specific topographies of behavior. One-third of
children displayed SIB along with aggression and stereotyped behavior. The more common forms of
SIB included self-biting and head hitting. More severe SIB was associated with greater impairments in
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cognitive functioning. McTiernan and colleagues [42] used multiple regression to identify predictors
for the frequency and severity of SIB in 174 children with ASD ages of 3–14 who were enrolled in
ABA programs or received varied interventions. Overall, 48.9% of children in the study displayed
SIB; having a lower IQ was associated with a higher severity and frequency of SIB. Duerden and
colleagues [35] used hierarchical regression analysis to identify predictors of SIB in 250 children and
adolescents with ASD with differing levels of cognitive abilities. Significant factors in predicting SIB
also proved to be core features of ASD—i.e., sensory processing abnormalities, insistence on sameness,
and social communication impairments. A lower non-verbal cognitive ability was also predictive of
SIB. Dimian and colleagues [36] used logistic regression to identify child characteristics that predicted
SIB at 24 months of age for infants who were at high risk for a diagnosis of ASD. The results indicated
that the presence of SIB at 12 months and lower developmental skills were predictive of SIB one
year later.
Richards and colleagues [38] studied the persistence of SIB after three years in a group of children
with ASD. When the sample was separated into groups based on the presence or absence of SIB at
follow-up, children from the persistent SIB group demonstrated lower levels of verbal communication
and self-help skills, as well as greater problems with low mood, social interactions, impulsivity,
and stereotyped, compulsive, and repetitive behavior. The investigators speculated that severity of ID
and ASD symptomatology and problems with behavioral inhibition were important correlates of SIB.
They went on to state that low mood and SIB may be related to the presence of untreated pain.
Soke and colleagues [43] used data from two large monitoring and treatment networks for children
with ASD ages of 2–18 to investigate the risk factors for SIB. Significant relationships were found
between SIB and low skill levels, a history of developmental regression, the presence of sensory
impairments and neurological conditions, and younger age, as well as the co-occurrence of challenging
behavior and sleep problems. Richards and colleagues [44] added health conditions and problems with
behavioral inhibition to the list of potential correlates of SIB. Their sample consisted of 424 children
and adults aged 6–61 who were receiving specialized ASD services. In line with the results of previous
studies, SIB was prevalent (occurring in 45.7% of children and 49.1% of adults), with severe SIB
being found in a smaller subset of children (18%) and adults (19.9%). Predictors of severe SIB in
children included potentially painful digestive and skin problems along with greater impairments in
functioning and impulsive and overactive behavior.
In summary, SIB is heterogeneous in nature and can have different etiologies and correlates.
Some of these correlates include core features of ASD (social-communication deficits, restricted and
repetitive behavior, abnormalities in sensory processing) along with a younger age, low developmental
level, co-existing challenging behavior, and painful or unpleasant health problems.
4. Models of SIB
4.1. Behavioral Model
Different models have been offered to account for the emergence and persistence of SIB in
individuals with ID, many of whom have a diagnosis of ASD. One of the most influential models
for SIB comes from the field of applied behavior analysis. The behavioral model provides a useful
framework for assessing SIB and developing intervention approaches. In a seminal paper, Carr [45]
summarized a number of hypotheses regarding the motivation or “reasons” for SIB. According to
Carr and others, individuals with ID learn over time to associate the occurrence of SIB with what
happens afterward (“consequences”). The likelihood of SIB occurring again in the future is increased
as a result of the desirable outcome that is produced following its occurrence. Some of the outcomes
that increase the future probability of SIB occurring may be socially mediated, i.e., the provision of
social attention or access to a preferred item or activity (positive reinforcement) or the opportunity to
avoid or escape from an unpleasant or painful situation or stimulus (negative reinforcement). SIB can
also be non-socially mediated, i.e., serves a self-stimulatory function and occurs in the absence of

Brain Sci. 2017, 7, 140

6 of 16

external consequences. Carr also proposed that SIB may be related to but not driven exclusively by
biological or organic factors that could give rise to physical conditions or altered pain thresholds.
Iwata and colleagues [13] subsequently described a methodology to evaluate the relationship
between SIB and environmental factors in a group of children and adolescents with ID from diverse
etiologies. This methodology is known as functional analysis. In their study, experimental conditions
were designed to resemble real-life consequences that were provided following the occurrence of SIB,
consisting of statements of social concern or disapproval and briefly stopping challenging academic
tasks. Individuals were also observed while alone in a room without other forms of stimulation being
present as a means to determine whether SIB generated sensory (biological) reinforcement. While rates
of SIB varied across individuals, a consistent pattern of responding in specific conditions emerged in
some cases. This finding was viewed as evidence that SIB is associated with and can be maintained
by environmental factors for some individuals and may be maintained by internal factors in others.
Knowledge of these specific relationships is gained through the process known as functional analysis
and has important implications for designing individualized treatment plans. These plans typically
include antecedent and consequent strategies. In addition, a crucial component of most treatment
plans is the focus on teaching a socially appropriate behavior that is functionally equivalent to the SIB
as a means of replacing the challenging behavior. An example of this includes teaching communication
skills to produce the same desired outcome to “replace” SIB [46]. Functional behavioral assessment
technology, which includes functional analysis, has become a mainstay in the assessment and treatment
of challenging behavior such as SIB in individuals with ID and ASD [47]. The technology has been
extended to consider the impact of health problems such as allergies, otitis media, menstrual pain,
and digestive and sleep problems on rates of problem behavior including SIB [48].
In addition to the consequences that maintain SIB, it is also important to identify specific details
about the psychosocial and biological context in which it occurs [49]. This biological context includes a
complex interplay among medical, neurochemical, and genetic factors. Neurochemical correlates of
SIB are gleaned from studies in animals and humans and may involve dysregulation in the dopamine,
serotonin, glutamate, GABA, and opioid systems [50]. As part of this broader biological context,
alterations in processing sensory input and/or pain and discomfort are starting to gain recognition as
potentially important factors with regard to SIB and will be the focus of the next sections.
4.2. Neurobiological Models of Pain and SIB
Over the years, different perspectives have been offered regarding the role of pain in SIB. Pain is a
complex biological phenomenon that has sensory and emotional components. Pain acts as a warning
system to protect us from further harm and allow injured tissues to heal. It also evokes behavior to
bring about relief or comfort. Pain can differ in intensity (ranging from mild to severe), onset (sudden to
gradual), and duration (lasting from a few milliseconds to months or even years). Acute pain usually
occurs suddenly and can be traced to an injury or disease, whereas chronic pain persists over longer
periods of time even after an injury has healed or an illness has ended and can become a problem
onto itself.
Specialized sensory receptors (“nociceptors”) in the skin and internal organs carry signals along
small nerve fiber pathways to the dorsal horn of the spinal cord, where they come into contact with
interneurons that play an inhibitory or excitatory role. If inhibitory interneurons are blocked, secondary
projection neurons transmit the nociceptive signal to areas in the brainstem and brain where they are
interpreted as pain [51]. Different brain regions that are involved in cognition, emotion, sensation,
and pain act together to support the experience and modulation of pain [52].
SIB is a complex behavior that likely involves alterations in circuits that connect multiple
brain regions and dysregulation in various neurotransmitter systems (involving serotonin, opioids,
dopamine, glutamate, and GABA) [50,53]. Sandman [54] proposed an opiate hypothesis of SIB in
individuals with ASD, arguing that individuals may engage in the behavior to bring about the release
of endogenous opiates (such as endorphins) which result in a “high” that can become addictive.
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He also postulated that individuals with ASD may have altered sensory thresholds, possibly due to
high circulating levels of endorphins which rendered them less sensitive to pain. Opioid antagonists
such as naltrexone may reduce levels of SIB by blocking the individual’s “high” or increasing the
individual’s sensitivity to pain. Naltrexone has been helpful for reducing the frequency of SIB in some
individuals with ID and ASD [55].
Symons [9] proposed a link between behavioral and biological models of chronic SIB. Factors such
as where SIB occurs on the body and the intensity of SIB may have a bearing on the sensation of
pain or noxious stimuli. For instance, hits to the head and face may be reduced when naltrexone is
administered but not when SIB is directed toward other areas of the body. Varying intensities of SIB
may be regulated by different sensory pathways and neurochemicals. Symons also presented evidence
of abnormal gaps between epidermal nerve fibers (ENF) in individuals who engage in chronic SIB,
which could alter or disrupt pain sensitivity and the resultant aversive qualities of SIB. Peebles and
Price [56] raised the possibility that pain thresholds may be normal in some individuals with ID and
SIB, but the amplification of pain signals may be diminished so that pain doesn’t act as a deterrent for
SIB or a more intense pain stimulus is required to activate anti-nociceptive processes via descending
inhibitory neurons.
5. Role of Pain in SIB
5.1. Measuring Pain in Individuals with ASD
In verbal individuals with ASD, self-reporting about painful events is possible although sometimes
difficult. For instance, Ely and colleagues [57] interviewed 40 children with ASD ages of 6–17 soon after
they had undergone a surgical procedure to obtain first-hand accounts about their pain experiences.
Children were also provided with visual tools to augment their verbal reports by helping them
to identify the area of their body that hurt and quantify the intensity of their pain. In terms of
strategies used to help to ameliorate their pain, children mentioned distraction, relaxation, taking
medication, and seeking out a parent. Other methods that have been used to gather information about
children’s responses to pain include caregiver questionnaires and rating scales, structured behavioral
observations, and physiological measures. Rattaz and colleagues [58] evaluated the reactions of
35 children with ASD ages of 4–6 who were undergoing venipuncture for routine purposes, comparing
them to children with ID and typically developing children matched for the developmental level.
Children’s reactions to the painful procedure were measured using the heart rate and coding of facial
actions and scores on the Noncommunicating Children’s Pain Checklist—Revised (NCCPC-R [59]),
which was designed to be used by observers to document the presence and intensity of pain responses
in children with cognitive impairments. While all three groups showed a similar pattern of responding
to the procedure, the behavioral reactions of children with ASD were more prolonged and could be
viewed as evidence that other elements of the situation were distressing to them. The venipuncture
procedure provides only one type of opportunity to observe individuals’ responses during routine
medical procedures and could be expanded to include other experiences, such as dental treatments [60].
Courtemanche and Black [61] evaluated behaviors indicative of pain in a sample of 51 children
who were referred for an evaluation of ASD and developmental concerns. Children’s parents were
instructed to complete pain ratings on the NCCPC-R in consideration of their behavior during the
previous 2-h and 1-week time periods. Children’s classification into ASD versus non-ASD groups
did not differentially impact their total scores on the NCCPC-R for both time periods. Interestingly,
children with more severe symptoms of ASD received lower scores on the pain measure, raising the
possibility they may express pain in different ways than children with less severe symptomatology.
5.2. Pain Experience and Expression in Individuals with ASD
At one time, individuals with ASD who engaged in SIB were viewed as having a high tolerance
for pain, in part due to their hypo-responsiveness or lack of reaction to a range of positive and
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negative stimuli, as well as the fact that pain should ordinarily act as a deterrent for self-harm [62].
An unfortunate outcome of this belief is that pain assessments may not be carried out routinely for
individuals with ID, including those with ASD [63]. Allely [64] conducted a systematic review of
research on pain responses in individuals with ASD, finding several case reports that provided some
support for pain insensitivity. However, evidence from experimental studies challenged this view
and instead suggested that individuals with ASD experience pain but may express it in a different or
unusual manner. Moore [60] examined studies that provided information about the experience of pain
and pain expression in individuals with ASD. A review of studies based on clinical observations and
experimental investigations using standardized pain stimuli (e.g., electrical or thermal stimulation)
failed to yield evidence of hypo-sensitivity to pain or increased pain thresholds in individuals with
ASD, but did raise the possibility that they may display different social communicative behaviors
during pain episodes. For instance, children with ASD may express negative emotional reactions such
as screaming or noncompliance when experiencing pain which could mislead caregivers into looking
for non-pain related explanations for their behavior [65].
Tordjman and colleagues [66] measured the pain reactivity of 73 children and adolescents
(mean age of 11.7 years) with ASD and ID (72% of whom were considered to be nonverbal). A control
group consisted of 115 children without ASD who were matched on the basis of age, sex, and stage
of pubertal development. A behavioral scale was used by parents to categorize their child’s reaction
to pain in response to life events such as illness or an accident. The five different categories of pain
reactivity were: paradoxical, absent, hyporeactive, normal, and hyperreactive. The same scale was
used by medical staff to categorize children’s response to pain during a venipuncture procedure.
The presence of challenging behavior (including SIB) was also documented during the procedure.
Children’s heart rate was monitored before and after the procedure and their plasma β-endorphin
concentrations were measured. Over half (55%) of children with ASD were classified by medical staff
as showing absent or hypo-reactive responses to pain during venipuncture versus 39% of children in
the control group; normal or heightened reactions to pain were identified for 38% of children with
ASD versus 60% of controls. Moreover, a proportion of children with ASD engaged in SIB immediately
after the procedure versus none of the controls. Heart rates were higher for children in the ASD group
than the control group before, during, and after the blood drawing procedure. β-endorphin plasma
levels were higher in the ASD group than controls in general, and were higher in children with more
severe ASD than children with less severe ASD and controls. The investigators suggested that this
finding may be reflective of increased stress rather than evidence of opioid functioning. Taken together,
the findings were viewed as evidence that individuals with ASD may “feel” pain but may not always
“show” pain in the same way as others.
5.3. Link between Pain and SIB
As mentioned previously, verbal individuals with ASD are better able to articulate the source
of their pain and discomfort than nonverbal individuals for whom the presence of pain must be
inferred through observation of behavioral indicators. Symons and colleagues [62] investigated a
possible link between pain and SIB by recruiting a group of 35 adults with ID ages of 29–51 and
chronic and severe SIB that required ongoing behavioral and/or medical management. A non-SIB
control group was matched on the basis of age, gender, level of functioning, and medication usage
for behavioral disorders. Both groups lived in specialized residential settings and did not have
identifiable pain-related conditions. For each individual, caregivers were asked to rate the presence
of pain indicators in the previous week using a modified version of the NCCPC. Individuals from
the SIB group received a higher total score on the NCCPC than the non-SIB controls, establishing
a link between SIB and pain indicators. It would be of interest to investigate whether the SIB and
non-SIB group differed with respect to other variables that influence how pain is experienced and
expressed, such as the presence of sensory abnormalities or stereotypic behavior. There is also the
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ongoing question of whether engaging in SIB produces pain or occurs in response to pain, as well as
the impact of having chronic versus episodic SIB.
Symons and Danov [67] studied pain responses prospectively in a six-year-old boy who developed
SIB (lip and tongue biting, eye poking) following brain surgery to remove a tumor. The boy’s pain
responses were measured several times per day via maternal ratings using the NCCPC-R, while the
Self-Injury Trauma Scale [14] was used to document the frequency of his SIB. Pain ratings were
significantly higher during time periods when the child engaged in SIB. Due to the correlational nature
of the study, it was not possible to tease apart whether the child was engaging in SIB because of pain
or if pain was a by-product of SIB that was related to nerve dysfunction following brain surgery that
altered his sensory experiences.
In another study, a 13-year-old boy with ASD and life-threatening SIB had deep brain stimulation
(DBS) electrodes implanted in his basolateral amydala [68]. The boy had a long-standing history
of SIB that had worsened to the point that he was required to be restrained almost continuously.
He also displayed sleep disturbance and signs of anxiety and had been treated with a variety of
psychotropic medications that did not produce long-lasting benefits. Prior to and following brain
surgery, the intensity of the boy’s SIB and his symptoms of ASD were tracked. Several months
after activation of the DBS, the boy did not require restraint to control his self-injury but it was
noted that short-term SIB could sometimes be triggered by physical illness or unexpected changes
in his environment. Neurostimulation was also associated with a reduction in anxiety, irritability,
and stereotyped behavior and improvements in the boy’s sleep and his ability to modulate his mood.
This is perhaps an extreme example but highlights the complex array of factors that can be associated
with SIB.
Courtemanche and colleagues [69] studied the relationship between behaviors used to express
pain and challenging behavior (SIB, aggression and stereotypies) among 51 children under the age
of seven who were referred for an evaluation of ASD and developmental concerns. Children were
placed into one of three groups (no SIB; infrequent and/or mild SIB; daily and moderate/severe SIB)
on the basis of their scores on an SIB subscale from a behavioral questionnaire. Pain-related behavior
was assessed by asking parents to complete the NCCPC-R for the preceding 2 h and 1-week time
periods. Children displaying more frequent and severe SIB received significantly higher one-week
total scores on the pain measure than children without SIB. While there was a relationship between
SIB (in addition to aggression and stereotypies) and pain behaviors, SIB was not related to a diagnosis
of ASD or children’s developmental level. The investigators speculated that challenging behavior as
detected by the pain scale may be an expression of children’s agitation or distress during daily events.
Goldschmidt [70] described the case of “Paul”, a 20-year-old nonverbal adult with ASD who
developed SIB after falling and suffering an injury to his leg and ankle. Paul was reportedly oblivious
to his injury initially (failing to show a response to acute pain) until it resulted in changes in his routine.
Behavioral changes that were noted in the months following his injury were viewed as an emotional
reaction to the physical and emotional trauma he had suffered and included the emergence of obsessive
compulsive symptoms, self-injury, loss of appetite, and sleep problems. Neuropsychiatric perspectives
have been offered on SIB in individuals with ASD, with the view that SIB could be related to unpleasant
symptoms associated with anxiety, panic, or depression and that treatment of an underlying mental
health issue with psychotropic medication may bring about a reduction in SIB [71]. This situation
is easier to sort out when individuals are capable of verbal reporting. For nonverbal individuals,
the outward expression of emotions (through facial actions, vocalizations, motor movements) may
provide a clue about their private internal states but are not always easy for observers to recognize
and interpret or to identify the underlying cause. An understanding of the temporality of events can
be helpful for sorting out whether challenging behavior occurs in response to negative emotions or
could be linked to another factor such as pain or physical discomfort [72].
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6. Sensory Abnormalities in ASD
Along with impairments in communication and social behavior, abnormal responding to sensory
input is extremely common in individuals with ASD [73] and is considered a core feature of the
disorder [1]. Problems modulating sensory input occur across multiple modalities and can have a
significant impact on the lives of individuals with ASD. Sensory abnormalities have been linked to
challenging behavior, mood problems, and impaired adaptive skills [74]. Individuals with sensory
abnormalities can display heightened negative reactions (hyper or over-responsiveness) or decreased or
slower reactions (hypo or under-responsiveness) to particular stimuli. Behavioral descriptions of these
phenomena range from extreme reactivity and avoidance to apparent obliviousness or indifference.
For instance, many parents are initially concerned that their children with ASD are deaf due to their lack
of response to speech. However, these same children may display extreme sensitivity to environmental
noises such as a vacuum or blender. It is important to highlight that an individual can show both
hyper- and hypo-responsiveness to a range of stimuli. Sensory seeking behavior is a third element
of sensory processing challenges and is manifested by a strong interest in or preoccupation with
particular sensory experiences [75].
7. Link between Sensory Abnormalities, Pain or Discomfort and SIB
Much of what we know about sensory abnormalities comes from the accounts of more able
individuals with ASD. Kirby and colleagues [76] interviewed 12 children aged 4–13 with high
functioning ASD to gain first-hand information about their sensory experiences. Some children spoke
of having vivid physical reactions to sensory input to the point where they felt pain and discomfort
and reported feeling better once the experience had ended. They also described fear and anxiety in
anticipation of subsequent re-exposure to these stimuli. Elwin and colleagues [77] performed a content
analysis of the autobiographies of ten adults with confirmed diagnoses of high functioning autism or
Asperger syndrome. The focus of interest was the authors’ descriptions of their reactions to a range
of sensory stimuli. Hypersensitivity in the form of extreme positive or negative reactions to external
stimulation was reported by all participants. Negative reactions reflected problems modulating sensory
input, such that bright lights could induce a feeling of physical sickness, the sound of a fog horn
could be perceived as excruciating, and the noise of children talking could be described as tormenting.
Hyposensitivity was also reported by nine of ten authors, most commonly in reference to pain or
internal sensations. Interestingly, fluctuations in sensitivity (shifting between hyper-responsiveness
and hypo-responsiveness) could occur within the same individual.
Sensory abnormalities also exist in lower functioning individuals who have greater difficulty
articulating the source of their discomfort and often lack socially appropriate skills to cope with
it. These problems could play a role in the development and maintenance of challenging behavior
such as SIB. Gonthier and colleagues [78] asked caregivers of 148 adults with ASD ages of 19–59
with severe-to-profound ID who lived in specialized care facilities to complete sensory profiles and
behavioral rating scales. Using hierarchical cluster analysis, individuals were placed in different
groups based on their pattern of sensory abnormalities. The researchers found a link between
hypo-responsiveness to stimuli and SIB, speculating that SIB was used to provide self-stimulation.
Associated problems found in this cluster of individuals included difficulties with social relationships,
aggression, an irritable mood, and evidence of anxiety and other emotional disorders.
In the case of hyper-responsiveness, sensory input may be perceived as being highly unpleasant
or even painful by many individuals with ASD. Kern and colleagues [79] refer to sensory overload or
sensory defensiveness which is manifested as avoidance of discomfort associated with problematic
sensory experiences. SIB could serve in some cases as a communication that sensory experiences may
be intolerable.
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8. Neurological Correlates of Pain and Sensory Processing in ASD
Neuroimaging techniques provide a non-invasive way to study regions of the brain that are
involved in the perception and evaluation of chronic pain. These techniques include positron
emission tomography (PET), electroencephalogram (EEG), motionless electromagnetic generator
(MEG), single photon emission computed tomography (SPECT), and magnetic resonance imaging
(MRI) and have been used to study individuals with a variety of chronic pain-related conditions such
as arthritis, back pain, fibromyalgia, and recurrent migraines [80]. Evidence shows altered functional
and structural changes in brain regions or networks in response to chronic pain and that sensory,
motor, cognitive, motivational, and emotional processes can be impacted.
Failla and colleagues [81] used functional magnetic resonance imaging (fMRI) to measure the
neural response to sustained thermal pain stimuli (looking at the neural pain signature, which is a
pattern of activity across different regions of the brain) in a group of 15 high functioning adults with
ASD and 16 non-ASD controls who were matched for age, gender, and IQ. Individuals had a heat
stimulator applied to their lateral calf while they were in an MRI scanner. The temperature of the
stimulator was raised gradually until they indicated feeling heat pain. fMRI results indicated that
both groups showed a similar initial neural response to the heat induced pain; however, adults with
ASD showed a reduced response to prolonged painful stimulation compared to controls, a finding the
investigators speculated may reflect differences in strategies for coping with pain.
Duerden and colleagues [82] studied the relationship between SIB and cortical development in
30 children and adolescents with ASD (aged 7–15, mean IQ in the average range) who were recruited
through an autism research unit. A control group of typically developing children was matched for
age. Parents of children with ASD completed a standardized questionnaire on repetitive behavior that
required them to indicate whether different forms of SIB had occurred in the previous month and the
extent of the problem posed by the behavior (mild, moderate, or severe). They were also questioned
about the location, frequency, and duration of SIB and were asked to rate their child’s reactivity to
pain compared to children without ASD. Children were divided into groups with a high incidence
of SIB and low or no SIB. The duration of children’s SIB ranged from six months to over eight years
and several children were reported to engage in SIB daily. Children underwent MRI and diffusion
tensor imaging (DTI). The results were reflective of structural brain changes; higher self-injury scores
were associated with reduced grey matter in somatosensory brain areas and possible disruptions in
thalamocortical white matter fiber pathways. The investigators speculated that these alterations could
reflect disruptions in brain development or changes brought about by engaging in SIB.
Nonverbal individuals with ASD are often excluded from the type of investigations summarized
previously due to cognitive and communication difficulties which impact their ability to cooperate with
procedures; however, their data are very important for measuring pain responses and mechanisms.
Several studies demonstrate that it is possible to teach individuals with ASD and ID to cooperate with
medical and neuroimaging procedures. Nordahl and colleagues [83] trained 17 children with ASD ages
of 9–13, many of whom had co-morbid ID, to lie still in an MRI scanner for 5–10 min. Children were
not excluded from the study if they had SIB. A task analysis of the steps involved in undergoing an
MRI scan formed the basis of a training protocol. Initial sessions took place in a mock-up that was
built to resemble an actual scanner and provide realistic sensory experiences. A variety of behavioral
strategies were used during step-by-step teaching sessions, including modeling, offering choices,
priming, and providing visual feedback. Once children demonstrated success in the mock scanner
(achieved in two teaching sessions or less), they underwent a real MRI procedure. While the number
of scans needed to capture high quality MRI images varied among children, eventually all were
successful. Grider and colleagues [84] presented details of an approach used to teach a 21-year-old
male with ASD who lived in a group home to cooperate with having his blood drawn. A 12-step task
analysis of the venipuncture procedure was created and followed. Sessions took place in the nurse’s
office with the nurse performing the medical procedure. Key elements of the intervention included
graduated exposure to materials and procedures used for the blood draw, distraction with a favorite
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video, and praise for compliance. Following completion of training, the individual was able to tolerate
having his blood drawn one and three months later. Using similar behavioral procedures, a 16-year-old
adolescent with ASD and ID was successfully taught to comply with different elements of a physical
exam that included listening to her heart and checking her blood pressure and abdomen [85].
9. Conclusions
In this paper, we provide information about SIB in individuals with ASD and ID, particularly those
with more severe cognitive and communication impairments, with a focus on the role of reactivity to
pain and sensory input. Different sources for pain and discomfort exist in individuals with ASD and
ID, including physical and medical causes, emotional and neuropsychiatric disorders, and sensory
sensitivities. A better understanding of how these factors individually or collectively contribute to the
development and maintenance of SIB are topics for further research. Continued refinement of tools and
methods for measuring pain and a range of emotional responses in this population are recommended,
including physiological indicators and neuroimaging techniques. Research can help inform how to
organize service systems to identify those at high risk of developing chronic SIB and discover ways to
provide early and sustained interventions with the goal of minimizing suffering and maximizing the
quality of life of these individuals.
10. Practical Recommendations for Clinicians and Caregivers

•
•
•
•
•
•

•

Identify those at the greatest risk for persistent SIB and intervene as early as possible;
Consider physical and environmental conditions that can give rise to pain, chronic stress,
and discomfort;
Treat associated problems such as sleep and an irritable mood as they may impact individuals’
ability to cope with pain;
Use tools and methods that are validated for the population;
Teach communication and coping skills to individuals with ASD to “replace” SIB with functionally
equivalent behavior;
Provide education to caregivers about possible differences in social communication (e.g., seeking
out comfort less often) to avoid an underestimation and undertreatment of pain and discomfort;
also provide training on the individual’s specific pain cues;
Teach individuals with ASD how to cooperate with medical and diagnostic procedures in order
to identify and substantiate pain or stress/discomfort.
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Abstract: Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by
persistent difficulties in social communication and social interaction, coupled with restricted,
repetitive patterns of behavior or interest. Research indicates that aggression rates may be higher
in individuals with ASD compared to those with other developmental disabilities. Aggression
is associated with negative outcomes for children with ASD and their caregivers, including
decreased quality of life, increased stress levels, and reduced availability of educational and
social support. Therapeutic strategies including functional behavioral assessment, reinforcement
strategies, and functional communication training may have a significant impact in reducing the
frequency and intensity of aggressive behavior in individuals with ASD. Pharmacologic treatments, particularly the use of second-generation antipsychotics, may also be of some benefit in
reducing aggression in individuals with ASD. With the ever-increasing rate of ASD diagnosis,
development of effective therapeutic and pharmacologic methods for preventing and treating
aggression are essential to improving outcomes in this disorder.
Keywords: autism, autism spectrum disorder, aggression, treatment, antipsychotics, applied
behavior analysis

Introduction
Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by
persistent difficulties in social communication and social interaction, coupled with
restricted, repetitive patterns of behavior or interest.1 Children with ASD may present
with additional maladaptive behaviors, including aggression, self-injury, and severe
tantrums (also referred to in this text as irritability), which researchers suggest can
cause families greater stress than the core features of ASD.2,3

Defining aggression
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Aggression is generally characterized as behavior that is threatening or likely to cause
harm and may be verbal (eg, threatening or cursing at another person) or physical
(eg, hitting, biting, or throwing objects at another person). A person can demonstrate
one form of aggressive behavior or many, with variable frequency, intensity, and
duration. Because of the variable nature of aggressive behavior, researchers have
defined aggression in many different ways. For example, the Aberrant Behavior
Checklist Irritability subscale (ABC-I),4 the responses on a computer task showing
aggressive stimuli,5 the aggression subscale of the Child Behavior Checklist,6,7 and
the behavior recordings noted during experimental analysis of behavior8 all capture
slightly different aspects of aggression. This variability creates challenges in comparing
aggression between individuals and across research studies. In response, researchers
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are increasingly utilizing multiple measures and methods of
defining aggression, which may ultimately allow for clearer
interpretation of data and improve ease of comparison.

have been implicated as predictors of aggressive behavior
in children with ASD.7,16

Prevalence

Aggression is clearly associated with negative outcomes for
children with ASD, including impaired social relationships,17
placement in restrictive school or residential settings,18
use of physical intervention,19 and increased risk of being
victimized.20 Aggressive behaviors can also contribute to
school provider burnout,21 leading to probable impact on the
quality of education. Aggression also contributes to negative outcomes for caregivers of youth with ASD, including
increased stress levels,22 financial problems, lack of support
services, and negative impact on day-to-day family life
and well-being.23 Clearly addressing aggressive behavior
is pivotal to improving outcomes for individuals with ASD
and their caregivers.

Research indicates that rates of aggressive behavior may be
higher in individuals with ASD compared to typically developing peers and those with other developmental disabilities,
though this is inconsistently reported in the literature. In some
studies, individuals diagnosed with intellectual disability (ID)
and comorbid ASD are reported to more frequently demonstrate aggression than individuals with ID alone.9,10 In contrast, one study reports that a group of younger children with
ASD showed less aggression compared to a control group
of age-matched children, although older children with ASD
in this study demonstrated higher aggression rates.6 Furthermore, ASD-specific research has yielded variable aggression
prevalence rates. Kanne and Mazurek11 demonstrated that
56% of individuals with ASD (n=1,380) directed aggression
toward caregivers and 32% directed aggression toward noncaregivers. In addition, 68% of these individuals had a history
of directing aggression toward caregivers, and 49% had a
history of directing aggression toward noncaregivers.11 Other
studies found a lower prevalence of aggression in ASD. In a
population of adults with ID and comorbid ASD, 15%–18%
were found to engage in aggression toward others.12 Scores
in the clinically significant range for aggression on a broad
behavioral measure were found in 22% of young children
diagnosed with autistic disorder in another study.7 In a population of children with an educational diagnosis of pervasive
developmental disorder, between 9% and 14% were reported
to exhibit aggression.3

Aggression risk factors
Certain factors, such as young age, tend to predict aggression
levels for children in the general population.13,14 In ASD,
however, risk factors may be unique from those identified in
typically developing or developmentally disabled children.
For example, in typically developing children, boys tend to
exhibit aggression more frequently than girls;13 however, sex
has not been found to predict the frequency of aggression in
ASD.6,7 Likewise, social factors (ie, level of parent education and marital status) that predict aggression in typically
developing children have not been consistently predictive
of aggression in children with ASD.11 Specific features of
ASD may drive aggressive behavior. Reese et al15 found
that children with ASD frequently engaged in aggression to
gain access to ritualistic or repetitive behaviors. Language
ability, intellectual quotient, and adaptive functioning also
1526
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Nonpharmacological treatment
of aggression
Learning theory and operant behavior principles form the
basis for current behavioral treatments of aggression in
ASD.24 These principles rely on careful observation and
definition of behavior, as well as the recognition that behavior
serves a purpose (or function).25 There has been tremendous
evolution of behavioral technology encompassing a number
of strategies (eg, functional behavior assessment [FBA] and
schedules of reinforcement) that can be used in an applied
manner to increase useful behavior and reduce harmful
behaviors. Considered together, these strategies are known as
applied behavioral analysis.26 The applied behavior analytic
strategies described later have met criteria as evidence-based
practices for the treatment of challenging behavior in autism
in numerous studies, with their effectiveness being reaffirmed
in recent research detailed next.27,28

Functional behavior assessment
The function (or purpose) of a behavior is the desirable consequence the behavior creates, which causes the behavior to
persist. FBA is the process of gathering data to determine
what desirable consequences maintain a person’s behavior.
Social attention, access to preferred items/activities, removal
of demands or other unpleasant stimuli, and access to sensory
stimulation have been identified as desirable consequences
likely to maintain a behavior.29 Powers et al24 argued that
FBA should form the foundation of any behavioral treatment.
When FBA is not conducted, clinicians run the risk of
applying inappropriate treatment and potentially worsening behavior. For example, the application of a time-out
Neuropsychiatric Disease and Treatment 2016:12
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from attention may also promote escape from demands and
increased aggressive behavior if the function of the aggression is escape, not attention.
Multiple methods exist for conducting FBA. Caregiver
questionnaires, such as the Questions About Behavioral Function questionnaire30 or the Functional Assessment Screening
Tool,31 can be helpful in screening for behavioral function.
Direct observation and recording of a target behavior, as well
as the events that precede and follow the target behavior, may
aid hypotheses generation about behavioral function.26 The
most rigorous method of FBA is direct experimental functional analysis, setting up situations in which antecedents and
consequences are systematically manipulated to determine
their effect on behavior.24 Newcomer and Lewis32 found that
interventions informed by an FBA are more effective than
those that are not. Interventions informed by an experimental
functional analysis have been shown to be more efficacious
than other FBA methods.33 Research in this area is currently
focused on altering functional analysis procedures to increase
accessibility and social validity of functional analysis procedures across environments. Some of these alterations
include utilization of brief functional analysis,34 screening
for specific functions,35 and directly involving caregivers in
assessment procedures.36

Reinforcement strategies
Reinforcement involves providing desirable consequences
following a behavior to increase the likelihood that the
behavior will occur again.37 There are several types of reinforcement strategies. Differential reinforcement strategies are
based on the occurrence of the target problem behavior or
adaptive behaviors, which include providing reinforcement
in the absence of problem behavior (ie, differential reinforcement of other behavior), when the person engages in a
behavior incompatible with the form of aggressive behavior
(ie, differential reinforcement of other behavior), or when an
appropriate behavior serving the same functional purpose as
the aggression is demonstrated (ie, differential reinforcement
of alternative behavior). Within the last 20 years, differential
reinforcement of other behavior has been one of the most
frequently used treatments for aggression in ASD.38 Wong
et al27 determined that differential reinforcement strategies
should be considered as an evidence-based practice when
working with children, youth, and young adults with ASD;
Roth et al28 found that differential reinforcement strategies
showed a medium effect size in the treatment of problem
behavior in adolescents and adults with ASD. Noncontingent
reinforcement (NCR) strategies, which are not dependent on
the occurrence of behavior, also demonstrated effectiveness
Neuropsychiatric Disease and Treatment 2016:12
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in decreasing aggression39 and problem behaviors maintained
by various functions.24 A review of NCR research indicated
that NCR on a fixed-time schedule with extinction and
thinning of the schedule should be considered as a wellestablished, evidence-based treatment.40

Functional communication training
Functional communication training (FCT) involves teaching
a person to appropriately request access to a desirable consequence (eg, social attention, preferred items/activities, or
escape from a nonpreferred activity) to reduce inappropriate
behaviors. For example, teaching a child to touch a picture
of his mother to ask for her attention, rather than hitting
her to obtain attention. Carr and Durand41 supported FCT
as an appropriate treatment for individuals presenting with
aggressive behavior. A review of research on the treatment
of aggression conducted 2 decades later found FCT to be
one of the most commonly used behavioral treatments for
aggression.38 Braithwaite and Richdale42 found that FCT was
effective in decreasing aggression that historically resulted
in escape or access to tangibles. FCT was also effective in
decreasing both targeted aggressive and destructive behaviors and nontargeted disruptive behavior.43 When used in
conjunction with extinction, FCT meets criteria for a wellestablished treatment as set forth by Divisions 12 and 16 of
the American Psychological Association in their criteria for
empirically supported treatments.44

Pharmacological treatments of
aggression
The combined negative impact and frequent occurrence
of aggressive behavior in individuals with ASD have been
factors in driving the focus of pharmacologic research on
ASD-associated irritability (including aggression, tantrums,
and self-injury) over the last 50 years. Second-generation
antipsychotics (SGAs) are the most commonly employed
first-line pharmacotherapy options for the treatment of
aggression in ASD. Following several large randomized,
placebo-controlled trials that demonstrated robust reduction in aggressive behavior with treatment in youth with
ASD, risperidone and aripiprazole were approved by the
US Food and Drug Administration (FDA) for the treatment of irritability in this population.45–47 First-generation
antipsychotics, antiepileptic medications (AEDs), mood
stabilizers, and several glutamatergic modulators are also
frequently employed for the treatment of ASD-associated
irritability, though with less robust evidence supporting
their use (Table 1 for a brief review of selected controlled
pharmacologic trials in ASD).
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Table 1 Pharmacologic management of aggression in ASD, selected controlled trials
Medication

Author

Study design

N

Age (years)

Details

AEs

12-week, RPCT

42

2.6–7.8

Sedation, acute dystonic
reaction in two subjects

Anderson et al94

14-week, RPCT

45

2.3–7.9

McDougle et al50

12-week, RPCT

31

18–43

McCracken et al46

8-week, RPCT

101

5–17

Shea et al51

8-week, RPCT

79

5–12

RUPP52

Part 1: 16-week
open-label
extension of
2002 trial
Part 2: 8-week
DB placebosubstitution study
Naturalistic
21-month
follow-up
8-week, RPCT
(fixed dose)
8-week, RPCT
(flexible dose)

Part 1: 63

5–17

Haloperidol superior
to placebo on
stereotypy and social
withdraw subscales
of CPRS
Haloperidol superior
to placebo on all
subscales of CPRS
Risperidone superior
to placebo on CGI-I
and SIB-Q
Risperidone superior
to placebo on ABC-I
and CGI-I
Risperidone superior
to placebo on ABC-I
Sustained
improvement on
ABC-I

Part 2: 32

5–17

62.5% relapse rate in
placebo group

Increased aggression in
placebo group

84

5–17

Weight gain, excessive
appetite, enuresis

218

6–17

98

6–17

52-week openlabel extension of
2009 trial
8-week RPCT

330

6–17

11

6–14

6-week RPCT
(fixed dose)

150

6–17

Improved scores on
ABC-I; significant
rate of continued use
Aripiprazole superior
to placebo on ABC-I
Aripiprazole superior
to placebo on ABC-I
and CGI-I
Aripiprazole superior
to placebo on ABC-I
and CGI-I
Olazapine superior
to placebo on CGI-I,
but not on CYBOCS or OAS-M
Lurasidone not
superior to placebo
at either dose

Antiepileptic medications/selected controlled trials
Valproic acid
Hellings et al99
8-week RPCT

30

6–20

Valproic acid not
superior to placebo
on ABC-I

Skin rash, weight gain,
elevated ammonia

Other medications/selected controlled trials
N-acetylcysteine (NAC) Hardan et al109
12-week RPCT

29

3.2–10.7

Naltrexone

41

2.9–7.8

NAC superior to
placebo on ABC-I
Improved
hyperactivity on
CPRS but no
improvement in selfinjury

Minimal gastrointestinal
symptoms
Well tolerated

Antipsychotics/selected controlled trials
Haloperidol
Campbell et al92

Risperidone

Aman et al53

Aripiprazole

Marcus et al58
Owen et al47

Marcus et al59

Olanzapine

Hollander et al73

Lurasidone

Loebel et al90

Campbell et al114

6-week RPCT

Sedation, increased
irritability
Abnormal gait (n=1),
sedation
Weight gain, increased
appetite, fatigue
Somnolence, weight gain
Weight gain

Weight gain, sedation,
EPS
Weight gain

Weight gain, increased
appetite, vomiting,
insomnia
Weight gain, sedation

Vomiting, somnolence

Abbreviations: AEs, adverse events; ASD, Autism spectrum disorder; RPCT, randomized placebo-controlled trial; CPRS, Children’s Psychiatric Rating Scale; CGI-I, Clinical
Global Impressions-Improvement scale; SIB-Q, Self-Injurious Behavior Questionnaire; ABC-1, Aberrant Behavior Checklist Irritability subscale; RUPP, Research Units on Pediatric
Psychopharmacology; DB, double-blind; EPS, extrapyramidal symptoms; CY-BOCS, Children’s Yale-Brown Obsessive Compulsive Scale; OAS-M, Overt Aggression Scale modified.
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Second-generation antipsychotics
Risperidone

Risperidone is a robust D2 receptor antagonist initially developed as a treatment for schizophrenia. Numerous case reports,
open-label studies, and double-blind, placebo-controlled
trials have demonstrated its efficacy as a treatment for ASDassociated aggression, self-injury, and severe tantrums, and
risperidone became the first medication approved by the FDA
to treat irritability in youth with ASD.48 The first study of
risperidone in subjects diagnosed with ASD – an open-label
study using 0.5–1.5 mg/d of risperidone in eleven autistic
males aged 6–34 years old – found a significant decrease in
aggression, self-injurious behavior (SIB), and explosivity
after 4 months of treatment.49
In 1998, McDougle et al50 conducted the first doubleblind, randomized, placebo-controlled trial of risperidone in
ASD. Thirty-one adults aged 18–43 years (15 risperidone,
16 placebo) enrolled in the study, with 24 individuals completing 12 weeks of treatment. Seven subjects withdrew prior
to study completion because of adverse effects (including
extrapyramidal symptoms [EPS] and agitation). The subjects
in the risperidone group who completed the trial showed a
significant global improvement measured by the Clinical
Global Impression-Improvement scale (CGI-I) and a decrease
in physical aggression, self-injury, and property destruction
as measured by the SIB Questionnaire (SIB-Q).
In 2002, the Research Units on Pediatric Psychopharmacology (RUPP) Autism Network published the results of
an 8-week, randomized, double-blind, placebo-controlled
trial of risperidone in 101 youth (5–17 years) with ASD
and comorbid aggression.46 In this trial, subjects treated
with risperidone had a significant decrease in the mean
ABC-I score (P,0.001). Sixty-nine percent of participants
in the risperidone group were deemed treatment responders
(defined as 25% improvement on the ABC-I and a rating of
“much improved” or “very much improved” on the CGI-I)
compared to 12% of subjects on placebo (P,0.001). Subsequently, a 2004 8-week, randomized, double-blind, placebocontrolled trial in 79 children aged 5–12 years old with
ASD confirmed the effectiveness of risperidone for treating
irritability and aggression in ASD.51 This study found a significant improvement on the ABC-I, global improvement on
the other four ABC subscales, and significant improvement
on the Visual Analog Scale parent-defined target behavior
in the risperidone group compared to placebo.
In 2005, as a follow-up to their 2002 study, the RUPP
group examined the longer-term benefits of risperidone.52
Subjects who showed a positive response to risperidone
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and subjects who were placebo nonresponders in the initial
8-week trial were enrolled in an additional 4 months of openlabel treatment to determine whether the short-term efficacy
and safety of risperidone were maintained. In the 51 subjects
who completed the 16-week extension, the mean ABC-Irritability score showed a 59% reduction from the mean baseline
rating, which was consistent with the results of the initial
short-term RUPP study. Fifty-two subjects (82.5%) were
rated as much improved or very much improved on the CGI-I
at the completion of the open-label phase. Finally, 32 youth
were enrolled in a placebo-controlled 8-week discontinuation
study, which resulted in the return of aggression, SIB, and
tantrums in 62.5% of individuals treated with placebo versus
12.5% of those remaining on risperidone.
Adverse effects in the above detailed risperidone studies
included weight gain and somnolence/sedation. No study
showed a significant difference in rates of EPS with risperidone treatment. Risperidone was generally well tolerated,
and side effects were manageable by dosage and dosing
schedule modifications. Following these positive results,
the FDA approved risperidone as a treatment for irritability associated with autism in children and adolescents aged
5–16 years old.48
In 2015, RUPP published the results of an additional
21-month follow-up study to the original 8-week controlled
trial.53 Eighty-four subjects participated in the follow-up
study; 56 (66.7%) of these subjects continued risperidone
treatment after the original study and were taking risperidone
(mean dose: 2.47 mg/d) in the month leading up to the follow-up appointment. Although uncontrolled and naturalistic,
the high rate of continued use suggests therapeutic benefits
as perceived by caregivers and clinicians. Improvement in
targeted symptoms of irritability/aggression were associated with current risperidone exposure, as seen by reduced
ABC-Irritability scores (P=0.01). There were no significant
changes in complete blood count, lipid and glucose levels,
urinalysis, or electrocardiogram. Although risperidone
appears effective for up to 21 months of treatment, weight
gain, excessive appetite, and enuresis were common adverse
effects and pose a challenge to long-term treatment adherence and safety.

Aripiprazole
Aripiprazole has a unique mechanism of action as a partial
D2 receptor and 5-HT1A receptor agonist, and a 5-HT2A
receptor antagonist. Aripiprazole appears to differentially
act as an agonist or antagonist depending on local dopamine
concentrations.54 Following risperidone, aripiprazole was the
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second medication approved by the FDA to treat irritability
and aggression in individuals with ASD, aged 6–17 years
old.48 Aripiprazole has been studied extensively in ASD,
with numerous reports demonstrating its efficacy.
A 2004 case series describes five subjects (5–18 years)
with ASD and irritability.55 In this report, all five were rated
as “much improved” or “very much improved” on the CGI-I
after being treated with aripiprazole for at least 8 weeks. In a
retrospective chart review of 32 patients aged 5–19 years old
treated with aripiprazole (mean dose: 10.5 mg/d) published
in 2006, only nine individuals (37%) of the 24 diagnosed
with ASD showed improvement.56 Significant weight gain
and sleepiness were common in this review.
In 2009, a 14-week open-label, prospective study of aripiprazole was conducted in 25 subjects aged 5–17 years old
with ASD and significant irritability.57 Following 4 weeks of
titration, the dose (2.5–15 mg/d, mean: 7.8 mg/d) was maintained for 8 weeks. Twenty-two subjects (88%) responded to
treatment based on significant improvements on the CGI-I
and ABC-I. Many subjects experienced weight gain, and EPS
was reported in nine of 25 subjects. There were no changes
in lipid levels, and serum prolactin declined.
Also in 2009, the first large-scale, 8-week placebocontrolled trial of aripiprazole in youth aged 6–17 years
with ASD and significant irritability was completed.58 Of
218 subjects enrolled, 178 (82%) completed the trial. Subjects
were randomly assigned to fixed doses of 5, 10, and 15 mg/d
or placebo. All doses of aripiprazole resulted in significant
improvement in ABC-I scores compared to placebo (all
P-values ,0.05). All treatment groups experienced significant weight gain. Sedation was common, and 22%–23% of
subjects experienced EPS compared to 11.8% of subjects
in the placebo group. Discontinuation rates due to adverse
effects were 9.5% for 5 mg/d, 13.6% for 10 mg/d, 7.4% for
15 mg/d, and 7.7% for placebo.
The second multisite, double-blind, placebo-controlled
trial employed flexible dosing of aripiprazole.47 Ninety-eight
subjects with ASD aged 6–17 years old were treated with
aripiprazole for 8 weeks. Dosing at week 8 ranged from 2 to
15 mg/d (2 mg/d, n=2; 5 mg/d, n=13; 10 mg/d, n=16; 15 mg/d,
n=8). At week 8, 52.2% of subjects showed a response based
on the CGI-I and ABC-I, and the placebo response was lower
than in the previous trial. On the basis of the CGI-I alone,
67% of subjects taking aripiprazole were much or very much
improved, compared to 16% on placebo. Significant weight
gain was common, and mean serum prolactin decreased.
As a follow-up to the two large trials, Marcus et al59
conducted a 52-week open-label extension trial to assess
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longer-term safety and tolerability of aripiprazole. Subjects
included both those from the previous trials and subjects from
new sites. Aripiprazole was flexibly dosed with a mean dosage
of 10.6 mg/d for an average of 44.1 weeks. All subjects were
diagnosed with ASD, but de novo subjects did not have a minimum requirement for baseline irritability. Of the 330 subjects
enrolled, 199 (60.3%) completed the trial. Subjects on placebo
during the acute trial and de novo subjects showed significant
improvements on the CGI-I and ABC-I. Improvements made
by subjects in the treatment arms of the 8-week trials were
maintained. Weight gain, increased appetite, vomiting, and
insomnia were the most common adverse effects, and 10.6%
of subjects discontinued because of adverse effects.
Study results suggest that aripiprazole is effective for
reducing ASD-associated irritability in individuals aged
6–17 years old for up to 52 weeks, although treatment may
be limited in some patients by significant weight gain, higher
rates of EPS, and sedation. Aripiprazole is also not associated
with prolonged corrected QT (QTc) interval,60 and prolactin
levels decline with treatment.47,57

Clozapine
Clozapine was the first approved SGA in the US and is an
approved therapy for treatment-resistant bipolar disorder
and schizophrenia.61,62 Clozapine acts as a mild antagonist at D2 receptors, with additional actions at serotonin,
histamine, and noradrenergic receptors. Rapid titration of
clozapine has recently been shown to be safe and effective
for the treatment of drug-refractory bipolar disorder and
schizophrenia.63–65 Likewise, several case reports demonstrate its safety and effectiveness in reducing aggression
in ASD.66–68 In 2011, Beherec et al69 reviewed the charts
of six individuals with ASD (mean age: 23.2±6.9 years)
treated with clozapine for aggressive behavior. Clozapine
treatment was associated with a twofold reduction in aggressive behaviors and resulted in the reduction of number and
dose of concomitant psychotropic medications prescribed.
Subjects reported no extrapyramidal side effects, and no
cases of agranulocytosis occurred. Adverse effects included
constipation (n=5), significant weight gain (most patients),
and tachycardia (n=1).
Despite evidence of effectiveness as a treatment for
aggression, particularly to rapidly control symptoms, there
have been no controlled studies of clozapine in individuals
with developmental disability.70 Clozapine carries the potential for severe adverse effects, including cardiomyopathy,
lowered seizure threshold, and agranulocytosis.71 In particular,
agranulocytosis is life-threatening and requires frequent
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blood draws to monitor white blood cell counts. Because
blood draws can be especially difficult in highly irritable or
aggressive individuals with ASD, clozapine is rarely used
in this population.

be somewhat effective. Olanzapine appears relatively safe
and well tolerated, with significant weight gain and sedation
as the most common side effects. The aforementioned studies
did not report any cases of EPS or tardive dyskinesia.

Olanzapine

Quetiapine

Olanzapine is an SGA that acts as an antagonist at both D2
and 5-HT2A receptors, and is a first-line, FDA-approved treatment for schizophrenia.48 In 1997, Horrigan et al72 wrote a
letter to the editor of the Journal of the American Academy
of Child and Adolescent Psychiatry containing two case
reports suggesting olanzapine as an effective treatment for
aggression and hyperactivity in ASD. Since then, several
small studies and case reports have examined olanzapine as
a treatment for ASD.
One double-blind, placebo-controlled trial has studied
olanzapine in ASD. Eleven subjects enrolled and eight
completed 8 weeks of treatment (two withdrew because of
noncompliance and one from parental disagreement regarding study participation).73 Dose of olanzapine ranged from
7.5 to 12.5 mg/d (mean =10±2.4 mg/d). Olanzapine did not
reduce symptoms measured by the Children Yale-Brown
Obsessive Compulsive Scale ( z=0.284, P=0.777), the Overt
Aggression Scale Modified (OAS-M) irritability measure
(z=0.985, P=0.325), or the OAS-M aggression measure
(z=0.424, P=0.671). However, the CGI-I rating scale showed
a significant improvement in global functioning compared
to placebo. The most common side effects were significant
weight gain and sedation. No subjects developed EPS or
dyskinesia.
A 12-week, open-label trial in four adolescents and
four adults with ASD showed significant improvement on
the CGI-I as well as aggressive symptoms on the SIB-Q.
The average dose was 7.8±4.7 mg/d (range, 5–20 mg/d).74
Adverse effects included significant weight gain and sedation.
One subject withdrew from the study because their guardians
felt that the subject’s weight gain took priority over clinical
improvement. On the contrary, another 12-week, open-label
trial in 25 subjects demonstrated minimal clinical effects with
olanzapine treatment and significant weight gain.75 A more
recent 13-week open-label study of olanzapine took place in
40 adolescents diagnosed with ASD.76 Compared to baseline
scores, 13-week scores showed significant improvement on
all subscales of the ABC. Olanzapine was well tolerated
and, interestingly, the study did not show significant weight
gain with treatment.
Studies of olanzapine as a treatment of aggression in
ASD show mixed results, but generally suggest that it may

Quetiapine is an SGA that functions as a dopamine, serotonin, and adrenergic antagonist and was FDA approved for
the treatment of schizophrenia in 1997. In ASD, doubleblind, placebo-controlled trials of quetiapine are lacking,
but several open-label studies and case series have been
completed. In a small open-label study, six children aged
6–15 years old with ASD were treated with quetiapine for
16 weeks.77 The mean dose was 225 mg/d. Four of the subjects withdrew: three from sedation and one from a seizure.
The two subjects who completed the 16 weeks of treatment
were deemed responders on the CGI-I, but the authors concluded that quetiapine was poorly tolerated and generally not
effective in the study. Side effects also included increased
appetite and weight gain.
Another open-label study in nine adolescents, aged
12–17 years old, with ASD looked at quetiapine treatment
for 12 weeks.78 The mean dose was 292 mg/d. Six subjects
completed the trial, and two were considered responders
based on the CGI-I. Two subjects discontinued because of
agitation/aggression and sedation, respectively. Weight gain
was the most significant side effect.
Although the open-label studies do not demonstrate quetiapine as being particularly effective in ASD, two retrospective studies provide evidence that suggests otherwise. In the
first case series, 20 patients aged 5–28 years old were treated
clinically with quetiapine for 4–180 weeks (mean treatment
length: 60 weeks) at an average dose of 249 mg/d.79 On the
CGI-I, eight (40%) subjects were positive responders. Fifty
percent of subjects experienced adverse effects, but only
15% of patients discontinued quetiapine treatment because
of adverse effects. The second case series examined ten
patients aged 5–19 years old.80 A mean dose of 477 mg/d
was effective for six of the ten patients based on the CGI-I.
The Conners Parent Rating Scale also showed improvement
on the Conduct, Hyperactivity, and Inattention subscales.
Adverse events included mild sedation, sialorrhea, and
weight gain.
These open-label studies demonstrated global improvement rather than improved aggression symptoms, and the
response rates reported with quetiapine are notably lower
than risperidone rates. Nevertheless, quetiapine may still
be of some benefit to individuals with ASD and aggression.
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Double-blind, placebo-controlled studies of quetiapine are
needed to better understand its efficacy, side effects, and
optimal dosing.

Ziprasidone
Ziprasidone is an FDA-approved SGA for the treatment
of schizophrenia and acute mania associated with bipolar
disorder. To date, no randomized, placebo-controlled trials
have studied ziprasidone in subjects with ASD. However,
several open-label trials, case reports, and retrospective studies suggest that it may be a weight-neutral treatment option
for ASD-associated irritability symptoms.
Two case reports of young males with ASD that were
nonresponsive to other medications, including risperidone,
guanfacine, amphetamine salts, sertraline, and valproic acid
(VPA), improved with ziprasidone.81,82 A case series of ten
children and adolescents and two young adults with ASD
demonstrated a 50% treatment response as measured by
the CGI-I.83 The mean dose in this study was 59.23 mg/d
(range: 20–120 mg/d). Five subjects lost weight, five
subjects had no change in weight, and one subject gained
weight. The weight loss in five subjects was likely weight
previously gained on other atypical antipsychotics. The
most common adverse effect was sedation. In a 6-week
open-label trial of ziprasidone in subjects with ASD (mean
dose: 98.3 mg/d), nine of twelve subjects (75%) were treatment responders on the CGI-I and there was no weight gain
reported.84 A retrospective study looked at 42 subjects aged
5.97–18.67 years old (mean age: 11.8 years) treated with
ziprasidone between 2004 and 2012.85 The mean treatment
period was 10.8 months with a dose range of 20–240 mg/d.
Seventeen (40%) subjects responded to treatment, and the
body mass index z-score did not change in these participants
with ziprasidone treatment.
A known risk of ziprasidone treatment is prolongation of
cardiac QTc, which is associated with potentially fatal ventricular arrhythmia. Changes in heart rate and QTc interval
have also been reported in children treated with low dose
ziprasidone.86 In the retrospective study, no prolonged QTc
intervals were reported in the nine subjects who received
an electrocardiogram, although analysis was limited by the
small sample size.85
Unlike other atypical antipsychotics, ziprasidone does
not appear to cause weight gain and shows some efficacy
for individuals with ASD and aggression. Therefore, it may
be an effective treatment option in those for whom weight
gain poses a serious health risk. All patients treated with
ziprasidone should be monitored for QTc interval changes
and cardiac events.
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Paliperidone
Paliperidone, the major active metabolite of risperidone, is
FDA approved for the treatment of schizophrenia in adults.48
Unlike other antipsychotics, delivery of the drug is controlled
for up to 24 hours using the osmotic controlled release system technology, so it only requires once-daily dosing.87 No
randomized, placebo-controlled studies of paliperidone have
been completed in individuals with ASD, but two case reports
and an open-label study suggest that it may be effective for
treating aggression and that it is generally well tolerated in
the population.
The first case report described a 20-year-old male with
ASD and severe aggression and SIB who had not responded
to treatment with haloperidol, quetiapine, lithium, chlorpromazine, fluvoxamine, or mirtazapine.88 After 7 months of
continued SIB while on a regimen of risperidone, guanfacine,
and VPA, the 8 mg/d of risperidone was changed to 12 mg/d
of paliperidone while the other medications were maintained.
The subject had a significant decrease in aggression, SIB,
and tantrums, a “much improved” rating on the CGI-I, and
no reported adverse effects. The second case report described
a 16-year-old female with ASD and intermittent explosive
disorder. She had previously tried quetiapine, risperidone,
aripiprazole, and VPA with no improvement. While on a regimen of risperidone, naltrexone, and diazepam, she switched
from risperidone to 6 mg of paliperidone. Following the
change, the subject was rated as “very much improved” on
the CGI-I, and tolerated discontinuation of concomitant psychotropic medications. At the time the report was published,
the subject had been maintained on 6 mg/d of paliperidone
for 50 weeks with no adverse effects.
In an 8-week open-label trial of paliperidone in
25 subjects with ASD and irritability aged 12–21 years old,
21 (84%) were deemed “much improved” or “very much
improved” on the CGI-I and had $25% improvement on the
ABC-I.89 The mean paliperidone dose was 7.1 mg/d (range:
3–12 mg/d). Two subjects discontinued: one because of
moderate sedation and one because of lack of response. Four
subjects experienced mild-to-moderate EPS. Twenty (80%)
subjects experienced weight gain and a significant increase
in prolactin levels. It is important to note that 21 of the subjects had previously been on risperidone either immediately
before the study or at an earlier time. Twenty of this subset
had discontinued risperidone because of nonresponse, but
all of them responded to paliperidone. Although limited,
evidence suggests that paliperidone may be effective and well
tolerated for treating aggression in ASD and could provide an
alternative treatment option for patients who do not respond
to risperidone. Double-blind, randomized, placebo-controlled
Neuropsychiatric Disease and Treatment 2016:12
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trials are needed to further understand the effectiveness of
paliperidone in ASD.

Lurasidone
The SGA lurasidone targets both D2 and 5-HT2A receptors
and was FDA approved for the treatment of schizophrenia
in adults in 2010. Lurasidone was recently studied in a
multicenter, double-blind, placebo-controlled trial targeting
irritability in youth with ASD.90 One hundred fifty individuals
aged 6–17 years were randomized to 6 weeks of treatment
with low-dose lurasidone (20 mg/d), high-dose lurasidone
(60 mg/d), or placebo. There was no statistically significant
improvement in either active treatment group or placebo on the
ABC-I (P=0.55 and P=0.36, respectively). Rates of adverse
effects were higher in the active treatment groups, with
reported incidents of vomiting and somnolence. This study
of lurasidone is the first large-scale negative trial of an SGA
targeting irritability in ASD, suggesting that lurasidone is not
a viable treatment option for this target symptom cluster.

First-generation antipsychotics
Haloperidol

Haloperidol is the only first-generation antipsychotic with
significant evidence to support its use in youth with ASD.
Although other first-generation antipsychotics are also potent
dopamine antagonists, haloperidol is associated with fewer
adverse cognitive effects, less sedation, and fewer EPS.91
Based on this information, haloperidol was chosen for the
first placebo-controlled investigations of antipsychotics
in children with ASD. These initial studies did not focus
on aggression specifically, but rather described significant
improvement in withdrawal and stereotypy in children with
ASD, and additionally demonstrated positive impact on
learning when haloperidol treatment was combined with
language training.92–94 Sedation and acute dystonic reactions
were common. Although haloperidol has been shown to have
long-term safety and efficacy,95 it is associated with a significant risk of dyskinesias. In a prospective study of tardive
and withdrawal dyskinesias, 118 children with ASD were
treated for cycles of 6 months of haloperidol plus 4 weeks
of placebo.96 Forty (33.9%) subjects developed dyskinesias.
Most were withdrawal dyskinesias, and all were reversible.
In a subgroup of ten subjects who received a higher average
dose, nine (90%) subjects developed dyskinesias.

Nonantipsychotic medications
Antiepileptic medications

AEDs are frequently prescribed off-label in youth with
ASD targeting irritability symptoms. A 2014 systematic
Neuropsychiatric Disease and Treatment 2016:12
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review identified seven randomized, placebo-controlled
trials of AEDs in ASD (total n=171), including four studies
of VPA, one of lamotrigine, one of topiramate, and one of
levetiracetam.97 A meta-analysis of these studies revealed
no significant improvement with AED administration in the
treatment of irritability symptoms (four studies) or targeting global improvement (three studies), although rate of
discontinuation was not different between AED and placebo
groups across studies.
VPA in particular has been of interest in ASD psychopharmacology based on significant evidence in the adult
psychiatric literature, which suggests that the medication
is effective for the treatment of aggressive and impulsive
behaviors.98 Hellings et al99 completed a double-blind,
placebo-controlled trial of VPA targeting aggressive behavior
in youth with ASD. In this study, 30 individuals with ASD
aged 6–20 years received treatment with VPA (n=16) or
placebo (n=14) for 8 weeks. Five subjects withdrew from the
study because of severe aggression (n=4) or rash (n=1). Mean
VPA level at week 8 was 77.7 μg/dL (range: 58.6–101.1).
There was no statistically significant improvement reported
with VPA treatment on the ABC-I primary outcome measure (P=0.65). Reported adverse effects included skin rash,
weight gain, elevated ammonia levels, cognitive slowing,
and gastrointestinal adverse effects. Investigators concluded
that VPA does not appear to be a viable treatment option for
youth with ASD and irritability; however, larger controlled
trials may be indicated.

Lithium
Lithium is one of the oldest medications employed for the
treatment for psychiatric symptoms, with reports of its use
dating back to the 19th century. Lithium is indicated for the
treatment of bipolar disorder and has demonstrated efficacy for
decreasing suicide in individuals with affective disorders.100
Despite its extensive psychiatric history, lithium has been
studied only peripherally in ASD. In 1972, a controlled
crossover trial of lithium and chlorpromazine in ten “severely
disturbed” children aged 3–6 years (including one child
with ASD) demonstrated improvement in hyperactivity and
aggressive behavior, although results were nonsignificant.101
Two subsequent case reports describe symptomatic improvement with lithium treatment in individuals with mania-like
symptoms and ASD.102,103 In 2014, Siegel et al104 published
a retrospective review of lithium treatment in 30 children
diagnosed with ASD. In this review, 43% of all included
participants treated with lithium had scores of “very much
improved” or “much improved” on the CGI-I primary outcome measure. Seventy-one percent of children with two
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or more pretreatment affective disorder symptoms (ie, mania
or euphoric mood) were rated as “improved”. However,
significant adverse effects were reported, including vomiting (13%), tremor (10%), fatigue (0%), irritability (7%), and
enuresis (7%). Lithium may warrant future investigation
in controlled trials targeting ASD-associated aggression;
however, adverse effects with lithium are common and may
be a limiting factor.

N-acetylcysteine
N-acetylcysteine (NAC) is a unique antioxidant historically
used as a mucolytic, a renal protectant, and as a treatment for
acetaminophen overdose.105 NAC helps regulate extracellular
glutamate levels and is a component of the potent antioxidant
glutathione.106 Recently, NAC has been studied in ASD, as
its functions overlap with proposed mechanisms of ASD
pathophysiology.107,108 In 2012, Hardan et al109 completed
a placebo-controlled pilot study of NAC in 29 youth aged
3.2–10.7 years with ASD. This study reported significant
reduction in irritability symptoms as measured by the ABC-I.
NAC was reportedly well tolerated, with minimal associated
gastrointestinal symptoms reported. Two small double-blind
placebo-controlled studies of NAC treatment in conjunction
with risperidone targeting irritability in youth with ASD showed
significant reduction in ABC-I scores.110,111 Future larger controlled studies of NAC alone or as an adjunct to SGA treatment
targeting ASD-associated irritability are warranted.

Naltrexone
Naltrexone is an opiate-receptor antagonist FDA-approved
for the treatment of alcohol and opioid dependence. Reports
suggest that disturbance of the opioid system may be implicated in individuals with SIBs and potentially in producing
the core social impairments of ASD.112,113 Naltrexone has
been studied in ten randomized, placebo-controlled trials in
ASD targeting core symptoms, hyperactivity, self-injury,
and irritability. The largest study completed by Campbell
et al114 enrolled 41 children with ASD aged 2.9–7.8 years.
In this study, participants received naltrexone or matching
placebo for 3 weeks, with resultant significant improvement in hyperactivity symptoms in the naltrexone groups
(P=0.00002) as captured by the Children’s Psychiatric Rating Scale (CPRS). However, no significant symptomatic
improvement was noted in core features of ASD or rates
of self-injury. In 2014, Roy et al115 completed a systematic
review of the naltrexone literature in ASD. The authors concluded that naltrexone may have a positive impact on reducing hyperactivity and restlessness in children with ASD, but
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also state that naltrexone is unlikely to improve core features
of ASD. Naltrexone does not appear to have robust effects
targeting ASD-associated aggression, although it may have
some impact on hyperactivity symptoms in this population.

Pharmacologic management of refractory
aggression
Aggressive behavior that does not respond to first-line psychopharmacologic treatments is a significant concern for
a subpopulation of individuals with ASD. A retrospective
review of the medical records of 135 individuals with ASD
treated at an ASD-specialized psychiatry clinic demonstrated
that a significant proportion of individuals (n=53, 39.5%) met
criteria for drug refractory behaviors (defined as aggression,
self-injury, and tantrums remaining as the primary target of
treatment despite trials of risperidone and aripiprazole or
three or more psychotropic drugs targeting irritability).116
Despite these concerns, to date there are no guidelines for
the treatment of refractory ASD-associated aggression.
Emerging evidence has demonstrated increasing frequency of concomitant antipsychotic use for the treatment
of behavioral symptoms in individuals with ASD.117 A recent
study by Wink et al118 identified combination antipsychotic
treatment as a potential option for patients with ASD and
severe behavioral symptoms. In this review, 6.4% of individuals included in a 1,100-patient longitudinal medication
management database received combination antipsychotic
therapy. This treatment modality was relatively well tolerated
by participants; however, the report was lacking in consistent
use of standardized measures of clinical improvement and
medical evaluations. Clearly, safety of concomitant antipsychotic use is a significant concern, particularly in children. To
date, no ASD specific information on the safety of combination antipsychotic therapy is available. Reports in the general
psychiatric literature demonstrate increased rates of adverse
effects with combination antipsychotic therapy.119
Faced with this formidable challenge, investigators are
turning to more novel mechanisms for the treatment of
ASD-associated aggression such as glutamatergic agents
and gamma-aminobutyric acid modulators. Amantadine,
memantine, riluzole, and arbaclofen have shown promise in
preliminary studies of disruptive behaviors in ASD, but there
remains a clear need for additional investigation targeting
refractory aggression in ASD.120–125

Conclusion
Aggressive behavior is a significant concern with demonstrated negative impact on the quality of life for individuals
Neuropsychiatric Disease and Treatment 2016:12
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with ASD and their caregivers. Behavioral challenges often
place individuals with ASD and caregivers at risk of physical
injury and limit the efficacy of therapeutic, educational, and
vocational interventions.126,127 Pharmacologic treatments, particularly the use of SGAs, may reduce aggressive behaviors in
some individuals with ASD. Despite the common use of pharmacotherapy to target these behaviors, the neurobiological
underpinnings of these behaviors in the context of ASD
remain poorly understood. The development of putative
murine or other translational models of ASD that present the
core impairments of the disorder – social and communication
impairment combined with repetitive behavior – and aggressive behavior may assist efforts to develop true targeted
treatments of ASD-associated aggression. To date, drug
treatment approaches for ASD have borrowed from success
in other fields of neuropsychiatry and are not targeted against
the neurobiological mechanisms that drive the interfering
behaviors.
Beyond drug treatment, therapeutic behavioral strategies
including functional behavioral assessment, reinforcement
strategies, and FCT are demonstrated to have significant
impact in reducing the frequency and intensity of aggressive
behavior in individuals with ASD. With the ever-increasing
rate of ASD diagnosis,128 development of effective therapeutic
and pharmacologic methods for preventing and treating
aggression are essential to improving the outcomes in this
disorder. Future research must incorporate both modalities,
similar to recent work targeting core features of ASD.129
An evidence base supporting combined medication plus
therapy approach for the treatment of ASD-associated
aggression is greatly needed. In addition, development of
evidence-based treatment algorithms for individuals refractory to first-line pharmacologic treatments is imperative.
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Among the core features of ASD, altered sensitivities in all modalities have been accorded increasing importance. Heightened
sensitivity to pain and unusual expressions of and reaction to pain have not hitherto been widely recognised as a presenting feature
of ASD in general paediatrics. Failure to recognise ASD as a common cause of pain can lead to late diagnosis, inappropriate
treatment, distress, and further disability. Two cases are presented which illustrate the late presentation of Autism Spectrum
Disorder (Asperger’s Syndrome subtype) with chronic unusual pain. Conclusion. Pain in autism can be atypical in its experience
and expression and for this reason may go unrecognised by physicians treating chronic pain disorders.

1. Introduction
Autism Spectrum Disorder (ASD) is a neurodevelopmental
disorder characterised by asynchronous development in several areas (e.g., language, communication, social relations,
behavioural rigidity, motor abnormalities, cognitive capabilities, and sensory responsiveness). It is now recognised as
a spectrum of disorders including Asperger’s Syndrome [1].
With a prevalence of around 1% [2–4] ASD can no longer
be considered rare. Among the core features of ASD, altered
sensitivities in all modalities have been accorded increasing
importance [1]. Among the sensory abnormalities recognised
as important features of autism is either heightened or
reduced sensitivity to pain. Individuals with ASD may experience pain in unusual ways, and their communication and
social difficulties may make it difficult for them to make their
distress known. This can lead to a delay in diagnosis when
ASD present with heightened pain. We present two cases
which highlight this problem.

2. Materials and Methods
Two cases of adolescents are presented with Autism Spectrum Disorder (Asperger’s Disorder) who were diagnosed
later, having presented earlier to rheumatologists. Procedures
followed (particularly with regard to consent, data protection,

and confidentiality) were in accordance with the ethical
standards of the H.S.E. research ethics committee and with
the Helsinki Declaration of 1975, as revised in 2000 (5).

3. Case 1
B.D. is a 15-year-old girl who presented to a paediatric
rheumatology service with generalised aches and pains. Pain
had been present for many years with fluctuating severity. She
suffered from social anxiety, and the presence of others often
made her pain worse. Oversensitivity to painful stimuli, or
rather the experience of tactile stimuli such as traction and
pressure as painful, had been a feature since infancy. She was
particularly sensitive in the head and neck and was unable to
tolerate even having her hair cut and styled. It was noteworthy
that B.D. reported fluctuations in pain in response to stressful
social situations.
She had also come to find almost every food unpleasant in
taste and texture and, contemporaneous with times of greater
pain, was able to tolerate only tasteless foods, such as dried
noodles. Significant also was that this girl’s diminished sensitivity to taste also varied with the degree of her distress and
pain.
Despite an extensive diagnostic workup by a paediatric
rheumatology service, no diagnosis was made. She was
treated with nonsteroidal anti-inflammatory drugs, to little
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effect. “Amplified Pain Syndrome” was diagnosed. Physiotherapy was attempted but this exacerbated her limb pain and
general discomfort and distress.
She presented to mental health services one year later
because she was experiencing increasing antipathy towards
family and peers of such intensity that she feared she might
harm them. This fear was associated with increased generalised pain and discomfort and led her to refuse to attend
school. Her somatic discomfort and pain remitted somewhat
when she was away from school. She became sad and began
to superficially cut her forearms.
She had always had difficulty in reciprocal social relations.
During the assessment she said, “I just do not ‘get’ people –
they are just empty shells.” She had one genuine friend, whom
she was content to see only every six months or so, and she
was unable to describe the difference between a “friend” and
an “acquaintance.”
She was outstanding throughout childhood for intelligence in music, art, mathematics, physics, and computer
programming.
She had an overriding, absorbing interest with gross
impairment in a very successful musical show. Her interest
was so intense that she dressed as character in 18th century
costume.
At assessment she wore the clothes described above. Her
speech had reduced tonality. She rarely looked at persons
she was addressing, and her shared gaze was very poor. She
did not complain of pain during the neurodevelopmental
assessment, though her mother afterwards reported that this
was how she frequently experienced return to school. There
was no self-injurious behaviour or unusual exploration of her
environment, but increasing neck pain was reported towards
the end of the long assessment, which she reported as being a
stressful one.
Her mother was a language and linguistics scholar of
exceptional ability, as evidenced by a distinguished publishing record in her chosen specialty. During the neurodevelopmental history she was noted to have a mild impairment
in qualitative social interaction. In terms of family history
of neurodevelopmental disorders, a maternal cousin had
autism, and a brother had dyslexia.
A diagnosis of ASD (Asperger’s Syndrome subtype) was
made using the A.D.O.S. (Autism Diagnostic Observation
Schedule) assessment tool and the S.C.Q. (Social Communications Questionnaire) and the S.R.S. (Social Responsiveness
Scale) questionnaires.

4. Case 2
D.G. is a 16-year-old boy who presented to a paediatric
rheumatology service at the age of 14 because of generalised
muscle aches and joint pains. Post-viral reactive myalgia was
diagnosed, though without serological evidence. There was
no clinical or laboratory evidence of inflammatory disease.
He had had a history of vague lower limb pain waxing
and waning over several years. He was referred to mental
health services some eighteen months later because of social
withdrawal and school refusal. He had barricaded himself in
his bedroom.
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His mother reported that he had had unusual sensory
responses at an early age. He was unable to tolerate meat that
had not been pureed. He seemed to derive pleasure from the
physical sensation of being squeezed. He had an inordinate
preference for cold weather such that he would play outside in
t-shirt and shorts even in near-zero temperatures. He developed secondary encopresis for approximately one year at the
age of 5 and derived pleasure from faecal smearing. He was
exquisitely sensitive to minor traction on his scalp such that
his mother had to take special precautions when cutting his
hair.
He had always had difficulties interacting with adults and
with other children. He frequently thought other children
were bullying him, when there was no evidence of this from
several independent sources. His speech, though structurally
normal, was pedantic and sophisticated (“like a barrister’s,”
his mother said). Although he had one or two genuine
friends, he was happy with infrequent contact (every 3–6
months) with the one he liked most. He was naive and spoke
about intimate things with excessive candour.
A diagnosis of ASD (Asperger’s Syndrome) was made
using the Royal College of Psychiatrists Diagnostic Interview
for the Assessment of Adults with Autism Spectrum Disorder.

5. Discussion
Although both of these children had severe impairments
in the domains of social relationships, pragmatic language,
behavioural rigidity, and altered sensitivities, review of their
medical records and parental interviews showed that an autistic disorder was not considered as a possible cause. This may
be because of the atypical way in which autistic individuals
sometimes experience and express pain, to altered sensory
thresholds in some people with ASD, or to the relative unfamiliarity of many doctors and healthcare professionals with
the wide variety of features with which autistic disorders can
present.
Altered pain thresholds are a recognised feature of
the sensory hypo- and hyperresponsiveness associated with
Autism Spectrum Disorders (ASD). Although it is commonly
assumed that reduced sensitivity to pain is more common [5],
this may be because of other autism-related impairments [6].
Allely [7] has drawn attention to the unusual ways in which
autistic individuals experience pain, for example, denying
pain but describing such noxious stimuli as dental extraction
as “discomfort.” Oversensitivity to pain has been shown to
lead to a delay in diagnosis, as compared with autistic disorders in general [8]. For this reason, when enquiring about
pain, it may be useful to be mindful of a wider vocabulary,
enquiring about “discomfort,” “anxiety,” and so forth. The
mechanism of altered pain sensitivities in autism (e.g., endogenous opioid excess, sensorial abnormalities, and sociocommunicative impairments) requires further elucidation [9].
Cross-species affective neuroscience studies confirm that
primary-process emotional feelings are organized within
primitive subcortical regions of the brain that are anatomically, neurochemically, and functionally homologous in all
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mammals that have been studied [10]. It may not be surprising, therefore, that in a neurodevelopmental disorder such
as autism, in which problems with “shared circuits” may be
important [11], these negative emotions might be experienced
as unusual types of pain of more or less intensity.
As autism becomes more widely recognised, all doctors
in every specialty will number individuals with ASD among
their patients. Pain being such a common and important
feature of pathophysiology, it will be important to be able to
recognise pain as a possible cause of emotional distress and
not to presume that pain is absent when its presentation is
atypical. The use of an analogue pain scale, or of an informant-report scale [12, 13], may help such assessments.
In terms of recognising oversensitivity to pain in people
with autism, it may be significant that some of the most widely
used diagnostic instruments (e.g., [14–16]) do not specifically
mention this as a feature (though they do include pain
hyposensitivity). Indeed, a reason for the low reported incidence of pain hypersensitivity in autism is that it is not routinely sought after. The CARS-2 questionnaire [17] does consider indeed pain oversensitivity, but as an “overreaction,” and
this may reflect a misunderstanding in the degree to which
people with autism actually experience pain.
Some have suggested [18] that pain experts may fail to
consider autism in the differential diagnosis of chronic and
unusual pain, and our experience bears this out. A more
widespread familiarity of all doctors dealing with children
with the sensory and communications features of Autism
Spectrum Disorders may lead to more prompt identification
of ASD. Further research is required to identify the incidence
of ASD in children with unexplained chronic pain. The development of specific pain assessment instruments for use with
people with autism may be useful.

6. Conclusion
Autism is relatively common, with a prevalence of around
1% of the population. Affected individuals may experience
sensations in all modalities with raised or lowered thresholds
and sometimes in qualitatively abnormal ways. Amplified
pain may be a presenting feature of autism, and its unusual
character may delay diagnosis when individuals present to
general physicians.
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Asperger Syndrome (and high-functioning autism) Diagnostic
Interview (ASDI): a preliminary study of a new structured
clinical interview,” Autism, vol. 5, no. 1, pp. 57–66, 2001.
[15] D. Grodberg, P. M. Weinger, A. Kolevzon, and J. Busbaum,
“Brief report: the autism mental status examination: development of a brief autism-focused exam,” Journal of Autism and
Developmental Disorders, vol. 42, no. 3, pp. 455–459, 2012.
[16] L. Wing, S. R. Leekam, S. J. Libby, J. Gould, and M. Larcombe,
“The Diagnostic Interview for Social and Communication
Disorders: background, inter-rater reliability and clinical use,”
Journal of Child Psychology and Psychiatry and Allied Disciplines, vol. 43, no. 3, pp. 307–325, 2002.
[17] C. A. Vaughan, “Test review: E. Schopler, M. E. Van Bourgondien, G. J. Wellman, & S. R. Love childhood autism rating scale

4
(2nd ed.). Los Angeles, CA: Western Psychological Services,
2010,” Journal of Psychoeducational Assessment, vol. 29, no. 5, pp.
489–493, 2011.
[18] B. Bursch, K. Ingman, L. Vitti, P. Hyman, and L. K. Zeltzer,
“Chronic pain in individuals with previously undiagnosed
autistic spectrum disorders,” Journal of Pain, vol. 5, no. 5, pp.
290–295, 2004.

Case Reports in Psychiatry

The

n e w e ng l a n d j o u r na l

of

m e dic i n e

original article

Atypical Antipsychotic Drugs and the Risk
of Sudden Cardiac Death
Wayne A. Ray, Ph.D., Cecilia P. Chung, M.D., M.P.H., Katherine T. Murray, M.D.,
Kathi Hall, B.S., and C. Michael Stein, M.B., Ch.B.

A bs t r ac t
Background

Users of typical antipsychotic drugs have an increased risk of serious ventricular arrhythmias and sudden cardiac death. However, less is known regarding the cardiac
safety of the atypical antipsychotic drugs, which have largely replaced the older agents
in clinical practice.
Methods

We calculated the adjusted incidence of sudden cardiac death among current users
of antipsychotic drugs in a retrospective cohort study of Medicaid enrollees in Tennessee. The primary analysis included 44,218 and 46,089 baseline users of single
typical and atypical drugs, respectively, and 186,600 matched nonusers of antipsychotic drugs. To assess residual confounding related to factors associated with the
use of antipsychotic drugs, we performed a secondary analysis of users of antipsychotic drugs who had no baseline diagnosis of schizophrenia or related psychoses and
with whom nonusers were matched according to propensity score (i.e., the predicted
probability that they would be users of antipsychotic drugs).
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Results

Current users of typical and of atypical antipsychotic drugs had higher rates of sudden cardiac death than did nonusers of antipsychotic drugs, with adjusted incidencerate ratios of 1.99 (95% confidence interval [CI], 1.68 to 2.34) and 2.26 (95% CI, 1.88
to 2.72), respectively. The incidence-rate ratio for users of atypical antipsychotic drugs
as compared with users of typical antipsychotic drugs was 1.14 (95% CI, 0.93 to 1.39).
Former users of antipsychotic drugs had no significantly increased risk (incidencerate ratio, 1.13; 95% CI, 0.98 to 1.30). For both classes of drugs, the risk for current
users increased significantly with an increasing dose. Among users of typical anti
psychotic drugs, the incidence-rate ratios increased from 1.31 (95% CI, 0.97 to 1.77)
for those taking low doses to 2.42 (95% CI, 1.91 to 3.06) for those taking high doses
(P<0.001). Among users of atypical agents, the incidence-rate ratios increased from
1.59 (95% CI, 1 .03 to 2.46) for those taking low doses to 2.86 (95% CI, 2.25 to 3.65)
for those taking high doses (P = 0.01). The findings were similar in the cohort that
was matched for propensity score.
Conclusions

Current users of typical and of atypical antipsychotic drugs had a similar, dose-related
increased risk of sudden cardiac death.
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rolled in Tennessee Medicaid for at least 730 days
(gaps of <7 days were allowed) and to have been
eligible for full pharmacy benefits and made regular use of medical care (defined as having had at
least one filled prescription and one outpatient
visit in each of the 2 preceding years). Patients at
high risk for death from noncardiac causes were
excluded from the cohort (see Appendix 1 in the
Supplementary Appendix, available with the full
text of this article at NEJM.org).
The cohort included every eligible Medicaid
enrollee with at least 1 qualifying day of use of
antipsychotic drugs during the study period. The
first day of follow-up was defined as the first
qualifying day. The cohort also included two controls for each user of antipsychotic drugs, matched
for age, sex, and first day of follow-up, who were
randomly selected from qualifying nonusers of
antipsychotic drugs on the first day of follow-up.
Follow-up extended from the first qualifying
day until the end of the study period, the death
of the person, the termination of Medicaid enrollment, or the date on which eligibility criteria for
inclusion in the cohort were no longer met. Controls could become users of antipsychotic drugs,
and patients who left the cohort could reenter it.
The follow-up time did not include time during
hospitalization and the 30 days after discharge
from the hospital because in-hospital deaths were
not considered to be study end points and Medicaid files do not include drugs dispensed in the
hospital.
The Vanderbilt Committee for the Protection of
Human Subjects approved the study and waived
the requirement for informed consent. Tennessee’s
Bureau of TennCare and Department of Health
Me thods
also approved the study. The study was funded by
Primary Cohort
grants from federal agencies, which had no role
We obtained the study data from computerized in study conduct or reporting.
files of Tennessee Medicaid, which have been
used extensively for pharmacoepidemiologic re- Cohort Matched for Propensity Score
search.17,18 Each person-day of Medicaid enroll- To assess residual confounding by factors associment from January 1, 1990, through December 31, ated with the use of antipsychotic drugs, we per2005 (the study period), was evaluated to determine formed a secondary analysis, using propensity
whether it qualified for inclusion in the analysis. scores20 (i.e., the predicted probability that a perThe cohort was restricted to persons 30 to 74 years son would be a user of antipsychotic drugs) to idenof age, because among persons younger than 30, tify a nonuser control group with a similar psychisudden cardiac death is very rare and may have a atric-illness profile. This matched cohort excluded
different cause,19 and among persons older than users of antipsychotic drugs who had a diagnosis
74, we found death certificates to be less reliable of schizophrenia or related psychosis in the 730
for identifying sudden cardiac deaths. Inclusion in days before the first day of follow-up, since treatthe cohort required the person to have been en- ment with antipsychotic drugs is the standard of

here are extensive data linking
the typical antipsychotic drugs to an increased risk of sudden cardiac death.
These medications block repolarizing potassium
currents in vitro1,2 and prolong the QT interval,1,3,4 one important causal mechanism for the
ventricular tachyarrhythmias that often lead to
sudden cardiac death.5 There are numerous case
reports of torsades de pointes and sudden death
in conjunction with the use of the typical antipsychotic drugs.6,7 Controlled epidemiologic studies have shown a dose-related increased risk of
sudden cardiac death associated with the use of
these medications.8-11 Indeed, thioridazine, once
one of the most frequently prescribed antipsychotic drugs, now carries a black-box warning of
an increased risk of cardiac arrhythmias and
sudden death.12
Less is known about the cardiac safety of the
atypical antipsychotic drugs, which have largely
replaced the older agents in clinical practice. Several atypical antipsychotic drugs block repolarizing potassium currents2 and prolong ventricular
repolarization,1,13 and the electrophysiological effects of some of these drugs are similar to those
of the older agents. However, although torsades de
pointes has been reported in persons using atypical antipsychotic drugs,14-16 whether these drugs
increase the risk of sudden cardiac death to the
same extent as the older medications is unknown.
We therefore conducted a large retrospective cohort study that was designed to compare the risk
of sudden cardiac death associated with the use
of the two classes of antipsychotic drugs.
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care for these conditions. Thus, this group of qualifying users of antipsychotic drugs primarily had
mood disorders (a growing reason for the use of
antipsychotic drugs), for which there are alternative medications. For each qualifying user, up to
two controls were adaptively matched for propensity score (i.e., controls were selected so as to
reduce differences in running mean propensity
scores) (Appendix 1 in the Supplementary Appendix), within strata defined by the first day of
follow-up, birth year, sex, and a marker of severe
psychiatric illness (previous hospitalization for psychiatric cause, diagnosis of bipolar disorder, or
lithium therapy).
Exposure to Antipsychotic Drugs and Other
Medications

Antipsychotic drugs and other study medications
were identified from Medicaid pharmacy files.
Data in the files included the date the prescription was dispensed, the drug, the quantity, the
dose, and the number of days of supply (edited to
resolve infrequent discrepancies with quantity).
Computerized pharmacy records are an excellent
source of medication data because they are not
subject to information bias17 and have high concordance with medication use as reported by patients.21-23 The residual misclassification should
be limited, and any bias is likely to be in favor of
the null hypothesis.17
Each person-day of study follow-up was classified according to the probable use of antipsychotic
drugs. Current use included the interval between
the time the person filled the prescription and the
end of the days of supply (up to a 7-day carryover
from previous prescriptions), when the person was
most likely to be taking the drug. Indeterminate
use included the period up to 90 days after the
last current use, and former use included any subsequent person-time that was not classified as
current or indeterminate use. Nonuse referred to
person-days with no prescribed use of antipsychotic drugs on those days or at any time in the
past. Current use was further classified according
to the doses of the drugs, which were expressed
as approximate equivalents of 100 mg of chlor
promazine (Appendix 1 in the Supplementary
Appendix)24,25 and then categorized as low-dose
(<100 mg), moderate-dose (100 to 299 mg), or
high-dose (≥300 mg). The individual drugs that
were analyzed were thioridazine and haloperidol,
the most frequently prescribed typical agents, as
n engl j med 360;3

well as atypical antipsychotic drugs with 3000
person-years or more of current use in the primary cohort (for which ≥5 cases of sudden death
were expected under the null hypothesis): cloza
pine, quetiapine, olanzapine, and risperidone.
Study End Point

The study end point was sudden cardiac death
occurring in the community.26-28 Sudden cardiac
death was defined as a sudden pulseless condition
that was fatal, that was consistent with a ventricular tachyarrhythmia, and that occurred in the absence of a known noncardiac condition as the proximate cause of the death.27 The end point excluded
deaths of patients who had been admitted to the
hospital, deaths that were not sudden, and deaths
for which there was evidence of an extrinsic cause
(e.g., drug overdose), a noncardiac cause (e.g., pneumonia), or a cardiac cause that was not consistent with a ventricular tachyarrhythmia (e.g., heart
failure).
End points were identified from computerized
death certificates linked with computerized Medicaid records. The case definition was developed
from and validated by our previous study,8,29,30 in
which medical records were reviewed for deaths
that occurred between 1988 and 1993. Qualifying
deaths occurred outside the hospital or other institution and had an underlying cause of death
that our previous study had determined to be compatible with sudden cardiac death (Appendix 1 in
the Supplementary Appendix). These deaths were
further restricted to those for which there was no
evidence of care in the emergency department on
the day of death that was inconsistent with care
for sudden cardiac death. In our previous study,8
we reviewed medical records for 616 of such
qualifying deaths that occurred in the present
cohort. Of these deaths, 530 (86.0%) were confirmed cases of sudden cardiac death (unpublished
data). As long as the accuracy of the definition of
sudden cardiac death did not vary according to
the use of antipsychotic drugs, the residual misclassification should bias the results toward the
null hypothesis.31
Statistical Analysis

The relative risk of sudden cardiac death according to current use, former use, or nonuse of antipsychotic drugs, adjusted for dose (Appendix 1
in the Supplementary Appendix), was estimated
with the incidence-rate ratio, as calculated from
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Poisson regression models. The models (Appendix 1 in the Supplementary Appendix) included
demographic characteristics and variables reflecting coexisting conditions at baseline and subsequent changes during follow-up. Baseline coexisting conditions included cardiovascular and other
somatic disease as well as psychiatric and neurologic illness.
We calculated a summary cardiovascular risk
score from the large number of baseline cardiovascular and somatic variables. The variables included prescribed medications and recorded diagnoses, as well as utilization of medical care and
a measure of compliance with drugs (Appendix
1 in the Supplementary Appendix) for long-term
use. The summary risk score was defined for the
entire cohort as the predicted probability of sudden death, conditional on no exposure to antipsychotic drugs (estimated with Poisson regression
analysis among nonusers of antipsychotic drugs),
and then expressed as 20 equal parts. This technique permits more parsimonious models when
there are numerous covariates and facilitates description of baseline cardiovascular risk.32
We performed several supplementary analyses
to test key assumptions. These included an analysis that permitted only one cohort entry per person, as well as analyses in which additional baseline and time-dependent variables were included
in the model (Appendix 1 in the Supplementary
Appendix). The findings were essentially identical to those reported here.
All analyses were performed with the use of
SAS software, version 9.0 (SAS Institute). All reported P values are two-sided.
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likely than nonusers to be enrolled in Medicaid
because of disability (62.9% vs. 37.4%), but they
had a slightly lower mean baseline cardiovascular
risk score (9.2 vs. 9.6 on a scale of 0 to 19, with
higher scores indicating increased risk). As expected, users of antipsychotic drugs had a higher
prevalence of coexisting psychiatric conditions at
baseline than did nonusers; however, there was
a substantial prevalence of coexisting conditions,
particularly affective disorders, among nonusers
as well. In the cohort matched for propensity
score, users and nonusers of antipsychotic drugs
had identical mean propensity scores and similar
baseline rates of coexisting psychiatric conditions.
As compared with users of typical antipsychotic drugs, users of atypical antipsychotic drugs
were slightly younger, were less likely to be enrolled in Medicaid because of disability, and had
a higher baseline cardiovascular risk score (Appendix 2 in the Supplementary Appendix). They also
used higher doses of antipsychotic drugs, in part
owing to the preponderance of low-dose use for
the typical drug thioridazine (53.9% of thiorid
azine users took low doses). Users of atypical
antipsychotic drugs also were less likely to have
a diagnosis of schizophrenia than were users of
typical antipsychotic drugs (13.5% vs. 27.1%), with
the exception of users of clozapine (which is indicated for treatment-resistant psychosis24), of whom
89.1% had a diagnosis of schizophrenia. Users of
atypical antipsychotic drugs were more likely to
have diagnosed mood disorders than were users
of typical drugs (bipolar disorder, 23.3% vs. 12.1%;
other mood disorders, 60.2% vs. 36.3%).
Sudden Cardiac Death

R e sult s
Characteristics of the Study Cohorts

The primary cohort included 93,300 users of antipsychotic drugs and 186,600 matched controls.
There were 44,218 and 46,089 users of single typical and atypical antipsychotic drugs, respectively,
at cohort entry. The cohort that was matched for
propensity score included 67,824 users of anti
psychotic drugs and 116,069 nonusers.
In the primary cohort, users and nonusers of
antipsychotic drugs had similar baseline demographic characteristics (Table 1). The mean age
was 45.7 years; 65.2% of the cohort members were
women, 70.5% were white, and 56.9% were urban
residents. Users of antipsychotic drugs were more
228
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During the 1,042,159 person-years of cohort follow-up, there were 1870 sudden cardiac deaths,
or 17.9 per 10,000 person-years. The unadjusted
rate increased from 4.7 deaths per 10,000 for persons 30 to 34 years of age at baseline to 47.6 per
10,000 for those 70 to 74 years of age and was
more than twice as high for men as for women
(27.1 vs. 12.9 per 10,000).
Current users of typical antipsychotic drugs
had an adjusted rate of sudden cardiac death that
was twice that for nonusers (incidence-rate ratio,
1.99; 95% confidence interval [CI], 1.68 to 2.34)
(Table 2). A similar increased risk was seen for
current users of atypical antipsychotic drugs, who
had a rate of sudden cardiac death that was more
than twice that for nonusers (incidence-rate ratio,
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Table 1. Baseline Characteristics of Cohort Members, According to Use or Nonuse of Antipsychotic Drugs at Cohort Entry.*
Characteristic

Primary Cohort

Cohort Matched for Propensity Score†

Nonuser
(N = 186,600)

Current User
(N = 93,300)

Nonuser
(N = 116,069)

Current User
(N = 67,824)

1998

1998

1998

1999

2.2

2.9

2.4

2.6

Mean year of cohort entry
Study follow-up (yr)
Median
Interquartile range
Age (yr)

0.9–4.8

1.2–6.1

0.9–5.0

1.1–5.2

45.7±11.8

45.7±11.8

46.4±12.0

46.3±11.8

Male sex (%)

34.8

34.8

32.1

30.3

Nonwhite race (%)‡

30.0

28.5

25.8

24.2

Urban residence (%)

56.6

57.5

53.3

54.2

Medicaid enrollment due to disability (%)
Cardiovascular risk score§

60.7

57.6

9.6±5.8

37.4

9.2±5.8

9.5±5.8

9.4±5.7

NA

NA

0.52

0.52

NA

69.0

NA

1.4

21.3

0

Mean propensity score¶

62.9

Psychiatric characteristics (%)‖
Use of moderate or high dose of antipsychotic
drug**
Schizophrenia

62.0
0

Other psychosis

1.0

9.7

0

0

Bipolar disorder

2.6

18.2

14.2

17.1

Major depression or other mood disorder

17.2

48.4

51.3

52.6

Dementia

0.6

3.1

2.9

2.9

Alcohol or prescription-drug dependency

4.9

8.3

9.6

7.9

History of suicide attempt

1.2

3.5

3.5

3.5

Previous stay in psychiatric hospital

3.8

21.7

15.0

14.7

Use of lithium

1.2

9.3

6.1

7.6

Use of mood stabilizer

8.3

24.0

22.2

24.4

Use of antidepressant

41.5

73.0

76.3

79.4

Use of benzodiazepine

34.1

56.0

58.8

61.6

* Factors defined on the basis of medical care encounters reflect any encounter within the 730 days preceding the first day of follow-up, except for the cardiovascular risk score and the dose of antipsychotic drugs, which are those at the start of cohort follow-up. Plus–minus values are means ±SD. NA denotes not applicable.
† Persons with schizophrenia and related psychoses were excluded from this cohort.
‡ Nonwhite race was self-reported.
§ The cardiovascular risk score has a range of 0 to 19, with higher scores indicating increased risk. The variables included in the score are
listed in Appendix 1 in the Supplementary Appendix. The score was derived as described in the Methods section.
¶ The propensity score is the predicted probability that persons would be users of antipsychotic drugs.
‖ A cohort member may have had multiple diagnoses.
** Doses were calculated as chlorpromazine equivalents (see Appendix 1 in the Supplementary Appendix): low dose, <100 mg; moderate
dose, 100 to 299 mg; and high dose, 300 mg or more.

2.26; 95% CI, 1.88 to 2.72) and that did not differ
significantly from the rate for users of the typical
agents (incidence-rate ratio for users of atypical
as compared with users of typical antipsychotic
drugs, 1.14; 95% CI, 0.93 to 1.39). The rates of sudden cardiac death for both current users of typin engl j med 360;3

cal antipsychotic drugs and current users of atypical drugs were greater than those for former users
(P<0.001). Former users did not have a significantly increased risk of sudden cardiac death as
compared with nonusers (incidence-rate ratio, 1.13;
95% CI, 0.98 to 1.30). Users of each of the six fre-
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Table 2. Adjusted Incidence-Rate Ratios for Sudden Cardiac Death, According to Use or Nonuse of Antipsychotic
Drugs.*
No. of PersonYears

No. of Sudden
Deaths

Incidence-Rate Ratio
(95% CI)

Nonuser

624,591

895

Reference group

Former user

189,981

311

1.13 (0.98–1.30)

0.08

Any

86,735

255

1.99 (1.68–2.34)

<0.001

Haloperidol

21,728

58

1.61 (1.16–2.24)

0.005

Thioridazine

15,715

65

3.19 (2.41–4.21)

<0.001

79,589

223

2.26 (1.88–2.72)

<0.001

User Status

P Value

Current user†
Typical agent

Atypical agent
Any
Clozapine

4,654

19

3.67 (1.94–6.94)

<0.001

27,257

75

2.04 (1.52–2.74)

<0.001

Quetiapine

17,355

40

1.88 (1.30–2.71)

<0.001

Risperidone

24,589

85

2.91 (2.26–3.76)

<0.001

Olanzapine

* The total excludes 45,381 person-years and 134 deaths for indeterminate users of antipsychotic drugs, as well as 15,883
person-years and 52 deaths for concurrent users of multiple antipsychotic drugs.
† The analysis of these drugs included an adjustment for dose according to the method described in Appendix 1 in the
Supplementary Appendix.

quently prescribed antipsychotic drugs had a significantly increased rate of sudden cardiac death
(Table 2).
The risk of sudden cardiac death increased with
an increasing dose among current users of typical
or atypical antipsychotic drugs (Fig. 1). Among
users of the typical agents, the incidence-rate ratios increased from 1.31 (95% CI, 0.97 to 1.77) for
persons taking low doses to 2.42 (95% CI, 1.91
to 3.06) for those taking high doses (P<0.001 for
dose–response relationship). Among users of the
atypical drugs, the incidence-rate ratios increased
from 1.59 (95% CI, 1.03 to 2.46) for persons taking low doses to 2.86 (95% CI, 2.25 to 3.65) for
those taking high doses (P = 0.01 for dose–response
relationship). There was a dose–response trend for
each of the six frequently prescribed drugs (Fig. 2),
a trend that was significant in the case of thio
ridazine (P = 0.005) and of borderline significance
in the case of risperidone (P = 0.05). Current users of thioridazine in high doses (≥300 mg) had
the greatest increased risk (incidence-rate ratio,
5.05; 95% CI, 3.09 to 8.27).
In the cohort matched for propensity score
(Table 3), both current users of typical antipsy
chotic drugs and current users of atypical anti
psychotic drugs had an increased risk of sud230

n engl j med 360;3

den cardiac death as compared with nonusers,
with incidence-rate ratios of 1.84 (95% CI, 1.50 to
2.26) and 1.99 (95% CI, 1.61 to 2.46), respectively.
There was a significant dose–response relationship
for each class (P<0.001 and P<0.05, respectively).
The incidence-rate ratio for users of atypical drugs
as compared with users of typical antipsychotic
drugs was 1.08 (95% CI, 0.82 to 1.43).
We performed several additional analyses to
test the robustness of the study findings. To assess the influence of the adverse metabolic effects
of long-term use of antipsychotic drugs,12 we performed an analysis that was restricted to data from
persons whose cumulative use of the drugs was
less than 365 days’ duration. The respective incidence-rate ratios for current users of the typical
and atypical drugs as compared with nonusers
were 1.73 (95% CI, 1.09 to 2.72; P = 0.02) and
1.87 (95% CI, 1.29 to 2.73; P = 0.001). To assess
possible bias from inclusion of persons who used
antipsychotic drugs before the beginning of follow-up, which could preferentially eliminate patients who might be susceptible to proarrhythmic
effects,33 we analyzed data from cohort members who had not used antipsychotic drugs during the 2 years preceding the first day of followup. In this analysis, the respective incidence-rate
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were 1.74 (95% CI, 1.14 to 2.67;
= 0.001) and 1.86 drugs.36 However,
the limited data available on
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ISSUE: 01-15-09
(95% CI, 1.35 to 2.57; P<0.001). To assess the ef- the surrogate markers for torsades de pointes —
fects of secular trends in the use of antipsychotic inhibition of the potassium current IKr and prolondrugs and the incidence of sudden cardiac death, gation of the QT interval — suggest that comwe performed an analysis that was restricted to monly used atypical drugs have electrophysiological
data from 1998 through 2005; the respective inci- effects that are similar to those of the typical
dence-rate ratios for current users of typical and antipsychotic drugs.1,13 There are now case reatypical antipsychotic drugs as compared with ports that document the occurrence of torsades
nonusers were 1.78 (95% CI, 1.35 to 2.35; P<0.001) de pointes among users of several atypical anti
and 2.03 (95% CI, 1.65 to 2.50; P<0.001).
psychotic drugs.14-16 Our data show that in a large
retrospective cohort of adults, current users of the
atypical antipsychotic drugs had a dose-depenDiscussion
dent increase in the risk of sudden cardiac death
The frequent occurrence of serious movement dis- that was essentially identical to that among users
orders in persons taking typical antipsychotic drugs of the typical agents.
limited the use of these drugs.24 Because atypical
The primary limitation of our study is the poantipsychotic drugs are less likely to have this ad- tential for confounding by factors associated with
verse effect, they have been considered a safer the use of antipsychotic drugs. For persons with
treatment alternative34 and have rapidly replaced serious mental illness, these factors include carthe older drugs in clinical practice. Overall, the use diovascular and other somatic disease; concurrent
of antipsychotic drugs has increased, with the use of other proarrhythmic medications; mood
number of outpatient visits related to the prescrip- disorders; behavioral risk factors, including subtion of an antipsychotic drug nearly doubling be- stance abuse, poor self-care, and smoking; and
tween 1998 and 2002.34
other effects of mental illness.12 However, both
Although a link between the use of typical anti the study design and analysis included several propsychotic drugs and both torsades de pointes and visions to manage confounding.
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Table 3. Adjusted Incidence-Rate Ratios for Sudden Cardiac Death in the Cohort Matched for Propensity Score,
According to Use or Nonuse of Antipsychotic Drugs and According to Dose.*
Variable

No. of PersonYears

No. of Sudden
Deaths

Incidence-Rate Ratio
(95% CI)

Nonuser

390,072

705

Reference group

Former user

159,415

243

0.93 (0.80–1.08)

0.30

P Value

Current user†
Typical agent
Any

42,231

125

1.84 (1.50–2.26)

<0.001

Haloperidol

7,189

21

1.39 (0.89–2.19)

0.15

Thioridazine

9,547

41

3.05 (2.15–4.33)

<0.001

45,853

116

1.99 (1.61–2.46)

<0.001

418

4

8.06 (2.58–25.23)

<0.001

Olanzapine

15,076

42

1.99 (1.41–2.79)

<0.001

Quetiapine

13,730

26

1.49 (0.98–2.27)

0.06

Risperidone

13,047

41

2.49 (1.72–3.62)

<0.001

Low

16,293

36

1.13 (0.81–1.59)

0.47

Moderate

18,203

55

1.59 (1.20–2.11)

0.001

7,735

34

2.70 (1.90–3.84)

<0.001

Atypical agent
Any
Clozapine

Dose‡
Typical agent

High
Atypical agent
Low

8,237

18

1.52 (0.94–2.44)

0.08

Moderate

25,694

58

1.68 (1.28–2.22)

<0.001

High

11,921

40

2.69 (1.93–3.73)

<0.001

* This cohort excludes persons with a baseline diagnosis of schizophrenia or related psychoses. Also excluded are data
for 27,775 person-years and 75 deaths among indeterminate users of antipsychotic drugs, as well as for 5119 personyears and 13 deaths among concurrent users of multiple antipsychotic drugs.
† The analysis of these drugs included an adjustment for dose according to the method described in Appendix 1 in the
Supplementary Appendix.
‡ These data are for current users of antipsychotic drugs. Doses are calculated as chlorpromazine equivalents: low dose,
<100 mg; moderate dose, 100 to 299 mg; high dose, 300 mg or more. Doses equivalent to 100 mg of chlorpromazine
include thioridazine, 100 mg; haloperidol, 2 mg; clozapine, 75 mg; olanzapine, 5 mg; quetiapine, 75 mg; and risperidone, 2 mg. (See Appendix 1 in the Supplementary Appendix for equivalent doses of other drugs.)

We controlled for an extensive set of cardiovascular disease variables. In the Medicaid population studied, users of antipsychotic drugs had
a slightly lower baseline prevalence of diagnosed
cardiovascular disease than did comparable nonusers, reflecting the fact that many nonusers
qualified for Medicaid because of somatic illness.
The requirement that cohort members have regular use of medical care, defined by at least one
outpatient visit in each of the 2 years before baseline, should reduce the bias from underdiagnosis
of cardiovascular disease in patients with mental
illness. The analysis also controlled for concur-

n engl j med 360;3

rent use of other proarrhythmic medications, as
well as for diagnosed or treated mood disorders.
With regard to behavioral risk factors, the cohort excluded persons with recorded diagnoses of
substance abuse and those who did not have regular medical care. Although study data on smoking
were limited, the analysis controlled for cardiovascular diseases caused by smoking,37 diseases
that mediate much of the increased risk of sudden death. Furthermore, a sensitivity analysis (Appendix 1 in the Supplementary Appendix) suggested that residual confounding by smoking had
at most a minor effect on estimates of relative risk.

nejm.org

january 15, 2009

The New England Journal of Medicine
Downloaded from nejm.org on December 17, 2018. For personal use only. No other uses without permission.
Copyright © 2009 Massachusetts Medical Society. All rights reserved.

233

The

n e w e ng l a n d j o u r na l

Although unmeasured behavioral factors may influence the study findings, the absence of a significantly increased risk of sudden death among
former users of antipsychotic drugs and the marked
dose–response relationship are evidence of a drug
effect per se.
An analysis of the cohort that was matched for
propensity score provided an additional check as
to whether the study findings were due to confounding by factors associated with the use of antipsychotic drugs. This cohort excluded persons
with a baseline diagnosis of schizophrenia or related psychoses, for whom such confounding is of
greatest concern, and had a similar distribution
of coexisting psychiatric conditions at baseline
among users and nonusers of antipsychotic drugs.
Findings were very similar to those for the primary cohort. However, some point estimates of
relative risk were slightly lower; these differences,
although not significant, underscore the fact that
in this observational study residual confounding
cannot be entirely ruled out.
Our study did not assess the mechanisms by
which either class of antipsychotic drugs increased
the risk of sudden cardiac death. Although anti
psychotic drugs have long-term adverse cardiovascular effects,12 the risk of sudden death was
elevated in an analysis that excluded long-term

of
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users, which suggests that acute drug effects are
involved. We believe that the most plausible explanation is that antipsychotic drugs increase the
risk of serious ventricular arrhythmias, probably through blockade of potassium channels and
prolongation of cardiac repolarization. However,
other mechanisms may be involved, including
autonomic effects, inhibition of other ion channels, and other acute cardiotoxic effects, such as
the myocarditis associated with the use of clozapine.38
In conclusion, current users of typical antipsy
chotic drugs and of atypical antipsychotic drugs
in the study cohort had a similar dose-related increased risk of sudden cardiac death. This finding
suggests that with regard to this adverse effect, the
atypical antipsychotic drugs are no safer than the
older drugs.
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Long-term antipsychotic treatment and brain volumes: a longitudinal
study of first-episode schizophrenia.
Ho BC1, Andreasen NC, Ziebell S, Pierson R, Magnotta V.

Abstract
CONTEXT:

Progressive brain volume changes in schizophrenia are thought to be due principally to the disease.
However, recent animal studies indicate that antipsychotics, the mainstay of treatment for schizophrenia
patients, may also contribute to brain tissue volume decrement. Because antipsychotics are prescribed
for long periods for schizophrenia patients and have increasingly widespread use in other psychiatric
disorders, it is imperative to determine their long-term effects on the human brain.
OBJECTIVE:

To evaluate relative contributions of 4 potential predictors (illness duration, antipsychotic treatment,
illness severity, and substance abuse) of brain volume change.
DESIGN:

Predictors of brain volume changes were assessed prospectively based on multiple informants.
SETTING:

Data from the Iowa Longitudinal Study.
PATIENTS:

Two hundred eleven patients with schizophrenia who underwent repeated neuroimaging beginning soon
after illness onset, yielding a total of 674 high-resolution magnetic resonance scans. On average, each
patient had 3 scans (≥2 and as many as 5) over 7.2 years (up to 14 years).
MAIN OUTCOME MEASURE:

Brain volumes.
RESULTS:

During longitudinal follow-up, antipsychotic treatment reflected national prescribing practices in 1991
through 2009. Longer follow-up correlated with smaller brain tissue volumes and larger cerebrospinal
fluid volumes. Greater intensity of antipsychotic treatment was associated with indicators of generalized
and specific brain tissue reduction after controlling for effects of the other 3 predictors. More
antipsychotic treatment was associated with smaller gray matter volumes. Progressive decrement in
white matter volume was most evident among patients who received more antipsychotic treatment.
Illness severity had relatively modest correlations with tissue volume reduction, and alcohol/illicit drug
misuse had no significant associations when effects of the other variables were adjusted.
CONCLUSIONS:

Viewed together with data from animal studies, our study suggests that antipsychotics have a subtle but
measurable influence on brain tissue loss over time, suggesting the importance of careful risk-benefit
review of dosage and duration of treatment as well as their off-label use.

Arch Gen Psychiatry. 2011 Feb;68(2):128-37. doi: 10.1001/archgenpsychiatry.2010.199.
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Characteristics of Children Prescribed Antipsychotics:
Analysis of Routinely Collected Data (2018)
Sinead Brophy, PhD,1 Jonathan Kennedy, PhD,1 Fabiola Fernandez-Gutierrez, PhD,2 Ann John, MD,3 Robert Potter, MD,4
Christine Linehan, PhD,5 and Michael Kerr, MD6

Abstract
Objective: Antipsychotics are licensed for psychosis and are also prescribed for behavior control.
This study aims to examine characteristics and outcomes of children prescribed antipsychotics.
Methods: A cohort study using general practice and hospital records linked with education
records for 1,488,936 children living in Wales between 1999 and 2015. The characteristics of the
children who were prescribed antipsychotics are presented using descriptive statistics and
outcomes such as respiratory illness, diabetes, and injury were analyzed using multilevel logistic
regression and the prior event rate ratio (PERR).
Results: Children with intellectual difficulty/autism were more likely to be prescribed
antipsychotics (2.8% have been prescribed an antipsychotic [75% with autism] compared with
0.15% of children without intellectual difficulty). Those with intellectual disabilities/autism were
prescribed antipsychotics at a younger age and for a longer period. Antipsychotic use was
associated with a higher rate of respiratory illness for all (PERR of hospital admission: 1.55
[95% CI: 1.51–1.598] or increase in rate of 2 per 100 per year in those treated), and for those
with intellectual difficulty/autism, there was a higher rate of injury and hospitalized depression.
However, among those without intellectual difficulty/autism, there were lower rates of
depression (PERR: 0.55 [95% CI: 0.51–0.59]).
Conclusions: This work shows real-world use of antipsychotics and provides information on the
rate of possible adverse events in children treated. Antipsychotics are predominantly used for
those with intellectual difficulty/autism rather than those with a psychotic diagnosis. There is
evidence that rates of respiratory disease, epilepsy, and diabetes are also higher postantipsychotic
use for all. In those with intellectual difficulty/autism, hospital-admitted depression and injury
are higher postantipsychotic use. The use of antipsychotics for behavioral management is likely
to have increased cost implications to the healthcare system.
Link: https://www.liebertpub.com/doi/pdf/10.1089/cap.2017.0003
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Abstract
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Atypical antipsychotics have become indispensable in the treatment of a variety of symptoms in
autism. They are frequently used to treat irritability and associated behaviors including aggression and
self injury. They may also be efficacious for hyperactivity and stereotyped behavior. This review
presents the rationale for the use of this drug class in autism and reviews the most important studies
published on this topic to date. Significant adverse effects, including weight gain and the possibility of
tardive dyskinesia, are reviewed. Future research directions are discussed.
Autistic disorder (autism) is a neurodevelopmental disorder that causes lifelong impairment in
socialization, communication, and behavior. A number of specific core symptoms are found to varying
degrees. These include poor eye contact, deficits in other nonverbal social behaviors, social
withdrawal, impaired social reciprocity, echolalia, motor stereotypies, intense and circumscribed
interests, and a preoccupation with parts of objects instead of the whole. These core impairments can
range from mild to disabling and are qualitatively different from the more general delays that occur in
mental retardation or primary language disorders. Autism is often associated with mental retardation,
which contributes to impairment in functioning. The signs and symptoms of autism are usually
recognized in early childhood. However, milder degrees of autism and other pervasive developmental
disorders (PDDs; often called autism spectrum disorders) might go unrecognized or mislabeled until
later in childhood or even adulthood.
The cause of autism is unknown. Evidence from twin and family studies indicates that autism is highly
heritable. However, no single autism susceptibility gene has been consistently demonstrated to be
important in a majority of cases (1). Neurochemical investigations have identified abnormalities in
monoamines, glutamate, γ-amino hydroxybutyrate, and neuropeptides (2). Functional neuroimaging
studies are beginning to demonstrate differences between the brains of persons with autism and those
of controls (3). Brain regions potentially involved in autism and related disorders are diverse and
include the cerebellum (4), fusiform gyrus (5), amygdala (6), and prefrontal cortex. No biological
markers have been found to reliably diagnose autism in an individual patient.

Diagnosis of different PDD subtypes
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The Diagnostic and statistical manual of mental disorders, fourth edition (7), provides specific criteria
for the 5 subtypes of PDD, which include autism, Asperger’s disorder, childhood disintegrative
disorder (CDD), Rett’s disorder, and PDD not otherwise specified (NOS). PDD subtypes differ by the
age of onset, presence of regression, and degree of impairment in cognition, socialization,
communication, and behavior (Table 1). Recent epidemiologic studies have found prevalence estimates
of about 1 in 150 when all subtypes of PDD are included (8). Rett’s disorder and CDD, which differ
greatly from the other PDDs in terms of their diagnostic workup and clinical course, are rare. Because
of this, subjects with these disorders are often excluded from clinical research focused on autism
spectrum disorders. Most clinical trials of therapeutic agents have focused on autism alone or have
included more heterogeneous samples of persons with autism, Asperger’s disorder, and PDD NOS.

Table 1

Open in a separate window
Characteristics of DSM-IV subtypes of PDD

In addition to the hallmark features of PDD, affected persons frequently suffer from a variety of other
neuropsychiatric symptoms and behaviors including anxiety, irritability, aggression, and hyperactivity.
Using standardized parent and teacher questionnaires, Lecavalier examined the prevalence of these
behavioral problems in 487 youths (aged 3–21 years) receiving special education for a PDD and found
that approximately 50% of students with PDD had moderate or severe behavioral problems (9).
Behavioral interventions, including applied behavior analysis (ABA), are often used in addressing
behavioral problems in youths with autism. Prior to behavioral intervention, an initial behavioral
assessment, called a functional analysis, is performed. Functional analyses are controlled observational
sessions that are conducted to objectively determine the primary motivating factor for the child’s
behavior, which may include seeking attention, accessing a preferred item, avoiding a task, or other
inherently rewarding attributes of the behavior. Despite the success of behavioral interventions for
reducing maladaptive behavior in individual children with autism, timely access to personnel and
therapists trained in this intervention is often limited.
When behavioral interventions are not fully effective, medication-based treatments are often
considered. A survey of psychotropic drug use in children with PDD found that approximately half of
subjects are currently being prescribed a psychotropic drug and that 16.5% are taking an antipsychotic
drug (10). Most commonly, antipsychotics are used in alleviating mood and behavioral disturbances
characterized by irritability, aggression, and agitation. Recently, risperidone was approved by the U.S.
FDA for the treatment of irritability in children and adolescents with autism. This approval is
noteworthy because this is the first drug approved for use in autism and the first atypical antipsychotic
to be approved for use in children and adolescents. Studies suggest that roughly 30% of children and
adolescents with PDD experience moderate to severe irritability that is often accompanied by

aggression toward self and others (9).
Well before its FDA approval, the off-label use of risperidone and other atypical antipsychotics had
become common in the treatment of autism (11). Several published reports had suggested the clinical
effectiveness of risperidone (12), and a randomized controlled trial of risperidone in adults with autism
had already been published (13). Conventional antipsychotics, like haloperidol, became and continue to
be used less frequently, although prior randomized controlled trials have shown that they too are
efficacious in young children with autism (14). The randomized controlled trials of risperidone that
were subsequently conducted (15, 16) have helped to better elucidate both the beneficial and the
adverse effects of risperidone when treating children and adolescents with autism.
Most conventional and atypical antipsychotics are potent dopamine (DA) type 2 receptor antagonists
(Figure 1). Second-generation or atypical antipsychotics differ from conventional antipsychotics in that
they usually exhibit antagonism of serotonin (5-hydroxytryptamine [5-HT]) type 2A receptors in
addition to blocking DA (Figure 2). Individual antipsychotic drugs may also differ within class (i.e.,
conventional vs. atypical) in their relative potency of receptor subtype blockade, as well as side effect
profile.

Open in a separate window
Figure 1
Simplified schematic of a DA synapse showing synthesis of DA, a postsynaptic D2 receptor, and
intracellular mechanisms.
Most conventional and atypical antipsychotics block DA D2 receptors. The D2 receptor is coupled by an
inhibitory G protein (Gi) to adenylyl cyclase (AC), which converts ATP to cAMP, a secondary messenger.

Open in a separate window
Figure 2
Simplified schematic of a serotonin (5-HT) synapse showing synthesis of 5-HT, a postsynaptic 5-HT2
receptor, and intracellular mechanisms.
In contrast to conventional antipsychotics, most atypical antipsychotics block 5-HT2 receptors. The 5-HT2
receptor is coupled by a G protein (Gq) to phospholipase C (PLC). Phospholipase C hydrolyzes membranebound phosphatidyl inositol (PIP2), generating 2 secondary messengers, inositol triphosphate (IP3) and
diacylglycerol (DAG).

This review focuses on clinical investigations undertaken to study the effects of antipsychotics in
autism. Clinical evidence implicating dysregulation of DA and 5-HT in the underlying pathophysiology
of autism will be reviewed, as antipsychotics exert their primary action via these 2 neurotransmitter
systems. Following this, we will review published clinical research examining the efficacy of

antipsychotics in autism and other PDDs.

DA neurotransmission
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The monoamine DA is integral to motor and cognitive functioning as well as hormone release (17). DA
has several receptor subtypes (D1–D5) that differ in their structure, action, and location. The evidence
for DA being important in autism largely comes from treatment studies. Early research suggested that
dopaminergic drugs (e.g., psychostimulants) worsened symptoms of autism (18, 19) and that DAblocking drugs (e.g., conventional antipsychotics) were associated with improvement in symptoms
(reviewed below). Despite these clinical findings, dopaminergic abnormalities have been inconsistently
found in studies investigating the neurochemical basis of autism.
Studies examining plasma and urine concentration of DA and homovanillic acid (HVA), the primary
DA metabolite, have generally found no significant differences between autistic subjects and controls
(20, 21). However, it is important to note that only approximately 25% of urine and plasma HVA
appears to result from central DA turnover and that peripheral measures are primarily able to identify
only large alterations in central DA metabolism (22). Most (23, 24), but not all (25), studies of CSF
HVA levels in autism have also not found significant abnormalities in autism.
Genetic studies of DA involvement in autism have also been published. In a case-control study, the
prevalence of the A1 allele of the DA D2 receptor was significantly increased in the group with autism
(26). In a second, sibling-pair study, there was no increased concordance for DA-β–hydroxylase (the
enzyme that converts DA to norepinephrine) alleles in affected siblings (27). However, the mothers of
autistic children had a higher frequency of alleles containing a 19–base pair deletion (which lowers
serum DA-β–hydroxylase activity), and the authors hypothesized that this might alter the intrauterine
environment in such a way to increase the risk of autism in genetically susceptible offspring.
Dopaminergic activity has also been investigated via neuroimaging. Using the PET tracer
[18F]fluorodopa (FDOPA), Ernst and colleagues (28) studied 14 children with autism and 10 control
children. In the autistic group, regional FDOPA accumulation in the anterior medial prefrontal cortex
was reduced by 39%. In another study using PET, 6 children (aged 3–5 years) with autism were treated
with 6R-L-erythro-5,6,7,8,-tetrahydrobiopterin (R-BH4), a cofactor for tyrosine hydroxylase in the
biosynthetic pathway of DA (29). Study subjects were included only if the investigators found low
levels of R-BH4 in the CSF. Prior to treatment, PET revealed increased DA D2 receptor binding in the
caudate and putamen as a whole. After treatment, a 10% decrease in DA D2 receptor binding was
observed. In addition, CSF levels of R-BH4 were significantly increased and all parents reported some
benefit in social interaction.

Serotonin neurotransmission
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Serotonin neurons are widely distributed throughout the mammalian brain. This neuronal system is one
of the earliest to develop, and the turnover rate of 5-HT is higher in the immature mammalian brain
than at any other time in life. Serotonin plays a critical role as a growth factor in the immature brain,
directing both proliferation and maturation (30). Different subtypes of 5-HT receptors have been
identified (5-HT1–5-HT7); these differ in terms of structure, action, and location.
Initial studies on the pathophysiology of autism focused primarily on the 5-HT system. Schain and
Freedman (31) found consistent elevations in whole-blood 5-HT in autistic children compared with
controls. There were no discernible clinical differences in those autistic subjects with hyperserotonemia

and those without. This finding of hyperserotonemia in approximately one-third of children with
autism has been consistently replicated (32–34). Leboyer et al. (35) found age-related declines in
whole-blood 5-HT in normal controls but not autistic subjects, which is thought to be suggestive of
abnormal maturational processes of the 5-HT system in autism (33, 35).
Pharmacological challenge studies in response to 5-hydroxytryptophan (36) and fenfluramine (which
boosts blood serotonin levels; ref. 37) point to diminished central 5-HT responsivity in subjects with
autism. Examination of the effects of acute tryptophan (a dietary precursor of 5-HT) depletion in 17
drug-free adults with autism revealed an acute exacerbation of stereotyped and self-injurious behavior
(38).
A number of investigations of genes involved in the 5-HT system have been conducted in autism. The
gene encoding the 5-HT transporter (SLC6A4), the site of action of serotonin reuptake inhibitors, has
been considered a candidate gene for autism. Cook et al. (39) were the first to report the presence of an
association between the short variant of a functional insertion-deletion polymorphism in the promoter
region of SLC6A4 and autism. In contrast, Klauck et al. (40) identified preferential transmission of the
long variant of this polymorphism in their sample of autistic subjects. Preliminary investigations have
also sought a relationship between a subset of autistic subjects with prominent rigid-compulsive
behaviors and 5-HT transporter with encouraging results (41, 42).
Neuroimaging studies of the 5-HT system have also been completed in autism. The first investigation
used PET to assess the tracer α-[11C]methyl-L-tryptophan (AMT) as an indicator of 5-HT synthesis in
8 autistic children and 5 of their siblings (43). Gross asymmetries of 5-HT synthesis in frontal cortex,
thalamus, and cerebellum were found in all 7 of the autistic boys but not in the only female autistic
subject. Such asymmetries were not identified in the frontal cortex or thalamus of the siblings. The
investigators concluded that the focal abnormalities in AMT accumulation may represent either
aberrant innervation by 5-HT terminals or altered function in anatomically normal pathways. A
subsequent study by the same investigators (44), again using PET and AMT, found that for nonautistic
children, 5-HT synthesis capacity was more than 200% that of adult values until the age of 5 years and
then declined toward adult values. In autistic children, 5-HT synthesis capacity increased gradually
between 2 and 15 years of age to values 1.5-fold those of adult normal values. It was concluded that
humans undergo a period of high brain–5-HT synthesis capacity during childhood and that this
developmental process is disrupted in autistic children.

Conventional antipsychotics in autism

Go to:

Go to:

In the decade spanning 1965–1975, several studies were published that examined the effects of many
different conventional antipsychotics in heterogeneous groups of children that included subjects with
autism. Several conventional antipsychotics were studied comparing one active drug with another.
Drugs studied included chlorpromazine, trifluoperazine, thiothixene, trifluperidol, fluphenazine, and
molindone. Because of the imprecise diagnoses and lack of standardized outcome measures (45), it is
difficult to extrapolate these findings to treatment today.
Magda Campbell, who pioneered efforts to investigate these drugs in placebo-controlled trials in
autism, chose to study haloperidol, a potent DA receptor blocker. Haloperidol was known to be
associated with less adverse cognitive effects and sedation than the low-potency antipsychotics. It was
also faster acting (46) and associated with fewer extrapyramidal symptoms (EPS) (47) than another
available high-potency antipsychotic, fluphenazine. In Campbell’s first study, children with autism

(aged 2.6–7.2 years) were randomized to haloperidol or placebo in combination with 1 of 2 different
language training groups (14). The optimal dose of haloperidol was 1.7 mg/d. Haloperidol was
associated with significant improvement in withdrawal and stereotypy in children 4.5 years and older
as assessed by the Children’s Psychiatric Rating Scale (CPRS) (48). The addition of haloperidol to a
behavioral intervention was associated with accelerated acquisition of imitative speech, suggesting that
haloperidol might have some beneficial effects on learning when combined with behavioral treatment.
Sedation was frequent (12 of 20 subjects) and dose related. An acute dystonic reaction occurred in 2
children. No adverse effects on cognition were detected using a standard cognitive battery. Subsequent
studies were conducted that focused on symptom improvement as well as effects on learning. Positive
effects on learning were found in some studies (49, 50), but not all (51). Sedation and acute dystonic
reactions were relatively common in these early studies of young children with autism.
One potential drawback of haloperidol is its propensity to cause dyskinesia. In a study of 60 children
(aged 2.3–7.9 years) with autism, previous responders to haloperidol were enrolled in the study and
randomized to 6 months of either continuous or discontinuous (5 days on, 2 days off) administration of
haloperidol (52). After 6 months of haloperidol treatment, subjects were given placebo for 4 weeks.
Three children developed dyskinesias during haloperidol treatment, while 9 others developed
dyskinesias upon medication withdrawal; all dyskinesias were reversible.
Because of the high frequency of dyskinesias, tardive dyskinesia (TD) and withdrawal dyskinesia were
followed prospectively in 118 autistic children (aged 2.3–8.2 years) who did not have a history of
seizure disorder, preexisting dyskinesias, or an identifiable cause for their autism (e.g., fragile X
syndrome or tuberous sclerosis). Subjects were assigned to cycles of 6 months of haloperidol treatment
followed by 4 weeks of placebo (53). If haloperidol was still clinically indicated following 1 cycle of
treatment, then subsequent treatment cycles took place. Dyskinesias developed in 40 children (33.9%),
although the majority of them were withdrawal dyskinesias and were reversible. In a subgroup of 10
children receiving a higher dose of haloperidol that averaged 3.4 mg/d at study exit (compared with 2.0
mg/d for the overall group), 9 (90%) developed dyskinesias. In another subgroup of 9 children who
developed TD, females were overrepresented. Pre- and perinatal complications were also more
frequent in those that developed dyskinesias (54).
In summary, multiple studies have found haloperidol efficacious for improving a variety of behavioral
symptoms in young children with autism. There is less robust evidence for the efficacy of the other
conventional antipsychotics. Haloperidol treatment frequently leads to acute dystonic reactions,
withdrawal dyskinesias, and TD. The high risk of EPS has limited the use of these medications to only
the most treatment-refractory patients.

Atypical antipsychotics in autism
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Antagonism at 5-HT receptors is thought to underlie, at least in part, the reported advantages of
atypical antipsychotics over conventional agents, namely the reduced propensity to cause EPS (55). In
addition, atypical antipsychotics are generally considered more effective than conventional
antipsychotics for improving the negative symptoms of schizophrenia such as anhedonia, avolition, and
apathy (56). These negative symptoms have similarities to the social impairment characteristic of
autism. Therefore, the atypical antipsychotic risperidone was postulated to have potential efficacy for
treating core symptoms in autism (57). As discussed below, these hopes have not been fully realized.
This section will review the atypical antipsychotics most commonly prescribed for autism. These

include risperidone, olanzapine, quetiapine, ziprasidone, and aripiprazole (Table 2). Only a few case
reports of clozapine treatment in autism have been published (58–60). Clozapine is rarely used
clinically because it has the potential to cause life-threatening agranulocytosis and requires frequent
weekly to biweekly venipuncture to monitor white blood cell counts. Cognitively impaired children
and adults with high degrees of irritability frequently do not tolerate venipuncture well. Due to the
absence of any known advantages to clozapine over other atypical antipsychotics for these symptoms,
its use is limited.

Table 2

Open in a separate window
Atypical antipsychotics commonly used to treat severe behavioral symptoms in PDDs

Risperidone.
The first placebo-controlled trial of risperidone conducted in autism involved 31 adults (mean age, 28.1
years) with autism or PDD NOS (13). Risperidone (mean dose, 2.9 mg/d) was significantly more
efficacious than placebo, with 8 of 14 (57%) subjects being categorized as responders on the Clinical
Global Impression–Improvement (CGI-I) scale versus 0 of 16 in the placebo group. Specifically,
risperidone was efficacious for reducing interfering repetitive behavior as well as aggression toward
self, others, and property. Significant differences between risperidone and placebo were not captured
on scales measuring social relatedness to people and language. In 13 of 15 (87%) subjects randomized
to risperidone, at least one adverse effect was observed — although this included mild, transient
sedation in 5 subjects — compared with 5 of 16 (31%) subjects given placebo (agitation in all 5 cases).
Weight gain occurred in a minority (2 of 14; 14%) of risperidone-treated subjects and was significantly
less than that reported in the pediatric trials discussed below.
A double-blind, placebo-controlled study of risperidone in children and adolescents with autism was
completed by the Research Units on Pediatric Psychopharmacology (RUPP) Autism Network (15). A
total of 101 children (mean age, 8.8 years) was randomly assigned to receive 8 weeks of risperidone or
placebo. At baseline, all patients had significant irritability, aggression, or self injury as rated by an
Aberrant Behavior Checklist (ABC) (61) Irritability subscale score of 18 or greater. Treatment with
risperidone for 8 weeks (mean dose, 1.8 mg/d) resulted in a 57% reduction in the Irritability subscale
score of the ABC as compared with a 14% decrease in the placebo group. Of the risperidone-treated
subjects, 69% were categorized as treatment responders, compared with 12% of those given placebo.
Risperidone was associated with an average weight gain of 2.7 kg, as compared with 0.8 kg with
placebo. Drooling was more commonly reported with risperidone than placebo, but standardized
measures of acute EPS and TD were not significantly different between groups.
The RUPP study (15) also examined the other 4 subscales of the ABC, which included social
withdrawal, stereotypy, hyperactivity, and inappropriate speech. Risperidone led to greater reduction on
all these scales, but the reduction in social withdrawal and inappropriate speech were only significant at
the P = 0.03 level (not significant following Bonferroni correction for multiple analyses). To further

analyze the efficacy of risperidone on the core symptoms of autism in this group of highly irritable
patients, McDougle et al. (62) examined secondary outcome measures that included a modified RitvoFreeman Real Life Rating Scale (R-F RLRS) (63) and modified Children’s Yale-Brown Obsessive
Compulsive Scale (CY-BOCS) (64). On the R-F RLRS, significant improvement was seen on the
following subscales: sensory motor behaviors, affectual reactions, and sensory responses. However,
there was no significant change on the social relationship to people or language subscales. Risperidone
was more efficacious than placebo in reducing interfering repetitive behavior on the CY-BOCS.
A companion study to the initial 8-week acute risperidone trial by the RUPP Autism Network has also
been completed (65). In this study, 63 subjects who responded to 8 weeks of acute treatment continued
on open-label risperidone for an additional 4 months. During this open-label continuation phase, the
mean risperidone dose remained stable and there was no clinically significant worsening of target
symptoms. Drug use was discontinued by 2 subjects (8%) due to loss of efficacy and by 1 subject due
to adverse effects. Subjects gained an average of 5.6 kg of body weight during the total 6-month course
of risperidone treatment. Subsequently, 32 subjects who continued to be classified as responders after
the 16-week extension were randomized to continued risperidone versus gradual substitution with
placebo (over the course of 3 weeks). In subjects randomized to placebo, 10 of 16 (62.5%) showed
significant worsening of symptoms, compared with 2 of 16 subjects (12.5%) who continued on
risperidone, suggesting that risperidone treatment beyond 6 months is needed to prevent relapse. This
relapse with drug withdrawal has also been confirmed in another placebo-controlled discontinuation
study of risperidone in PDD (66).
A second multicenter, placebo-controlled study of risperidone in children with PDD has been
conducted in Canada (16). A total of 79 children (mean age, 7.5 years) was randomized to either
risperidone (mean dose, 1.2 mg/d) or placebo for 8 weeks. No specific entry criteria were reported
other than a diagnosis of PDD and a Childhood Autism Rating Scale (CARS) (67) score exceeding 30.
However, the average baseline ABC Irritability subscale score of 20 suggests that these children were,
on average, highly symptomatic at study entry. Risperidone was associated with a 64% reduction in
ABC irritability subscale scores versus 31% in the placebo group. On the CGI-I, 21 of 40 (53%)
risperidone-treated subjects were “much” or “very much” improved compared with 7 of 39 (18%)
placebo-treated subjects. Significant improvement was seen on all subscales of the ABC (P < 0.05), but
the greatest magnitude of improvement was observed for irritability and hyperactivity. Social
withdrawal decreased by 63% in the risperidone group compared with 40% for placebo (P < 0.01).
Weight gain following 8 weeks of risperidone was 2.7 kg compared with 1.0 kg for placebo. EPS as
measured by standardized rating scales were equal in both groups.
These 2 studies of risperidone in children with autism produced similar results in terms of efficacy and
adverse events. These studies eventually led to FDA approval of risperidone for the treatment of
irritability in children and adolescents with autism aged 5–16 years. In addition, there is evidence that
risperidone is efficacious for hyperactivity, repetitive behavior, and perhaps social withdrawal in
children with PDD exhibiting high levels of baseline irritability.
Other investigators have studied risperidone in samples that included even younger children.
Risperidone is occasionally needed in very young children due to the severity of the irritability and
agitation, which can be extreme (68). Nagaraj et al. (69) recently published a study that included
children as young as 2 years using doses of 1 mg/d. In this study of 40 children (aged 2–9 years),
risperidone was highly efficacious as measured by ratings on the CARS and the Children’s Global
Assessment Scale. Luby et al. (70) also found some evidence for efficacy in a study of 24 children

under the age of 6 years. However, these investigators found risperidone (dose range, 0.5–1.5 mg/d)
only minimally efficacious compared with placebo at 6 months, possibly owing to group differences at
baseline or sample size. In this latter study, high degrees of irritability were not required for study
entry. This too may have limited observed improvement.
Olanzapine.
To date, 3 prospective open-label trials of olanzapine in PDD have been published. In a 12-week study
of olanzapine (mean dose, 7.8 mg/d; dose range, 5–20 mg/d) in children, adolescents, and adults (age
range, 5–42 years) with autism and other PDDs, 6 of 8 (75%) patients who entered a 12-week, openlabel trial were responders based on the CGI-I (71). Significant improvements in overall symptoms of
autism, motor restlessness/hyperactivity, social relatedness, affectual reactions, sensory responses,
language usage, self injury, aggression, irritability or anger, anxiety, and depression were observed.
Significant changes in repetitive behaviors did not occur for the group. The drug was generally well
tolerated, with the most significant adverse effects being increased appetite and weight gain in 6
patients. The mean weight for the group increased 8.4 kg during the course of the 12-week trial.
In another open-label study, 12 children with autism (mean age, 7.8 years) were randomized to 6 weeks
of open-label treatment with olanzapine or haloperidol (72). Mean final dosages were 7.9 mg/d for
olanzapine and 1.4 mg/d for haloperidol. In the olanzapine group, 5 of 6 (83%) subjects were rated as
responders; 3 of 6 (50%) in the haloperidol group were rated as responders. Weight gain from baseline
to the end of treatment was significantly higher in the olanzapine group (mean, 4.1 kg) compared with
the haloperidol group (mean, 1.5 kg).
In a third study, 25 children (mean age, 11.2 years) with PDD were treated with olanzapine (mean dose,
10.7 mg/d) for 3 months (73). In contrast to the other 2 studies, olanzapine was effective in only 3
(12%) subjects. The reason for the lower response rate is unclear, but could have been the relatively
low level of disruptive behavior at baseline. In this study, the mean baseline ABC Irritability subscale
score was 11, which is low compared with the baseline values in the 2 largest studies of risperidone in
children with PDD: 20 and 26. The other 2 olanzapine investigations discussed above had specific
entry criterion based on degree of disruptive behavior.
One small placebo-controlled study of olanzapine has been published (74). In this study, 11 patients
with PDD were randomized to olanzapine (mean dose, 10 mg/d) or placebo for 8 weeks. Of subjects
receiving olanzapine, 3 of 6 (50%) were judged treatment responders on the CGI-I, compared with 1 of
5 (20%) subjects receiving placebo. Mean weight gain was 7.5 pounds compared with 1.5 for placebo.
Quetiapine.
Four open-label studies or case series have reported on the use of quetiapine in treating PDD. In the
first of these, 6 children and adolescents (aged 6–15 years) with autism were treated with quetiapine
(mean dose, 225 mg/d) during a 16-week open-label trial (75). Quetiapine was poorly tolerated by 4
subjects, 3 of whom terminated early due to sedation and 1 due to a seizure. The 2 subjects who
finished the study were classified as responders on the CGI-I. Increased appetite and weight gain were
also reported. The investigators concluded that quetiapine was poorly tolerated and generally
ineffective in this diagnostic group.
Another open-label trial of quetiapine in PDD enrolled 9 adolescents (aged 12–17 years) with autism
(76). Subjects were treated with quetiapine (mean dose, 292 mg/d) for 12 weeks. The trial was

completed by 6 of 9 subjects (67%), with 2 of 9 (22%) judged responders on the CGI-I. Two subjects
discontinued quetiapine early, 1 due to sedation and 1 to increased agitation/aggression. Overall,
adverse effects reported for the group included sedation, weight gain, agitation, and aggression.
Retrospective studies published recently have been slightly more optimistic as to the efficacy of
quetiapine in PDD. In 1 case series (77), 20 patients (aged 5–28 years) were treated with quetiapine
(mean dose, 249 mg/d) over an average of 60 weeks (range, 4–180 weeks). Of these 20 patients, 8
(40%) were judged responders to quetiapine based on a CGI-I performed at the time of clinic visits.
Adverse effects occurred in 50% of patients, but only led to drug discontinuation in 15% of cases.
In another case series (78), quetiapine (mean dose, 477 mg/d) was effective in treating 6 of 10 (60%)
patients (aged 5–19 years) with PDD as judged by the CGI-I. Significant improvement was also found
on the Conduct, Hyperactivity, and Inattention subscales of the Conners Parent Scale (79). Adverse
effects were mild and included sedation, sialorrhea, and weight gain.
At first glance, the response rate in these uncontrolled studies of quetiapine is lower than that reported
with risperidone. The highest response rate in any of these studies was 60%. In the study by Hardan et
al. (78), somewhat higher doses of quetiapine were reached compared with the other 3 studies.
Controlled trials of quetiapine are needed to more accurately determine its efficacy and appropriate
dosing in the treatment of autism and other PDDs.
Ziprasidone.
There have been 2 published studies that examined the effectiveness of ziprasidone in PDD. In the first
study (80), ziprasidone (mean dose, 59 mg/d) was associated with “much” or “very much”
improvement on the CGI-I in 6 of 12 (50%) children and adolescents (mean age, 11.6 years) with PDD
following an average treatment duration of 14 weeks. Improvement was seen in symptoms of
aggression, agitation, and irritability. Transient sedation was the most common side effect. No
cardiovascular side effects were observed. On average, patients lost weight during treatment with
ziprasidone, but this could have been secondary to being switched from other drugs that had caused
excessive weight gain. Mean change in body weight for the group was –5.8 ± 12.5 pounds (range, –35
to 6 pounds): 5 patients lost weight, 5 had no change, 1 gained weight, and 1 had no follow-up weight
beyond the baseline measure.
In the second study (81), 10 adults with autism and mental retardation living in a residential setting
were switched to ziprasidone from other atypical antipsychotics (clozapine, risperidone, and
quetiapine), most commonly because of excessive weight gain. At 6 months after the switch, they had
lost a significant amount of weight, averaging 9.5 pounds. The changes in maladaptive behavior were
not significantly different, and the authors reported that 6 patients improved, 1 was unchanged, and 3
decompensated. The potential for QTc interval prolongation with ziprasidone on electrocardiography
led to a warning in the full prescribing information (82). The drug should not be given to individuals
with cardiac arrhythmias or long QT syndrome or who take other medications that can prolong the QTc
interval.
Aripiprazole.
Aripiprazole is the newest atypical antipsychotic available in the United States. This drug differs from
other atypicals because it is a partial DA D2 and 5-HT1A agonist in addition to being a 5-HT2A
antagonist (83). In 1 case series (84), 5 patients (mean age, 12.2 years) received aripiprazole (mean

dose, 12 mg/d) for an average duration of 13 weeks. All 5 subjects (100%) were deemed responders on
the CGI-I. Significant improvement was noted in a variety of interfering behavioral symptoms,
including aggression, self injury, and irritability. Aripiprazole was well tolerated. No acute EPS or
changes in heart rate or blood pressure were recorded. Of the 5 subjects, 2 experienced mild transient
somnolence. There was a reduction in average weight, but this may have been secondary to
discontinuing a prior atypical antipsychotic drug that had caused significant weight gain.
Our group recently reported preliminary results from an ongoing open-label prospective study of
aripiprazole in youth with Asperger’s disorder and PDD NOS (85). All subjects initially received 1.25
mg/d aripiprazole with flexible dosing during the first 6 weeks (to optimize response and tolerability)
up to a maximum of 15 mg/d. The dose was maintained at the optimal dose for the next 8 weeks of
treatment. Outcome measures included the CGI-I and ABC. During this 14-week trial, 13 children and
adolescents (mean age, 8.9 years) received aripiprazole (dose range, 2.5–15 mg; mean dose, 7.5 mg/d).
Of the 13 subjects, 12 (92.3%) responded to treatment based on a CGI-I global score of “much” or
“very much” improved and at least a 25% improvement on the ABC Irritability subscale. Aripiprazole
was well tolerated. The mean weight gain was 1.2 kg.

Side effect considerations
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Weight gain.
Weight gain is one of the most troublesome side effects of atypical antipsychotics when used in
children and adolescents (86). It is especially concerning because obesity can set the stage for the
development of serious medical problems including diabetes, hyperlipidemia, and cardiovascular
disease. The available published evidence suggests that weight gain is greatest for clozapine and
olanzapine and least for ziprasidone and aripiprazole (86). The weight gain occurring with risperidone
and quetiapine appears to be intermediate. However, it should be emphasized that this assessment is
based on average weight gain. There are some individuals who do not gain excessive weight on these
drugs and others who gain weight even on “weight-neutral” atypical antipsychotics.
Children may be at greatest risk for this side effect, but little research has been done comparing weight
gain between children and adults (87). In a study of children with autism from the RUPP Autism
Network, weight gain was most prominent during the first 8 weeks of treatment and decelerated over
the subsequent 4 months of risperidone treatment (88). Serum leptin levels at 8 weeks did not predict
weight gain at the end of the study, suggesting that elevated leptin is likely not a causal mechanism for
atypical antipsychotic–induced weight gain in this population.
Given the likelihood for these medications to cause weight gain, it is very important to educate patients
and their families about this adverse effect. In addition, regular monitoring of weight is also important.
Given that weight gain can precede the development of diabetes and hyperlipidemia, periodic
monitoring of fasting blood glucose and lipid profiles is also advisable.
Hyperprolactinemia.
The RUPP Autism Network measured serum prolactin levels in their studies of risperidone in children
with autism (89). Prolactin measurements were obtained at baseline, 8 weeks, 6 months, and 18
months. Risperidone was associated with a 4-fold increase in prolactin at 8 weeks, but tended to
decrease at 6 and 18 months. For those subjects treated with risperidone for 18 months, the prolactin
level was 25.3 ± 15.6 ng/ml (compared with 10.4 ± 10.1 ng/ml at baseline). Interestingly, despite

elevations in serum prolactin levels, there were no reported side effects or changes on physical exam
typically associated with hyperprolactinemia (e.g., gynecomastia, galactorrhea). However, this could be
secondary to the subject sample, which was predominantly male and prepubertal. These subjects may
be less likely to experience these side effects than postpubertal females. Similar findings for prolactin
have been found in using risperidone to treat children and adolescents with disruptive behavior
disorders (90).
EPS.
EPS are common when using haloperidol in the treatment of children with autism. Fortunately, the
available data suggest that the atypical antipsychotics are less likely to cause EPS. In the studies of
risperidone done by the RUPP Autism Network (15), standardized measures of acute EPS (using the
Simpson-Angus Rating Scale; ref. 91) and TD (using the Abnormal Involuntary Movement Scale; ref.
92) were not different between risperidone and placebo (93). Indeed, overall rates of any side effect
elicited by a structured checklist that could have been EPS were low and often comparable to placebo.
The one exception to this was drooling, which was more commonly reported in children treated with
risperidone (P = 0.04). Research is needed on the frequency of EPS with other atypical antipsychotics
in this diagnostic population. In addition, currently available studies have not addressed the long-term
risk of TD.
Sedation and adverse cognitive effects.
Antipsychotics are frequently associated with sedation, especially early in the course of treatment. In
the RUPP Autism Network study of risperidone (93), 37% of risperidone-treated subjects experienced
moderate or severe sedation compared with 12% of subjects treated with placebo. Sedation markedly
declined after 6–8 weeks of treatment. Studying the cognitive effects of risperidone has been
challenging in autism owing to testing difficulties in a study population characterized by irritability and
communication difficulties. Preliminary placebo-controlled studies have not found adverse cognitive
effects of risperidone in children with autism (94) or in children with intellectual disabilities (95).

Summary and future directions
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Both haloperidol and risperidone have been shown to be efficacious for treating several of the
behavioral symptoms associated with autism. The current role of haloperidol is limited due to the risk
of EPS, especially TD. Because of this, atypical antipsychotics are more commonly used today in
treating persons with autism. Despite the efficacy of risperidone, the decision to prescribe this drug
needs to include consideration of the potential side effects, especially those of weight gain,
hyperprolactinemia, and TD. Treatment with other drug classes, including anticonvulsants,
antidepressants, and stimulants, can occasionally lead to reductions in aggression and irritability in
autism. However, the efficacy of these other medications for this specific symptom cluster has not been
clearly demonstrated (96).
Despite its efficacy for reducing behavioral symptoms, it is unclear whether risperidone improves the
core social and communication impairment of autism. Indeed, a study that included less irritable
children (70) found a lower rate or magnitude of response. Additional studies of risperidone and other
atypical antipsychotics in nonirritable children with autism or studies using other measures of social
impairment might be informative. It also remains to be determined whether atypical antipsychotics
other than risperidone are effective in the treatment of disruptive behavior in autism. Large placebo-

controlled studies of olanzapine and aripiprazole are underway. The long-term significance of
hyperprolactinemia, as well as the long-term risk of TD, needs to be determined in either prospectively
defined cohorts or via larger controlled studies of longer duration. Finally, further research that informs
the clinical management of weight gain occurring with these drugs when used in autism is needed. This
might include identifying patients who are genetically more susceptible to this side effect as well as
determining the best approach to management (e.g., diet and/or exercise, switching drugs, or
pharmacologic treatments).
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Antipsychotic medication is typically licensed in the UK for people with serious mental
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health conditions, such as schizophrenia. But in recent years, some antipsychotic drugs
have been prescribed more and more “off label”. That is, for a condition for which they
do not have approval from the medicines regulatory agency to treat.
Off label prescribing can be done under certain circumstances, such as when the
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prescriber believes it is in a patient’s best interests. For example, antipsychotics are also
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used to manage behaviour in people with intellectual disabilities and autism. As these
drugs have a sedative effect, they can reduce aggression in children with disruptive
behaviour.
However, our new data analysis suggests that treating autistic or intellectually disabled children with
antipsychotics can have serious side effects.

The data explained
We examined how antipsychotics are used in the NHS by linking anonymised hospital, GP and educational records for 3,028 young people who have been prescribed the medication. These came from a
bank of medical and school records of 1,488,936 children aged between 0 and 18, who lived in Wales
between 1999 and 2015.
Of the 3,028 children, 16% of those without autism or a learning disability had been diagnosed with a
psychotic disorder. And, for children who had autism or a learning disability, only 7% of those given
antipsychotics had a psychotic disorder.
Looking further at these records, we found that the children with an intellectual disability or autism
were more likely to be given an antipsychotic drug. In fact, 2.8% of the children with an intellectual
disability had been prescribed antipsychotics, and 75% of these had autism. By contrast, 0.15% of those
without an intellectual disability had been prescribed the medication.

Medication. Attapong Thailand/Shutterstock

Our study also found that those with an intellectual disability or autism were being prescribed antipsychotics at younger ages – and for a longer period – than those without an intellectual disability or
autism. For example, 50% of those with an intellectual disability or autism had more than 12 prescriptions, compared to 25% of those without. 55% of those with an intellectual disability or autism started
taking antipsychotics before the age of 14, too – compared to 29% of those without.
In addition, the data revealed that children in special schools, those with autism, and those with aggression, were especially likely to be prescribed an antipsychotic. This may be a marker that they have more
severe behavioural problems and more challenging behaviour.

Side effects
Antipsychotics are known to reduce the threshold at which a person has an epileptic seizure. The
medication can also lead to weight gain and potentially diabetes. The drugs reduce swallowing, too, so
those taking them may be more open to respiratory infections.
In the records we had access to, we found evidence of higher rates of epilepsy, diabetes and respiratory
infection requiring hospital admission, in all the young people on antipsychotics. This was compared to
rates before being prescribed antipsychotics and compared to those not on antipsychotics.

Looking at mental health, the young people in our study who did not have an intellectual disability or
autism had lower rates of depression and injury after taking an antipsychotic. But for those with autism
or an intellectual disability, we found higher rates of hospitalisation for depression and injury.
The rate of hospitalisation for depression for those who were never given an antipsychotic, and for those
with an intellectual disability before being given antipsychotics was one in 200. After antipsychotics, it
doubled to one in 100. This may be because those with an intellectual disability are less likely to have a
manic or agitated type of mental health condition. So taking antipsychotics can bring them down, and
lead to depression.
Our findings support concerns that have already been expressed about “tranquillising” children with
challenging behaviours. Importantly, health providers should work to reduce the use of long term
medication by improving behavioural and psychological support for this vulnerable population.
The work also highlights that treating behavioural problems in this way may have long term implications
for the health care system. Using antipsychotics like this can increase costs for the NHS, as the significant side effects require treatment. Instead, improving educational support for families and schools – in
place of using medication – may be more cost effective in the long run.
However, it must be noted that this is an analysis of the data. Any health decisions – including over
whether to take medication or not – should be made with the input of a medical professional.
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The Endocannabinoid System as it Relates to Autism
Joe Stone; Christian Bogner, M.D.
The importance of the discovery and continued elucidation of the crucial role that
the endocannabinoid system (ECS) plays in human health and disease cannot be
understated. Cannabinoid receptors are the most highly expressed of any GPCR. They’re
the only ones to play a direct role in virtually every aspect of the human body (CNS and
immune systems, throughout the periphery, presynaptic, and postsynaptic). (Alger 2013)
The growing body of data in regards to this aspect of physiology continues to lead to
the further elucidation of the physiological basis in a growing number of diseases
(including psychiatric) (Pacher 2006). One reason that this is important is because one
such pathogenesis is for that of autism (ASD). There are a number of direct correlations
between ASD and the ECS. Some will be outlined in this paper.
NL3 Mutations Inhibit Tonic Endocannabinoid Secretions
“Rare mutations in neuroligins and nerexins predispose to autism” (Földy 2013).
Neuroligin-3 is the only known protein required for tonic secretion of endocannabinoids
that include AEA and 2-AG (Földy 2013). Neuroligin-3 mutations have been shown to
inhibit tonic endocannabinoid secretion (Földy 2013). These alterations in
endocannabinoid signaling may contribute to autism pathophysiology (Földy 2013,
Krueger 2013, Onaivi 2011, Siniscalco 2013). These finding have in part prompted
researchers to apply to conduct research with nonhuman primates in order to further
elucidate this link (Malcher-Lopes 2013).
Endocannabinoid system deficiencies are suggested to be involved in the
pathophysiology of a growing number of diseases (Marco 2012, Russo 2003). Pacher
and Pertwee both cover the endocannabinoid system in detail (Pacher 2006, Pertwee
2010). The number of functions that endocannabinoid signaling regulate in the human
body is extensive and beyond the scope of this paper (Pertwee 2010). For sake of brevity
only a few potentially relevant aspects will be listed:
•

“Endocannabinoids are key modulators of synaptic function” (Castillo 2012).

•

Tonic secretions of endocannabinoids regulate GI functions (including
metabolism) (Di Marzo 2011, Li 2011).

•

Endocannabinoids (and exogenous cannabinoids) suppress proliferation and
cytokine release (Cencioni 2010).

•

Endocannabinoids regulate stress responses, in part via the modulation of the
5-HT system (Haj-Dahmane 2011).

•

CB2 is expressed in Purkinje cells (Gong 2006). “In the cerebellar cortex,
CB1Rs regulate several forms of synaptic plasticity at synapses onto Purkinje
cells, including presynaptically expressed short-term plasticity and, somewhat
paradoxically, a postsynaptic form of long-term depression (LTD) (Carey
2011).”

•

“CB1 variations modulate the striatal function that underlies the perception of
signals of social reward, such as happy faces. This suggests that CB1 is a key
element in the molecular architecture of perception of certain basic emotions.
This may have implications for understanding neurodevelopmental conditions
marked by atypical eye contact and facial emotion processing, such as ASC”
(Chakrabarti 2011).

•

Additional targets of endocannabinoids (and exogenous cannabinoids),
PPARα, PPARγ, and GPR55 expression levels have shown reductions in a
valproic acid model of autism in rats (Kerr 2013).

•

Endocannabinoids and CB1 agonists increase cerebrocortical blood flow
(Iring 2013).

•

“The expression patterns in malformations of cortical development highlight
the role of cannabinoid receptors as mediators of the endocannabinoid
signaling and as potential pharmacological targets to modulate neuronal and
glial cell function in epileptogenic developmental pathologies” (Zurolo 2010).

•

The endocannabinoid signalosome is “a molecular substrate for fragile X
syndrome, which might be targeted for therapy” (Jung 2012).

Exogenous cannabinoids from cannabis display similar pharmacological
characteristics to that of endogenous cannabinoids (Pertwee 2010). The potential
therapeutic value of systemic administration of phytocannabinoids has been suggested in
the treatment of a number of diseases with suspected underlying endocannabinoid
deficiencies (Russo 2003). Documentation of their safety and clinical efficacy in a
variety of treatments continues to grow (Hazekamp 2013). Some similar characteristics
include:
•
•
•
•
•

Neurogenesis (Galve-Roperh 2007, Jiang 2005, Avraham 2014, Campos 2013)
Neuroprotection (Hampson 2003, Lara-Celador 2013, Sanchez 2012)
Antioxidants (Borges 2013, Pertwee 2010, Hampson 1998, Hampson 2003)
Neuromodulation (Davis 2007, Lara-Celador 2013, Pertwee 2010, Youssef 2012)
Anti-inflammatory (Pertwee 2010, Izzo 2009, Nagarkatti 2009, Klein 2005)

Based on their relative safety, the similar pharmacological characteristics to
endocannabinoids that are inhibited in ASD, and the significant role those endogenous
cannabinoids play in human health, it’s possible that cannabinoids from cannabis could
prove therapeutic value in treatments.

Increased Expression of CB2 Receptors Associated with ASD
The second direct link, of possibly equal or greater relevance for treatment, is the
upregulation of CB2 receptors in the brains of those with ASD (Siniscalco 2013). This is
believed to be part of an endogenous neuroprotective role of the endocannabinoid system:
•

“CB2 receptors have been identified in the healthy brain, mainly in glial
elements and, to a lesser extent, in certain subpopulations of neurons, and that
they are dramatically up-regulated in response to damaging stimuli, which
supports the idea that the cannabinoid system behaves as an endogenous
neuroprotective system. This CB2 receptor up-regulation has been found in
many neurodegenerative disorders including HD and PD, which supports the
beneficial effects found for CB2 receptor agonists in both disorders. In
conclusion, the evidence reported so far supports that those cannabinoids
having antioxidant properties and/or capability to activate CB2 receptors may
represent promising therapeutic agents” (Fernández 2011).

•

CB2 “expression is increased by inflammatory stimuli suggests that they may
be involved in the pathogenesis and/or in the endogenous response to injury…
receptors may be part of the general neuroprotective action of the ECS by
decreasing glial reactivity. Neuropathological findings in human brains
suggest that the upregulation of CB2 receptors is a common pattern of
response against different types of chronic injury of the human CNS. In
addition, their selective presence in microglial cells is highly suggestive of an
important role in disease-associated neuroinflammatory processes. The antiinflammatory effects triggered by the activation of the CB2 receptor make it an
attractive target for the development of novel anti-inflammatory therapies”
(Benito 2008).

Given that CB2 is upregulated, and that it’s believed to play a neuroprotective role in
the human brain, CB2 activation is believed to be a potential target for treatment of ASD
(Siniscalco 2013). Endocannabinoids (AEA, 2-AG) and the most prominent
cannabinoids in cannabis (including THC) are CB2 agonists (Izzo 2009).
Elevated Cytokine Levels Associated with ASD
Elevated cytokine levels are associated with ASD (Napolioni 2013). Whether this is a
direct result of inhibited tonic secretion of endocannabinoids remains uncertain.
However, endocannabinoids (AEA, 2-AG) have been shown to play key roles inhibiting
cytokines via CB2 activation (Cencioni 2010, Panikashvili 2006). “Both THC and CBD
have been shown to decrease cytokine production” via CB1/CB2 dependent and
independent mechanisms (Juknat 2012, Kozela 2010). The majority of cannabinoids are
PPAR gamma agonists (Izzo 2009), which have been shown to inhibit cytokine
production (Jiang 1998).

Clinically Diagnosing ASD
A team of researchers recently discovered and patented a process that claims that it’s
possible to clinically diagnose ASD, and susceptibility to it, via observation of the degree
of modulation that acetaminophen has on endocannabinoid levels (Schultz 2012).
Botanical Extracts > Dronabinol
Of equal relevance to this issue is the substantial data, including clinical studies,
suggesting that the combined administration of CBD along with THC (and possibly other
cannabinoids/terpenes present in cannabis) exhibit additive and synergistic effects
resulting in greater clinical efficacies when compared to either cannabinoid alone
(McPartland 2001, Izzo 2009, Russo 2011). The second most prominent cannabinoid in
cannabis is CBD (Gertch 2010). CBD has been shown to inhibit intoxication, sedation,
and tachycardia associated with THC (Russo 2006). It’s been shown to increase the
clinical efficacy of THC, while adding therapeutic value in its own right (Russo 2006).
•

“CBD is demonstrated to antagonize some undesirable effects of THC
including intoxication, sedation and tachycardia, while contributing analgesic,
anti-emetic, and anti-carcinogenic properties in its own right. In modern
clinical trials, this has permitted the administration of higher doses of THC,
providing evidence for clinical efficacy and safety for cannabis based extracts
in treatment of spasticity, central pain and lower urinary tract symptoms in
multiple sclerosis, as well as sleep disturbances, peripheral neuropathic pain,
brachial plexus avulsion symptoms, rheumatoid arthritis and intractable
cancer pain. Prospects for future application of whole cannabis extracts in
neuroprotection, drug dependency, and neoplastic disorders are further
examined. The hypothesis that the combination of THC and CBD increases
clinical efficacy while reducing adverse events is supported” (Russo 2006).

•

“Several studies suggest that CBD is non-toxic in non-transformed cells and
does not induce changes on food intake, does not induce catalepsy, does not
affect physiological parameters (heart rate, blood pressure and body
temperature), does not affect gastrointestinal transit and does not alter
psychomotor or psychological functions. Also, chronic use and high doses up
to 1,500 mg/day of CBD are reportedly well tolerated in humans” (Machado
2011).

An argument could be made that botanical extracts with CBD present offer safer
options for patients, with greater clinical efficacy, when compared to THC (Dronabinol)
alone (Russo 2006). CBD offers more than simply increasing the safety and efficacy of
THC (Izzo 2009).
•

“CBD has been shown to have an inhibitory effect on the inactivation of
endocannabinoids (i.e. inhibition of FAAH enzyme), thereby enhancing the action

of these endogenous molecules on cannabinoid receptors, which is also noted in
certain pathological conditions. CBD acts not only through the endocannabinoid
system, but also causes direct or indirect activation of metabotropic receptors for
serotonin or adenosine, and can target nuclear receptors of the PPAR family and
also ion channels” (Campos 2012).
Here are some of the demonstrated pharmacological characteristics of CBD that may
be relevant:
•
•
•
•
•
•
•
•
•
•
•
•

CB1/CB2 agonist blocker (can inhibit overstimulation of CB1 by THC)
FAAH inhibition increases endocannabinoid levels (including AEA, 2-AG)
AEA reuptake inhibitor
5-HT1a agonist
Suppressor of tryptophan degradation
PPAR alpha and gamma agonist
Positive allosteric modulator at glycine receptors
TRPV1 and TRPV2 agonist
Adenosine uptake competitive inhibitor
Antagonist at abnormal-CBD receptor
Regulator of intracellular Ca 2+
T-type Ca 2+ channel inhibitor
(Izzo 2009)

If we accept that tonic secretions of AEA and 2-AG are inhibited via NL3 mutations
in ASD (both of which being CB1 and CB2 agonists), then it might be possible to
suppose the potential benefits of low doses of THC in treatments as well. This seems
especially true when the striking pharmacological similarities between THC and AEA are
reviewed (Pertwee 2010). The majority of the research conducted thus far with ASD and
cannabinoids has been with THC alone. Dronobinal has indicated potential in a single
adolescent case study of autism (Kurz 2010). This might suggest that THC along with
CBD might offer increased clinical efficacy (Russo 2006).
Treating Symptoms Associated with ASD
A considerably greater body of data can be gathered in regards to aspects of the
involvement (and targeting for treatment) of the endocannabinoid system in a number of
the symptoms, and diseases, associated with ASD (in comparison to the pathophysiology
of ASD itself):
•
•
•
•
•
•

G.I. Disorders (Camilleri 2013, Di Sabatino 2011, Wright 2008,)
Repetitive Behaviors (Casarotto 2010, Deiana 2012, Gomes 2011, Kinsey 2011)
Seizures (Jones 2012, Porter 2013, van Rijn 2011)
Sleep Dysfunction (Murillo-Rodriguez 2011, Ware 2010)
Self Injurious Behavior and Tantrums (Müller-Vahl 2004, Onaivi 2011, Passie
2012)
Tuberous Sclerosis (Krueger 2013, Shu, Hai-Feng 2013, Zurolo 2010)

•
•
•

Cerebral Ischemia (Schmidt 2012, Choi 2013, Murikinati 2010, Garcia-Bonilla
2014)
Depression/Anxiety (Hill 2009, Almeida 2013, Campos 2013, Schier 2012)
Cachexia (Engeli 2012, Gamage 2012, Marco 2012)

Conclusion
Given the known role of the endocannabinoid system in ASD it seems entirely
possible, if not likely, that cannabinoid rich botanical extracts from cannabis can be
utilized as useful agents targeting the pathophysiology of ASD, as well as the many
debilitating symptoms and conditions associated with it. We believe that families and
physicians should have the legal right to explore these options on an individual basis
without fear of prosecution.
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Endocannabinoid Signaling in
the Control of Social Behavior
Don Wei,1,2 Stephen Allsop,3,4 Kay Tye,3 and
Daniele Piomelli1,2,*
Many mammalian species, including humans, exhibit social behavior and form
complex social groups. Mechanistic studies in animal models have revealed
important roles for the endocannabinoid signaling system, comprising G
protein-coupled cannabinoid receptors and their endogenous lipid-derived
agonists, in the control of neural processes that underpin social anxiety and
social reward, two key aspects of social behavior. An emergent insight from
these studies is that endocannabinoid signaling in speciﬁc circuits of the brain
is context dependent and selectively recruited. These insights open new vistas
on the neural basis of social behavior and social impairment.
Introduction
Archeological and paleobotanical ﬁndings date the ﬁrst human encounters with the cannabis
plant to the early Holocene, approximately 11 000 years before present [1], when human
groups living across the Eurasian continent exploited it not only as a source of ﬁber (stalks) and
food (seeds), but also for the unique properties of its female ﬂowers [2,3]. Eating these resin-rich
ﬂowers or inhaling their smoke produces a combination of euphoria, calmness, heightened
sensation, and altered time perception [4], along with a series of medicinal effects that include
stimulation of appetite and relief of pain, nausea, and spasticity [5]. Although varied, these
effects are due, in large part, to a single chemical constituent found in cannabis resin, the
dibenzopyran derivative D9-tetrahydrocannabinol (THC), which binds to selective cell surface
receptors present in regions of the brain involved in the control of cognition, mood, and pain (for
an overview of the endocannabinoid system, see Box 1). It is likely that early human users
interpreted the complex actions of cannabis within a spiritual, rather than purely medical or
recreational, frame of reference [2,3]. A survey of the ethnographic literature bears out this idea,
showing that the earliest documented uses of cannabis were intimately woven into religious
ritual [2]. Notably, traditional societies ranging from the Saka (Scythians) in the Eurasian steppe
[6,7] to the Hindus of the Himalayan mountains [8] used cannabis ritualistically in funerals,
weddings, and holy festivals, ceremonial activities whose main objectives include the heightening of spiritual connectedness and social bonding [9]. The millenary use of cannabis in ritual
practices with deep social meaning raises the possibility that THC inﬂuences, possibly through
modulation of endocannabinoid signals, the activity of neurotransmitters [10] and neural networks [11] devoted to the regulation of sociality (for an overview of the ﬁeld of social neuroscience, see Box 2).
In this review, we ﬁrst describe studies of the effects of cannabis on human social behavior.
These studies suggest that cannabis tempers social anxiety and enhances feelings of connectedness, but, depending on dose and context, may also increase aggression and isolation.
To shed light on the underlying mechanisms of these discrepant actions, we describe animal
experiments that contrast the effects produced by direct activation of cannabinoid receptors
versus those caused by selective enhancement of endocannabinoid signaling. We brieﬂy
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Trends
The crucial adaptive value of sociality is
represented across evolutionary time.
Modern techniques have been used to
identify the neural circuits processing
social information and regulating social
behavior. The oxytocin system is now
recognized as being central to such
socially speciﬁc signaling.
The plant Cannabis sativa has long
been exploited to facilitate social
bonding, and experimental studies
have explored its psychotropic effects
on human social behavior. Since the
identiﬁcation of the endocannabinoid
signaling system, animal studies targeting cannabinoid receptors and
transmitters [anandamide and 2-arachidonoyl-sn-glycerol (2-AG)] have
found regulatory effects, particularly
in social anxiety and social reward,
as well as endocannabinoid dysregulation in social impairment related to
neuropsychiatric conditions.
These endocannabinoid effects are
multimodal and context dependent.
Newly identiﬁed oxytocin-driven endosignaling
potentially
cannabinoid
represents a circuit-based mechanism
through which selective recruitment of
endocannabinoid signaling can occur,
and may underlie the differential
actions of anandamide and 2-AG.
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Box 1. The Endocannabinoid System
The main active constituent of cannabis, THC, causes a mental state described as a combination of enhanced
sociability, quickened mental associations, increased appetite for sweet and fatty foods, alterations in the perception of
time and space, and heightened sensitivity to certain sensory stimuli (e.g., sounds or colors) [62,87]. Research over the
past 30 years, since the initial discovery of cannabinoid receptors and isolation of endogenous cannabinoids (‘endocannabinoids’) [88–92], has established that endocannabinoid signaling has important functional roles in the brain,
which are related to the pharmacological effects of THC. Endocannabinoid signaling regulates circuits in the central
nervous system that are important for stress reactivity [50], analgesia [93], and the development of reward to natural and
drug stimuli [27,94].
The endocannabinoid system comprises lipid-derived messengers that act on G-protein-coupled cannabinoid receptors. The CB1 receptor is the most abundant G-protein-coupled receptor found in the brain, while the CB2 receptor is
relatively sparse in the brain and is more abundant in immune cells, such as microglia [95]. Endocannabinoid
transmitters have a unique set of properties: (i) they act as retrograde synaptic signals or local modulators to control
presynaptic ﬁring (CB1 receptors are localized presynaptically on the surface of both excitatory and inhibitory neurons);
of note, 2-AG may primarily serve as a point-to-point retrograde signal, whereas anandamide may act as a local
modulator [60]; (ii) they act as lipid mediators: endocannabinoids are not stored in vesicles but are instead ‘demobilized’
(sequestered) in phospholipid membranes under baseline conditions to become ‘mobilized’ on demand during
signaling activity [32]; and (iii) while anandamide and 2-AG may work in a concerted manner, their signaling patterns
are often distinct [27,93]. These properties are partially rooted in the selective coupling of afferent transmitter–receptor
machinery to synthetic enzymes for biochemical mobilization. For example, 2-AG is recruited by type-1 metabotropic
glutamate receptors [96], type 1/3 muscarinic acetylcholine receptors [97], and type-1 orexin receptors [98]. It is
produced via the hydrolysis of 1,2-diacylglycerol by diacylglycerol lipase-a (DGL-a) [96], which is coupled in a
supramolecular ‘signalosome’ complex with Homer-1a and Fragile X Mental Retardation Protein (FMRP) [69]. 2-AG
degradation is mediated by the serine hydrolases, monoacylglycerol lipase (MGL) and a–b domain hydrolase-6 (ABHD6). The stimuli responsible for anandamide mobilization are less well understood, but appear to be distinct from those
involved in the recruitment of 2-AG. D2-type dopamine receptors in the dorsal striatum have been shown to stimulate
anandamide formation [99]. The canonical route for the synthesis of anandamide is thought to involve a phospholipase
D that releases anandamide by hydrolysis of the phospholipid precursor N-arachidonoyl-phosphatidylethanolamine (Narachidonoyl-PE). Anandamide is mainly degraded via carrier-mediated transport followed by intracellular hydrolysis,
catalyzed by fatty acid amide hydrolase (FAAH) [59].

highlight the contribution of the endocannabinoid system to social anxiety and social reward,
and then describe lines of work showing endocannabinoid abnormalities in translational models
of social impairment, such as those related to schizophrenia, autism spectrum disorder (ASD),
and developmental cannabinoid exposure. Lastly, we consider how these lines of evidence
collectively suggest that endocannabinoids control speciﬁc circuits of the social brain, with
potentially important clinical implications.

Effects of Cannabis on Human Social Behavior
The ﬁrst systematic investigations of the effects of cannabis on human social behavior were
conducted during the 1970s, in the wake of the counterculture movement that had brought the
drug back into the limelight [12]. In a psychometric survey of 153 college students who were
experienced cannabis users, more than 70% of respondents said that intoxication made them
want to interact more with others, perceiving what they described as ‘a much greater sense of
unity’, or ‘real social relationship’ [13]. More than 80% reported that cannabis use made them
feel a greater degree of empathy toward others [13]. Box 3 provides a few examples of these
subjective reports. Conﬁrming these results, another study of healthy cannabis smokers in a
controlled hospital setting found the participants to be more interactive, communicative,
comfortable, and open toward one another, compared with nonsmokers [14].
Users in these studies also reported that consuming cannabis made them more socially
intuitive, but at the same time less able to play social games, implying that the drug might
hinder skills that are required in such games [13]. Further studies in controlled small-group
settings aimed to characterize the emotional and cognitive aspects of cannabis use. In one
study, where each participant’s own room was delineated from a common area, cannabis use
changed the distribution of social activities by decreasing the time spent in verbal exchanges
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Box 2. Social Neuroscience

Glossary

Social behavior is a hallmark of many phylogenetically diverse animal species [100–102]. While animals with simple
nervous systems demonstrate behaviors such as courtship, mating, parenting, and aggression [101,102], increasing
neural complexity adds a greater endowment of complex social behaviors, including alliance formation, cooperative
hunting, empathy, and altruism [103–105]. The emerging ﬁeld of social neuroscience aims to understand the neural
basis of social behavior, from social-information detection and processing to integration and regulation. Here, we
highlight three conceptually important ﬁndings of social neuroscience.
The Adaptive Value of Sociality
Social behaviors are ubiquitous because they offer distinct evolutionary advantages [106,107]. Social support is
protective, while social isolation increases susceptibility to mental and physical illness [108–110]. Furthermore, social
impairment is a central component in the psychopathology of many psychiatric disorders [4,111] and the dysphoria that
accompanies them [112,113].
The Existence of a Social-Brain Network
Neuroimaging and cognitive-neuroscience experiments have identiﬁed networks that speciﬁcally process social
information [11,114–118]. Molecular and optogenetic studies have found distinct circuit activity encoding representations of social states and dynamics [119–123].
The Speciﬁcity and Importance of Oxytocin for Social Circuitry and Behavior
Hypothalamic neurons that release the neuropeptide oxytocin respond selectively to social information, and oxytocin
has a central role in the regulation of social behaviors, such as maternal care, attachment, and social memory
[55,114,124–128]. Importantly, speciﬁc neural circuitry likely mediates these effects [55,127,129–131]. Studies have
validated the prosocial effects of oxytocin in humans [132–134] and elaborated its role in more complex, human-level
behaviors, such as trust and empathy [135,136].

Endocannabinoid system: a lipidderived neurotransmitter system
comprising cannabinoid receptors,
endocannabinoid signaling
messengers, and regulatory
biosynthetic and degradative
enzymes.
Social anxiety: fear of an unfamiliar
conspeciﬁc, which may result in
avoidance behavior.
Social reward: pleasure and
incentive salience of a social
stimulus, which may induce
appetitive and consummatory
behavior.
Autism spectrum disorder (ASD):
a set of disorders syndromically
characterized by (i) deﬁcient social
reciprocity and communication; and
(ii) unusual, restricted, and repetitive
behaviors.
Schizophrenia: a mental disorder
characterized by persistent cognitive
impairment, psychosis, social
anhedonia, and withdrawal.

while increasing time spent in coactation (i.e., engaging in a shared activity, such as playing a
game) [15,16]. In another study, small groups were subjected to a frustration stimulus to
determine the effects of cannabis on within-group hostility. Each group was asked to agree on
the interpretation of a short story, but was subsequently told that the interpretation was
inadequate. Members of the placebo group were more hostile toward one another, which
slowed task completion, whereas members of the cannabis group were less hostile and more
cooperative [17]. Interestingly, the authors noted that cannabis may have been emotionally
disinhibitory, such that users were more willing to express their feelings. In line with the notion
that cannabis suppresses hostility, several functional magnetic resonance imaging (fMRI)
studies have found that THC use is associated with a reduction in amygdala reactivity in
response to threat signals [18–20]. Perhaps distinct from the cannabis studies described
above, these changes in brain activity may have more to do with the perception rather than the
expression of threat, and may alter amygdala–prefrontal connectivity, with implications for
overall socioemotional network function [20].
Additional studies have examined conversation, another proxy measurement of being social.
Acute or chronic cannabis use was found to have either no effect or decreased conversation,
whereas psychostimulants, such as amphetamines, typically stimulated it [21–23]. However, as
the authors pointed out, a lower tendency to engage in conversation may reﬂect either a negative
subjective state and interaction avoidance or, alternatively, a positive subjective state of intuition,
connectedness, and relaxation, such that the need for speech is minimized. The latter possibility
would be in line with some of the subjective feelings reported by cannabis users (Box 3 [13,17]).
While the work outlined above does not clearly delineate what aspects of social interactions
may be affected by cannabis, and may not be robust [24], it suggests nevertheless that
cannabis strongly inﬂuences social interactions. Such inﬂuence could involve a range of
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Box 3. Effects of Cannabis on Subjective Feelings about Sociality
We transcribe here a few anecdotal reports on how cannabis affects subjective feelings regarding social relationships,
connectedness, and anxiety.
“[Cannabis] was the unifying factor because [it] makes you aware of the better sides of people and, when you get high,
each person himself looks like a universe and you have something to gain from the interaction.” [14]
“ . . . a lot of them [cannabis users] say that they . . . are not very open with each other. The guys aren’t open with each
other and they . . . don’t know much about each other but when they’re high a lot of their inhibitions are gone . . . ”
[137]
“I currently smoke a small amount of weed every morning before going to work and it really helps increase my ability to
focus and concentrate as well as overcome some of my social interaction issues. However the key here is small
amount.” [138]
“I’ve come to realize that I always face some degree of anxiety in social situations. Even when I’m with friends, I always
think, ‘what should I say?’ when it gets quiet. What has helped me realize this is medicinal marijuana. When I use [it] I
have no problem with socializing, I feel no anxiety; in fact, I actually seek it out. Socializing while high is as easy as sitting
in a chair for me. It’s as if I understand life . . . my anxiety vanishes and my mind races . . . I have no problems keeping
a convo going or even approaching total strangers with total conﬁdence. It’s literally like I took the drug from the movie
‘Limitless’.” [138]

possibly dissociable effects on the subjective emotions (e.g., empathy, calmness, and disinhibition) and required skills (e.g., coactation or conversation) that contribute to sociality.

Cannabinoid Receptors
The brain distribution of molecular components of the endocannabinoid system is consistent
with a role in social behavior. CB1 cannabinoid receptors are highly expressed in associational
regions of the frontal cortex and in subcortical structures that underpin human social–emotional
functioning [11,25,26]. They are also present throughout regions implicated in the rewarding
properties of natural and drug-related stimuli, including the central and basolateral amygdala,
prefrontal cortex, hippocampus, dorsolateral striatum, ventral tegmental area, and, to a lesser
extent, the nucleus accumbens [25,27]. Human positron emission tomography (PET) imaging
studies revealed alterations in the distribution of CB1 receptors in, for example, schizophrenia
and addiction [28,29]. These regions are considered key parts of the ‘social brain’, based on
imaging and network studies (Box 2). The regional distribution of the enzymes involved in the
generation and degradation of endocannabinoid transmitters is similar to the picture of CB1
receptors depicted here [27,30,31], although not necessarily duly reﬂective of endocannabinoid signaling [32].
Consistent with cannabis decreasing hostility in humans [17], THC was found to decrease
agonistic acts in multiple mammalian species (mice, rats, and squirrel monkeys) undergoing
intruder confrontation [33]. Mutant mice lacking CB1 receptors exhibited more behaviors
involving offensive aggression, as well as active and passive defensive coping behaviors, such
as avoidance, freezing, and risk-assessment behaviors, suggesting that CB1 receptors have a
role in buffering against social stress [34,35]. This stress-modulating effect translated to
increasing overall time spent in direct interaction with novel conspeciﬁcs, possibly in a sexdependent manner [36,37].
However, the effect on aggression appears to be complex, because THC may also increase
defensive posturing [38], while synthetic cannabinoid agonists may enhance aggression under
certain stressful conditions, as well as ﬂight acts [39]. Moreover, cannabinoid agonists reduce
interaction time in the direct social interaction test, where a novel encounter in an unfamiliar
environment is considered stressful [40].
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That cannabis and synthetic cannabinoid agonists can either mitigate aggression (leading to
more interaction) or increase anxiety (leading to withdrawal) may reﬂect the biphasic nature of
much of cannabinoid pharmacology [41,42]. Different cannabinoid doses under different
environmental conditions, especially those with stress versus those without stress, could
activate distinct patterns of endocannabinoid signaling, thereby resulting in contrasting behavioral outputs. Mutant mice lacking CB1 receptors exhibited less direct social interactions in an
unfamiliar environment, but not in a home-cage environment, suggesting that the receptor has
a more prominent role in stress reduction under adverse conditions [36,43]. Consistent with the
idea of context-speciﬁc signaling effects, regional CB1 overexpression in the medial prefrontal
cortex reduced interactions and increased withdrawal [44].
In sum, available evidence from animal experiments suggests that CB1 receptors are important
contributors to the regulation of social behavior. This conclusion is supported by emerging
translational data: a polymorphism in the CB1 receptor gene has been found to modulate social
gaze in humans [45]. Moreover, the evidence reveals that cannabinoid effects are multimodal
and context dependent. For example, a mandatory state of anxiety during a novel encounter,
particularly in an unfamiliar setting, may call for a different pattern of endocannabinoid response
versus a recognizable re-encounter in familiar surroundings. This context speciﬁcity highlights
questions regarding the distinctive qualities of social behavior and circuit patterns regulated by
endocannabinoid signaling.

Endocannabinoids
Analyzing the speciﬁc actions of the endocannabinoids anandamide and 2-arachidonoyl-snglycerol (2-AG) provides a window into these questions. In rats, a novel encounter elevates
anandamide levels in the striatum, compared with encounters with familiar or nonsocial animals
[46]. Mutant mice in which genetic removal of the hydrolytic enzyme fatty acid amide hydrolase
(FAAH) caused elevated levels of anandamide exhibited increased direct social interactions
[47]. A plausible interpretation of these ﬁndings is that anandamide participates in the regulation
of social behavior, and may dampen the social anxiety involved in these tests [48]. Trezza and
colleagues further qualiﬁed the type of social behavior inﬂuenced by anandamide by examining
‘rough-and-tumble’ social play in juvenile rats, including pouncing and pinning behaviors.
These authors found that play was associated with increased anandamide mobilization in
the nucleus accumbens and amygdala [49]. Moreover, microinjection of the FAAH inhibitor
URB597, which stops anandamide degradation and increases its levels [50], into either of these
two brain regions, enhanced social play [49,51]. Endocannabinoid effects on social play may
also be extended to 2-AG signaling, and may interact with opioid or dopaminergic signaling in
the nucleus accumbens [52,53]. These results with an anandamide-potentiating agent stand in
sharp contrast to those obtained using a direct-acting cannabinoid receptor agonist, which
decreased social play [51] and other forms of direct interactions (as reviewed in the previous
section).
Contextual factors may again be key determinants in the circuit role of anandamide-mediated
endocannabinoid signaling. In aggressive mice, exogenously administered low-dose anandamide (0.01 or 0.1 mg-kg 1) did not signiﬁcantly affect agonistic behavior, whereas a higher
dose (10 mg-kg 1) decreased it; in timid mice, low-dose anandamide stimulated agonistic
behavior, whereas high-dose anandamide decreased social interactions without affecting
agonistic behavior [41]. In the social play model, adolescent rats responded to the FAAH
inhibitor URB597 with increased play behavior in conditions of both low adverseness (familiar
arena and low light) and high adverseness (unfamiliar and high light), whereas adult rats only
responded in conditions of high adverseness [54].
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Due to the roles of endocannabinoid signaling in the reinforcement of natural stimuli and
neurotransmission in the nucleus accumbens, we hypothesized that it may play a role in the
regulation of social reward, distinct from modulation of stress, that may also contribute to
effects on direct interaction time (as described above). Given the context-dependent recruitment of endocannabinoid signaling, it is crucial to clearly distinguish between the signaling of
social stress versus that of social reward. To this end, in a recent study we used a model of
socially conditioned place preference as a proxy for social reward [55] and selectively activated
the oxytocin system, which is crucial in social bonding (Box 1). Using young cage-mate mice,
we found that a relatively brief social contact (3 h) or selective chemogenetic activation of
oxytocin neurons in the paraventricular nucleus of the hypothalamus stimulated anandamide
mobilization in the nucleus accumbens [56], a projection target for oxytocin neurons [55].
Oxytocin-driven anandamide signaling tightly regulates nucleus accumbens activity in its shell
region (as measured using the cellular marker cFos) as well as social place preference [56].
However, 2-AG levels were not affected by either intervention [56]. Enhancement of anandamide activity, insofar as under the context modeled by conditioned place preference, was
selective for social as opposed to a high-fat food or cocaine reward [56]. Anandamide
enhancement was also selective for social- but not isolation-conditioned place preference,
and had no effect on social approach [56]. These results suggest that oxytocin neurons
projecting from the paraventricular nucleus to the nucleus accumbens recruit anandamide
signaling, thereby encoding a circuit mechanism that inﬂuences social reward independently of
stress and other natural rewards (Figure 1).
Does 2-AG also contribute to the regulation of social reward? Given that the distribution pattern
of biosynthetic and hydrolytic 2-AG enzymes varies from that of anandamide in reward pathways [27], and because of the circumstantial fact that 2-AG levels in the brain are approximately
200-fold greater than those of anandamide [32], determining how 2-AG differs from anandamide in inﬂuencing social behavior would offer valuable insights into mechanisms of differential
recruitment and context dependence. To address this question, we used a transgenic mouse
model with a speciﬁc forebrain reduction in 2-AG (via overexpression of the 2-AG-hydrolyzing
enzyme, monoacylglycerol lipase [57]). We found that these transgenic mice showed impaired
conditioned place preference to both social and high-fat food stimuli [58]. The nonselectivity of

Social
contact

PVN

NAc
Anandamide

CB1

Oxytocin receptor

Oxytocin neuron

Figure 1. Hypothesized Model for Oxytocin-Driven Endocannabinoid Signaling. Social contact activates a population of
oxytocin neurons that are located in the paraventricular nucleus (PVN) of the hypothalamus and project to the nucleus
accumbens (NAc) to drive endocannabinoid-mediated plasticity. Based on data from [55,56].
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this effect stands in contrast to the results obtained with the anandamide-modulating manipulations described above, which selectively heightened social over high-fat food rewards [56].
Also in contrast to social contact at 3 h, prolonged social contact for 6 h was found to stimulate
2-AG mobilization without changing levels of anandamide [58]. These results argue in favor of a
role for 2-AG in social reward, which may be more generalizable to other natural rewards.
The collective evidence outlined thus far offers an important thematic insight: different external
conditions may selectively initiate distinct patterns of endocannabinoid signaling in the brain.
For example, global cannabinoid receptor activation may variably affect social interactions (e.g.,
suppress versus incite aggression) depending on conditions such as the state of stress,
whereas selective enhancement of anandamide signaling may be largely prosocial. The anxiety
associated with a novel encounter between unfamiliar adults may recruit anandamide in stressrelated pathways, whereas increased social drive between familiar juveniles may recruit
anandamide in reward-related pathways.
Therefore, different neural circuits likely recruit speciﬁc endocannabinoid signals to reﬂect
states of social-information processing that are qualitatively distinct. This hypothesis is further
supported by two pieces of available evidence. First, familiar and unfamiliar encounters elevate
anandamide to different levels in the striatum [46] and, similarly, social contact and isolation lead
to qualitatively distinct regional patterns of changes in levels of endocannabinoids (i.e., not only
opposite in directionality) [58]. Second, a key distinction can be made between socially speciﬁc
anandamide signaling, which is driven by oxytocin circuitry [56], and nonsocially speciﬁc 2-AG
signaling, which is not driven by oxytocin and may also be involved in fatty-food reward
responses [58]. Given the functional and temporal dichotomy between anandamide and 2AG, it bears speculation that these transmitters work in concert to assign reward value to
various stimuli, with anandamide primarily involved in proximal reinforcement processes and 2AG in the consolidation of such processes.

Endocannabinoid Signaling in Social Impairment
Given that endocannabinoids are key modulators of neural plasticity [59,60] and brain development [61], a variety of pathologies are thought to involve dysregulation of their signaling
functions. Recently expanded lines of work have documented the occurrence of impaired
endocannabinoid signaling in translational animal models of neuropsychiatric pathology where
social impairment is a core feature, including schizophrenia, ASD, and developmental cannabinoid exposure.
Persons with schizophrenia exhibit characteristic social withdrawal involving social anhedonia,
amotivation, and acognition [4]. Cannabis smoking has been associated with an increased risk
of developing psychosis, but whether this may be due to interference with endocannabinoid
signaling remains controversial [62]. Seillier and colleagues investigated a model of chronic
phencyclidine treatment, which in rats produces a schizophrenia-like phenotype, including
reduced social interactions, such as snifﬁng frequency and/or time and climbing episodes.
Chronic phencyclidine treatment decreased levels of anandamide in the medial prefrontal
cortex and amygdala, while increasing anandamide in the nucleus accumbens [63]. The FAAH
inhibitor URB597 reversed the phencyclidine-induced social deﬁcit, while also reducing interactions in saline-treated control rats [63,64]. Similar to URB597, self-administration of the
cannabinoid agonist WIN55,212-2 has been reported to ameliorate phencyclidine-induced
social withdrawal [65]. Decreased social interactions in phencyclidine-treated rats were mimicked by the CB1 inverse agonist AM251, and both effects were blocked by an antagonist of the
cholecystokinin CCK2 receptor, whose activation has anxiogenic effects [63]. URB597 also
restored phencyclidine-induced changes in prefrontal and amygdala activity (as measured
using cFos) [66]. This set of data suggests that anandamide–CB1 signaling normally
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suppresses CCK-mediated anxiogenesis to engage social interactions, a regulation that
appears to be disrupted after chronic phencyclidine treatment. It has been hypothesized that
schizophrenia may be related to chronic THC treatment, which possibly disrupts cannabinoid
receptor-mediated cortical inhibition of GABAergic CCK interneurons in the prefrontal cortex
[67]. It remains to be determined how such CCK-mediated anxiogenesis would relate to the
ego-syntonic social withdrawal or the socio-cognitive disabilities that are characteristic of
schizophrenia [4].
Impairments in endocannabinoid signaling are seen as a consequence of abnormalities in
synaptic maintenance and transmission associated with ASD, including neuroligins [68], as well
as Fragile X mental retardation protein (FMRP) and metabotropic glutamate receptor-5
(mGluR5) [69]. ASD-related pathological insults, such as valproic acid, also disturb resting
endocannabinoid levels and endocannabinoid system components [70]. To address whether
endocannabinoid changes are only coincident with, or directly responsible for social
impairment, we focused on the role of anandamide in models of ASD-related social impairment
(the BTBR and fmr1–/– mice) using the three-chambered social approach test [71]. As proof of
concept, we administered the FAAH inhibitor URB597 to upregulate anandamide and found
that this intervention completely restored social approach, in a CB1 receptor-dependent
manner, in both mouse models. In contrast to studies done in rats [63], URB597 failed to
alter the social approach of control, socially normal, mice. URB597 also had no effect in the
elevated plus-maze test, which assesses anxiety-like states, when administered in the low-light
(less adverse) conditions used in the social approach test [71]. These results provide evidence
for a direct role of anandamide signaling in ASD-related social impairment. Recent reports have
conﬁrmed the corrective, prosocial effect of FAAH inhibition across a range of studied ASDrelated insults, such as in developmental exposure to valproic acid [72] and lipopolysaccharide
[73].
By contrast, inappropriate developmental exposure to cannabinoid agents, can also disrupt the
later expression of social behavior. Cannabis use in early adolescents was found to correlate
with hypersensitivity to signals of threat (angry as compared with neutral faces) and higher levels
of fMRI activity in the amygdala [74]. The persistence of the effect of developmental cannabinoid
exposure into adulthood can be striking. Treatment with the cannabinoid agonist, WIN 55,2122 (1.2 mg/kg) over 25 days in adolescent rats, followed by a 2-week washout, led to a
persistent reduction in social interactions [75,76]. Similar protocols have replicated the effect,
which is absent or less pronounced on adult administration [77–79]. Furthermore, the deﬁcit
proﬁle appears to be sexually dimorphic, because THC induced a more complex emotional
proﬁle in female rats, including depression-like behavior, than it did in males [80,81]. Altered
glutamatergic transmission in the prefrontal cortex may contribute to these changes [82].
Potentially confounding this effect could be concomitant deﬁcits in measures of cognition, such
as social recognition and object recognition, as well as measures of emotional reactivity [77–
79]. In addition, abnormalities in hippocampal neurogenesis [81] and the oxytocin system [83]
offer the possibility of remote downstream impacts on development. These concomitant
effects raise the question of whether inappropriate CB1 activation during development (i.e.,
by exogenous cannabinoids) might either produce a generalized impairment that overlaps with
social behavior or interfere directly with the developmental function of endocannabinoid
signaling. Several results argue in favor of endocannabinoid-mediated changes that are more
proximal. First, the deﬁcits, including social, are rescuable via FAAH inhibition [81]. Second, the
expression of CB1 receptors in the prefrontal cortex and striatum peaks during adolescence
and decreases into adulthood, a pattern that suggests a physiological role in development [84].
Third, a mutagenesis-induced functional increase in CB1 receptor activity in the striatum
prolonged the characteristically adolescent behavioral repertoire, including increased impulsivity and social play, into age normally classiﬁed as adulthood, where these behaviors are
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absent [85]. These results suggest that endocannabinoid signaling has a direct mediatory role
in the social transition between adolescence and adulthood, a compelling hypothesis that
requires more granular elaboration.
These three lines of investigation, covering schizophrenia, ASD, and developmental cannabinoid overexposure, indicate that properly tuned endocannabinoid signaling is required for
normal social interactions.

Concluding Remarks
A growing body of studies supports a distinct role for endocannabinoid signaling in the control
of social behavior. Cannabis and synthetic cannabinoid receptor agonists may have varied
effects, particularly under certain conditions to reduce hostility and threat perception, or during
critical developmental windows to potentially effect persistent dysfunction. By contrast, anandamide-mediated signaling appears to act more selectively in reducing social anxiety and
enhancing social reward. Based on translational evidence, these actions of anandamide are
postulated to be important in social impairment related to: (i) schizophrenia, in which tempering
social anxiety might be dysfunctional; and (ii) ASD, where a primary deﬁcit may occur in nucleus
accumbens-regulated social reward. fMRI studies in humans support these possible roles of
anandamide, because a single nucleotide polymorphism (C385A) in the human FAAH gene is
associated with decreased threat-related amygdala reactivity and increased reward-related
ventral striatal reactivity [86]. In contrast to the speciﬁcity demonstrated by anandamide, the
actions of 2-AG appear to be more generalizable to other natural rewards. These ongoing
developments inform the promising but limited research into cannabinoid-based pharmacotherapies for neuropsychiatric conditions (reviewed in [62]) at a time when the legal status and
public perception of cannabis are dramatically changing.
The difference between global cannabinoid receptor activation and selective endocannabinoid
enhancement may be rooted in the selectivity of recruiting circuit projections, such as those of
the oxytocin system (Figure 1). Thus, endocannabinoid signaling in processes speciﬁc to social
behavior might be mechanistically distinguished from endocannabinoid signaling in processes
that overlap with the social sphere (e.g., nonsocial anxiety or reward). This hypothesis
addresses a core question in social neuroscience: whether a distinction can be made between
social and nonsocial signaling [11]. The hypothesis also opens several directions for future
investigations, which will be crucial to deﬁne the circuits of normal social-information processing and ﬂuent social behavior (see Outstanding Questions). Such investigations will help us
understand the contributory social factors and the social-impairment consequences of neuropsychiatric disease states, such as schizophrenia, ASD, and drug addiction. They are also
likely to provide mechanistic insights into the therapeutic actions of social bonding on mental
and physical health, a key ﬁnding of social neuroscience.
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Abstract # 14
An Open Label Study of the Use of Dronabinol (Marinol) in the Management of
Treatment-Resistant Self-Injurious Behavior in 10 Retarded Adolescent Patients
Tarah Kruger, Ed Christophersen; Children’s Mercy Hospital, Kansas City, MO.
Purpose/Background: In the treatment of severely disturbed children, the control of
self-injurious behavior (SIB) which occurs in a small percentage of these children, must
be given a high priority (Powers, 2001). Lorenz (2004) reported on the therapeutic use
of cannabis (in a liquid preparation) in children with combinations of neurological
disorders (6 of the 8 also had epilepsy), with improvements.
Methods: Ten patients (ages 11 to 17) with SIB from a convenience sample, with
varying degrees of retardation and autism, received Marinol 2.5 mg bid up to 5 mg qid.
The patients had failed to respond to a number of medications, ranging from 4
previous medications to 17, including four who had tried naltrexone (two of whom were
still on it and two who had discontinued it due to negative side effects).
Results: Seven of the ten had a significant improvement in the SIB and their overall
mood/well being as reported by caregivers. Two experienced agitation from the
Marinol and it was discontinued. Five of the seven who responded had no change in
their appetites, and the two that did, benefited from that effect. At follow up to 6
months out, patients continued to respond favorably to the Marinol.
Conclusions: In a series of patients who presented with treatment resistant
self-injurious behavior, eight of the 10 showed an improvement in their behavior when
treated with Marinol without serious enough side effects to merit discontinuing the
medication. At 6 month follow-up, seven of the 10 continued to benefit from the
Marinol, and the eighth patient had discontinued the medicine due to a change in her
living situation. The tolerability of Marinol in this study is consistent with the experience
of Lorenz (2004) whose patients presented with a variety of neurological disorders but
not specifically SIB. Outcome of Marinol in adolescents with SIB and MR Age Gender
Co-Morbid Diagnoses # Previous Medications Dose (mg/kg/d) Outcome 11 M Visual
impairment 17 0.6 + 13 M Aphasia 9 0.2 + 13 M PDD-NOS 14 0.24 +/j 17 M Angelman
Syndrome, Aggression 9 0.09 agitation 16 F Autism, Hearing Impaired 12 0.36 + 17 M
Autism, Hearing Impaired 4 0.3 + 14 M Autism 11 0.14 agitation 13 F Hyperactivity 13
0.15 + *** 16 M Autism, Hyperactivity 8 0.3 + 14 M Fragile Syndrome, Aggression 11
0.2 + ***Marinol was discontinued due to a change in her living situation.
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Cannabidiol Based Medical Cannabis in Children with Autism- a
Retrospective Feasibility Study (P3.318)
ADI ARAN, Hanoch Cassuto, Asael Lubotzky
First published April 9, 2018

Abstract
Objective: This retrospective study assessed safety, tolerability and efficacy of
cannabidiol (CBD) based medical cannabis, as an adjuvant therapy, for refractory
behavioral problems in children with ASD.
Background: Anecdotal evidence of successful cannabis treatment in children with
autism spectrum disorder (ASD) are accumulating but formal studies are lacking.
Design/Methods: Sixty children with ASD (age = 11.8± 3.5, range 5.0–17.5; 77% low
functioning; 83% boys) were treated with oral CBD and tetrahydrocannabinol (THC) at a
ratio of 20:1. The dose was up-titrated to effect (maximal CBD dose − 10mg/kg/d).
Tolerability and efficacy were assessed using a modified Liverpool Adverse Events
Profile, the Caregiver Global Impression of Change (CGIC) scale, the Home Situations
Questionnaire–Autism Spectrum Disorder (HSQ-ASD) and the Autism Parenting Stress
Index (APSI).
Results: Following the cannabis treatment, behavioral outbreaks were much improved or
very much improved (on the CGIC scale) in 61% of patients. The anxiety and
communication problems were much or very much improved in 39% and 47%
respectively. Disruptive behaviors, were improved by 29% from 4.74±1.82 as recorded at
baseline on the HSQ-ASD to 3.36±1.56 following the treatment. Parents reported less
stress as reflected in the APSI scores, changing by 33% from 2.04±0.77 to 1.37±0.59.
The effect on all outcome measures was more apparent in boys with non-syndromic
ASD. Adverse events included sleep disturbances (14%) irritability (9%) and loss of
appetite (9%).
Conclusions: This preliminary study support the feasibility of CBD based medical
cannabis as a promising treatment option for refractory behavioral problems in children
with ASD. Based on these promising results, we have launched a large, double blind,
placebo controlled cross-over trial with 120 participants (NCT02956226).
Link: http://n.neurology.org/content/90/15_Supplement/P3.318
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Oral cannabis extracts as a promising treatment for the core symptoms of
autism spectrum disorder: Preliminary experience in Chilean patients
G. Kuester, K. Vergara, A. Ahumada, A.M. Gazmuri
PlumX Metrics
DOI: http://dx.doi.org/10.1016/j.jns.2017.08.2623

●

Full Text
Background: Preclinical studies and several anecdotal case reports suggest a dysfunctional endocannabinoid
system implicated in Autism Spectrum Disorder (ASD).
Objective: To report our preliminary findings in patients with ASD treated with oral cannabis extracts.
Patients and Methods/Material and Methods: We retrospectively reviewed all consecutive patients seen between
June 2016-March 2017, with ASD diagnosis according to DSM-V, treated with sublingual whole plant cannabis
extracts for at least three months. We reviewed demographic/clinical data, neuroimaging/EEG studies,
vision/audition/genetic/metabolic tests, and parental/school/neuropsychological reports. Type of cannabis strain,
CBD:THC ratio, daily dose of CBD/THC/CBN, and adverse events were documented. Clinical changes were
estimated using Clinical Global Impression of Improvement (CGI-I) and Autism Parenting Stress Index (APSI).
Informed consent was obtained.
Results: 20 children and one adult patients were selected. Mean age: 9 years, 10 months (range: 26 mo-22 yo), 15
males. Mean follow-up: 7,6 mo (range: 3-12). 66,7% of patients had significant improvement according to CGI-I and
APSI. Most cases improved at least one of the core symptoms of ASD, including social communication, language,
or repetitive behaviors. Additionally, sensory difficulties, food acceptance, feeding and sleep disorders, and/or
seizures were improved in most cases. 71,5% of patients received balanced CBD:THC extracts; 19,0% high-CBD;
and 9,5% high-THC extracts. Oral cannabis extracts were well tolerated. Two patients had more agitation and one
had more irritability, effects that were solved by changing the strain.
Conclusion: In this small series of ASD patients, oral cannabis extracts were dramatically more effective than
conventional medicines. Large randomized controlled trials are needed to establish efficacy and safety of medicinal
cannabis in ASD.
Link: https://www.jns-journal.com/article/S0022-510X(17)33120-9/fulltext
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Abstract: Several studies highlight a key involvement of endocannabinoid (EC) system in autism
pathophysiology. The EC system is a complex network of lipid signaling pathways comprised
of arachidonic acid-derived compounds (anandamide, AEA) and 2-arachidonoyl glycerol (2-AG),
their G-protein-coupled receptors (cannabinoid receptors CB1 and CB2) and the associated enzymes.
In addition to autism, the EC system is also involved in several other psychiatric disorders (i.e., anxiety,
major depression, bipolar disorder and schizophrenia). This system is a key regulator of metabolic and
cellular pathways involved in autism, such as food intake, energy metabolism and immune system
control. Early studies in autism animal models have demonstrated alterations in the brain’s EC system.
Autism is also characterized by immune system dysregulation. This alteration includes differential
monocyte and macrophage responses, and abnormal cytokine and T cell levels. EC system dysfunction
in a monocyte and macrophagic cellular model of autism has been demonstrated by showing that the
mRNA and protein for CB2 receptor and EC enzymes were significantly dysregulated, further indicating
the involvement of the EC system in autism-associated immunological disruptions. Taken together,
these new findings offer a novel perspective in autism research and indicate that the EC system could
represent a novel target option for autism pharmacotherapy.
Keywords: endocannabinoid system; neuro-immune system; monocyte; autism

1. Introduction: Autism
According to US National Institute of Mental Health, autism spectrum disorder (ASD) is the name
for a group of developmental disorders [1] and is characterized by the diagnostic and treatment manual
for mental disorders, fifth edition (DSM-5), as possessing persistent deficits in social communication
and interaction, restricted, repetitive patterns of behavior, interests, or activities [2,3]. ASD includes
a wide range (the so called spectrum) of symptoms, skills, and levels of disability. However, DSM-5
does not include subcategories of a larger disorder, but the range of characteristics and severity within
one category are described [1]. Symptoms of ASD begin in early childhood, and produce clinically
significant developmental impairment [2]. Some cases of ASD children display genetic or chromosomal
abnormalities as seen in Fragile X syndrome or Down syndrome; however, most cases of ASD have
an unknown etiology [1]. Based on most recent prevalence data, worldwide population prevalence is
about 1% [4]. Intellectual disability is present in about 45% of individuals with autism and 32% have
regression [4].
Int. J. Mol. Sci. 2017, 18, 1425; doi:10.3390/ijms18071425
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2. Autism and Inflammatory State
The inflammatory state has been shown to be associated with ASD in many studies which show
abnormalities in immune system components [5]. A recent study showed that interleukin 8 was
significantly increased in blood of children with ASD [6]. Further, immune system disruption [7,8]
and immune system dysfunction have been implicated in ASD [9–14]. These abnormalities include
differential monocyte responses, abnormal T helper cytokine levels, decreased T cell mitogen response,
decreased numbers of lymphocytes, and abnormal serum immunoglobulin levels. Arima et al. have
shown that regional neuronal activation provides a mechanism by which autoreactive T cells may cross
the blood brain barrier [15]. Neutrophils have been shown to mediate disruption of the blood-spinal
cord barrier in some neuroinflammatory diseases [16], which may have implications for autism. ASD
children display differential monocyte responses to toll-like receptor ligands [17].
Other studies have shown that children with autism exhibit immune system abnormalities,
in particular for antibodies against brain and central nervous system proteins, as well as
against maternal proteins [18–25], and increased plasma pro-inflammatory cytokine levels [26,27].
The relationship of serum anti-neuronal antibodies and increased autism severity has been
demonstrated [28]. Aktas et al. have demonstrated neuronal damage in autoimmune neural
inflammation which is mediated by the death ligand TRAIL [29]. Garay et al. have proposed
novel roles for immune system molecules in neural development that may have implications for
autism [30]. They proposed that major histocompatibility complex I (MHCI) and its receptors,
complement, and cytokines influence the function and development of brain synapses and influence
the development of ASD. Over-expression and activation of several caspases was found in autistic
peripheral blood mononuclear cells [31]. Among them, the mRNA levels of pro-inflammatory
caspase-1, -4 and -5 and protein levels of caspase-7 and -12 were significantly increased, along with
over-activation of caspase-3.
3. Endocannabinoid System
The endocannabinoid system (EC) is comprised of arachidonic acid derived compounds,
their receptors and the associated enzymes (Figure 1) [32]. The EC system represents an intricate
network of lipid signaling pathways. The naturally occurring EC “building blocks” are
N-arachidonoylethanolamine (anandamide, AEA) and 2-arachidonoyl glycerol (2-AG), that exert
their effects through the G-protein-coupled cannabinoid receptor (GPCR) type 1 (CB1) and type 2
(CB2), which, in turn, are negatively coupled to the adenylate cyclase enzyme [33]. AEA (whose name
derives from “ananda” that in Sanskrit means “joy” [34]) and 2-AG are part of the molecular group
of N-acylethanolamines (NAEs) and monoacylglycerol (MAG) glycerophospholipids classes [35],
and were the first described endogenous ligands of CB receptors [36,37]. The two CB1 and CB2 belong
to the class-A GPCR subfamily receptors [38]. They are heptahelical transmembrane receptors in that
the N-terminal domain is localized outside the membrane and contains the ligand bound site, whereas
the C-terminal domain is localized in the cytosol and interacts with a Gi protein. Classically, CB1 is
mainly located in central and peripheral nervous system and CB2 in immune cells, even though some
neurons are able to express CB2 receptors [33].
AEA and 2-AG are synthesized “on demand” from lipophilic precursors and immediately released
without being stored in vesicles [39]. Once bound to CB receptors, AEA activates a signal transduction
pathway, resulting in blocking the production of the intracellular second messenger, cyclic adenosine
30 ,50 -monophosphate (cAMP) [40,41]. Indeed, CB1 and CB2 receptors are Gi protein-coupled receptors
that, once activated, are able to block most isoforms of the adenylate cyclase enzyme [42]. However,
co-expression of CB1 or CB2 with adenylate cyclase isoforms 2, 4, or 7 resulted in stimulation of cyclic
AMP accumulation [43], and may indicate a second method for cannabinoid activation to influence
cellular processes.
Blocking of the adenylate cyclase enzyme inhibits the synthesis of cAMP; as result, the cellular
activity is highly modulated. The main enzyme affected by lower levels of cAMP is the protein kinase
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This binuclear metal center is responsible for binding and orienting the substrate for catalysis [50].
Once unbounded after being bind to the receptor, AEA is physiologically inactivated by uptake into
the cells, followed by catalytic hydrolysis via fatty acid amide hydrolase (FAAH) [51]. NAPE-PLD and
FAAH enzymes are the other components of the EC system.
4. EC System in Neuropsychiatric Disorders
The EC system plays a key role in several psychiatric disorders (i.e., anxiety, major
depression, bipolar disorder and schizophrenia) [52]. Endocannabinoids, by modulating synaptic
neurotransmission, are involved in the development of the central nervous system [53]. Indeed,
2-AG, through CB1 receptor activation and consequent ERK1/2 phosphorilation, is able to modulate
synaptogenesis, axonal outgrowth, neuronal cell fate, migration and proliferation [53,54]. 2-AG shows
a key role in post-traumatic stress disorder and memory [55]. It has been demonstrated that stimulating
hippocampal CB1 receptors, directly through the synthetic cannabinoid receptor agonist WIN55212-2
or indirectly with a 2-AG hydrolysis inhibitor, is able to increase the spatial memory performance of
rats trained under a higher stressful condition [55]. Interestingly, it has been proposed that the placenta,
fetal adipose tissue and nervous tissues could interact via EC signals and that maternal nutrition
during pregnancy could affect the formation and function of the hippocampus and hypothalamus by
altering EC signaling [53]. It is likely that at the basis of this involvement in brain disorders there is the
link between the EC system and neurotrophin signaling. Brain-derived neurotrophic factor (BDNF)
and CB1 receptors cooperate to protect against excitotoxicity [56]. Genetic or pharmacological blockade
of CB1 receptor increased neuron scusceptibility to kainic acid-excitotoxicity; interestingly, exogenous
BDNF counteracted the damages of CB1 receptor inactivation, also preventing neuronal death [57].
Furthermore, CB1 receptor activation is able to induce the expression of immediate early genes,
including BDNF mRNA [58]. A cooperation between CB1 and fibroblast growth factor (FGF) drives
axonal growth [59]. CB1 receptor also shows neuroprotective capacities by decreasing tumor necrosis
factor (TNF)-α levels in neurodegenerative conditions [60]. ECs are also linked to neurotransmitters,
in that dopamine transmission and the EC system exhibit feedback controls on each other. Indeed,
cannabinergic signaling is able to release dopamine, whilst dopaminergic signaling, via dopamine
D2-like receptors, lead to up-regulation of EC signaling [61]. EC signaling also functions as a retrograde
signaling system in GABAergic and glutamatergic synapses (inhibitory effect on glutamate) [62,63].
The fact that the EC system represents the link between immune and central nervous systems
is also worth noting [64]. CB2 receptors are primarily located on immune system cells and serve as
immune system modulators [65], while CB1 receptors are located in the central nervous system
(particularly in cerebral cortex, hippocampus, basal ganglia, and cerebellum, lower levels are
detectable in hypothalamus and spinal cord), peripheral nervous system, and peripheral organs [33].
ECs influence neuroimmune function and neuroinflammation and are also a key regulator of other
metabolic and cellular pathways involved in autism, such as food intake, energy metabolism and
control of the immune system.
5. ECs and Autism
In the CNS, CB1 receptors are expressed in the cerebellum, hippocampus, and the basal
ganglia [66], which are areas in the brain implicated as dysfunctional in autism [67,68]. It has been
demonstrated that during development, CB1 receptors drive axon guidance and are responsible for
synaptogenesis [56,69,70]. Autistic children have been shown to have abnormal brain connectivity,
which could be due to lack of CB1 axon guidance [71].
In the immune system, CB2 receptors act as modulators [64]. They are responsible for control of
the movement of inflammatory cells to the site of injury [72]. CB2 receptor agonists are able to decrease
TNF-α-induced human endothelial cell activation and transendothelial migration of monocytes by
interfering with endothelial adhesion [73].
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In the valproic acid (VPA) rat model of autism, CB1 receptors displayed altered phosphorylation
in different brain areas associated with changes in AEA metabolism [74]. Interestingly, in VPA-exposed
rats the expression of NAPE-PLD was reduced, whereas the expression of FAAH was increased,
indicating a reduced AEA-mediated signaling that could be responsible for the deficits in the
communicative and social domain. Furthermore, the administration of the AEA hydrolysis inhibitor
URB597 ameliorated the social and behavioral deficits [74]. FAAH inhibition as strategy to
increase social behaviors was further confirmed both in the VPA model and in an inflammatory
rat model [75,76].VPA-exposed rats showed reduced peroxisome proliferator-activated receptor
(PPAR)α/γ and orphan G protein-coupled receptor 55 (GPR55) expression in the frontal cortex and
hippocampus [77]. These biomolecules are additional alternative receptor targets of the ECs involved
in behavioral changes. It is to be considered that, like all animal models, VPA-exposed rodents do
not fully replicate the human disease; however, this model provides a valuable tool to investigate the
neurobiology underlying autistic behavior and to identify for novel therapeutic targets [78].
Several evidences demonstrate a key role for the EC system in ASD (Table 1). It was confirmed
by Foldy and colleagues that found that neuroligin-3 mutations associated with autism commonly
disrupt tonic EC signaling [79], as well as by in vitro data demonstrating that CB2 receptors are
up-regulated (both mRNA and protein levels) in autistic-derived peripheral blood mononuclear
cells [47]. Interestingly, the mRNA for the AEA-synthesizing enzyme NAPE-PLD was significantly
decreased [47]. The simultaneous up-regulation of CB2 receptors and down-regulation of NAPE-PLD
in these type of immune cells indicates that EC system drives immune-mediated changes in autism.
More interesting, in vitro monocyte-derived macrophagic cells from individuals with ASD further
display EC system dysregulation [80]. This indicates the involvement of the EC system in autism
associated immunological disruptions, as macrophages are specialized cells strongly involved in
inflammation responses [80]. Further, autistic in vitro monocyte-derived macrophages showed
an increase in AEA-biosynthetic enzyme NAPE-PLD, together with a decrease in the AEA catabolic
enzyme FAAH, indicating an overall increase in the EC AEA levels [80]. As natural agonist of CB2
receptors, AEA down-regulates cAMP production. Agonist-induced inhibition of adenylyl cyclase
enzyme in cells expressing human CB2 receptors has been demonstrated [81].
Palmitoylethanolamide (PEA) is an endogenous N-acylethanolamine (the same molecular family
of AEA), it has been shown to be an indirect cannabinoid agonist by decreasing the inactivation
of the endocannabinoid anandamide [82]. Although PEA does not directly activate CB receptors,
it has anti-inflammatory and anti-nociceptive properties [83]. The effects of FAAH enzyme inhibition
in ameliorating autistic social behaviors could be also due to increase N-acylethanolamines such
as PEA and oleoylethanolamine (OEA). Indeed, PEA and OEA are substrates degraded by FAAH
enzyme [84]. It has been demonstrated that FAAH-deficient mice showed higher brain levels of
AEA, PEA and OEA than those in wild-type mice [85]. As an anti-inflammatory molecule, PEA is
able to reduce cyclooxygenase (COX) activity in macrophages in a model of inflammatory pain [83].
PEA has also effective intestinal anti-inflammatory characteristics [86], which is a point of interest
for autism since part of the autistic chronic inflammatory state is mediated via the gastrointestinal
associated immune system [10,87,88]. The observed anti-inflammatory effects of PEA are exerted
through activation of CB2, GPR55 and PPAR receptors [86]. Very importantly, in the autism VPA mouse
model, the administration of co-ultramicronized PEA in association with luteolin was effective on social
and behavioral defects [89]. Treated VPA-induced autistic-like mice showed increased hippocampal
neurogenesis and synaptic plasticity, as well as reduced expression of pro-inflammatory markers,
and overall reduction in neuroinflammation. The same authors reported a case of an autistic child
treated with PEA and luteolin; this treatment was able to reduce behavioral alterations [89]. It has been
reported that ultramicronized PEA, administered alone, reduced inflammatory markers and produced
rapid clinically significant improvements in two teenage boys with autism [90]. With the success of
these case reports, appropriate double-blind controlled clinical trials to further explore the potential of
cannabinoid agonists as a treatment for autism are encouraged.
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Recently, a very interesting link between an analgesic drug, acetaminophen (N-acetyl-para-aminophenol),
and social behaviors has been reported. Acetaminophen mechanism of action involves EC system.
Indeed, its effects could be mediated by the active metabolite p-aminophenol, which in turn is
conjugated with arachidonic acid by FAAH to form AM404. AM404 exerts effect through CB
receptors. Local applications of acetaminophen promote social interactions in Swiss mice [91].
AM404 is structurally similar to AEA and shows weak agonist action on CB receptors, it also
inhibits AEA-membrane transporter, in this way enhancing EC tone [92]. Conversely, it has been
shown that the AM404 and p-aminophenol are toxic for mouse embryonic cortical neurons [93].
In addition, acetaminophen differentially changes social behavior in a mouse model of autism [94].
Neonatal exposure to acetaminophen affects cognitive function and alters its analgesic and anxiolytic
response in adult male mice [95]. Prenatal and perinatal use of acetaminophen was linked to
autism in an ecological study in 2013 [96] and an increased risk for autism from acetaminophen
use in young children has been shown in a parental survey where parents reported confirmed
diagnoses of ASD [97]. This increased risk for autism may be due to acetaminophen disruption
of the EC system [98]. It is known that acetaminophen produces analgesia by an indirect agonist
effect at cannabinoid receptors in the brain through conversion of the acetaminophen metabolite
p-aminophenol to N-arachidonoylaminophenol [99–101]. Blocking cannabinoid receptors completely
eliminates the analgesic effect of acetaminophen [102,103]. Furthermore, the events in the history
of acetaminophen use have been related to autism and asthma [104]. The number of children with
autism or asthma greatly increased in the US after the CDC issued a warning against using aspirin
for children’s fever in 1980, which increased acetaminophen use. It has been shown that there were
separate decreases in the number of children with autism or asthma born in the two years after
two highly publicized US incidents in 1982 and 1986 where acetaminophen capsules were laced
with cyanide [104] which reduced the use of acetaminophen. Asthma and autism both prominently
feature an increased inflammatory state. Parker and colleagues have reviewed the association of
acetaminophen and autism in a report published in 2017 [105]. Moreover, asthma and allergic
inflammation conditions also show EC system involvement: CB2 could directly contribute to the
pathogenesis of eosinophil-mediated diseases [106,107]. Taken together, all these findings highlight
a controversial role for acetaminophen in ASD. No experimental studies demonstrate that prenatal
acetaminophen exposure causes developmental brain alterations of progeny [108]. This paradoxical
effect could be related to the doses of drug used: low doses could produce the neuroprotective
effects [92].
Although ECs are attractive candidates for the restoration of ASD, several concerns must be
addressed to adequately understand their proper application. The EC system plays a key role in
the development of the central nervous system and its activation can induce long-lasting functional
alterations [109]. Use of the exogenous cannabinoid tetrahydrocannabinol in the still-maturing brain
may produce persistent alterations in brain structure and cognition [110]. Animal models have revealed
long-lasting brain dysfunction and memory impairment as danger of both cannabis abuse and exposure
to cannabinoid drugs during brain development [111]. In addition, disentangling the psychoactive
and therapeutic effects of cannabioids could be an obstacle to the their therapeutic use. However,
cannabidiol (CBD), the non-psychoactive phytocannabinoid, has shown several therapeutic activities
(i.e., neuroprotection, immunomodulation, anti-oxidative and anti-inflammatory properties) [112,113]
with no-side effects (including psychotropic activity [114].
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Table 1. PubMed analysis of current literature limited to keywords “EC system disruption human ASD”.
First Author

Year

Title

Reference

Schultz

2008

Acetaminophen (paracetamol) use, measles-mumps-rubella vaccination, and autistic
disorder: The results of a parent survey

[97]

Schultz

2010

Can Autism Be Triggered by Acetaminophen Activation of the Endocannabinoid
System?

[98]

Becker

2010

Similarities in features of autism and asthma and a possible link to acetaminophen use.

[104]

Bauer

2013

Prenatal and perinatal analgesic exposure and autism: An ecological link

[96]

McFadden

2013

Evidence for dysregulation of axonal growth and guidance in the etiology of ASD.

[71]

Siniscalco

2013

Cannabinoid receptor type 2, but not type 1, is up-regulated in peripheral blood
mononuclear cells of children affected by autistic disorders.

[47]

Siniscalco

2014

The in vitro GcMAF effects on endocannabinoid system transcriptionomics, receptor
formation, and cell activity of autism-derived macrophages.

[80]

Parker

2017

The role of oxidative stress, inflammation and acetaminophen exposure from birth to
early childhood in the induction of autism.

[105]

6. Conclusions
Pharmacological approaches for autism are directed at symptoms, rather than the underlying
pathogenesis. The EC system in autism orchestrates the apparent nexus of the peripheral and central
neuro-immunologically mediated effects in autism. The newest studies suggest that pharmacological
modulation of the EC system could represent a novel approach for autism treatment [115].
Among the potential EC targets, modulation of CB2 receptor signaling could offer a promising
therapeutic option with minimal psychotropic effects [116]. FAAH inhibition could offer another
pharmaceutical strategy, as well as PEA supplementation, since it is a natural compound produced in
humans and could represent a novel future treatment.
EC system modulation has been shown to be an effective treatment in vivo and in vitro models,
the adverse side effects of CB receptor agonism needs to be weighed against the clinical benefit
to patients [117]. In addition, psychoactive chemical components of exogenous cannabinoids,
i.e., ∆-9-tetrahydrocannabinol (∆-THC), could impact the positive effects of the non-psychoactive
components cannabidiol, cannabinol, and cannabigerol. While randomized controlled trials of
cannabis-based medicine (CBM) have been performed for several pathologies, e.g., multiple sclerosis,
demonstrating the effectiveness, safety and tolerance [114], randomized placebo-controlled double
blind clinical trials in ASD are to be encouraged.
The use of cannabis for medical purposes is associated with several short- and long-term
neurological adverse effects [118]. Furthermore, as ASD comprises heterogeneous subtypes, all of
which have a significant unmet clinical need, a more clearly defined standard of clinical endophenotype
would be useful to address ASD heterogeneity and potential EC modulation [27]. Subgroups of ASD
individuals with higher levels of inflammation may benefit more from the anti-inflammatory effects
of drugs that increase cannabinoid levels, and this should be studied more closely in clinical trials.
Before advocating the use of ∆-THC, CBD or other endocannabinoid-mimetic drugs for the treatment
of autism, clinical trials need to be performed to establish whether there is a beneficial effect and to
provide protocols for their therapeutic use including benefits depending on individuals’ cannabinoid
receptor subtypes.
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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

1

October 2019 | Volume 10 | Article 1145

Fleury-Teixeira et al.

CBD-Enriched Extract on ASD

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.

The studies involving human participants were reviewed and
approved by the Ethics Committee on Human Research of
the Health Sciences College of the University of Brasilia
(Universidade de Brasília- UnB), under the protocol number
CAAE 16308719.3.0000.0030. Written informed consent to
participate in this study was provided by the participants’ legal
guardian/next of kin.

AUTHOR CONTRIBUTIONS
PF-T: concept, methods design, patient care, clinical supervision,
writing contributions to the manuscript introduction, methods,
and discussion. FC: data analysis, critical review of the
manuscript, submission. LR: concept, methods design, writing
contributions to the manuscript introduction. JB-N: critical
review of the manuscript. RM-L: concept, methods design,
scientific supervision, bibliographic review, writing contributions
to the manuscript introduction, methods, and discussion.

FUNDING
FC was supported by FAP-DF (Grant 0193-001486/2017).

ACKNOWLEDGMENTS
We thank the Brazilian Association of Medical Cannabis
Patients (Ama-Me) and Ama-Me’s public affairs Director, Juliana
Paolinelli, for introducing the patients to the authors. We thank
Cassio Ismael and CBDRx for providing the cannabis extract to
the patients from Ama-Me whose treatment is reported in this
paper. We also thanks Carbisa for supporting our project.

SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fneur.
2019.01145/full#supplementary-material

REFERENCES
6.

1. American Psychiatry Association. Diagnostic and Statistical Manual of Mental
Disorders - DSM-5, 5th ed. AP Association Editor, Belo Horizonte (2013).
2. Elsabbagh M, Divan G, Koh YJ, Kim YS, Kauchali S, Marcin C, et al. Global
prevalence of autism and other pervasive developmental disorders. Autism
Res. (2012) 5:160–79. doi: 10.1002/aur.239
3. Committee on Children With Disabilities. American academy of pediatrics:
the pediatrician’s role in the diagnosis and management of autistic spectrum
disorder in children. Pediatrics. (2001) 107:1221–6. doi: 10.1542/peds.107.5.
1221
4. Mahajan R, Bernal MP, Panzer R, Whitaker A, Roberts W, Handen B,
et al. Clinical practice pathways for evaluation and medication choice
for attention-deficit/hyperactivity disorder symptoms in autism spectrum
disorders. Pediatrics. (2012) 130(Suppl 2S):125–38. doi: 10.1542/peds.
2012-0900J
5. Kern JK, Geier DA, King PG, Sykes LK, Mehta JA, Geier MR. Shared
brain connectivity issues, symptoms, and comorbidities in autism
spectrum disorder, attention deficit/hyperactivity disorder, and tourette

Frontiers in Neurology | www.frontiersin.org

7.

8.

9.

10.

7

syndrome. Brain Connect. (2015) 5:321–35. doi: 10.1089/brain.2014.
0324
Shuster J, Perry A, Bebko J, Toplak ME. Review of factor analytic studies
examining symptoms of autism spectrum disorders. J Autism Dev Disord.
(2014) 44:90–110. doi: 10.1007/s10803-013-1854-3
Hazen EP, Stornelli JL, O’Rourke JA, Koesterer K, McDougle CJ. Sensory
symptoms in autism spectrum disorders. Harv Rev Psychiatry. (2014) 22:112–
24. doi: 10.1097/01.HRP.0000445143.08773.58
Kral TV, Eriksen WT, Souders MC, Pinto-Martin JA. Eating behaviors,
diet quality, and gastrointestinal symptoms in children with autism
spectrum disorders: a brief review. J Pediatr Nurs. (2013) 28:548–
56. doi: 10.1016/j.pedn.2013.01.008
Angelidou A, Alysandratos KD, Asadi S, Zhang B, Francis K, Vasiadi M,
et al. Brief report: “allergic symptoms” in children with autism spectrum
disorders. More than meets the eye? J Autism Dev Disord. (2011) 41:1579–
85. doi: 10.1007/s10803-010-1171-z
Stoppelbein L, Sytsma-Jordan S, Greening L. Correlates of
psychomotor symptoms in autism. Int Rev Neurobiol. (2005)
71:343–57. doi: 10.1016/S0074-7742(05)71014-X

October 2019 | Volume 10 | Article 1145

Fleury-Teixeira et al.

CBD-Enriched Extract on ASD

31. Bang M, Lee SH, Cho SH, Yu SA, Kim K, Lu HY, et al. Herbal
medicine treatment for children with autism spectrum disorder: a
systematic review. Evid Based Complement Alternat Med. (2017)
2017:8614680. doi: 10.1155/2017/8614680
32. Wink LK, Early M, Schaefer T, Pottenger A, Horn P, McDougle CJ, et al. Body
mass index change in autism spectrum disorders: comparison of treatment
with risperidone and aripiprazole. J Child Adolesc Psychopharmacol. (2014)
24:78–82. doi: 10.1089/cap.2013.0099
33. Fung LK, Mahajan R, Nozzolillo A, Bernal P, Krasner A, Jo B, et al.
Pharmacologic treatment of severe irritability and problem behaviors in
autism: a systematic review and meta-analysis. Pediatrics. (2016) 137(Suppl
2S):124–35. doi: 10.1542/peds.2015-2851K
34. Sahoo S, Padhy SK, Singla N, Singh A. Effectiveness of clozapine for the
treatment of psychosis and disruptive behaviour in a child with atypical
autism: a case report and a brief review of the evidence. Asian J Psychiatr.
(2017) 29:194–5. doi: 10.1016/j.ajp.2017.07.012
35. Fitzpatrick SE, Srivorakiat L, Wink LK, Pedapati EV, Erickson CA.
Aggression in autism spectrum disorder: presentation and treatment options.
Neuropsychiatr Dis Treat. (2016) 12:1525–38. doi: 10.2147/NDT.S84585
36. Doyle CA, McDougle CJ. Pharmacologic treatments for the behavioral
symptoms associated with autism spectrum disorders across the lifespan.
Dialogues Clin Neurosci. (2012) 14:263–79.
37. Hirota T, Veenstra-Vanderweele J, Hollander E, Kishi T.
Antiepileptic
medications
in
autism
spectrum
disorder:
a
systematic review and meta-analysis. J Autism Dev Disord. (2014)
44:948–57. doi: 10.1007/s10803-013-1952-2
38. Antel J, Hebebrand J. Weight-reducing side effects of the antiepileptic agents
topiramate and zonisamide. In: Joost HG, editor, Appetite Control. Handbook
of Experimental Pharmacology, vol 209. Berlin; Heidelberg: Springer. (2012)
433–66. doi: 10.1007/978-3-642-24716-3_20
39. Ijff DM, Aldenkamp AP. Cognitive side-effects of antiepileptic
drugs
in
children.
Handb
Clin
Neurol.
(2013)
111:707–
18. doi: 10.1016/B978-0-444-52891-9.00073-7
40. Dreifuss FE, Langer DH. Side effects of valproate. Am J Med. (1988) 84:34–
41. doi: 10.1016/0002-9343(88)90055-1
41. Duggal HS. Psychotic symptoms associated with topiramate: cognitive
side effects or worsening of psychosis? J Clin Psychiatry. (2004)
65:1145. doi: 10.4088/JCP.v65n0818c
42. Hesami O, Hosseini SS, Kazemi N, Hosseini-Zijoud SM, Moghaddam NB,
Assarzadegan F, et al. Evaluation of ocular side effects in the patients on
topiramate therapy for control of migrainous headache. J Clin Diagn Res.
(2016) 10:NC01–4. doi: 10.7860/JCDR/2016/16263.7339
43. Nicolai J, Smith SJ, Keunen RW. Simultaneous side effects of both clozapine
and valproate. Intensive Care Med. (2001) 27:943. doi: 10.1007/s0013401
00937
44. Wood JR, Nelson-Degrave VL, Jansen E, McAllister JM, Mosselman S,
Strauss JF 3rd. Valproate-induced alterations in human theca cell gene
expression: clues to the association between valproate use and metabolic side
effects. Physiol Genomics. (2005) 20:233–43. doi: 10.1152/physiolgenomics.
00193.2004
45. Koliqi R, Polidori C, Islami H. Prevalence of side effects treatment with
carbamazepine and other antiepileptics in patients with epilepsy. Mater
Sociomed. (2015) 27:167–71. doi: 10.5455/msm.2015.27.167-171
46. Langbehn DR, Alexander B. Increased risk of side-effects in psychiatric
patients treated with clozapine and carbamazepine: a reanalysis.
Pharmacopsychiatry. (2000) 33:196.
47. Treat L, Chapman KE, Colborn KL, Knupp KG. Duration of use of oral
cannabis extract in a cohort of pediatric epilepsy patients. Epilepsia. (2017)
58:123–7. doi: 10.1111/epi.13617
48. Slomski A. Fewer seizures with cannabidiol in catastrophic epilepsy. JAMA.
(2017) 318:323. doi: 10.1001/jama.2017.8846
49. Rosenberg EC, Louik J, Conway E, Devinsky O, Friedman D. Quality of
life in childhood epilepsy in pediatric patients enrolled in a prospective,
open-label clinical study with cannabidiol. Epilepsia. (2017) 58:e96–
100. doi: 10.1111/epi.13815
50. Ridler C. Epilepsy: Cannabidiol reduces seizure frequency in Dravet
syndrome. Nat Rev Neurol. (2017) 13:383. doi: 10.1038/nrneurol.
2017.86

11. Bozzi Y, Provenzano G, Casarosa S. Neurobiological bases of autism-epilepsy
comorbidity: a focus on excitation/inhibition imbalance. Eur J Neurosci.
(2018) 47:534–48. doi: 10.1111/ejn.13595
12. Cawthorpe D. Comprehensive description of comorbidity for autism
spectrum disorder in a general population. Perm J. (2017) 21:16088. doi: 10.7812/TPP/16-088
13. Pan PY, Yeh CB. The comorbidity of disruptive mood dysregulation
disorder in autism spectrum disorder. Psychiatry Res. (2016) 241:108–
09. doi: 10.1016/j.psychres.2016.05.001
14. Polyak A, Kubina RM, Girirajan S. Comorbidity of intellectual
disability confounds ascertainment of autism: implications for
genetic diagnosis. Am J Med Genet B Neuropsychiatr Genet. (2015)
168:600–8. doi: 10.1002/ajmg.b.32338
15. Stadnick N, Chlebowski C, Baker-Ericzen M, Dyson M, Garland A,
Brookman-Frazee L. Psychiatric comorbidity in autism spectrum disorder:
correspondence between mental health clinician report and structured parent
interview. Autism. (2017) 21:841–51. doi: 10.1177/1362361316654083
16. Khalil R, Tindle R, Boraud T, Moustafa AA, Karim AA. Social decision making
in autism: on the impact of mirror neurons, motor control, and imitative
behaviors. CNS Neurosci Ther. (2018) 24:669–76. doi: 10.1111/cns.13001
17. Griffiths KK, Levy RJ. Evidence of mitochondrial dysfunction
in autism: biochemical links, genetic-based associations, and
non-energy-related mechanisms. Oxid Med Cell Longev. (2017)
2017:4314025. doi: 10.1155/2017/4314025
18. Hu Y, Ehli EA, Boomsma DI. MicroRNAs as biomarkers for psychiatric
disorders with a focus on autism spectrum disorder: current progress in
genetic association studies, expression profiling, and translational research.
Autism Res. (2017) 10:1184–203. doi: 10.1002/aur.1789
19. Schroeder JC, Reim D, Boeckers TM, Schmeisser MJ. Genetic animal models
for autism spectrum disorder. Curr Top Behav Neurosci. (2017) 30:311–
24. doi: 10.1007/7854_2015_407
20. Todd RD. Genetic advances in autism hinge on the method
of measuring symptoms. Curr Psychiatry Rep. (2005) 7:133–
7. doi: 10.1007/s11920-005-0010-y
21. Tordjman S, Cohen D, Coulon N, Anderson GM, Botbol M, Canitano
R, et al. Reframing autism as a behavioral syndrome and not a specific
mental disorder: implications of genetic and phenotypic heterogeneity.
Neurosci Biobehav Rev. (2017) 80:210. doi: 10.1016/j.neubiorev.2018.
01.014
22. Ziats MN, Rennert OM. The evolving diagnostic and genetic
landscapes of autism spectrum disorder. Front Genet. (2016)
7:65. doi: 10.3389/fgene.2016.00065
23. Trottier G, Srivastava L, Walker CD. Etiology of infantile autism: a review of
recent advances in genetic and neurobiological research. J Psychiatry Neurosci.
(1999) 24:103–15.
24. Walsh P, Elsabbagh M, Bolton P, Singh I. In search of biomarkers for autism:
scientific, social and ethical challenges. Nat Rev Neurosci. (2011) 12:603–
12. doi: 10.1038/nrn3113
25. Masi A, Lampit A, DeMayo MM, Glozier N, Hickie IB, Guastella AJ.
A comprehensive systematic review and meta-analysis of pharmacological
and dietary supplement interventions in paediatric autism: moderators of
treatment response and recommendations for future research. Psychol Med.
(2017) 47:1323–34. doi: 10.1017/S0033291716003457
26. Masi A, DeMayo MM, Glozier N, Guastella AJ. An overview of autism
spectrum disorder, heterogeneity and treatment options. Neurosci Bull. (2017)
33:183–93. doi: 10.1007/s12264-017-0100-y
27. Lei J, Ventola P. Pivotal response treatment for autism spectrum
disorder: current perspectives. Neuropsychiatr Dis Treat. (2017) 13:1613–
26. doi: 10.2147/NDT.S120710
28. Eapen V, Nicholls L, Spagnol V, Mathew NE. Current status of biological
treatment options in autism spectrum disorder. Asian J Psychiatr. (2017)
30:1–10. doi: 10.1016/j.ajp.2017.07.025
29. D’Agati D, Chang AD, Wachtel LE, Reti IM. Treatment of severe self-injurious
behavior in autism spectrum disorder by neuromodulation. J ECT. (2017)
33:7–11. doi: 10.1097/YCT.0000000000000346
30. Cheng N, Rho JM, Masino SA. Metabolic dysfunction underlying autism
spectrum disorder and potential treatment approaches. Front Mol Neurosci.
(2017) 10:34. doi: 10.3389/fnmol.2017.00034

Frontiers in Neurology | www.frontiersin.org

8

October 2019 | Volume 10 | Article 1145

Fleury-Teixeira et al.

CBD-Enriched Extract on ASD

70. Markram K, Markram H. The intense world theory - a unifying
theory of the neurobiology of autism. Front Hum Neurosci. (2010)
4:224. doi: 10.3389/fnhum.2010.00224
71. Shannon S, Opila-Lehman J. Effectiveness of cannabidiol oil for pediatric
anxiety and insomnia as part of posttraumatic stress disorder: a case report.
Perm J. (2016) 20:108–111. doi: 10.7812/TPP/16-005
72. Blessing EM, Steenkamp MM, Manzanares J, Marmar CR. Cannabidiol as a
potential treatment for anxiety disorders. Neurotherapeutics. (2015) 12:825–
36. doi: 10.1007/s13311-015-0387-1
73. Bergamaschi MM, Queiroz RH, Chagas MH, de Oliveira DC, De
Martinis BS, Kapczinski F, et al. Cannabidiol reduces the anxiety
induced by simulated public speaking in treatment-naive social phobia
patients. Neuropsychopharmacology. (2011) 36:1219–26. doi: 10.1038/npp.
2011.6
74. Zuardi AW, Cosme RA, Graeff FG, Guimaraes FS. Effects of ipsapirone and
cannabidiol on human experimental anxiety. J Psychopharmacol. (1993) 7(1
Suppl):82–8. doi: 10.1177/026988119300700112
75. Zuardi AW, Shirakawa I, Finkelfarb E, Karniol IG. Action of cannabidiol
on the anxiety and other effects produced by delta 9-THC in normal
subjects. Psychopharmacology. (1982) 76:245–50. doi: 10.1007/BF004
32554
76. Zuardi AW, Morais SL, Guimaraes FS, Mechoulam R. Antipsychotic effect of
cannabidiol. J Clin Psychiatry. (1995) 56:485–6.
77. Zuardi AW, Crippa JA, Hallak JE, Bhattacharyya S, Atakan Z, Martin-Santos
R, et al. A critical review of the antipsychotic effects of cannabidiol: 30
years of a translational investigation. Curr Pharm Des. (2012) 18:5131–40.
doi: 10.2174/138161212802884681
78. Iseger TA, Bossong MG. A systematic review of the antipsychotic
properties of cannabidiol in humans. Schizophr Res. (2015) 162:153–
61. doi: 10.1016/j.schres.2015.01.033
79. Seeman P. Cannabidiol is a partial agonist at dopamine D2High receptors,
predicting its antipsychotic clinical dose. Transl Psychiatry. (2016)
6:e920. doi: 10.1038/tp.2016.195
80. Leweke FM, Piomelli D, Pahlisch F, Muhl D, Gerth CW, Hoyer
C, et al. Cannabidiol enhances anandamide signaling and alleviates
psychotic symptoms of schizophrenia. Transl Psychiatry. (2012)
2:e94. doi: 10.1038/tp.2012.15
81. Kerr DM, Gilmartin A, Roche M. Pharmacological inhibition of fatty
acid amide hydrolase attenuates social behavioural deficits in male rats
prenatally exposed to valproic acid. Pharmacol Res. (2016) 113(Pt A):228–
35. doi: 10.1016/j.phrs.2016.08.033
82. Lorenz R. On the application of cannabis in paediatrics and epileptology.
Neuro Endocrinol Lett. (2004) 25:40–4.
83. Jones RM, Carberry C, Hamo A, Lord C. Placebo-like response in
absence of treatment in children with Autism. Autism Res. (2017) 10:1567–
72. doi: 10.1002/aur.1798

51. O’Connell BK, Gloss D, Devinsky O. Cannabinoids in treatmentresistant epilepsy: a review. Epilepsy Behav. (2017) 70(Pt
B):341–8. doi: 10.1016/j.yebeh.2016.11.012
52. Devinsky O, Cross JH, Laux L, Marsh E, Miller I, Nabbout R, et al. Trial of
cannabidiol for drug-resistant seizures in the dravet syndrome. N Engl J Med.
(2017) 376:2011–20. doi: 10.1056/NEJMoa1611618
53. Aguirre-Velazquez CG. Report from a survey of parents regarding the use
of cannabidiol (medicinal cannabis) in Mexican children with refractory
epilepsy. Neurol Res Int. (2017) 2017:2985729. doi: 10.1155/2017/2985729
54. Tzadok M, Uliel-Siboni S, Linder I, Kramer U, Epstein O, Menascu S, et al.
CBD-enriched medical cannabis for intractable pediatric epilepsy: the current
Israeli experience. Seizure. (2016) 3541–44. doi: 10.1016/j.seizure.2016.01.004
55. Rosemergy I, Adler J, Psirides A. Cannabidiol oil in the treatment of
super refractory status epilepticus. A case report. Seizure. (2016) 35:56–
8. doi: 10.1016/j.seizure.2016.01.009
56. Devinsky O, Marsh E, Friedman D, Thiele E, Laux L, Sullivan
J, et al. Cannabidiol in patients with treatment-resistant epilepsy:
an open-label interventional trial. Lancet Neurol. (2016) 15:270–
8. doi: 10.1016/S1474-4422(15)00379-8
57. Press CA, Knupp KG, Chapman KE. Parental reporting of response to oral
cannabis extracts for treatment of refractory epilepsy. Epilepsy Behav. (2015)
45:49–52. doi: 10.1016/j.yebeh.2015.02.043
58. Hussain SA, Zhou R, Jacobson C, Weng J, Cheng E, Lay J, et al. Perceived
efficacy of cannabidiol-enriched cannabis extracts for treatment of pediatric
epilepsy: a potential role for infantile spasms and Lennox-Gastaut syndrome.
Epilepsy Behav. (2015) 47:138–41. doi: 10.1016/j.yebeh.2015.04.009
59. Cilio MR, Thiele EA, Devinsky O. The case for assessing cannabidiol in
epilepsy. Epilepsia. (2014) 55:787–90. doi: 10.1111/epi.12635
60. Porter BE, Jacobson C. Report of a parent survey of cannabidiol-enriched
cannabis use in pediatric treatment-resistant epilepsy. Epilepsy Behav. (2013)
29:574–7. doi: 10.1016/j.yebeh.2013.08.037
61. Siniscalco D, Sapone A, Giordano C, Cirillo A, de Magistris L, Rossi F, et al.
Cannabinoid receptor type 2, but not type 1, is up-regulated in peripheral
blood mononuclear cells of children affected by autistic disorders. J Autism
Dev Disord. (2013) 43:2686–95. doi: 10.1007/s10803-013-1824-9
62. Karhson DS, Krasinska KM, Dallaire JA, Libove RA, Phillips JM, Chien AS,
et al. Plasma anandamide concentrations are lower in children with autism
spectrum disorder. Mol Autism. (2018) 9:18. doi: 10.1186/s13229-018-0203-y
63. Busquets-Garcia A, Gomis-Gonzalez M, Guegan T, Agustin-Pavon C, Pastor
A, Mato S, et al. Targeting the endocannabinoid system in the treatment of
fragile X syndrome. Nat Med. (2013) 19:603–7. doi: 10.1038/nm.3127
64. Cao X, Tabuchi K. Functions of synapse adhesion molecules
neurexin/neuroligins and neurodevelopmental disorders. Neurosci Res.
(2017) 1163–9. doi: 10.1016/j.neures.2016.09.005
65. Jung KM, Sepers M, Henstridge CM, Lassalle O, Neuhofer D, Martin H,
et al. Uncoupling of the endocannabinoid signalling complex in a mouse
model of fragile X syndrome. Nat Commun. (2012) 3:1080. doi: 10.1038/
ncomms2045
66. Kerr DM, Downey L, Conboy M, Finn DP, Roche M. Alterations in the
endocannabinoid system in the rat valproic acid model of autism. Behav Brain
Res. (2013) 249:124–32. doi: 10.1016/j.bbr.2013.04.043
67. Qin M, Zeidler Z, Moulton K, Krych L, Xia Z, Smith CB.
Endocannabinoid-mediated improvement on a test of aversive memory
in a mouse model of fragile X syndrome. Behav Brain Res. (2015)
291:164–71. doi: 10.1016/j.bbr.2015.05.003
68. Malcher-Lopes R. Cannabinoids help to unravel etiological aspects in
common and bring hope for the treatment of autism and epilepsy. Rev Biol.
(2014) 13:43–59. doi: 10.7594/revbio.13.01.07
69. Chez MG, Chang M, Krasne V, Coughlan C, Kominsky M, Schwartz A.
Frequency of epileptiform EEG abnormalities in a sequential screening of
autistic patients with no known clinical epilepsy from 1996 to 2005. Epilepsy
Behav. (2006) 8:267–71. doi: 10.1016/j.yebeh.2005.11.001

Frontiers in Neurology | www.frontiersin.org

Conflict of Interest: PF-T was employed by ePrimeCare Healthcare SA, Belo
Horizonte, Brazil. RM-L has provided technical advisement to Grüne Labs, Pando,
Uruguay.
The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.
Copyright © 2019 Fleury-Teixeira, Caixeta, Ramires da Silva, Brasil-Neto and
Malcher-Lopes. This is an open-access article distributed under the terms of
the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

9

October 2019 | Volume 10 | Article 1145

doi:10.1111/jpc.13902

VIEWPOINT

Medical cannabis for paediatric developmental–behavioural and
psychiatric disorders
Daryl Efron1,2,3 and Jeremy Freeman1,4
1

Murdoch Children’s Research Institute, Departments of 2General Medicine, and 4Neurology, Royal Children’s Hospital and 3Department of Paediatrics,
University of Melbourne, Melbourne, Victoria, Australia

Developmental and behavioural disorders including autism spectrum disorders (ASD), attention-deﬁcit hyperactivity disorder,
anxiety and intellectual disability (ID) represent the largest group
of diagnoses managed by Australian paediatricians today.1 Children with ASD and ID have a high risk of developing severe and
impairing mental health problems,2,3 which cause enormous distress for the children and their families,4 and place an additional
burden on education and health-care systems, which often struggle to meet the demands imposed by them. Mental health symptoms in this patient population are a major contributor to
functional impairments and reduced quality of life, and are difﬁcult to treat. Troublesome symptoms, including aggression, selfinjury, agitation, mood changes, crying, screaming, stamping feet
and banging objects, are sometimes collectively described in drug
trials as ‘irritability’.5 Common drivers of these behaviours
include anxiety and frustration in relation to communication
impairments, and difﬁculties regulating emotional states. These
patients may not be amenable to psychological interventions,
such that environmental modiﬁcation and medication are the
main strategies available.
Psychotropic medications, including stimulants, antidepressants and antipsychotics, are the medications most frequently
prescribed by Australian paediatricians.6 These medications carry
a risk of serious adverse effects in children and adolescents in
general,7 and patients with developmental disabilities may be at
particularly high risk.8,9 Antipsychotic-induced weight gain has
negative health effects and poses an additional practical problem
in this population, as they are often dependent on carers for
everyday activities, such as dressing, bathing and toileting. Furthermore, the difﬁculty in managing challenging behaviours such
as pushing or hitting is compounded by larger patient size.
Current pharmacotherapy in this patient group is characterised
by several concerning practices, including polypharmacy, with
potential for drug interactions; frequent changes to medication
regimens, referred to by Einfeld as ‘knee-jerk psychiatry’9; adding
drugs to treat side effects, such as use of metformin to control
weight gain caused by antipsychotic medication10; and long-term
use of drugs off-label and untested in this patient group. This latter category includes atypical antipsychotics such as quetiapine
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and olanzapine, mood stabilisers such as lithium and valproate,
and novel agents including naltrexone, oxytocin and N-acetylcysteine. There has been little drug discovery work in the ﬁeld of
child and adolescent mental health for many years, and there is
an urgent need to develop safe and effective therapeutics for this
vulnerable patient group. Medical cannabis (MC) may be one
such treatment.
Humans have used marijuana for millennia, variously as a
spiritual sacrament, herbal medicine, dietary supplement or psychoactive inebriant.11 The main acute effects of plant cannabis
include relaxation, euphoria, increased sociability, heightened
perception and increased appetite, although some individuals
experience anxiety and paranoia. Common physiological
effects include tachycardia, conjunctival injection and dry mouth.
Δ9-tetrahydrocannabinol (THC) is the primary psychoactive compound in the cannabis plant, acting via cannabinoid receptors
in both the central and peripheral nervous systems. In contrast,
cannabidiol (CBD) does not appear to have psychoactive
properties,12 and so has the potential to provide health beneﬁts
without adverse psychological effects.
Use of MC is advocated for an increasing range of medical indications. To date, the symptoms with best evidence for MC use
are chronic non-cancer pain and spasticity in adults (e.g. in multiple sclerosis and spinal cord injury), although it is also used to
treat chemotherapy-induced nausea and vomiting.13 In adult
mental health and neuropsychiatry, MC has been used in
patients with epilepsy, anxiety, depression, sleep disorders, Tourette syndrome and psychosis, despite a lack of supportive evidence.14 In children, the main indication for MC is drug-resistant
epilepsy, with some supportive evidence emerging for treatment
of speciﬁc seizure types and epileptic syndromes with CBD, given
in addition to conventional antiepileptic medications.15,16
CBD has been delivered orally in an oil-based capsule or sublingual spray in human trials, in variable ratios with Δ9-THC.
Oral bioavailability is low because of extensive hepatic ﬁrst pass
metabolism. Transdermal approaches to CBD delivery have also
been investigated. CBD is highly lipophilic and so accumulates in
fat, resulting in a very long elimination half-life. It is metabolised
predominantly by cytochrome P450 (CYP) enzymes 3A and 2C in
the liver.14
The potential therapeutic effects of CBD on human behaviour
are biologically plausible. There are two endocannabinoid receptors in humans, CB1 found mostly in the brain, and CB2 located
in the peripheral nervous system as well as in lymphoid tissue.
These receptors modulate neurotransmitter release and regulate
the release of cytokines from immune cells, with potential anti1
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inﬂammatory and analgesic effects.17 CBD is thought to act indirectly by inhibiting the breakdown of the endogenous ligand
anandamide, resulting in increased binding to CB1 receptors.18
Alterations in endocannabinoid signalling have been found in
mice carrying a mutation related to autism,19 and also in a mouse
model of Fragile-X syndrome,20 raising the possibility of this system playing a role in neurodevelopment and behaviour.
Anecdotally, use of naturally occurring cannabis (phytocannabinoids) is said to have a calming effect in some children. At present, however, there is little evidence to support or refute the use
of MC to treat behavioural and psychiatric disorders in children.
One case report described improvements in hyperactivity, irritability and speech in a 6-year-old autistic boy given dronabinol
(THC),21 and improvements in self-injurious behaviour were
observed in 7 of 10 adolescents with ID-treated open-label with
dronabinol.22 A 10-year-old girl with post-traumatic stress disorder was reported to derive substantial beneﬁt from CBD oil, with
reduced anxiety and improved sleep; no side effects were
observed over 5 months of treatment.23 Improvements in mood,
behaviour and alertness were reported in both a chart review24
and a Facebook survey25 of parents of children given oral cannabis extracts for epilepsy. There is currently only one registered
controlled trial of MC use for behavioural problems in children.
This is an Israeli double-blind, placebo-controlled crossover trial
using cannabis oil with a 20:1 ratio of CBD to THC, in patients
with ASD aged 5–21 years, with a primary outcome of ‘noncompliant behaviour’.26
Regarding safety of CBD in humans, studies in healthy adults
have shown it to be well tolerated across a wide dose range, with
no signiﬁcant adverse effects on vital signs, cognition or mood
seen with oral doses of up to 1500 mg/day.14 In children with
epilepsy taking antiepileptic medications up to 50 mg/kg/day has
been prescribed.27 Adverse events reported in more than 10% of
those patients were somnolence, decreased appetite, diarrhoea,
fatigue and convulsions. CBD inhibits certain cytochrome P450
isoenzymes and drug interactions with antiepileptic medications
have been noted.28 Similar interactions with potential for adverse
effects might be expected to occur in children taking concomitant
psychotropic medications. Long-term safety data of CBD in clinical populations is not available, but there are concerns about
potential psychiatric and physical adverse effects from chronic
non-MC use in childhood and adolescence.29,30
The use of MC to treat children and adolescents with psychiatric problems has been discussed by mainstream media,31 and a
number of social media groups are advocating the use of MC for
children with conditions such as autism (Mothers Advocating
Medical Marijuana for Autism; https://www.facebook.com/
TexasMammas). Some parents report that they give cannabis
products to their children to help with their behaviour and
increasingly, Australian parents of children with developmental
disabilities and/or mental health disorders are asking their paediatricians if MC treatment is advisable and whether they can assist
them in obtaining it for their child. The American Academy of
Pediatrics has highlighted the need for further research into the
therapeutic uses of cannabinoids in children and adolescents,32 a
position supported by a recent systematic review.33
In Australia, laws have been enacted and regulations changed
to facilitate the cultivation, manufacture, importation and prescription of high quality (and high cost) MC products. Unlike
2
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countries where only medical certiﬁcation of illness is required,
in Australia a doctor prescribing MC under the Special Access
or Authorised Prescriber schemes assumes responsibility for monitoring patient safety, and must report all adverse effects to the
therapeutic goods administration. The consequence of this model
is that parents who are determined to administer MC products to
their children have two options – either persuade the doctor to
prescribe in the absence of strong evidence for efﬁcacy, or obtain
a cannabis product illegally and risk the use of low grade
products.
In summary, MC has potential as a therapeutic option in the
management of paediatric mental health symptoms; however,
the evidence to support its use for these patients is not yet
in. There is an urgent need to conduct well-designed trials of
pharmaceutical-grade MC products in children with behavioural
and psychiatric disorders. In the meantime, paediatricians
should counsel caution in relation to MC treatment for these
indications.
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Case report

Use of dronabinol (delta-9-THC) in autism: A
prospective single-case-study with an early
infantile autistic child
René Kurz, Kurt Blaas
Lindengasse 27/10, 1070 Wien, Vienna/Austria

Abstract
Objective: To evaluate the effectiveness of dronabinol (delta-9-THC) as supplementary therapy in
a child with autistic disorder.
Methods: A child who met the DSM-IV (Diagnostic and Statistical Manual of Mental Disorders)
criteria for a diagnosis of autistic disorder and who took no other medication during the observation time was included in an open and uncontrolled study. Symptom assessment was performed
using the Aberrant Behavior Checklist (ABC) before and after six months of medical treatment.
Result: Compared to baseline, significant improvements were observed for hyperactivity, lethargy, irritability, stereotypy and inappropriate speech at follow-up (p=0.043).
Conclusion: This study showed that the use of dronabinol may be able to reduce the symptoms of
autism.
Keywords: early infantile autism, autistic disorder, dronabinol, cannabinoid
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Introduction
Autistic Disorder (also referred to as early infantile
autism, childhood autism, Kanner-Syndrome) is a pervasive developmental disorder characterized by marked
impairment in social interaction, delayed language, and
restricted repertoire of activity and interests (DSM-IV
criteria for diagnosis of autistic disorder, 2007) [8][14].
Beside these core symptoms autistic children often
show aggression against others and self-injurious behaviour, also have sleep problems and eating disorders.
Early infant autism affects 1 of 2000 children, with
boys affected three times more often than girls. Autism
does not equate with mental retardation, but intelligence is frequently limited (intelligence quotient (IQ)
below 70). One quarter of autistic children achieve
good results on IQ tests, termed ‘high functional autism’. The cause of autism is still not fully explored,
but seems to be multifactorial (including genetic, environmental and neurobiochemical disorders) [19]. Cog4

nitive Behavioural Therapy is the gold standard in
treating children with early infant autism and is supported by occupational therapy, physical therapy and
pharmacological intervention (e.g. antipsychotic drugs)
[4][9][12][13][17][18].
Dronabinol, or tetrahydrocannabinol / ∆-9-THC, is a
purified cannabinoid. The main accepted field of use is
in oncology to reduce nausea and in AIDS to increase
appetite, but has also been used in chronic pain patients, inflammatory bowel diseases (Crohn´s disease,
ulcerative colitis) and multiple sclerosis for muscle
relaxation and neuropathic pain [9]. It may also be used
for major depression and Tourette’s syndrome
[1][6][11].
To date there have been no reports of the use of cannabinoids in autism. However, in internet blogs and
discussion forums there are many reports of parents
who have tried THC for their autistic children, but
without medical monitoring and inappropriate administration.
© International Association for Cannabinoid Medicines
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Table 1. Wilcoxon Rank Sum Test for samples / pre- &
post-values
Subscales
Before
After
(May 2009)
(November
2009)
Irritability
38
13
Lethargy
23
11
Stereotype
16
9
Hyperactivity
47
20
Inappropriate speech
6
0
P-value for Wilcoxon
0.04311
rank sum test

There are well known alterations of neurotransmitters
in autistic people especially in the cerebral cannabinoid
receptor system [5]. We therefore asked whether dronabinol could safely be used in autism and what outcomes can be achieved within an observation period of
six months.

Methods
This study involved a six year old boy with early infant
autism (F84.0), who was diagnosed in the Pediatric
Clinic Graz at the age of three. The diagnosis had been
made using DSM-IV criteria (American Psychiatric
Association, Diagnostic Manuel of Mental Disorders,

4th Edition) and confirmed by ADOS (Autism Diagnostic Observation Schedule) and ADI (Autism Diagnostic Interview) [2][3]. During the six months of follow-up the child did not start any new therapies or
change existing assistance measures.
At beginning and end of this study symptom severity
was determined by using the ABC (Aberrant Behavior
Checklist) [7]. This is a questionnaire consisting of 52
questions with a rating scale from zero to three (0 ... no
problem, 3 ... severe problem) filled out by an examiner together with the parents. Results are stratified in
five subscales "hyperactivity" (min.0/max.48), "lethargy"(min.0/max.48),
"stereotype"(min.0/max.21),
"irritability"(min.0/max.45)
and
"inappropriate
speech"(min.0/max.12). Analysis was done with SPSS
(SPSS 2002-10) by using the Wilcoxon Rank Sum
Test. Statistical significance was set with p≤ 0.05.
The therapy used was dronabinol drops (dronabinol
solved in sesame oil). Initial dosage was one drop
(0.62mg) in the morning which was gradually increased from day to day.

Results
During the six months follow-up the subject received
only dronabinol therapy. The maximum tolerated dose
effect was reached at 2-1-3 (two drops in the morning,

Figure 1. Change of ABC subscales within six months.
one drop midday, three drops in the evening), total
daily dose of 3,62 mg dronabinol. No adverse effects
were reported during treatment.
The ABC subscales significantly changed over six
month (p= 0.04) (see Table 1). Hyperactivity decreased
by 27 points, lethargy was reduced by 25 points and
irritability by 12 points. Stereotypic behaviour deCannabinoids  Vol 5, No 4  November 21, 2010

creased by 7 points and inappropriate speech improved
by 6 points (see Figure 1).

Discussion
This uncontrolled single case study suggests that dronabinol may reduce symptoms in early infant autism.
5
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This may have been achieved by modifying cannabinoid levels in the central nervous system. Larger controlled studies are needed to explore this effect. Dronabinol will likely not replace cognitive behavioural
therapy with early intervention, but we believe that as
an additional support it may be effective and better
tolerated than many existing antipsychotic drugs.
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Abstract
Background
Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by
restricted, stereotyped behaviors and impairments in social communication. Although the
underlying biological mechanisms of ASD remain poorly understood, recent preclinical
research has implicated the endogenous cannabinoid (or endocannabinoid), anandamide,
as a significant neuromodulator in rodent models of ASD. Despite this promising
preclinical evidence, no clinical studies to date have tested whether endocannabinoids are
dysregulated in individuals with ASD. Here, we addressed this critical gap in knowledge
by optimizing liquid chromatography-tandem mass spectrometry methodology to
quantitatively analyze anandamide concentrations in banked blood samples collected
from a cohort of children with and without ASD (N = 112).
Findings
Anandamide concentrations significantly differentiated ASD cases (N = 59) from
controls (N = 53), such that children with lower anandamide concentrations were more
likely to have ASD (p = 0.041). In keeping with this notion, anandamide concentrations
were also significantly lower in ASD compared to control children (p = 0.034).
Conclusions
These findings are the first empirical human data to translate preclinical rodent findings
to confirm a link between plasma anandamide concentrations in children with ASD.
Although preliminary, these data suggest that impaired anandamide signaling may be
involved in the pathophysiology of ASD.
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Systems Biology Analysis of the Endocannabinoid System
Reveals a Scale-free Network with Distinct Roles
for Anandamide and 2-Arachidonoylglycerol
Nicola Bernabò,1 Barbara Barboni,1 and Mauro Maccarrone 2,3

Abstract

We represented the endocannabinoid system (ECS) as a biological network, where ECS molecules are the nodes
(123) and their interactions the links (189). ECS network follows a scale-free topology, which confers robustness
against random damage, easy navigability, and controllability. Network topological parameters, such as clustering coefficient (i.e., how the nodes form clusters) of 0.0009, network diameter (the longest shortest path among
all pairs of nodes) of 12, averaged number of neighbors (the mean number of connections per node) of 3.073, and
characteristic path length (the expected distance between two connected nodes) of 4.715, suggested that molecular messages are transferred through the ECS network quickly and specifically. Interestingly, *75% of nodes
are located on, or are active at the level of, the cell membrane. The hubs of ECS network are anandamide (AEA)
and 2-arachidonoylglycerol (2-AG), which have also the highest value of betweeness centrality, and their removal causes network collapse into multiple disconnected components. Importantly, AEA is a ubiquitous player
while 2-AG plays more restricted actions. Instead, the product of their degradation, arachidonic acid, and their
hydrolyzing enzyme, fatty acid amide hydrolase, FAAH, have a marginal impact on ECS network, indeed their
removal did not significantly affect its topology.

Introduction

I

n recent years, the availability of new high-throughput
technologies has allowed an impressive advancement of
our understanding of complex biological processes. Indeed,
DNA microarrays, protein chips, 2D-electrophoresis, mass
spectrometry, and in general all the ‘‘omics’’ techniques (e.g.,
genomics, transcriptomics, proteomics, and lipidomics) are
able to deliver a huge amount of data that, on one hand, have
the potential to disclose molecular details of multifactorial
mechanisms underlying biological processes but, on the other
hand, still make it difficult to appreciate the role of each factor
and, ultimately, its actual relevance in physiological or pathological conditions. In addition, the interpretation of the data
obtained through these techniques is made difficult by the
intrinsic complexity of living systems, where nonlinear interactions occur among different components (i.e., molecules
and cells) and new properties emerge when shifting from the
single component to the whole system (i.e., from molecules to
cells, and from cells to tissues). In an attempt to overcome
these problems, systems biology has been developed as a new
science, aimed at studying the complex interactions within
1
2
3

biological systems through a multidisciplinary approach
based on the computational modeling of biological data (Van
Regenmortel, 2004). In particular, systems biology is effective
in studying the architecture of biochemical processes that involve a large number of molecules (from hundreds to thousands, and even more), that cross-talk with each other, such as
metabolic networks or cell signaling pathways (Barabasi and
Oltvai, 2004).
An emerging example of such a complex network is the socalled endocannabinoid system (ECS). Virtually every day in
the last 20 years, new data on endocannabinoid ligands, receptors, and metabolic enzymes appear in the literature, and
the number of molecular details about ECS regulation and
interactions with other signaling systems is growing at an
amazing rate. In particular, in response to the question of how
could the compounds contained in Cannabis sativa extracts
(such as marijuana and hashish) possess psychoactive and
therapeutic properties; in 1964, Mechoulam and colleagues in
Israel isolated delta-9-tetrahydrocannabinol (D9-THC) (Gaoni
and Mechoulam, 1964). Twenty-four years later, in 1988,
Howlett and colleagues (Devane et al., 1988) discovered the
type-1 cannabinoid (CB1) receptor in the brain, where it
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controls the coordination of movement, emotions, memory,
pain sensation, reward, food intake, and reproductive events.
It was found that CB1 modulates the release of several neurotransmitters in a retrograde manner, that is, by going
backwards from the postsynaptic to the presynaptic membrane (Dalton et al., 2009).
In 1993, a novel type-2 cannabinoid (CB2) receptor was
discovered in the immune system, gastrointestinal tract, liver,
kidney, bones, heart, as well as in the peripheral nervous
system (Munro et al, 1993), where it was found to be engaged
in a vast array of pathophysiological processes (Maccarrone,
2010). The existence of CB receptors in our body prompted
research into their specific endogenous ligands. Thus, in 1992
arachidonoylethanolamide (called ‘‘anandamide’’ [AEA] after
the Sanskrit word for ‘‘joy’’) was discovered as the first endocannabinoid (Devane et al., 1992), and 3 years later another
major CB1 and CB2 ligand, 2-arachidonoylglycerol (2-AG),
was demonstrated in mammals (Mechoulam et al., 1995).
Since then, many molecules that bind to and activate CB1 and
CB2 receptors have been discovered, along with additional
target receptors, purported membrane transporters, and
specific metabolic enzymes, making of the ECS an increasingly complex network of bioactive lipids and related proteins
(Barna and Zelena, 2012; Luchicchi and Pistis, 2012). To date,
solid evidence shows that the ECS plays key roles under
physiological and pathological conditions, spanning from the
control of memory and learning, mood, fear, food intake,
immune response, and reproduction, to neuroinflammatory/
neurodegenerative diseases, anxiety, depression, immune
deficiency, obesity, skin disorders, and infertility (Battista
et al., 2008; Downer, 2011; Gamage and Lichtman, 2012;
Gorzalka and Dang, 2012; Kim et al., 2011; Riebe and Wotjak,
2011; Ruehle et al., 2012).
Here, we sought to use for the first time a systems biologybased approach to investigate the complexity of the ECS. To
this aim, we built a computational model of ECS by using the
graph theory formalism (Bollobas, 1979). Indeed, an ensemble of elements that interact and/or regulate each other
can be represented by a mathematical object called ‘‘graph,’’
constituted of a variable number of nodes (the molecules)
linked together by edges (interactions), thus originating a
network (Albert, 2005). The edges can be undirected or directed, as in the case of metabolic and signal transduction
pathways, when specifying a source (starting point) and a
target (endpoint), and represent the mass or information
flow (Albert, 2005). The systems biology approach was used
with the aim of improving our understanding of the ECS
architecture, and to disclose possible additional properties
emerging from it: indeed, in complex systems such as the
ECS, the whole ensemble is more than the sum of its single
components.
Materials and Methods
Since a database with the molecular data concerning ECS is
not currently available in deposited on-line archives, we built
it up de novo, from the data present in recent peer-reviewed
literature. In particular, the review articles retrievable from
PubMed (www.ncbi.nlm.nih.gov/pubmed/) in the last 10
years were manually evaluated, using the following key
words: endocannaboinoids (819 articles), endocannabonoid
system (1004), anandamide (349), and 2-arachidonoyl glyc-
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erol (100). The following entries were also included in queries:
AEA, 2-AG, CB1, CB2, G protein-coupled receptor 55 (GPR55
or CB3), transient receptor potential cation channel subfamily
V member 1 (TRPV1), peroxisome proliferator-activated receptors (PPARs), Ca2 + , cAMP, G proteins, N-acyl phosphatidylethanolamine phospholipase D (NAPE-PLD), fatty acid
amide hydrolase (FAAH), diacylglycerol lipase (DAGL),
monoacylglycerol lipase (MAGL), fatty acid binding protein (FABP), albumin, heat shock protein 70 (HSP70). No
endocannabinoid-like compounds (palmitoylethanolamide,
PEA; stearoylethanolamide, SEA, oleoylethanolamide, OEA)
were included, because we chose to focus our analysis only on
the AEA- and 2-AG-related elements of the ECS.
In particular, all the data regarding human and mammalian cells and tissues (including knockout mice) were considered only if confirmed by a large consensus and robust
methods: the data were included in the database only when
they were supported by multiple experimental evidence (at
least three independent studies), possibly obtained with different experimental approaches (Bernabo et al., 2010; 2011).
Freely available and diffusible molecules such as H2O, CO2,
Pi, H + , and O2 were omitted from the model, and in some
cases the record represented complex events (e.g., cell adhesion or protein tyrosine phosphorylation) rather than a single
molecule, because individual components of these ensembles
are still unknown (Bernabo et al., 2010, 2011, 2012).
The following fields were used to build up the database: a)
source molecule, representing the molecule that is the source
of interaction; b) interaction, representing the nature of the
connection (i.e., activation, inhibition, binding, control, degradation); c) target molecule, representing the molecule that is
the target of the interaction; d) species, representing the species where the interaction was described; e) reference, representing the bibliographic source of information; f ) notes,
representing all notations such as the presence of synonyms or
the intracellular location (when appropriate), or the explanation of complex cellular events.
Next, an independent file was built up, in order to define
the attributes of each molecule. In particular, this file described: a) cellular localization, that is the area where the
molecule is located or where it exerts its biological activity; b)
pathway, that is the chain of events to which the molecule
belongs.
The data from the two databases were used to build up ECS
networks through the Cytoscape 2.8.2 software (Smoot et al.,
2011). The resulting networks were spatially represented by
means of the Cytoscape Force Directed Layout. In the final
representation, the node size was proportional to the connection number and the node color gradient was dependent
on the betweenness centrality Cb(n) (Brandes, 2001). It was
computed as follows:
Cb (n) ¼ Ss6¼n6¼t (rst (n)=rst )

(1)

‘‘where s and t are nodes in the network different from n, rst
denotes the number of shortest paths from s to t, and rst (n) is
the number of shortest paths from s to t that n lies on’’ (http://
med.bioinf.mpi-inf.mpg.de/netanalyzer/help/2.7/index
.html). This parameter ranges between 0 and 1 and quantifies
the centrality on a node in a network, indeed it depends on the
number of shortest paths present in the network that pass
through that node.
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In the representation, arrows indicate the direction of the
interaction. The statistical and topological analyses were
carried out assuming that networks were directed by the
Cytoscape plugin Network Analyzer by assessing the topological parameters listed in Table 1.
The relevance of AEA, 2-AG, arachidonic acid, and FAAH
within the ECS network was ascertained by removing the
corresponding nodes from the graph, and re-assessing the
topological parameters.
Results
Once the ECS network has been created (Fig. 1), a statistical
analysis of ECS topology was performed, and the results are
shown in Table 2 and Figure 2. In addition, ECS network was
investigated after removal of the nodes of AEA and 2-AG (Fig.
3, Table 2) of their hydrolysis product arachidonic acid (Fig. 4,
Table 2) (Bari et al., 2006), which is the precursor of a major
family of bioactive lipids, collectively termed ‘‘eicosanoids,’’
that include prostaglandins, prostacyclines, thromboxanes,
leukotrienes, and lipoxins (Haeggstrom et al., 2010), and of
and the endocannabinoids hydrolyzing enzyme, FAAH
(Fig. 5, Table 2).
From the statistical analysis of main topological parameters (see Table 1) of ECS networks, it was found that the
number of nodes (i.e., the total number of molecules involved) was 123, giving rise to 189 interactions (edges). The
averaged clustering coefficient (CC), which is a measure of
how the nodes tend to form clusters, was 0.0009 and the
network diameter (i.e., the largest distance between two
nodes) was 12. The averaged number of neighbors (i.e., the
mean number of connection of each node) was 3.073, and
the characteristic path length (i.e., the expected distance
between two connected nodes) was 4.715. As shown in
Table 1, the exponential equations that describe the in- and
out-degree distribution [the relationship between the
number of nodes (y) and the number of in- and out-edges
per node (x)] were computed and the respective correlation
indexes were calculated. In both cases, it was evident that
the fitting value of exponential laws, calculated from logarithmized data, had high values (Fig. 2A and B). Instead,
the clustering coefficient had a very low value and its distribution did not follow an exponential law (r = 0.044,
p > 0.05), thus excluding that ECS network can be hierarchical (Fig. 2C; see discussion).

In addition, it was found that the betweenness centrality
value of each node was highly correlated with its connectivity
(r = 0.717) (Fig. 2D).
The calculation of node connectivity of ECS networks
nodes allowed identification of the nodes that were the
most connected, and hence represented the hubs of the
system. These hubs are summarized in Table 3, which
shows how AEA was by far the most connected node, followed by 2-AG.
As evident from the analysis of nodes attributes, almost
three out of four nodes were directly located on the cell
membrane or acted at the level of this cell compartment (74%).
However, other subcellular compartments were involved to
different extents in ECS regulation (cytosol: 14%, nucleus: 9%,
ubiquitous: 3%).
Discussion
The unprecedented analysis of ECS topology allowed
classification of the architecture of this signaling network.
Indeed, different classes of networks can be clearly classified
as a function of their architecture (Barabasi and Oltvai, 2004).
The simplest category is that of random networks, described
by the Erdös–Rényi (ER) model (Erdos and Renyi, 1959),
where N nodes are connected with probability p, thus creating
a network with approximately pN(N–1)/2 randomly placed
links. The node degree (i.e., the expected number of links per
node) follows a Poisson distribution, and as a consequence
most of the nodes have approximately the same number of
links (close to the average degree), which will define the
network scale. The tail (high k region) of the degree distribution P(k) decreases exponentially, thus indicating that the
nodes which significantly deviate from the average are extremely rare. The clustering coefficient is independent of the
node degree, and the mean path length is proportional to the
logarithm of the network size: l * log N (Erdos and Renyi,
1959).
Instead, the networks following the Barabási–Albert (BA)
model (2002) are characterized by a power–law degree distribution. Therefore, the probability that a node has k links
follows the equation P(k) * k –c, where c is the degree exponent. In other words, the probability that a node is highly
connected is statistically higher than in a random graph. This
feature implies that the network properties are strongly determined by a relatively small number of highly connected

Table 1. Main Topological Parameters Assessed in the Present Study
Parameter
Number of nodes
Number of edges
Clustering coefficient

Definition

Total number of molecules involved
Total number of interactions found
Calculated as CI = 2nI/kI(kI–1), where nI is the number of links connecting the kI
neighbors of node I to each other; a measure of how the nodes tend to form clusters
Averaged number of neighbors Mean number of connections of each node
Characteristic path length
Expected distance between two connected nodes
Node degree
Number of interaction of each node
In- and out-degree
Probability that a selected nodes has k links: the in-degree is the number
distribution
of incoming edges, the out-degree is the number of outgoing edges
c
Exponent of in- and out-degree equation
r
Pearson correlation coefficient of node degree vs. number of nodes, on logarithmized data
R2
Coefficient of determination of node degree vs. number of nodes, on logarithmized data
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FIG. 1. Diagram showing the structure of the ECS networks. The nodes diameter is proportional to the number of links, and
the colors change depending on the betweenness centrality (see text for details). The spatial network arrangement was
obtained by using the Cytoscape Hierarchical Layout.

121
120
19

122
185
1

122
184
1

a) robustness against random damage: when a random perturbation affects the ECS network, it is very likely
that only a scarcely linked node (i.e., a node belonging to the
most frequent class of nodes) will be affected. Thus, the
probability that a hub of the graph is affected remains very
low, and in our model it can be estimated that is *6.5% (8 out
of 132);
b) controllability: the small number of highly linked nodes
implies that the whole system can be modulated with high
efficiency by acting just on a few molecules, thus reducing the
energetic cost and facilitating/accelerating the cell response.
In comparison, if the same network had a ‘‘democratic’’
structure with all nodes showing the same number of links,
and hence the same relevance in controlling the network, cell
behavior would be controlled simultaneously by tens (or even
hundreds) of different molecules (i.e., 1 to 2 orders of magnitude more than in scale-free networks). The latter condition
would require an exponential increase in system complexity,
and a higher energetic cost to coordinate the different signaling pathways. Incidentally, a scale-free topology offers the
advantage of being more prone to external manipulations, for
instance, through biotechnological or pharmacological interventions. Indeed, the identification of a limited number of
hubs could be helpful in controlling the whole system, and it
could be exploited to develop diagnostic or therapeutic
strategies;
c) easy navigability: the virtual absence of clustering, together with the low values of the characteristic path length
and of the averaged number of neighbors, confers to ECS a

8
0.0130

12
0.0009

12
0.0009

Table 3. Most Connected Nodes (Hubs)
of ECS Network (see text for details)

1.983

3.033

3.016

Node

3.014

4.723

4.748

- 1.928
0.999
0.917

- 2.191
0.976
0.903

- 2.190
0.980
0.904

- 2.084
0.999
0.985

- 1.059
0.953
0.684

- 1.082
0.963
0.691

AEA
2-AG
Ca2 + i
CB1
cAMP
Gs protein
CB2
TNF-a

nodes (the hubs), and that a ‘‘typical’’ node does not exist
(scale-free topology). Furthermore, in these networks, C(k) is
independent of k and the average path length follows the
equation l * log log N, which is significantly shorter than the
log N typical of random networks (Albert and Barabsi, 2002).
Local clustering and scale-free topology coexist in hierarchical networks, which integrate a scale-free topology with an
inherent modular structure (Barabasi and Oltvai, 2004). The
most important feature of these networks is the scale-free
distribution of the clustering coefficient, and a hierarchical
architecture implies that sparsely connected nodes are part of
highly clustered areas, with a few hubs maintaining communication between different, highly clustered neighbors.
Our present results clearly show that ECS follows the BA
model, an observation that appears to bring some relevant
biological implications. Indeed, these networks have the following features:

Table 2. Main Topological Parameters of ECS, ECS
Without AEA and 2-AG Nodes, and ECS
Without Arachidonic Acid Node (see text for details)
Topological
parameter

ECS

N nodes
123
N edges
189
Connected
1
components
Diameter
12
Clustering
0.0009
coefficient
Averaged n
3.073
neighbors
Characteristic path 4.715
length
IN
c
- 2.188
r
0.976
R2
0.915
OUT
c
- 1.078
r
0.965
R2
0.694

ECS minus ECS minus ECS
AEA and arachidonic minus
2-AG
acid
FAAH

AEA, arachidonoylethanolamide; 2-AG, 2-arachidonoylglycerol.

Number of links
45
22
12
9
8
8
6
6

AEA, arachidonoylethanolamide; 2-AG, 2-arachidonoylglycerol;
Ca2 + I, intracellular calcium concentration; cAMP, cyclic AMP; CB1,
type-1 cannabinoid receptor; CB2, type-2 cannabinoid receptor; Gs
protein, G stimulatory proteins; TNF-a, tumor necrosis factor alpha.
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FIG. 2. Graphs showing the in- (A) and out-degree
distribution (B), the number of edges and the correlation between clustering coefficient and number of
edges (C), and the correlation between betweenness
centrality (D).
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FIG. 3. Diagram showing the structure of the ECS networks after AEA and 2-AG removal. The nodes diameter is proportional to the number of links, and the colors change depending on the betweenness centrality (see text for details). The
spatial network arrangement was obtained by using the Cytoscape Hierarchical Layout.

typical structure of signaling networks. Interestingly, this low
value of clustering coefficient implies also a little redundancy
of network, indeed randomly picking two nodes into the
network there is a high probability that only a single path
between them exists. This could determine a little redundancy
in ECS function and could expose it to external perturbation.
In addition, each molecule interacts with the others through a
small number of steps, then the loss of information due to
signal decrease is minimized and, consequently, the signaling
efficiency is maximized. In other words, any local network
perturbation will affect the whole system in a very short time,
thus increasing the responsiveness to intracellular and extracellular stimuli. This condition is in keeping with the classical
‘‘small world’’ concept, originally observed in social studies
and subsequently extended to several systems, from neural
networks to the world wide web (Barabasi and Oltvai, 2004).
As demonstrated by Latora and Marchirori (2001), the analysis of real data indicates that networks characterized by the
small world behavior are both globally and locally highly
efficient. This implies that ECS is able to elaborate and to
transfer molecular messages from different cellular systems in
a fast and specific way. This finding strengthens the idea that
ECS acts as a virtually ubiquitous controller of integrated
responses against homeostatic perturbation of the organism,
as it has been documented within the central nervous system
(CNS) or the immune system (Downer, 2011; Frazier, 2011;
Tanaescu et al., 2010).
Moreover, as a consequence of the scale-free topology, it is
possible to identify the nodes of ECS whose connectivity has a
higher value, shown in Table 2. Remarkably, the two most
connected nodes are the two most biologically active endocannabinoids, AEA and 2-AG, having, respectively, 45 and
22 links. On the one hand, it is not surprising that these two
prototypical CB1/CB2 ligands play a central role in determining ECS network architecture. On the other hand, it seems

remarkable that AEA has twice the links of 2-AG, a finding
that could have at least two different explanations. First, the
higher number of links of AEA could partly reflect the fact
that the discovery of 2-AG (1995) is more recent than that of
AEA (1992). Second and more interestingly, the analysis of
ECS architecture seems to suggest a different role for the two
endocannabinoids, AEA acting as an ubiquitous player at
multiple target receptors within the ECS network, and 2-AG
playing a role as CB1/CB2 agonist in more specialized contexts. This unprecedented finding suggests that AEA and 2AG are only apparently overlapping molecules, which are
able to activate the same receptors and trigger the same signaling pathways (Ligresti et al., 2005), but possibly under
different patho-physiological conditions. Recent experimental
evidence strongly supports this hypothesis, showing that indeed AEA and 2-AG can have distinct biological actions
(Luchicchi and Pistis, 2012).
The importance of AEA and 2-AG nodes within the ECS
graph is pointed out also by the finding that they express the
highest value of betweenness centrality (i.e., they are the ones
that exert a higher control on information flow through the
network, and act as a bottle neck in information transduction):
all the messages to be transferred from the input terminal of
the network to the output must pass through one or both of
them. Together, AEA and 2-AG support more than one third
(67 out of 182) of all the network links.
Other nodes appear to play a major role in controlling ECS
architecture. Intracellular calcium, a well-known second
messenger of signal transduction pathways, is central also in
the ECS network. In this context, it is noteworthy that in many
cell types, the so-called ‘‘excitable cells,’’ the intracellular
calcium concentration directly controls cell functionality, for
instance, in neurons where neurotransmitter release is a
calcium-dependent process (Gleichmann and Mattson, 2011),
or in sperm cells where the increase of calcium concentration

FIG. 4. Diagram showing the structure of the ECS networks after arachidonic acid removal. The nodes diameter is proportional to the number of links, and the colors change depending on the betweenness centrality (see text for details). The
spatial network arrangement was obtained by using the Cytoscape Hierarchical Layout.
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FIG. 5. Diagram showing the structure of the ECS network after FAAH removal. The nodes diameter is proportional to the
number of links, and the colors change depending on the betweenness centrality (see text for details). The spatial network
arrangement was obtained by using the Cytoscape Hierarchical Layout.
causes acrosome exocytosis during the acrosome reaction
(Darszon et al., 2011). In both neurons and sperm the ECS has
been shown to have impressive biological effects (Maccarrone, 2009; Maccarrone et al., 2005; Schuel and Burkman,
2005).
Another universal second messenger like cAMP, that is
downstream CB1, CB2 and type 1 vanilloid receptors, is also
an important hub of the ECS graph, and so are the classical
cannabinoid receptors, CB1 and CB2. The latter act as message
transducers, which receive the input message (the ligand) and
produce an output response, usually by inducing a modification in the concentration of second messengers, like cAMP
(Clapham et al., 2003).
An additional interesting observation is the central role in
the ECS network of tumor necrosis factor alpha (TNF-a), a
cytokine involved in inflammation and in promoting the
acute phase reaction of immune cells. Recent findings demonstrate that TNF-a is engaged by endocannabinoid signaling, for instance, in neuroinflammation, cell adhesion, and
immune cells function (Cencioni et al., 2010; Nilsson et al.,
2006; Rossi et al., 2011; Rubio-Araiz et al., 2008; Yang et al.,
2009), thus pointing out the important role of ECS in modulating these cytokine-mediated events.
Remarkably, ECS topology was not significantly affected
by the removal of arachidonic acid (Table I), supporting accumulated experimental evidence that the biological activity
of endocannabinoids is distinct from that of this fatty acid
(Basavarajappa, 2007; Di Marzo, 2008). Instead, network integrity was completely destroyed by the removal of AEA and
2-AG, in that the network was reduced from 1 connected
component to 19 (Figure 1 and Table 2).
Analogously, an important element of ECS like fatty acid
amide hydrolase (FAAH), which controls the endogenous
tone of AEA in vivo (Cravatt et al., 2004) and also cleaves 2-AG
(Fowler et al., 2001), was not a hub, on the basis of its connectivity. Indeed, the threshold limit to identify a hub was set
at 6 links per node (Vallabhajosyula et al., 2009), and FAAH
had only 5 much alike other important molecules (phospholipase C, PLC; N-methyl-D-aspartate receptors, K + , Narachidonoyl-phosphatidylethanolamine, PPARa and c). This
observation is consistent with the finding that removal of the
FAAH node from the ECS network did not significantly alter
its topology (Table 2). Interestingly, even if in our model,
FAAH is not a hub of ECS networks (i.e., it is not a superconnected node), it seems to exert a strong control on network

function by directly modulating the concentration of AEA,
which is the most connected node.
Importantly we think that, on one hand, the availability of
molecular tools (such as specific inhibitors) and of animal
models (particularly KO mice) could justify the research effort
on a specific topic and, as a consequence, the amount of
available information; yet, on the other hand, we are confident
that the number of publications on each topic should only
have a limited influence on the number of links per node.
Indeed, in a recent, independent study, we have assessed the
correlation of the number of articles on different topics (i.e.,
the smooth and striated muscle contraction, the neurotransmitter release cycle of six neurotransmitters [norepinephrine,
acetylcoline, c-aminobutyric acid (GABA), serotonin, glutamate, and dopamine], the visual phototransduction (rods),
the sperm capacitation, the insulin signaling pathway, the p53
pathway, the regulation of retinoblastoma protein (pRb), the
mitochondrial ATP metabolism, the glucose metabolism, the
signaling events mediated by stem cell factor receptor c-Kit
(CD117), and the circadian clock) with the topological parameters of corresponding networks, and we have found no
statistically significant correlation (Bernabo et al., 2013).
Another major outcome of the systems biology analysis of
the ECS is that it is a largely membrane-related network: *75% of nodes are directly located on the cell membrane, or exert their activity on this cell compartment. This
seems noteworthy when considering ECS regulation, that is
likely to depend on the membrane environment, besides depending on control proteins. In line with this, very recently the
role of membrane lipid composition as a key determinant in
driving endocannabinoid signaling has attracted attention,
leading to the finding that cholesterol controls CB1 activity in
membrane subdomains known as ‘‘lipid rafts’’ (Bari et al., 2008;
Botto et al., 2010; Dainese et al., 2007; Grimaldi and Capasso,
2012; Maccarrone et al., 2009; Rimmerman et al., 2012).
As a perspective, we believe that the use of a dynamic
networks-based approach (He et al., 2011; Zhu et al., 2007)
and the study of ECS networks in different cell types and
tissues will provide additional important insights into the
complexity of their biological activity.
Conclusions
In conclusion, our unprecedented systems biology analysis
of the ECS shows that: a) it is possible to build up a biological

SYSTEMS BIOLOGY OF ENDOCANNABINOIDS
network that represents the ECS complexity, thus opening the
perspective of the use of such a computational approach to
study a lipid signaling system of pivotal importance in several
physiological and pathological processes; b) the ECS network
architecture has the features of the classical scale-free model,
that confers to ECS a high robustness against random failures,
a high controllability, and an easy navigability; c) AEA and 2AG are the true core of ECS. They act as a funnel in filtering
and transferring the information within the network, and
cooperate in different contexts. Apparently, the ECS galaxy of
components turns around these two major stars.
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Abstract
A generally undesired effect of cannabis smoking is a reversible disruption of
short-term memory induced by delta-9-tetrahydrocannabinol (THC), the primary
psychoactive component of cannabis. However, this paradigm has been recently
challenged by a group of scientists who have shown that THC is also able to
improve neurological function in old animals when chronically administered at
low concentrations. Moreover, recent studies demonstrated that THC paradoxically promotes hippocampal neurogenesis, prevents neurodegenerative processes
occurring in animal models of Alzheimer’s disease, protects from inflammationinduced cognitive damage and restores memory and cognitive function in old
mice. With the aim to reconcile these seemingly contradictory facts, this work
will show that such paradox can be explained within the framework of hormesis,
defined as a biphasic dose-response.
KEYWORDS
Alzheimer’s disease, biphasic dose response, cannabis, delta-9-tetrahydrocannabinol, hormesis,
neuroprotection

1

| INTRODUCTION

Alzheimer’s disease (AD) is characterized by progressive
deterioration of cognitive functions and oxidative stress,1
with biochemical alterations consisting in the accumulation
of amyloid-b (Ab) protein in the form of senile plaques2
and intracellular neurofibrillary tangles (associated with
hyperphosphorylated tau protein and neuronal cell depletion).3-6 Although familial and sporadic AD differs in their
cause, the progression of the disease from this point
onwards appears to be the same. These alterations induce
neuroinflammation and oxidative stress, which creates a
neurotoxic environment that potentiates neurodegeneration
and eventually leads to cognitive decline.7,8 Also, Abinduced neurodegeneration elevates glutamate levels in the
cerebral spinal fluid of patients with AD,9 and cholinergic
neurons are lost in brain areas relevant for memory processing (and accompanied by a decrease in acetylcholine).10
In normal conditions, memory, learning and behaviour
depend on the proper function of the excitatory glutamate
Eur J Clin Invest. 2018;48:e12920.
https://doi.org/10.1111/eci.12920

N-methyl-D-aspartate-receptor (NMDAR) and a-amino-3hydroxy-5-methyl-4-isoxazolepropionic
acid
receptor
(AMPAR) and underlying mechanisms of synaptic plasticity.11-13 However, the dysregulation of intracellular Ca2+
homoeostasis14 and excessive activation of the N-methyl
D-aspartate (NMDA) subtype of the glutamate receptor,
leading to excitotoxicity, are features of the AD brain.15
All of the clinical mutations in the presenilin genes (PS1/
PS2) that have been linked with the inherited form of AD
disrupt calcium signalling,14 which may contribute to subsequent neurodegeneration and memory impairments.16

2 | THC: FRIEND OR FOE OF THE
HIPPOCAMPUS?
Analysis of the distribution of CB1 receptors shows that
the hippocampus contains a high density of CB1 receptors,17-21 and relatively large amounts of the endocannabinoids anandamide22,23 and 2-AG.23 Immunocytochemical
studies have revealed that FAAH (fatty acid amide

wileyonlinelibrary.com/journal/eci

© 2018 Stichting European Society for
Clinical Investigation Journal Foundation

|

1 of 9

2 of 9

|

hydrolase), the enzyme responsible for anandamide catabolism24,25 and monoglyceride lipase, an enzyme that is
believed to play a role in the hydrolysis of 2-AG26,27 are
significantly present within the hippocampus. Collectively,
these findings demonstrate that the hippocampus is an
important locus for cannabinoid effects on learning and
memory.28 The cellular and molecular mechanisms underlying THC’s amnesic effect have been revealed in an elegant series of experiments by Puighermanal and
colleagues.29
A generally undesired effect of cannabis smoking is a
reversible disruption of short-term memory30,31 induced
by delta-9-tetrahydrocannabinol (THC), the primary psychoactive component of cannabis. In addition, both acute
and chronic exposure to cannabis are associated with
dose-related cognitive impairments, most consistently in
attention, working memory, verbal learning and memory
functions in animals32,33 and in humans.34,35 In addition
to reduced learning, heavy cannabis use is also associated
with a decreased mental flexibility, increased perseveration
and reduced ability to sustain attention.36 Several lines of
evidence suggest that the hippocampus, an area long
implicated with learning processes, plays a major role in
the mediating both the effects of exogenous cannabinoids
on memory and endocannabinoid modulation of memory.28
Recent studies have, however, shown that THC paradoxically promotes hippocampal neurogenesis,37,38 prevents
neurodegenerative processes occurring in animal models of
AD,39-41 protects from inflammation-induced cognitive
damage42,43 and restores memory and cognitive function in
old mice.44,45 With the aim to reconcile these seemingly
contradictory facts, this work will show that such paradox
can be explained within the framework of hormesis,
defined as a biphasic dose-response.

3 | HORMESIS HISTORICAL
BACKGROUND
For several decades, it was believed that the dosage of a
drug followed a linear pattern (at higher dose greater
effect).46 However, in subsequent years, many studies have
shown an inverse response to different doses of a substance
in the same individual, completely ruling out linearity and
threshold response models.47-49
Hormesis is a dose-response phenomenon, characterized
by a low-dose stimulation and a high-dose inhibition. The
term hormesis was first introduced into the scientific literature in 1943 by Chester Southam and John Ehrlich,50
mycology researchers at the University of Idaho, who
reported that low concentrations of extracts from the red
cedar tree enhanced the metabolism of a number of fungal
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species. The term hormesis was derived from the Greek
meaning to excite. Prior to the report of Southam and Ehrlich,50 there was a substantial history of reports in the biological literature also demonstrating a similar biphasic
dose-response.
One of the first scientists to mention the biphasic effect
was Paracelsus (1493-1541), who is recognized for his
comments regarding the importance of the dose of chemicals in determining whether they are therapeutic or toxic.51
He stated: “Alle Ding sind Gift, und nichts ohn Gift; allein
die Dosis macht, daß ein Ding kein Gift ist,” which can literally be translated as “All things are poison and nothing is
without poison, only the dose allows something not to be
poison.” From this statement, the perception of the beneficial or harmful effects of chemical compounds has changed.51
After Paracelsus, other scientists have provided important data about this effect. As Tischner52 points out, the
opposite effects of the stimuli were already described by
Hippocrates. The phenomenon is mentioned again in the
eighteenth century, when the Austrian doctor, Gerard van
Swieten (1700-1772) found that small doses of poppy
juice cause the most animated sensations, while higher
doses cause sleep and overdoses cause stroke.53 In 1795,
Hufeland writes in his treatise Ideen €uber Pathologie
(Ideas on pathology) that the intensity of a stimulus
makes a significant difference in the intentional response,
that is, that the same stimulus can cause different effects
if applied with degrees of intensity [cited in reference
54].
In 1854, Rudolf Virchow55 reported that the movement
of the bronchial epithelium cilia in the postmortem mucosa
differed depending on the concentrations of sodium and
potassium hydroxide. While at low concentrations cilia
movement increased, a decrease in this movement was
observed with high concentrations.56 Three decades later,
Hugo Schulz observed that the application of low doses of
disinfectants increased the metabolism of yeasts, whereas
in high doses, the metabolism decreased.57 Although he
initially dismissed the theory as the result of an experimental error, his repeated studies encouraged him to postulate
the Arndt-Schulz law in association with Rudolf Arndt.
This law states: “The physiological action of a cell is
increased or decreased in relation to the intensity of the
stimulus: small doses stimulate, moderate doses inhibit, and
large doses kill”.57
Another clear example of this biphasic effect is glutamate. This neurotransmitter plays a fundamental role in the
functioning of the neural circuits involved in sensory processing, in learning, memory and in emotions. Low glutamate levels also activate adaptive stress responses that
include the production of proteins that help to protect the
neurons against more-severe stress. However, abnormally
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high levels of glutamate at synapses can cause the degeneration and death of neurons.58
The hormetic effect is increasingly accepted, although
there are some authors as Thayer et al,59 who contended that
little is known about the mechanisms underlying hormesis.
Further, they argued that, in the absence of comprehensive
mechanistic foundations, hormetic-like dose-response relationships are meaningless. It is incorrect to affirm that little is
known about hormetic mechanisms. In fact, the case is just
the opposite. As early as 2001, a series of articles was published on a range of endogenous agonists: prostaglandins,60
nitric oxide,61 estrogens and related compounds,62 androgens,63 adrenergic agonists,64 adenosine,65 serotonin,66,67
dopamine68 and opiates69 that display hormetic biphasic
dose-response. These articles documented that the mechanisms of biphasic dose-response were clearly established to
the level of receptor and, in a number of cases, to further
levels of molecular detail. Later assessments have identified
dozens of hormetic mechanisms for immune responses70 and
for responses in tumour cell lines.71 More recently, Calabrese72 reported approximately 400 specific hormetic mechanisms across a broad range of biological models, endpoints
and agents, with the quantitative features of the hormetic
response being independent of mechanism.

4 | BIPHASIC EFFECTS OF THC
AND ANANDAMIDE
The knowledge that cannabinoids display biphasic effects
is not new; it was reported more than 40 years ago.73 Contemporary reports include excitatory and depressant effects
of THC on cortical evoked responses (over a dose range
of about 0.5-3.5 mg/kg)74 and on muscimol-induced circling behaviour (after intracerebral injections of Δ9-THC
(1-10 lg),75 and a biphasic anxiolytic/anxiogenic effect
induced by 4 or 100 lg/kg, respectively, of the synthetic
cannabinoid HU-210.76 Other studies assessed the effects
of the endogenous cannabimimetic anandamide over a
wide dose range in a series of physiological and behavioural assays. These included the tetrad of tests in mice
commonly used to evaluate cannabinoid-induced effects
(motor activity, ring catalepsy, hypothermia and analgesia
tests), as well as a model for agonistic behaviour. Results
indicated that the higher doses tested (10-100 mg/kg) produced the well-known inhibitory effects in all of the above
parameters. The lowest dose of anandamide tested
(0.01 mg/kg) stimulated behavioural activities in the open
field, on the ring and aggressive behaviour in timid singly
housed mice. This dose of 0.01 mg/kg also stimulated
phagocytosis, while higher doses (1.0 and 10.0 mg/kg)
produced the opposite effects, namely inhibition of phagocytic activity.77
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5 | BIPHASIC EFFECTS OF THC IN
NEUROGENESIS
The hippocampal dentate gyrus in the adult mammalian
brain contains neural stem/progenitor cells (NS/PCs) capable of generating new neurons, that is neurogenesis.78,79
Chronic administration of the major drugs of abuse including opiates, alcohol, nicotine and cocaine has been reported
to suppress hippocampal neurogenesis in adult rats.80-83
However, pharmacological studies have demonstrated an
important role for endocannabinoid signalling in promoting
neuronal survival after cerebral ischaemia or trauma.84 In
addition, the important finding in 2004 of prominently
decreased hippocampal neurogenesis in CB1-knockout
mice (mice which lack CB1 receptors)85 suggested that
CB1 receptor activation by endogenous, plant-derived, or
synthetic cannabinoids could promote hippocampal neurogenesis. One year later, Jiang et al37 demonstrated that
chronic treatment with both the synthetic cannabinoid
HU210 and the endocannabinoid anandamide (AEA)
promoted hippocampal neurogenesis and exerted anxiolytic- and antidepressant-like effects and made a reflective
statement: “cannabinoids appear to be the only illicit drug
whose capacity to produce increased hippocampal newborn
neurons is positively correlated with its anxiolytic- and
antidepressant-like effects”.37
These findings are in contrast with those of Rueda
et al,86 who reported an inhibition of adult hippocampal
neurogenesis. The differing regulatory effects of endocannabinoid shown in these studies may be produced by the
opposing effects (hormesis) induced by high and low doses
of exocannabinoids87 and endocannabinoids.77 In detailed
examinations of the effects of HU210 on NS/PC proliferation, Jiang and co-workers37 cultured embryonic NS/PCs
(neural stem/progenitor cells) incubated with different concentrations of HU210 (synthetic agonist of THC). When
10 nmol/L to 1 lmol/L of HU210 were added to the culture
medium containing the mitogenic growth factors bFGF and
EGF, the WST-8 assay showed a significant increase in NS/
PC proliferation, whereas 10 lmol/L produced profound
toxic effects on cultured NS/PCs.37 Rueda and co-workers86
used a 5 lmol/L AEA concentration and detected an inhibition of neuronal differentiation. Based on these reports, it is
evident that at low concentrations (up to 1 lmol/L),
cannabinoids are able to induce neurogenesis, while at
higher concentrations, neurogenesis is impaired.

6

| THC PARADOX IN MEMORY

The majority of research undoubtedly demonstrates that
THC in high concentrations impairs memory and cognition,
due to their ability to inhibit cholinergic transmission in the
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limbic system and cortex, and the memory deficits
observed with THC resemble those seen following administration of cholinergic antagonists.88
Unfortunately, scientists have looked only at one side of
the coin due to the inability or refusal to see beyond the
current models of thinking.89 A paradigm is a set of
assumptions, concepts, values and practices that constitute
ways of viewing reality for the community that shares
them, especially in an intellectual discipline.89 The next
example illustrates how paradigms have negatively influenced scientific research. The first major effort to explore
whether drugs could enhance learning in animal models
was undertaken at the University of California at Berkeley
in the Department of Psychology during the 1960s. While
these efforts extended earlier preliminary investigations at
the University of Chicago and elsewhere, the Berkeley
group created a new research direction that lead to the
development of valuable drugs in the treatment of cognitive
disabilities as seen with Alzheimer’s disease (AD) and
related diseases of ageing. In fact, the initial breakthrough
was undertaken by then two graduate students (James
McGaugh and Lewis Petrinovitch), who hypothesized that
memory was related to the concentrations of acetylcholine
released by the neurons. With this guiding framework,
these students tried to determine why some mice were
bright (ie smart), and others were dull (ie not so smart). To
test this hypothesis, they administered a drug over a broad
dose range to the bright and dull mice that would prevent
the normal breakdown (ie hydrolysis) of the acetylcholine.
The agent used to slowdown the normal breakdown of
acetylcholine was physostigmine, a natural constituent of
the Calabar bean. The treatment was expected to make the
dull mice brighter and the bright mice even brighter, but
only up to a point, that is, when the dose exceeded a hypothetical optimal zone, triggering a decline in performance.
Both dull and bright exhibited the characteristic U-shaped
dose-response relationship, thereby confirming the study
hypothesis. The manuscript based on these findings was
rejected by the editor because “the results of your paper
upset a fundamental pharmacological assumption that no
drug improves behaviour.” One of the two students persevered, publishing a paper several years later,90 opening up
a new era in the psychology and pharmacology of learning
and memory research.91
It has long been recognized that an important element of
the action of THC may be its ability to inhibit cholinergic
transmission in the limbic system and cortex.88 Early studies
revealed that Δ9-THC reduced uptake of choline in the hippocampus, thereby restricting acetylcholine synthesis.92,93
Several cannabinoid agonists have been shown to inhibit electrically evoked acetylcholine release in hippocampal
slices92,94 and synaptosomes.95 Similarly, microdialysis studies in awake rats also showed cannabinoid-induced decreases
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in acetylcholine release.96,97 This effect on hippocampal
acetylcholine release is clearly CB1 receptor-mediated, as all
the afore-mentioned studies demonstrated that SR-141716 (a
CB1 receptor antagonist) blocks the effect.28
The dominant paradigm affirming that THC impairs
memory and cognition has been lately challenged by a
group of scientists who has shown that THC is also able to
improve neurological function in old animals when chronically administered at low doses. Such improvement could
be related with THC’s capacity to inhibit AChE (acetylcholinesterase, the enzyme that catalyzes the breakdown of
acetylcholine), thus increasing ACh levels, as well as preventing AChE-induced Ab aggregation by binding in the
peripheral anionic site of AChE, the critical region
involved in amyloidogenesis. It is noteworthy that THC is
a considerably more effective inhibitor of AChE-induced
Ab deposition than the approved drugs for Alzheimer’s disease treatment, donepezil and tacrine, which reduced Ab
aggregation by only 22% and 7%, respectively.98

7 | DOSE- AND AGE-DEPENDENT
EFFECTS OF THC ON MEMORY
Compelling data have shown that memory is also affected
in a biphasic fashion. Puighermanal and colleagues29 studied mice treated with vehicle or different doses of THC
(0.3, 1, 3 and 10 mg/kg, i.p.) immediately after the training
session in the object recognition test. Doses of 3 or 10 mg/
kg induced a significant amnesic-like effect tested 24 hour
later, while lower doses did not produce memory deficits.
A similar result was reported by Han et al99 who used a
5 mg/kg dose of THC, and Varvel et al88 who observed
memory deficits with 10 mg/kg of THC. These results
clearly demonstrate that memory impairment is due to the
use of high THC concentrations. Conversely, other scientists showed that THC at an extremely low concentration
(2.5 nmol/L), and other synthetic agonists at similar concentrations have the capacity to slow or halt Alzheimer’s
disease progression by reducing the synthesis of its major
pathological marker, amyloid beta.39,40,100
In addition to this positive effect at low concentrations,
there is evidence that Cannabidiol (CBD) is able to block
some negative effects of THC.101,102 The hypothesis that
cannabidiol impacts on the effect of Δ9-THC was firstly
postulated by Rottanburg et al,103 who found an increased
prevalence of psychotic disorders among users of cannabis
with high Δ9-THC content and lack of cannabidiol, and
was confirmed by other researchers, who found that cannabis with high-CBD content is associated with fewer psychotic experiences than cannabis with low-CBD
content.104,105 It has also been observed that cannabidiol,
co-administered with 9-THC, significantly reduced the
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psychotomimetic symptoms induced by Δ9-THC,106 and
that pretreatment with CBD prevented the acute induction
of psychotic symptoms by delta-9-tetrahydrocannabinol.107
Additional studies have provided evidence that wild-type
mice chronically receiving THC + CBD do not exhibit
memory impairment.41 This observation supports previous
work showing that CBD is able to antagonize THCinduced deficits in memory tasks108-110 and highlights the
relevance of combining the two natural cannabinoids, THC
and CBD, to mitigate the negative consequences of THC
administration.101 These findings show that the combination of THC and CBD exhibits a better therapeutic profile
than each cannabis component alone and supports the consideration of a cannabis-based medicine as potential therapy against Alzheimer’s disease.41 A novel research found
that CBD attenuates a spatial working memory impairment
caused by THC in monkeys.110 The potential of CBD to
ameliorate cognitive effects of THC shows that studies in
monkeys may be more translational than those in rodents;
these results also suggest that a requirement for CBD-high
marijuana cultivation may be a potential regulatory avenue
for harm reduction in the face of increased liberalization of
recreational and medical marijuana laws.110
Moreover, a contemporary investigation44 showed that a
chronic low dose of Δ 9-tetrahydrocannabinol (THC)
restores cognitive function (reduction of memory deficits
and increased learning capacity) in old mice. This behavioural effect was accompanied by enhanced expression of
synaptic marker proteins and increased hippocampal spine
density. The authors showed that THC exposure in mature
and old mice (12 and 18 months, respectively) restored
cognitive function to a level similar to that in young
untreated mice. By contrast, they found in young adult
mice (2 months old) that THC exposure has a deleterious
effect on cognition, a finding that is in agreement with previous studies33,41,111,112
The beneficial effects of low-dose THC administration
are dependent on an epigenetic mechanism involving histone acetylation.44 This is in line with previous findings
showing that enhanced histone acetylation can result in
recovery of cognitive abilities in old mice.113 Attempts to
reverse age-related epigenetic processes through a pharmacological blockade of histone deacetylases have shown
some promise in rodents,114,115 but the deleterious side
effects have prevented application in humans.116 Consequently, the generalized inhibition of histone deacetylation
is not further considered to be a suitable treatment of agerelated pathologies. In contrast, cannabis preparations and
THC are used for medicinal purposes. They have an excellent safety record and do not produce adverse side effects
when administered at a low dose to older individuals.
Thus, chronic, low-dose treatment with THC or cannabis
extracts could be a potential strategy to slow down or even
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to reverse cognitive decline in the elderly.44 Furthermore, a
recent study45 demonstrated that a single injection of an
ultra-low dose of THC (0.002 mg/kg) can reverse agedependent cognitive decline in female mice. However, it
should be emphasized that the ameliorating effect of ultralow THC on cognitive performance of na€ıve mice was
restricted to old animals, while in young animals (23 months old mice), the same treatment induced a minor,
though significant, long-lasting cognitive deficits.111,112
The endogenous cannabinoid system is known to have a
dual, age-dependent role in the regulation of memory and
learning.117 In agreement with this fact, recent evidence
shows that a repeated low dose of THC improves cognitive
performance in a mouse model of neurodegenerative disease in old mice, whereas it induces memory impairment
in healthy mice.41
In a comprehensive review, Sarne and colleagues118 discussed these opposite effects of ultra-low doses of THC in
terms of “conditioning” where a minor insult activated an
endogenous compensatory system that protected the organism from other insults. Thus, it was not surprising to find
that, ultra-low THC improved memory in naive old mice,
which were cognitively impaired due to ageing, similarly
to its effect in challenged young mice which were cognitively impaired due to neurotoxic insults.
Recently, Calabrese119,120 provided the first extensive
documentation and assessment of the dose-response features of pre- and postconditioning studies that conform to
an hormetic dose-response. The range and diversity of preconditioning agents are extensive, involving a complex
array of pharmacological, chemical and mechanistic
approaches. Furthermore, Calabrese120 provided the first
report that hormetic dose-response occur for both early and
delayed preconditioning-induced protection.
In addition to biphasic dose-response, there are mechanisms that are known to contribute to the dual effects of
cannabinoids, such as age and stage of development of the
organism, acute vs. chronic application; immediate vs.
delayed response or the dependency of the effect on the
physiological status of the organism.42-45,121-123

8

| CONCLUSIONS

The biphasic dose-response model challenges long-standing
beliefs about the nature of the dose-response in a low dose
zone. Many researchers did not focus on the low dose
stimulatory responses provided in their tables and figures,
choosing to address only the high concentration effects.124
Paradigms affect the way scientists do research: they serve
to define what should be studied, what questions should be
asked, and what rules should be followed in interpreting
the answers obtained.125
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For many years, most scientists dogmatically accepted
that THC impairs memory. This paradigm was supported
by teachers, researchers, scientific papers and academic
institutions. In his book: the structure of scientific revolutions, Thomas Khun89 wrote that “scientific revolutions are
those noncumulative developmental episodes in which an
older paradigm is replaced in whole or in part by an
incompatible new one. A scientific revolution occurs,
according to Kuhn, when scientists encounter anomalies
that cannot be explained by the universally accepted paradigm within which scientific progress has thereto been
made. Such anomalies are the base for the construction of
a new paradigm:
THC modulates memory and cognition in a biphasic
and age-dependent manner: in old animals, low concentrations improve memory and cognition while high concentrations impair these functions; in young animals, even a low
concentration is detrimental.
These findings coincide with what has been observed in
humans: an irrefutable evidence that the use of marijuana
affects the memory and cognition mainly in young people.
This is very important because the idea that marijuana is a
“soft” drug and that it is not dangerous has been generalizing. We argue that healthy young people should not smoke
marijuana or ingest cannabinoids. The beneficial effects of
low THC concentrations seem to apply only to old people with neurological impairment due to ageing or some
neurodegenerative disorders like Alzheimer.
From the pharmacological standpoint, it has been suggested that studies evaluating the effects of neurotransmitters, hormones or virtually any other substance should
involve a wider concentration range with the aim to detect
their full spectrum of effects.58
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Cannabidiol has been used for treatment-resistant seizures in patients with severe
early-onset epilepsy. We investigated the efficacy and safety of cannabidiol added to
a regimen of conventional antiepileptic medication to treat drop seizures in patients
with the Lennox–Gastaut syndrome, a severe developmental epileptic encephalopathy.
METHODS

In this double-blind, placebo-controlled trial conducted at 30 clinical centers, we randomly assigned patients with the Lennox–Gastaut syndrome (age range, 2 to 55 years)
who had had two or more drop seizures per week during a 28-day baseline period to
receive cannabidiol oral solution at a dose of either 20 mg per kilogram of body weight
(20-mg cannabidiol group) or 10 mg per kilogram (10-mg cannabidiol group) or
matching placebo, administered in two equally divided doses daily for 14 weeks. The
primary outcome was the percentage change from baseline in the frequency of drop
seizures (average per 28 days) during the treatment period.
RESULTS

A total of 225 patients were enrolled; 76 patients were assigned to the 20-mg cannabidiol group, 73 to the 10-mg cannabidiol group, and 76 to the placebo group. During
the 28-day baseline period, the median number of drop seizures was 85 in all trial
groups combined. The median percent reduction from baseline in drop-seizure frequency during the treatment period was 41.9% in the 20-mg cannabidiol group, 37.2%
in the 10-mg cannabidiol group, and 17.2% in the placebo group (P = 0.005 for the 20-mg
cannabidiol group vs. placebo group, and P = 0.002 for the 10-mg cannabidiol group vs.
placebo group). The most common adverse events among the patients in the cannabidiol groups were somnolence, decreased appetite, and diarrhea; these events occurred
more frequently in the higher-dose group. Six patients in the 20-mg cannabidiol group
and 1 patient in the 10-mg cannabidiol group discontinued the trial medication because
of adverse events and were withdrawn from the trial. Fourteen patients who received
cannabidiol (9%) had elevated liver aminotransferase concentrations.
CONCLUSIONS

Among children and adults with the Lennox–Gastaut syndrome, the addition of cannabidiol at a dose of 10 mg or 20 mg per kilogram per day to a conventional antiepileptic
regimen resulted in greater reductions in the frequency of drop seizures than placebo.
Adverse events with cannabidiol included elevated liver aminotransferase concentrations.
(Funded by GW Pharmaceuticals; GWPCARE3 ClinicalTrials.gov number, NCT02224560.)
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Cannabidiol in the Lennox– Gastaut Syndrome

T

he Lennox–Gastaut syndrome is a
severe developmental epileptic encephalopathy that has multiple causes and an
incidence of approximately two cases per 100,000
population.1 The disorder is characterized by
several seizure types, severe cognitive impairment, and an abnormal electroencephalographic
pattern of slow spike-and-wave complexes.2
Seizures usually begin to occur before the age of
8 years and persist into adulthood in more than
90% of patients3-5 Drop seizures due to an increase in (tonic) or loss of (atonic) motor tone
are characteristic of this disorder and often result in serious injury.6 Six medications are approved to treat seizures in patients with this
syndrome. Despite treatment, disabling seizures
continue to occur in most patients.7
Cannabidiol has been shown to reduce the
frequency of seizures in animal models of epilepsy. Open-label data from a trial of a plantderived pharmaceutical formulation of cannabidiol suggest that this medication may be effective
in drug-resistant cases of epilepsy.8 A randomized, controlled trial showed that cannabidiol
significantly reduced the frequency of seizures
among children and young adults with the Dravet
syndrome, another form of developmental epileptic encephalopathy.9 We performed a multicenter,
randomized, double-blind, placebo-controlled trial
to assess the efficacy and safety of two doses of
cannabidiol, as compared with placebo, added to
a regimen of conventional antiepileptic medication to treat drop seizures in patients with the
Lennox–Gastaut syndrome.

Me thods
Trial Design and Oversight

The protocol, available at NEJM.org, was approved by the institutional review board or independent ethics committee at each participating
center. All the patients or their caregivers provided written informed consent, and children provided assent when possible. A data and safety
monitoring committee monitored patient safety,
and an adjudication board assessed any signs of
potential abuse of the cannabidiol trial medication. The trial was conducted in accordance with
the ethical standards in the International Conference on Harmonisation Good Clinical Practice guidelines. All the authors vouch for the
accuracy and completeness of the reported outcome data and adverse events and for the fidelity of the trial to the protocol. The cannabidiol
and placebo used in the trial were provided by
the sponsor (GW Pharmaceuticals). The manuscript was written by the authors, three of whom
were employees of GW Pharmaceuticals.
Patients

Patients with the Lennox–Gastaut syndrome were
eligible for inclusion in the trial if they were
between 2 and 55 years of age; had an electroencephalogram that showed a pattern of slow
(<3.0 Hz) spike-and-wave complexes, which is
characteristic of the disorder; and had at least
two types of generalized seizures, including
drop seizures, for at least 6 months. A drop seizure was defined as an epileptic seizure (atonic,
tonic, or tonic–clonic) involving the entire body,
trunk, or head that leads or could lead to a fall,
injury, or slumping in a chair. Eligible patients
were taking between one and four antiepileptic
drugs and had at least two drop seizures each
week during the baseline period. All medication
doses and nonpharmacologic interventions for
epilepsy (including ketogenic diet and vagus nerve
stimulation) had to be stable in the 4 weeks
before screening and throughout the trial. Key
exclusion criteria were unstable medical conditions during the 4 weeks before screening, a history of alcohol or substance abuse, use of recreational or medicinal cannabis in the previous
3 months, use of corticotropins in the previous
6 months, or current use of felbamate for less
than 1 year.

We conducted this phase 3, multicenter, randomized, double-blind, placebo-controlled trial at
30 participating centers (20 in the United States,
5 in Spain, 3 in the United Kingdom, and 2 in
France). Patients were recruited from June 8 to
December 15, 2015. Patients were followed for up
to 24 weeks. The trial comprised a 4-week baseline period, a 14-week treatment period (2 weeks
of dose escalation, followed by 12 weeks of stable
dosing [maintenance phase]), a tapering period
of up to 10 days, and a 4-week safety follow-up
period after discontinuation of cannabidiol or pla- Procedures
cebo (Fig. S1 in the Supplementary Appendix, avail- Patients began a 4-week baseline period after
able with the full text of this article at NEJM.org). screening, and those who met the eligibility criten engl j med 378;20
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ria were randomly assigned to one of three trial
groups at a subsequent visit within 28 to 31 days
after the screening visit. A computer-generated
block randomization schedule, with block sizes
of six, was produced by an independent statistician and held at a central location. An interactive
voice-response or Web-based response system
was used to randomly assign the patients, in a
2:2:1:1 ratio, to receive cannabidiol at a dose of
either 20 mg per kilogram of body weight per
day (the 20-mg cannabidiol group) or 10 mg per
kilogram per day (the 10-mg cannabidiol group)
or matching placebo administered at a volume
equivalent to that for either the 20-mg cannabidiol dose or the 10-mg dose (the placebo group).
The active treatment was a plant-derived pharmaceutical formulation of purified cannabidiol
oral solution (100 mg per milliliter). Cannabidiol
and the matching placebo solution (excipients
alone) were provided in identical 100-ml amber
glass bottles.
The cannabidiol or placebo was administered
orally twice daily in equally divided doses starting at 2.5 mg per kilogram per day and increasing by 2.5 to 5.0 mg per kilogram every other day
until the target dose was reached. Patients or
their caregivers were trained to record, using an
interactive voice-response system, the number
and type of seizures, including drop seizures,
that occurred each day. They also recorded in
paper diaries cannabidiol or placebo use, use of
concomitant medications, and adverse events that
occurred during the treatment and follow-up
periods. Clinic visits occurred at 2, 4, 8, and 14
weeks after randomization; additional telephone
calls to assess the use of concomitant medications and adverse events were made at 6 weeks
and 10 weeks, after tapering of the cannabidiol
or placebo was completed, and at 4 weeks after
the final dose was administered (Fig. S1 in the
Supplementary Appendix). Patients who completed the treatment period could enter an open-label
extension trial under a separate protocol (Clinical
Trials.gov number, NCT02224573). Information
on deviations from the protocol is provided in
the Supplementary Appendix.
Outcome Measures

The primary outcome was the percentage change
from baseline in the frequency of drop seizures
(average per 28 days) during the treatment period.
An independent committee of experts from the Epi
1890
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lepsy Study Consortium (http://epilepsyconsortium
.org) reviewed the patients’ documented history
of seizures and any new seizure types reported
during the treatment period.
Key secondary outcomes were the percentage
of patients who had at least a 50% reduction
from baseline in drop-seizure frequency; the percentage change from baseline in the frequency
of all types of seizures (total seizures); and the
Patient or Caregiver Global Impression of Change
from baseline in overall condition, as assessed
on a 7-point scale that included three categories
of improvement (slightly improved, much improved, or very much improved), three categories
of worsening (slightly worse, much worse, or
very much worse), and an option of “no change.”
These measures were prespecified as key secondary outcomes in the statistical analysis plan
(available with the protocol) but not in the protocol. The analysis of the percentage of patients
who had at least a 50% reduction from baseline
in drop-seizure frequency was included as a key
secondary outcome at the request of the European Medicines Agency.
Other secondary outcomes included the percentage of patients who had at least a 25%, at
least a 75%, and a 100% reduction from baseline
in drop-seizure frequency; the percentage of
patients who had worsening or improvement in
drop-seizure frequency during the treatment
period; the percent reduction from baseline in
the frequencies of nondrop seizures (all seizures
except drop seizures), convulsive seizures (tonic–
clonic, tonic, clonic, or atonic seizures), nonconvulsive seizures (myoclonic seizures, easily identifiable partial seizures because of a motor
component, other partial seizures, or absence
seizures), and individual seizures according to
type; the Patient or Caregiver Global Impression
of Change in Seizure Duration from baseline
(decreased, stayed the same, or increased); the
change from baseline in sleep disruption, as assessed on a scale from 0 (slept extremely well) to
10 (unable to sleep at all); the change from baseline in the score on the Epworth Sleepiness
Scale10 (range, 0 to 24, with higher scores indicating greater daytime sleepiness); the change
from baseline in the score on the Quality of Life
in Childhood Epilepsy questionnaire11 (range, 0 to
100, with higher scores indicating better function); the change from baseline in the score on
the Vineland Adaptive Behavior Scales, second
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edition (Vineland-II; range, 20 to 160, with higher
scores indicating better behavioral adaptation);
and safety. The severity and causality of adverse
events were determined by the investigators and
were not independently adjudicated. The statistical analysis plan included additional secondary
outcomes that were not analyzed because they
had a low frequency of events, had low participation, or were introduced late in the conduct of
the trial.
Statistical Analysis

On the basis of previously reported placebo effects on seizure rates in other trials involving
patients with the Lennox–Gastaut syndrome12,13
and allowing for a slightly greater placebo effect
because of a higher expectation of effect with
cannabidiol than with other agents, we assumed
that the patients assigned to receive placebo
would have a mean 18% reduction from baseline
in drop-seizure frequency and that patients assigned to receive cannabidiol would have a mean
50% reduction. We calculated that 50 patients
per trial group would provide 80% power to
detect a 32 percentage-point difference between
the cannabidiol group and the placebo group at
a two-tailed significance level of 5%. Because of
the rapid recruitment after notification of pending closure of recruitment, more patients underwent randomization than originally planned.
The primary outcome was analyzed with the
use of a Wilcoxon rank-sum test, and the estimated median difference (with 95% confidence
intervals) between the trial groups was calculated
with the use of the Hodges–Lehmann approach.
Hypotheses were tested in the following order:
the 20-mg cannabidiol group, followed by the
10-mg cannabidiol group, was compared with
the placebo group with respect to the primary
outcome; the 20-mg cannabidiol group was then
compared with the placebo group with respect
to each key secondary outcome in the order
listed above, and then the 10-mg cannabidiol
group was compared with the placebo group
with respect to each key secondary outcome in
the same order. For the primary and key secondary outcomes only, the type I error was controlled by a hierarchical gate-keeping procedure,
wherein each successive outcome was tested
only if the preceding comparison was significant
at a two-sided P value of 0.05.
The percentage of patients who had a response
n engl j med 378;20

(≥50%, ≥75%, and 100% reductions in seizure frequency) was analyzed with the use of a Cochran–
Mantel–Haenszel test that was stratified according to age group. An odds ratio (when applicable)
with 95% confidence intervals is also presented.
The median percentage change in the frequency
of seizures (total, nondrop, convulsive, nonconvulsive, and individual seizures by type) was
analyzed with the same methods as those used
in the primary outcome analysis. Patient or Caregiver Global Impression of Change (overall condition and seizure duration) was analyzed with
the use of ordinal logistic regression that included trial group (for analysis of overall condition
and seizure duration) and age group (for analysis of seizure duration only) as factors. The secondary outcomes of sleep disruption, Epworth
Sleepiness Scale, and Quality of Life in Childhood Epilepsy were assessed with the use of an
analysis of covariance that included baseline
scores and age group as covariates and trial
group assignment as a fixed factor.
For patients who withdrew from the trial,
data up to the time of withdrawal were included
in the outcome analyses, and no imputation for
missing data was performed. The monthly frequency of seizures during the treatment period
was calculated with the use of available data
from day 1 through day 99 or of available data
at the time of the last dose of cannabidiol or
placebo if the patient was withdrawn from the
trial. Monthly frequency of seizures was calculated according to the following formula: ([number
of seizures in the period] ÷ [number of days reported in the interactive response system in the
period]) × 28. Sensitivity analyses were performed
for the primary and key secondary outcomes,
including one in which missing data from the
days that were not reported in the interactive
response system were imputed as the highest
number of seizures for each patient according to
the last observation carried forward, the next
observation carried backward, and the mean
number of daily seizures during the treatment
period (calculated from nonmissing data) (Figs.
S2 to S4 in the Supplementary Appendix). For
the secondary outcomes other than the key secondary outcomes, the type 1 error was not controlled, and thus only descriptive statistics and
95% confidence intervals are reported. Analyses
were performed with SAS software, version 9.3
(SAS Institute).
nejm.org

May 17, 2018

1891

The New England Journal of Medicine
Downloaded from nejm.org at NYU WASHINGTON SQUARE CAMPUS on May 22, 2018. For personal use only. No other uses without permission.
Copyright © 2018 Massachusetts Medical Society. All rights reserved.

The

n e w e ng l a n d j o u r na l

of

m e dic i n e

293 Patients were assessed for eligibility

68 Were excluded
38 Did not meet eligibility criteria
23 Had other reason
4 Withdrew or were withdrawn by caregiver
3 Were withdrawn by investigator

225 Underwent randomization

76 Were assigned to the placebo group
38 Received placebo administered
at a volume equivalent to that for
the 20-mg cannabidiol dose
38 Were administered the target
volume
38 Received placebo administered
at a volume equivalent to that for
the 10-mg cannabidiol dose
35 Were administered the target
volume
3 Were administered a volume
above the target

73 Were assigned to the 10-mg
cannabidiol group
67 Received the target dose
6 Received a dose above the target

76 Were assigned to the 20-mg
cannabidiol group
76 Received the target dose

2 Discontinued treatment
1 Had an adverse event
1 Was withdrawn by investigator

2 Discontinued placebo
1 Had an adverse event
1 Withdrew or was withdrawn
by caregiver

74 Completed the treatment period
73 Entered open-label extension trial

71 Completed the treatment period
71 Entered open-label extension trial

9 Discontinued treatment
4 Had an adverse event
2 Withdrew or were withdrawn by
caregiver
1 Met withdrawal criteria
1 Had protocol deviation
1 Was withdrawn by investigator

67 Completed the treatment period
66 Entered open-label extension trial

Figure 1. Screening, Randomization, and Treatment Period.
Patients were randomly assigned to receive cannabidiol at a dose of 20 mg per kilogram of body weight per day, cannabidiol at a dose
of 10 mg per kilogram per day, or placebo. Among the 23 patients who had some “other reason” for exclusion, 12 had a change of investigator, 5 did not adhere to the use of the interactive voice-response system, 4 did not meet inclusion criteria or met exclusion criteria,
1 had a change in a concomitant antiepileptic drug, and 1 did not meet the randomization window. Six patients in the 10-mg cannabidiol
group temporarily received a dose that was above the target and were therefore included in the 20-mg cannabidiol group for the safety
analysis. Among the 9 patients who discontinued treatment in the 20-mg cannabidiol group, the one patient who met withdrawal criteria
and the one patient who had a protocol deviation also had adverse events leading to discontinuation. Withdrawals are shown according
to the primary reason reported for each patient.

R e sult s
Patients

A total of 293 patients were assessed for eligibility
at 30 clinical centers; 68 were excluded (Fig. 1).
The remaining 225 patients underwent randomization, of whom 76 were assigned to the 20-mg
cannabidiol group, 73 to the 10-mg cannabidiol
group, and 76 to the placebo group; all patients
received at least one dose of cannabidiol or
placebo. A total of 13 patients (6%) discontinued
either cannabidiol (11 patients) or placebo (2 pa1892
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tients); in 7 of the 11 patients who discontinued
cannabidiol, the treatment was discontinued because of adverse events. Baseline characteristics
were similar in the trial groups (Table 1); the
majority of patients were white and were from
the United States, and 30% were older than 18
years of age (Table S1 in the Supplementary Appendix). Patients in each group had previously
received a median of 6 antiepileptic drugs
(range, 0 to 22), but the drugs had failed to control the seizures; the patients were receiving a
median of 3 antiepileptic drugs concomitantly at
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Table 1. Demographic and Clinical Characteristics of the Patients at Baseline.*
Placebo
(N = 76)

10-mg Cannabidiol
(N = 73)

20-mg Cannabidiol
(N = 76)

Mean

15.3±9.3

15.4±9.5

16.0±10.8

Range

Variable
Age — yr

2.6–43.4

2.6–42.6

2.6–48.0

Male sex — no. (%)

44 (58)

40 (55)

45 (59)

Median no. of previous antiepileptic drugs (range)

6 (1–22)

6 (0–21)

6 (1–18)

Median no. of concomitant antiepileptic drugs (range)

3 (1–5)

3 (1–5)

3 (0–5)

Clobazam

37 (49)

37 (51)

36 (47)

Valproate (all forms)

30 (39)

27 (37)

28 (37)

Levetiracetam

23 (30)

22 (30)

24 (32)

Lamotrigine

25 (33)

22 (30)

20 (26)

Rufinamide

20 (26)

19 (26)

26 (34)

21 (28)

15 (21)

17 (22)

6 (8)

6 (8)

6 (8)

Concomitant antiepileptic drugs — no. of patients (%)

Other concomitant interventions — no. of patients (%)
Vagus nerve stimulation
Ketogenic diet
Median no. of seizures during the 28-day baseline
period (interquartile range)
Drop seizures
Total seizures: all types combined
Nondrop seizures†

80.3 (47.8–148.0)

86.9 (40.6–190.0)

85.5 (38.3–161.5)

180.6 (90.4–431.3)

165.0 (81.3–359.0)

174.3 (82.7–392.4)

78.0 (22.0–216.0)

95.7 (14.0–280.0)

93.7 (22.2–278.4)

*	Plus–minus values are means ±SD. Patients were randomly assigned to receive cannabidiol at a dose of 20 mg per kilogram of body weight per day, cannabidiol at a dose of 10 mg per kilogram per day, or placebo.
†	Nondrop seizures were defined as all seizures except drop seizures and were assessed among 70 patients in the placebo
group, 55 patients in the 10-mg cannabidiol group, and 64 patients in the 20-mg cannabidiol group.

the time of trial entry. The most common antiepileptic drug was clobazam (49% of all patients). The median number of drop seizures
during the 28-day baseline period was 85 across
all groups. Of the 212 patients who completed
the treatment period, 210 (99%) entered the
open-label extension trial.

the placebo group was 19.2 percentage points
(95% CI, 7.7 to 31.2; P = 0.002) (Fig. 2).
The results of the sensitivity analyses, including those performed to account for missing data,
were consistent with the results of the primary
analysis (Fig. S2 in the Supplementary Appendix).
The differences between trial groups favored cannabidiol over placebo during the first 4 weeks of
Primary Outcome
the maintenance phase and persisted throughThe median percent reduction from baseline in the out the treatment period.
frequency of drop seizures per 28 days during
the treatment period was 41.9% in the 20-mg Key Secondary Outcomes
cannabidiol group, 37.2% in the 10-mg cannabi- During the treatment period, a total of 30 padiol group, and 17.2% in the placebo group. The tients (39%) in the 20-mg cannabidiol group, 26
estimated median difference in reduction be- patients (36%) in the 10-mg cannabidiol group,
tween the 20-mg cannabidiol group and the and 11 patients (14%) in the placebo group had
placebo group was 21.6 percentage points (95% at least a 50% reduction from their baseline in
confidence interval [CI], 6.7 to 34.8; P = 0.005), drop-seizure frequency (odds ratio for the 20-mg
and the estimated median difference in reduc- cannabidiol group vs. the placebo group, 3.85;
tion between the 10-mg cannabidiol group and 95% CI, 1.75 to 8.47; P<0.001; and odds ratio for
n engl j med 378;20

nejm.org

May 17, 2018

1893

The New England Journal of Medicine
Downloaded from nejm.org at NYU WASHINGTON SQUARE CAMPUS on May 22, 2018. For personal use only. No other uses without permission.
Copyright © 2018 Massachusetts Medical Society. All rights reserved.

The

n e w e ng l a n d j o u r na l

Placebo

of

m e dic i n e

20-mg Cannabidiol

10-mg Cannabidiol

Estimated median difference,
22.4 percentage points
(95% CI, 2.2–40.1)

Median Percent Reduction in Seizure Frequency

100
90
80

Estimated median difference,
21.6 percentage points
(95% CI, 6.7–34.8)
P=0.005

70
60
50

Estimated median difference,
19.2 percentage points
(95% CI, 7.7–31.2)
P=0.002

40
37.2

30

Estimated median difference,
18.8 percentage points
(95% CI, 4.4–31.8)
P=0.009

61.1

Estimated median difference,
19.5 percentage points
(95% CI, 7.5–30.4)
P=0.002

41.9

54.6

36.4 38.4

20

34.3

18.5

17.2

10

Estimated median difference,
28.3 percentage points
(95% CI, 10.5–43.8)

4)

5)

=6
(N

0)

=5

=7
(N

Nondrop Seizures

Total Seizures

Drop Seizures

(N

6)

3)

=7
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6)

3)
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Figure 2. Median Percent Reductions in Monthly Seizure Frequency during the Treatment Period.
The estimated median differences are for the comparisons between each cannabidiol group and the placebo group
and were calculated with the use of the Hodges–Lehmann approach. The P values were calculated with the use of a
Wilcoxon rank-sum test. Drop seizures are defined as epileptic seizures (atonic, tonic, or tonic–clonic) involving the
entire body, trunk, or head that lead or could lead to a fall, injury, or slumping in a chair; total seizures were defined
as all types of seizures combined, and nondrop seizures as all seizures except drop seizures. P values for nondrop
seizures are not shown because this was not a key secondary outcome, and type 1 error was not controlled.

the 10-mg cannabidiol group vs. the placebo
group, 3.27; 95% CI, 1.47 to 7.26; P = 0.003)
(Fig. 3). The direction of these findings was
consistent in the sensitivity analyses (Figs. S3
and S4 in the Supplementary Appendix). The
percentage of patients who had at least a 75%
reduction from baseline in drop-seizure frequency was higher in the 20-mg cannabidiol
group (25%) and the 10-mg cannabidiol group
(11%) than in the placebo group (3%) (Fig. 3).
No patients were free from drop seizures during
the entire treatment period (day 1 onward); however, 5 patients (7%) in the 20-mg cannabidiol
group, 3 patients (4%) in the 10-mg cannabidiol
group, and 1 patient in the placebo group (1%)
were free from drop seizures during the entire
maintenance phase (day 15 onward).
The median percent reduction from baseline
in the frequency of all seizures per 28 days during the treatment period was 38.4% in the 20-mg
cannabidiol group, 36.4% in the 10-mg cannabidiol group, and 18.5% in the placebo group. The
estimated median difference in reduction be-
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tween the 20-mg cannabidiol group and the
placebo group was 18.8 percentage points (95%
CI, 4.4 to 31.8; P = 0.009), and the estimated
median difference in reduction between the 10-mg
cannabidiol group and the placebo group was
19.5 percentage points (95% CI, 7.5 to 30.4;
P = 0.002) (Fig. 2). The direction of these findings was consistent in the sensitivity analyses
(Fig. S4 in the Supplementary Appendix).
An improvement from baseline in overall condition (slightly improved, much improved, or very
much improved) according to the Patient or Caregiver Global Impression of Change at the last
visit was reported in 43 of 75 patients (57%) in
the 20-mg cannabidiol group, in 48 of 73 patients (66%) in the 10-mg cannabidiol group,
and in 33 of 75 patients (44%) in the placebo
group (odds ratio for the 20-mg cannabidiol
group vs. the placebo group, 1.83; 95% CI, 1.02
to 3.30; P = 0.04; and odds ratio for the 10-mg
cannabidiol group vs. the placebo group, 2.57;
95% CI, 1.41 to 4.66; P = 0.002) (Fig. S5 in the
Supplementary Appendix).
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Other Secondary Outcomes
Placebo

The type 1 error was not controlled in the analysis of the other secondary outcomes. Therefore,
only descriptive statistics and 95% confidence
are presented in Table S3 in the Supplementary
Appendix.
Six patients in the 10-mg cannabidiol group temporarily received a dose that was above the target
and were therefore included in the 20-mg cannabidiol group for the safety analysis. Adverse
events were reported in 77 of 82 patients (94%)
in the 20-mg cannabidiol group, in 56 of 67 patients (84%) in the 10-mg cannabidiol group, and
in 55 of 76 patients (72%) in the placebo group.
Reductions in the dose of cannabidiol or placebo
were permitted if unacceptable adverse events
occurred, and changes in the doses of concomitant antiepileptic drugs (Table S4 in the Supplementary Appendix) were permitted on clinical
grounds (e.g., on the basis of adverse events,
laboratory findings, or plasma levels of concomitant medications). Of the adverse events that
occurred among the patients, 89% were judged
by the investigators (without independent adjudication) to be of mild or moderate severity.
Common adverse events included somnolence,
decreased appetite, diarrhea, upper respiratory
tract infection, pyrexia, and vomiting (Table 2).
A total of 8 patients discontinued cannabidiol or
placebo because of adverse events and were withdrawn from the trial (6 in the 20-mg cannabidiol group, 1 in the 10-mg cannabidiol group,
and 1 in the placebo group); elevation of serum
aminotransferase concentrations was the most
common adverse event among these patients, occurring in 4 of the 6 patients in the 20-mg cannabidiol group and in the patient in the 10-mg
cannabidiol group, with maximum elevations in
aspartate aminotransferase or alanine aminotransferase concentrations that were 3.2 to 12.2
times the upper limit of the normal range. Serious adverse events were reported in 33 patients
(13 in each cannabidiol group and 7 in the placebo group). Among the 26 patients in the cannabidiol groups who had serious adverse events,
the events were considered by the investigator to
be related to the cannabidiol treatment in 7 patients (1 patient had multiple events); these events
included elevated aspartate aminotransferase con-

n engl j med 378;20

20-mg Cannabidiol

90
80
70

Patients (%)

Adverse Events

10-mg Cannabidiol

100

60
50

Odds ratio,
3.85 (95% CI, 1.75–8.47)
P<0.001
Odds ratio,
3.27 (95% CI, 1.47–7.26)
P=0.003

40
36

30

39

Odds ratio,
12.33 (95% CI, 2.76–55.13)
Odds ratio,
4.55 (95% CI, 0.93–22.22)
25

20
10
0

14
3

≥50% Reduction

11

≥75% Reduction

Figure 3. Reductions of at Least 50% and 75% from Baseline in Drop-Seizure
Frequency during the Treatment Period.
The odds ratios are for the comparisons between each cannabidiol group
and the placebo group. The P values were calculated with the use of a
Cochran–Mantel–Haenszel test, with stratification according to age group
(2 to 5 years, 6 to 11 years, 12 to 17 years, and 18 to 55 years). P values for
reductions of at least 75% from baseline in drop-seizure frequency are not
shown because this was not a key secondary outcome, and type 1 error
was not controlled.

centration (2 patients), elevated alanine aminotransferase concentration (1 patient), elevated
γ-glutamyltransferase concentration (1 patient),
somnolence (1 patient), increased seizures during weaning (1 patient), nonconvulsive status
epilepticus (1 patient), lethargy (1 patient), constipation (1 patient), and worsening chronic cholecystitis (1 patient). Increases in serum aminotransferase concentrations greater than 3 times
the upper limit of the normal range occurred in
14 of the 149 patients (9%) who received cannabidiol (11 patients in the 20-mg group and 3 in the
10-mg group [no patient in the placebo group
had such an event]). Of these 14 patients, 11
(79%; 9 patients in the 20-mg group and 2 in the
10-mg group) were receiving valproic acid concomitantly. No patient met the criteria for severe
drug-induced liver injury, and all cases of elevated aminotransferase concentrations greater than
3 times the upper limit of the normal range resolved either spontaneously during the treatment
period (3 patients), after entry into the open-label
extension trial (2 patients), or after the dose of
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Discussion

Table 2. Common Adverse Events Among Patients in the Safety-Analysis Set.*

This trial involving children and adults with the
Lennox–Gastaut syndrome showed that a pharmaAdverse Event
ceutical formulation of purified cannabidiol,
number of patients (percent)
administered at a dose of either 10 mg or 20 mg
per kilogram per day, resulted in a significantly
Somnolence†
4 (5)
14 (21)
25 (30)
greater reduction in the frequency of drop seiMild
3 (4)
9 (13)
18 (22)
zures than placebo. Significant results in favor
Moderate
1 (1)
4 (6)
6 (7)
of cannabidiol were also seen in secondary outSevere
0
1 (1)
1 (1)
come measures of at least a 50% reduction in the
Decreased appetite
6 (8)
11 (16)
21 (26)
frequency of drop seizures, the reduction in the
Mild
5 (7)
8 (12)
15 (18)
frequency of all seizures, and improvement in
overall condition. Eight patients (5%) who reModerate
1 (1)
3 (4)
5 (6)
ceived cannabidiol were free from drop seizures
Severe
0
0
1 (1)
during the entire maintenance phase, as comDiarrhea
6 (8)
7 (10)
12 (15)
pared with one patient in the placebo group.
Mild
6 (8)
6 (9)
10 (12)
These results are similar to those from trials of
Moderate
0
1 (1)
2 (2)
cannabidiol at a dose of 20 mg per kilogram per
Upper respiratory tract
11 (14)
11 (16)
11 (13)
day in patients with the Lennox–Gastaut syninfection
drome14 and those with the Dravet syndrome.9
Mild
11 (14)
10 (15)
8 (10)
A prospective, open-label study of cannabidiol in
Moderate
0
1 (1)
3 (4)
patients with childhood epilepsy of various causes
showed improvements in several components of
Pyrexia
12 (16)
6 (9)
10 (12)
quality of life.15 However, an overall quality-of-life
Mild
11 (14)
5 (7)
10 (12)
assessment in our trial showed no significant
Moderate
1 (1)
1 (1)
0
difference between cannabidiol and placebo.
Vomiting
9 (12)
4 (6)
10 (12)
The most common adverse events with canMild
9 (12)
2 (3)
10 (12)
nabidiol were somnolence, decreased appetite,
Moderate
0
2 (3)
0
and diarrhea, particularly in the 20-mg cannabidiol group.12,16 Serious adverse events and trial
Mild nasopharyngitis
5 (7)
3 (4)
9 (11)
withdrawal were more common in the cannabiStatus epilepticus
3 (4)
7 (10)
4 (5)
diol groups than in the placebo group.5,17 ElevaMild
2 (3)
1 (1)
1 (1)
tions in liver aminotransferase concentrations
Moderate
1 (1)
4 (6)
3 (4)
greater than three times the upper limit of the
Severe
0
2 (3)
0
normal range occurred more frequently among
*	The table shows the adverse events that occurred in more than 10% of patients the patients who received cannabidiol; most ocin any trial group. The severity of adverse events was determined by the inves- curred in the 20-mg cannabidiol group and
tigators and was not independently adjudicated. Of the 73 patients who had
among patients receiving valproate concomibeen randomly assigned to the 10-mg cannabidiol group, 6 received a dose
tantly. A dose-ranging safety study of cannabithat was above the target (among whom 3 had somnolence, 3 had decreased
diol in the treatment of the Dravet syndrome
appetite, and 1 had nasopharyngitis [patients could have >1 adverse event]);
therefore, these patients were included in the 20-mg cannabidiol group in the
showed that cannabidiol had no effect on syssafety analysis. Of the 3 patients with somnolence in the 10-mg cannabidiol
temic levels of valproate,18 which suggests that
group, 1 was taking clobazam concomitantly.
any drug–drug interaction between valproate and
†	Among the patients with somnolence, 15 of 25 patients (60%) in the 20-mg
cannabidiol group, 11 of 14 patients (79%) in the 10-mg cannabidiol group,
cannabidiol is pharmacodynamic rather than
and 1 of 4 patients (25%) in the placebo group were taking clobazam conpharmacokinetic. Cannabidiol inhibits the catacomitantly.
lytic activity of cytochrome P450 2C19 and increases levels of the N-desmethyl metabolite of
cannabidiol was tapered, cannabidiol was dis- clobazam, which has biologic activity and may
continued, or the dose of another antiepileptic have contributed to the efficacy of the active
drug was reduced (9 patients).
drug in this trial.19 Approximately half the paPlacebo
(N = 76)

1896

10-mg
Cannabidiol
(N = 67)

20-mg
Cannabidiol
(N = 82)
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tients in the cannabidiol and placebo groups
were receiving clobazam concomitantly, and decreases in the dose of clobazam occurred more
frequently among the patients in the cannabidiol
groups than among those in the placebo group.
A trial examining the effect of cannabidiol on
serum concentrations of clobazam is under way
(NCT02565108).
In the current trial comparing two different
doses of cannabidiol with placebo in patients
with the Lennox–Gastaut syndrome, cannabidiol
was associated with greater reductions in the
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Abstract
Background: The therapeutic application of cannabidiol (CBD) is gaining interest due to expanding evidence for its
use.
Objective: To summarize the clinical outcomes, study designs and limitations for the use of CBD and nabiximols
(whole plant extract from Cannabis sativa L. that has been purified into 1:1 ratio of CBD and delta-9tetrahydrocannabinol) in the treatment of psychiatric disorders.
Materials and method: A systematic review was conducted including case reports, case series, open-label trials,
non-randomized and randomized controlled trials (RCTs). The search resulted in 23 relevant studies on CBD and
nabiximols in the treatment of a wide range of psychiatric disorders. The quality of evidence was judged by using
the Oxford Centre for Evidence-Based Medicine 2011 Levels of Evidence that ranges from Level 1 to Level 5 based
on the quality and study design. These levels of evidence help in grading the recommendations, including Grade A
(strong), Grade B (moderate), Grade C (weak), and Grade D (weakest).
Results: CBD and CBD-containing compounds such as nabiximols were helpful in alleviating psychotic symptoms
and cognitive impairment in patients with a variety of conditions, and several studies provided evidence of
effectiveness in the treatment of cannabis withdrawal and moderate to severe cannabis use disorder with Grade B
recommendation. There is Grade B recommendation supporting the use of CBD for the treatment of schizophrenia,
social anxiety disorder and autism spectrum disorder (ASD), and attention deficit hyperactivity disorder (ADHD).
Grade C recommendation exists for insomnia, anxiety, bipolar disorder, posttraumatic stress disorder, and Tourette
syndrome. These recommendations should be considered in the context of limited number of available studies.
Conclusion: CBD and CBD-containing compounds such as nabiximols were helpful in alleviating symptoms of
cannabis-related disorders, schizophrenia, social anxiety disorder, and comorbidities of ASD, and ADHD with
moderate recommendation. However, there is weaker evidence for insomnia, anxiety, bipolar disorder,
posttraumatic stress disorder, and Tourette syndrome. The evidence for the use of CBD and CBD-containing
compounds for psychiatric disorders needs to be explored in future studies, especially large-scale and welldesigned RCTs.
Keywords: Cannabidiol (CBD), Nabiximols, Schizophrenia, Cannabis, Withdrawal, Dependence, Autism spectrum
disorder (ASD), Attention deficit hyperactivity disorder (ADHD), Post-traumatic stress disorder (PTSD), Tourette
syndrome, Bipolar disorder
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Introduction
Cannabis sativa, a species of cannabis plant, is well
known to humankind, with its earliest use in ancient
Chinese culture dating as far back as 2700 B.C. (Zuardi,
2006). The use of medical cannabis in China was reported in the world’s oldest pharmacopoeia (Martin
et al., 1999). However, interest in the role of cannabis
flourished in the late twentieth century after the recognition of an endogenous cannabinoid system in the brain
(Zuardi, 2006; Martin et al., 1999). More recently, research has centered on the description and cloning of
specific receptors and the therapeutic effects of medical
cannabis, and different cannabinoids in the cannabis
plant have gained interest (Martin et al., 1999). Recent
studies have focused on the therapeutic role of medical
cannabis in different disorders. As a result, there is a
growing need to summarize and review the evidence for
its therapeutic and adverse effects as an aid to public
health policy development, and to provide direction and
impetus to pharmaceutical research in this field.
The cannabis plant has more than 140 cannabinoid
compounds, with Δ9-tetrahydrocannabinol (Δ9-THC) and
cannabidiol (CBD) attracting significant interest (Citti
et al., 2018). Δ9-THC is the primary psychoactive ingredient, and CBD is a non-intoxicating ingredient (Zuardi,
2006; Citti et al., 2018). Evidence from preclinical studies
suggested that CBD had potential therapeutic benefits
ranging from antiinflammatory to neuroprotective, antipsychotic, analgesic, anticonvulsant, antiemetic, antioxidant, antiarthritic, and antineoplastic properties; for a
review, see (Pertwee, 2006). CBD has several receptors
and molecular targets. This compound antagonizes the action of CB1 and CB2 receptor agonist (Blessing et al., 2015;
Peres et al., 2018). The CB1 and CB2 receptors are coupled
negatively through G-proteins to adenylate cyclase and
positively to mitogen-activated protein kinase (Pertwee,
2006). In addition to CB1 and CB2 receptor activity, CBD
is an agonist of vanilloid receptor TRPV1. It also acts as an
agonist of serotonin receptor 5-hydroxytryptamine (5HT1A), an antagonist of G-protein-coupled receptor
GPR55, and an inverse agonist of GPR3, GPR6, and
GPR12 (Peres et al., 2018). Data from single-photon emission computed tomography showed CBD to exert anxiolytic effects by acting on paralimbic and limbic pathways
(Crippa et al., 2011). The agonist effect of CBD on 5HT1A also supports its anxiolytic and antidepressant properties (Russo et al., 2005). CBD inhibits enzymatic
hydrolysis and anandamide uptake through its agonist action on CB1, CB2, and TRPV1 receptors (Peres et al.,
2018). In addition, CBD indirectly enhances endogenous
anandamide signaling by inhibiting the intercellular degradation of anandamide (Leweke et al., 2012). This endogenous neurotransmitter exerts antipsychotic effects in
patients with schizophrenia (Leweke et al., 2012).
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The pharmacokinetic profile of CBD has been extensively explored in the existing literature. A recently published systematic review of the pharmacokinetics of CBD
found that the area under curve (AUC0 − t) and maximum serum concentration (Cmax) occurs between 1
and 4 h (Millar et al., 2018). The AUC0 − t and Cmax
reach maximum values faster after smoking or inhalation
compared to oral or oromucosal routes. Bioavailability
was 31% after smoking, but no other studies reported
the absolute bioavailability of CBD after other routes in
humans. The half-life of CBD ranges between 1.4 and
10.9 h after oromucosal spray and 2–5 days after chronic
oral administration (Millar et al., 2018). Fed states and
lipid formulations increase Cmax (Millar et al., 2018).
The bioavailability of oral CBD ranges between 11 and
13%, compared to 11 to 45% (mean 31%) via inhalation
(Scuderi et al., 2009). CBD is well-tolerated, yet despite a
relatively lower risk of drug–drug interactions, it should
be used cautiously in combination with drugs metabolized by the CYP3A4 and CYP2C19 pathways, and the
substrates of UDP-glucuronosyltransferases UGT1A9
and UGT2B7 (Millar et al., 2018). The clinical relevance
of these interactions needs to be explored in future studies (Brown & Winterstein, 2019).
Dronabinol and nabilone are synthetic in origin,
whereas nabiximols is plant-based (Papaseit et al., 2018).
The percentage of THC and its ratio to CBD (THC/
CBD ratio) defines the potency and psychoactive effects
of a given formulation (Papaseit et al., 2018). Those with
higher CBD/Δ9-THC ratios have euphoric, anxiolytic,
and relaxing effects, whereas lower CBD/Δ9-THC ratios
have sedative properties (Papaseit et al., 2018). Nabiximols, a CBD-containing compound, contains Δ9-THC
and CBD at a 1:1 ratio (Papaseit et al., 2018). The Food
and Drug Administration has approved Epidiolex® (an
oral formulation of CBD) for two forms of childhood
seizures (Lennox–Gastaut syndrome and Dravet syndrome) in children 2 years of age and older (Papaseit
et al., 2018).
Previous efforts to synthesize the evidence for medical
cannabis use in patients with psychiatric disorders have
been published (Hoch et al., 2019; Lowe et al., 2019).
For example, Hoch et al. conducted an excellent systematic review that summarized four systematic reviews and
14 randomized controlled trials (RCTs), but did not consider non-clinical trial evidence (case reports and case
series) (Hoch et al., 2019). A review by Mandolini et al.
recently summarized the clinical findings from 14 studies of psychiatric disorders, but these authors did not
provide information about nabiximols (Mandolini et al.,
2018). In contrast to the review articles noted above, the
present article aims to provide a more comprehensive
review of the use of CBD and CBD-containing compounds such as nabiximols to treat psychiatric disorders.
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The present review included studies focused on schizophrenia, cannabis-related disorders, attention deficit
hyperactivity disorder (ADHD), comorbidities in autism
spectrum disorder (ASD), social anxiety disorder (SAD),
other anxiety disorders, insomnia, bipolar disorder, posttraumatic stress disorder (PTSD), psychosis in Parkinson’s disease, and Tourette syndrome. This article
broadly reviews the efficacy, safety, and psychiatric benefits of CBD and CBD-containing compounds (nabiximols). We distinguish clearly here between the clinical
findings for CBD and nabiximols, as the latter also contains THC.

Methods
Eligibility criteria

The main inclusion criterion was studies of the psychiatric use of CBD and CBD-containing compounds such
as nabiximols. Only case reports, case series, retrospective chart reviews, open-label trials, and RCTs were considered. All books, conference papers, theses, editorials,
review articles, metaanalyses, in-vitro studies, laboratory
studies, animal studies, studies of participants without
psychiatric disorders, and abstract-only articles were excluded. No restrictions on language, country, publication
year, or patients’ age, gender, or ethnicity were applied.
Search strategy

Eight electronic databases were searched on October
28th, 2018: PubMed, Scopus, Web of Science, POPLINE,
New York Academy of Medicine Grey Literature Report,
PsycINFO, Psycarticles, and CINAHL. The following
search strategy was used in all cases: (CBD OR Cannabi*
OR nabiximols) AND (psychiat* OR Depress* OR Anxiety OR Psycho* OR schizo* OR Bipolar OR Substance
OR ADHD OR Attention OR Autism) AND (treatment).
The manual search of references of included studies was
performed by four independent reviewers.
Study selection

The search results from the eight databases were
imported to Endnote v. 7 (Thompson Reuters, CA,
USA) to remove any duplicates. Four independent reviewers (RK, NM, AF, MAF) screened the titles and abstracts (when available), followed by full-text screening
of each included article with the predetermined eligibility criteria. All articles included after full-text screening
were then searched manually. Discrepancies were resolved by consensus through discussion among reviewers, or with guidance from a third reviewer (SN).
Data extraction and grading

The data were extracted independently by the authors,
and were cross-checked by discussion among the four
reviewers (RK, NM, AF, MAF), with guidance from the
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senior author (SN) in case of discrepancy. The data were
categorized as pertaining to target diagnosis, study design, sample size, duration of the trial, age range, dose
ranges, measurement scales, clinical outcomes, study
limitations, and common side effects.
The Oxford Centre for Evidence-Based Medicine 2011
Levels of Evidence was used to grade the quality of evidence (OCEBM, 2019). Level 1 evidence is for systematic
review of RCTs or individual RCT of narrow confidence
interval, Level 2 for cohort studies or systematic review
of cohort studies, Level 3 for case-control studies or systematic review of case-control studies, and Level 4 for
case-series for studies focused on therapy, prevention,
etiology and harm (OCEBM, 2019). These levels of evidence are used to generate Grades of Recommendation.
Grade A is for consistent level 1 studies, Grade B for
consistent level 2 or 3 studies or extrapolations from
level 1 studies, and Grade C for level 4 studies or extrapolations from level 2 or 3 studies. Grade D is ranked for
level 5 evidence or inconsistent or inclusive studies of
any level (OCEBM, 2019).

Results & discussion
The search of eight electronic databases and our manual
screening method generated 511 results. After the removal of duplicates, titles and abstracts were screened,
resulting in the exclusion of 459 articles. Full-text
screening of 52 articles was performed, and 23 articles
meeting the inclusion criteria were analyzed. Figure 1
summarizes the screening process.
Of the 23 articles, there were eight RCTs, one clinical
trial, four open-label trials, one retrospective chart review, seven case reports, and two case series, comprising
a total patient population of 526. The studies focused on
CBD and nabiximols use in the treatment of schizophrenia, cannabis-related disorders, ADHD, ASD and comorbidities, anxiety, insomnia, SAD, bipolar disorder, PTSD,
psychosis in Parkinson’s disease, and Tourette syndrome.
No studies of substance use disorders other than cannabis use were identified. In this review article, the authors
have used DSM-5 terminologies for most of the disorders except for DSM-IV-Text Revised terminology of
substance dependence. A comparable DSM-5 terminology of moderate-severe substance use disorder was
used in this case.
Qualitative synthesis of eligible studies
Schizophrenia and psychosis in Parkinson’s disease

There were three RCTs (164 patients), one clinical trial
(27 patients), one case series (three patients), one case
report for schizophrenia, and one open-label trial (six
patients) for psychosis in Parkinson’s disease (Table 1)
(Leweke et al., 2012; Hallak et al., 2010; Boggs et al.,
2018; McGuire et al., 2018; Zuardi et al., 2006; Zuardi
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Fig. 1 PRISMA Flow Diagram

et al., 1995; Zuardi et al., 2009). Of the seven studies,
level 2 evidence was found in three RCTs, level 3 evidence in two clinical trial, and level 4 evidence in one
case report and one case series (OCEBM, 2019). Since
most of the studies were from level 2 and level 3 evidence, there is Grade B recommendation for schizophrenia. The dose of CBD in these studies ranged from 200
to 1500 mg daily. The highest dose was titrated to 1500
mg daily as reported by Zuardi and colleagues (Zuardi
et al., 1995). Irrespective of the study design, three studies reported that CBD alleviated psychotic symptoms
and cognitive impairment in patients with chronic cannabis use and Parkinson’s disease (Leweke et al., 2012;
Zuardi et al., 1995; Zuardi et al., 2009), while only two
RCTs and one clinical trial provided evidence for the effectiveness of CBD among patients with schizophrenia,
albeit with mixed results (Leweke et al., 2012; McGuire
et al., 2018; Zuardi et al., 2009).
In a clinical trial, Hallak and colleagues suggested an
improvement in schizophrenia-associated cognitive impairment with a CBD dose of 300 mg/day, while no significant improvement was seen at a CBD dose of 600
mg/day (Hallak et al., 2010). In another RCT, McGuire

and colleagues found that CBD (1000 mg/day) improved
positive psychotic symptoms, but failed to improve negative symptoms and general psychopathology associated
with this illness (McGuire et al., 2018). In another RCT,
Boggs and colleagues found that CBD (600 mg/day)
failed to improve outcomes pertaining to reasoning and
problem-solving domains (Boggs et al., 2018).
In a comparison of CBD with amisulpride, Leweke and
colleagues reported similar improvements in patients
taking CBD 800 mg/day and those taking amisulpride
(Leweke et al., 2012). This study also indicated an increase in intrinsic anandamide signaling, an effect that
explained the antipsychotic properties of CBD (Leweke
et al., 2012). Moreover, CBD treatment was associated
with a lower risk of extrapyramidal symptoms, less
weight gain, and a lower increase in prolactin, which is a
predictor of galactorrhea and sexual dysfunction
(Leweke et al., 2012). An open-label study of CBD to
treat psychosis in Parkinson’s disease also suggested
promising results at a dose of 400 mg daily; however,
there was a strong risk of bias because of inadequate
blinding of participants, personnel and outcome assessors (Zuardi et al., 2009).

Schizophrenia CBD

Schizophrenia CBD

Hallak
al., 2010

Leweke
et al.,
2012

Pharmacological
agent

Diagnosis

Author

RCT

RCT

Level 2

Level 2
CBD = 300 or
600 mg

SCWT

18–50 - Participants
BPRS,
were started on PANSS,
200 mg/day
EPS,
of CBD or
serum
amisulpride
prolactin,
- The dose
body
was
weight
increased
by 200 mg/
day in the
1st week.
- The total
dose was
200 mg four

1 month > 18

Duration Age
Dose range (mg) Scales to
range
measure
(years)
the
clinical
outcome

4 weeks
CBD = 20
Amisulpride =
19

CBD 300
mg = 9
CBD 600
mg = 8
Placebo = 10

Study Strength Group (n)
design of
evidence*

- Patients in both groups
reported a comparable
improvement in PANSS
and BPRS (1.0, 95% confidence
interval 12.6 to 14.6, P = 0.884.
- CBD inhibited FAAH activity
and increased intrinsic
anandamide signaling,
resulting in antipsychotic
properties. There was a a
statistically significant
association between higher
anandamide levels and
decrease in psychotic

- The SCWT and skin
conductance were
recorded at baseline and 1
month after the initial test.
Patients received CBD or
placebo before the test.
- In the first session, there
was significant SCWT effect on
electrodermal response
factor only (F1,16 = 5.98;
p < 0.05) related to time
taken to complete board I.
- The mean time required for
the responsive group was
77.8 (SEM = 11.7) and for
the non-responsive it was
was 119.7 (SEM = 12.3).
- In the second assessment,
a significant effect for number
of errors on board II (F2,16 = 6.027;
p = 0.014). The group that received
CBD 600 mg had a higher
score compared to the other
two.
- SCWT score improved in the
placebo and 300 mg group,
but the improvement was
smaller in the 600 mg CBD
group.
The improvement in participants
given CBD 600 mg was smaller
due to sedation.

Clinical outcome

Table 1 Studies of CBD use in the treatment of schizophrenia and psychosis in Parkinson’s disease and levels of evidence (1 to 5)*
Reference
number

Treatment
9
with CBD was
associated
with lower risk
of EPS, less
weight gain,
and a lower
increase in
prolactin level
- a predictor of
galactorrhea
and sexual
dysfunction.

No side effects 18
were reported.

Common side
effects
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Schizophrenia CBD

Schizophrenia CBD

Schizophrenia CBD

Boggs
et al.,
2018

McGuire
et al.,
2018

Zuardi
et al.,
2006

Pharmacological
agent

Diagnosis

Author

Case
series

RCT

RCT

Level 4

Level 2

Level 2

3

CBD = 43
Placebo = 45

CBD = 18
Placebo = 18

Study Strength Group (n)
design of
evidence*

45 days

6 weeks

6 weeks

22–23 1–5 days =
Placebo
6–35 days =
Participants
were started
on 40 mg
twice a day,
titrated to
1280 mg/day
depending

18–65 1000 mg/day

18–65 CBD = 600 mg/
day

times daily
(800 mg/day)

- The percentage of responders
(patients with an improvement
20% in PANSS total score) was
high in CBD group compared
to placebo group, however, it
could not reach statistical
significance.
- About 78.6% of participants
improved in CBD group on
CGI-I scores (CGI-I: treatment
difference = 20.5, 95%
CI = − 0.8, − 0.1 p = 0.018)
compared to 54.6% in
placebo arm.
- CBD group had an improvement
in their global functioning
(treatment difference = 3.0, 95%
CI = -0.4, 6.4; p = 0.08) and
cognitive performance (treatment
difference = 1.31, 95% CI = − 0.10,
2.72; p = 0.068), however, it could
not reach statistical significance.
- Case 1: During CBD phase,
symptoms improved at 1280
mg/day, followed by worsening
of symptoms after CBD
discontinuation.
- Case 2: No improvement with
CBD and partial improvement
with olanzapine, requiring clozapine.
- Case 3: Slight improvement with
CBD. However, this patient failed

BPRS,
PANSS,
CGI

- For MCCB Composite score, there
was no effect of drug or time,
but a significant drug × time effect
was observed (F (1, 32) = 5.94;
p = 0.02).
- There was only improvement in
placebo-treated subjects time
(F (1, 32) = 4.84; p = 0.03).
- Lack of improvement in psychotic
symptoms on PANSS (F (3, 101) =
1.66; p = 0. 18).

symptoms in patients treated
with cannabidiol (P = .0012)

Clinical outcome

PANSS,
SANS,
CGI, GAF,
BACS

MCCB,
PANSS

Duration Age
Dose range (mg) Scales to
range
measure
(years)
the
clinical
outcome

Table 1 Studies of CBD use in the treatment of schizophrenia and psychosis in Parkinson’s disease and levels of evidence (1 to 5)* (Continued)
Reference
number

No side effects 24
were reported.

Mild transient 23
GI discomfort,
hyperlipidemia.

Mild sedation 22
was reported
in 20% of
participants
compared to
5% in placebo.

Common side
effects

Khan et al. Journal of Cannabis Research
(2020) 2:2
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Psychosis in
Parkinson’s
disease

Zuardi
et al.,
2009

Open- Level 3
label
pilot
study

Case
Level 4
report

6

1

Study Strength Group (n)
design of
evidence*

4 weeks

4 weeks

Mean
age
58.8 ±
14.9
years

19

The initial
dose of
150 mg
was
increased to
400 mg at
the end of
week 4, with
an increase
of 150 mg/
week.

1–4 days:
Placebo
4–30 days:
CBD oil was
increased to
1500 mg/day
in divided
doses.
31–34 days:
Placebo
After 35 days:
Haloperidol
was started.

on efficacy
and
tolerability.
36–40 days =
Placebo
Last 15 days =
Olanzapine

BPRS,
PPQ

BPRS

Duration Age
Dose range (mg) Scales to
range
measure
(years)
the
clinical
outcome
Common side
effects

Reference
number

- There was an improvement on total
scores of BPRS (P < 0.001) and four
BPRS factors scores (Thinking disorder
p = 0.002, Withdrawal-retardation
P = 0.007, Anxious-depression
p = 0.003, Activation p = 0.005)
including positive and negative
symptoms.
- A reduction in scores of PPQ
(P = 0.001) was observed at the
endpoint of study.

No adverse
effect on
cognitive
functioning
was reported.

26

- Open BPRS scores improved from 42 No side effects 25
to 13 and blind BPRS scores improved were reported.
from 50 to 30, for an improvement of
69 and 69%, respectively.
- Improvements in following factors of
BPRS: thought disturbance (62.5 to
25%), hostility-suspiciousness (83.3
to 33.3%), anxiety-depression (62.5
to 18.8%), activation (58.3 to 16.7%),
and anergia (31.3 to 0.0%).

to respond to olanzapine, clozapine,
or haloperidol decanoate.

Clinical outcome

BACS: Brief Assessment of Cognition in Schizophrenia, BPRS: Brief Psychiatric Rating Scale, CBD: cannabidiol, CGI: Clinical Global Impressions, EPS: extrapyramidal symptoms, GAF: Global Assessment of Functioning, GI:
Gastrointestinal, MCCB: MATRICS Consensus Cognitive Battery, PANSS: Positive and Negative Syndrome Scale, PPQ: Parkinson Psychosis Questionnaire, RCT: randomized controlled trial, SANS: Scale for the Assessment
of Negative Symptoms, SCWT: Stroop Color Word Test, Δ9-THC: Δ9-tetrahydrocannabinol
*The Oxford Centre for Evidence-Based Medicine 2011 Levels of Evidence was used to grade the quality of evidence (OCEBM, 2019). Level 1 evidence is for systematic review of RCTs or individual RCT of narrow
confidence interval, Level 2 for cohort studies or systematic review of cohort studies, Level 3 for case-control studies or systematic review of case-control studies, and Level 4 for case-series for studies focused on
therapy, prevention, etiology and harm (OCEBM, 2019)

CBD

Schizophrenia CBD

Zuardi
et al.,
1995

Pharmacological
agent

Diagnosis

Author

Table 1 Studies of CBD use in the treatment of schizophrenia and psychosis in Parkinson’s disease and levels of evidence (1 to 5)* (Continued)
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The remaining evidence comprised two minimal quality
case reports and case series. Zuardi and colleagues were the
first to report favorable findings for CBD in patients with
schizophrenia (Zuardi et al., 1995). The dose of CBD ranged
from 600 to 1500 mg daily in schizophrenia studies. A case
series of three patients with treatment-resistant schizophrenia found improvement in only one patient (Zuardi et al.,
2006). In the first case, there was an improvement in psychotic symptoms with CBD at 1280 mg/day; however, the
symptoms worsened after CBD was discontinued. In second
case, CBD was ineffective for the symptoms. Patient had an
improvement in symptoms with clozapine. In the third case,
no improvement with CBD and partial improvement with
olanzapine were observed, although clozapine was subsequently required. In case 3, mild improvement was reported
with CBD in a patient who had previously failed to respond
to olanzapine, clozapine, or haloperidol decanoate. These results suggest a limited role of CBD in treatment-resistant
schizophrenia (Zuardi et al., 2006). The dose were not individually mentioned for case 1 and 2.
Four of the included studies did not report any adverse
effects of CBD among patients with psychosis. CBD was
well-tolerated in these patients except for mild transient
sedation, hyperlipidemia, and gastrointestinal distress.
Patients with schizophrenia had fewer instances of extrapyramidal symptoms, less weight gain, and a lower increase in prolactin levels.
CBD is postulated to improve cognitive performance
in psychosis through the mediation of CB1 and CB2 receptor agonism at lower concentrations (Hallak et al.,
2010; Solowij et al., 2018; Manseau & Goff, 2015). This
cognitive improvement has been hypothesized due to
the higher concentration of cannabinoid receptors in the
hypothalamus, suggesting a role in superior cognitive
functioning (Hallak et al., 2010). Naturalistic studies of
CBD report better cognitive performance including
memory, increased grey matter in the hippocampus, and
fewer psychotic symptoms in patients given higher doses
of CBD (Solowij et al., 2018).
The therapeutic benefits for psychosis is hypothesized
due to the inhibition of anandamide re-uptake and degradation, resulting in increased anandamide levels in the brain
(Manseau & Goff, 2015). Increased anandamide levels and
improvements in the symptoms of psychosis were reported
in another 4-week-long RCT comparing the efficacy of
CBD to amisulpride for the treatment of schizophrenia
(Leweke et al., 2012). Interestingly, anandamide levels were
elevated in patients with acute schizophrenia compared to
chronic schizophrenia, indicating a compensatory increase
in an acute state (Giuffrida et al., 2004).
Cannabis-related disorders

The present review included three RCTs (107 patients),
two open-label trials (28 patients), one case series of four
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patients, and two case reports for cannabis-related disorders as summarized in Table 2 (Solowij et al., 2018;
Crippa et al., 2013; Trigo et al., 2016a; Trigo et al., 2018;
Trigo et al., 2016b; Allsop et al., 2014; Pokorski et al.,
2017; Shannon & Opila-Lehman, 2015). Of the eight
studies, level 2 evidence was found in three RCTs, level
3 evidence in two clinical trial, and level 4 evidence in
two case reports and one case series (OCEBM, 2019).
For cannabis-related disorders, there is Grade B recommendation based on majority of studies ranked at the
level 2 and level 3 of evidence.
Four of these studies evaluated the efficacy of
nabiximols, and four others reported the use of
CBD. The doses tested ranged from 20 mg CBD to a
maximum of 1200 mg/day. Nabiximols was used in
spray form at doses ranging from an average of 28.9
sprays/day (equivalent to 77.5 mg THC or 71.7 mg
CBD) to 40 sprays/day (equivalent to 108 mg THC
or 100 mg CBD). In CBD-only studies the dose of
CBD ranged from 200 to 600 mg/day in divided
doses. All three RCTs in this section provided evidence for the use of nabiximols for moderate to severe cannabis use disorder. These trials tested
different doses of nabiximols ranging from 21.6 mg
THC and 20 mg CBD (twice a day) to 113.4 mg THC
or 105 mg CBD per day. All trials reported lower
withdrawal rates, better tolerance, and retention
rates in the experimental group. Moreover, no serious adverse effects were reported in any of these
studies. In one RCT, nabiximols (total dose of 21.6
mg THC and 20 mg CBD at 4 and 10 in evening
and night, respectively) was associated with marked
improvement in cannabis withdrawal symptoms,
leading to shorter withdrawal times and higher retention rates (Allsop et al., 2014). In a second RCT,
a fixed dose of nabiximols produced more positive
results compared to self-titrated administration
(Trigo et al., 2016a). Patients in the fixed-dose group
had four sprays of medications every hour compared
to four sprays as needed every hour in self-titrated
dose group. The maximum dose was 40 sprays/day
in the self-titrated dose group. Medication intake
was higher with fixed doses, which were associated
with fewer withdrawal symptoms compared to the
self-titrated regimen (Trigo et al., 2016a). In another
RCT, the efficacy and safety of nabiximols were
compared to a placebo while all participants also received weekly motivational enhancement therapy
(MET) and cognitive–behavioral therapy (CBT)
(Trigo et al., 2018). The dose range of 4.1 to 12.8
sprays/day was reported among nabiximols group.
The withdrawal scores in this study were similar in
both groups (Trigo et al., 2018). Only one of the
studies reported decreased appetite, while the

Diagnosis

Cannabis
withdrawal

Cannabis
moderatesevere use
and
withdrawal

Cannabis
moderate to
severe use

Author

Allsop
et al.,
2014

Trigo
et al.,
2016

Trigo
et al.,
2018

Nabiximols

Nabiximols

Nabiximols

Level 2

Level 2

Level 2

Duration

Nabiximols
and weekly
MET/CBT =
20
Placebo = 20

16

12 weeks

8 weeks

Nabiximols = 6 days of
27
nabiximols
Placebo = 24 or placebo
treatment,
3 days of
washout,
and 28-day
follow-up
period
Total
duration =
37 days

Strength
Group (n)
of evidence*

18–65

18–50

18–65

Age
range
(years)

Scales to
measure the
clinical
outcome

Nabiximols =
113.4 mg THC/
105 mg CBD

Nabiximols =
108 mg THC/
100 mg CBD
Fixed dose = 4
sprays of
medications
every hour
Self-titrated
dose: Patients
were allowed
to use 4 sprays
as needed
every hour. The
maximum dose
was 40 sprays/
day.

- Medication intake was
higher on fixed regimen as
compared to self-titration
conditions. There was sig
nificant differences be
tween conditions (F(3,
24) = 8.561, p < 0.001).
- Mean time for having
feeling of “high” was
clearly higher during
SAU (6.6–7.3 h) compared
with Sativex (2.4–3.3 h) or
placebo (0.1–0.3 h), as
self-reported by
participants in their
smoking diary (Fig. 1c)
- There were lesser
withdrawal during
self-titrated and fixed
Sativex as compared to
the corresponding
placebo conditions
(F(7,56) = 3.860, p < 0.01).

- Nabiximols reduced CWS
scores by 66% compared
to 52% with placebo for
duration for treatment
(P = .01).
- It resulted in a decrease in
appetite loss, decrease in
cravings (p = 0.4), irritability
and aggression (p = .o1).
- The time duration for
cannabis withdrawal was
3.10 days with Nabiximols
compared to 4.9 days with
placebo (p = .04)
- The retention rate was
85% with medications
compared to 50% with
placebo.

Clinical outcome

BPRS, SAFTEE, - Nabiximols was wellHAM-A,
tolerated with a dose
HDRS, TLFB
range of 4.1 to 12.8 sprays/
for cannabis,
day.
tobacco,
- There was reduction in

MCQ, CWS,
SMHSQ,
DEQ,
ARCI, MNWS

Starting dose = CWS
8 sprays, total
dose of 21.6 mg
THC and 20 mg
CBD at 4 PM
and 10 PM
Maximum
dose = 8 sprays
4 times a day

Dose range
(mg)

31

Reference
number

No serious
adverse
events were
observed.

29

No significant 28
difference in
side effects
was observed
between the
experimental
and placebo
group.

Decreased
appetite.
The number
and severity
of adverse
events did
not differ
significantly
between
groups.

Common
side effects

(2020) 2:2

RCT

RCT

RCT

Study Pharmacological
design agent

Table 2 Studies of the use of CBD and CBD-containing compounds such as nabiximols in the treatment of cannabis-related disorders and levels of evidence (1–5)
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Impaired
Open- CBD
cognition and label
elevated
trial
psychological
symptoms in
patients with
chronic
cannabis use

Solowij
et al.,
2018

Open- CBD
label
pilot
study

Cannabis
withdrawal

Pokorski
et al.,
2017

Study Pharmacological
design agent

Diagnosis

Author

Level 3

Level 3

20

8

Strength
Group (n)
of evidence*

10 weeks

7 days

Duration

Dose range
(mg)

Median
age =
25.1
years

CBD = 200 mg
in divided
doses

21–62
CBD = 600–
1200 mg/day in
Mean
age =
divided doses
40 years

Age
range
(years)

The
participants
did not
report any
unwanted or
adverse
effects of the
CBD.

No side
effects were
reported.

- There was an improvement
BDI, STAI-I,
STAI-II, GAF,
in severity of depression
SOFAS, CAPE, (p = 0.017), verbal learning,
memory performance, and
RAVLT, AST
frequency of positive
psychotic-like symptoms
(p = 0.025) with decreased
level of distress from
baseline to endpoint.

cannabis use in the
nabiximols (70.5%) and
placebo groups (42.6%).
- Five participants in the
placebo group and four
participants in the
nabiximols group used
other recreational drugs.
- High medication subgroup suggested a
significant effect of time
(F12,90.1 = 10.386, p < .001),
no effects of treatment
(F1,8.1 = 1.200, p = .305)
but a significant time x
treatment interaction.

caffeine
and alcohol,
FTND, ASI,
BDI, DEQ,
Profile of
Mood States,
MWC, MCQSF, SMHSQ

Common
side effects

CWS, daily
- For 600 mg/day of CBD:
urine sample
2 out of 5 participants
and blood
completed the 7-day
samples on
inpatient treatment.
day 1, 3, and
These 2 participants
7, THC COOH reported abstinence
and CBD
at follow-up (day 28)
quantification and the 3 remaining
participants reported
decreased cannabis
use, confirmed by
blood and urine analysis.
- For 600 mg twice a day:
of 3 participants, 2 reported
abstinence and the 1
remaining one had
decreased use of cannabis,
confirmed by blood and
urine analysis.
- All participants reported a
decrease in CWS score.

Clinical outcome

Scales to
measure the
clinical
outcome

19

32

Reference
number

Table 2 Studies of the use of CBD and CBD-containing compounds such as nabiximols in the treatment of cannabis-related disorders and levels of evidence (1–5) (Continued)
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Diagnosis

Cannabis
moderate to
severe use

Cannabis
withdrawal
syndrome

Cannabis
moderate to
severe use

Author

Trigo
et al.,
2016

Crippa
et al.,
2013

Shannon
&
Lehman,
2015

Level 4

Case
CBD
report

Level 4

Level 4

Nabiximols

1

1

4

Strength
Group (n)
of evidence*

Case
CBD
report

Case
series

Study Pharmacological
design agent

19

24–43
Mean
age =
35 years

Age
range
(years)

Follow-up
27
for 129 days

10 days

12-week
follow-up
phase with
4 weekly
visits and 2
subsequent
monthly
visits

Duration

MWC, WDS

CWC, CCQ,
TLFB for
cannabis,
tobacco,
caffeine and
alcohol

Scales to
measure the
clinical
outcome

33

27

No side
- CBD resulted in faster,
effects were
progressive relief from
reported.
withdrawal, anxiety, and
dissociative symptoms.
- Marijuana withdrawal
symptom checklist had
drop of baseline score
of 12 to zero, from 5 to
zero for Withdrawal
discomfort scale.
- The scores for Beck Anxiety
Inventory decreased from 6
to zero and 10 to zero for
Beck Depression Inventory.
- At 6 month follow-up, return
to cannabis use but at a
lower rate.

Reference
number

30

Common
side effects

- Reduction in cannabis intake No side
from baseline to endpoint
effects were
with no compensatory
reported.
increase in use of other
substances (F(18,54) = 4.663,
p < 0.001).
- The craving scores increased
initially during the first 2
weeks with a subsequent
reduction in craving from
week 9 (F(18,54) = 7.091,
p < 0.001) .
- No significant difference in
withdrawal scores for the
duration of study (F(18,54) =
0.805, p value = nonsignificant)

- The state anxiety increased
with no change in
trait anxiety, functional
impairment, and accuracy
on cognitive tests.

Clinical outcome

Initial regimen: Self-reported - Patient was able to maintain No side
24 mg CBD (6
cannabis use, abstinence from cannabis.
effects were
sprays as
PSQI, HAM-A - Improvement in HAM-A
reported.
needed during
score from 16 to 8 was
the day and 2
reported, indicating mild
sprays at night).
anxiety.
The dose was
- Patient had a regular sleep

The dose of
CBD was 300
mg on day 1
and 600 mg on
days 2–10.
600 mg was
administered in
divided doses.

Self-titrated
nabiximols =
77.5–113.4 mg
THC
71.5–105 mg
CBD

Dose range
(mg)

Table 2 Studies of the use of CBD and CBD-containing compounds such as nabiximols in the treatment of cannabis-related disorders and levels of evidence (1–5) (Continued)
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Diagnosis

Study Pharmacological
design agent

Strength
Group (n)
of evidence*

Duration

Age
range
(years)
decreased to
18 mg with 6
spray at night
only.

Dose range
(mg)

Scales to
measure the
clinical
outcome
schedule and scores of 7
to eight were reported.

Clinical outcome

Common
side effects

Reference
number

ARCI: Addiction Research Center Inventory, ASI: Addiction Severity Index, AST: Attention Switching Task, BDI: Beck Depression Inventory, BPRS: Brief Psychiatric Rating Scale, CAPE: Community Assessment of Psychic
Experiences-Positive Scale, CBD: cannabidiol, CBT: cognitive–behavioral therapy, CCQ: Cannabis Craving Questionnaire, CWS: Cannabis Withdrawal Scale, DEQ: Drug Effects Questionnaire, FTND: Fagerstrom Test for
Nicotine Dependence, GAF: Global Assessment of Functioning, HAM-A: Hamilton Anxiety Rating Scale, HDRS: Hamilton Rating Scale for Depression, MCQ: Marijuana Craving Questionnaire, MCQ-SF: Marijuana Craving
Questionnaire-Short Form, MET: motivational enhancement therapy, MNWS: Minnesota Nicotine Withdrawal Scale, MWC: Marijuana Withdrawal Symptom Checklist, PSQI: Pittsburgh Sleep Quality Index, RAVLT: Rey
Auditory Verbal Learning Test, SAFTEE: Systematic Assessment for Treatment Emergent Events, SOFAS: Social and Occupational Functioning Assessment Scale, SMHSQ: St Mary’s Hospital Sleep Questionnaire, STAI:
Spielberger State-Trait Anxiety Inventory, TLFB: Timeline Follow-Back, WDS: Withdrawal Discomfort Score, THCCOOH: 11-nor-9-carboxy-Δ9-tetrahydrocannnabinol, Δ9-THC: Δ9-tetrahydrocannabinol
“The Oxford Centre for Evidence-Based Medicine 2011 Levels of Evidence was used to grade the quality of evidence (OCEBM, 2019). Level 1 evidence is for systematic review of RCTs or individual RCT of narrow
confidence interval, Level 2 for cohort studies or systematic review of cohort studies, Level 3 for case-control studies or systematic review of case-control studies, and Level 4 for case-series for studies focused on
therapy, prevention, etiology and harm (OCEBM, 2019)

Author
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number and severity of adverse effects were not reported or observed in the other two RCTs.
Two open-label studies testing the effectiveness of two
different concentrations of CBD (200 mg/day and 600–
1200 mg/day) obtained positive outcomes with doses as
low as 600 mg/day (Hallak et al., 2010; Pokorski et al.,
2017). These studies had a small sample size of eight
(Solowij et al., 2018) and 20 (Pokorski et al., 2017) participants, respectively. In the former open-label trial with
eight participants, a dose of 600 mg/day was tested, and
two out of five participants completed the 7-day inpatient treatment. These two participants reported abstinence at follow-up (day 28), and the remaining three
participants reported decreased use of cannabis, confirmed by blood and urine analysis. In the second group,
participants took 600 mg twice a day. Two out of three
participants reported abstinence and in the remaining
one, cannabis use had decreased, as confirmed by blood
and urine analysis. All participants showed a decrease in
Cannabis Withdrawal Scale scores. The second openlabel trial tested the effectiveness of 200 mg CBD in divided doses in improving cognition and depressive
symptomatology among patients with chronic cannabis
use, and found improvement in severity of depression,
verbal learning, and memory performance, and decreased frequency of positive psychotic-like symptoms
and level of distress from baseline to endpoint (Solowij
et al., 2018). State anxiety increased with no change in
trait anxiety, functional impairment, or accuracy on cognitive tests (Solowij et al., 2018).
The remaining studies were either case series or case
reports; all found positive outcomes in withdrawal and
cannabis-dependence symptoms (Crippa et al., 2013;
Trigo et al., 2016b; Shannon & Opila-Lehman, 2015).
Mean age in the case series was 35 years, although the
first participant was 19 years old and the second was 27
years old. The case series used self-titrated nabiximols at
a dose of 77.5–113.4 mg THC and 71.5–105.0 mg CBD
(Trigo et al., 2016b). Moreover, all participants reported
a significant reduction in craving (Crippa et al., 2013;
Trigo et al., 2016b; Shannon & Opila-Lehman, 2015),
quicker relief (Crippa et al., 2013), lower anxiety, and an
improved sleep schedule (Shannon & Opila-Lehman,
2015). However, the case series reported increased craving scores during the first 2 weeks with a subsequent reduction in craving at week 9. CBD was well-tolerated in
this patient population, except for decreased appetite reported in one study (Trigo et al., 2016b). For patients receiving nabiximols or CBD, treatment should be
augmented with psychotherapeutic modalities considering the positive evidence for an effect on cravings.
The effectiveness and tolerability of CBD and nabiximols for moderate to severe cannabis use disorder was
reported in several studies. The efficacy may also be due
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to the synergetic or additive benefits of Δ9-THC and
CBD rather than CBD alone. The Δ9-THC component
of nabiximols decreases the severity of withdrawal symptoms, lowering the risk of relapse (Trigo et al., 2016a).
However, there is mixed evidence for the role of nabiximols in cannabis-related craving (Trigo et al., 2016a;
Trigo et al., 2018; Trigo et al., 2016b). Studies that included combined motivation enhancement and behavioral response prevention strategies suggested a
reduction in craving (Trigo et al., 2016a; Trigo et al.,
2018). CBD is thought to modulate the euphoric, anxiogenic, psychological, and physiological effects of Δ9THC (Crippa et al., 2013). However, these benefits of
CBD alone and in combination with THC need to be explored in head-to-head studies.
Other disorders

The present review included two RCTs (54 patients),
one open-label trial (53 patients), one retrospective chart
review (72 patients), and four case reports for CBD and
nabiximols use in the treatment of other psychiatric disorders. Specifically, this review looked at ADHD (one
RCT), comorbidities in ASD (one open-label trial), anxiety and sleep problems (one retrospective chart review),
SAD (one clinical trial), bipolar disorder (one case report), PTSD (one case report), and Tourette syndrome
(two case reports), as summarized in Table 3 (Cooper
et al., 2017; Barchel et al., 2018; Bergamaschi et al., 2011;
Shannon et al., 2019; Zuardi et al., 2010; Shannon &
Opila-Lehman, 2016; Trainor et al., 2016; Pichler et al.,
2019). Of the nine studies, level 2 evidence was found in
two RCTs, level 3 evidence in one clinical trial, and level
4 evidence in one retrospective chart review, four case
reports (OCEBM, 2019). There is Grade B recommendation for comorbidities in patients with ASD, anxiety disorders including SAD and sleep problems, and ADHD
where as bipolar disorder, PTSD and Tourette Syndrome
has Grade C recommendation. However, this should be
considered in the context of fewer studies of each these
diagnoses.
The oromucosal nabiximols spray was tested to evaluate its effects on cognitive performance, hyperactivity,
inattention, and emotional lability in 15 participants in a
placebo-controlled RCT (Cooper et al., 2017). The mean
dose of nabiximols was 4.7 sprays per day (2.7 mg Δ9THC and 2.5 mg CBD). Although an improvement in
these symptoms was observed in the intervention group,
it failed to reach statistical significance (Cooper et al.,
2017). However, this result may not be valid or reliable
due to the low power of the study.
One case report on the use of CBD by two patients
with bipolar disorder showed limited to no improvement
with doses of 600–1200 mg for bipolar mania in one of
the patients (Shannon et al., 2019). The second patient

ASD and
Open-label
related
trial
comorbidities
1. Hyperactivity
2. Sleep
problems
3. Self-injury
4. Anxiety

Barchel
et al., 2018

RCT

ADHD

Cooper
et al., 2017

Study design

Diagnosis

Author

Level 2

Duration

53

30–588
days
Median
duration =
66 days

Nabiximols 6 weeks
= 15
Placebo
= 15

Strength Group (n)
of
evidence

CBD and Δ9-THC Level 3

Nabiximols

Pharmacological
agent

4–22
Median
age = 11
years

18–55

Age
range
(years)
QbTest

- The experimental
group had better
scores compared to
placebo group
(Est = 0.17, 95%CI0.40 to 0.07, p =
0.16, n = 15/11
active/placebo).
- Nabiximols was
associated with a
nominally
significant
improvement in
hyperactivity/
impulsivity
(p = 0.03) and a
cognitive measure
of inhibition
(p = 0.05), and a
trend towards
improvement for
inattention
(p = 0.10) and
executive learning
(p = 0.11).

Scales to
Clinical
measure
outcome
the clinical
outcome

Not
- These patients were
CBD oil
mentioned taking concomitant
solution
medications
with CBD
including stimulants,
and Δ9-THC
at 1:20 ratio
antipsychotics, antiCBD
epileptics, mela
16 mg/kg
tonin, anti(maximal
depressants, alphadaily dose
agonists, and anti600 mg)
muscarinic agents.
CBD median
- Out of 53 patients,
IQR daily
74.5% reported
dose = 90
improvement in
(45–143)
comorbid symptoms.
mgΔ9-THC
- About 68.4%
0.8 mg/kg
reported
(maximal
improvement in
daily dose
hyperactivity, 67.6%
40 mg).
in self-injurious
THC median
behaviors, 71.4% in
IQR daily
sleep problems, and
dose = 7 (4–
47.1% in anxiety

Nabiximols
oromucosal
spray = 2.7
mg Δ9-THC
and 2.5 mg
CBD
Mean
dose = 4.7
sprays per
day
Maximum
dose = 14
sprays/day

Dose
range
(mg)

Somnolence
and change in
appetite

Muscular
seizures and
spasms

Common
side
effects

Table 3 Studies of the use of CBD and CBD-containing compounds such as nabiximols in the treatment of other psychiatric disorders and levels of evidence (1–5)*

35

34

Reference
number
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Anxiety and
insomnia

Shannon
et al., 2019

CBD

CBD

Pharmacological
agent

Level 4

Level 4

Anxiety =
47
Sleep
disorder =
25

CBD = 12
Placebo =
12

Strength Group (n)
of
evidence

3 months

Single
dose

Duration

Sleep
disorder =
18–72
Mean
age =

SADplacebo =
22.8
SADCBD =
24.6
Healthy =
23.3

Age
range
(years)

25–175
mgMost
patients
received 25
mg/day

600 mg

11) mg

Dose
range
(mg)

- Pretreatment with a
single dose of CBD
significantly
decreased anxiety,
cognitive
impairment and
discomfort in speech
performance. It also
resulted in
significantly
decreased alertness
in anticipatory
speech.
- There were
significant effect of
phases (F3.6,118.51/
432.7; p < 0.001),
group (F2,331/413.5;
p < 0.001) and
phases by group
interaction (F7.2,
118.5 1/4 6.4;
p < 0.001).
- There were also
significant
differences between
placebo and healthy
control group at the
initial (p < 0.018),
anticipatory
(p < 0.001), speech
(p < 0.001) and postspeech (0.018)
phases.
- The CBD group
differs from the
placebo (p < 0.012)
and control (p <
0.007) groups during
the speech phase
- Most patients
received 25 mg/day
CBD; a handful of
patients received
50 or 75 mg/day.

Mini-SPIN,
VAMS,
SSPS,
SSPS-N,
BSS

HAM-A,
PSQI

symptoms.

Scales to
Clinical
measure
outcome
the clinical
outcome

- 2 patients
discontinued
treatment due
to fatigue and
1 patient with

No side effects
were reported.

Common
side
effects

37

36

Reference
number

(2020) 2:2

Retrospective
chart review

Anxiety related RCT
to public
speaking

Bergamasci
et al., 2011

Study design

Diagnosis

Author
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Diagnosis

Posttraumatic
stress disorder

Case report

Case report

Study design

CBD

CBD

Pharmacological
agent

Level 4

Level 4

1

2

Strength Group (n)
of
evidence

5 months
of CBD

38 days

Duration

Dose
range
(mg)

10

CBD oil 25
mg
Liquid CBD
6–12 mg

SDSC,
SCARED

- CBD scores improved
from 34 to 18 at
endpoint, indicating
no anxiety.

- Case 1: 37 and 33%
improvement on
BPRS and YMRS with
CBD and olanzapine,
but no additional
improvement with
CBD monotherapy.
- Case 2: CBD failed to
improve symptoms of
bipolar disorder at
any of the prescribed
doses.

One patient with
schizoaffective
disorder and
trauma was given
up to 175 mg/day.
- After 1 month of
treatment, 79.2 and
66.7% of patients
reported
improvement in
anxiety and sleep,
respectively.
- After 2 months, 78.1
and 56.1% of
patients reported
improvement in
anxiety and sleep,
respectively, which
were also observed
at 3-month follow-up.
- Greater improvement
in anxiety scores than
sleep scores.

Scales to
Clinical
measure
outcome
the clinical
outcome

34 and 36 1–5 days for BPRS,
both
YMRS
participants:
Placebo
Case 1:
5–19 days:
CBD 600 mg
and
olanzapine
10–15 mg
20–33 days:
CBD 900–
1200 mg
Case 2:
5–33 days:
CBD 600–
1200 mg
33–38 days:
Placebo

36.5 years
Anxiety =
18–70
Mean
age = 34
years

Age
range
(years)

No side effects
were reported.

No side effects
were reported.

a development
disorder had
increased
sexually
inappropriate
behaviors,
resulting in
discontinuation
- Transient mild
sedation was
also reported
in some
patients.

Common
side
effects

39

38

Reference
number

(2020) 2:2

Shannon &
OpilaLehman.,
2016

Zuard et al., Bipolar
2010
disorder

Author
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Tourette
syndrome

Tourette
syndrome

Trainor
et al., 2016

Pichler
et al., 2018

Case report

Case report

Study design

1

1

Cannabis tincture Level 4
THC combined
with CBD

Strength Group (n)
of
evidence

Level 4

Nabiximols

Pharmacological
agent

2 months

4 weeks

Duration

47

26

Age
range
(years)

34 drops
YGTSS
cannabis
tincture 3
times a
day = 10 mg
Δ9-THC
combined
with 20 mg
of CBD

No side effects
were reported.

Common
side
effects

- With the combination
Slight
of Δ9-THC and CBD, there xerostomia
was significant
improvement in
tic frequency and
severity.
- Scores decreased
from 73/100 to 44/100
on YGTSS.
- Patient reported
improvement in quality
of life and enhanced
social activity.

- Using the ORVRS to
evaluate tics, motor tics
were reduced by 85%
and vocal tics by 90%
- Number of affected
body areas decreased.
- mprovement of 35%
on YGTSS.

- Sleep Disturbance Scale
scores improved from 59
to 38, suggesting no
problem with sleep.

Scales to
Clinical
measure
outcome
the clinical
outcome

Two
YGTSS,
oromucosal ORVRS
sprays of
nabiximols
BID
Total
dose = 10.8
mg Δ9-THC,
10 mg CBD
per day

sublingual
spray as
needed for
anxiety

Dose
range
(mg)

41

40

Reference
number

ADHD: Attention-deficit/hyperactivity disorder, ASD: Autism spectrum disorder, BPRS: Brief Psychiatric Rating Scale, BSS: Bodily Symptoms Scale, CBD: cannabidiol, HAM-A: Hamilton Anxiety Rating Scale, IQR:
Interquartile range, Mini-SPIN: Mini-Social Phobia Inventory, ORVRS: Original Rush Videotape Rating Scale, PSQI: Pittsburg Sleep Quality Index, QbTest: Quantified Behavioral Test, RCT: randomized controlled trial,
SCARED: Screen for Anxiety Related Disorders, SDSC: Sleep Disturbance Scale for Children, SSPS: Self-Statements During Public Speaking, SSPS-N: Negative Self-Statements, VAMS: Visual Analog Mood Scales, YGTSS:
Yale Global Tic Severity Scale, YMRS: Young Mania Rating Scale, Δ9-THC: Δ9-tetrahydrocannabinol
*The Oxford Centre for Evidence-Based Medicine 2011 Levels of Evidence was used to grade the quality of evidence (OCEBM, 2019). Level 1 evidence is for systematic review of RCTs or individual RCT of narrow
confidence interval, Level 2 for cohort studies or systematic review of cohort studies, Level 3 for case-control studies or systematic review of case-control studies, and Level 4 for case-series for studies focused on
therapy, prevention, etiology and harm (OCEBM, 2019)

Diagnosis

Author
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was prescribed CBD 600 mg (5–9 days) and olanzapine
(10–15 mg), followed by CBD 900–1200 mg (20–33
days), and showed improvement on the Brief Psychiatric
Rating Scale (37% reduction) and Young Mania Rating
Scale (33% reduction) with CBD and olanzapine, but no
additional improvement with CBD monotherapy (Shannon et al., 2019). This effect was consistent with results
from animal studies that modeled acute mania with dextroamphetamine (Shannon et al., 2019). The lack of effectiveness can be attributed to the shorter duration of
treatment in both cases. This evidence from studies of
bipolar mania should be considered in the context of different pharmacological agents responding differently to
certain episodes of bipolar disorder. In animal studies,
CBD induced a rapid, persistent antidepressant response
by increasing brain-derived neurotrophic factor in the
prefrontal cortex (Shannon et al., 2019). Given its possible antidepressant benefits, the role of CBD should be
explored in unipolar and bipolar depression.
In an open-label trial involving children with ASD,
Barchel and colleagues reported that a solution of CBD
and Δ9-THC (1,20 ratio) was effective for hyperactivity,
insomnia, self-injurious behaviors, and anxiety (Barchel
et al., 2018). The median dose was 90 mg with an interquartile range (IQR) of 45–143 mg for CBD whereas
The medical dose was 7 mg with IQR of 4–11 mg. In this
cohort of 53 patients, 74.5% showed improvement in
their comorbid symptoms, 68.4% in hyperactivity, 67.6%
in self-injurious behaviors, 71.4% in sleep problems, and
47.1% in anxiety symptoms. This treatment regimen
lasted for a median of 66 days. However, Salgado and
Castellanos suggested guiding principles for the use of
CBD in this population, including a better clinical understanding of CBD, open discussion with parents and
patients, addressing their perceptions, promoting informed consent, and exercising caution in the use of
CBD (Salgado & Castellanos, 2018). Patients with ASD
make up a heterogeneous group of individuals with different comorbidities that should be considered.
The efficacy of CBD for SAD and PTSD was explored
in three studies including one RCT, one case report, and
one chart review. The RCT reported the results of a simulated public speaking test among 12 healthy control
participants and 24 patients with SAD who received a
single dose of CBD 600 mg or a placebo before the test.
This study reported that pretreatment with CBD resulted in less anxiety, cognitive impairment, and discomfort during their speaking performance. It also resulted
in a significant reduction in alertness in their anticipatory speech compared to the placebo group (Bergamaschi et al., 2011).
In a 10-year-old patient, 5 months of treatment with
CBD oil (25 mg) and liquid CBD (6–12 mg) in a sublingual spray as needed was associated with less anxiety
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and better sleep quality, with no adverse effects (Shannon & Opila-Lehman, 2016). These results were replicated for anxiety in a recently published chart review of
72 adult patients with insomnia and anxiety (Shannon
et al., 2019). Most patients in this group were given 25
mg CBD/day, while a few patients were given 50 or 75
mg/day, and one patient with schizoaffective disorder
and trauma was given up to 175 mg/day. All patients
showed less anxiety and improved sleep, with reductions
of 65–80% in the Hamilton Anxiety Rating Scale and
Pittsburgh Sleep Quality Index scores.
Nabiximols produced improvements in patients with
Tourette syndrome at a much lower dose than what was
used for cannabis-related disorders (Trainor et al., 2016;
Pichler et al., 2019). These case reports tested two oromucosal nabiximols sprays used twice a day (total dose
10.8 mg Δ9-THC and 10 mg CBD per day) (Trainor
et al., 2016), and the second also tested cannabis tincture
(34 drops three times a day (Pichler et al., 2019). Both
case reports found improvements in tic frequency (Trainor et al., 2016; Pichler et al., 2019), severity (Trainor
et al., 2016; Pichler et al., 2019), quality of life, and social
activity (Trainor et al., 2016). These treatments regimens
were used for 4 weeks with the oromucosal spray form
(Trainor et al., 2016) and 8 weeks for cannabis tincture
(Pichler et al., 2019). The therapeutic benefits can be attributed to the anxiolytic and sleep-inducing properties
of CBD (Trainor et al., 2016). It is difficult to ascertain
whether these improvements were due to due to CBD,
Δ9-THC, additive, or synergetic effects. The anxiolytic
properties of CBD explain the attenuation of anxiety associated with the onset of tics, and the improvement in
tics with a combination of Δ9-THC and CBD (Trainor
et al., 2016; Pichler et al., 2019).
Adverse effects were reported in four of the studies,
and included muscular seizures and spasms (Cooper
et al., 2017), somnolence and changes in appetite
(Barchel et al., 2018), fatigue, and sexually inappropriate
behavior in a patient with developmental disorder (Shannon et al., 2019), mild sedation (Zuardi et al., 2010), and
mild xerostomia (Pichler et al., 2019).
Summary of evidence

The present article provides a comprehensive review of
the evidence supporting the use of CBD and CBDcontaining compounds such as nabiximols to treat psychiatric disorders. CBD and nabiximols were effective in
cannabis use-related disorders, and preliminary evidence
was found in support of their use for other psychiatric
disorders. Of the 23 studies reviewed here, level 2 evidence was found in eight RCTs, level 3 evidence in four
open-label trials and one clinical trial, and level 4 evidence in one retrospective chart review, seven case reports, and two case series, according to the Oxford
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Centre for Evidence-Based Medicine 2011 Levels of Evidence (OCEBM, 2019). This review covers the evidence
for different routes of administration, e.g. oral, inhalation
spray, and sublingual. The bioavailability of these routes
(11–13% for oral vs. 11–43% for inhalation) varies significantly – a factor that can impact the efficacy of different formulations.
Their antipsychotic, neuroprotective, anxiolytic, and
sedating properties suggest a potential therapeutic role
of CBD and nabiximols to treat various psychiatric disorders. The use of CBD at higher doses (above 1200 mg
per day) showed promising results in case studies of
schizophrenia and psychosis in patients with Parkinson’s
disease, except in treatment-resistant cases. Regarding
the use of CBD to treat anxiety disorders, its anxiolytic
effect can help patients with PTSD-related and social
performance-related anxiety, and nabiximols can reduce
the anxiety associated with the onset of tics. There is
also favorable evidence in patients with ASD for reducing hyperactivity, self-injurious behaviors, anxiety, and
insomnia. Nabiximols showed no credible effect in the
treatment of ADHD, while CBD was also found to be ineffective for bipolar disorder. Of all the cases examined,
the strongest evidence was found for the treatment of
cannabis-related disorders. The use of nabiximols
yielded positive results in multiple studies of moderate
to severe cannabis use disorder; however, the use of
CBD alone has not been adequately documented outside
a few cases and case series. Notably, CBD compounds
were helpful in alleviating psychotic symptoms and improving cognitive impairment in patients across a variety
of conditions.
Recommendations for future research

This review found low-level evidence for the use of cannabis and nabiximols in a variety of disorders. Despite
our comprehensive literature search, only a few RCTs
related to the disorders of interest were found. These
RCTs were marred by a number of limitations, most importantly failure to blind the outcome assessor, participants, and research personnel (in the open-label trials).
In addition, most RCTs had a small sample size, critically reducing the power of the study to draw robust conclusions. The findings of the RCTs reviewed here need
to be validated via a series of larger, well planned, randomized, double-blinded, and placebo-controlled studies. The present report can be used to design and plan
further studies; however, at present the use of CBD and
nabiximols in clinical practice cannot be recommended
with confidence due to the drawbacks noted above.
The evidence from studies included in this review can
guide future trials by providing information pertaining to
the dosages, formulations and routes of administration of
CBD and nabiximols. Moreover, future studies should
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investigate different routes of administration in light of
the differences in bioavailability. In view of the (albeit limited) evidence for treatment-resistant schizophrenia, the
role of CBD should be explored in the early stages of
psychosis or as an adjunct medication. Although CBD was
ineffective for bipolar mania, its possible efficacy as an
antidepressant should be assessed in studies focused on
bipolar depression. Nabiximols has been helpful in
cannabis-related disorder and Tourette syndrome, owing
to the synergetic benefits of CBD and THC. Future studies
designed to explore the comparative benefits of these
treatments can shed further light on their clinical potential. Future RCTs should also consider adding first-line
treatment agents as comparison arms, to ascertain the
comparative efficacy of CBD in different mental disorders.
Although fewer side effects were reported overall by patients in the studies reviewed here, the vulnerability to addiction to cannabinoids should not be ignored.
Limitations of the review

This review article has several limitations that should be
considered. This review article provides evidence for
CBD and CBD-containing nabiximols are two different
pharmacological agents. Nabiximols has two active compounds and included studies do not consider the separate effects of THC VS CBD. There is need for future
analyses to carefully consider their benefits individually.
Only one-third of studies (8/23) in this review article are
RCTs and most of these RCTs had a small sample size
decreasing the power of the study to draw robust
conclusions.

Conclusion
The evidence reviewed here favors CBD use for patients
with schizophrenia and psychosis in Parkinson’s disease
in four out of seven studies, except in treatmentresistant cases. There is a Grade B recommendation this
diagnosis based on the levels of evidence. Nabiximols
and CBD were beneficial in cannabis-related disorders in
almost all studies with Grade B recommendation, resulting in a decreased risk of withdrawal symptoms and
dependence among participants. The effect on cannabisrelated craving was pronounced, with an additive benefit
from the use of psychotherapeutic options such as MET
or CBT. One open-label trial suggested favorable evidence for the use of cannabinoids CBD and Δ9-THC for
hyperactivity, self-injurious behaviors, and anxiety symptoms in patients with ASD with Grade B recommendation. CBD was helpful in patients with anxiety and
insomnia related to SAD and PTSD in one chart review.
Nabiximols was found to be effective in reducing the frequency and severity of tics and improving the quality of
life in patients with Tourette syndrome according to
case reports. There was no firm evidence to support
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CBD to treat bipolar mania (one case report) or nabiximols (one RCT) to treat ADHD. There is Grade B (moderate) recommendation for attention deficit hyperactivity
disorder. Grade C recommendation (weaker) exists for
insomnia, anxiety, bipolar disorder, posttraumatic stress
disorder, and Tourette syndrome. These recommendations should be considered in the context of limited
number of available studies. The authors recommend
well-planned randomized controlled trials to further
study the benefits of CBD and CBD-containing options
such as nabiximols in patients with psychiatric disorders.
It is also important to assess the individual pharmacodynamic and pharmacokinetic effects of CBD and Δ9-THC
in different treatments.
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Abstract
Background: The pharmacological treatment for autism spectrum disorders is often poorly tolerated and has
traditionally targeted associated conditions, with limited benefit for the core social deficits. We describe the novel
use of a cannabidiol-based extract that incidentally improved core social deficits and overall functioning in a
patient with autism spectrum disorder, at a lower dose than has been previously reported in autism spectrum
disorder.
Case presentation: The parents of a 15-year-old boy, of South African descent, with autism spectrum disorder,
selective mutism, anxiety, and controlled epilepsy, consulted a medical cannabis physician to trial cannabis extract
to replace seizure medications. Incidentally, at a very low cannabidiol-based extract dose, he experienced
unanticipated positive effects on behavioral symptoms and core social deficits.
Conclusion: This case report provides evidence that a lower than previously reported dose of a phytocannabinoid
in the form of a cannabidiol-based extract may be capable of aiding in autism spectrum disorder-related behavioral
symptoms, core social communication abilities, and comorbid anxiety, sleep difficulties, and weight control. Further
research is needed to elucidate the clinical role and underlying biological mechanisms of action of cannabidiolbased extract in patients with autism spectrum disorder.
Keywords: Autism, Cannabidiol extract, Phytocannabinoids, Complementary treatment

Background
Autism spectrum disorder (ASD) is a neurodevelopmental disorder that is characterized by deficits in two major
domains: restrictive, repetitive patterns of behavior, interests, or activities; and deficits in social communication
and interaction [1, 2]. ASD is associated with a higher
incidence of comorbid conditions including attention
deficit hyperactivity disorder, anxiety, gastrointestinal
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disturbances, motor impairments, and epilepsy. Symptoms appear in early childhood and vary in severity leading to a broad range of clinical manifestations [2].
The pathogenesis of ASD is not completely understood [3]. Given its complexity and diverse clinical manifestations, it is believed that the etiopathogenesis of ASD
is a combination of genetic, epigenetic, neurobiological,
diet, and other environmental factors [4]. Hundreds of
genes (NLGN, SHANK3, ZNF8034A, and UNC13A) [5, 6]
have been linked to ASD, most of which are closely related
to the development of the nervous system [1].
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There is a myriad of theories that attempt to explain
the occurrence of ASD [1, 3, 7], although the two most
accepted are impaired synaptic transmission and disruption of neural connectivity. The endocannabinoid system
(ECS) has attracted considerable attention as a potential
contributor to ASD, as the development of the ECS is
essential for regulating synaptic function by inhibiting
the release of neurotransmitters from presynaptic neurons [1].
The management of ASD requires individualized,
comprehensive treatment. Non-psychopharmacologic interventions (for example, cognitive behavioral therapy)
modify disruptive behaviors and improve social communication skills with varying degrees of success. Traditional psychopharmacologic medications target specific
ASD core behaviors (for example, repetitive behaviors)
and associated behaviors (for example, hyperactivity, aggression, anxiety, and sleep disturbances), but do not
treat core social communication deficits [8, 9]. These
medications are well known for their substantial side effects. For example, aripiprazole and risperidone, the only
two medications approved by the US Food and Drug
Administration (FDA) to treat irritability and agitation
in ASD, frequently cause somnolence, increased appetite,
and weight gain [10]. No other medication has been approved for management of behavioral and/or core ASD
symptoms. Challenges with these traditional treatment
approaches include barriers to access (economical, geographic), lack of efficacy, and undesirable side effects,
which have led many families to seek complementary
and alternative medicine (CAM) to augment or replace
standard therapy [8]. One of the newest CAM options
now being explored in ASD (and, in fact, the wider medical
community) is cannabinoids: for example, cannabidiolbased extract (CBE), which is an extract from the cannabis
plant, rich in cannabidiol (CBD) [11].
Follow-up of these patients must also be individualized
as presentation of the disorder is highly variable. There
are no validated questionnaires to accurately assess clinical progress, therefore, conducting an objective clinical
assessment of related behavioral and core symptoms is
challenging. Despite this, there are tools available for
characterizing the overall functionality of patients with
ASD, for example, Autism Spectrum Quotient (AQ)
adults version [3].
The World Health Organization stated that CBD
should not be scheduled with the International Drug
Control Conventions because of growing evidence of its
medicinal applications [12, 13]. It is imperative for
health care providers to understand the minutiae of how
cannabinoids interact with the human body and the different forms of cannabinoids that are available for medical
use
(for
example,
synthetocannabinoids,
phytocannabinoids) [1]. Delta-9-tetrahydrocannabinol
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(THC) and CBD are the most well-known and studied
phytocannabinoids. THC is associated with the impairing psychoactive effects of cannabis, resulting in potentially undesirable side effects (dizziness, anxiety,
paranoia, dependency, cognitive impairment, and so on).
In contrast, CBD is only minimally psychoactive and not
impairing or intoxicating at typically used doses (for example, ≥ 20 mg/kg of CBD referred in the majority of intractable seizures studies) [1, 8, 10, 11].
A multitude of studies have analyzed the use of highdose CBD extract (~ 20 mg/kg of weight per dose) in the
context of intractable seizure treatment [14, 15]. It has
been reported that CBD effects are dose-dependent (for
example, > 160 mg/day elicits a sedating effect and lower
doses have been associated with increased wakefulness)
[16]. A few case reports and observational studies have
suggested the safety and efficacy of lower dose CBD, for
treating behavioral symptoms in ASD [11, 17, 18]. In a
prospective study, 188 patients with ASD were treated
with lower to medium doses of phytocannabinoids (from
15 mg of CBD three times a day to 300 mg of CBD three
times a day), the majority taking 1:20 CBE: 30% CBD to
1.5% THC [19]. This study found that cannabis was well
tolerated, safe, and effective in relieving certain ASD
symptoms. More research is needed to assess the longterm effects of CBD, as well as optimal dosing, formulation, delivery method, and so on to maximize both safety
and efficacy.
This case report describes the clinical presentation of
a pediatric, overweight patient with ASD, epilepsy, anxiety,
insomnia, and social deficits who benefited clinically with
even lower doses of CBE (4 mg of CBD and 0.2 mg of THC
twice a day) compared to the ones already studied [19].

Case presentation
A 15-year-old boy, of South African descent, is presented with a long-standing history of social and communicative challenges dating back to early childhood,
including difficulties in appropriate use of facial expressions, eye contact, and gestures to regulate social interaction (see Fig. 1 for patient’s timeline). He has a history
of difficulty in establishing and maintaining relationships, although he has been able to establish some
friendships. His mother notes a history of selective mutism dating back to age 3. He has areas of fixated interests and some ritualized behaviors that on assessment
were below the threshold for a diagnosis of obsessivecompulsive disorder. In 2016, he was formally diagnosed
as having ASD by a specialized organization in British
Columbia (BC), the Interior Health Children’s Assessment Network (IHCAN), with supporting evidence from
Autism Diagnostic Interview – Revised (ADI-R) and the
Autism Diagnostic Observation Schedule 2 (ADOS-2).
He does well academically and there are no cognitive
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Fig. 1 Patient’s timeline depicting important dates and events. ACH Alberta Children’s Hospital, ADI-R Autism Diagnostic Interview – Revised,
ADOS-2 Autism Diagnostic Observation Schedule 2, ASD autism spectrum disorder, AQ Autism Spectrum Quotient (Adult), BC British Columbia,
BMI body mass index (calculated by Du Bois method), CBD cannabidiol, CBE cannabidiol-based extract, CSHQ Children’s Sleep Habits
Questionnaire (Abbreviated), CYMH Child and Youth Mental Health, IHCAN Interior Health Children’s Assessment Network, OCD obsessivecompulsive disorder, THC delta-9-tetrahydrocannabinol, upset stomach gastrointestinal side effects, VAS visual analog scale, VPA valproic acid. VAS
severity for overall anxiety, social anxiety, aggressiveness and irritability, 0 = least severe, 10 = most severe. VAS for talkativeness, 0 = quiet, 10 =
very talkative. VAS for focus, 0 = unfocused, 10 = focused

concerns. Sometimes he shows aggressive behaviors towards his mother and other relatives.
He was diagnosed as having epilepsy characterized by
focal seizures at age 7 at an emergency department service in BC and was subsequently treated by his
pediatrician and a pediatric neurologist at the Alberta
Children’s Hospital (ACH). He was initially prescribed
carbamazepine for seizures which was stopped in 2015
due to side effects (upset stomach), followed by clobazam (stopped in 2016 due to suicidal ideation) and valproic acid (VPA) (stopped in 2017 due to alopecia,
tremor, and reflux). The latter also caused a significant
weight gain of approximately 13 kg in 1 year, resulting in
a calculated body mass index (BMI) with the Du Bois
method of 25.5 kg/m2. He is currently on lamotrigine for

seizures, lorazepam for breakthrough seizures, melatonin
for insomnia, riboflavin, ranitidine, magnesium, and orally administered CBE 0.2 mL (4 mg of CBD and 0.1 mg
twice a day). No therapy had been tried for behavioral
symptoms, although his mother mentioned that VPA
and lamotrigine were also prescribed for their effect on
mood.
He is currently in psychotherapy at the Child and
Youth Mental Health (CYMH) clinic in BC for his selective mutism and anxiety disorder diagnosed by psychiatrists in the same province. He has also had sleep
difficulties since 2016. His perinatal history is unremarkable. His birth followed a full-term pregnancy and was
uncomplicated except for a required caesarean section
due to macrosomia (> 4000 g) and macrocephaly (his
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mother does not remember the measurement), and subsequent hospitalization for neonatal jaundice. No genetic
syndrome was suspected; no genetic testing was ever
done. He met expected neurodevelopmental milestones
for his age. His mother and grandmother have a history
of depression and anxiety. There is other familial history
of eating disorders and alcoholism, but no history of
genetic syndromes.
In mid-2017, his parents consulted a medical cannabis
physician from Caleo Health to assess the suitability of
cannabis-based medicines as adjunctive or replacement
therapy for seizures. At the time, a physical examination
and laboratory findings were normal. A neurologic
examination was unremarkable; mental status – awake,
alert, cooperative; cranial nerves – normal; motor – normal tone, bulk, strength, and reflexes in upper and lower
extremities, proximal and distal, deep tendon reflexes 2+
symmetric. A skin examination was unremarkable, there
were no hypopigmented macules, café-au-lait macules,
neurofibromas, or axillae ephelides. A long-term (48hour) electroencephalogram done in 2016 did not record
any epileptogenic potentials; magnetic resonance imaging (MRI) showed no intracranial abnormalities and a
computed tomography (CT) scan of his head was normal (2015). Laboratory results done mid-2017 were
normal: complete blood count and differential, vitamin
B12, creatinine, sodium, potassium, calcium, magnesium,
total bilirubin, albumin, alkaline phosphatase, aspartate
aminotransferase, gamma-glutamyl transferase, alanine
aminotransferase, and triacylglycerol lipase. He had low
ferritin (11 μg/L) but normal hemoglobin (159 g/L), due
to starting a vegetarian diet, which was followed up by
the family physician.
He had not had a clinical seizure in 6 months (last
seizure in March 2017). Medications at the time of initiation of CBE were: lamotrigine 200 mg twice a day for
seizures, lorazepam 1 mg sublingual (SL)/buccal as necessary, infrequently used for seizures, melatonin 6 mg
for sleep initiation, riboflavin 400 mg administered orally
once daily, magnesium 1 tablet administered orally once
daily, and ranitidine 150 mg twice a day. When asked for
symptom severity on a visual analog scale (VAS) (0 =
least severe, 10 = most severe), his mother reported overall anxiety, social anxiety, aggressiveness, and irritability
severity, at 10/10, 10/10, 6/10, and 9/10, respectively. On
VAS to assess for talkativeness (0 = quiet, 10 = very talkative) in social situations, the mother reported 0/10. On
VAS for concentration (0 = unfocused, 10 = very focused), 4/10 was reported. In regards to sleep, the
mother stated he was sleeping approximately 5 to 6
hours, and was having trouble falling asleep. After the
initial assessment, his parents gave consent to start therapy and CBE was prescribed (60 mL bottle of 1:20 CBE
– 0.001% THC and 0.02% CBD), from CanniMed, with
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an olive oil carrier. His parents were instructed to administer 0.1 mL twice a day (2 mg CBD and 0.1 mg
THC) and increase by 0.1 mL (2 mg CBD and 0.1 mg
THC) per dose if no effects were shown to a maximum
of 0.5 mL (10 mg CBD and 0.5 mg THC) per dose.
In December 2017, after 3 months of the CBE prescription, his mother increased the dose to 0.2 mL twice
a day (4 mg CBD and 0.2 mg THC) as the family noted
only mild improvements in anxiety symptoms. In August
2018, a medical cannabis follow-up was conducted. At
0.2 mL twice a day for almost 9 months, our patient’s
family reported an improvement of 7 points for overall
and social anxiety and irritability, and 6 points on aggressiveness on their respective VAS. Talkativeness improved by 4 points and focus by 2 points. In February
2020, another medical cannabis follow-up was conducted and positive effects were still evident at the same
dose. When the mother was asked to complete the Children’s Sleep Habits Questionnaire (CSHQ) Abbreviated,
she stated that he slept 7 hours and only had trouble falling asleep in his own bed as he resists going to bed. No
side effects were reported (nausea/vomiting, diarrhea,
headaches, euphoria, feeling high, anxiety, panic attacks,
palpitations, somnolence during the day or drowsiness).
Laboratory results remained normal and low ferritin was
corrected. He began to initiate and reciprocate conversations with acquaintances he had previously been unable
to speak to (for example, doctors, community members).
He became more motivated and energetic, starting his
own vegetarian diet and exercise programs, ultimately
losing 6.4 kg after starting CBE for a calculated BMI of
21.33 kg/m2. He was able to start his first part-time job
helping customers and interacting with them. He was
instructed to fill out the self-administered Adult AQ
which resulted in a normal score of 10 as shown in
Table 1. His mother stated he now also has a girlfriend.
Recently, his mother started weaning him off CBE to go
on a trip and noted an immediate change. He became
more irritable and aggressive.
In discussion with their neurologist, the family decided
to wean lamotrigine while remaining on CBE (0.2 mL
Table 1 Adult Autism Spectrum Quotient score
Item

Patient’s score

Maximum score

Social skills

2

10

Attention switching

2

10

Attention to detail

3

10

Communication

1

10

Imagination

2

10

Total

10

50

In a study by Baron-Cohen et al. [20], control individuals showed a mean score
of 16.5 while individuals with Asperger syndrome and high-functioning autism
showed a mean score of 35
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twice a day – 4 mg CBD and 0.2 mg THC). Unfortunately, there was a recurrence of seizures and lamotrigine was titrated back to the full 200 mg twice a day
dose.
Currently, our patient remains on the same medication
as mentioned above, as well as low dose of CBE. He has
maintained the positive effect on his behavioral symptoms, anxiety, sleep, and social deficits on CBE 1:20 ratio, 0.2 mL twice a day (4 mg CBD and 0.2 mg THC) and
no side effects have been reported.

Discussion
This case demonstrates the benefit of a lower than previously studied CBE dose for core social communicative
and behavioral ASD symptoms, as well as improvements
in co-occurring anxiety, sleep dysregulation, and weight,
which led to substantial improvements in both our patient’s and his family’s quality of life and daily functioning. There was partial response at the initial dose of 0.1
mL twice a day (2 mg CBD and 0.1 mg THC) and a dramatic response at 0.2 mL twice a day (4 mg CBD and
0.2 mg THC). Seizures recurred when conventional antiepileptic medication (lamotrigine) was weaned while on
the CBE at the 0.1 mL twice a day dose (low doses), reiterating CBE at this dose did not have any significant
anti-epileptic effect; lamotrigine has not been weaned
while on the 0.2 mL twice a day (4 mg CBD and 0.2 mg
THC) dose of CBE. Typically, significant higher CBD
doses are needed for seizure control (> 20 mg/kg per
day) [14, 15].
The symptom improvement occurred within a 6month period following the initiation of CBE treatment,
during which time there were no new additions or significant alterations of/to any concurrent medications or
therapies that could otherwise explain the improvements
in symptomatology. It remains unclear whether the CBE
directly modified the core ASD symptoms in some way,
or whether the impact of CBE was secondary to its positive effects on comorbid conditions, namely anxiety and/
or sleep dysregulation, which were producing or exacerbating underlying ASD behaviors. We must also consider there are limitations inherent in the method used
to assess his clinical improvement, as the VAS and the
AQ are not yet validated. These measures were chosen
by default, as no scale is currently validated to assess
clinical progress [3]. Seizures recurred at the initial 0.1
mL twice a day (2 mg CBD and 0.1 mg THC) dose of
CBE. In addition to the fact that seizures were well controlled prior to starting CBE, the recurrence of seizures
on the initial 0.1 mL twice a day dose of CBE, a dose at
which symptoms were already starting to improve, suggests that improvements in ASD symptoms were not related to improvements in epilepsy control; the antiseizure properties of CBD alone are unlikely to be the

Page 5 of 7

predominant mechanism responsible for the improvements in this patient’s ASD symptoms.
The ECS is a unique biological system that is present
in the majority of body tissues. It plays an important role
in cellular processes at the early stages of development
[21]. The ECS is an essential regulatory system of the
central nervous system that modulates both neurotransmission and synaptic plasticity. It is also involved in
emotional and social functioning, and cognition [1, 21].
There is evidence that the ECS is underdeveloped in
ASD [1, 22]. CBD may be treating core symptoms in
ASD by interacting with the ECS to boost function in
one way. CBD may increase the availability of the endogenous cannabinoids, anandamide (AEA), by directly
inhibiting one of its degrading enzymes, that is, fatty
amide acid hydrolase (FAAH) [1, 23, 24]. Wei et al.
demonstrated that selective inhibition of FAAH in BTBR
animals, increased AEA activity [25]. Further to this, a
case–control study by Karhson et al. assessed AEA concentrations in ASD (n = 59) versus controls, and found
lower AEA concentrations associated with ASD [26].
High-dose CBD has been studied for seizures and has
been approved by the FDA (Epidiolex) for the treatment
of intractable epilepsy [14, 15, 27, 28], but there remains
a lack of evidence for the use of phytocannabinoids in
ASD [11]. Only a few low-powered studies address the
clinical efficacy of cannabinoids for such symptoms, and
there are no established recommendations for its use in
ASD treatment [5, 6]. The majority of published studies
for ASD either involve synthetic cannabinoids [11, 17,
18] or synthetic enzyme-inhibitors [25, 29]. Only a few
studies offer evidence for the use of phytocannabinoids
in ASD. An observational study by Bar-Lev Schleider
et al. provided valuable information on safety and efficacy, but the study design was insufficient to draw
strong conclusions on standard clinical care [19]. Clinicaltrials.gov lists an ongoing randomized trial comparing
different phytocannabinoid extracts in the setting of behavioral symptoms, but results are not yet available [30].
Therefore, this case report is rare as it documents observed effects of CBE in ASD-related symptoms as opposed to other forms of cannabinoids (for example,
nabilone, dronabinol, and nabiximols).
From a clinical perspective, the use of CBD-based
products to treat neuropsychiatric symptoms must be
done only after appropriate education and informed discussion with families, including consideration of risks
and benefits of CBD compared to other available treatment options, and with vigilant monitoring.
Research into the role of cannabinoids in treating ASD
symptoms and associated behaviors is in its infancy. Although there is an increasing amount of evidence providing biological plausibility for the use of CBD in
treating ASD [1, 5, 25, 26, 31], further research is
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essential to better understand the effects of phytocannabinoids on neurobiological pathways and their impact
on behavior and brain function. Rigorous, controlled
clinical trials are needed to further establish safety, especially long-term safety, optimal dosing, and efficacy, including further delineation of the effect of CBE on core
versus associated ASD symptoms. Until sufficient, supportive evidence is found, CBE remains an unproven alternative treatment and should not replace conventional
evidence-based treatments for children with autism.
However, the unexpected and significant benefits of CBE
in this case report highlight the urgent need and potential benefits of continuing to pursue research in this
area.

Conclusion
While there is a lack of strong evidence to support the
use of CBE in ASD, this case report provides the first
insight about lower than previously reported doses of
phytocannabinoids in the form of CBE, which may benefit ASD-related behavioral and core social symptoms, as
well as anxiety, sleep disturbances, and weight. We encourage scientists and clinicians to pioneer placebocontrolled studies to validate the clinical efficacy of very
low doses of CBE in a larger cohort.
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Autism Spectrum Disorder (ASD) is characterized by persistent deficits in social communication,
restricted and repetitive patterns of behavior, interests, or activities and often intellectual
disabilities. ASD has a number of prevalent co-morbidities, such as sleep disorders, attention
deficit/hyperactivity disorder and epilepsy. No effective treatment for the core symptoms of
ASD is currently available. There is increasing interest in cannabinoids, especially cannabidiol
(CBD), as monotherapy or add-on treatment for the core symptoms and co-morbidities of ASD.
In this review we summarize the available pre-clinical and clinical data regarding the safety and
effectiveness of medical cannabis, including CBD, in young ASD patients. Cannabidiol seems to
be a candidate for the treatment of ASD. At present, however, there are no convincing preclinical or clinical data showing efficacy and safety of cannabinoid treatment in ASD patients.
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1. Introduction
Autism spectrum disorder (ASD) defines a group of neurodevelopmental disorders that are
frequently associated with general cognitive deficits (Zamberletti et al., 2017). DSM-5 criteria of
ASD include:

T

A. Persistent deficits in social communication and social interaction across multiple contexts as
expressed by deficits in social-emotional reciprocity, in nonverbal communicative behaviors used for
social interaction or in developing, maintaining, and understanding relationships.
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B. Restricted, repetitive patterns of behavior, interests, or activities including stereotyped or
repetitive motor movements, insistence on sameness, inflexible adherence to routines or ritualized
patterns of behavior, as well as hyper- or hyporeactivity to sensory input, or unusual interests in
sensory aspects of the environment.
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C. Symptoms must be present in the early developmental period.
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D. Symptoms cause clinically significant impairment in social, occupational, or other important
areas of current functioning.
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E. These disturbances are not better explained by intellectual disability or global developmental
delay (American Psychiatric Association, 2013).
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Worldwide prevalence of ASD is estimated to be approximately 1% (Lai et al., 2014). A recent
study, however, demonstrated that by the age of 8 years one of 59 children in the USA meets the
DSM-5-ASD criteria (American Psychiatric Association, 2013; Baio et al., 2018). ASD is more
prevalent in males and is frequently accompanied by co-morbidities (Lai et al., 2014), the most
common of which are sleep disorders (Garstang and Wallis, 2006) and attention deficit/hyperactivity
disorder (ADHD) (Ghaziddin and Zafar, 2008). Other co-morbidities include psychosis, anxiety, mood
and cognitive disorders.
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Over the last decade, understanding of the genetic changes and the involvement of de-novo
mutations in ASD is expanding (Ramaswami and Geschwind, 2018). Several dozen ASD susceptibility
genes have been identified, collectively accounting for 10-20% of ASD cases (Geschwind, 2011).
Involvement of epigenetic mechanisms and specific gene-environment interplay is also suspected,
but more research is needed (Lai et al., 2014). Despite it being one of the most severe chronic
childhood disorders with relatively high prevalence, morbidity and impact on the society, no
effective treatment for the core symptoms of ASD is available yet. This may stem from the paucity of
scientific data regarding the neurobiological basis of the disorder (Zamberletti et al., 2017). Most
current interventions are behavioral and educational; pharmacotherapy (e.g. anti-psychotics,
selective serotonin reuptake inhibitors (SSRIs) and stimulants) plays only a minor role (Lai et al.,
2014), mainly in the treatment of irritability and aggressive behavior. Those are treated at present
with the two FDA approved antipsychotics risperidone and aripiprazole (Stepanova et al., 2017).
Unfortunately, these agents are not effective for the core symptoms of ASD.
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Cannabidiol (CBD) is a non-psychotropic constituent of the cannabis plant (Chagas et al., 2014).
More details on CBD and Δ9-Tetrahydrocannabinol (THC), are presented in Section "4.
Cannabinoids" below. The current review reports the available pre-clinical and clinical data
regarding the potential effectiveness and safety of CBD in the behavioral symptoms and comorbidities of ASD.
2. The endocannabinoid system in ASD
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The endocannabinoid system (EC) consists of the endocannabinoids (Arachidonic Acid-derived
compounds), endocannabinoid receptors and associated metabolic enzymes. The EC system acts as a
neuromodulating network involved in the regulation of emotional responses, behavioral reactivity to
context, and social interaction. The two main endocannabinoids are anandamide (AEA) and 2arachidonoyl glycerol (2-AG), both produced in the post-synaptic cell membrane as required. Binding of
endocannabinoids to CB1 receptors modulates brain neurotransmission. Subsequently the
endocannabinoids are metabolized by specific enzymes (Howlett et al., 2010; Zamberletti et al., 2017).
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Endocannabinoid effect is due mainly to their binding to the cannabinoid receptors type 1 (CB1)
and type 2 (CB2) (Zamberletti et al., 2017). CB1 receptors are G-protein coupled receptors (GPCRs)
abundant in neurons, where they modulate neurotransmission. Outside the brain, CB1 receptors are
localized in peripheral tissues, including hepatic, adipose, vascular, cardiac, reproductive and bone
tissue. CB1 receptor signal transduction occurs through interaction with Gi/o-protein coupled receptors
thereby inhibiting adenylyl cyclase, activating mitogen-activated protein kinases (MAPK), inhibiting
voltage-gated Ca2+ channels, activating K+ currents (Kir), and influencing nitric oxide (NO) signaling
(Howlett et al., 2010). CB2 receptors are located in the brain and in the periphery mainly in cells of the
immune system (Rong et al., 2017). CB1 receptor stimulation is responsible for the cannabis
psychoactivity, while activation of the CB2 receptor leads to attenuated inflammation, decreased tissue
damage and accelerated regeneration in several disease states (Pacher and Mechoulam, 2011).
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The EC system is often affected in ASD patients with comorbidities such as seizures, anxiety,
cognitive impairments and sleep pattern disturbances (Zamberletti et al., 2017). A recent study showed
lower plasma levels of the endocannabinoid anandamide in ASD patients as compared to healthy
controls. This study suggests that impaired anandamide signaling may be involved in the
pathophysiology of ASD (Karhson et al., 2018).
In another study an interaction between endocannabinoid signaling and oxytocin-mediated social
reward was demonstrated. It was shown that oxytocin, a neuropeptide that reinforces parental and
social bonding, drives anandamide mobilization in the mouse nucleus accumbens (NAc). This finding
indicates that anandamide-mediated signaling at CB1 receptors, driven by oxytocin, modulates social
reward. Thus, it seems that deficits in the signaling mechanism of anandamide may contribute to social
impairment in ASD (Wei et al., 2015). It should be noted that some clinical trials suggest that intra-nasal
administration of oxytocin may have therapeutic effects in ASD (Anagnostou et al., 2012; Tachibana et
al., 2013).
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3. Cannabinoids
Cannabis is one of the most widely used recreational drugs today. It derives from the genus of a
flowering plant that includes three species: Sativa, Indica, and Ruderalis (Behere et al., 2017). A
cannabis plant contains hundreds of different chemicals with about 60-80 ingredients known as
cannabinoids (Brenneisen, 2007).
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Cannabinoids are often divided into three sub-groups: phytocannabinoids, endocannabinoids
and synthetic cannabinoids. Phytocannabinoids are the plant's naturally occurring cannabinoids and
of those, CBD is the 2nd most abundant one (Gu, 2017).

CR

The major cannabis psychoactive molecule is THC, which binds with high affinity to both the CB1
and CB2 receptor (Gallily et al., 2015). It induces euphoria, altered sensory perception and
relaxation, also known as the “high” that is enjoyed by many users (Rong et al., 2017).
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Another major constituent in cannabis is the above mentioned CBD which binds to the CB1/CB2
receptors with very low affinity and is devoid of psychotomimetic effects (Gallily et al., 2015).
However, Russo claims that CBD seems to have psychopharmacological effects, since its
administration is associated with some beneficial effects on anxiety and other conditions such as
schizophrenia, addiction and possibly even depression. He suggested that "CBD should be preferably
labeled as ‘non-intoxicating’, and lacking associated reinforcement, craving, compulsive use, etc."
(Russo, 2017, 2011).

AC

CE

PT

ED

CBD displays a plethora of properties including anticonvulsive, sedative, hypnotic, antipsychotic,
anti-inflammatory and neuroprotective ones. CBD also exhibits anti-oxidant effects, promotes
neurogenesis (Cheng et al., 2014) and appears to be well tolerated by humans (Devinsky et al., 2014;
Iuvone et al., 2004). Besides cannabinoid receptors, CBD also interacts with many nonendocannabinoid signaling systems (Gu, 2017). For example, CBD has been shown to be a potent
agonist of the TRPV2 receptor (Transient Receptor Potential V2 receptor), also known as VRL-1
(Vanilloid Receptor Like 1), which may play a role in the regulation of oxytocin and vasopressin
secretion (Khalil, 2012; Qin et al., 2008). CBD also inhibits the reuptake and enzymatic degradation
of the endogenous cannabinoid anandamide, leading to an elevation in the anandamide levels
(Bisogno et al., 2001), while THC does the opposite, namely decrease in the availability of
anandamide (Rong et al., 2017). CBD also exerts agonistic activity at the 5-HT1a receptors, an effect
that is hypothesized to mediate potential pharmacological antidepressant, anxiolytic and procognitive effects (Linge et al., 2016; Russo et al., 2005).
The chronic use of marijuana has detrimental effects on cognitive function (e.g. executive
function, learning, memory and attention). It has also been documented that chronic marijuana use
can lead to amotivational syndrome and the induction of psychosis in populations at risk. These
effects are mostly related to THC, while human interventional studies with CBD have showed no
significant amplification of psychopathological measures. Furthermore, it was suggested that CBD
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has beneficial effects on several brain functions (Rong et al., 2017). Hence, the public interest in CBD
therapy for several mental and neurological disorders is on the rise.
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4. CBD use in medicine
The controversy regarding the benefits of medical cannabis and especially the use of the plant
extracts in children is ongoing. In most countries worldwide cannabis, whether medicinal or not, is
currently illegal. Still, the use of medical cannabis is growing, especially in countries such as
Belgium, Canada, Australia, Netherlands and some US states (Behere et al., 2017).
Today, many commercial companies offer products consisting of medical cannabis extracts.
These products differ in their administration mode (e.g. edible products, smokeable products,
inhaled products, oil products for oral intake etc.) as well as in their cannabinoid extract content, as
the content ratios of THC and CBD vary.
Several trials showed beneficial effects of medical cannabis use in different illnesses. For
example, The National Academy of Sciences, Engineering and Medicine claims that there is
substantial evidence for the effectiveness of cannabis in the treatment of chronic pain in adults, as
well as moderate evidence for improvement of short-term sleep disturbances in patients with
chronic pain (Romero-Sandoval et al., 2018). Also, cannabinoids are currently used to reduce weight
loss, emesis and pain that often accompany cancer. In addition, several cannabinoids have been
shown to exert anti-proliferative and pro-apoptotic effects in various cancer types, both in vitro and
in vivo (Massi et al., 2013).
In epilepsy, there is an increase in the demand to treat children and adults who suffer from
treatment resistant seizures with medical cannabis. Surveys conducted among parents of children
suffering from epilepsy suggest improvement following treatment with CBD-enriched cannabis
extracts. These results however, do not necessarily apply when it comes to treating adults with
epilepsy (Alexander et al., 2009). Still, in a retrospective study that examined the effect of CBD
enriched medical cannabis oil on children with intractable epilepsy, the treatment caused a
reduction in seizure frequency in 89% of patients (Tzadok et al., 2016).
Epilepsy is common (20-30%) in ASD and is more prevalent in individuals with autism-like
behavior resulting from particular genetic predispositions (e.g. Angelman syndrome, Rett syndrome,
Dup15q syndrome, etc.)(Gu, 2017). In a pre-clinical study that tested the efficacy of CBD in a mouse
model for Dravet Syndrome, a severe childhood epilepsy disorder, CBD effectively reduced both
seizures and autism-like behaviors (J. S. Kaplan et al., 2017). In a clinical trial among patients who
suffer from Dravet syndrome, cannabidiol treatment resulted in a greater reduction in convulsiveseizure frequency than placebo, but was associated with higher rates of adverse events (Nabbout et
al., 2017). In a clinical study on Sturge-Weber Syndrome patients, chronic treatment of CBD
decreased seizures significantly and improved quality of life (E. H. Kaplan et al., 2017). In an online
survey, parents of children with infantile spasms (IS) and Lennox-Gastaut syndrome (LGS) reported a
reduction in seizures frequency in 85% of the cases, while 14% reported complete seizure cessation
after administration of CBD-enriched cannabis preparations (Hussain et al., 2015). The U.S. Food
and Drug Administration (FDA) recently approved Epidiolex, a CBD based oral solution, for the
treatment of seizures associated with the two rare and severe forms of epilepsy, Lennox-Gastaut
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syndrome and Dravet syndrome, in patients two years of age and older (“FDA approves first drug
comprised of an active ingredient derived from marijuana to treat rare, severe forms of epilepsy,”
2018)
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5. CBD use in psychiatry
5.1 CBD and psychosis
In some cases, psychosis can be a comorbidity of ASD, with simultaneous onset of
schizophrenia at adolescence or early adulthood (Sagar et al., 2013). The relatively high
comorbidity rate of schizophrenia in ASD could be related to shared neurobiology, but also to
arbitrary restrictions imposed by current diagnostic systems (Raja and Azzoni, 2010).
In children with ASD, fears, exaggerated anxiety reactions and thought process
disorders may increase the risk of psychosis (Kyriakopoulos et al., 2015). However, assessment
of psychiatric disorders in people with ASD is challenging, as negative symptoms and functional
decline may overshadow positive psychotic symptoms in these people (Kildahl et al., 2017).
In patients with schizophrenia, adding CBD to ongoing antipsychotic treatment resulted
in greater antipsychotic activity and beneficial effects, as compared to placebo add-on (Mcguire
et al., 2018). A previous study however, that investigated the influence of CBD as a
monotherapy in treatment-resistant schizophrenia found that it was ineffective (Zuardi et al.,
2006). As for other types of psychosis, CBD showed a significant effect in decreasing Parkinsonrelated psychosis in Parkinson's disease patients with no significant adverse effects (Zuardi et al.,
2009).
5.2 CBD and anxiety
Many ASD patients suffer from anxiety disorders that harm their quality of life (Gu,
2017; Haan et al., 2008; Perrin, 2011). CBD may possess anxiolytic effects both in animals and
humans (Bergamaschi et al., 2011). In a sub-chronic pre-clinical study in a mouse model of posttraumatic stress disorder (PTSD), CBD administered daily one hour after predator stress reduced
the long-lasting anxiogenic effects of chronic predator stress, partially via 5-HT1A receptor
activation (Blessing et al., 2015; Campos et al., 2012). When tested in humans, CBD showed an
anxiolytic effect in patients that suffer from social anxiety disorder (SAD), contrary to THC that
may induce anxiety (Devinsky et al., 2014). In another study addressing this issue, CBD
administered as pretreatment to patients with SAD significantly reduced anxiety, cognitive
impairment and discomfort in a simulated public speaking test (SPST), and significantly
decreased alertness in their anticipatory speech (Bergamaschi et al., 2011). According to a
recent study, this positive effect of CBD on the anxiety level of SAD patients is related to its
effects on activity at the limbic and paralimbic brain areas (Crippa et al., 2011).
5.3 CBD and addictive behavior
Research regarding ASD and addictive behavior is rather sparse. Since patients with ASD
tend to exhibit low interest in exploring novel behaviors, the likelihood of them developing
substance use disorders is fairly low. However, due to dysregulation of the dopamine reward
system these individuals are more likely to develop addictive disorders and stimulatory
behaviors such as increased interest in video gaming and watching television (Lalanne et al.,
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2017). Some studies indicate a correlation between Internet use addiction and autistic
behaviors, which is in accordance with that speculation (Chen et al., 2015; Romano et al., 2014).
Nevertheless, in pre-clinical and early clinical trials it was shown that CBD has a positive
effect on addictive behavior (Devinsky et al., 2014).
5.4 CBD, mood and cognitive disorders
It was previously shown that a variety of psychiatric co-morbidities may occur in ASD
patients, the most common one being mood disorders (Ghaziddin and Zafar, 2008). As
previously mentioned, THC use may be associated with onset or aggravation of depression,
bipolar disorder, mania and psychosis (Rong et al., 2017). On the other hand, CBD possesses
agonistic activity at the 5-HT1A serotonin receptor and shares similar mechanisms with lithium.
These pharmacological properties may indicate its potential role in the treatment of mood
disorders (Rong et al., 2017). In addition, a pre-clinical study using the tail suspension test (TST)
in non-stressed Swiss mice, showed that CBD has properties common to classic antidepressants
(Pupin et al., 2016).
Therapeutic CBD properties were investigated for cognitive deficits as well. In a preclinical study that tested the effect of CBD on cognition in an Alzheimer's Disease mouse model
(APPxPS1), chronic CBD treatment reversed the cognitive deficits without affecting anxietyrelated behaviors (Cheng et al., 2014).
In contrast to CBD in human patients, THC administration may result in memory
impairment (Ranganathan and Souza, 2006; Rong et al., 2017). It was suggested that CBD may
attenuate the anti-cognitive effects of THC (Rong et al., 2017), however, more studies are
needed to substantiate this suggestion.
5.5 CBD and sleep disorders
Sleep disorders are highly prevalent among children with ASD. Common sleep problems
include difficulties in settling at bedtime with delays in sleep onset (sleep latency) once settled,
short sleep duration and frequent and prolonged night waking (Garstang and Wallis, 2006). In
the general population insomnia is the most common sleep complaint, and treatment with
medical cannabis may be effective, especially when the insomnia is associated with pain (Gates
et al., 2014). It has been claimed that long term use of cannabis may induce sleep disturbances
(Gates et al., 2014). however, a case series indicated that CBD treatment may actually improve
the quality of sleep in Parkinson's disease (Chagas et al., 2014).
5.6 CBD and ADHD
ADHD is one of the most common psychiatric co-morbidities in young ASD patients
(Ghaziddin and Zafar, 2008), with comorbidity rates in the range of 40-70% (Antshel et al.,
2016).
The DSM-5 criteria for ADHD diagnosis are: A) A persistent pattern of inattention and/or
hyperactivity-impulsivity that interferes with functioning or development; B) Several inattentive
or hyperactive-impulsive symptoms were present prior to age 12 years; C) Several inattentive or
hyperactive-impulsive symptoms are present in two or more settings (e.g., at home, school, or
work; with friends or relatives; in other activities); D) There is clear evidence that the symptoms
interfere with, or reduce the quality of, social, academic, or occupational functioning (American
Psychiatric Association, 2013).
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In the general population, ADHD is a common disorder which affects mostly young
patients (5%), but also persists into adulthood (3%) (Aguiar, A., Eubig, P. A., Schantz, 2010;
Young et al., 2015). The disorder is characterized by inattention, hyperactivity and impulsivity
(Cooper et al., 2017). Children diagnosed with ADHD are at increased risk for substance use
disorders (Rasmussen et al., 2016).
In a pilot randomized placebo-controlled experimental study of a cannabinoid
medication (an oral spray containing 1:1 ratio of THC:CBD) in adults who suffer from ADHD,
there was no significant improvement in the cognitive performance, but there was a significant
improvement in the hyperactivity, impulsivity and inhibition measures after the treatment with
the medical cannabis (Cooper et al., 2017).
5.7 CBD and aggressiveness
Aggression and self-injurious behavior (SIB) may be associated symptoms of ASD and
can result in significant harm to the patients, but also great distress for their families. The
precise nature of the relationship between aggression or SIB and ASD remains unclear. These
symptoms are therefore treated with a broad range of pharmacological approaches (Parikh et
al., 2008). In two unrelated pre-clinical studies that examined the impact of CBD and THC
treatments on aggressive behavior it was demonstrated that THC may attenuate aggressive
behavior in rodents, while CBD does not (Ham and De Jong, 1975; van Ree et al., 1984).
5.8 The role of the endocannabinoid system in social behavior
As mentioned earlier, impaired social functioning is one of the major symptoms of ASD
(Karhson et al., 2018), and the endocannabinoid system has a role in maintaining adequate
social functioning (Karhson et al., 2016).
Several pre-clinical studies show that some agents who activate the endocannabinoid
system may interfere with social behavior in animals. In one of these studies, chronic treatment
of WIN 55,212-2 (a cannabinoid receptor agonist) in pubertal rats harmed their social behavior
(Schneider et al., 2008) .THC administration may lead as well to a reduction in social interaction
in rats, while co-administration of CBD seems to attenuate this effect (Malone et al., 2009).
On the other hand, in a study that tested the influence of marijuana smoking on healthy
human volunteers, subjects reported retrospectively that while smoking marijuana they were
happier, friendlier and calmer, responded more warmly to others, seemed to have a better
understanding of their peers' state of mind and were less likely to respond angrily or
defensively. However, they had a harder time focusing and paying attention to what others said
(Galanter et al., 1974).
A pre-clinical study in adolescent rats tried to resolve this inconsistency. The
investigation showed that activation of the endocannabinoid system via the CB1 receptor, using
the direct CB1 cannabinoid receptor agonist WIN55,212-2, reduced social play. However,
stimulation of opioid and dopamine receptors by the indirect cannabinoid agonist URB597,
which inhibits the hydrolysis of the endocannabinoid anandamide, enhanced social play. These
results suggest that, depending on the pathway of the endocannabinoid stimulation,
cannabinoid neurotransmission can both enhance and inhibit social interaction, at least in
adolescent rats, (Trezza and Vanderschuren, 2008).
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When it comes to cannabidiol, recent studies suggest that CBD has a positive influence
on social behavior, and may therefore be considered an optional pharmacological treatment for
ASD. As mentioned earlier, CBD treatment in a mouse model for Dravet Syndrome effectively
reduced seizures and autism-like behaviors (J. S. Kaplan et al., 2017). Furthermore, in an MK-801
rat model of schizophrenia, cannabidiol had no effect on MK-801-induced disruption of prepulse
inhibition (PPI) or of hyperactivity, but showed a possible ability to inhibit MK-801-induced
social withdrawal (Gururajan et al., 2011). In another study using a rat model for schizophrenia,
chronic CBD administration attenuated the deficits in social interaction and cognition induced by
prenatal poly I:C infection (Osborne et al., 2017). In a different study using SHR (spontaneously
hypertensive rats) and Wistar rats, the lowest dose of CBD (1 mg/kg) increased passive and total
social interaction of Wistar rats. However, the hyperlocomotion and the deficit in social
interaction displayed by SHRs could not be improved by CBD regardless of the dosage size
(Almeida et al., 2013).
6. CBD, neurodevelopment, mental disorders and ASD
The administration of cannabinoids for children and adolescents suffering from ASD is a
controversial legal and ethical issue (Khalil, 2012). Those who oppose the use of medical
cannabis in pediatrics claim that this treatment might harm young children and adolescents'
brain development. Indeed, several pre-clinical and clinical studies that investigated the effects
of cannabinoid consumption on brain development reported such harmful effects (Dowedwards, 2018; Rubino et al., 2016).
Brain development starts in-utero during early gestation and extends into late
adolescence. Several important processes take place during neurodevelopment, including cell
migration and differentiation and other cellular and anatomical changes. Childhood and
adolescence are important periods for brain maturation and rearrangement, since processes like
myelination, synaptic pruning and dendritic plasticity take place during that period. Maturation
of some neurotransmitter systems (including the glutamatergic and the dopaminergic) and the
endocannabinoid system occur during childhood and adolescence as well (Bellis et al., 2001;
Chambers et al., 2003; Schneider et al., 2008; Spear, 2000). Impact of cannabinoids on these
systems may be relevant to the pathophysiology and pharmacotherapy of ASD.
Numerous human studies, including prospective longitudinal studies, demonstrate that
early cannabis use is associated with major depressive disorder and drug addiction. A strong
association between schizophrenia and cannabis use is also apparent, especially when
considering genetic factors that interact with this environmental exposure (Chadwick et al.,
2013). In a pre-clinical study in rats, chronic treatment with the synthetic cannabinoid full
receptor agonist WIN 55,212-2 during pubertal development caused long-lasting behavioral
disturbances in adulthood (Schneider et al., 2008; Schneider and Koch, 2007, 2005, 2003).
Interestingly, CBD appears to have neuroprotective effects that are relevant to
addiction, cognition, and negative affect (Chadwick et al., 2013). It was also shown that CBD has
very low toxicity in humans and other species, and no teratogenic or mutagenic effects induced
by CBD were documented (Scuderi et al., 2009). However, some studies suggest that cannabis
products might be contaminated with harmful agents (e.g., microbes, pesticides and heavy
metals) and hence can cause potential damage to the user (Dryburgh et al., 2018). Another
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study in rats indicates that CBD has a potentially harmful effect on the male reproductive system
(Carvalho et al., 2018).
In the field of pediatric mental illnesses, CBD is sometimes used as treatment for anxiety
disorders. In a case report describing a 10 year old girl who suffered from PTSD after being
sexually abused, it was reported that CBD treatment reduced her anxiety and improved her
sleep (Shannon, 2016).
A double-blind randomized placebo-controlled trial designed to assess the safety,
tolerability and efficacy of cannabinoid mix (CBD:THC in a 20:1 ratio) for behavioral problems in
children and youth with ASD, is currently in phase two testing (NCT02956226). The trial takes
place in Shaare - Zedek Medical Center in Jerusalem and is conducted by Drs. Adi Aran and
Varda Gross as principal investigators. The trial's estimated completion date is January 2019,
and it is hoped that it will provide stronger, more solid conclusions regarding cannabinoids
treatment as a therapeutic option in children and young adults who suffer from ASD.
It is of note that two other clinical studies are currently conducted in ASD patients, one
led by Dr Grainne McAlonan from King's College in London, comparing cannabidivarin (CBDV) to
CBD (NCT03202303) and one led Prof. Eric Hollander from Montefiore Medical Center/Albert
Einstein College of Medicine at NYC, using only CBDV (NCT03537950).
7. Conclusions
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The use of cannabinoids in general and CBD in particular in the treatment of numerous medical
and mental conditions, including ASD, is growing rapidly. In this review article we attempted to
summarize the findings of pre-clinical and clinical studies regarding the involvement of the
endocannabinoid system in physical and mental disorders and in neurodevelopment, as well as the
safety and efficacy of CBD treatment in autistic behaviors and common co-morbidities of ASD.
Unfortunately, no preclinical studies have thus far investigated the effects of any cannabinoid in
validated animal models of ASD-like behaviors. There certainly is a big gap in the field and such
studies are needed before drawing any conclusions on the potential therapeutic applications of
cannabinoids in ASD. All current evidence is indirect and based on the efficacy of CBD in
pathological conditions that could be also present in ASD. Hence, the potential efficacy of CBD in
the context of ASD is only suggested.
Social interaction deficits are part of the core phenotypes of ASD while CBD has demonstrated
some pro-social properties in pre-clinical studies. In addition, in some of the most common comorbidities of ASD such as sleep disorder, ADHD, anxiety and seizures CBD may be effective as a
monotherapy or additional treatment. In other ASD co-morbidities such as psychosis, addictive
behavior, mood or cognitive disorders and aggressiveness the level of evidence is low.
Despite the lack of convincing clinical data on the effectiveness of cannabinoids in the treatment
of ASD, treatment with cannabinoids seems to be relatively safe in adults and children. However,
harmful effects of cannabinoids have been reported, some of them due to contaminated products
that were not under regulatory supervision. Further pre-clinical and clinical studies are needed in
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order to examine the pros and cons of CBD and other cannabinoids in ASD, before they are
established as treatment for ASD symptoms and co-morbidities.

T

Future randomized, placebo-controlled clinical trials, should evaluate the short- and long-term
effectiveness of CBD and other cannabinoids (e.g. CBDV), in the treatment of the core symptoms of
ASD (i.e. deficits in communication and social interaction, restricted-repetitive patterns of behavior)
as well as the associated emotional and behavioral symptoms (i.e. irritability, anxiety, mood
dysregulation, inattention, hyperactivity, aggressiveness and sleep impairment).
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Abstract: The etiopathogenesis of autism spectrum disorder (ASD) remains largely unclear. Among
other biological hypotheses, researchers have evidenced an imbalance in the endocannabinoid (eCB)
system, which regulates some functions typically impaired in ASD, such as emotional responses
and social interaction. Additionally, cannabidiol (CBD), the non-intoxicating component of Cannabis
sativa, was recently approved for treatment-resistant epilepsy. Epilepsy represents a common medical
condition in people with ASD. Additionally, the two conditions share some neuropathological
mechanisms, particularly GABAergic dysfunctions. Hence, it was hypothesized that cannabinoids
could be useful in improving ASD symptoms. Our systematic review was conducted according to the
PRISMA guidelines and aimed to summarize the literature regarding the use of cannabinoids in ASD.
After searching in Web of KnowledgeTM , PsycINFO, and Embase, we included ten studies (eight
papers and two abstracts). Four ongoing trials were retrieved in ClinicalTrials.gov. The findings
were promising, as cannabinoids appeared to improve some ASD-associated symptoms, such as
problem behaviors, sleep problems, and hyperactivity, with limited cardiac and metabolic side
effects. Conversely, the knowledge of their effects on ASD core symptoms is scarce. Interestingly,
cannabinoids generally allowed to reduce the number of prescribed medications and decreased the
frequency of seizures in patients with comorbid epilepsy. Mechanisms of action could be linked to
the excitatory/inhibitory imbalance found in people with ASD. However, further trials with better
characterization and homogenization of samples, and well-defined outcomes should be implemented.
Keywords: autism spectrum disorder; cannabinoids; cannabidiol; cannabidivarin; THC; problem
behaviors; sleep; epilepsy; hyperactivity; side effects

1. Introduction
Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by deficits in
communication and social interaction and by a pattern of restricted interests and repetitive behaviors
that might vary in severity [1]. It was estimated that around 1.5% of the general population might
belong to the autism spectrum [2]. Along with core symptoms, ASD might present with several
associated problems, such as irritability, challenging behaviors [3], and self-injury [4], especially in the
presence of associated intellectual disability (ID), a condition that seemed to regard at least one-third of
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the autistic population [5]. Conversely, individuals with higher cognitive abilities are more frequently
burdened by psychiatric comorbidities, such as depression, anxiety, attention deficit-hyperactivity
disorder (ADHD), or sleep problems [6–8]. Medical comorbidities are also highly prevalent among the
ASD population [9–11]. In particular, epilepsy represents the most frequent co-occurring neurological
condition, affecting 5 to 30% of individuals with ASD [12–15]. Even in absence of frank seizures, people
with ASD seem to present subclinical electrical discharges with abnormalities in EEG patterns [16,17].
The etiopathogenesis of ASD still needs to be clarified. Several genetic [18], perinatal [19,20],
and environmental factors [21,22] seem to be involved. Research has also evidenced an imbalance in
some endogenous neurotransmission systems [23], such as the serotoninergic [24], γ-aminobutyric
acid (GABA)-ergic [17,25], and endocannabinoid (eCB) system [26–28].
Imbalances in the eCB neurotransmission system were found in animal models of ASD [29].
Additionally, lower serum levels of eCB were detected in children with ASD compared to typically
developing peers [30,31]. Notably, the eCB system is relevant, as it seems to regulate some of the
functions typically impaired in ASD, such as the form of emotional responses and social interaction [32].
Given the alterations in the eCB systems, researchers started to hypothesize that phytocannabinoids,
which are naturally present in the plant of Cannabis sativa, might exert beneficial effects on the core and
associated symptoms of ASD. First, multiple experimental studies conducted on mouse models showed
that cannabidiol (CBD), the non-intoxicating component of cannabis, affects social interaction [33,34],
which is severely impaired in ASD. Although CBD does not exert psych mimetic properties or the
ability to induce addiction, it indirectly affects the transmission of the cannabinoid-related signal,
the degradation of the endocannabinoid anandamide, and thus act on autistic-like symptoms in
rats [35].
Interestingly, in June 2019, the US Food and Drug Administration (FDA) approved the Epidyolex,
a CBD-based oral solution, for the treatment of seizures in Dravet and Lennox-Gastaut syndrome,
two rare forms of epilepsy, in children older than two years of age [36]. As mentioned above,
epilepsy is one of the most frequent co-occurring conditions of ASD, and the presence of seizures
or non-epileptic abnormalities in EEG patterns might be partially responsible for the challenging
behaviors or aggression in people with ASD. Thus, the correction of these abnormalities could improve,
at least in part, the behavioral problems [37]. Moreover, the common co-existence of ASD and epilepsy
suggests the presence of shared neuropathological mechanisms. Of note, both conditions are associated
with abnormalities in the inhibitory GABA neurotransmission, including reduced GABAA and GABAB
subunit expression. These abnormalities can elevate the excitatory/inhibitory balance, resulting in a
hyper-excitability of the cortex, with an increased risk of seizures [38]. The literature showed that CBD
seems to act similarly to antiepileptic drugs, as it increases the GABA transmission, thus reducing
neuronal excitability [39,40].
Additionally, CBD exerts an agonist activity on the 5-HT1a receptors (i.e., serotoninergic system),
which could mediate its pharmacological antidepressant, anxiolytic, and pro-cognitive properties [41,42].
In fact, the therapeutic effects of CBD were tested in patients suffering from anxiety disorder [43],
a psychiatric comorbidity affecting at least 20% of people with ASD [8]. Possible benefits of CBD,
due to its potential effects on the dopaminergic system, were also studied on subjects suffering from
psychosis, [44], which could also represent a mental health issue for autistic individuals [8].
The effects of other cannabinoids were scarcely explored in clinical research. Cannabidivarin
(CBDV) improved neurological and social deficits in early symptomatic Mecp2 mutant mice, a model
of the Rett syndrome [45]. Moreover, it was proven to be an effective anticonvulsant in several
models of epilepsy [46]. Delta-9-tetrahydrocannabinol (THC), the psychoactive component of cannabis,
might increase sleep duration [47], thus being a potential candidate for a sedative effect. Additionally,
it seems to reduce locomotor activity, which is indicative of a decrease in anxiety-like behavior [48].
According to a recent pilot randomized trial [49], a cannabinoid compound containing a 1:1 ratio of
THC:CBD, significantly improved symptoms of hyperactivity, impulsivity, and inhibition measures in
adults with ADHD, a condition that seemed to affect around 28% of autistic subjects [8].
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As mentioned above, ASD presents serious deficits in social interaction and communication,
as well as repetitive behaviors. However, till date, no effective pharmacological treatment exists for ASD
core symptoms; only two atypical antipsychotics (i.e., risperidone and aripiprazole) were approved
by the FDA for the treatment of irritability in children and adolescents with ASD [50]. Nevertheless,
psychotropic medications are frequently prescribed in everyday clinical practice, with the frequent
onset of side effects [51]. Given their properties, cannabinoids were proposed as candidate therapeutic
options in people with ASD. Two recent narrative reviews were conducted on the topic [52,53].
However, to the best of our knowledge, no systematic reviews have comprehensively summarized the
effects of cannabinoids for the treatment of individuals with ASD. The present paper aimed to describe
the current state-of-the-art regarding the use of cannabinoids in individuals with ASD, focusing on
both published and ongoing trials.
2. Materials and Methods
2.1. Search Strategy
We followed the PRISMA Statement guidelines to perform a systematic search [54]. First,
we searched the following databases from inception up to 26 May 2020: Web of KnowledgeTM
(including Web of Science, MEDLINE® , KCI—Korean Journal Database, Russian Science Citation
Index, and SciELO Citation Index), PsycINFO, Embase, and ClinicalTrials.gov, without any time or
language restriction. We used the following search strategy: (cannab *) AND (autis * OR asperger OR
kanner OR “neurodevelop * disorder *”). Second, we reviewed all references of relevant reviews and
meta-analyses to find any additional eligible study.
2.2. Eligibility Criteria
Two review authors (LF and VC) screened all retrieved papers, independently and in duplicate.
Any doubt was solved by consensus. The authors included all original studies written in English,
published as full papers or abstracts in peer-reviewed journals, and met the following criteria:
(1) Participants: Individuals with a diagnosis of autism spectrum disorder (ASD), according to
international valid criteria or measured by a validated scale, regardless of age.
(2) Intervention: Cannabis sativa or cannabinoids, such as, cannabidiol (CBD), cannabidivarin
(CBDV), delta-9-tetrahydrocannabinol (THC) and others, administered at any dosage and any form.
(3) Comparison: Studies with or without a comparison group (placebo or other forms of treatment).
(4) Outcomes: Any outcome.
(5) Study design: Case report, case series, retrospective, observational longitudinal, randomized
or controlled clinical trials, both parallel and crossover.
2.3. Data Extraction
Data were extracted by two authors (S.T. and I.C.) who worked independently and in duplicate.
Any doubt was solved by consensus. A standardized form was used to extract data from the included
studies. We extracted information about study characteristics (authors, year, study design, country),
characteristics of the ASD sample (sample size, age, presence of ID, presence of epilepsy, concomitant
medications), type and duration of the intervention and the comparison, outcomes and outcome
measures, findings, and side effects. We also reported data regarding ongoing studies, as retrieved
in ClinicalTrials.gov. Results of the study were reported in a narrative summary that was organized
around the study characteristics.

Brain Sci. 2020, 10, x FOR PEER REVIEW

4 of 21

3. Results
Brain Sci. 2020, 10, 572

4 of 18

3.1. Search Results
3. Results
Our search yielded a total of 758 studies, while four additional articles were found through other
sources. After removing duplicates, we screened 604 titles and abstracts. After reading the full texts
3.1.
Search
Results
of 24
papers,
we finally included 10 published works (eight full articles and two conference abstracts)
in our
systematic
review.
Additionally,
nine ongoing
trials
were found
in ClinicalTrial.gov,
of which
Our search yielded
a total
of 758 studies,
while four
additional
articles
were found through
other
four metAfter
the eligibility
The selection
procedure
of and
the included
was reported
Figure
sources.
removingcriteria.
duplicates,
we screened
604 titles
abstracts.studies
After reading
the fullintexts
of
1. papers, we finally included 10 published works (eight full articles and two conference abstracts) in
24
our systematic review. Additionally, nine ongoing trials were found in ClinicalTrial.gov, of which four
met the eligibility criteria. The selection procedure of the included studies was reported in Figure 1.

Figure1.1. PRISMA
PRISMA flow
flowchart
chartof
ofthe
thestudy
studyselection
selectionprocess.
process.
Figure

3.2.
3.2. Characteristics
Characteristics of
of Studies
Studies and
and Participants
Participants
We
Weincluded
includedthree
threeretrospective
retrospectivestudies,
studies, three
threeprospective
prospective studies,
studies, one
one case
case report,
report, and
and three
three
randomized
randomized placebo-controlled
placebo-controlled crossover
crossover trials.
trials. Apart from the case report
report [55],
[55], all
all papers
papers were
were
published
years.
Studies
were
conducted
in Israel
(n =(n3),
United
Kingdom
(n =(n3),=
publishedwithin
withinthe
thelast
lastthree
three
years.
Studies
were
conducted
in Israel
= 3),
United
Kingdom
Brazil,
Chile,
Austria,
andand
United
States
(n (n
= 1= each).
3), Brazil,
Chile,
Austria,
United
States
1 each).Sample
Samplesizes
sizesranged
rangedfrom
fromone
one[55]
[55]to
to 188
188 [56].
[56].
Participants
children,
although
in two
studies
therethere
werewere
mixed
samples
[57,58].
The three
Participantswere
weremainly
mainly
children,
although
in two
studies
mixed
samples
[57,58].
The
studies
conducted
by Pretzsch
and colleagues
[59–61] included
only adults
with
normal
cognitive
three studies
conducted
by Pretzsch
and colleagues
[59–61] included
only
adults
with
normal
abilities
(IQ
> 70). (IQ
Interestingly,
only another
study [62]
specified
the levelthe
of level
functioning,
which
cognitive
abilities
>70). Interestingly,
only another
study
[62] specified
of functioning,
was not reported in the remaining papers. Many participants were taking concomitant medications,
Brainpart
Sci. 2020,
10,samples
x; doi: FOR
PEER
REVIEWHowever, this information was not specified
www.mdpi.com/journal/brainsci
and
of the
had
epilepsy.
in two studies [55,57].
Study characteristics are reported in Table 1.

Brain Sci. 2020, 10, 572

5 of 18

Table 1. Characteristics of the included studies.
Study Characteristics

Authors

Aran et al.
[62]

Barchel et al.
[57]

Year

2019

2019

Fleury-Teixeira
2019
et al. [63]

Kuester et al.
[58]

2017

Country

Israel

Israel

Characteristics of Participants with ASD
Study
Design

Retrospective
cohort study

Prospective
cohort study

Brazil

Prospective
cohort study

Chile

Retrospective
case series
(abstract only)

N of
Participants
with ASD

60

53

18
(15
analyzed)

20

Mean Age,
Years
(Range)

11.8
(5–17.5)

11
(4–22)

10.9
(6–17)

9.8
(2–22)

Treatment Characteristics

Active Treatment

Daily Dosage

Control
Treatment

Mean
Follow-Up,
Months
(Range)

14 (23.3)

Cannabinoid oil
solution at a 20:1
ratio of CBD and
THC,

Sublingual
assumption 2 or 3
times/daily with
CBD doses
started at 1
mg/kg/day and
titrated up to 10
mg/kg/day.

None

10.9
(7–13)

Not
reported

Atypical
antipsychotics
(58.4%),
Anti-epileptic (15%),
Typical
antipsychotics
(11.3%), Stimulants
(9.4%), Melatonin
(7.5%), Other
anti-muscarinic
(5.6%),
Anti-depressant
(3.7%), Alpha agonist
(1.8%)

Not reported

Cannabinoid oil
solution at a
concentration of
30% and 20:1 ratio
of CBD and THC.

CBD: 16 mg/kg
(maximal daily
dose 600 mg),
THC: 0.8 mg/kg
(maximal daily
dose of 40 mg).

None

Median 66
days (30–588
days)

Not
reported

Any medication
(66.7%),
Antipsychotics
(46.7%), Mood
stabilizers (33%),
Phenobarbital (6.7%)

5 (27.7)

Cannabis Sativa
extract containing a
75:1 CBD:THC ratio

CBD: mean 175
mg/day (100–350);
THC: 2.33 mg/day
(1.33–2.33).

None

12.4 (6–39)

Not reported

Part of the
sample had
seizures

71.5% of patients
received balanced
CBD:THC extracts;
19% high-CBD; and
9.5% high-THC
extracts.

Not reported

None

7.6 (3–12)

Intellectual
Disability,
n (%)

Concomitant
Medication

77% low
functioning

All medications
(82%), Antipsychotics
(72%), Mood
stabilizers (17%),
Benzodiazepines
(12%), SSRI (7%),
Stimulants (7%)

Not
reported

Participants
with Epilepsy,
n (%)
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Table 1. Cont.
Study Characteristics

Authors

Kurz and
Blaas [55]

McVige et al.
[64]

Schleider et al.
[56]

Year

2010

2020

Country

Characteristics of Participants with ASD
Study
Design

Austria

Case report

United
States

Retrospective
case series
(abstract only)

N of
Participants
with ASD

One

20

Mean Age,
Years
(Range)

6

Not
reported

Concomitant
Medication

Participants
with Epilepsy,
n (%)

Active Treatment

Daily Dosage

Control
Treatment

Mean
Follow-Up,
Months
(Range)

Initial dosage
was one drop
(0.62 mg) in the
morning which
was increased up
to 3.62 mg/die

None

6

Not
reported

None

Not reported

Dronabinol
(delta-9-THC)
solved in sesame
oil.

Not
reported

Each patient tried an
average of 6.4 other
medications. Current
medication not
specified.

6 (30%)

Medical cannabis

Not reported

None

Not reported

Not
reported

Antipsychotics
(56.9%),
antiepileptics (26.0%),
hypnotics and
sedatives (14.9%),
antidepressants
(10.6%).

27 (14.4%)

Most patients
consumed oil with
30% CBD and 1.5%
THC. Insomnia was
treated with an
evening dose of 3%
THC oil.

On average 79.5
± 61.5 mg CBD
and 4.0 ± 3.0 mg
THC, three times
a day. Average
additional 5.0 ±
4.5 mg THC daily
for insomnia.

None

6

0 (0)

CBD

600 mg

Placebo

Single
administration

2019

Israel

Prospective
cohort study

Pretzsch et al.
[59]

2019a

United
Kingdom

RCT
crossover

17

31.3

0 (0)

No medication
influencing GABA+
levels.
Methylphenidate (n
= 1), sertraline (n = 1)

Pretzsch et al.
[60]

2019b

United
Kingdom

RCT
crossover

17

31.3

0 (0)

No medication
influencing GABA+
levels.

0 (0)

CBDV

600 mg

Placebo

Single
administration

0 (0)

No medication
influencing GABA+
levels.
Methylphenidate (n
= 1), sertraline (n = 1)

0 (0)

CBD

600 mg

Placebo

Single
administration

Pretzsch et al.
[61]

2019c

United
Kingdom

RCT
crossover

188

13

12.9
(<5–18)

Intellectual
Disability,
n (%)

Treatment Characteristics

30.8

Legend: CBD: Cannabidiol; CBDV: Cannabidivarin; GABA+: Gamma aminobutyric acid; RCT: randomized controlled trial; THC: delta-9-tetrahydrocannabinol.
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3.3. Characteristics of Treatment
The treatment was represented by a cannabinoid oil solution with a CBD:THC ratio of 20:1 in two
studies [57,62] and with a 30:1.5 ratio in one study [56]. Fleury-Teixeira et al. [63] and Kuester et al. [58],
instead used Cannabis sativa extracts with different compositions. Kurz and Blaas [55] reported the use
of dronabinol (delta-9-THC) dissolved in sesame oil. McVige et al. [64] documented the use of medical
cannabis with unspecified composition. Finally, Pretzsch and colleagues administered single doses of
600 mg of CBD or CBDV [59–61]. Only the studies by Pretzsch et al. used a control treatment (placebo).
The duration of treatment was extremely variable, ranging from single administrations [59–61] to six
months [55,56]. Of note, many studies were naturalistic and treatment duration was different among
participants. Characteristics of treatment with cannabinoids are reported in Table 1.
3.4. Outcomes and Findings
The results of the included studies are reported in Table 2. It could be observed that studies
typically had multiple outcomes. The most investigated were global impression, sleep problems,
hyperactivity, problem behaviors, use of concomitant medications, and seizures. Parenting stress was
measured in two studies [58,62]. Anxiety, mood, and quality of life were evaluated in the context
of global impression. Only one study [63] specifically evaluated socio-communication impairments,
reporting a median perceived improvement of 25%. However, the authors did not use standardized
tools to measure the changes in the communication and social interaction domain. Surprisingly,
none of the included studies aimed to evaluate changes in stereotypies. Of note, the three studies
conducted by Pretzsch et al. [59–61] investigated the acute effects of cannabinoids using neuroimaging
techniques (magnetic resonance spectroscopy [MRS] and functional Magnetic Resonance Imaging
[fMRI]). Outcomes and results are reported in Table 2.
3.5. Ongoing Trials
We retrieved four ongoing studies from ClinicalTrials.gov, of which two were randomized
controlled trials and two open label trials. Three of these studies are being conducted in the
United States, and one in Israel. Researchers mainly planned to recruit children (except for the trial
NCT02956226, which planned to extend the administration of treatment up to the age of 21 years).
Two studies are testing the effects of CBDV, one study is examining the effects of CBD at different
dosages, and one is looking at the effects of a combination of CBD and THC (ratio 20:1). Duration
of trials are from 6 to 52 weeks. All trials planned to administer multiple outcome measures to both
patients and caregivers. Interestingly, specific tools measuring changes in ASD core symptoms were
inserted, including the evaluation of repetitive behaviors and stereotypies. Adaptive abilities, aberrant
behaviors, and sleep disturbances are other target symptoms of the studies. The characteristics of the
ongoing trials are summarized in Table 3.
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Table 2. Efficacy and safety of cannabinoids in people with autism spectrum disorder (ASD).
Authors

Aran et al. [62]

Year

2019

Outcome (Measures)

-

-

Problem behaviors (HSQ)
Parenting stress (APSI)
Caregiver Global Impression
(CaGI): anxiety,
behavior, communication
Medication

-

-

-

Barchel et al.
[57]

2019

-

Hyperactivity
Self-injury
Sleep
Anxiety
Global improvement

-

-

Fleury-Teixeira
et al. [63]

2019

-

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)
Concomitant medication

Side Effects (%)

Drop Out/Treatment
Discontinuation, n (%)

HSQ: improved by 29%.
APSI: improved by 33%.
CaGI-C: Behavior improved in 61%; anxiety
improved in 39%; communication improved in 47%
of the children.
Following the cannabis treatment, 33% received
fewer medications or lower dosage, 24% stopped
taking medications and 8% received more
medications or higher dose.

Any adverse event (51%), Sleep
disturbances (14%), Restlessness (9%),
Nervousness (9%), Loss of appetite (9%),
Gastrointestinal symptoms (7%),
Unexplained laugh (7%), Mood changes
(5%), Fatigue (5%), Nocturnal enuresis
(3.5%), Gain of appetite (3.5%), Weight
loss (3.5%), Weight gain (3.5%), Dry
mouth (3.5%), Tremor (3.5%), Sleepiness
(2%), Anxiety (2%), Confusion (2%),
Cough (2%), Psychotic event (2%)

1 (1.6%)

Hyperactivity: Improvement: 68.4%; No change:
28.9%; Worsening: 2.6%
Self-Injury: Improvement: 67.6%; No change: 23.5%;
Worsening: 8.8%
Sleep Problems: Improvement: 71.4%; No change:
23.8%; Worsening: 4.7%
Anxiety: Improvement: 47.1%; No change: 29.4%;
Worsening: 23.5%
Overall: Improvement: 74.5%; No change: 21.6%;
Worsening: 3.9%

Somnolence (22.6%), Appetite decrease
(11.3%), Appetite increase (7.5%),
Insomnia (3.7%), Sense abnormality
response (to temperature) (3.7%), Eyes
blinking (3.7%), Diarrhea (3.7%), Hair
loss (1.8%), Nausea (1.8%), Confusion
(1.8%), Acne (1.8%), Palpitations (1.8%),
Urinary (1.8%), Incontinence (1.8%), Eye
redness (1.8%), Constipation (1.8%)

5 (9.4%)

ADHD: median perception of improvement: 30%
BD: median perception of improvement 20%
MD: median perception of improvement 20%
AD: median perception of improvement 10%
CSID: median perception of improvement 25%
CD: median perception of improvement 20%
SD: median perception of improvement 40%
SZ: three participants reported ≥50% of
improvement; two participants reported 100%
of improvement
Concomitant medication: complete withdrawal (n =
3), partial withdrawal (n = 1), partial withdrawal +
dosage reduction (n = 3), dosage reduction (n = 2),
no changes in medication use (n = 1)

Sleepiness, moderate irritability (n = 3);
diarrhea, increased appetite, conjunctival
hyperemia, and increased body
temperature (n = 1). All these side effects
were mild and/or transient. Nocturia (n
= 2), which in one case appeared
concomitantly to an improvement in
sleep quality.

3 out of 18 (16.7%)

Results

-

-
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Table 2. Cont.
Year

Outcome (Measures)

Results

Side Effects (%)

Drop Out/Treatment
Discontinuation, n (%)

Kuester et al.
[58]

2017

-

Global Impression (CGI-I)
Parenting stress (APSI)
Other variables (sensory
difficulties, food acceptance,
sleep, seizures)

CGI-I And APSI: 66.7% of patients had significant
improvement. Most cases improved at least one of ASD
core symptoms.
Sensory difficulties, food acceptance, feeding and sleep
disorders, and/or seizures were improved in most cases.

Two patients had more agitation and one
had more irritability, effects that were
solved by changing the strain.

None

Kurz and Blaas
[55]

2010

-

Problem behaviors (ABC)

Significant improvement in all subscales

None reported.

None

-

Caregiver Global Impression
(CaGI), including quality of
life (QoL), activity limitations,
symptoms, mood.
Epilepsy
Pain
Other variables: sleep,
aggression,
communication, attention
Medication use

CaGI: improvement in all areas: QoL, activity
limitations, symptoms, and mood
Improvement in seizure frequency and severity
Improvement in degree of overall pain
Improvement in sleep, mood, aggression towards
self and/or others, communication abilities and
attention/concentration
50% of patients discontinued or reduced the use of
other medications

Three patients reported mild adverse
events (unspecified).

None

Quality of life: 66.8% improvement
Mood: 63.5% improvement
Adaptive abilities: 42.9% improvement
Sleep: 24.7% improvement
Concentration: 14% improvement

Restlessness (6.6%), sleepiness (3.2%),
psychoactive effect (3.2%), increased
appetite (3.2%), digestion problems
(3.2%), dry mouth (2.2%), lack of appetite
(2.2%).

23 (12.2%)

Authors

McVige et al.
[64]

2020

-

-

Schleider et al.
[56]

2019

Quality of life
Mood
Adaptive abilities
Sleep
Concentration
Symptom change:
Restlessness, Rage attacks,
Agitation, Sleep problems,
Speech Impairment,
Cognitive impairment,
Anxiety, Incontinence,
Seizures, Limited Mobility,
Constipation, Tics, Digestion
Problems, Increased Appetite,
Lack of Appetite, Depression

-

-

-
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Table 2. Cont.
Results

Side Effects (%)

Drop Out/Treatment
Discontinuation, n (%)

2019a MRS, effects of Glx and GABA+

CBD increased subcortical, but decreased cortical, Glx.
CBD decreased GABA+ in ASD.

None reported

None

Pretzsch et al.
[60]

2019b MRS, effects of Glx and GABA+

CBDV significantly increased Glx in the basal ganglia. In
the ASD group, the ‘shift’ in Glx correlated negatively
with baseline Glx concentration, CBDV had no significant
impact on Glx in the DMPFC, or on GABA+.

None reported

None

Pretzsch et al.
[61]

fMRI, measure of fractional
amplitude of low-frequency
2019c
fluctuations’ (fALFF) and,
functional connectivity (FC)

CBD significantly increased fALFF in the cerebellar
vermis and the right fusiform gyrus in the ASD group.
CBD also significantly altered vermal FC with several of
its subcortical (striatal) and cortical targets but did not
affect fusiform FC with other regions.

None reported

None

Authors

Year

Pretzsch et al.
[59]

Outcome (Measures)

Legend: ABC: Aberrant Behavior Checklist; APSI: Autism Parenting Stress Index; CBD: Cannabidiol; CBDV: Cannabidivarin; CGI-I: Clinical Global Impression-Improvement; fMRI:
functional Magnetic Resonance Imaging; GABA+: Gamma aminobutyric acid; Glx: glutamate + glutamine; HSQ: Home situation Questionnaire; MRS: Magnetic Resonance Spectroscopy.
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Table 3. Characteristics of ongoing trials testing cannabinoids in people with ASD.
Participants
Characteristics

Study Characteristics

Treatment Characteristics

Outcomes

Registration
Number

Principal
Investigator

Affiliation

Country

Study
Design

N of
Participants
with ASD

Age
Range

Active Treatment

Control Treatment

Duration

Outcome Measures

NCT03202303

Eric Hollander

Montefiore
Medical Center

United
States

RCT

100

5–18

10 mg/kg/day CBDV

10 mg/kg/day
placebo

12 weeks

ABC-I; RBS-R;
ABC-SW; PedsQL;
Vineland 3; CGI-I

4–18

CBDV at a dose of 2.5 mg/kg/day
and titrate to a target dose of 10
mg/kg/day or 800 mg/day during
the first 4 week. If intolerance
during titration, participant may
be maintained on a dose below
10 mg/kg/day. Maximum dose:
20 mg/kg/day or 1600 mg/day.

52 weeks

TEAEs; CCC-2;
Vineland 3; NIH;
RBS-R; CSHQ; ABC,
CGI-I

NCT03849456

NCT03900923

NCT02956226

Gregory N
Barnes

Francisco
Castellanos,
Orrin Devinsky

Adi Aran, Varda
Gross

University of
Louiseville

New York
Langone Health

Shaare Zedek
Medical Center

United
States

United
States

Israel

Open label

Open label

RCT

30

30

150

None

7–17

Cohorts of size 3 receiving doses
of 3, 6, or 9 mg/kg/day of CBD,
depending on the treatment
response of participants in prior
cohorts.

None

6 weeks

CGI-I; BOSCC; RBS-R;
SRS-2; ABC-SW;
ABC-I; CCC-2;
SCARED; SDSC;
Vineland 3; CGI-S;
AFEQ; ASC-ASD-P;
ASC-ASD-C; OSUS;
OSUI; BIS

5–21

Oral cannabinoids mix
(CBD:THC in a 20:1 ratio) at 1
mg/kg CBD per day, up titrated
until intolerance or to a
maximum dose of 10 mg/kg CBD
per day, divided to 3 daily doses.

Oral olive oil and
flavors that mimic
in texture and flavor
the cannabinoids’
solution.

3 months

HSQ-ASD; CGI-I;
SRS-2; APSI; LAEP

Legend: ABC: Aberrant Behavior Checklist; ABC-I: Aberrant Behavior Checklist-Irritability Subscale; ABC-SW: Aberrant Behavior Checklist-Social Withdrawal Subscale; AFEQ: Autism
Family Experience Questionnaire; APSI: Autism Parenting Stress Index; ASC-ASD-C: Anxiety Scale for Children—Autism Spectrum Disorder—Child Versions; ASC-ASD-P: Anxiety Scale
for Children—Autism Spectrum Disorder—Parent Versions; BIS: Behavioral Inflexibility Scale; BOSCC: Brief Observation of Social Communication—Change; CBD: Cannabidiol; CBDV:
Cannabidivarin; CCC-2: Change from Baseline in Children’s Communication Checklist-2; CGI-I: Clinical Global Impressions-Improvement; CGI-S: Clinical Global Impression-Severity;
CSHQ: Change from Baseline in Children’s Sleep Habits Questionnaire; HSQ-ASD: Home Situations Questionnaire-Autism Spectrum Disorder; LAEP: Modified Liverpool Adverse
Events Profile; NIH: Change from Baseline in National Institutes of Health; OSUI: Autism Clinical Global Impressions: Improvement; OSUS: OSU Autism Clinical Global Impressions:
Severity; PedsQL: Pediatric Quality of Life Inventory—Family Impact Module; RBS-R: Repetitive Behavior Scale-Revised; RCT: randomized controlled trial; SCARED: Screen for Child
Anxiety Related Disorders; SDSC: Sleep Disturbance Scale for Children; SRS-2: Social Responsiveness Scale, 2nd Edition; TEAEs: Number of Participants Who Experienced Severe
Treatment-Emergent Adverse Events; THC: delta-9-tetrahydrocannabinol; Vineland 3: Vineland Adaptive Behavior Scale-3.
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4. Discussion
In the present systematic review, we found preliminary evidence showing that cannabinoids
(compounds with different ratios of CBD and THC), might exert beneficial effects on some
ASD-associated symptoms, such as behavioral problems, hyperactivity, and sleep disorders, with a
lower number of metabolic and neurological side effects than medications. Importantly, treatment
with cannabinoids allowed to reduce the number of prescribed medication and significantly reduced
the frequency of seizures in participants with comorbid epilepsy. We will now reflect in-depth on some
critical points related to the main findings, mechanisms of action of cannabinoids, and methodology of
the included studies.
4.1. Efficacy and Safety of Cannabinoids in ASD
The majority of available interventions for ASD are based on behavioral, psychoeducational,
and pharmacological therapies [65]. To date, the FDA has approved only two medications for the
treatment of children and adolescents with ASD—risperidone and aripiprazole. Such medications are
mostly used for irritability, aggressiveness, and self-injurious behaviors, but, unfortunately, there is
no evidence of efficacy on core symptoms [66]. However, many drugs, such as antipsychotics,
mood stabilizers, antidepressants, and stimulants, are prescribed off-label in clinical practice [51,67].
The findings of the studies included in the present systematic review are promising, as cannabinoids
seem to improve some associated symptoms in many individuals with ASD, such as behavioral
problems, hyperactivity, and sleep disorders. On the contrary, changes in core symptoms were
scarcely explored—only one study [63] reported some improvements in communication and social
interaction in a small sample of Brazilian children with ASD. No studies specifically investigated
the effect of cannabinoids on repetitive behaviors or restricted interests. Of note, in individuals with
comorbid epilepsy, the use of cannabinoids significantly reduced the frequency and intensity of seizures.
Additionally, the number and dosage of used medications were reduced after the treatment with
cannabinoids. This is a secondary, but extremely important finding. In fact, pharmacological therapies
commonly prescribed to individuals with ASD are frequently burdened by side effects, such as weight
gain, dyslipidemia, diabetes, and metabolic syndrome. These adverse events are also frequent in
children, given the sensory difficulties, food selectivity, and rigidity in eating behaviors, which can lead
to an increased risk for weight gain and poor nutritional habits [68–71]. For this reason, the correct
management of pharmacological treatment should try to prevent the onset of side effects, through
reviewing and identifying the risk factors, monitoring metabolic markers, and promoting potential
modifiers of the course of metabolic syndrome (i.e., lifestyle, polypharmacy) [72]. For example, patients
with a history of weight or diabetes might avoid medications that are known to increase the risk
of these side effects, such as risperidone and olanzapine [73,74]. Some cardiovascular risk factors
(QTc prolongation, diabetes, and weight gain) also seem to have dose-dependent side effect profiles
that might require monitoring at dose changes [68,74,75].
We found that the most common side effects of cannabinoids were somnolence, increased appetite,
and irritability. As many patients were taking concomitant medications, it is not possible to determine
if these adverse events were caused by the cannabinoids or by other drugs. Only Aran et al. [62]
reported a severe adverse event (a psychotic episode) that resolved after stopping the cannabinoid
oil solution and treating the patient with an antipsychotic (i.e., ziprasidone). None of the included
studies reported cardiac adverse events (i.e., QTc prolongation) or severe metabolic side effects
(i.e., hyperlipidemia, diabetes, hyperprolactinemia) that could depose for a better safety profile in
cannabinoids than antipsychotics.
4.2. Mechanisms of Action: The Role of Excitatory/Inhibitory System
The three papers published by Pretzsch et al. [59–61] primarily investigated the modulation of
the brain’s excitatory and inhibitory systems in adults with ASD and neurotypical controls, after a
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single dose of 600 mg of cannabinoids (CBD and CBDV). The findings evidenced a CBD-related
increase of glutamate (excitatory system) in subcortical regions (i.e., basal ganglia) and a decrease
in cortical regions (i.e., dorso-medial prefrontal cortex), both in subjects with and without ASD.
Conversely, CBD increased GABA transmission (inhibitory system) in critical and subcortical regions
of neurotypical subjects, while decreased it in the same areas of the ASD group. This confirmed
the hypothesis that GABA transmission could be altered in people with ASD [17,76,77]. Moreover,
CBD modulated low-frequency activity, used as a measure of spontaneous regional brain activity,
and functional connectivity in the brain of adults with ASD [61]. The experiment with CBDV replicated
the findings of the CBD study for glutamate transmission, but not for GABA [60].
Such findings might further explain the link between autism and seizures. About 25% of children
with treatment-resistant epilepsy are comorbid with ASD and often present other severe comorbidities,
such as sleep disturbances, intellectual disability, or other psychiatric conditions [78]. Additionally,
as mentioned above, epilepsy is one of the most frequent medical comorbidities in people with
ASD [12–15], and is also found to be more common in those patients with autism-like behaviors as
part of phenotypes of genetic syndromes (i.e., Angelman, Rett syndrome, etc.) [79]. This overlap
might be explained by common biological mechanisms. Like ASD, in fact, epilepsy is characterized
by an imbalance between excitatory and inhibitory transmission in the central nervous system [80].
The presence of seizure in ASD could also be responsible for the onset of challenging behaviors [81].
Therefore, it could be hypothesized that treating seizures with cannabinoids might also exert a
significant impact on externalizing symptoms.
Unfortunately, the action of cannabinoid administration on other neurotransmission systems was
not investigated in autistic individuals. As mentioned in the introduction, studies on animal models
provided evidence for the role of serotoninergic [42,82,83] and dopaminergic systems [84]. However,
their role in the etiology of ASD still needs to be clarified.
4.3. Limitation: Heterogeneity of Studies
The present systematic review included ten published studies (of which two conference abstracts)
and four ongoing trials. Looking at Table 1, which summarizes the characteristics of the studies, it is
possible to notice that the works conducted to the present date are highly mixed in terms of study
design and participants. Some studies included both children and adults, other participants with and
without epilepsy (which is not irrelevant, as cannabinoids act on the excitatory/inhibitory system,
altered in epilepsy). Additionally, the intake of concomitant medications acting on the GABAergic
system might represent a bias. Finally, the level of functioning or the intelligence quotient (IQ) was
specified only in four studies [59–62]. The characterization of samples is fundamental as target
symptoms might vary. Individuals with associated intellectual disability (ID) typically present more
severe behavioral problems that could benefit from the use of cannabinoids. People with higher levels
of functioning, instead, could present more frequently concurrent anxiety disorders. This is important
because different target symptoms need different outcome measures.
Other caveats rely, in fact, on the heterogeneity of outcomes and administered treatment. It seems
evident that the studies were mainly explorative and did not report a differentiation between primary
and secondary outcomes. Moreover, measures were often multiple and combined both core and
associated ASD symptoms (e.g., global impression). Standardized measures were used only in a
few studies, and in some cases, the authors reported only the proportion of improvement for each
symptom. This important issue confirms the findings of a recent systematic review of 406 clinical
trials [85], which pointed out that the tools used in autism research are heterogeneous and non-specific.
This fragmentation might significantly hamper the comparison between studies and the understanding
of the real effectiveness of cannabinoids in the ASD population. In addition, the majority of studies used
combinations of CBD and THC in different concentrations and ratios, even in the same study sample.
It is indisputable that the dosage of cannabinoids needs to be calibrated on individual characteristics
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(e.g., weight), but again, the use of different concentrations/ratios does not allow to compare studies
and find the optimal therapeutic range.
Importantly, seven of the included studies did not have a control group. Only the three studies
conducted by Pretzsch et al. [59–61] administered a control treatment (placebo), while also using
a control group (healthy subjects). However, these studies principally aimed to explore the neural
modifications induced by the assumption of CBD or CBDV in individuals with ASD, while also
evaluating the differences with neurotypical subjects. Even if not directly designed to study the efficacy
and safety of cannabinoids in ASD, the completion of similar studies appears fundamental as they
might elucidate the neurochemical functioning of the autistic brain.
5. Conclusions
Our systematic review was the first to critically summarize the published and ongoing studies
investigating the use of cannabinoids in the ASD population. Despite cannabinoids having shown
promising effects on some ASD-associated problems (e.g., aberrant behaviors, sleep disorders,
hyperactivity, seizures), their efficacy on core symptoms (i.e., socio-communication impairments,
restricted interests, and stereotypies) remains largely unknown. The main limitation of the present
paper is the absence of a statistical analysis of results that was hampered by the heterogeneity of study
design, populations, type of cannabinoid, and particularly, outcomes, and measures. Future studies
investigating the acute effects of cannabinoids in people with ASD on neurotransmitters levels could
clarify the mechanisms of action of cannabinoids. Moreover, the comparison with healthy samples
might clarify at least some aspects of the etiopathology of ASD and lay the ground for potential
treatments for core and associated symptoms. Even if some clinical trials are ongoing, there is the need
for further long-term studies, with homogeneous samples in terms of age, medication use, level of
functioning, and presence/absence of seizures. Of great importance would be the choice of specific
primary and secondary outcomes, focused on the cluster of symptoms that could benefit from the use
of cannabinoids.
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ABSTRACT
Recent years have seen an impressive amount of research devoted to understanding the
etiopathology of Autism Spectrum Disorder (ASD) and developing therapies to treat this complex
syndrome. This work has been largely based on the employment of rodent models, based on a
multitude of genetic and environmental manipulations. Unfortunately, the task of identifying suitable
candidates playing a relevant etiopathological role in ASD is highly challenging, due to a number of
problems specifically affecting the research in this field. These include (i) the heterogeneity of ASD
itself, including several disorders, (ii) the complexity of ASD etiology, involving a plethora of genetic
and environmental factors, (iii) the presence of a huge variety of rodent models, without a universal
consensus on their validity. Here we highlight how the endocannabinoid system (ECS) emerges
within this complex context as a valid therapeutic target and etiopathological factor in ASD. The
multiple roles of the ECS in modulating neuronal functions are described, to underline the overall
relevance of this system. We summarize then the most recent results showing alterations of the ECS
in rodent models of ASD (with an emphasis on mouse studies), and demonstrating ASD-like
behaviours in mice with altered ECS, induced either by genetic or pharmacological manipulations.
We also give a critical overview of the most relevant advances in designing treatments and novel
mouse models for ASD targeting the ECS, highlighting the approaches that seem more promising to
simplify the complex field of research on treatments for ASD.

Keywords: Autism, social interactions, mouse models, cannabinoids, CB1, developmental disorders
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1. ANIMAL MODELS OF AUTISM SPECTRUM DISORDER (ASD)
Autism Spectrum disorder (ASD) is probably among the pathologies of the central nervous system
with the highest number of attempts of diagnostic definition. The criteria for diagnosing autism, as
the disorder was originally called, were firstly proposed by Kanner [1], subsequently refined by Rutter
[2] and then reformulated several times in the Diagnostic and Statistical Manual of Mental Disorders
(DSM). According to the original definitions, a child can be ascertained for autism when the onset of
the disturbance, characterised by pervasive social impairment and deficits in language and/or
communication, occurred before 30 months, in the absence of the delusions and hallucinations
typically found in schizophrenic patients [3]. The subsequent revisions of the DSM tended to isolate
pervasive

developmental disorders, highlighting that autistic symptomatology is instead not

confined to early childhood, but persists afterwards [4]. Overall, the basic diagnostic criteria of
autism include the following triad: social dysfunction, qualitative deficits in verbal/nonverbal
communication and a restricted range of interests associated with the occurrence of repetitive
behaviours. These criteria were substantially maintained in the more recent editions of DSM,
although the first and second domains tended to be merged into a more general field of
social/communication deficits.
Introducing the concept of Spectrum” has drastically changed our view of autistic pathology.
ASD is now defined as a single disorder that includes pathologies that were previously considered
separate, i.e., autism, Asperger's syndrome, childhood disintegrative disorder and pervasive
developmental disorder not otherwise specified [5]. The term "spectrum" also refers to the wide
range of symptoms and degrees of severity characterizing ASD patients, underlining the huge
variability affecting the expression of both core (i.e., the autistic “triad”) and additional symptoms
[6]. Language deficits and delays are for example completely absent in patients with Asperger’s
syndrome, as is mental retardation. Also, ASD patients may either underreact or overreact to sensory
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stimuli, and they may show highly variable intelligence levels, from deficits to unevenly developed
cognitive skills.
This impressively high heterogeneity of ASD is therefore related to the fact that it has been
somehow artificially defined as a single disorder, but it is in reality a combination of divergent
disorders, all having in turn variable symptoms. The complex nature of ASD and of its definition
obviously complicates the designing of animal models of this disorder. The latter task is already made
difficult by the unknown etiology of the disorder, including complex multigenic and environmental
factors, with specific contributions and underlying mechanisms that still remain undefined.
Furthermore, the lack of biomarkers of autistic pathology directs all the possible research focus
towards the behavioural validation of its animal models. Assessing the face validity of animal models
of ASD is also a challenging task, as some of the core behavioural symptoms are not easily modelled
in rodents, especially in mice. Hence, a large body of recent research has focused on developing
more appropriate methods to assess the core ASD-like behaviours in mice. Social interest for
example has been assessed in juvenile and adult animals using social preference tasks, such as the
automated three compartment test [7], or direct interaction tests, evaluating juvenile play, affiliative
behaviours, or aggression. Furthermore, communication can also be assessed in laboratory mice,
since they emit USVs in social contexts at multiple stages of their life [8, 9], including the first postnatal days [10, 11], but also during adult social interactions, namely male-female and female-female
encounters [12, 13]. The last core symptom of the autistic triad, i.e., the occurrence of repetitive
behaviours and insistence on the sameness, has also been evaluated in laboratory mice, either
through indirect measures of behavioural flexibility [14], e.g., assessing reversal learning in different
types of mazes, or through the assessment of home-cage or novelty-induced behavioural
stereotypies, e.g. excessive self-grooming. Additional ASD-relevant symptoms such as anxiety,
sensory abnormalities, hyper-activity, and cognitive alterations can be instead tested in mice with
well-established and standardized behavioural protocols.
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To face the challenges of basic research on ASD, a promising approach seems to consist of discarding
any unitary explanation of ASD, as suggested by some authors [15], and trying to model the
symptoms, rather than the whole disorder. The definition of the precise criteria that a valid model
for ASD should fulfil is still the subject of an intense debate [16]: the most obvious point of view
considers an ideal animal model as the one mimicking all core autistic features in association with
some of the secondary ones. Nonetheless, the most realistic research approaches state that a useful
animal model should present behavioural features that resemble at least one of the autistic core
symptoms, thus emphasizing the importance of “incomplete” mouse models of ASD, as already
suggested for other disorders [17]. The most generally used criterion considers a mouse model as
valid if it presents alterations in the three core domains affected in ASD, i.e., social interaction,
communication, and behavioural flexibility/repetitive behaviours [9, 16, 18]. The presence of
additional behavioural abnormalities, such as hyper-activity, memory deficits or anxiety, may
increase the validity of the model, but is not required [19].
As reviewed in several articles [e.g., [19-22]], a huge variety of mouse models have been
proposed in the last decades, based on very different approaches. One strategy is based on
identifying mouse strains that spontaneously present some major ASD-like symptoms, such as low
sociability, poor communication abilities, and high levels of inflexible behaviours. The best-known
example of this approach is the BTBR strain [23, 24], widely employed in ASD research and proposed
as a tool to identify novel genes involved in the control of social behaviours. The main disadvantages
of this model are (i) the problem of identifying an appropriate control strain and (ii) the possibility
that strain-specific phenotypes of emotionality may explain the supposed ASD-like behavioural
profiles [25].
Other mouse models rely on the exposure (mostly prenatally) to adverse environmental
factors [26, 27], such as teratogens and viral infections, suspected to contribute to the aetiology of
ASD on the basis of epidemiological data. A well-known example of this approach comes from the
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valproic acid (VPA) model, developed mainly in rats [28, 29], and secondarily in mice [30, 31]. This
approach has the advantage of having a sort of “construct validity”, although incomplete, but it has
the main drawback of overlooking the major role of genetic factors in ASP etiopathology. Indeed,
another approach consists in manipulating the mouse genome to import into the animal model some
of the genetic alterations associated with ASD, e.g., gene deletion/ mutations, or chromosomal
abnormalities. The validity of this experimental strategy also has some problems, i.e., the
heterogeneity of the genetic alterations known to be somehow involved in ASD, including basically
almost all genes affecting neuronal function and development [32]. These genes code for molecules
involved in: i) chromatin remodelling and regulation of transcription (e.g., MeCP2, FMR1), ii) actin
cytoskeleton dynamics (TSC1, TSC2, NF1) iii) synaptic scaffolding proteins (e.g., SHANK3), iv)
receptors and transporters (e.g., GRIN2A, GRIK2, GABAR, SLC6A4, SLC25A13, OXTR, AVPR1), v)
second-messenger systems (PRKCB1, CACNA1C, NBEA), vi) cell adhesion (e.g.,neuroligin NLGN3,
NLGN4), and vii) secreted proteins (e.g., RELN, LAMB1) (reviewed in [33]). Such list serves only to
provide an indicative overview, as the number of implicated genes is supposed to be many-fold
greater [34].
The role of all these genes in brain development is at the basis of a recent hypothesis on
autistic etiology, i.e., the so-called “many genes, common pathways” [35], emphasizing the role of
defective synaptic functioning and abnormal brain connectivity in ASD, both leading to altered
information processing. One somewhat paradoxical finding about ASD is that, although there is proof
that its etiopathogenesis is the result of concomitant mutations in multiple loci, there is a growing list
of genes whose disruption alone is sufficient for the whole autistic phenotype to occur. Based on
such evidence, mouse models of single gene mutations may therefore be informative concerning the
underlying mechanism(s) leading to ASD [36].
The last approach used to design animal models of ASD is indeed based on focusing on other
developmental pathologies featuring ASD-like traits, but with a defined, single genetic cause (and
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well-established mouse models). A widely used example of this approach is provided by the Fmr1-KO
mouse line [37], modelling the most common monogenic cause of ASD, that is Fragile X syndrome
(FXS), a X-linked disorder due to the lack of FMRP protein, coded by the FMR1 gene [38]. Fmr1-KO
mice showed ASD-like deficits, i.e., reduced social interaction and social memory, deficits in reversal
learning and US communication alterations, as reviewed in [39]. A criticism to this research strategy
comes from the consideration that the genetic mutations induced in these models are not invariably
present in ASD patients and may therefore be valid in modelling only a specific subset of patients
[40]. Nonetheless, recent research on pre-clinical models increasingly supports the view that
investigating the consequences of single gene disruption may constitute a valuable tool for
understanding ASD [8, 9], a research approach that we have also followed in a major part of our
recent research work [41].
In this complex and somehow undefined field of research, basically all these approaches to
model ASD in laboratory mice have been employed to try to identify potential therapeutic targets to
treat ASD. In the present chapter we will indeed take advantage of examples of these different
strategies to design mouse models of ASD to summarize the experimental evidence supporting the
role of the endocannabinoid system (ECS) in the etiopathology of ASD. To this end, we will first
review studies showing abnormalities in the functionality of ECS in mouse models of ASD, including
examples from the approaches described above. These will include rodent models based on strain
differences (the BTBR mouse), prenatal exposure to environmental agents (the VPA model),
candidate genes (NLGN-3 mutant mice), or monogenic developmental pathologies (the Fmr1-KO
mouse). At the same time, we will summarize data showing the correction of ASD-like behaviours in
these types of mouse models following pharmacological modulation of the ECS, thus suggesting
potential novel pharmacological approaches to ASD. Finally, we will evaluate the possibility of
inducing ASD-like behaviours in mice through pharmacological or genetic manipulations of the ECS,
thus discussing potential novel models for ASD.

7

2. UNDERSTANDING THE ETIOPATHOLOGY OF ASD: THE ROLE OF THE ENDOCANNABINOID SYSTEM
Understanding the etiology of ASD is an extremely challenging task, as this disorder is due to a
combination of genetic and environmental factors, acting through a variety of complex mechanisms,
e.g., imbalances of excitation and inhibition as well as hypo/hyper-connectivity [42]. In addition, as
already mentioned, the genetic causes of ASDs are highly heterogeneous, with hundreds of ASDassociated genes [32]. The definition of the possible pathogenic mechanisms is difficult to be
achieved, as they include multiple genetic mutations, their combinations, and their interactions with
genetic factors [43]. The investigation of the combination of genetic risk factors with environmental
adversity has received increasing attention in ASD research [15], as it seems a key to understand the
marked inter-individual phenotypic differences observed in ASD patients [43, 44]. Recent studies
have suggested that all this multitude of causal factors may functionally converge into a relatively
smaller subset of functional pathways that may represent an easier and more promising target for
basic research on ASD [45]. The functional convergence on particular signalling pathways and the
shared synaptopathology of ASD raise the hope that similar therapeutic strategies may be effective
for different forms of ASD which are related, but genetically distinct [45]. This “reductionist”
approach is in line with the hypothesis of “many genes, common pathways” [35] mentioned before,
underlying the convergence of multiple causal factors onto common mechanisms, leading to the
altered synaptic functioning and defective information processing observed in ASD.
Understanding the etiopathology of ASD is of obvious relevance to identify therapeutic
targets to treat this complex disorder. Pharmacological therapies currently available for ASD patients
are indeed limited to the treatment of some relatively minor symptoms, including anxiety, irritability,
aggressiveness and epilepsy. The most common drug classes used include antipsychotics, anxiolytics
and anticonvulsants, i.e., therapies that do not act on any causal factor of the disorder and have
heavy side effects, especially in children. Therefore, the most recent approach of animal research on
pharmacological therapies for ASD is to focus on the common mechanisms potentially underlying
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ASD etiopathology to identify molecular targets for powerful pharmacological interventions. Several
studies following this approach have underlined for instance the leading role of dysregulation of
activity-dependent protein synthesis in the pathogenesis of this disorder. Protein synthesis is in fact
modulated by most “ASD genes” either intrinsically or indirectly by impairing synaptic function.
Compounds acting on this process have been proposed as potential treatments for ASD, e.g.,
rapamycin inhibiting the mTOR pathway, or mGluR1/5 antagonists to inhibit metabotropic glutamate
receptor-related modulation of synaptic activity (an extensive description of the effects of these and
similar compounds can be found in previous reviews [e.g., 46, 47]). Nonetheless, pharmacological
treatments with sufficient pre-clinical and clinical efficacy are still lacking.
In this context supporting the search for common causal pathways for ASD, the
endocannabinoid system (ECS) seems a promising candidate to play a role in the etiopathology of
this disorder and to provide a novel target of therapeutic interest. The ECS has recently emerged as
an important modulator of neuronal functions, as demonstrated by the abundance of the
cannabinoid CB1 receptors in the brain [48]. These are particularly enriched in cortex, hippocampus,
amygdala, and cerebellum, i.e., brain areas which are strongly involved in the development of ASD.
Furthermore,

endocannabinoid

signaling

also

regulates

synaptogenesis

and

neuronal

interconnectivity during development [49], processes whose defects are considered to be key
mechanisms underlying ASD pathology [42].
CB1 receptors are located pre-synaptically in both GABAergic and glutamatergic neurons [50]
where they are activated by their endogenous ligands, i.e., the endocannabinoids (ECs): anandamide
(AEA) and 2-arachidonoyl-glycerol (2-AG). These endogenous cannabinoids are produced at postsynaptic site by membrane depolarization or activation of metabotropic receptors [50].

Indeed calcium elevation generated by these two type of events is able to trigger plasma
membrane lipid remodeling which generates as final products AEA, by the biosynthetic enzyme N9

acyl phosphatidylethanolamine-specific phospholipase D (NAPE-PLD) and 2-AG, by the Diacylglycerol
lipase alpha (DAGL-a) [50]. AEA and 2-AG travel backwards reaching CB1 receptors located at presynaptic site, where by triggering several intracellular pathway are able to reduce intracellular
calcium, resulting in an inhibition of neurotransmitter release [50]. Then, endocannabinoids are reuptake and degraded by fatty acid amide hydrolase (FAAH), the main degrading enzyme for AEA, and
by monoacyl-glycerol lipase (MAGL), the main enzyme for 2-AG. The ECS differs from classical
neurotransmitter systems for the fact that there is no constitutive tone, but on-demand production
of ECs, CB1 receptor activation followed by immediate ECs degradation [50]. Several pharmacological
tools are available for studying the ECS: indeed the system can be activated by direct administration
of CB1 agonist [e.g., cannabinoid Delta(9)-tetrahydrocannabinol (THC)], as well as more specific
inhibitors of AEA and 2-AG reuptake and degradation (which will results in a more selective
activation, by potentiating the activity of the system only when and where is active) [51]. On the
other hand, the ECS can be blocked by selective antagonists of CB1 receptor [e.g., rimonabant
(SR141716A)], as well as ECs’ biosynthetic enzymes inhibitors [50]. It is worth to mention also the
development in the last years of constitutive and cell type specific knockout mouse models for CB1
receptor [52, 53], NAPE-PLD, DAGLa, FAAH and MAGL (reviewed in [54]), which have provided more
in deep mechanism for ECS-mediated regulation of a plethora of brain and peripheral functions [55].
ECS is therefore a neuromodulatory network of lipid signaling pathways, including the ECs,
together with their receptors and the associated metabolic enzymes [56]. Although ECs exert their
central effects mainly through the cannabinoid type 1 receptor (CB1r), they also interact with the
other G-protein coupled cannabinoid type 2 receptor (CB2r), mostly involved in inflammatory
processes and in the neuromodulation of immune system [57, 58]. Additionally, they can also
interact with non-CB1/CB2 targets, e.g., the transient receptor potential vanilloid type 1 (TRPV1)
channel, peroxisome proliferator-activated receptor (PPAR)-alpha, and PPAR-gamma as well as the G
protein-coupled receptor GPR55 [59]. The etiopathological role of alterations in ECS functionality has
been already suggested for several psychiatric [60] and neurological disorders [61], e.g.,
schizophrenia, anxiety, depression, neurodegenerative diseases, epilepsy [55]. This is not surprising,
considering the major impact of ECS in the modulation of neuronal and synaptic function as well as of
brain development.
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Indeed, a clear contribution of ECS has been demonstrated on behavioural functions that are
altered in several neuropathologies, including ASD. These include cognitive and emotional abilities,
circadian rhythms, epileptic seizures and social interaction (e.g., [53, 62-64]). Beside this indirect
evidence, recent findings have provided a more direct link between ECS functionality and ASD.
Human neuroimaging studies have for instance demonstrated that variations of the cannabinoid
receptor gene are involved in the modulation of social reward responsivity, specifically in the striatal
response to happy faces [65], a function which is specifically altered in ASD patients. Post-mortem
analyses showed reduced expression of CB1 receptors in several areas of ASD brains [66], while
recent studies reported that AEA plasmatic concentrations were significantly lower in ASD children
compared to controls [67], in the absence of changes in blood levels of 2-AG [68]. It is still not clear
whether the reduced AEA levels could be due to a reduced activity of NAPE-PLD, the enzyme that
synthesizes AEA or increased activity of FAAH, the enzyme that degrades them. Furthermore, rare
genetic variants in the core endocannabinoid system genes (e.g., CNR1, CNR2, DAGLA, MGLL and
FAAH) were identified in molecular testing data from a large sample of patients with a broad
spectrum of neurological disorders, showing that heterozygous rare variants in DAGLA

were

significantly associated with seizures and ASD [69]. In addition, increased expression of CB2 receptors
has been described in blood monocytes of ASD patients [70], suggesting a role of ECS in mediating
the immune alterations of ASD pathology. CB2r is indeed able to modulate development, migration,
proliferation, and effector functions of immune cells [71], and alterations in immune system have
been reported in ASD patients ([72, 73]. Based on this large body of evidence from ASD patients,
several studies have employed animal models in the last years to better evaluate the role of ECS in
the etiopathology of ASD.
3. ALTERATIONS OF ECS IN ANIMAL MODELS OF ASD: TOWARDS NOVEL THERAPEUTIC
APPROACHES
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Alterations in ECS functionality have been described in several animal models of ASD (reviewed also
in [74]), based on the approaches described in the first section of the present chapter. Here we will
therefore review the studies investigating ECS in ASD rodent models, including available examples
from approaches based on monogenic diseases (the Fmr1-KO mouse), strain differences (the BTBR
model), candidate genes (the example of NLGN mice), and environmental toxins exposure (the VPA
model).
The ASD model that has been the most extensively investigated in relation to ECS is the
Fmr1-KO mouse, since this is also a model of another major (but monogenic) developmental disorder
associated with ASD, that is FXS [39]. As FXS is also a developmental pathology lacking therapeutic
targets, a large amount of research has been devoted on the role of ECS in FXS on its own.
Alterations in the ECS functionality have been demonstrated in Fmr1-KO mice by several studies,
highlighting an imbalance in EC signalling and suggesting the therapeutic relevance of its correction
by targeting different components of the ECS, including 2-AG, AEA, cannabinoid CB1 and CB2
receptors. First, it was demonstrated that the coupling between hippocampal mGluR activation and
eCB mobilization was enhanced in Fmr1-KO mice, in the absence of alterations in the expression of
cannabinoid CB1R [75]. Second, enhanced striatal activity of diacylglycerol lipase (DAGL) was
reported in these KOs [76], and enhancing 2-AG signalling through administration of JZL184, a
pharmacological inhibitor of the 2-AG degrading enzyme MAGL, corrected some of the mutants’
behavioural alterations, e.g.,hyperactivity and anxiety abnormalities [77]. We also obtained results
supporting altered ECS functionality in Fmr1-KO mice, as demonstrated by their different behavioural
response to acute pharmacological challenge of the ECS, using either the CB1r antagonist
rimonabant, or an agonist, WIN 55,212-2. On one hand, Fmr1-KOs showed a similar reduction in
fasting-induced food intake, i.e., a classical effect of acute rimonabant administration (3mg/Kg, i.p.)
which has been shown to depend on peripheral CB1 [78]. On the other hand, mutant mice showed a
marked reduced response to the acute injection of WIN 55,212-2 [79], as assessed by the tetrad
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experiment (i.e., assessing the hypolocomotion, hypothermia, analgesia and catalepsy typically
induced by a 3mg/Kg dose of this CB1 agonist).
When the impact of pharmacological manipulations of CB receptors was studied more in
details in Fmr1-KO mice, the effects seem to critically depend on the type of behavioural alterations
analyzed. While CB1R blockade (also through genetic approaches, i.e., generation of double knockouts for CB1 and Fmr1) eliminated the cognitive impairments, nociceptive alterations and
susceptibility to audiogenic seizures, pharmacological blockade of CB2R rescued anxiety
abnormalities [80]. As some of these beneficial effects were accompanied by normalization of
overactivated mTOR signaling and were observed also following pharmacological inhibition of mTOR
or mGluR5 in the same Fmr1-KO mice, some authors have suggested that mTOR pathway may
represent a key mechanism to explain the role of ECS in ASD [80]. The same authors have supported
the potential therapeutic applications of rimonabant for FXS and ASD, although beneficial effects
were described only on the memory deficits of Fmr1-KO mice [81]. Despite the efforts of
considerably lowering the doses of this CB1 antagonist in Fmr1-KO animals [81], it is unlikely that
strategies directly targeting CB1 may still be actively investigated, due to the high risk of severe
adverse effects. A stronger interest has been instead devoted to target AEA levels, always using the
Fmr1-KO model. Administration of inhibitors of FAAH, thus increasing AEA levels, has shown to
eliminates the cognitive [82] and social deficits of Fmr1-KO mice [83].
A key role of AEA levels in ASD pathology was suggested also by the BTBR mouse model, a
strain characterized by low levels of sociability, and therefore proposed as a model for ASD [23, 24].
In this mouse line URB597, a FAAH inhibitor, rescued the social impairments, and this effect was
independent from changes in anxiety-levels and was prevented by CB1r blockade [83]. BTBR mice
also showed an enhancement of CB1receptor functionality in cortical [84] and hippocampal areas
[85]. Some authors suggested that CB1r up-regulation could be related to the hyper-responsiveness
of the HPA axis characterizing these mice [85]. The role of oxytocin was instead underlined by others
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[83], as this neuropeptide drives anandamide mobilization in some brain areas in the mouse, e.g., the
nucleus accumbens (NAc), a brain structure that regulates motivated behaviour [86]. Interestingly,
AEA mobilization in this brain area is potentiated by social contact and inhibited by social isolation in
mice [86]. To our knowledge, only one study investigated the behavioural response of BTBR to CB1
agonists, leading to results similar to those we described in Fmr1-KO mice, i.e., showing a reduced
sensitivity to the sedative effects of high doses of THC [87].
While evidence from Fmr1-KO and BTBR mice overall tend to converge on similar alterations
in ECS functionality, findings from the “candidate gene” model based on the cell-adhesion molecule
neuroligin NLG3 mutations seem to diverge. These mutants showed reduced CB1-dependent
modulation of GABAergic transmission in the hippocampus [88] and cortex [89]. A partial rescue of
LTD was obtained by exogenous activation of cannabinoid CB1 receptors, thus suggesting a reduced
cannabinoid drive in these mutants [90]. In line with these findings, beneficial behavioral effects, i.e.,
a significant reduction in aggressive behaviour, was described following the administration of nonsedating doses (0.3 and 1.0 mg/kg) of CB1r agonists in NL3 mice [91].
Finally, evidence for the involvement of ECS in ASD was obtained from an environmental
based model, i.e. the VPA model [28, 29], although to our knowledge all studies on this issue were
conducted in rats. Rats prenatally exposed to VPA displayed altered expression of phosphorylated
CB1 receptor in the amygdala, hippocampus and dorsal striatum [92] [93]. Although no changes in
baseline concentrations of AEA and 2-AG were observed [100], enhancing AEA signalling through
inhibition of its degradation was able to mitigate the behavioral phenotype induced by prenatal VPA
exposure [92] [94], as previously described here for some mouse models of ASD.
In conclusion, the data from mouse models support the presence of alterations in the
functionality of the ECS, involving multiple components of the systems, sometimes with different
modalities according to the considered model. Nonetheless, the role of ECs and of AEA in particular,
emerges as a common element across multiple models (including ASD patients) and therefore a
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potential central factor in the etiopathology of ASD. Clinical Studies showing lower plasmatic levels of
AEA in autistic patients [67, 68] suggested that circulating endocannabinoid levels could be used as
stratification biomarkers that identify clinically significant subgroups within the autism spectrum.
Identifying biomarkers is in general crucial to provide diagnostic and prognostic information, and
monitor responses to treatments. This is specifically imperative in the case of ASD because of the
high complexity and heterogeneity of the disorder and the importance of early diagnosis and early
behavioral intervention. Circulating ECs might be used to identify a biologically homogeneous
subgroup of ASD, and optimize the development of novel drugs that target specific core symptoms of
ASD. They could also contribute to predict autism risk prior to the onset of behavioral abnormalities
and to initiate early interventions, since AEA levels appeared inversely correlated with age in ASD
patients [67, 68].
Taking into account the relevance of ECs in ASD, it is not surprising that some
phytocannabinoids, such as Cannabidiol (CBD), have been suggested as therapeutic strategies for this
disorder [95]. As CBD has low affinity for CB1 receptors, it has been indeed hypothesized that its
therapeutic effects could be due to the inhibition of FAAH [56] and therefore a compensation of the
low levels of AEA found in ASD patients [68]. Preliminary data showed that oral CBD administration
improved symptoms such as hyperactivity, self-injurious behaviours, anxiety and sleep problems in
ASD children [96]. Furthermore, clinical studies have highlighted the therapeutic potential of CBD for
ASD and cognitive symptoms in Fragile X patients, in the absence of relevant adverse effects [97, 98].
The high interest in CBD and its derived compounds, e.g., cannabidivarin (CBDV), stems from
the fact that these molecules do not directly act on the major CB1r, thus avoiding the noxious
psychotropic effects typical of both THC or rimonabant). Furthermore, CBDV has powerful antiinflammatory properties [99], probably due to its action as agonist of transient potential (TRP)
channels [100]. Hence, several preclinical studies have been conducted to evaluate the therapeutic
efficacy of CBDV in animal models of ASD. For instance, chronic systemic administration of CBDV
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rescued the social deficits as well as the brain alterations of MeCP2-308 mice [101], a validated
model of Rett syndrome [37], a monogenic disorder due to the lack of methyl-CpG-binding protein-2
(Mecp2) and characterized by ASD deficits. Mice carrying null mutation for Mecp2 [38], as well as
various polymorphisms found in Rett patients [39], display ASD-like phenotypes, e.g., altered USV
emission at infancy [40], social and cognitive deficits at adulthood [41]. CBDV also eliminated the
cognitive deficits of Mecp2 mice, concomitantly normalizing the upregulation of CB1r and CB2r brain,
thus further supporting the role of ECS in this ASD-related developmental disorder [102]. CBDV also
rescued the cognitive, social and repetitive alterations shown by VPA rats, restoring hippocampal
endocannabinoid signaling and neuroinflammation induced by prenatal VPA exposure [103]. Our
unpublished results from Fmr1-KO mice also supported the efficacy of CBDV chronic treatments for
ASD-like behavioural alterations, although the early timing of intervention appeared to be crucial.
The efficacy of CBDV was in fact markedly higher when the treatment was administered starting at
weaning than at adulthood in our Fmr1-KO mice, suggesting that sensitive therapeutic windows for
ECS manipulations should be taken into account.
4. ASD-LIKE PHENOTYPES INDUCED BY MANIPULATIONS OF THE ECS: RELEVANCE FOR DESIGNING
ANIMAL MODELS OF ASD
The recent predominant research focus on genetic mouse models of ASD has somehow attenuated
the interest in pharmacological approaches, though they may provide complementary precious
information on the etiopathology of this disorder. Evaluating the ASD-like behavioural effects of
pharmacological manipulations of the ECS in wild-type rodents can in fact contribute to shed light on
the involvement of this complex neuromodulatory system in this developmental disease. The interest
in the effects of cannabinoids on social behaviours has ancient roots, since psychotropic
cannabinoids such as marijuana and hashish have been utilized for centuries as social recreational
drugs, as well as euphoria‐inducing compounds. As mentioned before, the discovery of CB1 receptor
started to shed light on the molecular mechanism underlying the neurophysiological and behavioral
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effects of these cannabinoids, acting as CB1r agonists. Cannabis intoxication has been shown in
humans and laboratory animals models to share several symptoms with ASD, such as cognitive and
somatosensory impairment, social withdrawal and repetitive behavior [104]. However little is still
known on the effects of recreational, non-intoxicating doses of cannabinoids on ASD-relevant
behaviors, i.e., social behavior. In humans, THC has been shown to modulate the perception of social
threats in a recent functional magnetic resonance imaging study [105], since recreational doses of
THC significantly reduced amygdala reactivity to social signals of threat (without affecting activity in
primary visual and motor cortical areas).
To date, the evaluation of the behavioral effects of acute (non-intoxicating) administration of
crude marijuana estracts, pure THC or synthetic cannabinoids suspensions (e.g., WIN 55,212-2, [106])
yelded to contradictory results in mice, displaying either pro or antisocial effects (or sometimes
aggression), according to the dose and the type of tests employed [107-111]. One reason for this
discrepancy might be due to the differential expression and activation of CB1 receptor in different
neuronal populations. Indeed an elegant series of studies that shed light on the biphasic effects of
THC on both feeding and anxiety [112, 113] showing that opposite effects of different doses were
mediated by activation of CB1 receptors on different neuronal populations, either glutamatergic or
GABAergic [112, 113]. A similar scenarion may apply also to the effects of THC on sociability, as
suggested by recent studies on conditional knockout mice for CB1rin different neuronal types,
showing abnormalities in different aspects of social behaviors [114-116]. A pharmacological
approach to activate ECS that seems more straightforward than admininstration of CB1r agonists
consists of strengthening endogenous endocannabinoids’ signalling, for instance by enhancing AEA
brain levels (as already mentioned in this chapter). The administration of AEA hydrolysis inhibitors
(e.g.,URB597) either systemically or directly into brain limbic areas (e.g., amygdala and nucleus
accumbens), has been reported for instance to increase social activity in rats [63] and reduced the
anxiety induced by social defeat in mice [117].
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While activating the ECS seems to induce controversial effects on social behaviours, the
blockade of CB1 signaling is universally recognized as an « anti-social » treatment in animal research,
and could therefore be instrumental in inducing ASD-like phenotypes. Systemic administration of the
CB1r blocker AM251 in adult male capuchin monkeys induced a decrease in social and an increase in
self-directed behaviors, as well as resistance to aversive memory extinction, without concomitant
changes in the subjects’ locomotor activity or vigilance behavior [118]. AM251 was shown to
decrease social interest also in rats [119], and to reduce the preference for social context in mice
[86], where it also altered social memory [120]. In line with these studies, we have investigated the
ability of the CB1 antagonist rimonabant of inducing ASD-like behaviors in wild type B6 mice, i.e., the
background that is mostly used to engineered the Fmr1-KO model. We evaluted the effects of an
acute injection of increasing doses of rimonabant on the direct social interaction with an adult
female, a test where Fmr1-KO mice showed an altered phenotype. Rimonabant reduced the levels of
affiliative behaviors, in particular of anogenital sniffings, and the number of ultrasonic vocalizations
(USV), while it increased those of self-grooming, i.e., it induced an ASD-like phenotype.
Interestingly, ASD-like behaviours were also described following the genetic blockade of CB1
receptors, thus suggesting the possible relevance of CB1-KO mice to study ASD. Impaired sociability
[123] and social exploration [114, 115] was observed in these KOs (although they seemed dependent
on the testing context [84] and the type of social stimulus [116]), as well as altered social memory
[120]. While repetitive behaviours, such as enhanced levels of self-grooming, were not consistently
observed in CB1-KOs [120, 124], we have recently described qualitative (but not quantitative)
alterations in USV vocalizations in CB1-KO mice, both during development (i.e., in the first post-natal
week) and at adulthood [125]. Overall, the severity of ASD-like phenotypes seems less marked when
induced by the genetic rather than the pharmacological induction of CB1r blockade, an effect that
may be due to processes of developmental compensation. Nonetheless, the importance of CB1-KO
mice to study the role of ECS in ASD remains remarkable, especially because of the availability of KO
in specific neuronal populations, helping to disentangle the impact of glutamatergic, gabaergic,
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serotonergic and dopaminergic pools of these receptors in the modulation of social behaviours [114116, 120, 124].
5. CONCLUSIONS AND PERSPECTIVES
Clinical and pre-clinical data strongly support the involvement of the ECS in the etiopathology of ASD,
and its relevance as a therapeutic target to design novel pharmacological treatments. Evidence from
mouse models of ASD and pharmacological manipulations of the ECS in wild type animals highlight
the importance of an imbalance in ECS signaling as a common potential etiopathological mechanism
of this complex disorder.
ECS could therefore be considered as a good candidate to fit into the theory of ASD of
“multiple genes, common pathways”, also because of its major modulatory role of neuronal
functions and brain development. In this latter respect, some authors have recently suggested that
the impact of ECS in ASD could be specifically related to its modulation of brain developmental
processes [126], an issue that has been poorly elucidated in the context of ASD models. The use of
induced pluripotent stem cell derived neurons (iPSC) has already provided valuable insight into the
pathogenesis of neurological disorders such as ASDs [127], and should therefore be applied to future
studies to try to differentiate the relevance of ECS in abnormal brain development from mature
synaptic functionality [126].
The complexity characterizing ASD etiopathology reflects somehow the complexity of the ECS
itself. On one hand, the discovery of the relevance of endocannabinoids in ASD raised new
possibilities for safe targeting the ECS to treat this disorder, as demonstrated by the evidence
reviewed here supporting the therapeutic use of phytocannabinoids, such as CBD and CBDV. These
compounds are promising because of their anti-inflammatory properties, and because they can
enhance endocannabinoid levels without the adverse effects of CB1r direct modulation. On the other
hand, our knowledge of the complexity of the ECS has further increased, complicating clinical
approaches. The discovery that endocannabinoids can activate different novel receptors and that
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their metabolic pathways are often shared with other mediators has led to the inclusion of the ECS
into an expanded signaling system, known as the endocannabinoidome [55]. This enlarged ECS,
including several mediators that are biochemically related to the endocannabinoids, together with
their receptors and metabolic enzymes, is likely to provide novel molecular targets of therapeutic
relevance to be tested in future studies on ASD [55].
Finally, despite the large body of evidence supporting a role of ECS in ASD, we do not intend
to support the view that this system, even with its high complexity, may provide a unitary
explanation of ASD etiopathology. We are instead convinced, in agreement with previous authors,
that multiple actors must play a concomitant role in mediating the complex pathogenesis of this
developmental disorder [15, 128]. Hence, beside the refinement of pharmacological manipulations
targeting the ECS, future efforts should focus on designing therapeutic approaches combining
multiple molecular targets [129], as already suggested by others [130].
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September 1, 2018
AN OPEN LETTER TO THE LEGISLATURE OF THE GREAT STATE OF
TEXAS
SIRS:
Autism has engaged and perplexed me since I entered medical school in 1971,
through all of my training in pediatrics, psychiatry and child psychiatry and in my
private work. That comes to nearly fifty years of experience, mainly with the
agonizing frustration of parents confronted with this human challenge and aided very
little by medical interventions.
All that has changed dramatically in the past several years. For the first time we have
witnessed an agent that can significantly and often dramatically alter the course of
families dealing with autism. The agent is NOT a medication, it is a plant, and that is
for the better.
Let me explain. The Greek word pharmakos refers to poison, and for good reason.
Nature operates in a complex system of balances between many many chemicals. A
good example is the system that regulates clotting of human blood. No one molecule
can be isolated as effective by itself. That is how plants work, they involves many
chemicals that interrelate with each other, and as often as not medical science knows
very little of these interactions. They are called the entourage effect.
For the past century Western medical science has sought to isolate single molecules in
human biology, sometime with spectacular success, for example insulin or thyroid
hormone. We have also sought single molecules in nature that have highly specific
and unregulated effects. It turns out we have looked especially to the rain forests,
where the struggle for survival is at it fiercest. To protect themselves from predators,
small animal and plants there develop special poisons which are unregulated in their
effect and therefore dangerous. Medical science has attempted to tame these poisons
and create specific medicines. Sometimes the results have been spectacular (cocaine)
and sometimes dangerous (cocaine). Western medicine seeks to reduce nature to

single agents and to reduce human illness to disorders of single agents. Both efforts
do not represent a full scientific understanding of Nature.
The cannabis plant is a good example. It contains, as we have come to know, two
main chemicals, THC which is high does can make a person feel “high” and CBD
which has no effect on subjective feeling. Aside from these two chemicals there are
without doubt hundreds of other chemicals which remain unstudied which contribute
to the over effect of a give strain of the plant. Different strains have differing ratios of
THC to CBD but even where that ratio is known, the effects in different people are
often related to the many yet to be studied chemical which differ in each strain.
Where I live, in Israel, the effect of cannabis on autism was discovered by mothers,
not by doctors. There is a high overlap between epilepsy and autism, and two children
who received treatment for epilepsy gained dramatic improvement in aspects of their
autism. To this day very few physicians in Israel engage in treating autism with
cannabis. I have now treated about 350 such children myself. Let me relate the results:
I begin treatment with cannabis-derived oil that contains CBD mainly (20:1 CBD to
THC ratio). About 60% of children respond well or very well, we see reductions in
dangerous self-destructive behaviors in low-functioning children and improved social
skills in higher functioning children. Some children speak for the first time. After by
trial and error we achieve an optimum effect with the mainly CBD oil, we titrate a
small dose of mainly THC oil and most of the time the result is further improved.
About 15-20% of the children actually respond negatively to the CBD oil, but achieve
good results with a oil containing mostly THC. Most of these children then do even
better when CBD oil is titrated with the THC oil.
This means that an astounding 70-80% of children with autism can achieve good to
very good results by balancing CBD and THC. I spend a great deal of my time talking
with the remaining 20% or so, trying different strains and sometimes succeeding and
sometimes not. This result has no parallel or even close contender in the used of
medications, which often do more harm than good. Most of the children stop all
medications after the cannabis results are stabilized.
This is VERY GOOD news for families agonizing with autism. It is always VERY
INTERESTING news for medical science. My own speculation is that the CBD:THC
ratio of endocannabinoids –the chemicals natural to our bodies that are parallel to the
THC and CBD in the plant – in our brains regulates the smooth transmission in our
brains from an inner-directed state (like meditation) to an outer-directed state (like

making laws). It has been shown that this smooth transition is abnormal is autistic
individuals, and this could account for some of the frustrations that are expressed in
violence or self-harm. My guess is that the remarkable effect of cannabis works by
correcting nature rather than controlling is. Some children need more CBD than THC
to correct the ratio, but some need more THC than CBD. The titrating of CBD with
THC and vice versa would be a sort of fine tuning.
Obviously, these results mandate that children with autism have access to a variety of
strains with a variety of CBD and THC ratios. There is no medical justification for
any arbitrary limit on the concentration of THC is agents made available for
treatment. On the contrary, this sort of restriction, as best my results indicate, would
impact negatively upon the majority of autistic children. Such a restriction could be
justified only if there was clear medical information that the THC content would be
harmful to these children. No such information exists, and all experience to this date
suggests the opposite. A restriction on THC concentration based upon the bias of the
War on Drugs that THC harms anything in its path and addicts everyone would be
most unfortunate and unscientific. This bias would bring unwarranted harm to
children and their families who suffer too much as it is and receive little positive
results from conventional medicine.
Yours truly,

Alan J. Flashman, MD
Diplomate, American Boards of
Pediatrics, Psychiatry, and Child Psychiatry

M.A.R.C. INC.
137 Maple Ave. #1
Carlsbad, CA 92008-2999
Phone: 442-615-7221
Email: marinc0224@gmail.com
July 2, 2017
Janie Maedler
Rylie’s Smile Foundation
Rylie’s Sunshine LLC
Dear Jae
In response to your request for a letter regarding the use of the cannabinoid Tetrahydrocannabinol
(Delta 9-THC) “THC” therapeutically in children and adolescents, we provide our expertise of more
than four decades at the National Cancer institute, the pharmaceutical and Biotech industry in the
development of drugs and immune therapy for Cancer, HIV/AIDS, Autoimmune and Neuroimmuune
diseases. Our basic and translational research changed the paradigm for the treatment of these
diseases, which are still the standard of care more than a quarter century since our discoveries in the
early 1990s
Only since 1994 has the scientific community discovered the Endogenous Cannabinoid System
(ECS) in the development of Brain and Immune systems; that the brain and the immune system are
inextricably linked from conception until death; and that the immune system changes throughout life.
Thus, the cannabinoids including the phyto-cannabinoid, THC, are critical to health and the
maturation of not only hematopoietic stem cells (HSC) but Mesenchymal Stem Cells and Embryonic
Stem cells. A 2013 publication by Galve-Roperh et. al. details the effects of cannabinoid on stem cells
throughout development. Key to these pioneering and paradigm shifting discoveries is the direct
effect of THC on the production of TGF-Beta from HSC. I am a co-discoverer of the regulatory effects
of transforming growth factor-beta (TGF-beta) on hematopoietic stem cells. I was awarded the NIH
Distinguished Service Award “in recognition of fundamental co-discoveries of Interleukin-2, the first
human leukemia virus, and for the discovery of hematopoietic regulatory activities of transforming
growth factor beta”. Billions of dollars have been spent by NIH and the pharmaceutical industry
developing therapeutics for targeting TGF-beta which THC does. It should be approved for every
indication whether infants, adolescents or the elderly. Medicine should not be denied to anyone
without basis in science. The scientific/medical community has learned this as laws and medicine
were applied discriminating against women, children and the elderly in the past.
Our families’ health depends on the application of knowledge and discoveries to ALL regardless of
age, gender or cultural bias. Please extend the use of THC in all clinical indications.

Sincerely,

!
Francis W. Ruscetti, PhD and Judy A. Mikovits, PhD
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Letter of Support: Michele Ross, PhD
Remove Limits on THC Potency for Pediatric Patients

July 3rd, 2017,

My name is Michele Ross, PhD. I received my doctorate in Neuroscience from the University of Texas
Southwestern Medical Center in 2008 and I currently am the Director of Clinical Research at the
nationwide 501c3 nonprofit research institute I founded in 2013, IMPACT Network.
I fully support and urge the removal of THC potency limits for pediatric patients that qualify for
medical marijuana. After educating legislators in my home state of Colorado, a bill that would have
put a limit on THC potency was dropped. I have attached IMPACT Network’s Fact Sheet on THC
Potency Limits with references; please keep in mind this was developed for a state with both medical
and recreational marijuana.
There is a lack of scientific evidence that cannabis products containing more than 7% THC are
harmful for the brain and body. High THC potency is not unsafe for children. In fact, products
containing more than 7% THC are often necessary for many children with chronic conditions, because
their immature endocannabinoid system requires higher dosage than adults. THC potency should be
something left to the discretion of medical professionals and their patients.
It is not possible to die from consuming THC at any potency at any age. Limiting THC potency does
not make THC any safer, it only means patients or their caregivers have to buy more product to
achieve the same dosage they are accustomed to. If the aim of the 7% THC limit is to reduce
consumption of THC products, it may actually have the opposite effect.
There is concern that limiting medical marijuana products for pediatric patients to 7% THC and 15%
CBD may result in few products available through the dispensary system for these patients. As most
products available have a higher THC potency, a child may suffer needlessly if the supply of products
meeting this potency limit runs out. Removing the THC potency limit means a child would never be
put in this dangerous and potentially life-threatening situation.
As a neuroscientist, I am both an expert in cannabinoid medicine and in neurological conditions, such
as autism. I did my Masters exam on a form of autism, performed basic and clinical research at
several universities, and provided hundreds of client consultations on cannabis treatment through
IMPACT Network. In fact, I am actually an expert on the effects of drugs on neurogenesis (birth of
new brain cells), which occurs through the lifespan. My first paper in 2006 was published on the
effects of Cannabinoids on Neurogenesis.
In my expert opinion, the benefits of THC consumption outweigh the risks for a pediatric patient
whose chronic condition is not managed by traditional medications. In neurological conditions such as
epilepsy, autism, or brain cancer, the risk of permanent brain damage, death, or injury due to selfharm or falls is much greater than the potential risk of THC to brain development. In fact, many of
the potentials issues raised in regard to THC exposure during childhood or adolescence have only
been investigated in terms of recreational use of smoking marijuana.
Studies looking at brain development and cognitive performance in adolescents taking cannabis
products consumed orally or in products containing both THC and CBD have not been performed. We
do know CBD increases birth of new brain cells, while THC may reduce them. Thus, products with
5550 Joliet St, Denver, CO 80239 | 720-592-4359 | info@impactcannabis.org | www.impactcannabis.org

both THC and CBD may be ideal for limiting potential risks on brain development in pediatric
patients.
We lack the scientific data to state what THC potency cutoff provides safety for children, and in fact
that decision should be left to healthcare professionals and not legislated. At IMPACT Network we are
currently investigating the impact of cannabinoids singly and in combination on brain waves and
cognitive performance in health patients, and patients with neurological conditions such as epilepsy,
Parkinson’s disease, treatment-resistant depression, and autism, but our study is not done yet.
I’d be happy to answer any questions you may have about our research at IMPACT Network or any
other topic that might help you better understand the potential harm limiting THC potency in
medical marijuana products will have on children. Feel free to contact at your convenience.

Sincerely,

Michele Ross, PhD
Executive Director
IMPACT Network
720-486-9062
Michele@impactcannabis.org
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Audrey Ross Powell, M.D.
Internal Medicine and Pediatrics
16507 Smooth Pine Lane
Sugar Land, Texas 77498
ARossPowellMD@gmail.com
713-542-3093

To Whom It May Concern:
I am a physician and parent of a ten year old, severely autistic son. My son was diagnosed with
autism when he was three years old. He remains nonverbal and requires total care due to the
extent of his disabling condition.
He has an extremely complex medical history including absence seizures, hearing loss, lifethreatening food allergies, Attention Deficit Hyperactivity Disorder (ADHD), Tic Disorder,
Congenital Heart Disease, Chronic Abdominal Pain, Chronic Constipation, Aggressive Behavior,
Insomnia, and Anxiety. He also has had two fractures due to his hyperactivity and self-injurious
behavior. In addition, he is nearly eleven and is still in diapers due to inability to achieve
independent toileting skills.
He has been evaluated at the Texas Children’s Autism Center and treated by their physicians at
the Meyer Center for Developmental Pediatrics. He also has been seen by specialists including
Neurology, Psychiatry, Gastroenterology, Cardiology, and Orthopedics to name a few.
He has had intensive ABA (Applied Behavioral Analysis) for two years from the ages of 3-5
years old with minimal success. He has been in Speech and Occupational Therapy since he
was three years old. He has had Homeopathy and other alternative therapies.
He has been on many standard pharmaceutical medications in efforts to control the symptoms
related to autism including hyperactivity, restlessness, agitation, aggression, abdominal pain,
and constipation. Although, we have followed up closely with his doctors and tried to adjust his
medications for the best efficacy, he has not had adequate response to treatment. He has been
on Risperidone, an antipsychotic medication, approved by the FDA for symptomatic treatment of
irritability in children with autism. This medication caused his prolactin levels to be elevated and
placed him at risk for gynecomastia (increase in the size of male breast tissue). He has also
been on various FDA-approved stimulants in efforts to treat the symptoms related to ADHD.
Most recently, he has been on Dyanavel which caused him to have debilitating abdominal pain
and cramping. He also has had paradoxical effects on some pharmaceutical agents where he
exhibited hyperarousal and increased hyperactivity on agents meant to decrease these
symptoms. He has also had worsening insomnia.
Currently, he has become increasingly aggressive. I sustained corneal rupture after being hit in
the eye by my son and required emergency surgery last month. He also routinely hits, kicks,

bites, and pinches in the home. He has kicked holes in the walls and kicked out several
windows. He exhibits wandering behavior and has run from the home at least twice this year.
He remains a danger to himself and others.
Due to my son’s complex medical history, I am imploring you to consider making medical
cannabis available for pediatric use in Texas. There is considerable evidence that substantiates
the neuroprotective and antioxidant effects of Cannabinoids such as CBD and THC. Also, there
is a United States Patent 6630507 by the Department of Health and Human Services for
Cannabinoids as antioxidants and neuroprotectants. There is evidence that Cannabinoids have
benefits for insomnia, aggression, pain, and inflammatory conditions. Studies have shown
improved cognition, improved mood and quality of life too. Children, like my son, may benefit
from the availability of whole plant cannabis without the extreme side effects seen with the
currently available pharmaceuticals.
There are a host of doctors who have been researching the health benefits of Cannabis for
years. It has been proven that chronic cannabis exposure is nontoxic to the developing brain.
There is a current study by Dr. Adi Aran titled “Cannabinoids for Behavioral Problems in
Children with ASD”. This is a safety, efficacy and tolerability trial looking at THC in a 20:1 ratio.
Results are expected in the first quarter of 2019.
There are numerous accounts from parents in California, Colorado and other legal states on the
benefits seen in their children. My son and our family deserve a better quality of life. Please
consider my plea.

Sincerely,

Audrey Ross Powell, M.D.

Jill Rubolino, RN-BC, PCCN, LNC
2723 Ferry Landing
Sugar Land, Texas 77478
jillrubolino@gmail.com
autismismedical.com
815-531-9560
July 16, 2017

Dear Legislator,
I am writing to you today to ask for your support in making medical cannabis available for
pediatric use in patients with autism.
I am a board certified registered nurse and mother to a fourteen-year-old son recovered from
autism. I have been a practicing nurse for twenty-three years and have worked in all facets of
patient care with most of my experience in large, university setting, acute care hospitals. I also
practice as an independent legal nurse consultant, working on litigation for vaccine injury claims
filed with the United States Federal Claims Court under the National Vaccine Injury
Compensation Program.
I am the co-founder/co-director of AIM, Autism Is Medical, a 501(c)(3) that supports efforts
focused on educating parents, practitioners, and school personnel on the underlying medical
issues that affect children and adults diagnosed with autism spectrum disorder. It is our strong
belief and mission that all patients with autism should have the same access to an appropriate
diagnostic investigation of their health problems as all other patient populations. Patient centered
focused care is the standard of practice in all settings and we will continue to promote the
inclusion of this large group of medically complex individuals. This non-profit was created by
myself and two other mothers, who both have children with complex health issues and a
diagnosis of autism.
Providing comprehensive medical care is driven by national goals and patient centered care is
that model. Providing the patient what they need to regain health and treating them based on
their individual health care needs is the standard of practice. In care of our pediatric patient
population, the medical home model is that standard and provides the most comprehensive,
multidisciplinary medical management of children who have chronic illness, are medically
fragile and those that live with illnesses affecting them globally. These children require cutting
edge diagnostic and therapeutic treatments provided by highly skilled practitioners. Children
affected by autism, are at the pinnacle of this need for the most comprehensive, most cutting
edge, and most effective treatments. Autism is a neurobiological disorder and can affect all
systems of the body.

Children with autism have a high prevalence of other medical illnesses including gastrointestinal
disorders, seizures and epilepsy, anxiety, allergies, recurrent infections and metabolic disorders
including mitochondrial disease (Frye, 2015). There are many children with a diagnosis of
autism that are considered medically fragile. These children may have severe refractory seizure
disorder that does not respond to traditional pharmaceutical management. Some children suffer
from upwards of forty to sixty seizures daily. Children with autism suffer from altered pain
response and atypical expression of pain including self-injurious behaviors. These can be severe
and can cause trauma sometimes requiring emergency medical attention (Courtemanche, Black
& Reese 2016). Our medical systems are not well equipped, or adequately trained to serve this
ever growing patient population. Our emergency rooms are not able to accommodate the
expanding numbers of adult-sized pediatric patients with severe autism that are brought for
treatment of escalating behaviors or the resulting injuries. These children need to have available
to them, all the possible treatment modalities that may help treat their symptoms and alleviate the
devastating effects of these serious medical problems.
The American Academy of Pediatrics policy states, “medical care of infants, children and
adolescents ideally should be accessible, continuous, comprehensive, family centered,
coordinate, compassionate and culturally effective,” and goes on to say that, “physicians should
seek to improve the effectiveness and efficiency of health care for all children and strive to attain
a medical home for every child in their community” (AAP,2002).
This clearly outlines that pediatric care must be continually improving to provide the most
effective treatments to those who are in need. This comprehensive plan of care must include
medical cannabis for pediatric use. By not supporting making medical cannabis available to
pediatric patients in your state, you will be denying them the opportunity to have access to all of
the treatment modalities that are available to remediate some of the devastating effects of autism,
seizure disorder and other debilitating illnesses.
My journey began with my now fourteen-year-old son being diagnosed on the autism spectrum
before the age of three. He was low verbal at having under ten words, had severe auditory
processing disorder preventing him from being able to communicate or express himself. His
brain was unable to process speech and he did not recognize language. More difficult to obtain
treatment for, where his underlying severe medical issues. Those included small bowel disease,
abnormal EEG, failure to thrive, lymphopenia and multiple allergies. My son had severe bowel
disease which prevented him from absorbing any nutrients. At age seven, he weighed thirty-nine
pounds and was very sick. After extensive treatment of his underlying medical diagnoses, along
with intensive therapies, he has recovered from autism and his bowel disease is in remission. He
has been formally evaluated and his diagnosis of autism spectrum disorder removed. He is a
happy, healthy and independent teenager who requires no assistance in school, and will go on to
attend college and be a successful adult. This was only possible with him receiving patient
centered care. His specific needs were met when he received targeted medical diagnostic testing
and treatment. This should be available to all children.
Nurses as their primary role, are patient advocates. It is within this framework I ask you to
support medical cannabis for the use in the pediatric population. Autism is a neurobiological

disorder with devastating associated serious health issues. Patients and families have a right to
choose their treatment based on individual need. Medical cannabis can be used to decrease many
of the symptoms and there have been many parent reports that it has substantially decreased
seizure activity. Cannabinoids offer neuroprotective and antioxidant effects and can improve
behaviors, decrease anxiety, and assist with sleep disturbances. Pharmaceutical options available
today are often not metabolized well in children with autism, who have altered mitochondrial
and metabolic function. Dangerous side effects and long term consequences of antipsychotic use
in children, often the first line of treatment, have been well documented. It is imperative that
legislators and health care providers work to ensure that children have every available resource
and treatment option to improve the quality of their health and life.
Thank you in advance for your critical attention to this important need to serve the children of
your community. Please do not hesitate to contact me for any reason. I look forward to hearing
about this important legislative initiative moving forward with your support.
Respectfully,

Jill Rubolino, RN-BC, PCCN, LNC
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March 1, 2017
Christian Bogner, MD
Microglia & Cannabinoid Research in Autism
Plant-Based Nutrition Certified,
Cornell University
Office: 248-693-0543
Cell: 248-931-8811
Detroit,MI
Email: christian@drbogner.com

Autism & Cannabis – Physician Support
This brief summary is meant as “additional supportive evidence” for Texas lawmakers to justify
autism as qualifying condition for the medical marijuana program. Please refer to the first
document entitled “The Endocannabinoid System as it Relates to Autism” to appreciate further
scientific evidence.

Recommendation
Dear Colleagues, I am the father of a 12 year old son who has autism. I have found great interest in
pursuing possible etiologies in the development of the condition and explore safe alternatives to
conventional pharmaceutical intervention. I am a speaker at multiple national conferences, specifically
focused on autism and cannabis. I have provided testimony in several other states about this same issue
at hand. As you know, several states have autism as qualifying diagnosis and more and more are to
follow in the coming years.
Since I am sure you are aware, cannabis is non-lethal to humans. There are no reported deaths in
recorded history that are attributed to cannabis as the cause of death.
The only question that really should be asked is if chronic cannabis exposure to the developing brain can
be harmful. I share the same passion to protect our children. I am a father of four and am caught in the
health-nut movement, where everything I offer them is safe to consume, free of refined sugars,
genetically modified foods and more of such nature. Recommending cannabis to this subpopulation
comes with a great deal of research.

I am giving my full support for giving parents the choice to choose cannabis as treatment modality in
autism spectrum disorders. The reason is because
-

-

I have seen countless parents’ success stories with it,
I have seen parents with their treated children for several years without adverse effects,
I have researched this thoroughly. Cannabis is not only safe, but therapeutic (evidence
below),
this is not meant to change novel treatment recommendations for autism in any way. This is
meant simply to be a legal choice for those parents that desire to choose cannabis for their
child. It offers them legal protection from prosecution,
many “do it” without having “cannabis-cards” anyways. This causes additional stress for
already struggling families.

I have personally consulted with Professor Grinspoon, who is a renowned Harvard Psychiatrist for 40
years and was reassured that cannabis is the not toxic in the developing brain. I have also consulted
Professor Mechoulam, who discovered the THC molecule. In fact, he is still active as professor in Israel
and is involved in the first human trial with cannabis and autism [out of all diseases].
If you see the powerful transformation yourself, when you listen to powerful parent testimony, it is our
duty to protect these parents from state or federal interference. We must protect these very brave, yet
vulnerable parents.
Thank you for your time to hear these parents and physicians and thank you for your time researching
this subject as thoroughly as I have.

Scientific evidence
Highlights
•
•
•
•
•
•
•

“These alterations in endocannabinoid signaling may contribute to autism pathophysiology
(Földy 2013, Krueger 2013, Onaivi 2011, Siniscalco 2013).”
“Endocannabinoids regulate stress responses, in part via the modulation of the 5-HT system
(Haj-Dahmane 2011).”
“ Neurogenesis (Galve-Roperh 2007, Jiang 2005, Avraham 2014, Campos 2013)”
“ Neuroprotection (Hampson 2003, Lara-Celador 2013, Sanchez 2012)”
“ Antioxidants (Borges 2013, Pertwee 2010, Hampson 1998, Hampson 2003)”
“ Neuromodulation (Davis 2007, Lara-Celador 2013, Pertwee 2010, Youssef 2012)”
“ Anti-inflammatory (Pertwee 2010, Izzo 2009, Nagarkatti 2009, Klein 2005)”

Direct Links
•
•
•
•
•

NL3 mutations inhibit tonic secretions of endocannabinoids
ECS is suggested target for fragile X treatment
CB2 upregulated and is suggested target for ASD treatment
PPAR alpha/gamma and GPR55 downregulated
CB1 is key element of perception of basic emotions (like happy faces)

Correlations
•
•

•
•
•
•

Modulation of GABA efflux via CB1 and CB2
ECS and 5-HT system closely interrelated
• eCBs via CB1 modulate 5-HT release
• 5-HT regulates the release of eCBs via 5-HT2a
• AEA reduces 5-HT binding
• THC, THCA, CBD, CBDA are all 5-HT1a agonists
• THC increases 5-HT1a receptor expression and function
• Cannabinoid agonists inhibit 5-HT3
• CBD tryptophan degradation suppressor
Cannabinoid signaling suppresses cytokine proliferation/release via CB1/CB2 dependent and
independent mechanisms
CB1 regulates synaptic plasticity at synapse onto Purkinje cells
ECS target for modulating neuronal and glial cell function in epileptogenic developmental
pathologies
Tonic eCBs regulate GI functions (including metabolism)

Phytocannabinoids are compounds that are useful as tissue protectants, such as neuroprotectants. The
compounds and compositions may be used, for example, in the treatment of neurological insults due to
inflammation, such as autism spectrum disorders.

Cannabinoid receptor type 1 (CB1) receptors are thought to be one of the most widely expressed G
protein-coupled receptors in the brain, making cannabinoids an integral part in brain homeostasis. CB2
receptors are mainly expressed on T cells of the immune system, on macrophages and B cells, and in
hematopoietic cells, making cannabinoids an integral part in human immune function.
Cannabinoids as antioxidants and neuroprotectants – US Patent 6630507 B1
United States Patent 6630507 by the Department of Health and Human Services, 'Cannabinoids as
antioxidants and neuroprotectants'. Cannabinoids have been found to have antioxidant properties,
unrelated to NMDA receptor antagonism. This new found property makes cannabinoids useful in the
treatment and prophylaxis of wide variety of oxidation associated diseases, such as ischemic, agerelated, inflammatory and autoimmune diseases. The cannabinoids are found to have particular
application as neuroprotectants.
“It has surprisingly been found that cannabidiol and other cannabinoids can function as
neuroprotectants…” “No signs of toxicity or serious side effects have been observed following chronic
administration of cannabinoids to volunteers…” “It is an object of this invention to provide a new class of
antioxidant drugs…”
The Shafer Commission Report Evidence
The Controlled Substances Act created the Presidential Commission on Marijuana and Drug abuse
specifically to advice on the proper scheduling on cannabis. Thus was born a council that would become
one of the most legendary fact-finding bodies ever conceived: the Shafer Commission.
In the early 1970s, President Nixon appointed Gov. Raymond P. Shafer of Pennsylvania, a former
prosecutor with a “law-and-order” reputation, to run a commission that would demonstrate enough
evidence to re-affirm Marijuana to the “most dangerous” list, Schedule I.
The Shafer Commission “recorded thousands of pages of transcripts of formal and informal hearings,
solicited all points of view, including those of public officials, community leaders, professional experts
and students. They conducted separate surveys of opinion among district attorneys, judges, probation
officers, clinicians, university health officials and ‘free clinic’ personnel. They commissioned more than
50 projects, ranging from a study of the effects of marijuana on man to a field survey of enforcement of
the marijuana laws in six metropolitan jurisdictions.”
Shafer brought his report to the White House March 21, 1972. It was 1,184 pages long.
A short summary of the Shafer Commission for pertinent points relating to the Public hearing on Autism
as qualified diagnosis for the Texas Medical Marijuana Program in Texas:
“No significant physical, biochemical, or mental abnormalities could be attributed solely to their
marihuana smoking... No valid stereotype of a marihuana user or non-user can be drawn... Young people
who choose to experiment with marihuana are fundamentally the same people, socially and
psychologically, as those who use alcohol and tobacco... No verification is found of a causal relationship

between marihuana use and subsequent heroin use.... Most users, young and old, demonstrate an
average or above-average degree of social functioning, academic achievement, and job performance...
“The weight of the evidence is that marihuana does not cause violent or aggressive behavior; if anything
marihuana serves to inhibit the expression of such behavior... Marihuana is not generally viewed by
participants in the criminal justice community as a major contributing influence in the commission of
delinquent or criminal acts... Neither the marihuana user nor the drug itself can be said to constitute a
danger to public safety... Research has not yet proven that marihuana use significantly impairs driving
ability or performance...
-Shafer Commission report 3/21/1972
Cytokine levels higher in autism
Cytokines are small secreted proteins released by cells that have a specific effect on the interactions and
communications between cells. Pro-inflammatory cytokines are involved in the up-regulation of
inflammatory reactions. [1] Elevated pro-inflammatory cytokine levels are associated with autism
spectrum disorders (ASD) [1]. In ASD, as well as a number of conditions, the expression level of CB2
receptors increases in response to the inflammatory nature of the condition. [2][3] Given that CB2 is upregulated, and that it’s believed to play a neuroprotective role, CB2 is being investigated as a potential
target for treatment of ASD. [3] CB1 variations modulate the striatal function that underlies the
perception of signals of social reward, such as happy faces. This suggests that CB1 is a key element in the
molecular architecture of perception of certain basic emotions. This may have implications for
understanding neurodevelopmental conditions marked by atypical eye contact and facial emotion
processing, such as ASC. [4] Endocannabinoids are key modulators of synaptic function. [5]
Endocannabinoids regulate stress responses, in part via the modulation of the 5-HT system. [6][7]
Additional targets of endocannabinoids (and exogenous cannabinoids), PPARα, PPARγ, and GPR55
expression levels have shown reductions in a valproic acid model of autism in rats.[8]
Toxicity

No signs of toxicity or serious side effects have been observed following chronic administration of
cannabidiol to healthy volunteers (Cunja et al., Pharmacology 21:175-185,1980), even in large acute
doses of 700mg/day (Consroe et al., Pharmacol. Biochem. Behav. 40:701-708,1991) but cannabidiol is
inactive at the NMDA receptor [9], indicating that THC is warranted. According to US patent 6630507,
safety is demonstrated by stating that in the presence of glutamate alone, and in the presence of
glutamate and cannabidiol (CBD) or THC, it was demonstrated that CBD and THC were similarly
protective.

Government patents on cannabinoid safety

United States patents specifically demonstrating evidence of safety:
NMDA receptor antagonism can be achieved with a subset of cannabinoids.
U.S. Pat. No. 5,538,993 (3S,4S-delta-6-tetrahydrocannabinol-7-oic acids),
U.S. Pat. No. 5,521,215 (stereospecific (+) THC enantiomers), and
U.S. Pat. No. 5,284,867 (dimethylheptyl benzopyrans)
have reported that these cannabinoids are effective NMDA receptor blockers.
Terpenes
Phytocannabinoids aid in neuroprotection against oxidative stress in patients affected with neurological
diseases. In addition to the cannabinoids, terpens have been found to be helpful in providing CB2
activation. Caryophyllene is the only terpene known to interact with the endocannabinoid system
(CB2). β–caryophyllene selectively binds to the CB2 receptor and that it is a functional CB2 agonist.
Further, β–caryophyllene was identified as a functional non-psychoactive CB2 receptor ligand in
foodstuff and as a macrocyclic anti-inflammatory cannabinoid in cannabis. [16]
Many of the other cannabinoids, terpenoids and flavonoids found in medical marijuana play a role in
boosting the therapeutic effect of cannabis. The FDA and other agencies have generally recognized
terpenes as “safe.”
For example, humulene and caryophyllene displayed comparable anti-inflammatory responses to
steroid alternatives. [17] Humulene was simultaneously effective in reducing inflammation and offering
pain relief. [18] The oral effects of humulene were analyzed and the results suggested that again, this
terpene was highly effective at reducing inflammation, proving its usefulness as a topical or oral
supplement. [19]

Conclusion
There is evidence that aggressive autism behaviors can be explained by chemical imbalances in the body
leading to a multitude of health concerns, including neuro-inflammation. Cannabinoids such as CBD and
THC were found to be neuroprotective according to United States Patent #6630507 by the Department
of Health and Human Services and many studies as presented above. Rather than causing harm to the
developing brain, phytocannabinoids appear to aid in brain neuropsychiatric homeostasis. A strong
support towards approval in this case will create relief on many levels.
Please call me directly for questions or concerns or further opportunities to clarify uncertainties,
Sincerely,
Christian Bogner, MD
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January 18, 2021
Ohio State Pharmacy Board
77 South High Street
Columbus, OH 43215
To Whom It May Concern:
I am writing this letter in support of the MAMMA Ohio effort to have Autism and
Autism Spectrum Disorder added to the current qualifying conditions for the Ohio
Medical Marijuana Program. I am the principal investigator of Child and Adolescent
Psychiatry research at a prominent Ohio academic medical center where I do not and
cannot recommend medical marijuana to any of the patients I see there; I am also one of
the more than 500 medical doctors in Ohio qualified to recommend patients for medical
marijuana treatment and I do this work through Compassionate Cleveland, a private
practice.
In my medical marijuana practice, currently I can only see children, adolescents, and
adults on the autism spectrum only if they also have co-morbid seizures. About 1 out of 3
people on the autism spectrum develop seizures or epilepsy, but many more have
difficulties with extreme anxiety, agitation, or (usually self-directed) aggression. Many of
the youngsters and adults I have treated with medical marijuana and seizures have had
significant benefit with decreased seizure frequency, but even more striking is the benefit
for some of those autistic folks with seizures regarding their ability to handle the
environmental stressors that were overwhelming before medical marijuana treatment. I
am currently treating nine autistic children/teenagers using medical marijuana for
comorbid seizures, or Tourette's Syndrome, or PTSD as their qualifying conditions. All
are benefitting from their regimen of high ratio CBD/THC (usually about 20:1 ratio)
tincture, with a total daily dose of THC< 5mg per day. Most striking is the improvement
in overall functioning compared to pre-treatment, from an ov~rall developmental
perspective, not just regarding symptom relief from comorbid conditions.
Currently close to 1 in 59 children are autistic, and many of them are suffering from how
overwhelming the world can be to them. The only FDA approved treatments for autism
and agitation, irritability, or aggression continue to be anti psychotic medications. As an
autism researcher, I know these medications can be life-saving for some autistic children,
but not all autistic children, and they are not benign treatments. Antipsychotics are
definitely associated with significant weight gain leading to risks for Type II diabetes and
fatty liver disease, as well as risks of tardive dyskinesia. Medical marijuana is a safer and
potentially more effective treatment for so many more children. I urge you to add Autism
and Autism Spectrum Disorder to the list of qualified Ohio Medical Marijuana Program
covered conditions. This will literally mean the difference between being able to live in
our community or being placed in a long term residential facility for so many of our
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autistic youth and adults. I can be reached at nmac@compassionatecleveland.com with
any questions or concerns.
Respectfully,

Nora McNamara MD
Child and Adolescent Psychiatrist
Compassionate Cleveland
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Solomon Zaraa, DO
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Dear Ohio Medical Marijuana Control Program,
This letter is in support of the addition of Autism Spectrum Disorder to the list of qualifying
conditions for medical cannabis.
I am a practicing Child and Adolescent Psychiatrist in Ohio and Illinois. I founded Compassionate
Cleveland, Inc in 2017 as a way to help Ohioans of all ages improve access to medical cannabis and
improve their care options.
Since 2017, I have recommended medical cannabis to children, adolescents, and adults who have
Autism Spectrum Disorder and an Ohio qualifying diagnosis. I am pleased to report that the vast
majority of my patients on the Autism Spectrum have experienced significant relief with their
qualifying diagnoses and also with symptoms of Autism.
Specifically, my current Ohio medical cannabis patients with Autism Spectrum Disorder have
reported decreased anxiety, agitation, aggression, sexual acting-out, and self-harm. Harm to self and
others are improved. Many have also reported improvement with inflexibility to changes in routines,
improved sleep, and an easier time managing environmental stressors and sensory sensitivities.
Tolerability is good overall and no severe adverse events have been reported in my patients.
One patient of mine was a child waiting to be placed in an out-of-state long-term residential facility
for Autism Spectrum Disorder. The parents were heartbroken with making this decision and decided
to try medical cannabis as a last-ditch effort since the child happened to have a qualifying diagnosis.
After using medical cannabis, aggression and agitation was so greatly improved, the parents cancelled
placement for residential treatment and the child was able to enroll in their local school district!
Based on my clinical experiences with recommending children, adolescents, and adults on the Autism
Spectrum, the benefits of medical cannabis clearly outweigh the risks. The impacts to my patient’s
functioning and quality of life are overwhelmingly positive.
Finally, I would like to state that I had the privilege of being one of the Ohio expert reviewers in 2019
for the Autism submission. I’ve been greatly disappointment in the denial of Autism as a qualifying
diagnosis in 2019 and 2020. Furthermore, I find it very troubling that Ohio MMCP meetings and
hearings tend to ignore the known short and long-term risks of Autism Spectrum symptoms while
tending to overstate the unknown potential risks of medical cannabis. 21 states have allowed for
patients to access medical cannabis for Autism, I hope Ohio will join them in 2021.
Respectfully,

Solomon Zaraa, DO
Child and Adolescent Psychiatry

