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Overview
Autism spectrum disorder (ASD) is characterized by challenges with social skills, repetitive behaviors,
speech and nonverbal communication. The conditions impact varies wildly, with some patients
functioning at a high level with little intervention, while other patients are never able to live
independently.
We still know little about the cause of ASD, but evidence suggests the condition is on the rise. The
Autism and Developmental Disabilities Monitoring Network compiles reports like the one attached
below regularly regarding the rate of ASD. In 2014, they estimated 16.8 per 1,000 children aged 8 have
ASD.
With the rate of ASD on the rise it is more important than ever that we provide physicians the tools they
need to treat this condition based on their assessment of an individual patient. The evidence provided
within this application shows clearly that medical marijuana can be an effective treatment for some
individuals with ASD.
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Abstract
Problem/Condition: Autism spectrum disorder (ASD).
Period Covered: 2014.
Description of System: The Autism and Developmental Disabilities Monitoring (ADDM) Network is an active surveillance
system that provides estimates of the prevalence of autism spectrum disorder (ASD) among children aged 8 years whose parents
or guardians reside within 11 ADDM sites in the United States (Arizona, Arkansas, Colorado, Georgia, Maryland, Minnesota,
Missouri, New Jersey, North Carolina, Tennessee, and Wisconsin). ADDM surveillance is conducted in two phases. The first
phase involves review and abstraction of comprehensive evaluations that were completed by professional service providers in the
community. Staff completing record review and abstraction receive extensive training and supervision and are evaluated according
to strict reliability standards to certify effective initial training, identify ongoing training needs, and ensure adherence to the
prescribed methodology. Record review and abstraction occurs in a variety of data sources ranging from general pediatric health
clinics to specialized programs serving children with developmental disabilities. In addition, most of the ADDM sites also review
records for children who have received special education services in public schools. In the second phase of the study, all abstracted
information is reviewed systematically by experienced clinicians to determine ASD case status. A child is considered to meet
the surveillance case definition for ASD if he or she displays behaviors, as described on one or more comprehensive evaluations
completed by community-based professional providers, consistent with the Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition, Text Revision (DSM-IV-TR) diagnostic criteria for autistic disorder; pervasive developmental disorder–not otherwise
specified (PDD-NOS, including atypical autism); or Asperger disorder. This report provides updated ASD prevalence estimates for
children aged 8 years during the 2014 surveillance year, on the basis of DSM-IV-TR criteria, and describes characteristics of the
population of children with ASD. In 2013, the American Psychiatric Association published the Diagnostic and Statistical Manual
of Mental Disorders, Fifth Edition (DSM-5), which made considerable changes to ASD diagnostic criteria. The change in ASD
diagnostic criteria might influence ADDM ASD prevalence estimates; therefore, most (85%) of the records used to determine
prevalence estimates based on DSM-IV-TR criteria underwent additional review under a newly operationalized surveillance case
definition for ASD consistent with the DSM-5 diagnostic criteria. Children meeting this new surveillance case definition could
qualify on the basis of one or both of the following criteria, as documented in abstracted comprehensive evaluations: 1) behaviors
consistent with the DSM-5 diagnostic features; and/or 2) an ASD diagnosis, whether based on DSM-IV-TR or DSM-5 diagnostic
criteria. Stratified comparisons of the number of children meeting either of these two case definitions also are reported.
Corresponding author: Jon Baio, National Center on Birth Defects
and Developmental Disabilities, CDC. Telephone: 404-498-3873;
E-mail: jbaio@cdc.gov.
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Results: For 2014, the overall prevalence of ASD among the 11 ADDM sites was 16.8 per 1,000 (one in 59) children aged 8 years.
Overall ASD prevalence estimates varied among sites, from 13.1–29.3 per 1,000 children aged 8 years. ASD prevalence estimates
also varied by sex and race/ethnicity. Males were four times more likely than females to be identified with ASD. Prevalence estimates
were higher for non-Hispanic white (henceforth, white) children compared with non-Hispanic black (henceforth, black) children,
and both groups were more likely to be identified with ASD compared with Hispanic children. Among the nine sites with sufficient
data on intellectual ability, 31% of children with ASD were classified in the range of intellectual disability (intelligence quotient [IQ]
<70), 25% were in the borderline range (IQ 71–85), and 44% had IQ scores in the average to above average range (i.e., IQ >85). The
distribution of intellectual ability varied by sex and race/ethnicity. Although mention of developmental concerns by age 36 months was
documented for 85% of children with ASD, only 42% had a comprehensive evaluation on record by age 36 months. The median age
of earliest known ASD diagnosis was 52 months and did not differ significantly by sex or race/ethnicity. For the targeted comparison
of DSM-IV-TR and DSM-5 results, the number and characteristics of children meeting the newly operationalized DSM-5 case
definition for ASD were similar to those meeting the DSM-IV-TR case definition, with DSM-IV-TR case counts exceeding DSM-5
counts by less than 5% and approximately 86% overlap between the two case definitions (kappa = 0.85).
Interpretation: Findings from the ADDM Network, on the basis of 2014 data reported from 11 sites, provide updated populationbased estimates of the prevalence of ASD among children aged 8 years in multiple communities in the United States. The overall
ASD prevalence estimate of 16.8 per 1,000 children aged 8 years in 2014 is higher than previously reported estimates from the
ADDM Network. Because the ADDM sites do not provide a representative sample of the entire United States, the combined
prevalence estimates presented in this report cannot be generalized to all children aged 8 years in the United States. Consistent
with reports from previous ADDM surveillance years, findings from 2014 were marked by variation in ASD prevalence when
stratified by geographic area, sex, and level of intellectual ability. Differences in prevalence estimates between black and white
children have diminished in most sites, but remained notable for Hispanic children. For 2014, results from application of the
DSM-IV-TR and DSM-5 case definitions were similar, overall and when stratified by sex, race/ethnicity, DSM-IV-TR diagnostic
subtype, or level of intellectual ability.
Public Health Action: Beginning with surveillance year 2016, the DSM-5 case definition will serve as the basis for ADDM
estimates of ASD prevalence in future surveillance reports. Although the DSM-IV-TR case definition will eventually be phased
out, it will be applied in a limited geographic area to offer additional data for comparison. Future analyses will examine trends in
the continued use of DSM-IV-TR diagnoses, such as autistic disorder, PDD-NOS, and Asperger disorder in health and education
records, documentation of symptoms consistent with DSM-5 terminology, and how these trends might influence estimates of
ASD prevalence over time. The latest findings from the ADDM Network provide evidence that the prevalence of ASD is higher
than previously reported estimates and continues to vary among certain racial/ethnic groups and communities. With prevalence
of ASD ranging from 13.1 to 29.3 per 1,000 children aged 8 years in different communities throughout the United States, the
need for behavioral, educational, residential, and occupational services remains high, as does the need for increased research on
both genetic and nongenetic risk factors for ASD.

Introduction
Autism spectrum disorder (ASD) is a developmental
disability defined by diagnostic criteria that include deficits
in social communication and social interaction, and the
presence of restricted, repetitive patterns of behavior, interests,
or activities that can persist throughout life (1). CDC began
tracking the prevalence of ASD and characteristics of children
with ASD in the United States in 1998 (2,3). The first
CDC study, which was based on an investigation in Brick
Township, New Jersey (2), identified similar characteristics
but higher prevalence of ASD compared with other studies
of that era. The second CDC study, which was conducted in
metropolitan Atlanta, Georgia (3), identified a lower prevalence
of ASD compared with the Brick Township study but similar

2
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estimates compared with other prevalence studies of that era.
In 2000, CDC established the Autism and Developmental
Disabilities Monitoring (ADDM) Network to collect data that
would provide estimates of the prevalence of ASD and other
developmental disabilities in the United States (4,5).
Tracking the prevalence of ASD poses unique challenges
because of the heterogeneity in symptom presentation, lack of
biologic diagnostic markers, and changing diagnostic criteria
(5). Initial signs and symptoms typically are apparent in the early
developmental period; however, social deficits and behavioral
patterns might not be recognized as symptoms of ASD until
a child is unable to meet social, educational, occupational,
or other important life stage demands (1). Features of ASD
might overlap with or be difficult to distinguish from those of
other psychiatric disorders, as described extensively in DSM-5
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(1). Although standard diagnostic tools have been validated
to inform clinicians’ impressions of ASD symptomology,
inherent complexity of measurement approaches and variation
in clinical impressions and decision-making, combined with
policy changes that affect eligibility for health benefits and
educational programs, complicates identification of ASD as a
behavioral health diagnosis or educational exceptionality. To
reduce the influence of these factors on prevalence estimates,
the ADDM Network has consistently tracked ASD by applying
a surveillance case definition of ASD and using the same
record-review methodology and behaviorally defined case
inclusion criteria since 2000 (5).
ADDM estimates of ASD prevalence among children aged
8 years in multiple U.S. communities have increased from
approximately one in 150 children during 2000–2002 to one in
68 during 2010–2012, more than doubling during this period
(6–11). The observed increase in ASD prevalence underscores
the need for continued surveillance using consistent methods
to monitor the changing prevalence of ASD and characteristics
of children with ASD in the population.
In addition to serving as a basis for ASD prevalence estimates,
ADDM data have been used to describe characteristics of
children with ASD in the population, to study how these
characteristics vary with ASD prevalence estimates over
time and among communities, and to monitor progress
toward Healthy People 2020 objectives (12). ADDM ASD
prevalence estimates consistently estimated a ratio of
approximately 4.5 male:1 female with ASD during 2006–2012
(9–11). Other characteristics that have remained relatively
constant over time in the population of children identified
with ASD by ADDM include the median age of earliest known
ASD diagnosis, which remained close to 53 months during
2000–2012 (range: 50 months [2012] to 56 months [2002]),
and the proportion of children receiving a comprehensive
developmental evaluation by age 3 years, which remained close
to 43% during 2006–2012 (range: 43% [2006 and 2012] to
46% [2008]).
ASD prevalence by race/ethnicity has been more varied over
time among ADDM Network communities (9–11). Although
ASD prevalence estimates have historically been greater among
white children compared with black or Hispanic children (13),
ADDM-reported white:black and white:Hispanic prevalence
ratios have declined over time because of larger increases
in ASD prevalence among black children and, to an even
greater extent, among Hispanic children, as compared with
the magnitude of increase in ASD prevalence among white
children (9). Previous reports from the ADDM Network
estimated ASD prevalence among white children to exceed
that among black children by approximately 30% in 2002,
2006, and 2010, and by approximately 20% in 2008 and

2012. Estimated prevalence among white children exceeded
that among Hispanic children by nearly 70% in 2002 and
2006, and by approximately 50% in 2008, 2010, and 2012.
ASD prevalence estimates from the ADDM Network also have
varied by socioeconomic status (SES). A consistent pattern
observed in ADDM data has been higher identified ASD
prevalence among residents of neighborhoods with higher
socioeconomic status (SES). Although ASD prevalence has
increased over time at all levels of SES, the absolute difference
in prevalence between high, middle, and lower SES did not
change from 2002 to 2010 (14,15). In the context of declining
white:black and white:Hispanic prevalence ratios amidst
consistent SES patterns, a complex three-way interaction
among time, SES, and race/ethnicity has been proposed (16).
Finally, ADDM Network data have shown a shift toward
children with ASD with higher intellectual ability (9–11),
as the proportion of children with ASD whose intelligence
quotient (IQ) scores fell within the range of intellectual
disability (ID) (i.e., IQ <70) has decreased gradually over
time. During 2000–2002, approximately half of children with
ASD had IQ scores in the range of ID; during 2006–2008,
this proportion was closer to 40%; and during 2010–2012,
less than one third of children with ASD had IQ ≤70 (9–11).
This trend was more pronounced for females as compared
with males (9). The proportion of males with ASD and ID
declined from approximately 40% during 2000–2008 (9) to
30% during 2010–2012 (10,11). The proportion of females
with ASD and ID declined from approximately 60% during
2000–2002, to 45% during 2006–2008, and to 35% during
2010–2012 (9–11).
All previously reported ASD prevalence estimates from the
ADDM Network were based on a surveillance case definition
aligned with DSM-IV-TR diagnostic criteria for autistic
disorder; pervasive developmental disorder–not otherwise
specified (PDD-NOS, including atypical autism); or Asperger
disorder. In the American Psychiatric Association’s 2013
publication of DSM-5, substantial changes were made to the
taxonomy and diagnostic criteria for autism (1,17). Taxonomy
changed from Pervasive Developmental Disorders, which
included multiple diagnostic subtypes, to autism spectrum
disorder, which no longer comprises distinct subtypes but
represents one singular diagnostic category defined by level
of support needed by the individual. Diagnostic criteria
were refined by collapsing the DSM-IV-TR social and
communication domains into a single, combined domain
for DSM-5. Persons diagnosed with ASD under DSM-5
must meet all three criteria under the social communication/
interaction domain (i.e., deficits in social-emotional reciprocity;
deficits in nonverbal communicative behaviors; and deficits in
developing, understanding, and maintaining relationships) and
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at least two of the four criteria under the restrictive/repetitive
behavior domain (i.e., repetitive speech or motor movements,
insistence on sameness, restricted interests, or unusual response
to sensory input).
Although the DSM-IV-TR criteria proved useful in
identifying ASD in some children, clinical agreement and
diagnostic specificity in some subtypes (e.g., PDD-NOS) was
poor, offering empirical support to the notion of two, rather
than three, diagnostic domains. The DSM-5 introduced a
framework to address these concerns (18), while maintaining
that any person with an established DSM-IV-TR diagnosis
of autistic disorder, Asperger disorder, or PDD-NOS would
automatically qualify for a DSM-5 diagnosis of autism
spectrum disorder. Previous studies suggest that DSM-5 criteria
for ASD might exclude certain children who would have
qualified for a DSM-IV-TR diagnosis but had not yet received
one, particularly those who are very young and those without
ID (19–23). These findings suggest that ASD prevalence
estimates will likely be lower under DSM-5 than they have
been under DSM-IV-TR diagnostic criteria.
This report provides the latest available ASD prevalence
estimates from the ADDM Network based on both DSMIV-TR and DSM-5 criteria and asserts the need for future
monitoring of ASD prevalence trends and efforts to improve
early identification of ASD. The intended audiences for
these findings include pediatric health care providers, school
psychologists, educators, researchers, policymakers, and
program administrators working to understand and address the
needs of persons with ASD and their families. These data can
be used to help plan services, guide research into risk factors
and effective interventions, and inform policies that promote
improved outcomes in health and education settings.

Surveillance Program (MADDSP) (24). As feasible, the
surveillance methods have remained consistent over time.
Certain minor changes have been introduced to improve
efficiency and data quality. Although a different array of
geographic areas was covered in each of the eight biennial
ADDM Network surveillance years spanning 2000–2014,
these changes have been documented to facilitate evaluation
of their impact.
The core surveillance activities in all ADDM Network
sites focus on children aged 8 years because the baseline ASD
prevalence study conducted by MADDSP suggested that this
is the age of peak prevalence (3). ADDM has multiple goals:
1) to provide descriptive data on classification and functioning
of the population of children with ASD, 2) to monitor the
prevalence of ASD in different areas of the United States, and
3) to understand the impact of ASD in U.S. communities.
Funding for ADDM Network sites participating in the
2014 surveillance year was awarded for a 4-year cycle covering
2015–2018, during which time data were collected for children
aged 8 years during 2014 and 2016. Sites were selected through
a competitive objective review process on the basis of their
ability to conduct active, records-based surveillance of ASD;
they were not selected to be a nationally representative sample.
A total of 11 sites are included in the current report (Arizona,
Arkansas, Colorado, Georgia, Maryland, Minnesota, Missouri,
New Jersey, North Carolina, Tennessee, and Wisconsin).
Each ADDM site participating in the 2014 surveillance year
functioned as a public health authority under the Health
Insurance Portability and Accountability Act of 1996 Privacy
Rule and met applicable local Institutional Review Board and
privacy and confidentiality requirements under 45 CFR 46 (25).

Methods

ADDM is an active surveillance system that does not
depend on family or practitioner reporting of an existing
ASD diagnosis or classification to determine ASD case status.
ADDM staff conduct surveillance to determine case status in
a two-phase process. The first phase of ADDM involves review
and abstraction of children’s evaluation records from data
sources in the community. In the second phase, all abstracted
evaluations for each child are compiled in chronological order
into a comprehensive record that is reviewed by one or more
experienced clinicians to determine the child’s ASD case
status. Developmental assessments completed by a wide range
of health and education providers are reviewed. Data sources
are categorized as either 1) education source type, including
evaluations to determine eligibility for special education
services or 2) health source type, including diagnostic and
developmental assessments from psychologists, neurologists,

Study Sites
The Children’s Health Act (4) authorized CDC to monitor
prevalence of ASD in multiple areas of the United States,
a charge that led to the formation of the ADDM Network
in 2000. Since that time, CDC has funded grantees in 16
states (Alabama, Arizona, Arkansas, Colorado, Florida,
Maryland, Minnesota, Missouri, New Jersey, North Carolina,
Pennsylvania, South Carolina, Tennessee, Utah, West Virginia,
and Wisconsin). CDC tracks ASD in metropolitan Atlanta and
represents the Georgia site collaborating with competitively
funded sites to form the ADDM Network.
The ADDM Network uses multisite, multisource, recordsbased surveillance based on a model originally implemented
by CDC’s Metropolitan Atlanta Developmental Disabilities
4
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developmental pediatricians, child psychiatrists, physical
therapists, occupational therapists, and speech/language
pathologists. Agreements to access records are made at the
institutional level in the form of contracts, memoranda, or
other formal agreements.
All ADDM Network sites have agreements in place to
access records at health sources; however, despite the otherwise
standardized approach, not all sites have permission to access
education records. One ADDM site (Missouri) has not been
granted access to records at any education sources. Among the
remaining sites, some receive permission from their statewide
Department of Education to access children’s educational
records, whereas other sites must negotiate permission from
numerous individual school districts to access educational
records. Six sites (Arizona, Georgia, Maryland, Minnesota,
New Jersey, and North Carolina) reviewed education records
for all school districts in their covered surveillance areas. Three
ADDM sites (Colorado, Tennessee, and Wisconsin) received
permission to review education records in only certain school
districts within the overall geographic area covered for 2014. In
Tennessee, permission to access education records was granted
from 13 of 14 school districts in the 11-county surveillance
area, representing 88% of the total population of children
aged 8 years. Conversely, access to education records was
limited to a small proportion of the population in the overall
geographic area covered by two sites (33% in Colorado and
26% in Wisconsin). In the Colorado school districts where
access to education records is permitted for ADDM, parents are
directly notified about the ADDM system and can request that
their children’s education records be excluded. The Arkansas
ADDM site received permission from their state Department
of Education to access children’s educational records statewide;
however, time and travel constraints prevented investigators
from visiting all 250 school districts in the 75-county
surveillance area, resulting in access to education records for
69% of the statewide population of children aged 8 years. The
two sites with access to education records throughout most,
but not all, of the surveillance area (Arkansas and Tennessee)
received data from their state Department of Education to
evaluate the potential impact on reported ASD prevalence
estimates attributed to missing records.
Within each education and health data source, ADDM
sites identify records to review based on a child’s year of
birth and one or more selected eligibility classifications for
special education or International Classification of Diseases,
Ninth Revision (ICD-9) billing codes for select childhood
disabilities or psychological conditions. Children’s records are
first reviewed to confirm year of birth and residency in the
surveillance area at some time during the surveillance year.
For children meeting these requirements, the records are then

reviewed for certain behavioral or diagnostic descriptions
defined by ADDM as triggers for abstraction (e.g., child does
not initiate interactions with others, prefers to play alone or
engage in solitary activities, or has received a documented
ASD diagnosis). If abstraction triggers are found, evaluation
information from birth through the current surveillance year
from all available sources is abstracted into a single composite
record for each child.
In the second phase of surveillance, the abstracted composite
evaluation files are deidentified and reviewed systematically
by experienced clinicians who have undergone standardized
training to determine ASD case status using a coding scheme
based on the DSM-IV-TR guidelines. A child meets the
surveillance case definition for ASD if behaviors described
in the composite record are consistent with the DSM-IV-TR
diagnostic criteria for any of the following conditions: autistic
disorder, PDD-NOS (including atypical autism), or Asperger
disorder (Box 1). A child might be disqualified from meeting
the surveillance case definition for ASD if, based on the
clinical judgment of one or more reviewers, there is insufficient
or conflicting information in support of ASD, sufficient
information to rule out ASD, or if one or more other diagnosed
conditions better account for the child’s symptoms.
Although new diagnostic criteria became available in 2013,
the children under surveillance in 2014 would have grown up
primarily under the DSM-IV-TR definitions for ASD, which
are prioritized in this report. The 2014 surveillance year is the
first to operationalize an ASD case definition based on DSM-5
diagnostic criteria, in addition to that based on DSM-IV-TR.
Because of delays in developing information technology systems
to manage data collected under this new case definition, the
surveillance area for DSM-5 was reduced by 19% in an effort to
include complete estimates for both DSM-IV-TR and DSM-5
in this report. Phase 1 record review and abstraction was the
same for DSM-IV-TR and DSM-5; however, a coding scheme
based on the DSM-5 definition of ASD was developed for
Phase 2 of the ADDM methodology (i.e., systematic review by
experienced clinicians). The new coding scheme was developed
through a collaborative process and includes reliability measures,
although no validation metrics have been published for this new
ADDM Network DSM-5 case definition. A child could meet
the DSM-5 surveillance case definition for ASD under one
or both of the following criteria, as documented in abstracted
comprehensive evaluations: 1) behaviors consistent with the
DSM-5 diagnostic features; and/or 2) an ASD diagnosis,
whether based on DSM-IV-TR or DSM-5 diagnostic criteria
(Box 2). Children with a documented ASD diagnosis were
included as meeting the DSM-5 surveillance case definition
for two reasons. First, published DSM-5 diagnostic criteria
include the presence of a DSM-IV-TR diagnosis of autistic
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BOX 1. Autism spectrum disorder (ASD) case determination criteria under DSM-IV-TR
DSM-IV-TR behavioral criteria
Social

1a. Marked impairment in the use of multiple nonverbal behaviors, such as eye-to-eye gaze, facial expression, body postures, and gestures to
regulate social interaction
1b. Failure to develop peer relationships appropriate to developmental level
1c. A lack of spontaneous seeking to share enjoyment, interests, or achievements with other people (e.g., by a lack of showing, bringing, or
pointing out objects of interest)
1d. Lack of social or emotional reciprocity

Communication

2a. Delay in, or total lack of, the development of spoken language (not accompanied by an attempt to compensate through alternative modes
of communication, such as gesture or mime)
2b. In individuals with adequate speech, marked impairment in the ability to initiate or sustain a conversation with others
2c. Stereotyped and repetitive use of language or idiosyncratic language
2d. Lack of varied, spontaneous make-believe play or social imitative play appropriate to developmental level

Restricted behavior/
Interest

3a. Encompassing preoccupation with one or more stereotyped and restricted patterns of interest that is abnormal either in intensity or focus
3b. Apparently inflexible adherence to specific, nonfunctional routines, or rituals
3c. Stereotyped and repetitive motor mannerisms (e.g., hand or finger flapping or twisting, or complex whole body movements)
3d. Persistent preoccupation with parts of objects

Developmental
history

Child had identified delays or any concern with development in the following areas at or before the age of 3 years: Social, Communication,
Behavior, Play, Motor, Attention, Adaptive, Cognitive

Autism discriminators

Oblivious to children
Oblivious to adults or others
Rarely responds to familiar social approach
Language primarily echolalia or jargon
Regression/loss of social, language, or play skills
Previous ASD diagnosis, whether based on DSM-IV-TR or DSM-5 diagnostic criteria
Lack of showing, bringing, etc.
Little or no interest in others
Uses others as tools
Repeats extensive dialog
Absent or impaired imaginative play
Markedly restricted interests
Unusual preoccupation
Insists on sameness
Nonfunctional routines
Excessive focus on parts
Visual inspection
Movement preoccupation
Sensory preoccupation

DSM-IV-TR case
determination

At least six behaviors coded with a minimum of two Social, one Communication, and one Restricted Behavior/Interest; AND evidence of
developmental delay or concern at or before the age of 3 years
OR
At least two behaviors coded with a minimum of one Social and either one Communication and/or one Restricted Behavior/Interest; AND
at least one autism discriminator coded
Note: A child might be disqualified from meeting the DSM-IV-TR surveillance case definition for ASD if, based on the clinical judgment
of one or more reviewers, there is insufficient or conflicting information in support of ASD, sufficient information to rule out ASD, or if
one or more other diagnosed conditions better account for the child’s symptoms

Abbreviation: DSM-IV-TR = Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (Text Revision).

disorder, PDD-NOS, or Asperger disorder, to ensure continuity
of diagnoses and services. Second, sensitivity of the DSM-5
surveillance case definition might be increased when counting
children diagnosed with ASD by a qualified professional, based
on either DSM-IV-TR or DSM-5 criteria, whether or not
all DSM-5 social and behavioral criteria are documented in
abstracted comprehensive evaluations. The ADDM Network
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methods allow differentiation of those meeting the surveillance
case status based on one or both criteria. Consistent with the
DSM-IV-TR case definition, a child might be disqualified
from meeting the DSM-5 surveillance case definition for ASD
if, based on the clinical judgment of one or more reviewers,
there is insufficient or conflicting information in support of
ASD, sufficient information to rule out ASD, or if one or
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BOX 2. Autism spectrum disorder case determination criteria under DSM-5
DSM-5 behavioral criteria
A. Persistent
deficits in social
communication and
social interaction

A1: Deficits in social emotional reciprocity
A2. Deficits in nonverbal communicative behaviors
A3. Deficits in developing, maintaining, and understanding relationships

B. Restricted, repetitive
patterns of behavior,
interests, or
activities, currently
or by history

B1: Stereotyped or repetitive motor movements, use of objects or speech
B2. Insistence on sameness, inflexible adherence to routines, or ritualized patterns of verbal or nonverbal behavior
B3. Highly restricted interests that are abnormal in intensity or focus
B4. Hyper- or hypo-reactivity to sensory input or unusual interest in sensory aspects of the environment

Historical PDD
diagnosis

Any ASD diagnosis documented in a comprehensive evaluation, including a DSM-IV diagnosis of autistic disorder, Asperger disorder, or
pervasive developmental disorder–not otherwise specified (PDD-NOS)

DSM-5 case
determination

All three behavioral criteria coded under part A, and at least two behavioral criteria coded under part B
OR
Any ASD diagnosis documented in a comprehensive evaluation, whether based on DSM-IV-TR or DSM-5 diagnostic criteria
Note: A child might be disqualified from meeting the DSM-5 surveillance case definition for ASD if, based on the clinical judgment of one
or more reviewers, there is insufficient or conflicting information in support of ASD, sufficient information to rule out ASD, or if one or
more other diagnosed conditions better account for the child’s symptoms

Abbreviation: DSM-5 = Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition.

more other diagnosed conditions better account for the child’s
symptoms. In this report, prevalence estimates are based on the
DSM-IV-TR case definition, whereas case counts are presented
and compared for children meeting the DSM-IV-TR and/or
DSM-5 case definitions.

Quality Assurance
All sites follow the quality assurance standards established by
the ADDM Network. In the first phase, the accuracy of record
review and abstraction is checked periodically. In the second
phase, interrater reliability is monitored on an ongoing basis
using a blinded, random 10% sample of abstracted records
that are scored independently by two reviewers (5). For 2014,
interrater agreement on DSM-IV-TR case status (confirmed
ASD versus not ASD) was 89.1% when comparison samples
from all sites were combined (k = 0.77), which was slightly
below quality assurance standards established for the ADDM
Network (90% agreement, 0.80 kappa). On DSM-5 reviews,
interrater agreement on case status (confirmed ASD versus
not ASD) was 92.3% when comparison samples from all sites
were combined (k = 0.84). Thus, for the DSM-5 surveillance
definition, reliability exceeded quality assurance standards
established for the ADDM Network.

Descriptive Characteristics and Data Sources
Each ADDM site attempted to obtain birth certificate data
for all children abstracted during Phase 1 through linkages

conducted using state vital records. These data were only
available for children born in the state where the ADDM site
is located. The race/ethnicity of each child was determined
from information contained in source records or, if not found
in the source file, from birth certificate data on one or both
parents. Children with race coded as “other” or “multiracial”
were considered to be missing race information for all analyses
that were stratified by race/ethnicity. For this report, data on
timing of the first comprehensive evaluation on record were
restricted to children with ASD who were born in the state
where the ADDM site is located, as confirmed by linkage to
birth certificate records. Data were restricted in this manner to
reduce errors in the estimate that were introduced by children
for whom evaluation records were incomplete because they were
born out of state and migrated into the surveillance area between
the time of birth and the year when they reached age 8 years.
Information on children’s functional skills is abstracted
from source records when available, including scores on
tests of adaptive behavior and intellectual ability. Because no
standardized, validated measures of functioning specific to ASD
have been widely adopted in clinical practice and because adaptive
behavior rating scales are not sufficiently available in health and
education records of children with ASD, scores of intellectual
ability have remained the primary source of information on
children’s functional skills. Children are classified as having ID if
they have an IQ score of ≤70 on their most recent test available
in the record. Borderline intellectual ability is defined as having
an IQ score of 71–85, and average or above-average intellectual

US Department of Health and Human Services/Centers for Disease Control and Prevention

MMWR / April 27, 2018 / Vol. 67 / No. 6

7

Surveillance Summaries

ability is defined as having an IQ score of >85. In the absence of
a specific IQ score, an examiner’s statement based on a formal
assessment of the child’s intellectual ability, if available, is used
to classify the child in one of these three levels.
Diagnostic conclusions from each evaluation record are
summarized for each child, including notation of any ASD
diagnosis by subtype, when available. Children are considered
to have a previously documented ASD classification if they
received a diagnosis of autistic disorder, PDD-NOS, Asperger
disorder, or ASD that was documented in an abstracted
evaluation or by an ICD-9 billing code at any time from birth
through the year when they reached age 8 years, or if they
were noted as meeting eligibility criteria for special education
services under the classification of autism or ASD.

Analytic Methods
Population denominators for calculating ASD prevalence
estimates were obtained from the National Center for Health
Statistics Vintage 2016 Bridged-Race Postcensal Population
Estimates (26). CDC’s National Vital Statistics System provides
estimated population counts by state, county, single year of
age, race, ethnic origin, and sex. Population denominators
for the 2014 surveillance year were compiled from postcensal
estimates of the number of children aged 8 years living in the
counties under surveillance by each ADDM site (Table 1).
In two sites (Arizona and Minnesota), geographic boundaries
were defined by constituent school districts included in the
surveillance area. The number of children living in outlying
school districts was subtracted from the county-level census
denominators using school enrollment data from the U.S.
Department of Education’s National Center for Education
Statistics (27). Enrollment counts of students in third grade
during the 2014–15 school year differed from the CDC
bridged-race population estimates, attributable primarily to
children being enrolled out of the customary grade for their
age or in charter schools, home schools, or private schools.
Because these differences varied by race and sex within the
applicable counties, race- and sex-specific adjustments based
on enrollment counts were applied to the CDC population
estimates to derive school district-specific denominators for
Arizona and Minnesota.
Race- or ethnicity-specific prevalence estimates were
calculated for four groups: white, black, Hispanic (regardless of
race), and Asian/Pacific Islander. Prevalence results are reported
as the total number of children meeting the ASD case definition
per 1,000 children aged 8 years in the population in each race/
ethnicity group. ASD prevalence also was estimated separately
for boys and girls and within each level of intellectual ability.
Overall prevalence estimates include all children identified with
ASD regardless of sex, race/ethnicity, or level of intellectual
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ability and thus are not affected by the availability of data on
these characteristics.
Statistical tests were selected and confidence intervals (CIs)
for prevalence estimates were calculated under the assumption
that the observed counts of children identified with ASD were
obtained from an underlying Poisson distribution with an
asymptotic approximation to the normal. Pearson chi-square
tests were performed, and prevalence ratios and percentage
differences were calculated to compare prevalence estimates
from different strata. Kappa statistics were computed to
describe concordance between the DSM-IV-TR and DSM-5
case definitions, as well as to describe interrater agreement
on either case definition for quality assurance. Pearson chisquare tests also were performed for testing significance in
comparisons of proportions, and unadjusted odds ratio (OR)
estimates were calculated to further describe these comparisons.
In an effort to reduce the effect of outliers, distribution medians
were typically presented, although one-way ANOVA was used
to test significance when comparing arithmetic means of these
distributions. Significance was set at p<0.05. Results for all sites
combined were based on pooled numerator and denominator
data from all sites, in total and stratified by race/ethnicity, sex,
and level of intellectual ability.

Sensitivity Analysis Methods
Certain education and health records were missing for
certain children, including records that could not be located
for review, those affected by the passive consent process unique
to the Colorado site, and those archived and deemed too costly
to retrieve. A sensitivity analysis of the effect of these missing
records on case ascertainment was conducted. All children
initially identified for record review were first stratified by two
factors closely associated with final case status: information
source (health source type only, education source type only,
or both source types) and the presence or absence of either an
autism special education eligibility or an ICD-9-CM code for
ASD, collectively forming six strata. The potential number of
cases not identified because of missing records was estimated
under the assumption that within each of the six strata, the
proportion of children confirmed as ASD surveillance cases
among those with missing records would be similar to the
proportion of cases among children with no missing records.
Within each stratum, the proportion of children with no
missing records who were confirmed as having ASD was
applied to the number of children with missing records to
estimate the number of missed cases, and the estimates from
all six strata were added to calculate the total for each site.
This sensitivity analysis was conducted solely to investigate
the potential impact of missing records on the presented
estimates. The estimates presented in this report do not reflect
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this adjustment or any of the other assessments of the potential
effects of assumptions underlying the approach.
All ADDM sites identified records for review from health
sources by conducting record searches that were based on a
common list of ICD-9 billing codes. Because several sites were
conducting surveillance for other developmental disabilities in
addition to ASD (i.e., one or more of the following: cerebral
palsy, ID, hearing loss, and vision impairment), they reviewed
records based on an expanded list of ICD-9 codes. The
Colorado site also requested code 781.3 (lack of coordination),
which was identified in that community as a commonly used
billing code for children with ASD. The proportion of children
meeting the ASD surveillance case definition whose records
were obtained solely on the basis of those additional codes was
calculated to evaluate the potential impact on ASD prevalence.

Results
A total population of 325,483 children aged 8 years was
covered by the 11 ADDM sites that provided data for the
2014 surveillance year (Table 1). This number represented
8% of the total U.S. population of children aged 8 years in
2014 (4,119,668) (19). A total of 53,120 records for 42,644
children were reviewed from health and education sources. Of
these, the source records of 10,886 children met the criteria
for abstraction, which was 25.5% of the total number of
children whose source records were reviewed and 3.3% of
the population under surveillance. Of the records reviewed
by clinicians, 5,473 children met the ASD surveillance case
definition. The number of evaluations abstracted for each
child who was ultimately identified with ASD varied by site
(median: five; range: three [Arizona, Minnesota, Missouri, and
Tennessee] to 10 [Maryland]).

Overall ASD Prevalence Estimates
Overall ASD prevalence for the ADDM 2014 surveillance
year varied widely among sites (range: 13.1 [Arkansas] to 29.3
[New Jersey]) (Table 2). On the basis of combined data from
all 11 sites, ASD prevalence was 16.8 per 1,000 (one in 59)
children aged 8 years. Overall estimated prevalence of ASD
was highest in New Jersey (29.3) compared to each of the other
ten sites (p<0.01).

Prevalence by Sex and Race/Ethnicity
When data from all 11 ADDM sites were combined, ASD
prevalence was 26.6 per 1,000 boys and 6.6 per 1,000 girls
(prevalence ratio: 4.0). ASD prevalence was significantly
(p<0.01) higher among boys than among girls in all 11 ADDM

sites (Table 2), with male-to-female prevalence ratios ranging
from 3.2 (Arizona) to 4.9 (Georgia). Estimated ASD prevalence
also varied by race and ethnicity (Table 3). When data from all
sites were combined, the estimated prevalence among white
children (17.2 per 1,000) was 7% greater than that among
black children (16.0 per 1,000) and 22% greater than that
among Hispanic children (14.0 per 1,000). In nine sites, the
estimated prevalence of ASD was higher among white children
than black children. The white-to-black ASD prevalence ratios
were statistically significant in three sites (Arkansas, Missouri,
and Wisconsin), and the white-to-Hispanic prevalence ratios
were significant in seven sites (Arizona, Arkansas, Colorado,
Georgia, Missouri, North Carolina, and Tennessee). In nine
sites (Arizona, Arkansas, Colorado, Georgia, Maryland,
Minnesota, Missouri, North Carolina, and Tennessee), the
estimated prevalence of ASD was higher among black children
than that among Hispanic children. The black-to-Hispanic
prevalence ratio was significant in three of these nine sites
(Arizona, Georgia, and North Carolina). In New Jersey, there
was almost no difference in ASD prevalence estimates among
white, black, and Hispanic children. Estimates for Asian/Pacific
Islander children ranged from 7.9 per 1,000 (Colorado) to
19.2 per 1,000 (New Jersey) with notably wide CIs.

Intellectual Ability
Data on intellectual ability were reported for nine
sites (Arizona, Arkansas, Colorado, Georgia, Maryland,
Minnesota, New Jersey, North Carolina, and Tennessee)
having information available for at least 70% of children who
met the ASD case definition (range: 70.8% [Tennessee] to
89.2% [North Carolina]). The median age of children’s most
recent IQ tests, on which the following results are based, was
73 months (6 years, 1 month). Data from these nine sites
yielded accompanying data on intellectual ability for 3,714
(80.3%) of 4,623 children with ASD. This proportion did
not differ by sex or race/ethnicity in any of the nine sites or
when combining data from all nine sites. Among these 3,714
children, 31% were classified in the range of ID (IQ ≤70),
25% were in the borderline range (IQ 71–85), and 44% had
IQ >85. The proportion of children classified in the range of
ID ranged from 26.7% in Arizona to 39.4% in Tennessee.
Among children identified with ASD, the distribution by
intellectual ability varied by sex, with girls more likely than
boys to have IQ ≤70, and boys more likely than girls to
have IQ >85 (Figure 1). In these nine sites combined, 251
(36.3%) of 691 girls with ASD had IQ scores or examiners’
statements indicating ID compared with 891 (29.5%) of
3,023 males (odds ratio [OR] = 1.4; p<0.01), though among
individual sites this proportion differed significantly in only
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FIGURE 1. Most recent intelligence quotient score as of age 8 years among children with autism spectrum disorder for whom test data were
available, by sex and site — Autism and Developmental Disabilities Monitoring Network, nine sites,* United States, 2014
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Abbreviations: ADDM = Autism and Developmental Disabilities Monitoring Network; ASD = autism spectrum disorder; F = female; IQ = intelligence quotient;
M = male.
* Includes nine sites (Arizona, Arkansas, Colorado, Georgia, Maryland, Minnesota, New Jersey, North Carolina, and Tennessee) that had intellectual ability data available
for ≥70% of children who met the ASD case definition (n = 3,714).

one (Georgia, OR = 1.6; p<0.05). The proportion of children
with ASD with borderline intellectual ability (IQ 71–85) did
not differ by sex, whereas a significantly higher proportion of
males (45%) compared with females (40%) had IQ >85 (i.e.,
average or above average intellectual ability) (OR = 1.2; p<0.05).
The distribution of intellectual ability also varied by race/
ethnicity. Approximately 44% of black children with ASD were
classified in the range of ID compared with 35% of Hispanic
children and 22% of white children (Figure 2). The proportion
of blacks and whites with ID differed significantly in all sites
except Colorado, and when combining their data (OR = 2.9;
p<0.01). The proportion of Hispanics and whites with ID
differed significantly when combining data from all nine sites
(OR = 1.9; p<0.01), and among individual sites it reached
significance (p<0.05) in six of the nine sites, with the three
exceptions being Arkansas (OR = 1.8; p = 0.10), North Carolina
(OR = 1.8; p = 0.07), and Tennessee (OR = 2.1; p = 0.09).
The proportion of children with borderline intellectual ability
(IQ = 71–85) did not differ between black and Hispanic
children, although a lower proportion of white children (22%)
were classified in the range of borderline intellectual ability
compared to black (28.4%; OR = 0.7; p<0.01) or Hispanic
(28.7%; OR = 0.7; p<0.01) children. When combining data
from these nine sites, the proportion of white children (56%)
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with IQ >85 was significantly higher than the proportion of
black (27%, OR = 3.4; p<0.01) or Hispanic (36%, OR = 2.2;
p<0.01) children with IQ>85.

First Comprehensive Evaluation
Among children with ASD who were born in the same
state as the ADDM site (n = 4,147 of 5,473 confirmed
cases), 42% had a comprehensive evaluation on record by age
36 months (range: 30% [Arkansas] to 66% [North Carolina])
(Table 4). Approximately 39% of these 4,147 children did
not have a comprehensive evaluation on record until after
age 48 months; however, mention of developmental concerns
by age 36 months was documented for 85% (range: 61%
[Tennessee] to 94% [Arizona]).

Previously Documented ASD Classification
Of the 5,473 children meeting the ADDM ASD surveillance
case definition, 4,379 (80%) had either eligibility for autism
special education services or a DSM-IV-TR, DSM-5, or ICD-9
autism diagnosis documented in their records (range among 11
sites: 58% [Colorado] to 92% [Missouri]). Combining data
from all 11 sites, 81% of boys had a previous ASD classification
on record, compared with 75% of girls (OR = 1.4; p<0.01).
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FIGURE 2. Most recent intelligence quotient score as of age 8 years
among children with autism spectrum disorder for whom test data
were available, by sex and race/ethnicity — Autism and Developmental
Disabilities Monitoring Network, nine sites,* United States, 2014
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When stratified by race/ethnicity, 80% of white children
had a previously documented ASD classification, compared
with nearly 83% of black children (OR = 0.9; p = 0.09) and
76% of Hispanic children (OR = 1.3; p<0.01); a significant
difference was also found when comparing the proportion of
black children with a previous ASD classification to that among
Hispanic children (OR = 1.5; p<0.01).
The median age of earliest known ASD diagnosis
documented in children’s records (Table 5) varied by diagnostic
subtype (autistic disorder: 46 months; ASD/PDD: 56 months;
Asperger disorder: 67 months). Within these subtypes, the
median age of earliest known diagnosis did not differ by sex,
nor did any difference exist in the proportion of boys and girls
who initially received a diagnosis of autistic disorder (48%),
ASD/PDD (46%), or Asperger disorder (6%). The median
age of earliest known diagnosis and distribution of subtypes
did vary by site. The median age of earliest known ASD
diagnosis for all subtypes combined was 52 months, ranging
from 40 months in North Carolina to 59 months in Arkansas.

Sensitivity Analyses of Missing Records
and Expanded ICD-9 Codes
A stratified analysis of records that could not be located for
review was completed to assess the degree to which missing
data might have potentially reduced prevalence estimates as
reported by individual ADDM sites. Had all children’s records
identified in Phase 1 been located and reviewed, prevalence
estimates would potentially have been <1% higher in four sites
(Arizona, Georgia, Minnesota, and Wisconsin), between 1%
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Special Education Eligibility
Sites with access to education records collected information
on the most recent eligibility categories under which children
received special education services (Table 6). Among children
with ASD who were receiving special education services
in public schools during 2014, the proportion of children
with a primary eligibility category of autism ranged from
approximately 37% in Wisconsin to 80% in Tennessee. Most
other sites noted approximately 60% to 75% of children with
ASD having autism listed as their most recent primary special
education eligibility category, the exceptions being Colorado
(44%) and New Jersey (48%). Other common special
education eligibilities included health or physical disability,
speech and language impairment, specific learning disability,
and a general developmental delay category that is used until
age 9 years in many U.S. states. All ADDM sites reported <10%
of children with ASD receiving special education services under
a primary eligibility category of ID.
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Abbreviations: ASD = autism spectrum disorder; F = female; IQ = intelligence
quotient; M = male.
* Includes nine sites (Arizona, Arkansas, Colorado, Georgia, Maryland, Minnesota,
New Jersey, North Carolina, and Tennessee) that had intellectual ability data
available for ≥70 of children who met the ASD case definition (n = 3,714).

to 5% higher in four sites (Colorado, Missouri, New Jersey,
and North Carolina), approximately 8% higher in Maryland,
and nearly 20% higher in Arkansas and Tennessee, where
investigators were able to access education records throughout
most, but not all, of the surveillance area and received data from
their state Department of Education to evaluate the potential
impact on reported ASD prevalence estimates attributed to
missing records.
The impact on prevalence estimates of reviewing records
based on an expanded list of ICD-9 codes varied from site
to site. Colorado, Georgia, and Missouri were the only three
sites that identified more than 1% of ASD surveillance cases
partially or solely on the basis of the expanded code list. In
Missouri, less than 2% of children identified with ASD had
some of their records located on the basis of the expanded
code list, and none were identified exclusively from these
codes. In Colorado, approximately 2% of ASD surveillance
cases had some abstracted records identified on the basis of
the expanded code list, and 4% had records found exclusively
from the expanded codes. In Georgia, where ICD-9 codes were
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requested for surveillance of five distinct conditions (autism,
cerebral palsy, ID, hearing loss, and vision impairment),
approximately 10% of children identified with ASD had some
of their records located on the basis of the expanded code list,
and less than 1% were identified exclusively from these codes.

Comparison of Case Counts from
DSM-IV-TR and DSM-5 Case Definitions
The DSM-5 analysis was completed for part of the overall
ADDM 2014 surveillance area (Table 7), representing a total
population of 263,775 children aged 8 years. This was 81%
of the population on which DSM-IV-TR prevalence estimates
were reported. Within this population, 4,920 children were
confirmed to meet the ADDM Network ASD case definition
for either DSM-IV-TR or DSM-5. Of these children, 4,236
(86%) met both case definitions, 422 (9%) met only the
DSM-IV-TR criteria, and 262 (5%) met only the DSM-5
criteria (Table 8). This yielded a DSM-IV-TR:DSM-5
prevalence ratio of 1.04 in this population, indicating that
ASD prevalence was approximately 4% higher based on the
historical DSM-IV-TR case definition compared with the
new DSM-5 case definition. Among 4,498 children who met
DSM-5 case criteria, 3,817 (85%) met the DSM-5 behavioral
criteria (Box 2), whereas 681 (15%) qualified on the basis of an
established ASD diagnosis but did not have sufficient DSM-5
behavioral criteria documented in comprehensive evaluations.
In six of the 11 ADDM sites, DSM-5 case counts were within
approximately 5% of DSM-IV-TR counts (range: 5% lower
[Tennessee] to 5% higher [Arkansas]), whereas DSM-5 case
counts were more than 5% lower than DSM-IV-TR counts
in Minnesota and North Carolina (6%), New Jersey (10%),
and Colorado (14%). Kappa statistics indicated strong
agreement between DSM-IV-TR and DSM-5 case status
among children abstracted in Phase 1 of the study who were
reviewed in Phase 2 for both DSM-IV-TR and DSM-5 (kappa
for all sites combined: 0.85, range: 0.72 [Tennessee] to 0.93
[North Carolina]).
Stratified analysis of DSM-IV-TR:DSM-5 ratios were very
similar compared with the overall sample (Table 9). DSM-5
estimates were approximately 3% lower than DSM-IV-TR
counts for males, and approximately 6% lower for females
(kappa = 0.85 for both). Case counts were approximately 3%
lower among white and black children on DSM-5 compared
with DSM-IV-TR, 5% lower among Asian children, and 8%
lower among Hispanic children. Children who received a
comprehensive evaluation by age 36 months were 7% less likely
to meet DSM-5 than DSM-IV-TR, whereas those evaluated
by age 4 years were 6% less likely to meet DSM-5, and those
initially evaluated after age 4 years were just as likely to meet
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DSM-5 as DSM-IV-TR. Children with documentation of
eligibility for autism special education services, and those
with a documented diagnosis of ASD by age 3 years, were
2% more likely to meet DSM-5 than DSM-IV-TR. Slightly
over 3% of children whose earliest ASD diagnosis was autistic
disorder met DSM-5 criteria but not DSM-IV-TR, compared
with slightly under 3% of those whose earliest diagnosis
was PDD-NOS/ASD-NOS and 5% of those whose earliest
diagnosis was Asperger disorder. Children with no previous
ASD classification (diagnosis or eligibility) were 47% less likely
to meet DSM-5 than DSM-IV-TR. Combining data from all
11 sites, children with IQ scores in the range of ID were 3%
less likely to meet DSM-5 criteria compared with DSM-IV-TR
(kappa = 0.89), those with IQ scores in the borderline range
were 6% less likely to meet DSM-5 than DSM-IV-TR (kappa
= 0.88), and children with average or above average intellectual
ability were 4% less likely to meet DSM-5 criteria compared
with DSM-IV-TR (kappa = 0.86).

Discussion
Changes in Estimated Prevalence
The overall ASD prevalence estimate of 16.8 per 1,000
children aged 8 years in 2014 is higher than previously
reported estimates from the ADDM Network. An ASD case
definition based on DSM-IV-TR criteria was used during the
entire period of ADDM surveillance during 2000–2014, as
were comparable study operations and procedures, although
the geographic areas under surveillance have varied over
time. During this period, ADDM ASD prevalence estimates
increased from 6.7 to 16.8 per 1,000 children aged 8 years,
an increase of approximately 150%.
Among the six ADDM sites completing both the 2012
and 2014 studies for the same geographic area, all six showed
higher ASD prevalence estimates for 2012 compared to 2014,
with a nearly 10% higher prevalence in Georgia (p = 0.06)
and Maryland (p = 0.35), 19% in New Jersey (p<0.01), 22%
in Missouri (p = 0.01), 29% in Colorado (p<0.01), and 31%
in Wisconsin (p<0.01). When combining data from these six
sites, ASD prevalence estimates for 2014 were 20% higher
for 2014 compared to 2012 (p<0.01). The ASD prevalence
estimate from New Jersey continues to be one of the highest
reported by a population-based surveillance system. The two
sites with the greatest relative difference in prevalence are
noteworthy in that both gained access to children’s education
records in additional geographic areas for 2014. Colorado was
granted access to review children’s education records in one
additional county for the 2014 surveillance year (representing
nearly 20% of the population aged 8 years within the overall
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Colorado surveillance area), and Wisconsin was granted
access to review education records for more than a quarter of
its surveillance population, and 2014 marked the first time
Wisconsin has included education data sources. Comparisons
with earlier ADDM Network surveillance results should be
interpreted cautiously because of changing composition of
sites and geographic coverage over time. For example, three
ADDM Network sites completing both the 2012 and 2014
surveillance years (Arizona, Arkansas, and North Carolina)
covered a different geographic area each year, and two new sites
(Minnesota and Tennessee) were awarded funding to monitor
ASD in collaboration with the ADDM Network.
Certain characteristics of children with ASD were similar in
2014 compared with earlier surveillance years. The median age
of earliest known ASD diagnosis remained close to 53 months
in previous surveillance years and was 52 months in 2014.
The proportion of children who received a comprehensive
developmental evaluation by age 3 years was unchanged:
42% in 2014 and 43% during 2006–2012. There were a
number of differences in the characteristics of the population
of children with ASD in 2014. The male:female prevalence
ratio decreased from 4.5:1 during 2002–2012 to 4:1 in 2014,
driven by a greater relative increase in ASD prevalence among
girls than among boys since 2012. Also, the decrease in the
ratios of white:black and white:Hispanic children with ASD
continued a trend observed since 2002. Among sites covering
a population of at least 20,000 children aged 8 years, New
Jersey reported no significant race- or ethnicity-based difference
in ASD prevalence, suggesting more complete ascertainment
among all children regardless of race/ethnicity. Historically,
ASD prevalence estimates from combined ADDM sites have
been approximately 20%–30% higher among white children
as compared with black children. For surveillance year 2014,
the difference was only 7%, the lowest difference ever observed
for the ADDM Network. Likewise, prevalence among white
children was almost 70% higher than that among Hispanic
children in 2002 and 2006, and approximately 50% higher
in 2008, 2010, and 2012, whereas for 2014 the difference
was only 22%. Data from a previously reported comparison
of ADDM Network ASD prevalence estimates from 2002,
2006, and 2008 (9) suggested greater increases in ASD
prevalence among black and Hispanic children compared
with those among white children. Reductions in disparities
in ASD prevalence for black and Hispanic children might
be attributable, in part, to more effective outreach directed
to minority communities. Finally, the proportion of children
with ASD and lower intellectual ability was similar in 2012
and 2014 at approximately 30% of males and 35% of females.
These proportions were markedly lower than those reported
in previous surveillance years.

Variation in Prevalence Among
ADDM Sites
Findings from the 2014 surveillance year indicate that
prevalence estimates still vary widely among ADDM Network
sites, with the highest prevalence observed in New Jersey.
Although five of the 11 ADDM sites conducting the 2014
surveillance year reported prevalence estimates within a very
close range (from 13.1 to 14.1 per 1,000 children), New
Jersey’s prevalence estimate of 29.4 per 1,000 children was
significantly greater than that from any other site, and four sites
(Georgia, Maryland, Minnesota, and North Carolina) reported
prevalence estimates that were significantly greater than those
from any of the five sites in the 13.1–14.1 per 1,000 range.
Two of the sites with prevalence estimates of 20.0 per 1,000
or higher (Maryland and Minnesota) conducted surveillance
among a total population of <10,000 children aged 8 years.
Concentrating surveillance efforts in smaller geographic areas,
especially those in close proximity to diagnostic centers and
those covering school districts with advanced staff training and
programs to support children with ASD, might yield higher
prevalence estimates compared with those from sites covering
populations of more than 20,000 children aged 8 years. Of the
six sites with prevalence estimates below the 16.8 per 1,000
estimate for all sites combined, five did not have full access
to education data sources (Arkansas, Colorado, Missouri,
Tennessee, and Wisconsin), whereas only one of the six sites
will full access to education data sources had a prevalence
estimate below 16.8 per 1,000 (Arizona). Such differences
cannot be attributed solely to source access, as other factors
(e.g., demographic differences and service availability) also
might have influenced these findings. In addition to variation
among sites in reported ASD prevalence, wide variation among
sites is noted in the characteristics of children identified with
ASD, including the proportion of children who received
a comprehensive developmental evaluation by age 3 years,
the median age of earliest known ASD diagnosis, and the
distribution by intellectual ability. Some of this variation might
be attributable to regional differences in diagnostic practices
and other documentation of autism symptoms, although
previous reports based on ADDM data have linked much of
the variation to other extrinsic factors, such as regional and
socioeconomic disparities in access to services (13,14).

Case Definitions
Results from application of the DSM-IV-TR and DSM-5
case definitions were similar, overall and when stratified by
sex, race/ethnicity, DSM-IV-TR diagnostic subtype, or level
of intellectual ability. Overall, ASD prevalence estimates
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based on the new DSM-5 case definition were very similar in
magnitude but slightly lower than those based on the historical
DSM-IV-TR case definition. Three of the 11 ADDM sites
had slightly higher case counts using the DSM-5 framework
compared with the DSM-IV-TR. Colorado, where the DSMIV-TR:DSM-5 ratio was highest compared with all other sites,
was also the site with the lowest proportion of DSM-IV-TR
cases having a previous ASD classification. This suggests that
the diagnostic component of the DSM-5 case definition,
whereby children with a documented diagnosis of ASD
might qualify as DSM-5 cases regardless of social interaction/
communication and restricted/repetitive behavioral criteria,
might have influenced DSM-5 results to a lesser degree in
that site, as a smaller proportion of DSM-IV-TR cases would
meet DSM-5 case criteria based solely on the presence of a
documented ASD diagnosis. This element of the DSM-5
case definition might carry less weight moving forward, as
fewer children aged 8 years in health and education settings
will have had ASD diagnosed under the DSM-IV-TR criteria.
It is also possible that persons who conduct developmental
evaluations of children in health and education settings will
increasingly describe behavioral characteristics using language
more consistent with DSM-5 terminology, yielding more ASD
cases based on the behavioral component of ADDM’s DSM-5
case definition. Prevalence estimates based on the DSM-5 case
definition that incorporates an existing ASD diagnosis reflect
the actual patterns of diagnosis and services for children in
2014, because children diagnosed under DSM-IV-TR did not
lose their diagnosis when the updated DSM-5 criteria were
published and because professionals might diagnose children
with ASD without necessarily recording every behavior
supporting that diagnosis. In the future, prevalence estimates
will align more closely with the specific DSM-5 behavioral
criteria, and might exclude some persons who would have
met DSM-IV-TR criteria for autistic disorder, PDD-NOS, or
Asperger disorder, while at the same time including persons
who do not meet those criteria but who do meet the specific
DSM-5 behavioral criteria.

Comparison of Autism Prevalence
Estimates
The ADDM Network is the only ASD surveillance system
in the United States providing robust prevalence estimates for
specific areas of the country, including those for subgroups
defined by sex and race/ethnicity, providing information about
geographical variation that can be used to evaluate policies
and diagnostic practices that might affect ASD prevalence.
It is also the only comprehensive surveillance system to
incorporate ASD diagnostic criteria into the case definition
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rather than relying entirely on parent or caregiver report of a
previous ASD diagnosis, providing a unique contribution to
the knowledge of ASD epidemiology and the impact of changes
in diagnostic criteria. Two surveys of children’s health, The
National Health Interview Survey (NHIS) and the National
Survey of Children’s Health (NSCH), report estimates of ASD
prevalence based on caregiver report of being told by a doctor
or other health care provider that their child has ASD, and, for
the NSCH, if their child was also reported to currently have
ASD. The most recent publication from NHIS indicated that
27.6 per 1,000 children aged 3–17 years had ASD in 2016,
which did not differ significantly from estimates for 2015 or
2014 (24.1 and 22.4, respectively) (28). An estimate of 20.0
per 1,000 children aged 6–17 years was reported from the
2011–2012 NSCH (29). The study samples for both surveys
are substantially smaller than the ADDM Network; however,
they were intended to be nationally representative, whereas
the ADDM Network surveillance areas were selected through
a competitive process and, although large and diverse, were
not intended to be nationally representative. Geographic
differences in ASD prevalence have been observed in both the
ADDM Network and national surveys, as have differences in
ASD prevalence by age (6–11,28,29).
All three prevalence estimation systems (NHIS, NSCH,
and ADDM) are subject to regional and policy-driven
differences in the availability and utilization of evaluation
and diagnostic services for children with developmental
concerns. Phone surveys are likely more sensitive in identifying
children who received a preliminary or confirmed diagnosis
of ASD but are not receiving services (i.e., special education
services). The ADDM Network method based on analysis of
information contained in existing health and education records
enables the collection of detailed, case-specific information
reflecting children’s behavioral, developmental and functional
characteristics, which are not available from the national phone
surveys. This detailed case level information might provide
insight into temporal changes in the expression of ASD
phenotypes, and offers the ability to account for differences
based on changing diagnostic criteria.

Limitations
The findings in this report are subject to at least three
limitations. First, ADDM Network sites were not selected to
represent the United States as a whole, nor were the geographic
areas within each ADDM site selected to represent that state
as a whole (with the exception of Arkansas, where ASD is
monitored statewide). Although a combined estimate is
reported for the Network as a whole to inform stakeholders
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and interpret the findings from individual surveillance years in
a more general context, data reported by the ADDM Network
should not be interpreted to represent a national estimate of
the number and characteristics of children with ASD. Rather,
it is more prudent to examine the wide variation among sites,
between specific groups within sites, and across time in the
number and characteristics of children identified with ASD,
and to use these findings to inform public health strategies
aimed at removing barriers to identification and treatment,
and eliminating disparities among socioeconomic and racial/
ethnic groups. Data from individual sites provide even greater
utility for developing local policies in those states.
Second, it is important to acknowledge limitations of
information available in children’s health and education records
when considering data on the characteristics of children with
ASD. Age of earliest known ASD diagnosis was obtained from
descriptions in children’s developmental evaluations that were
available in the health and education facilities where ADDM
staff had access to review records. Some children might have
had earlier diagnoses that were not recorded in these records.
Likewise, some descriptions of historical diagnoses (i.e., those
not made by the evaluating examiner) could be subject to
recall error by a parent or provider who described the historical
diagnosis to that examiner. Another characteristic featured
prominently in this report, intellectual ability, is subject to
measurement limitations. IQ test results should be interpreted
cautiously because of myriad factors that impact performance
on these tests, particularly language and attention deficits that
are common among children with ASD, especially when testing
was conducted before age 6 years. Because children were not
examined directly nor systematically by ADDM staff as part
of this study, descriptions of their characteristics should not be
interpreted to serve as the basis for policy changes, individual
treatments, or interventions.
Third, because comparisons with the results from earlier
ADDM surveillance years were not restricted to a common
geographic area, inferences about the changing number and
characteristics of children with ASD over time should be
made with caution. Findings for each unique ADDM birth
cohort are very informative, and although study methods
and geographic areas of coverage have remained generally
consistent over time, temporal comparisons are subject to
multiple sources of bias and should not be misinterpreted as
representing precise measures that control for all sources of
bias. Additional limitations to the records-based surveillance
methodology have been described extensively in previous
ADDM and MADDSP reports (3,6–11).

Future Surveillance Directions
Data collection for the 2016 surveillance year began in early
2017 and will continue through mid-2019. Beginning with
surveillance year 2016, the DSM-5 case definition for ASD will
serve as the basis for prevalence estimates. The DSM-IV-TR
case definition will be applied in a limited geographic area
to offer additional data for comparison, although the DSMIV-TR case definition will eventually be phased out.
CDC’s “Learn the Signs. Act Early” (LTSAE) campaign,
launched in October 2004, aims to change perceptions among
parents, health care professionals, and early educators regarding
the importance of early identification and treatment of autism
and other developmental disorders (30). In 2007, the American
Academy of Pediatrics (AAP) recommended developmental
screening specifically focused on social development and ASD
at age 18 and 24 months (31). Both efforts are in accordance
with the Healthy People 2020 (HP2020) goal that children
with ASD be evaluated by age 36 months and begin receiving
community-based support and services by age 48 months (12).
It is concerning that progress has not been made toward the
HP2020 goal of increasing the percentage of children with
ASD who receive a first evaluation by age 36 months to 47%;
however, the cohort of children monitored under the ADDM
2014 surveillance year (i.e., children born in 2006) represents
the first ADDM 8-year-old cohort impacted by the LTSAE
campaign and the 2007 AAP recommendations. The effect of
these programs in lowering age at evaluation might become
more apparent when subsequent birth cohorts are monitored.
Further exploration of ADDM data, including those collected
on cohorts of children aged 4 years (32), might inform how
policy initiatives, such as screening recommendations and other
social determinants of health, impact the prevalence of ASD
and characteristics of children with ASD, including the age at
which most children receive an ASD diagnosis.

Conclusion
The latest findings from the ADDM Network provide
evidence that the prevalence of ASD is higher than previously
reported ADDM estimates and continues to vary among
certain racial/ethnic groups and communities. The overall
ASD prevalence estimate of 16.8 per 1,000 children aged
8 years in 2014 is higher than previous estimates from the
ADDM Network. With prevalence of ASD reaching nearly 3%
in some communities and representing an increase of 150%
since 2000, ASD is an urgent public health concern that could
benefit from enhanced strategies to help identify ASD earlier;
to determine possible risk factors; and to address the growing
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behavioral, educational, residential and occupational needs of
this population.
Implementation of the new DSM-5 case definition had
little effect on the overall number of children identified with
ASD for the ADDM 2014 surveillance year. This might be a
result of including documented ASD diagnoses in the DSM-5
surveillance case definition. Over time, the estimate might be
influenced (downward) by a diminishing number of persons
who meet the DSM-5 diagnostic criteria for ASD based
solely on a previous DSM-IV-TR diagnosis, such as autistic
disorder, PDD-NOS or Asperger disorder, and influenced
(upward) by professionals aligning their clinical descriptions
with the DSM-5 criteria. Although the prevalence of ASD and
characteristics of children identified by each case definition
were similar in 2014, the diagnostic features defined under
DSM-IV-TR and DSM-5 appear to be quite different. The
ADDM Network will continue to evaluate these similarities
and differences in much greater depth, and will examine at
least one more cohort of children aged 8 years to expand this
comparison. Over time, the ADDM Network will be well
positioned to evaluate the effects of changing ASD diagnostic
parameters on prevalence.
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TABLE 1. Number* and percentage of children aged 8 years, by race/ethnicity and site — Autism and Developmental Disabilities Monitoring
Network, 11 sites, United States, 2014
Total
Site

Site institution

Arizona

University of
Arizona

Arkansas

University of
Arkansas for
Medical Sciences
Colorado
Department of
Public Health and
Environment
CDC

Colorado

Georgia

Maryland

Johns Hopkins
University

Minnesota

University of
Minnesota

Missouri

Washington
University

New Jersey

Rutgers University

North Carolina

University of
North Carolina–
Chapel Hill
Tennessee
Vanderbilt
University Medical
Center
Wisconsin
University of
Wisconsin–
Madison
All sites combined

No.

Surveillance area

White,
non-Hispanic

Black,
non-Hispanic

No.

No.

(%)

No.

(%)

(%)

Hispanic

Asian or
American Indian
Pacific Islander, or Alaska Native,
non-Hispanic
non-Hispanic
No.

(%)

No.

(%)

Part of 1 county in
metropolitan
Phoenix†
All 75 counties in
Arkansas

24,952 12,308 (49.3)

1,336

(5.4)

9,792

(39.2)

975

(3.9)

541

(2.2)

39,992 26,103 (65.3)

7,705

(19.3)

5,012

(12.5)

843

(2.1)

329

(0.8)

7 counties in
metropolitan
Denver

41,128 22,410 (54.5)

2,724

(6.6) 13,735

(33.4)

2,031

(4.9)

228

(0.6)

5 counties
including
metropolitan
Atlanta
1 county in
metropolitan
Baltimore
Parts of 2 counties
including
Minneapolis–
St. Paul†
5 counties
including
metropolitan
St. Louis
4 counties
including
metropolitan
Newark
6 counties in
central
North Carolina
11 counties in
middle
Tennessee
10 counties in
southeastern
Wisconsin

51,161 15,495 (30.3) 22,042

(43.1)

9,913

(19.4)

3,599

(7.0)

112

(0.2)

9,955

4,977 (50.0)

3,399

(34.1)

829

(8.3)

719

(7.2)

31

(0.3)

9,767

3,793 (38.8)

2,719

(27.8)

1,486

(15.2)

1,576

(16.1)

193

(2.0)

25,333 16,529 (65.2)

6,577

(26.0)

1,220

(4.8)

931

(3.7)

76

(0.3)

32,935 13,593 (41.3)

7,166

(21.8) 10,226

(31.0)

1,874

(5.7)

76

(0.2)

30,283 15,241 (50.3)

7,701

(25.4)

5,463

(18.0)

1,778

(5.9)

100

(0.3)

24,940 15,867 (63.6)

4,896

(19.6)

3,324

(13.3)

799

(3.2)

54

(0.2)

35,037 20,732 (59.2)

6,486

(18.5)

6,181

(17.6)

1,471

(4.2)

167

(0.5)

(20.6) 16,596

(5.1)

1,907

(0.6)

325,483 167,048 (51.3) 72,751

(22.4) 67,181

* Total numbers of children aged 8 years in each surveillance area were obtained from CDC’s National Center for Health Statistics Vintage 2016 Bridged-Race Population
Estimates for July 1, 2014.
† Denominator excludes school districts that were not included in the surveillance area, calculated from National Center for Education Statistics enrollment counts
of third graders during the 2014–2015 school year.
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TABLE 2. Estimated prevalence* of autism spectrum disorder among children aged 8 years, by sex — Autism and Developmental Disabilities
Monitoring Network, 11 sites, United States, 2014
Sex
Total
population

Site

24,952
39,992
41,128
51,161
9,955
9,767
25,333
32,935
30,283
24,940
35,037
325,483

Arizona
Arkansas
Colorado
Georgia
Maryland
Minnesota
Missouri
New Jersey
North Carolina
Tennessee
Wisconsin
All sites combined

Overall†

Total no.
with ASD Prevalence
349
522
572
869
199
234
356
964
527
387
494
5,473

14.0
13.1
13.9
17.0
20.0
24.0
14.1
29.3
17.4
15.5
14.1
16.8

Males

Females

95% CI

Prevalence

95% CI

Prevalence

95% CI

Male-to-female
prevalence ratio§

(12.6–15.5)
(12.0–14.2)
(12.8–15.1)
(15.9–18.2)
(17.4–23.0)
(21.1–27.2)
(12.7–15.6)
(27.5–31.2)
(16.0–19.0)
(14.0–17.1)
(12.9–15.4)
(16.4–17.3)

21.1
20.5
21.8
27.9
32.7
39.0
22.2
45.5
28.0
25.3
21.4
26.6

(18.7–23.8)
(18.6–22.5)
(19.9–23.9)
(25.9–30.0)
(28.1–38.2)
(33.8–44.9)
(19.8–25.0)
(42.4–48.9)
(25.5–30.8)
(22.6–28.2)
(19.4–23.7)
(25.8–27.4)

6.6
5.4
5.5
5.7
7.2
8.5
5.6
12.3
6.5
5.4
6.4
6.6

(5.3–8.2)
(4.5–6.5)
(4.6–6.7)
(4.8–6.7)
(5.2–10.0)
(6.3–11.6)
(4.4–7.0)
(10.7–14.1)
(5.3–7.9)
(4.2–6.9)
(5.3–7.7)
(6.2–7.0)

3.2
3.8
3.9
4.9
4.5
4.6
4.0
3.7
4.3
4.7
3.4
4.0

Abbreviations: ASD = autism spectrum disorder; CI = confidence interval.
* Per 1,000 children aged 8 years.
† All children are included in the total regardless of race or ethnicity.
§ All sites identified significantly higher prevalence among males compared with females (p<0.01).

TABLE 3. Estimated prevalence* of autism spectrum disorder among children aged 8 years, by race/ethnicity — Autism and Developmental
Disabilities Monitoring Network, 11 sites, United States, 2014
Race/Ethnicity
White
Site
Arizona
Arkansas
Colorado
Georgia
Maryland
Minnesota
Missouri
New Jersey
North Carolina
Tennessee
Wisconsin
All sites
combined

Black

Prevalence ratio
Hispanic

Asian/Pacific Islander

Prevalence

95% CI

Prevalence

95% CI

Prevalence

95% CI

Prevalence

95% CI

16.2
13.9
15.0
17.9
19.5
24.3
14.1
30.2
18.6
16.1
15.2
17.2

(14.1–18.6)
(12.6–15.5)
(13.5–16.7)
(16.0–20.2)
(16.0–23.8)
(19.8–29.8)
(12.4–16.0)
(27.4–33.3)
(16.5–20.9)
(14.3–18.2)
(13.6–17.0)
(16.5–17.8)

19.5
10.4
11.4
17.1
16.5
27.2
10.8
26.8
16.1
12.5
11.3
16.0

(13.3–28.6)
(8.3–12.9)
(8.0–16.2)
(15.4–18.9)
(12.7–21.4)
(21.7–34.2)
(8.6–13.6)
(23.3–30.9)
(13.5–19.2)
(9.7–16.0)
(8.9–14.2)
(15.1–16.9)

10.3
8.4
10.6
12.6
15.7
20.9
4.9
29.3
11.9
10.5
12.5
14.0

(8.5–12.5)
(6.2–11.3)
(9.0–12.5)
(10.6–15.0)
(9.1–27.0)
(14.7–29.7)
(2.2–10.9)
(26.2–32.9)
(9.3–15.2)
(7.6–14.7)
(10.0–15.6)
(13.1–14.9)

10.3
14.2
7.9
11.9
13.9
17.8
10.7
19.2
19.1
12.5
10.2
13.5

(5.5–19.1)
(8.1–25.1)
(4.8–12.9)
(8.9–16.1)
(7.5–25.8)
(12.3–25.7)
(5.8–20.0)
(13.9–26.6)
(13.7–26.8)
(6.7–23.3)
(6.1–16.9)
(11.8–15.4)

White-toBlack

White-toHispanic

0.8
1.3†
1.3
1.1
1.2
0.9
1.3†
1.1
1.2
1.3
1.3†
1.1†

1.6§
1.7§
1.4§
1.4§
1.2
1.2
2.9†
1.0
1.6§
1.5†
1.2
1.2§

Black-toHispanic
1.9§
1.2
1.1
1.4§
1.1
1.3
2.2
0.9
1.4†
1.2
0.9
1.1§

Abbreviation: CI = confidence interval.
* Per 1,000 children aged 8 years.
† Pearson chi-square test of prevalence ratio significant at p<0.05.
§ Pearson chi-square test of prevalence ratio significant at p<0.01.
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TABLE 4. Number and percentage of children aged 8 years* identified with autism spectrum disorder who received a comprehensive evaluation
by a qualified professional at age ≤36 months, 37–48 months, or >48 months, and those with a mention of general delay concern by age
36 months — Autism and Developmental Disabilities Monitoring Network, 11 sites, United States, 2014
Mention of
general developmental delay

Earliest age when child received a comprehensive evaluation
≤36 mos
Site
Arizona
Arkansas
Colorado
Georgia
Maryland
Minnesota
Missouri
New Jersey
North Carolina
Tennessee
Wisconsin
All sites combined

No.
87
117
200
240
96
57
88
318
260
80
194
1,737

37–48 mos

>48 mos

≤36 mos

(%)

No.

(%)

No.

(%)

No.

(%)

(34.1)
(30.5)
(46.4)
(37.6)
(56.1)
(33.5)
(32.1)
(40.5)
(66.2)
(34.0)
(47.2)
(41.9)

56
98
66
126
19
36
39
174
42
47
87
790

(22.0)
(25.6)
(15.3)
(19.7)
(11.1)
(21.2)
(14.2)
(22.2)
(10.7)
(20.0)
(21.2)
(19.0)

112
168
165
273
56
77
147
293
91
108
130
1,620

(43.9)
(43.9)
(38.3)
(42.7)
(32.7)
(45.3)
(53.6)
(37.3)
(23.2)
(46.0)
(31.6)
(39.1)

240
354
383
549
158
124
196
645
364
144
368
3,525

(94.1)
(92.4)
(88.9)
(85.9)
(92.4)
(72.9)
(71.5)
(82.2)
(92.6)
(61.3)
(89.5)
(85.0)

* Includes children identified with autism spectrum disorder who were linked to an in-state birth certificate.

TABLE 5. Median age (in months) of earliest known autism spectrum disorder diagnosis and number and proportion within each diagnostic
subtype — Autism and Developmental Disabilities Monitoring Network, 11 sites, United States, 2014
Autistic disorder
Site
Arizona
Arkansas
Colorado
Georgia
Maryland
Minnesota
Missouri
New Jersey
North Carolina
Tennessee
Wisconsin
All sites combined

Median age
55
55
40
46
43
51
54
42
32
51
46
46

ASD/PDD

No.

(%)

Median age

186
269
192
288
52
50
81
227
165
157
143
1,810

(76.2)
(63.0)
(61.7)
(48.1)
(32.3)
(45.9)
(26.7)
(32.7)
(52.5)
(57.1)
(40.2)
(47.7)

61
63
65
56
61
65
55
51
49
63
55
56

Asperger disorder

Any specified ASD diagnosis

No.

(%)

Median age

No.

(%)

Median age

50
129
104
261
104
54
197
428
130
100
189
1,746

(20.5)
(30.2)
(33.4)
(43.6)
(64.6)
(49.5)
(65.0)
(61.6)
(41.4)
(36.4)
(53.1)
(46.0)

74
75
61
65
65
62
65
66
67
60
67
67

8
29
15
50
5
5
25
40
19
18
24
238

(3.3)
(6.8)
(4.8)
(8.3)
(3.1)
(4.6)
(8.3)
(5.8)
(6.1)
(6.5)
(6.7)
(6.3)

56
59
51
53
52
56
56
48
40
56
51
52

No.
244
427
311
599
161
109
303
695
314
275
356
3,794

(%)
(69.9)
(81.8)
(54.4)
(68.9)
(80.9)
(46.6)
(85.1)
(72.1)
(59.6)
(71.1)
(72.1)
(69.3)

Abbreviations: ASD = autism spectrum disorder; PDD = pervasive developmental disorder–not otherwise specified.
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TABLE 6. Number and percentage of children aged 8 years identified with autism spectrum disorder with available special education records,
by primary special education eligibility category* — Autism and Developmental Disabilities Monitoring Network, 10 sites, United States, 2014
Characteristic
Total no. of ASD cases
Total no. (%) of ASD cases with
special education records
Primary exceptionality (%)
Autism
Emotional disturbance
Specific learning disability
Speech or language impairment
Hearing or visual impairment
Health, physical or other disability
Multiple disabilities
Intellectual disability
Developmental delay/Preschool

Arizona

Arkansas

Colorado

Georgia

Maryland Minnesota New Jersey North Carolina Tennessee Wisconsin

349
522
572
869
199
234
964
308 (88.3) 327† (—§) 139† (—§) 708 (81.5) 149 (74.9) 188 (80.3) 822 (85.3)

64.9
2.9
6.8
5.5
0
6.8
0.3
3.2
9.4

65.4
0.9
3.7
8.9
0.3
13.5
3.4
4.0
0

43.9
7.2
13.7
10.8
0
14.4
5.0
4.3
0.7

58.9
2.0
4.0
1.0
0.1
3.5
0
2.0
28.5

67.1
2.7
12.8
3.4
0
8.1
4.0
2.0
0

67.0
3.7
1.1
2.7
1.1
15.4
1.6
6.9
0.5

48.4
1.6
8.2
13.7
0.6
18.5
6.7
1.7
0.6

527
420 (79.7)

387
494
218† (—§) 156† (—§)

75.0
2.6
2.9
2.4
0.5
11.2
1.7
2.4
1.4

79.8
0.5
0.9
3.2
0
3.2
0
2.8
9.6

36.5
5.8
2.6
20.5
0.6
14.7
0
0.6
18.6

Abbreviation: ASD = autism spectrum disorder.
* Some state-specific categories were recoded or combined to match current U.S. Department of Education categories.
† Excludes children residing in school districts where educational records were not reviewed (proportion of surveillance population: 31% Arkansas, 67% Colorado,
12% Tennessee, 74% Wisconsin).
§ Proportion not reported because numerator is not comparable to other sites (excludes children residing in school districts where educational records were
not reviewed).
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TABLE 7. Number* and percentage of children aged 8 years, by race/ethnicity and site in the DSM-5 Surveillance Area — Autism and
Developmental Disabilities Monitoring Network, 11 sites, United States, 2014
Total

White,
non-Hispanic

No.

No.

9,478

5,340

(56.3)

University of
39,992 26,103
Arkansas for
Medical Sciences
Colorado
Colorado
1 county in
8,022
2,603
Department
metropolitan Denver
of Public Health
and Environment
Georgia
CDC
5 counties including
51,161 15,495
metropolitan Atlanta
Maryland
Johns Hopkins
1 county in
9,955
4,977
University
metropolitan
Baltimore
Minnesota
University of
Parts of 2 counties
9,767
3,793
Minnesota
including
Minneapolis–St. Paul†
Missouri
Washington
1 county in
12,205
7,186
University
metropolitan St.
Louis
New Jersey
Rutgers University 4 counties including
32,935 13,593
metropolitan Newark
North Carolina University of
6 counties in central
30,283 15,241
North Carolina–
North Carolina
Chapel Hill
Tennessee
Vanderbilt
11 counties in middle
24,940 15,867
University
Tennessee
Medical Center
Wisconsin
University of
10 counties in
35,037 20,732
Wisconsin–
southeastern
Madison
Wisconsin
All sites combined
263,775 130,930

Site
Arizona
Arkansas

Site institution
University of
Arizona

Surveillance area
Part of 1 county in
metropolitan
Phoenix†
All 75 counties in
Arkansas

(%)

Black,
non-Hispanic
No.

Hispanic

(%)

No.

(%)

321

(3.4)

3,244

(34.2)

(65.3)

7,705

(19.3)

5,012

(32.4)

1,018

(12.7)

(30.3) 22,042
(50.0)

Asian or
American Indian or
Pacific Islander,
Alaska Native,
non-Hispanic
non-Hispanic
(%)

No.

(%)

296

(3.1)

277

(2.9)

(12.5)

843

(2.1)

329

(0.8)

4,019

(50.1)

322

(4.0)

60

(0.7)

(43.1)

9,913

(19.4)

3,599

(7.0)

112

(0.2)

3,399

(34.1)

829

(8.3)

719

(7.2)

31

(0.3)

(38.8)

2,719

(27.8)

1,486

(15.2)

1,576 (16.1)

193

(2.0)

(58.9)

3,793

(31.1)

561

(4.6)

626

(5.1)

39

(0.3)

(41.3)

7,166

(21.8) 10,226

(31.0)

1,874

(5.7)

76

(0.2)

(50.3)

7,701

(25.4)

5,463

(18.0)

1,778

(5.9)

100

(0.3)

(63.6)

4,896

(19.6)

3,324

(13.3)

799

(3.2)

54

(0.2)

(59.2)

6,486

(18.5)

6,181

(17.6)

1,471

(4.2)

167

(0.5)

(19.1) 13,903

(5.3)

1,438

(0.5)

(49.6) 67,246

(25.5) 50,258

No.

Abbreviation: DSM-5 = Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition.
* Total numbers of children aged 8 years in each surveillance area were obtained from CDC’s National Center for Health Statistics Vintage 2016 Bridged-Race Population
Estimates for July 1, 2014.
† Denominator excludes school districts that were not included in the surveillance area, calculated from National Center for Education Statistics enrollment counts
of third graders during the 2014–2015 school year.
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TABLE 8. Number and percentage of children meeting DSM-IV-TR and/or DSM-5 surveillance case definition — Autism and Developmental
Disabilities Monitoring Network, 11 sites, United States, 2014
Met DSM-IV-TR
or DSM-5
Site
Arizona
Arkansas
Colorado
Georgia
Maryland
Minnesota
Missouri
New Jersey
North Carolina
Tennessee
Wisconsin
All sites combined

Met both DSM-IV-TR
and DSM-5

No.

No.

179
560
116
937
207
254
209
995
532
408
523
4,920

Met DSM-IV-TR only

(%)

143
514
92
790
187
200
179
842
493
348
448
4,236

(79.9)
(91.8)
(79.3)
(84.3)
(90.3)
(78.7)
(85.6)
(84.6)
(92.7)
(85.3)
(85.7)
(86.1)

Met DSM-5 only

DSM-IV-TR vs. DSM-5

No.

(%)

No.

(%)

Ratio

Kappa

17
8
19
79
12
34
12
122
34
39
46
422

(9.5)
(1.4)
(16.4)
(8.4)
(5.8)
(13.4)
(5.7)
(12.3)
(6.4)
(9.6)
(8.8)
(8.6)

19
38
5
68
8
20
18
31
5
21
29
262

(10.6)
(6.8)
(4.3)
(7.3)
(3.9)
(7.9)
(8.6)
(3.1)
(0.9)
(5.1)
(5.5)
(5.3)

0.99
0.95
1.14
1.01
1.02
1.06
0.97
1.10
1.06
1.05
1.04
1.04

0.83
0.92
0.79
0.83
0.89
0.79
0.74
0.85
0.93
0.72
0.83
0.85

Abbreviations: DSM-5 = Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition; DSM-IV-TR = Diagnostic and Statistical Manual of Mental Disorders, Fourth
Edition, Text Revision.

TABLE 9. Characteristics of children meeting DSM-IV-TR and/or DSM-5 surveillance case definition — Autism and Developmental Disabilities
Monitoring Network, 11 sites, United States, 2014
Met DSM-IV-TR
or DSM-5

Met both DSM-IV-TR
and DSM-5

Met DSM-IV-TR only

Met DSM-5 only

DSM-IV-TR vs. DSM-5

Characteristic

No.

No.

(%)

No.

(%)

No.

(%)

Ratio

Kappa

Met ASD case definition under
DSM-IV-TR and/or DSM-5
Male
Female
White, non-Hispanic
Black, non-Hispanic
Hispanic, regardless of race
Asian/Pacific Islander,
non-Hispanic
≤36 months
37–48 months
>48 months
Autism special education
eligibility†
ASD diagnostic statement§
Earliest ASD diagnosis
≤36 months
Earliest ASD diagnosis autistic
disorder
Earliest ASD diagnosis PDD-NOS/
ASD-NOS
Earliest ASD diagnosis Asperger
disorder
No previous ASD diagnosis or
eligibility on record
Intellectual disability (IQ ≤70)
Borderline range (IQ 71–85)
Average or above average
(IQ >85)

4,920

4,236

(86.1)

422

(8.6)

262

(5.3)

1.04

0.85

3,978
942
2,486
1,184
817
207

3,452
784
2,159
994
695
188

(86.8)
(83.2)
(86.8)
(84.0)
(85.1)
(90.8)

316
106
193
109
91
14

(7.9)
(11.3)
(7.8)
(9.2)
(11.1)
(6.8)

210
52
134
81
31
5

(5.3)
(5.5)
(5.4)
(6.8)
(3.8)
(2.4)

1.03
1.06
1.03
1.03
1.08
1.05

0.85
0.85
0.85
0.84
0.86
0.88

1,509
723
1,503
2,270

1,372
640
1,195
2,156

(90.9)
(88.5)
(79.5)
(95.0)

115
61
154
35

(7.6)
(8.4)
(10.2)
(1.5)

22
22
154
79

(1.5)
(3.0)
(10.2)
(3.5)

1.07
1.06
1.00
0.98

0.89
0.86
0.81
0.57

951

936

(98.4)

0

(0)

15

(1.6)

0.98

0.71

1,577

1,526

(96.8)

0

(0)

51

(3.2)

0.97

0.50

1,564

1,525

(97.5)

0

(0)

39

(2.5)

0.98

0.72

221

210

(95.0)

0

(0)

11

(5.0)

0.95

0.72

950

484

(50.9)

369

(38.8)

97

(10.2)

1.47

0.62

1,191
881
1,620

1,089
778
1,391

(91.4)
(88.3)
(85.9)

67
74
143

(5.6)
(8.4)
(8.8)

35
29
86

(2.9)
(3.3)
(5.3)

1.03
1.06
1.04

0.89
0.88
0.86

Abbreviations: ASD = autism spectrum disorder; DSM-5 = Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition; DSM-IV-TR = Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition, Text Revision; PDD-NOS = pervasive developmental disorder–not otherwise specified.
* Includes children identified with ASD who were linked to an in-state birth certificate.
† Includes children with autism as the Primary Exceptionality (Table 6) as well as children documented to meet eligibility criteria for autism special education services.
§ An ASD diagnosis documented in abstracted comprehensive evaluations, including DSM-IV-TR diagnosis of autistic disorder, PDD-NOS or Asperger disorder qualifies
a child as meeting the DSM-5 surveillance case definition for ASD.
¶ Includes data from all 11 sites, including those with IQ data available for <70% of confirmed cases.

US Department of Health and Human Services/Centers for Disease Control and Prevention

MMWR / April 27, 2018 / Vol. 67 / No. 6

23

The Morbidity and Mortality Weekly Report (MMWR) Series is prepared by the Centers for Disease Control and Prevention (CDC) and is available free of charge
in electronic format. To receive an electronic copy each week, visit MMWR’s free subscription page at https://www.cdc.gov/mmwr/mmwrsubscribe.html.
Paper copy subscriptions are available through the Superintendent of Documents, U.S. Government Printing Office, Washington, DC 20402; telephone
202-512-1800.
Readers who have difficulty accessing this PDF file may access the HTML file at https://www.cdc.gov/mmwr/volumes/67/ss/ss6706a1.htm?s_
cid=ss6706a1_w. Address all inquiries about the MMWR Series, including material to be considered for publication, to Executive Editor, MMWR Series,
Mailstop E-90, CDC, 1600 Clifton Rd., N.E., Atlanta, GA 30329-4027 or to mmwrq@cdc.gov.
All material in the MMWR Series is in the public domain and may be used and reprinted without permission; citation as to source, however, is appreciated.
Use of trade names and commercial sources is for identification only and does not imply endorsement by the U.S. Department of Health and Human Services.
References to non-CDC sites on the Internet are provided as a service to MMWR readers and do not constitute or imply endorsement of these organizations
or their programs by CDC or the U.S. Department of Health and Human Services. CDC is not responsible for the content of these sites. URL addresses
listed in MMWR were current as of the date of publication.

ISSN: 1546-0738 (Print)

Question 2
Relevant medical or scientific evidence pertaining to the disease
or condition

Contents

Overview – 3

Autism Spectrum Disorder, National Institute of Mental Health - 4

Overview
Autism Spectrum Disorder (ASD) is a development disorder mostly characterized by differences in :
•
•
•

Social skills
Communication
Behavior

The exact symptoms vary based on where an individual is on the spectrum. Some individuals with ASD
are high functioning and can live very independent lives with little intervention. For some individuals
though ASD is debilitating and they will never lead an independent life.
Treatments include:
•
•

Behavioral Therapies
Pharmaceuticals
o Risperidone – Approved by the FDA to treat irritability in patients with ASD
o Non FDA approved drugs – Physicians sometimes recommend drugs that aren’t
approved to treat autism but are known to help with a symptom.

Overall, treatment of autism focuses largely on therapies, with medication being used only to certain
symptoms which are not present in everyone with ASD. Off-label medication is often used to address
particular symptoms a patient may be experiencing.

Autism
Spectrum
Disorder

What is autism
spectrum disorder?
Autism spectrum disorder (ASD) is a term for a
group of developmental disorders described by:
•

Lasting problems with social communication and
social interaction in different settings

•

Repetitive behaviors and/or not wanting any
change in daily routines

•

Symptoms that begin in early childhood, usually in
the first 2 years of life

•

Symptoms that cause the person to need help in
his or her daily life

The term “spectrum” refers to the wide range of
symptoms, strengths, and levels of impairment that
people with ASD can have. The diagnosis of ASD
now includes these other conditions:
•

Autistic disorder

•

Asperger’s syndrome

•

Pervasive developmental disorder not
otherwise specified

Although ASD begins in early development, it can
last throughout a person’s lifetime.

What are the signs and
symptoms of ASD?
Not all people with ASD will show all of these
behaviors, but most will show several.
People with ASD may:
•

Repeat certain behaviors or have unusual behaviors

•

Have overly focused interests, such as with
moving objects or parts of objects

•

Have a lasting, intense interest in certain topics,
such as numbers, details, or facts

•

Be upset by a slight change in a routine or being
placed in a new or overstimulating setting

•

Make little or inconsistent eye contact

•

Tend to look and listen less to people in
their environment

•

Rarely seek to share their enjoyment of objects or activities by
pointing or showing things to others

•

Respond unusually when others show anger, distress, or affection

•

Fail or be slow to respond to their name or other verbal attempts to
gain their attention

•

Have difficulties with the back and forth of conversations

•

Often talk at length about a favorite subject but won’t allow anyone
else a chance to respond or notice when others react indifferently

•

Repeat words or phrases that they hear, a behavior called echolalia

•

Use words that seem odd, out of place, or have a special
meaning known only to those familiar with that person’s way
of communicating

•

Have facial expressions, movements, and gestures that do not match
what they are saying

•

Have an unusual tone of voice that may sound sing-song or flat and
robot-like

•

Have trouble understanding another person’s point of view, leaving
him or her unable to predict or understand other people’s actions

People with ASD may have other difficulties, such as sensory
sensitivity (being sensitive to light, noise, textures of clothing, or
temperature), sleep pr oblems, digestion problems, and irritability.
People with ASD can also have many strengths and abilities. For
instance, people with ASD may:
•

Have above-average intelligence

•

Be able to learn things in detail and remember information for long
periods of time

•

Be strong visual and auditory learners

•

Excel in math, science, music, and art

NOTICING ASD IN YOUNG CHILDREN
Some babies with ASD may seem different very early in their
development. Others may seem to develop typically until the
second or even third year of life, but then parents start to
see problems. Learn more about developmental milestones
that young children should reach at www.cdc.gov/ncbddd/
actearly/milestones.

How is ASD diagnosed?
Doctors diagnose ASD by looking at a child’s behavior and
development. Young children with ASD can usually be reliably
diagnosed by age 2.
Older children and adolescents should be screened for ASD when a
parent or teacher raises concerns based on observations of the
child’s social, communicative, and play behaviors.
Diagnosing ASD in adults is not easy. In adults, some ASD
symptoms can overlap with symptoms of other mental health
disorders, such as schizophrenia or attention deficit hyperactivity
disorder (ADHD). However, getting a correct diagnosis of ASD as an
adult can help a person understand past difficulties, identify his or
her strengths, and obtain the right kind of help.
Diagnosis in Young Children
Diagnosis in young children is often a two-stage process:
General Developmental Screening During Well-Child Checkups

Every child should receive well-child check-ups with a pediatrician
or an early childhood health care provider. Specific ASD screening
should be done at the 18- and 24-month visits.
Earlier screening might be needed if a child is at high risk for ASD or
developmental problems. Those at high risk include those who:
•

Have a sister, brother, or other family member with ASD

•

Have some ASD behaviors

•

Were born premature, or early, and at a low birth weight

Parents’ experiences and concerns are very important in the
screening process for young children. Sometimes the doctor will
ask parents questions about the child’s behaviors and combine this
information with his or her observations of the child. Read more
about screening instruments at www.cdc.gov/ncbddd/autism/
hcp-screening.html.
Children who show some developmental problems during this
screening process will be referred for another stage of evaluation.
Additional Evaluation

This evaluation is with a team of doctors and other health
professionals with a wide range of specialties who are experienced
in diagnosing ASD. This team may include:
•

A developmental pediatrician—a doctor who has special training in
child development

•

A child psychologist and/or child psychiatrist—a doctor who knows
about brain development and behavior

•

A speech-language pathologist—a health professional who has
special training in communication difficulties

•

Cognitive level or thinking skills

•

Language abilities

•

Age-appropriate skills needed to complete daily
activities independently, such as eating, dressing,
and toileting

Because ASD is a complex disorder that sometimes
occurs along with other illnesses or learning
disorders, the comprehensive evaluation may
include:
•

Blood tests

•

A hearing test

The outcome of the evaluation will result in
recommendations to help plan for treatment.
Diagnosis in Older Children and Adolescents
Older children who begin showing symptoms of
ASD after starting school are often first recognized
and evaluated by the school’s special education
team and can be referred to a health care
professional. Parents may talk with their child’s
pediatrician about their child’s difficulties with
social interaction, including problems with subtle
communication, such as understanding tone of
voice or facial expressions, body language, and
lack of understanding of figures of speech, humor,
or sarcasm. Parents may also find that their child
has trouble forming friendships with peers. At this
point, the pediatrician or a child psychologist or
psychiatrist who has expertise in ASD can screen
the child and refer the family for further evaluation
and treatment.
Diagnosis in Adults
Adults who notice the signs and symptoms of ASD
should talk with a doctor and ask for a referral for
an ASD evaluation. While testing for ASD in adults is
still being refined, adults can be referred to a
psychologist or psychiatrist with ASD expertise. The
expert will ask about concerns, such as social
interaction and communication challenges, sensory
issues, repetitive behaviors, and restricted
interests. Information about the adult’s
developmental history will help in making an
accurate diagnosis, so an ASD evaluation may
include talking with parents or other family members.

Learn the signs and ask for help if you’re concerned.

The evaluation may assess:

What are the treatments for ASD?
Treating ASD early and getting proper care can reduce a
person’s difficulties and increase his or her ability to maximize
strengths and learn new skills. While there is no single best
treatment for ASD, working closely with the doctor is an
important part of finding the right treatment program.
Medications
There are a few classes of medications that doctors may use to
treat some difficulties that are common with ASD. With
medication, a person with ASD may have fewer problems with:
•

Irritability

•

Aggression

•

Repetitive behaviors

•

Hyperactivity

•

Attention problems

•

Anxiety and depression

Read more about the latest news and information on
medication warnings, patient medication guides, or newly
approved medications at the Food and Drug Administration’s
(FDA) website at www.fda.gov.

Who is affected by ASD?
ASD affects many people, and it has become more commonly
diagnosed in recent years. More boys than girls receive an
ASD diagnosis.

What causes ASD?
Scientists don’t know the exact causes of ASD, but research
suggests that genes and environment play important roles.
•

Researchers are starting to identify genes that may increase the risk
for ASD.

•

ASD occurs more often in people who have certain genetic
conditions, such as Fragile X syndrome or tuberous sclerosis.

•

Many researchers are focusing on how genes interact with each
other and with environmental factors, such as family medical
conditions, parental age and other demographic factors, and
complications during birth or pregnancy.

•

Currently, no scientific studies have linked ASD and vaccines.

Where can I find more information?
To learn more about ASD, visit:
Centers for Disease Control and Prevention
http://www.cdc.gov/ncbddd/autism
Eunice Kennedy Shriver National Institute of Child Health and
Human Development (NICHD)
http://www.nichd.nih.gov/health/topics/autism/Pages/default.aspx
MedlinePlus (National Library of Medicine)
https://medlineplus.gov
(En Espanol: http://medlineplus.gov/spanish)
National Institute on Deafness and Other Communication
Disorders (NIDCD)
http://www.nidcd.nih.gov/funding/programs/vsl/pages/autism.aspx
National Institute of Neurological Disorders and Stroke (NINDS)
http://www.ninds.nih.gov/disorders/autism/autism.htm
For information on clinical trials, visit:
ClinicalTrials.gov: http://www.clinicaltrials.gov

For more information on conditions that affect mental
health, resources, and research, go to MentalHealth.gov
at http://www.mentalhealth.gov, the NIMH website at
http://www.nimh.nih.gov, or contact us at:
National Institute of Mental Health
Office of Science Policy, Planning, and Communications
Science Writing, Press, and Dissemination Branch
6001 Executive Boulevard
Room 6200, MSC 9663
Bethesda, MD 20892-9663
Phone: 301-443-4513 or 1-866-615-NIMH (6464) toll-free
TTY: 301-443-8431 or 1-866-415-8051 toll-free
Fax: 301-443-4279
Email: nimhinfo@nih.gov
Website: http://www.nimh.nih.gov

National Institute
of Mental Health

U.S. Department of Health and Human Services
National Institutes of Health
National Institute of Mental Health
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Question 3
Consideration of whether conventional medical therapies are
insufficient to treat or alleviate the disease or condition
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Overview
Autism Spectrum Disorder (ASD) is a behavioral disorder that has a wide range of impacts on patients.
Traditional treatment options are largely limited to behavioral therapy.
Very few pharmaceuticals are FDA approved for the treatment of autism. Those that are, are limited to
treating a narrow range of symptoms and not the condition itself. Most pharmaceuticals used in the
treatment of autism are “off-label” meaning they are approved for related conditions, but the physician
believes it could help a patient with ASD.
Evidence shows that behavioral therapy can be effective in treating those with mild to moderate ASD,
but additional treatment options are needed for those with severe ASD or who exhibit certain
symptoms.
Attached are two publication which seek to address current treatment options for ASD:
Comparative Effectiveness of Therapies for Children With Autism Spectrum Disorder – This publication
reviews various behavior therapies and concludes that several are effective, particularly when
introduced in early age, but for many this is insufficient evidence.

Medication Treatment for Autism – This publication seeks to provide clarity around what medications
are used to treat symptoms of autism.

Clinician Research Summary
Developmental Delays

Autism Spectrum Disorder

Comparative Effectiveness of Therapies for Children With Autism
Spectrum Disorder
Key Clinical Issue
What evidence is available regarding the effectiveness, benefits, and harms of therapies used to address the core and
associated symptoms seen among children up to age 12 with autism spectrum disorder?

Background Information
Autism spectrum disorder (ASD) is a neurodevelopmental
disorder. Approximately 1 in every 68 children in the United
States has been diagnosed with ASD. Treatments for ASD
focus on improving core deficits in social communication,
addressing challenging behaviors, treating commonly
associated difficulties (e.g., anxiety, attention difficulties,
sensory difficulties), promoting functional independence,
and improving quality of life. Individual goals for treatment
vary by child, and a combination of therapies is used to
achieve these goals. Treatment choice may be influenced by
availability, time commitment required for the family, child
characteristics such as cognitive skills and age, and costs.

Conclusions
Efforts toward early intervention for ASD have been
encouraging. Research evidence on the effectiveness of
therapies for ASD has shown promise in some areas, but
since this is a young field, these results need to be replicated
and expanded. There is good evidence to support the use of
cognitive behavioral therapy to treat anxiety in school-aged
children without cognitive or language delays. Moderate
evidence exists that child-focused early intensive behavioral
interventions can improve cognitive and language outcomes
in young children. There is some evidence to guide choices
among medical interventions for challenging and repetitive
behaviors. There is low evidence to support parent-focused
and social skills interventions. For many other interventions,
the evidence is insufficient to permit an estimate of their
benefits or harms. This does not mean that these interventions
are not associated with benefits or harms but that further
study is required. Evidence suggests that there are undefined
subgroups of children for whom early and intensive
behavioral interventions may elicit robust gains while others
may not demonstrate marked improvement.

Clinical Bottom Line
Behavioral Interventions
 Cognitive behavioral therapy reduces anxiety symptoms in schoolaged children with average IQ and language skills. 
 Child-focused early intensive behavioral and developmental
interventions such as the UCLA/Lovaas Model and the Early Start
Denver Model can improve cognitive and language outcomes for
some children. 
 Play- and interaction-based interventions improve joint attention
skills in young children, who were also typically receiving early
intervention. 
 Parent-focused early intensive behavioral interventions may
improve language skills for some children. 
 Social skills interventions may yield short-term improvements
in social interactions and emotion recognition for school-aged
children with average reasoning and language skills. 

Medical Interventions
Benefits
 Aripiprazole () and risperidone () reduce challenging
and repetitive behaviors when compared with placebo.
 Secretin does not improve language, cognition, behavior,
communication, autism symptom severity, or socialization. 
 The evidence is insufficient to understand the effectiveness and
benefits from all other medical interventions, including serotoninreuptake inhibitors and stimulant medications. 
Harms
 Aripiprazole and risperidone are associated with significant weight
gain, sedation, and extrapyramidal effects. 
 The evidence is insufficient to understand the adverse events from
all other medical interventions, including serotonin-reuptake
inhibitors and stimulant medications. 

Other Interventions
 The evidence is insufficient to understand the effectiveness, benefits,
or adverse events from any educational intervention. 
 The evidence is insufficient to understand the effectiveness, benefits,
or adverse events from any allied health or complementary and
alternative medicine (CAM) intervention. 

Confidence Scale
High: 
		
		
Moderate: 
		
Low: 
		
Insufficient: 
		

There are consistent results from good-quality
studies. Further research is very unlikely to
change the conclusions.
Findings are supported, but further research
could change the conclusions.
There are very few studies, or existing studies
are flawed.
Signifies that evidence is either unavailable or
does not permit estimation of an effect.

Literature Review Methods

What To Discuss With Your Patients

The 2011 systematic review of research included 159 articles
written in English and published from 2000 through
May 2010. In 2014, the review was updated to include an
additional 65 studies on behavioral interventions. Studies
involved children up to age 12 with ASD or ages 0–2 years at
risk for diagnosis of ASD. All forms of treatment and study
designs, with the exception of individual case reports, were
reviewed. Studies of behavioral, educational, CAM, and
allied health interventions with fewer than 10 subjects were
excluded, as were studies of medical interventions with fewer
than 30 subjects. A list of included and excluded articles is in
the full report.







Note Regarding Possible Harms

Resource for Patients

Other than for risperidone and aripiprazole, there was not
enough evidence to estimate the severity and frequency
of potential adverse events associated with any of the
interventions. According to the United States Food and Drug
Administration, there are serious safety issues associated
with the use of chelation products. Even when used under
medical supervision, these products can cause serious harm,
including dehydration, kidney failure, and death.

Therapies for Children With Autism Spectrum Disorder, A
Review of the Research for Parents and Caregivers is a free
companion to this clinician guide. It can help parents and
caregivers talk with their health care professionals about
treatment options. It provides information about:
 Types of programs and therapies available to children with
ASD.
 Available evidence on each program
or therapy.
 What to ask when planning therapies
and programs for ASD.

Gaps in Knowledge
There are no or few studies that describe the following:
 Direct comparisons of the effects of different treatment
approaches (e.g., direct comparison of the UCLA/Lovaas
Model and the Early Start Denver Model), and their
practical effectiveness or feasibility beyond research
studies.
 Which children are likely to benefit from particular
interventions.
 Generalization of treatment effects to contexts outside
of the treatment context (e.g., settings), components of
multicomponent therapies that drive effectiveness, and
predictors of treatment success.
 Which specific treatment approaches to use in children
under 2 years of age who are at high risk of developing
ASD based on behavioral, medical, or genetic risk factors.
 Whether there are any harms associated with behavioral,
educational, allied health, or CAM interventions.

Future Research Needs
 Continuing improvements in methodological rigor in the
field, including:
ĂĂ Consistent use of standardized, validated outcome
measure(s) for each target of therapy.
ĂĂ Thorough descriptions of study participants and
interventions.
 Large, publicly funded, multisite studies of existing
interventions across all treatment types and studies with
extended followup times.
 Research on medical interventions for which no research
has been conducted and on atypical antipsychotics that
may be less associated with adverse events than are
risperidone and aripiprazole.

Types of therapies and specialists to consider.
Treatment goals and realistic expectations.
Timing of interventions.
Side effects of medications and longevity of side effects.
Daily routine, impact on the family, and the psychological
needs of the child and the family.
 Support groups, local services, and sources of trusted
information.
 Experience of the treatment team in working with children
with ASD.
 Re-evaluating potential treatments as research evolves.

Ordering Information
For electronic copies of Therapies for
Children With Autism Spectrum Disorder,
A Review of the Research for Parents
and Caregivers (AHRQ Pub. No.14EHC036-A), this clinician guide, and the full systematic
review, visit www.effectivehealthcare.ahrq.gov. To order free
print copies, call the AHRQ Publications Clearinghouse at
800-358-9295.

Source
The information in this summary is based on two Comparative
Effectiveness Reviews (CERs) prepared by the Vanderbilt
Evidence-based Practice Center for the Agency for Healthcare
Research and Quality (AHRQ): Comparative Effectiveness
of Therapies for Children With Autism Spectrum Disorders,
CER No. 26, prepared under Contract No. 290-2007-10065-I,
April 2011; and Therapies for Children with Autism Spectrum
Disorder: Behavioral Interventions Update, CER No. 137,
prepared under Contract No. 290-2012-00009-I, August 2014.
Available at: www.effectivehealthcare.ahrq.gov/autism1.cfm.
This summary was prepared by the John M. Eisenberg Center
for Clinical Decisions and Communications Science at Baylor
College of Medicine, Houston, TX, and updated by AHRQ.

AHRQ Pub No.14-EHC036-3
Replaces AHRQ Pub. No. 11-EHC029-3
September 2014
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Medication Treatment for Autism
Currently, there is no medication that can cure autism spectrum disorder (ASD) or all of its
symptoms. But some medications can help treat certain symptoms associated with ASD,
especially certain behaviors.
NICHD does not endorse or support the use of any medications not approved by the FDA
for treating symptoms of autism or other conditions.
Health care providers often use medications to deal with a speci c behavior, such as to
reduce self-injury or aggression. Minimizing a symptom so that it is no longer a problem
allows the person with autism to focus on other things, including learning and
communication. Research shows that medication is most e ective when used in
combination with behavioral therapies.1
In 2006, the U.S. Food and Drug Administration (FDA) approved the drug risperidone
(pronounced rih-SPERR-ih-dohn) for treating irritability in children with autism who are
between 5 years and 16 years of age.2 Risperidone is currently the only FDA-approved drug
for the treatment of speci c autism symptoms.
Other drugs are often used to help improve symptoms of autism, but they are not
approved by the FDA for this speci c purpose. Some medications on this list are not
approved for those younger than 18 years of age. Please consult the FDA for complete
information on the medications listed below.
All medications carry risks, some of them serious. Families should work closely with their
children's health care providers to ensure safe use of any medication.3
Selective serotonin re-uptake inhibitors (SSRIs)
(http://www.fda.gov/Drugs/DrugSafety/InformationbyDrugClass/ucm283587.htm)
This group of antidepressants treats some problems that result from imbalances in
the body's chemical systems.
SSRIs might reduce the frequency and intensity of repetitive behaviors; decrease
anxiety, irritability, tantrums, and aggressive behavior; and improve eye contact.
Tricyclics
These medications are another type of antidepressant used to treat depression and
obsessive-compulsive behaviors.
These drugs seem to cause more minor side e ects than do SSRIs. They are
sometimes more e ective than SSRIs for treating certain people and certain
symptoms.
Psychoactive or anti-psychotic medications
These types of medications a ect the brain of the person taking them. The antipsychotic drug risperidone is approved for reducing irritability in 5-to-16-year-olds
https://www.nichd.nih.gov/health/topics/autism/conditioninfo/treatments/medication-treatment
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with autism.
These medications can decrease hyperactivity, reduce stereotyped behaviors, and
minimize withdrawal and aggression among people with autism.
Stimulants
This group of medications can help to increase focus and decrease hyperactivity in
people with autism. They are particularly helpful for those with mild ASD symptoms.
Anti-anxiety medications
This group of medications can help relieve anxiety and panic disorders, which are
often associated with ASD.
Anticonvulsants
These medications treat seizures and seizure disorders, such as epilepsy. (Seizures
are attacks of jerking or staring and seeming frozen.)
Almost one-third of people with autism symptoms have seizures or seizure
disorders.
Autism Speaks, one of the leading autism science and family support organizations in the
United States, o ers a tool to help parents and caregivers make informed decisions about
medication. Visit http://www.autismspeaks.org/science/resources-programs/autismtreatment-network/tools-you-can-use/medication-guide
(http://www.autismspeaks.org/science/resources-programs/autism-treatmentnetwork/tools-you-can-use/medication-guide) (/Pages/external-disclaimer.aspx) for more
information.

Creating a Medication Plan
Health care providers usually prescribe a medication on a trial basis to see if it helps. Some
medications may make symptoms worse at rst or take several weeks to work. Your child's
health care provider may have to try di erent dosages or di erent combinations of
medications to nd the most e ective plan.
Families, caregivers, and health care providers need to work together to make sure that the
medication plan is safe and that all medications have some bene t.
Things to remember about medication:
medication:
Health care providers and families should work together to help ensure safe use of
medication.
Not every medication helps every person with symptoms of autism.
One person with autism might respond to medications di erently than another
person with autism or than people who don't have autism.
Some medications have serious risks involved with their use.

Citations
https://www.nichd.nih.gov/health/topics/autism/conditioninfo/treatments/medication-treatment
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Pediatric Psychopharmacology Autism Network. (2009). Medication and parent training in children with
pervasive developmental disorders and serious behavior problems: Results from a randomized clinical trial.
Journal of the American Academy of Child & Adolescent Psychiatry, 48(12), 1143-1154.
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28, 2011, from https://www.news-medical.net/news/2006/10/08/20437.aspx (https://www.newsmedical.net/news/2006/10/08/20437.aspx) (/Pages/external-disclaimer.aspx)
3. Potenza, M., & McDougle, C. (1997). New ndings on the causes and treatment of autism. CNS Spectrums,
Medical Broadcast Limited.

What are the symptoms of autism?
(/health/topics/autism/conditioninfo/Pages/symptoms.aspx)
When do children usually show symptoms of autism?
(/health/topics/autism/conditioninfo/Pages/symptoms-appear.aspx)
What causes autism? (/health/topics/autism/conditioninfo/Pages/causes.aspx)
How do health care providers diagnose autism?
(/health/topics/autism/conditioninfo/Pages/diagnose.aspx)
What are the treatments for autism?
(/health/topics/autism/conditioninfo/treatments/Pages/default.aspx)

Related A-Z Topics
Fragile X Syndrome (/health/topics/fragilex)
Intellectual and Developmental Disabilities (IDDs) (/health/topics/idds)
Prader-Willi Syndrome (PWS) (/health/topics/prader-willi)

NICHD News and Features
Media Advisory: NICHD chronicles its major research advances of 2018
(/newsroom/news/121918-research-advances-2018)
Spotlight: Selected NICHD Research Advances of 2018 (/newsroom/news/2018-year-inreview-showcase)
https://www.nichd.nih.gov/health/topics/autism/conditioninfo/treatments/medication-treatment

3/4

12/31/2018

Medication Treatment for Autism | NICHD - Eunice Kennedy Shriver National Institute of Child Health and Human Development

Science Update: Folic acid, multivitamins before and during pregnancy may reduce autism
risk, suggests NIH-funded study (/newsroom/news/011518-autism-risk)
All related news (/newsroom/news?topic=autism)

Content Owner O ce of Communications
Last Reviewed Date 1/31/2017

https://www.nichd.nih.gov/health/topics/autism/conditioninfo/treatments/medication-treatment

4/4

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
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Key Findings
Marijuana’s schedule I status makes studies on its medical use difficult to conduct. Because of this,
evidence that medical marijuana is effective in treating autism spectrum disorder is more limited than
that of an FDA approved pharmaceutical, but significant evidence of medical marijuana’s effectiveness
can still be seen.

New Evidence
Real life Experience of Medical Cannabis Treatment in Aut ism: Analysis of Safety and
Efficacy
Cannabis as a treatment for autism spectrum disorders patients appears to be well-tolerated, safe and
seemingly effective option to relieve symptoms, mainly: seizures, tics, depression, restlessness and rage
attacks.

Effects of cannabidivarin (CBDV) on brain excitation and inhibition systems in adults with
and without Autism Spectrum Disorder (ASD): a single dose trial during magnetic
resonance spectroscopy
Here we report that CBDV can ‘shift’ subcortical levels of the brain’s primary excitatory metabolite
glutamate (measured as Glx) both in the neurotypical and autistic brain.

Cannabidivarin Treatment Ameliorates Autism -Like Behaviors and Restores Hippocampal
Endocannabinoid System and Glia Alterations Induced by Prenatal Valproic Acid Exposure
in Rats
This study provides preclinical evidence in support of the ability of CBDV to ameliorate behavioral
abnormalities resembling the core and associated symptoms of ASD, a developmental condition for
which no cure is available. Restoration of hippocampal endocannabinoid signaling and
neuroinflammation are likely to contribute to CBDV’s beneficial effects toward ASD-like phenotypes
induced by prenatal VPA exposure.

Previously Submitted Evidence
The in vitro GcMAF effects on endocannabinoid system transcriptionomics, receptor
formation, and cell activity o f autism-derived macrophages

This study presents the first observations of GcMAF effects on the transcriptionomics of the
endocannabinoid system and expression of CB2R protein. These data point to a potential nexus
between endocannabinoids, vitamin D and its transporter proteins, and the immune dysregulations
observed with autism.

Evidence for a Common Endocannabinoid -Related Pathomechanism in Autism Spectrum
Disorders
Together with these findings, the data presented by Fo ̈ ldy et al. indicate that further analyses of the
link between endocannabinoid signaling and ASDs may provide valuable insights into the
pathophysiology and potential treatment strategies for ASDs.

Cannabinoid Receptor Type 2, but not Type 1, is Up -Regulated in Peripheral Blood
Mononuclear Cells of Children Affected by Autistic Disorders
In conclusion, to our knowledge, this is the first study demonstrating an endocannabinoid-CB2 signalling
dysregulation in autism, implying the endocannabinoid system may represent a new treatment
opportunity for autism pharmacotherapy.

Consequences of Cannabinoid and Monoaminergic System Disruption in a Mouse Model
of Autism Spectrum Disorders
While autism may be uniquely human, we have investigated the consequences of cannabinoid and
monoaminergic system disruption in the BTBR T+tf/J mice that have been shown to exhibit autism-like
behavioral phenotypes. We report that the BTBR mice exhibited an enhanced basal spontaneous
locomotor behavior in the spontaneous wheel running (SWR) test, a measure of locomotor activity, that
was reduced by the prototypic cannabinoid, 9-THC.

Can autism be triggered by acetaminophen activation of the endocannabinoid system?
The purpose of this report was to explore a possible correlation between acetaminophen and autism
which acts through activation of the cannabinoid system. If this hypothesis is correct, it opens new
avenues of investigation for possible autism treatment including agonists and antagonists of the CB1
and CB2 receptors.

Variation in the human cannabinoid receptor CNR1 gene modulates gaze duration for
happy faces
These results suggest that CNR1 variations modulate the striatal function that underlies the perception
of signals of social reward, such as happy faces. This suggests that CNR1 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.

An Open Label Study of the Use of Dronabinol (Marinol) in the Management of
Treatment-Resistant Self-Injurious Behavior in 10 Retarded Adolescent Patients
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.

Use of dronabinol (delta-9-THC) in autism: A prospective single -case-study with an early
infantile autistic child
This study showed that the use of dronabinol may be able to reduce the symptoms of autism.

Brief Report: Cannabidiol-Rich Cannabis in Children with Autism Spectrum Disorder and
Severe Behavioral Problems—A Retrospective Feasibility Study
This is the first report on the impact of CBD-rich medical cannabis in children with ASD. Specifically,
following the cannabis treatment, behavioral outbreaks were much improved or very much improved in
61% of patients.

Oral cannabis extracts as a promising treatment for the core symptoms of autism
spectrum disorder: Preliminary experience in Chilean patients
In this small series of ASD patients, oral cannabis extracts were dramatically more effective than
conventional medicines.
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Real life Experience of Medical
Cannabis Treatment in Autism:
Analysis of Safety and Efficacy
Lihi Bar-Lev Schleider
Victor Novack1
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, Raphael Mechoulam3, Naama Saban2, Gal Meiri4,5 &

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

12.9 (7.0)

Gender (male), No. (%)

154 (81.9)

Mean body mass index (SD)

29.0 (5.3)

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

19 (10.1)

Comorbidities:
Epilepsy, No. (%)

27 (14.4)

Attention Deficit Hyperactivity Disorder, No. (%)

7 (3.7)

Tourette syndrome, No. (%)

4 (2.1)

Celiac Disease, No. (%)

3 (1.6)

Anxiety Disorder, No. (%)

3 (1.6)

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

Change at six months
Intake prevalence
Total (188)

Symptom
disappeared

Improvement

No change or
deterioration

Restlessness, No. (%)

170 (90.4)

1 (1.2)

71 (89.8)

7 (8.8)

Rage attacks, No. (%)

150 (79.8)

1 (1.3)

65 (89.0)

7 (9.5)

Agitation, No. (%)

148 (78.7)

1 (1.4)

57 (83.8)

10 (14.7)

Sleep problems, No. (%)

113 (60.1)

9 (19.5)

27 (58.6)

10 (21.7)

Speech Impairment, No. (%)

113 (60.1)

—

15 (30)

35 (70)

Cognitive impairment, No. (%)

91 (48.4)

—

15 (27.2)

40 (72.7)

Anxiety, No. (%)

69 (36.7)

—

24 (88.8)

3 (11.1)

Incontinence, No. (%)

51 (27.1)

2 (9.0)

7 (31.8)

13 (59.0)

Seizures, No. (%)

23 (12.2)

2 (15.3)

11 (84.6)

—

Limited Mobility, No. (%)

17 (9.0)

2 (18.1)

—

9 (81.8)

Constipation, No. (%)

15 (8.0)

1 (12.5)

6 (62.5)

2 (25)

Tics, No. (%)

15 (8.0)

1 (20.0)

4 (80.0)

—

Digestion Problems, No. (%)

14 (7.4)

1 (12.5)

5 (62.5)

2 (25.0)

Increased Appetite, No. (%)

14 (7.4)

1 (33.3)

1 (33.3)

1 (33.3)

Lack of Appetite, No. (%)

14 (7.4)

2 (40.0)

1 (20.0)

2 (40.0)

Depression, No. (%)

10 (5.3)

—

5 (100.0)

—

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

Results

Patient population.

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

Follow-up, one month. After one month, out of 188 patients, 8 (4.2%) stopped treatment, 1 (0.5%) switched
to a different cannabis supplier, and 179 patients (94.6%) continued active treatment (Fig. 1). Of the latter group,
119 (66.4%) responded to the questionnaire with 58 patients (48.7%) reporting significant improvement, 37
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Screening 207

Intake

One-month follow-up

Six-month follow-up

119 responded

93 responded

188 in
treatment and
responded

- 17 Transferred
from a different
supplier
- 2 refused
treatment

1 switched
supplier

- 8 stopped
treatment

179 ongoing
treatment

155 ongoing
treatment

9 switched
supplier

- 15 stopped
treatment

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

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

Follow-up, six months.

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

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

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

Medications Use.

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

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

Discussion

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

Eating with Appetite
During

44 (47.3)

p value

Before

During

2 (2.2)

1 (1.1)

2 (2.2)

Moderate difficulty 18 (19.4)

27 (29.0)

No difficulty

28 (30.1)

39 (41.9)

Good

2 (2.2)

15 (16.1)

10 (10.8)

Very Good

1 (1.1)

8 (8.6)

16 (17.2)

<0.001

6 (6.5)

13 (14.0)

59 (63.4)

47 (50.5)

Concentration on daily tasks
p value

Before

During

75 (80.6)

21 (22.6)

Bowel Activity

p value Before

During

3 (3.2)

2 (2.2)

11 (11.8)

41 (44.1)

13 (14.0)

2 (2.2)

11 (11.8)

<0.001 71 (76.3)

16 (17.2)

0

10 (10.8)

5 (5.4)

13 (14.0)

14 (15.1)

0

3 (3.2)

1 (1.1)

4 (4.3)

0.751

p value

17 (18.3)
54 (58.1) 0.242

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

Intake

Change at six months follow-up

Total

Stopped taking
this medication

Antipsychotics, n (%)

55

11 (20)

Antiepileptics, n (%)

46

6 (13)

Medication family

Dosage
decreased

Has not
changed

Dosage
increased

New
medication

3 (5)

41 (75)

0

0

0

35 (76)

2 (4.5)

3 (6.5)

Antidepressants, n (%)

10

3 (30)

0

4 (40)

1 (10)

2 (20)

Hypnotics and sedatives, n (%)

10

2 (20)

1 (10)

7 (70)

0

0

Anxiolytics, n (%)

7

2 (28)

0

5 (72)

0

0

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

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

Methods

Study Population.

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

Treatment Regiment.

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

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

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

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

deviation. Ordinary variables or continuous variables with non-normal distribution were presented as medians
with an interquartile range (IQR). Categorical variables were presented as counts and percent of the total.
We used t-test and paired t-test for the analysis of the continuous variables with normal distribution. The
non-parametric Mann-Whitney U test and paired Wilcoxon test was used whenever parametric assumptions
could not be satisfied.
We utilized logistic regression for the multivariate analysis of factors associated with treatment success. We
have included the following variables into the models based on clinical considerations: age, gender, number
of chronic medications, number of total symptoms, and the three most prevalent symptoms: restlessness, rage
attacks and agitation (as a dichotomous variable- yes/no), as reflected in the intake form.
P value < 0.05 was considered to be statistically significant. All analyses were performed at the Clinical
Research Centre, Soroka University Medical Centre, Beer-Sheva, Israel using IBM SPSS version 22 (SPSS,
Chicago, IL).
SCIeNTIFIC REPorTS |

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

5

www.nature.com/scientificreports/
Declarations. The study was approved by Soroka University Medical Center Ethics Committee (study number: SCRC-0415-15) and the need for informed consent was waived due to the retrospective nature of the data
analysis.

Availability of Data

The data set generated and/or analysed during the current study are not publicly available due to medical confidentiality but are available from the first author on reasonable request summarized form pending the approval
of the IRB.

References

1. Bax, M. Autism. Dev Med Child Neurol 36, 659–660 (1994).
2. Services, C. D. o. D. (California Health and Human Services Agency, Department of Developmental Services Sacramento, 1999).
3. Croen, L. A., Grether, J. K., Hoogstrate, J. & Selvin, S. The changing prevalence of autism in California. Journal of autism and
developmental disorders 32, 207–215 (2002).
4. Boyle, C. A. et al. Trends in the prevalence of developmental disabilities in US children, 1997–2008. Pediatrics 127, 1034–1042
(2011).
5. Lundström, S., Reichenberg, A., Anckarsäter, H., Lichtenstein, P. & Gillberg, C. Autism phenotype versus registered diagnosis in
Swedish children: prevalence trends over 10 years in general population samples. bmj 350, h1961 (2015).
6. Masi, A., DeMayo, M. M., Glozier, N. & Guastella, A. J. An Overview of Autism Spectrum Disorder, Heterogeneity and Treatment
Options. Neuroscience Bulletin 33, 183–193, https://doi.org/10.1007/s12264-017-0100-y (2017).
7. Aran, A., Cassuto, H. & Lubotzky, A. Cannabidiol Based Medical Cannabis in Children with Autism- a Retrospective Feasibility
Study (P3.318). Neurology 90 (2018).
8. Anderson, C. L. et al. Cannabidiol for the treatment of drug-resistant epilepsy in children: current state of research. Journal of
Pediatric Neurology 15, 143–150 (2017).
9. Kurz, R. & Blaas, K. Use of dronabinol (delta-9-THC) in autism: a prospective single-case-study with an early infantile autistic child.
Cannabinoids 5, 4–6 (2010).
10. Kruger, T. & Christophersen, E. An open label study of the use of dronabinol (Marinol) in the management of treatment-resistant
self-injurious behavior in 10 retarded adolescent patients. Journal of Developmental & Behavioral Pediatrics 27, 433 (2006).
11. Maccarrone, M. et al. Abnormal mGlu 5 receptor/endocannabinoid coupling in mice lacking FMRP and BC1 RNA.
Neuropsychopharmacology 35, 1500 (2010).
12. Jung, K.-M. et al. Uncoupling of the endocannabinoid signalling complex in a mouse model of fragile X syndrome. Nature
communications 3, 1080 (2012).
13. Busquets-Garcia, A. et al. Targeting the endocannabinoid system in the treatment of fragile X syndrome. Nature medicine 19, 603
(2013).
14. Liu, Q. R. et al. Species differences in cannabinoid receptor 2 (CNR2 gene): identification of novel human and rodent CB2 isoforms,
differential tissue expression and regulation by cannabinoid receptor ligands. Genes, Brain and Behavior 8, 519–530 (2009).
15. Kerr, D., Downey, L., Conboy, M., Finn, D. & Roche, M. Alterations in the endocannabinoid system in the rat valproic acid model of
autism. Behavioural brain research 249, 124–132 (2013).
16. Wei, D. et al. Endocannabinoid signaling mediates oxytocin-driven social reward. Proceedings of the National Academy of Sciences
112, 14084–14089 (2015).
17. Siniscalco, D. et al. Cannabinoid receptor type 2, but not type 1, is up-regulated in peripheral blood mononuclear cells of children
affected by autistic disorders. Journal of autism and developmental disorders 43, 2686–2695 (2013).
18. Zamberletti, E., Gabaglio, M. & Parolaro, D. The endocannabinoid system and autism spectrum disorders: insights from animal
models. International journal of molecular sciences 18, 1916 (2017).
19. Piomelli, D. The molecular logic of endocannabinoid signalling. Nature Reviews Neuroscience 4, 873 (2003).
20. Colizzi, M., McGuire, P., Pertwee, R. G. & Bhattacharyya, S. Effect of cannabis on glutamate signalling in the brain: A systematic
review of human and animal evidence. Neuroscience & Biobehavioral Reviews 64, 359–381 (2016).
21. Meyer-Lindenberg, A., Domes, G., Kirsch, P. & Heinrichs, M. Oxytocin and vasopressin in the human brain: social neuropeptides
for translational medicine. Nature Reviews Neuroscience 12, 524 (2011).
22. Green, J. J. & Hollander, E. Autism and oxytocin: new developments in translational approaches to therapeutics. Neurotherapeutics
7, 250–257 (2010).
23. Lin, I.-F. et al. The effect of intranasal oxytocin versus placebo treatment on the autonomic responses to human sounds in autism: a
single-blind, randomized, placebo-controlled, crossover design study. Molecular autism 5, 20 (2014).
24. Radbruch, L. & Nauck, F. A review of side effects and complications with cannabinoid treatment. Schmerz (Berlin, Germany) 17,
274–279 (2003).
25. Walsh, D., Nelson, K. A. & Mahmoud, F. Established and potential therapeutic applications of cannabinoids in oncology. Supportive
Care in Cancer 11, 137–143 (2003).
26. Fabre, L. F. & Mclendon, D. The efficacy and safety of nabilone (a synthetic cannabinoid) in the treatment of anxiety. The Journal of
Clinical Pharmacology 21 (1981).
27. Walther, S., Schüpbach, B., Seifritz, E., Homan, P. & Strik, W. Randomized, controlled crossover trial of dronabinol, 2.5 mg, for
agitation in 2 patients with dementia. Journal of clinical psychopharmacology 31, 256–258 (2011).
28. Walther, S., Mahlberg, R., Eichmann, U. & Kunz, D. Delta-9-tetrahydrocannabinol for nighttime agitation in severe dementia.
Psychopharmacology 185, 524–528 (2006).
29. Volicer, L., Stelly, M., Morris, J., McLAUGHLIN, J. & Volicer, B. J. Effects of dronabinol on anorexia and disturbed behavior in
patients with Alzheimer’s disease. International journal of geriatric psychiatry 12, 913–919 (1997).
30. Salzman, C., Kochansky, G. E., Van Der Kolk, B. A. & Shader, R. I. The effect of marijuana on small group process. The American
journal of drug and alcohol abuse 4, 251–255 (1977).
31. Salzman, C., Van der Kolk, B. A. & Shader, R. I. Marijuana and hostility in a small-group setting. The American journal of psychiatry
(1976).
32. Crippa, J. A. S. et al. Neural basis of anxiolytic effects of cannabidiol (CBD) in generalized social anxiety disorder: a preliminary
report. Journal of Psychopharmacology 25, 121–130 (2011).
33. Bergamaschi, M. M. et al. Cannabidiol reduces the anxiety induced by simulated public speaking in treatment-naive social phobia
patients. Neuropsychopharmacology 36, 1219 (2011).
34. Group, W. Development of the World Health Organization WHOQOL-BREF quality of life assessment. Psychological medicine 28,
551–558 (1998).

Acknowledgements

Tikun Olam LTD. supported the study.

SCIeNTIFIC REPorTS |

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

6

www.nature.com/scientificreports/

Author Contributions

L.B.L.S., V.N. and R.M. planned the study; N.S. collected the data, L.B.L.S. and V.N. analysed the data, L.B.L.S.
wrote the manuscript, V.N. and G.M. reviewed and approved the manuscript.

Additional Information

Supplementary information accompanies this paper at https://doi.org/10.1038/s41598-018-37570-y.
Competing Interests: L.B.L.S. and N.S. are employees of Tikun-Olam Ltd. V.N. is a paid member of the Tikun
Olam Ltd. scientific advisory board. R.M. and G.M. have no conflicts of interest pertaining to the current
manuscript.
Publisher’s note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.
Open Access This article is licensed under a Creative Commons Attribution 4.0 International
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as 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 images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
© The Author(s) 2019

SCIeNTIFIC REPorTS |

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

7

Pretzsch et al. Translational Psychiatry (2019)9:313
https://doi.org/10.1038/s41398-019-0654-8

Translational Psychiatry

ARTICLE

Open Access

Effects of cannabidivarin (CBDV) on brain excitation
and inhibition systems in adults with and without
Autism Spectrum Disorder (ASD): a single dose trial
during magnetic resonance spectroscopy

1234567890():,;
1234567890():,;

1234567890():,;
1234567890():,;

Charlotte M Pretzsch1, Bogdan Voinescu 1, David Lythgoe 2, Jamie Horder1, Maria Andreina Mendez1,
Robert Wichers 1, Laura Ajram1, Glynis Ivin3, Martin Heasman3, Richard A. E. Edden4, Steven Williams 2,
Declan G. M. Murphy 1, Eileen Daly1 and Gráinne M. McAlonan1

Abstract
Autism spectrum disorder (ASD) is a high cost neurodevelopmental condition; and there are currently no effective
pharmacological treatments for its core symptoms. This has led some families and researchers to trial alternative
remedies – including the non-intoxicating Cannabis sativa-derived compound cannabidivarin (CBDV). However, how
CBDV affects the human brain is unknown. Previous (pre)clinical evidence suggests that CBDV may modulate brain
excitatory-inhibitory systems, which are implicated in ASD. Hence, our main aim was to test, for the ﬁrst time, if CBDV
shifts glutamate and/or GABA metabolites – markers of the brain’s primary excitatory and inhibitory system - in both
the ‘typical’ and autistic brain. Our subsidiary aim was to determine whether, within ASD, brain responsivity to CBDV
challenge is related to baseline biological phenotype. We tested this using a repeated-measures, double-blind,
randomized-order, cross-over design. We used magnetic resonance spectroscopy (MRS) to compare glutamate (Glx =
glutamate + glutamine) and GABA + (GABA + macromolecules) levels following placebo (baseline) and 600 mg CBDV
in 34 healthy men with (n = 17) and without (n = 17) ASD. Data acquisition from regions previously reliably linked to
ASD (dorsomedial prefrontal cortex, DMPFC; left basal ganglia, BG) commenced 2 h (peak plasma levels) after placebo/
CBDV administration. Where CBDV signiﬁcantly shifted metabolite levels, we examined the relationship of this change
with baseline metabolite levels. Test sessions were at least 13 days apart to ensure CBDV wash-out. CBDV signiﬁcantly
increased Glx in the BG of both groups. However, this impact was not uniform across individuals. In the ASD group,
and not in the typically developing controls, the ‘shift’ in Glx correlated negatively with baseline Glx concentration. In
contrast, CBDV had no signiﬁcant impact on Glx in the DMPFC, or on GABA+ in either voxel in either group. Our
ﬁndings suggest that, as measured by MRS, CBDV modulates the glutamate-GABA system in the BG but not in frontal
regions. Moreover, there is individual variation in response depending on baseline biochemistry. Future studies should
examine the effect of CBDV on behaviour and if the response to an acute dose of CBDV could predict a potential
clinical treatment response in ASD.
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Autism spectrum disorder (ASD) is a complex neurodevelopmental condition estimated to affect up to 1 in 59
individuals1. ASD incurs a high cost. For instance, the
average life expectancy in individuals with high functioning ASD is 12 years shorter than that in so-called
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‘neurotypicals’2. Despite this, there are no effective pharmacological treatments for the core symptoms of ASD.
Researchers are therefore increasingly exploring alternative remedies, such as the non-intoxicating Cannabis
sativa-derived compounds cannabidiol (CBD) and cannabidivarin (CBDV)3,4. For instance, in a recently published study using magnetic resonance spectroscopy
(MRS) we examined, for the ﬁrst time, the effects of CBD
on brain excitatory (E) glutamate and inhibitory (I) γaminobutyric acid (GABA) – given that E-I abnormalities
may be one of the key mechanisms underpinning ASD3.
We found that CBD modulated glutamate-GABA systems
in both ASD and neurotypicals, but that prefrontal GABA
systems responded differently in ASD. Speciﬁcally, CBD
decreased prefrontal GABA levels in ASD but not in
controls. These ﬁndings contributed to increasing evidence that an important effect of therapeutic compounds
derived from Cannabis sativa may be the ‘shifting’ of
brain E-I systems.
There is a growing number of clinical trials of these
compounds, including the ﬁrst trial in ASD, which
investigates the impact of CBDV on irritability in autistic
children (clinicaltrials.gov, identiﬁer: NCT03202303).
Unfortunately, however, most clinical trials which address
‘core’ social and/or repetitive behaviour symptoms of ASD
fail. There are many reasons for this – but principal
among them are that the candidate treatment may not
‘shift’ key mechanisms implicated in the disorder, and/or
that they use an ‘all-comers’ approach (i.e., all patients
meeting a broad set of eligibility criteria are included)5.
This is relevant to ASD, which is a highly heterogeneous
condition, where the response to candidate treatments
may vary between individuals and where no single
approach is likely to succeed for everyone5. A pressing
goal should therefore be to determine objectively how
candidate treatments, such as CBDV, impact upon the
typical and atypical (autistic) brain; and who may be
(biologically) responsive prior to clinical trial. Establishing
an objective marker of biological response or ‘target
engagement’ (e.g., using a marker of brain biochemistry)
may be useful when a change in a biological target is
linked to a change in behaviour. This may improve the
success of drug trials by helping to predict if someone will
respond – or not – to a pharmacological treatment with a
change in behaviour, i.e., it may inform stratiﬁcation
approaches. This has not yet been achieved for CBDV.
We know from preclinical studies that CBDV may act
on several neuroglial targets. Many of these effects are
thought to converge to modulate glutamatergic and
GABAergic pathways. For instance, CBDV binds to several members of the Transient Receptor Potential (TRP)
family, including vanilloid type 1 (TRPV1), vanilloid type
2 (TRPV2), and ankyrin type 1 (TRPA1) receptors6 and,
upon binding, CBDV is thought to activate and rapidly
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desensitize these receptors. TRP receptors are located on
cortical and subcortical excitatory pyramidal cells7, inhibitory interneurons7, and microglia8, including in the
basal ganglia (BG) and the dorsomedial prefrontal cortex
(DMPFC)9–13. Thus, CBDV could potentially modulate
the activity of neurons and glia directly involved in E-I
regulation6 in key cortical and subcortical neural hubs.
This is especially relevant to ASD, where subtle E-I
alterations in several cortical-subcortical circuits14–16,
including in the BG and DMPFC, have been linked to
ASD symptoms17,18. Despite this, no study to date has
examined the effect of CBDV on cortical and/or subcortical glutamate and/or GABA indices in-vivo in neurotypical individuals, let alone those with ASD.
Previous evidence suggests that autistic individuals may
respond atypically to pharmacological challenge. For
instance, in our recent study we discovered that, in the BG
and DMPFC, CBD elicited a similar response in glutamate
systems, but an opposite effect in GABA systems in the
neurotypical compared to the autistic adult brain3. In
addition to this between-group difference, our work has
also revealed that there is response variability to pharmacological challenge within the autistic population3,18.
These ﬁndings raise the question as to whether the biological response to CBDV also varies within the autistic
population; and if so, which phenotypic measures may
help predict treatment response. However, whether biology helps predict a (drug-induced) shift in E-I metabolite
concentrations in ASD remains to be investigated.
Therefore, we examined for the ﬁrst time: (1) the biological impact of CBDV on the typical and autistic brain,
(2) if the response to CBDV is uniform across groups, and
(3) the potential biological (baseline) correlates of
response variability within ASD.
We tested this using a repeated-measures, randomizedorder, placebo-controlled, double-blind, cross-over
design. We compared magnetic resonance spectroscopy
(MRS) measures of Glx (glutamate + glutamine) and
GABA + (GABA+ macromolecules, see Methods) in
adult men with and without a diagnosis of ASD following
a single oral dose of 600 mg CBDV or a matched placebo.
Data were collected from the BG and DMPFC because
these regions have been reliably implicated in ASD, and
alterations in E-I dynamics can be detected in these targets using MRS3,13–18. To explore variability of the drug
response (where CBDV signiﬁcantly shifted metabolite
levels), we examined the relationship of any CBDV
induced shift in metabolite with baseline metabolite levels.

Materials and Methods
Procedure

This research was conducted in accordance with the
Declaration of Helsinki, at the Institute of Psychiatry,
Psychology, and Neuroscience (IoPPN) at De Crespigny
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Park, SE5 8AF, London, UK (August 2016 to August
2018). All our participants provided written informed
consent. Every participant took part in all aspects of this
case-control, placebo-controlled, randomised, doubleblind, repeated-measures, cross-over study. This research
was conducted as part of a larger study into the role of
phytocannabinoids in ASD (ethical approval provided by
the King’s College London Research Ethics Committee,
reference HR15/162744). Although the UK Medicines and
Health Regulatory Authority (MHRA) conﬁrmed that our
experimental design was not a Clinical Trial, for transparency the study was registered on clinicaltrials.gov
(identiﬁer: NCT03537950, entry name: HR15-162744).
Drugs (placebo, PLC; or CBDV) were allocated in a
pseudo-randomised order so that approximately half in
each group attended a placebo visit before CBDV; and half
attended a CBDV visit before placebo. This randomisation
was conducted by Prof. McAlonan using a random
number generator (https://www.random.org/). All participants and researchers directing the study were blinded
to the order of drug/placebo exposure. Participants
attended for two visits, which were separated by a minimum of 13 days to allow for drug wash-out. On each visit,
we collected urine samples to screen for illicit substances
(a full list is included below). Subsequently, participants
underwent a brief health check, received a liquid oral dose
of the pharmacological probe (600 mg of CBDV; in line
with previous single dose studies of non-psychoactive
cannabinoids in adults (e.g., ref. 19) or a matched placebo,
both provided by GW Research Ltd, Cambridge, UK), and
then underwent a second brief health check to test for
potential acute adverse reactions/side effects. Participants
commenced scanning timed to coincide with peak plasma
(2 h) concentration. After the scan, participants underwent a ﬁnal health check to ensure they had experienced
no ill-effects and were ﬁt to leave the department. Participants experienced no ill/unintended effects.
Participants

We excluded all potential participants that had a
comorbid major psychiatric or medical disorder affecting
brain development (e.g. schizophrenia or epilepsy), a
known genetic condition associated with ASD (e.g. Fragile
X syndrome), a history of brain/head injury, a full-scale
intelligence quotient (FSIQ) below 70, or who were reliant
on receiving regular medication known to directly inﬂuence Glx or GABA levels+, such as benzodiazepines.
Participants were asked to refrain from using cannabis
and/or other illicit substances in the month before scanning, and from drinking alcohol on the day before testing.
Data from all individuals that screened positive for illicit
substances in the urine drug screening were excluded. As
a result, we retained data from 34 subjects (17 neurotypicals, 17 individuals with ASD) (see Table 1 for
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demographics). Power analyses suggested that this sample
size was enough to detect a drug-induced 10% change in
Glx (e.g. after ketamine administration20) at a power of 0.8
and a signiﬁcance level of α = 0.05. All autistic participants had a clinical diagnosis of ASD according to ICD10
research criteria21–23, and their severity of symptoms was
conﬁrmed using standardised research diagnostic instruments where appropriate (ADOS Autism Diagnostic
Observation Schedule23; and ADI-R Autism Diagnostic
Interview-Revised22).
Imaging data acquisition

We acquired all our imaging data on a 3 T GE Excite II
magnetic resonance imaging (MRI) scanner (GE Medical
Systems, Milwaukee, WI, USA). Our scanning protocol
included a structural MRI scan acquired using a 3D
inversion recovery prepared fast spoiled gradient recalled
(IR-FSPGR) sequence (slice thickness = 1.1 mm, spatial
positions = 124, ﬂip angle = 20°, ﬁeld of view (FoV) =
280 mm, echo time (TE) = 2.844 ms, repetition time (TR)
= 7.068 ms, inversion time = 450 ms, matrix = 256 ×
256). This structural scan was conducted to obtain
information used during the preprocessing of the spectroscopy scan. The scanning protocol further included a
spectroscopy scan based on the MEshcher-GArwood
Point RESolved Spectroscopy (MEGA-PRESS) sequence.
We acquired data (352 datapoints) from two voxels: the
ﬁrst was positioned in the BG (echo time (TE) = 68 ms,
repetition time (TR) = 1800 ms, voxel size = 35 × 30 ×
25 mm3). The second voxel was positioned in the
DMPFC (TE = 68 ms, TR = 2000 ms, voxel size = 25 ×
40 × 30 mm3).
Urine test

We performed liquid chromatography–mass spectrometry (LC–MS) analysis on urine samples provided by
each subject before the drug administration to evaluate
presence or absence of illicit substances that could confound our results. Therefore, all participants that screened
positive for any of the drugs tested, including Amphetamines (Amphetamine, Methamphetamine, MDMA/
Ecstasy), Benzodiazepines, Cannabis, Cocaine (as benzoylecgonine), Methadone and its metabolite EDDP, and
Opioids (6-monoacetylmorphine, morphine, codeine,
dihydrocodeine) were excluded from further analysis.
This led to the exclusion of four subjects (two typically
developing controls, two ASD) from the original sample.
Data processing
Structural data processing

We inspected all T1-weighted structural MRI volumes
manually to ensure adequate signal-to-noise ratio (SNR)
and the absence of motion artefacts. Subsequently, we
normalised our structural volumes to Montreal
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Table 1 Participant demographics Summary of participant demographics for all subjects, unless otherwise speciﬁed.
Variable (SD)

TD

ASD

F(Dof)

P-value

N (M/F)

17 (17/0)

17 (17/0)

Age (Y)

28.47 (6.55)

31.29 (9.94)

F(1) = 0.956

0.335

Time between visits

28.15 (15.19)

32.43 (16.54)

F(1) = 0.487

0.492

FSIQ

124.59 (12.7)

111.35 (18.80)

F(1) = 5.781

0.022

ADI COM

8.10 (6.77) (n = 10)

ADI SOC

9.30 (4.88) (n = 10)

ADI RRSB

3.60 (2.17) (n = 10)

ADOS COM

4.53 (2.79) (n = 17)

ADOS IM

1.07 (0.80) (n = 15)

ADOS SBRI

1.50 (1.51) (n = 16)

ADOS SOC

7.94 (3.77) (n = 17)

ADI Autism diagnostic interview, (COM communication subscale, SOC social interaction subscale, RRSB restricted, repetitive, and stereotyped patterns of behavior
subscale), ADOS Autism diagnostic observation schedule (COM communication subscale, IM imagination and creativity subscale, SOC reciprocal social interaction
subscale, SBRI stereotyped behaviors and restricted interests subscale), ASD Autism spectrum disorder, F(Dof) F-value and degrees of freedom, F Female, FSIQ Full-scale
intelligence quotient, M Male, N Number of subjects, SD Standard deviation, TD Typically developing controls, y years

Neurological Institute (MNI) space and segmented them
into grey matter (GM), white matter (WM), and cerebrospinal ﬂuid (CSF), to obtain percentage measures of
tissue composition in each individual MRS voxel, using
positional coordinates embedded in the raw spectra
data ﬁles.
Magnetic resonance spectroscopy data processing

We pre-processed our MRS data using in-house scripts
adapted from FID-A24, which prepared the data for
reading into the main processing software. This preprocessing comprised converting data to the correct ﬁle
format, combining receiver channels, removing ‘bad’
averages (>4 standard deviations), correcting frequency
drift (alignment of averages), separating and visualizing
the edit on/off spectra, and subtracting them to produce
the difference spectrum. We further inspected all spectra
manually to ensure adequate SNR as well as the absence
of artefacts25,27.
We processed our MRS data using LCModel v6.3-1L
software (Stephen Provencher Incorporated, Oakville,
Canada). This software uses a linear combination of
model spectra derived from metabolite solutions in vitro
to analyse the major resonances of in vivo spectra. Here,
we used a basis set (mega-press-3T-1) to determine
concentrations of GABA + (40% of the GABA signal
represents macromolecules)25 and Glx (glutamate + glutamine). The spectra also included glutathione (GSH), Nacetyl-aspartate
(NAA),
N-acetyl-aspartylglutamate
(NAAG), NAA + NAAG, and GSH + Glu + Gln in each
voxel; however, for the purposes of this study, we focused
only on GABA+ and Glx.

Partial volume effects (different proportions of GM,
WM, and CSF in the MRS voxels) are a potential confound
in MRS, especially in light of previously reported volumetric differences between autistic and neurotypical individuals26. Therefore, to account for partial volume effects,
we corrected all metabolite values for GM, WM, and CSF
percentages. Assuming that CSF only contains negligible
quantities of the metabolites of interest, the calculations
were as follows: LCModel assumes a voxel consists to 100%
of WM with a water concentration (WCONC) of
35880 mM and corrects each metabolite value (where
F stands for fraction) using the factor: (43300 ∗ FGM +
35880 ∗ FWM + 55556 ∗ FCSF)/(1 − FCSF). To correct for
the value of water concentration being used in the processing through LCModel, we divided values by an individual correction factor (35880), arriving at (1.207 ∗ FGM +
FWM + 1.548 ∗ FCSF)/(1 − FCSF). Thus, our corrected
metabolite values were obtained by multiplying the raw
metabolite values by this correction. Since we did not
measure relaxation times for tissue water and metabolites,
these were not corrected for - with the exception of
assuming the tissue water relaxation time (T2 = 80 ms)27.
Moreover, to improve the robustness of our ﬁndings, we
excluded all measurements of Glx (glutamate + glutamine) and GABA+ where the Cramér-Rao lower bound
(CRLB) estimates exceeded 15% from further analysis
(LCModel manual, Stephen Provencher Incorporated,
Oakville, Canada). Based on this, we excluded eight data
points from three subjects (1 neurotypical, 2 ASD): neurotypicals: 1: DMPFC GABA+CBDV; ASD: 2: BG GlxPLC;
3: DMPFC GABA+PLC & GlxPLC, DMPFC GABA+CBDV
& GlxCBDV, and BG GABA+CBDV & GlxCBDV.
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Statistical analysis

We compared demographic measures (age, FSIQ) and
baseline levels of Glx and GABA+ in each region of
interest using a one-way ANOVA (signiﬁcance level
p < 0.05).
To examine our primary hypothesis that CBDV shifts
Glx and/or GABA+ in our two brain regions of interest
(BG and DMPFC), we conducted 2 × 2 mixed-model
ANOVAs with group (neurotypicals, ASD) as the
between-subject factor, and drug (PLC, CBDV) as the
within-subject factor for each metabolite in each region
separately. We included the following subject numbers:
for Glx measures in BG, ASD n = 12, neurotypicals n =
11; for Glx measures in DMPFC, ASD n = 12, neurotypicals n = 13; for GABA+ measures in BG, ASD n = 12,
neurotypicals n = 13; and for GABA+ measures in the
DMPFC, ASD n = 11, neurotypicals n = 11. With the
caveat that Bonferroni correction can be overly conservative, we also report Bonferroni corrected p-values
alongside any signiﬁcant uncorrected results.
We examined the relationship between signiﬁcant druginduced shifts in metabolite levels (CBDV-PLC) and
baseline metabolite measures across the ASD group using
Pearson’s correlation analyses (p < 0.05).
Analyses were carried out using SPSS 24.00 software
(SPSS, Chicago, IL, USA), and graphs were generated
using GraphPad Prism version 7 for Mac, GraphPad
Software, La Jolla, CA, USA, www.graphpad.com.

Results
Demographics

We retained data from 17 neurotypicals (three of
those only had a scan after placebo and not after CBDV),
and from 17 individuals with ASD (four of those only
had a scan after placebo and not after CBDV). Groups
were similar in age (F(1) = 0.956, p = 0.335), but, as is
commonly reported, autistic individuals had a slightly
lower FSIQ than typically developing controls and this
difference was signiﬁcant (F(1) = 5.781, p = 0.022).
However, FSIQ did not correlate with drug-induced
metabolite shifts across groups (all r ≤ 0.34, all p ≥
0.122). FSIQ correlated with Glx shift in the BG within
the ASD group (r = 0.70, p = 0.016, n = 11), but this
correlation was not signiﬁcant in the neurotypicals (r =
−0.10, p = 0.765, n = 11) and did not differ signiﬁcantly
between groups (p > 0.05). This suggests that the
between-group difference in FSIQ did not inﬂuence our
results (Table 1).
Tissue composition and data quality

Tissue percentages (not excluding omitted spectra)
differed signiﬁcantly between groups for BG PLC GM
(F(1) = 7.307, p = 0.011), BG PLC WM (F(1) = 9.345, p =
0.004), BG CBDV GM (F(1) = 6.70, p = 0.016), and for BG
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CBDV WM (F(1) = 7.89, p = 0.010); but not for other
tissues, as summarised in Table 2. This is in line with
previous studies that have demonstrated morphological
differences in the BG in autistic compared to neurotypical
individuals26,28. Moreover, as the composition properties
of these tissues differed signiﬁcantly at baseline and during the drug condition, this difference was not induced
through CBDV. In the statistical analysis we corrected all
metabolite values accordingly.
To ensure that the MRS data quality did not differ
between groups, we compared the LCModel Cramér-Rao
Lower Bound estimates for each metabolite (Glx,
GABA+) in each voxel (excluding omitted spectra), using
a one-way ANOVA29. As predicted, there were no signiﬁcant differences (all F(1) ≤ 2.751, all p ≥ 0.107), as
depicted in Table 3.
Extended MRS studies can be confounded by ‘drift’,
where metabolite estimates on the same scanner change
across long periods of time. Therefore, we compared the
inter-scan duration (days between PLC and CBDV scan)
between groups; and found no signiﬁcant difference (F(1)
= 0.487, p = 0.492), as shown in Table 1. Moreover, scan
date for each drug condition (PLC, CBDV) did not correlate with metabolite values at that drug condition (all
Pearson’s r ≤ 0.329, all p ≥ 0.087), conﬁrming that data
acquisition was stable over time.
Metabolite differences
Glx (glutamate + glutamine)

In the BG, we observed a signiﬁcant effect of drug
(F(1, 21) = 7.268, puncorr = 0.014, η2 = 0.257). Across
groups, CBDV increased Glx compared to PLC, as displayed in Fig. 1a, b. This effect survived correction for
multiple comparisons across voxels (pcorr = 0.03). In
contrast, there was no signiﬁcant effect of group (F(1) =
0.763, p = 0.392, η2 = 0.035), and no group × drug interaction effect (F(1, 21) = 0.235, p = 0.633, η2 = 0.011). In
the DMPFC, there was no signiﬁcant effect of drug or
group, and no group × drug interaction effect (Fig. 1a).
GABA+

We observed no signiﬁcant main or interaction effects
within either voxel (Fig. 1c).
Relationship to baseline metabolite measures

There was a signiﬁcant negative correlation between the
CBDV-induced BG Glx shift and baseline Glx levels in
ASD (r = −0.749, p = 0.005, n = 12), but not in the typically developing controls (r = 0.014, p = 0.967, n = 11).
This correlation differed signiﬁcantly between groups
(p = 0.04). (Fig. 1d). In interpreting this result, we caution
that recent studies suggest that correlations between
baseline and change scores in randomized controlled
trials are common and may represent a regression to the

Pretzsch et al. Translational Psychiatry (2019)9:313

Page 6 of 10

Table 2 Percentage of GM, WM, and CSF in voxels of interest Absolute values (and standard deviations).
Voxel

Drug

Tissue

TD

ASD

F(dof)

p-value

BG

PLC

GM (SD)

42.53% (3.03%)

45.43% (3.21%)

F(1) = 7.307

0.011

WM (SD)

50.47% (3.39%)

46.54% (4.08%)

F(1) = 9.345

0.004

CSF (SD)

6.92% (1.33%)

7.95% (1.95%)

F(1) = 3.222

0.082

GM (SD)

41.65% (2.40%)

44.68% (3.47%)

F(1) = 6.70

0.016

WM (SD)

51.71% (2.95%)

47.23% (4.94%)

F(1) = 7.89

0.010

CSF (SD)

6.56% (1.36%)

8.01% (2.48%)

F(1) = 3.42

0.077

GM (SD)

52.93% (2.21%)

52.38% (3.49%)

F(1) = 0.299

0.589

CBDV

DMPFC

PLC

CBDV

WM (SD)

27.24% (3.36%)

28.11% (3.65%)

F(1) = 0.527

0.473

CSF (SD)

19.73% (4.05%)

19.41% (2.57%)

F(1) = 0.076

0.784

GM (SD)

52.68% (3.16%)

53.41% (3.67%)

F(1) = 0.30

0.590

WM (SD)

27.94% (4.23%)

27.52% (4.13%)

F(1) = 0.07

0.802

CSF (SD)

19.25% (5.13%)

18.97% (2.22%)

F(1) = 0.03

0.857

ASD Autism spectrum disorder, BG Basal ganglia, CBDV Cannabidivarin, CSF Cerebrospinal ﬂuid, DMPFC Dorsomedial prefrontal cortex, F(dof) F-value and degrees of
freedom, GM Grey matter, PLC Placebo, SD Standard deviation, TD Typically developing controls, WM White matter

Table 3 Cramér-Rao Lower Bound estimates for each metabolite (Glx, GABA+) in each voxel Absolute values (and
standard deviations).
Voxel

Drug

Metabolite

TD

ASD

F(dof)

p-value

BG

PLC

GABA+

4.56 (0.66)

4.82 (0.81)

F(1) = 1.095

0.303

Glx

7.50 (2.09)

7.56 (2.25)

F(1) = 0.007

0.935

GABA+

4.38 (0.51)

4.79 (0.80)

F(1) = 2.371

0.136

Glx

6.77 (1.36)

7.21 (2.29)

F(1) = 0.368

0.549

GABA+

6.47 (0.87)

7.38 (2.06)

F(1) = 2.751

0.107

Glx

5.68 (0.73)

5.88 (1.02)

F(1) = 0.416

0.524

GABA+

6.50 (0.67)

7.07 (1.73)

F(1) = 1.153

0.294

Glx

5.85 (1.14)

5.57 (0.94)

F(1) = 0.469

0.500

CBDV

DMPFC

PLC

CBDV

ASD Autism spectrum disorder, BG Basal ganglia, CBDV Cannabidivarin, CSF Cerebrospinal ﬂuid, DMPFC Dorsomedial prefrontal cortex, F(dof) F-value and degrees of
freedom, GABA+ gamma-aminobutyric acid + macromolecules, Glx glutamate + glutamine, PLC Placebo, SD Standard deviation, TD Typically developing controls

mean, rather than the treatment effect30. To account for
this effect in our analyses, we re-ran our repeatedmeasures ANOVAs as ANCOVAs with baseline metabolite levels as a covariate and found that the directionality and signiﬁcance of our results remained the same.
We still observed an opposite direction of correlation
between baseline levels and drug-induced changes in Glx
in the two groups. We emphasize that our study is not
designed to investigate the degree to which any correlation with baseline reﬂects underlying neurobiology or a
purely statistical effect. However, it is possible that a
biological group differences at least partly contributes to
the different relationships found in each group.

Discussion
We have demonstrated that a single acute dose of
CBDV ‘shifts’ subcortical levels of Glx, the brain’s primary
excitatory neurotransmitter, in the living adult human
brain. The direction of shift was the same across the
neurotypical and autistic participants, i.e., CBDV induced
a mean increase in BG Glx in both groups. However, the
response to CBDV varied within the ASD group and
correlated negatively with baseline BG Glx levels. In
contrast, CBDV had no impact on Glx in DMPFC, nor on
GABA+ levels in either voxel. Moreover, congruent with
some18,30, but not all previous MRS studies of glutamate
and GABA in ASD18,31,32 in the BG and DMPFC, there
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Fig. 1 a Glx (glutamate + glutamine) in the basal ganglia and dorsomedial prefrontal cortex for both groups in both drug conditions. Glx
concentration (y-axis) represents the ratio of the Glx metabolite resonance area to the unsuppressed water resonance area. b Drug-induced shift in
Glx in the basal ganglia. ΔGlx (y-axis) represents the cannabidivarin (CBDV)-induced shift in Glx concentration compared to placebo (PLC), i.e. CBDVPLC. Group means are indicated by black horizonal bars. Error bars represent standard deviations. c gamma-aminobutyric acid + macromolecules
(GABA+) in the basal ganglia and dorsomedial prefrontal cortex for both groups in both drug conditions. GABA+ concentration (y-axis) represents
the ratio of the GABA+ metabolite resonance area to the unsuppressed water resonance area. d Correlation between Glx at baseline and CBDVinduced shift in Glx (ΔGlx) in the basal ganglia. ASD Autism spectrum disorder, BG Basal ganglia, CBDV Cannabidivarin, DMPFC Dorsomedial prefrontal
cortex, Glx glutamate + glutamine, ns Not signiﬁcant, PLC Placebo, TD Typically developing controls, * indicates a signiﬁcance level at p ≤ 0.05.

were no between-group differences in baseline metabolite levels.
Thus, our study suggests that CBDV targets subcortical
excitatory glutamate systems both in autistic and neurotypical adults; but that individual responses in autistic
brains vary depending on baseline Glx levels.
Neurobiological underpinnings of the effect of CBDV on
Glx in the BG

Our ﬁndings suggest that CBDV may serve as a tool to
shift Glx in speciﬁc subcortical regions (the left BG) both
in the neurotypical and autistic brain. The neurobiological
underpinnings of this effect, however, are not entirely
clear. Previous evidence suggests several possible neurobiological mechanisms through which CBDV may inﬂuence Glx pathways in the BG. For instance, preclinical
studies have shown that the BG contain a wealth of

excitatory pyramidal (and inhibitory projection) neurons33, which are densely surrounded by TRP receptors
(including TRPV1, TRPV2, and TRPA1)10,34,35. CBDV
may have bound to and subsequently activated these
pyramidal neuron-bound TRP receptors, thereby
increasing Glx in this region. This is supported by previous evidence that CBDV may modulate excitatory
neurotransmission through a TRP receptor-dependent
mechanism6. The BG also contain a particularly high
number of microglia36; and it is possible that CBDV
increased Glx levels here by activating microglial TRP
receptors. Speciﬁcally, activation of TRP receptors has
been shown to upregulate microglial activity and migration8, which is known to enhance extracellular vesicular
shedding and subsequent glutamate release8,37. The prefrontal cortex has a different conﬁguration of receptors
and cells compared to the BG, which might explain a
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different response to CBDV here. We have previously
reported that CBD causes a differential effect on prefrontal GABA+ in the autistic compared to neurotypical
brain. Unfortunately, the cellular mechanisms underpinning the effects of cannabinoids have not yet been fully
uncovered. Consequently, we do not yet know which
cellular response differences contribute to their divergent
effects on excitatory and inhibitory metabolites at ‘bulk
tissue’ level. In sum, across groups, CBDV may have
shifted Glx through multiple neuroglial mechanisms.
Drug-response variability in ASD in relation to baseline
measures

Although the mean effect of CBDV on Glx was uniform
across groups, the drug response varied within groups. In
ASD (but not in the neurotypicals), the drug-induced shift
in BG Glx correlated signiﬁcantly (negatively) with baseline Glx. Speciﬁcally, in the autistic individuals with the
lowest baseline Glx measures, CBDV increased Glx levels;
whereas the individuals with the highest baseline Glx
measures experienced a decrease in Glx. Thus, these
ﬁndings highlight the presence of intra-group response
variability within ASD, where subjects may respond to
drug challenge not just to different extents but also in
opposite directions. Consequently, clinical trials of CBDV
may ﬁnd that not every participant responds similarly to
CBDV treatment. Further research efforts may need to
focus on identifying participant subgroups that will
respond to treatment in a similar way.
Implications of a BG Glx shift for cognition and behaviour

The utility of this observed shift in BG Glx for predicting an individual’s long term (clinical) treatment
response is unclear; and was not part of our study. Previous research suggests that the BG are connected with
other cortical and subcortical regions in the form of
subcortical-cortical-thalamic loops, which are regulated
and maintained by excitatory and inhibitory neurotransmission38,39. These loops support a range of cognitive functions and behaviours, such as reward, learning,
memory, and motor processing39–50, which can be
impaired in ASD51,52. Future studies should therefore
examine the impact of CBDV on these cognitive processes
and behaviours to determine if CBDV may offer clinical
beneﬁts in speciﬁc autistic subgroups.
Limitations

Our ﬁndings must be considered alongside several
limitations. We measured metabolite concentrations
using MRS, which is unable to distinguish between the
speciﬁc metabolite contributions to both the Glx and
GABA+ signal. Moreover, the poor spatial resolution of
MRS only allows ‘bulk’ assessments, which limited our
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ability to discern intra- and extra-cellular metabolite
levels. Additional studies using more advanced technologies, such as (ultra-) high-ﬁeld MRS are required to
address this limitation.
MRS further has the disadvantage of relying on preselected regions-of-interest to be deﬁned before the study.
Thus, we cannot know how CBDV might modulate
metabolites in other parts of the brain. This may change
in the future with the development of sequences that
allow whole-brain scanning53. At this point however, we
are not aware of a scanning sequence that allows wholebrain spectroscopy of glutamate and GABA in a reasonable time frame.
Also, our sample size in this pilot study was modest.
This was due to (i) our strict inclusion and exclusion
criteria (e.g. exclusion of participants using glutamate and
GABA-acting drugs); (ii) our time-intensive repeatedmeasures testing (involving drug administration), which
was not always practical for participants; and (iii) our
rigorous data quality control, e.g. exclusion of datasets
based on head motion, which is known to be an issue in
ASD. However, our repeated-measures design mitigated
against this by reducing inter-subject variability (each
subject acted as their own ‘control’) and thus increasing
statistical power. Also, our sample size was comparable to
(or bigger than) that in previous MRS studies in ASD18,30.
Moreover, CBDV remains an under-investigated compound. For instance, although plasma levels of CBDV are
thought to peak on average two hours after administration, the exact times and concentrations may vary
between individuals depending on several factors such as
age, body-weight, size, genetics, absorption, distribution,
and metabolism54. This made capturing the maximum
drug effects for each participant challenging. Therefore, to
minimize variability in drug levels, all efforts were made to
match participants (e.g. by age) and to keep study procedures and timings consistent. Nonetheless, future studies should explore in more detail the pharmacodynamics
of CBDV (e.g. effects of acute vs steady-state/long-term
dosing), origins of inter-subject variability, and how this
can be accounted for in pharmacological studies.
Finally, this was a ﬁrst study of potential tissue level
changes in metabolites following CBDV. Achieving even
this modest sample size required a total of around
76 study visits. Therefore, we prioritized sample homogeneity and applied strict exclusion criteria. However, this
approach has the disadvantage of potentially limiting the
generalizability of our ﬁndings. We hope that having
observed a biological response to CBDV in adult men
with and without ASD (i.e. a Proof of Concept) will
encourage subsequent studies to explore the effects of
CBDV in women, children, those with intellectual difﬁculties, and other groups.
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Conclusions
Here we report that CBDV can ‘shift’ subcortical levels
of the brain’s primary excitatory metabolite glutamate
(measured as Glx) both in the neurotypical and autistic
brain; but that there may be signiﬁcant response variability in ASD. These ﬁndings add to our understanding of
the effects of CBDV in the adult human brain. Nonetheless, future studies will need to explore (i) the
mechanisms of action of CBDV; (ii) the impact of CBDV
on (ASD-related) cognition and behaviour; (iii) if singledose responsivity could facilitate the identiﬁcation of
pharmacologically homogeneous sub-groups; and (iv) if
acute CBDV effects are indicative of the impact of longterm treatment in ASD.
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Autism spectrum disorder (ASD) is a developmental condition whose primary features
include social communication and interaction impairments with restricted or repetitive
motor movements. No approved treatment for the core symptoms is available and
considerable research efforts aim at identifying effective therapeutic strategies. Emerging
evidence suggests that altered endocannabinoid signaling and immune dysfunction
might contribute to ASD pathogenesis. In this scenario, phytocannabinoids could hold
great pharmacological potential due to their combined capacities to act either directly
or indirectly on components of the endocannabinoid system and to modulate immune
functions. Among all plant-cannabinoids, the phytocannabinoid cannabidivarin (CBDV)
was recently shown to reduce motor impairments and cognitive deficits in animal
models of Rett syndrome, a condition showing some degree of overlap with autism,
raising the possibility that CBDV might have therapeutic potential in ASD. Here, we
investigated the ability of CBDV treatment to reverse or prevent ASD-like behaviors
in male rats prenatally exposed to valproic acid (VPA; 500 mg/kg i.p.; gestation day
12.5). The offspring received CBDV according to two different protocols: symptomatic
(0.2/2/20/100 mg/kg i.p.; postnatal days 34–58) and preventative (2/20 mg/kg i.p.;
postnatal days 19–32). The major efficacy of CBDV was observed at the dose of
20 mg/kg for both treatment schedules. CBDV in symptomatic rats recovered social
impairments, social novelty preference, short-term memory deficits, repetitive behaviors
and hyperlocomotion whereas preventative treatment reduced sociability and social
novelty deficits, short-term memory impairments and hyperlocomotion, without affecting
stereotypies. As dysregulations in the endocannabinoid system and neuroinflammatory
markers contribute to the development of some ASD phenotypes in the VPA model,
neurochemical studies were performed after symptomatic treatment to investigate
possible CBDV’s effects on the endocannabinoid system, inflammatory markers and
microglia activation in the hippocampus and prefrontal cortex. Prenatal VPA exposure
increased CB1 receptor, FAAH and MAGL levels, enhanced GFAP, CD11b, and TNFα
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levels and triggered microglia activation restricted to the hippocampus. All these
alterations were restored after CBDV treatment. These data provide preclinical evidence
in support of the ability of CBDV to ameliorate behavioral abnormalities resembling core
and associated symptoms of ASD. At the neurochemical level, symptomatic CBDV
restores hippocampal endocannabinoid signaling and neuroinflammation induced by
prenatal VPA exposure.
Keywords: cannabidivarin, valproate, autism, endocannabinoid system, neuroinflammation

Melancia et al., 2018). Remarkably, recent studies have confirmed
the presence of dysregulations of the endocannabinoid system in
ASD patients (Brigida et al., 2017; Yeh and Levine, 2017; Karhson
et al., 2018; Aran et al., 2019). A correlation between altered
endocannabinoid signaling and ASD traits is supported by the
observation that enhancing AEA signaling through inhibition
of its degradation partially attenuated the behavioral phenotype
induced by prenatal VPA exposure (Kerr et al., 2016; Servadio
et al., 2016; Melancia et al., 2018), suggesting that modulation of
the endocannabinoid signaling could represent a novel strategy
for mitigating ASD symptoms. Besides the endocannabinoid
system, recent evidence suggests that modulation of immune
dysfunction might be beneficial toward ASD symptomatology.
Indeed, signs of neuroinflammation have been reported in
the brain of ASD patients, including microglia and astrocyte
activation and increased expression of pro-inflammatory factors
(Vargas et al., 2005; Morgan et al., 2010; Suzuki et al., 2013; Kern
et al., 2016), reinforcing the idea that immunological dysfunction
might play a role in ASD. In line with human evidence, signs of
neuroinflammation, including increased reactive oxygen species,
pro-inflammatory cytokines, astrocyte and microglia activation,
have been observed in the VPA-induced ASD animal model
(Lucchina and Depino, 2014; Codagnone et al., 2015; Deckmann
et al., 2018; Kuo and Liu, 2018; Bronzuoli et al., 2019). The
administration of compounds able to reduce this inflammatory
response resulted in neuroprotection and amelioration of
ASD-like phenotypes (Banji et al., 2011; Bambini-Junior et al.,
2014; Pragnya et al., 2014; Al-Amin et al., 2015; Gao et al., 2016;
Kumar and Sharma, 2016; Morakotsriwan et al., 2016; Bertolino
et al., 2017; Deckmann et al., 2018; Fontes-Dutra et al., 2018),
suggesting that inflammatory dysfunction might play a role in
the development of ASD symptoms.
In this scenario, phytocannabinoids possess great and
interesting pharmacological potentials. In addition to their
indirect actions on components of the endocannabinoid
system, plant-derived cannabinoids possess a broad range of
pharmacological properties including proved anti-inflammatory
and anti-oxidant properties (Nagarkatti et al., 2009; Ligresti
et al., 2016; Morales et al., 2017; Maroon and Bost, 2018)
that may contribute to achieve an overall beneficial effect in
the context of ASD.
Recent studies have shown that the plant-derived cannabinoid
Cannabidivarin (CBDV) exerts beneficial effects toward
neurological and motor impairments as well as cognitive deficits
in two animal models of Rett syndrome (Vigli et al., 2018;
Zamberletti et al., 2019). CBDV’s simultaneous capacity to
ameliorate neurological and motor defects as well as cognitive

INTRODUCTION
Autism spectrum disorder (ASD) represents a group of
developmental disabilities whose primary symptoms include
social communication and interaction impairments with
restricted or repetitive motor movements, frequently associated
with general cognitive deficits (American Psychiatric Association
[APA], 2013). About 1% of the global population receives an ASD
diagnosis (Baio et al., 2018), with a male to female ratio of 3:1
(Loomes et al., 2017). Diagnosis can be made as early as 2 years of
age and patients are expected to have a normal lifespan. Despite
the critical medical need, no approved treatments for the core
symptoms of ASD are available; hence, reliable animal models
are of fundamental importance for identifying and testing
new therapeutic strategies. Although ASD is a typical human
pathology, endophenotypes including impairments of social
interaction, cognitive deficits, repetitive behaviors and motor
dysfunctions can be reproduced in rodents by means of genetic
and/or environmental manipulations (Ergaz et al., 2016; Kim
et al., 2016). Environmentally based models are relevant when the
same risk factor contributing to human autism produces similar
brain and behavioral alterations in the animal. The use of valproic
acid (VPA) in pregnancy has been consistently associated with
an increased risk to develop congenital malformations and
features of ASD in children (Duncan, 2007; Dufour-Rainfray
et al., 2011; Christensen et al., 2013; Roullet et al., 2013; Ornoy
et al., 2019). Similar to humans, rodents prenatally exposed to
VPA show increased impaired social interactions and preference
for social novelty, stereotypic repetitive behaviors, learning and
memory defects and hypersensitivity (Schneider and Przewłocki,
2005; Dufour-Rainfray et al., 2010; Gandal et al., 2010; Kim
et al., 2011; Mehta et al., 2011; Melancia et al., 2018). Therefore,
because of its strong construct and face validity, the VPA animal
model has been one of the most widely used to understand the
neural underpinnings and to test novel therapeutic possibilities
in the context of ASD (Mabunga et al., 2015; Ornoy et al., 2015;
Tartaglione et al., 2019).
Recent studies in the prenatal VPA exposure model have
implicated the endocannabinoid system in the development
of ASD-like features. Changes in components of this
neuromodulatory system were reported in different brain
regions as a consequence of in utero VPA exposure, including
alterations in 2-arachidonyilglycerol (2-AG) and anandamide
(AEA) signaling and abnormalities in CB1 receptor (Kerr et al.,
2013, 2016; Servadio et al., 2016; Melancia et al., 2018). Changes
in other targets including PPARα, PPARγ, and GPR55 receptors
were also observed (Kerr et al., 2013; Servadio et al., 2016;
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impairment in these animal models raises the possibility that
this phytocannabinoid might have interesting yet unexplored
therapeutic potential in ASD, prompting its evaluation in animal
models of this disorder.
Therefore, in this study we examined the ability of CBDV
treatment to reverse or prevent sociability and preference for
social novelty deficits, repetitive behaviors, hyperactivity and
recognition memory impairments in rats prenatally exposed to
VPA (500 mg/kg i.p.; gestation day 12.5). To this aim, CBDV was
administered using two treatment protocols in the male offspring
of VPA-treated dams; a symptomatic treatment was performed
between postnatal day (PND) 34–58 to assess the ability of
CBDV to counteract VPA-induced autism-like behaviors whereas
a preventative treatment was carried out from PND 19–32 to test
CBDV’s ability to prevent the appearance of autism-like traits
in the model. In addition to behavioral analysis, neurochemical
studies were carried out after symptomatic CBDV treatment
to investigate its effect on the endocannabinoid system as well
as on inflammatory markers and microglia activation in the
hippocampus and prefrontal cortex (PFC).

treatments and behavioral testing were carried out in 5–6 rats
per litter during four separate experiments. Pure CBDV was
provided by GW Research Ltd. (Cambridge, United Kingdom)
and dissolved in ethanol, Kolliphor EL and saline (2:1:18) and
was administered according to the treatment schedules reported
in Figures 1A, 2A. Symptomatic treatment with CBDV 0.2, 2,
20 or 100 mg/kg/day i.p. was performed starting from PND 34
(early adolescence) to 58 (early adulthood) in the male offspring
of dams injected with VPA 500 mg/kg (or saline) on GD 12.5
(Figure 1A). Starting from PND 56, a series of behavioral tests
was performed. The three chamber test was carried out at PND
56 in order to assess the effect of chronic CBDV on sociability
and social novelty preference, the novel object recognition (NOR)
test was performed at PND 57 to assess short-term memory, and
locomotion and stereotyped/repetitive behaviors were measured
in the activity cage at PND 58. Preventative treatment with CBDV
2 or 20 mg/kg/day i.p. was performed starting from PND 19 (preweaning) to 32 (post-weaning) in the male offspring of VPAand vehicle-treated dams (Figure 2A). Behavioral analysis was
carried out at PND 30 (three chamber test), 31 (NOR test), and
32 (repetitive behavior and locomotion).

MATERIALS AND METHODS

Behavioral Studies
Three-Chamber Test

Prenatal VPA Administration
Pregnant Sprague-Dawley rats (Charles River, Calco, Italy)
received a single intraperitoneal injection of sodium valproate
500 mg/kg (or saline) on gestation day (GD) 12.5. Sodium
valproate (Sigma Aldrich, Milan) was dissolved in saline at a
concentration of 250 mg/ml. Females were housed individually
and were allowed to raise their own litters. Gross toxic effects
were not observed in VPA-exposed rats in both dams and pups.
No postnatal mortality was observed. Body weight was slightly
but significantly reduced in VPA-exposed pups with respect to
controls from PND 12–17. Eye opening was delayed in VPAexposed pups with respect to vehicles between PND 14 and 16. At
PND 9, male pups from VPA-treated dams showed significantly
increased latencies in nest-seeking behavior compared to controls
as well as impaired righting reflex (Supplementary Methods,
Supplementary Results and Supplementary Figure S1). Nine
vehicle- and 15 VPA-treated dams were used in this study.
Litters were not culled and the offspring was weaned on
PND 21, separated by sex and the animals were kept four
to a cage, with controlled temperature and light conditions.
Rats had free access to food (standard laboratory pellets)
and water. All the experiments were performed in the light
phase between 09:00 and 15:00. Experimental procedures were
performed in accordance with the guidelines released by the
Italian Ministry of Health (D.L. 2014/26) and the European
Community directives regulating animal research (2010/63/EU).
Protocols were approved by the Italian Minister for Scientific
Research and all efforts were made to minimize the number of
animals used and their suffering.

The three-chamber test was performed to measure social
approach and social preference. In brief, animals were placed
into a novel arena (80 cm × 31.5 cm × 40 cm) composed
of three communicating chambers separated by Perspex walls
with central openings allowing access to all chambers for 5 min.
Distance moved (meters) and time spent (seconds) in the various
compartments were recorded during this time to evaluate general
locomotor activity and ensure that animals did not have a
preference for a particular side of the arena. Following this
acclimatization period, animals were briefly confined to the
central chamber while an unfamiliar rat confined in a small wire
cage was placed in one of the outer chambers. An identical empty
wire cage was placed in the other chamber. The unfamiliar rat
was randomly either assigned to the right or left chamber of the
arena. The test animal was then allowed to explore the arena for
a further 5 min. The arena was cleaned between animals with
0.1% acetic acid. Time spent engaging in investigatory behavior
with the rat was evaluated with the aid of ANY-maze program
(Ugo Basile, Italy) in order to examine social approach. To
investigate the preference for social novelty, a novel unfamiliar
rat was then placed in the empty cage and the test animal was
allowed to explore the arena for a further 5 min. Time spent
engaging in investigatory behavior with the novel unfamiliar rat
was evaluated with the aid of Anymaze program (Ugo Basile,
Italy) in order to examine the preference for social novelty.
Sociability index and preference for social novelty index were
calculated as the ratio of time spent exploring the stranger rat
(sociability) or the unknown rat (preference for novelty) vs. the
total time of exploration × 100.

CBDV Treatment

Novel Object Recognition (NOR) Test

A total of 54 rats from 9 vehicle-treated dams and 75 rats from
15 VPA-treated dams were used in this study. Pharmacological

The experimental apparatus used for the object recognition
test was an open-field box (43 cm × 43 cm × 32 cm)
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FIGURE 1 | Symptomatic CBDV treatment protocol. Pregnant Sprague-Dawley rats received a single injection of VPA 500 mg/kg i.p. (or vehicle) at GD 12.5.
(A) Symptomatic treatment with CBDV 0.2, 2, 20, 100 mg/kg/day i.p. was performed from PND 34 and male offspring was tested at PND 56 (three chamber test),
57 (NOR test), and 58 (repetitive behavior and locomotion). Effect of symptomatic CBDV 0.2, 2, 20, 100 mg/kg/day treatment in male offspring of VPA- and
vehicle-exposed rats on (B) sociability and (C) social novelty preference as measured through the three chamber test; (D) short-term memory as measured through
the novel object recognition; (E) compulsive self-grooming and (F) locomotor activity as measured in the activity cage. Data represent mean ± SEM of n = 9
vehicle-vehicle, n = 6 vehicle-CBDV 0.2 mg/kg, n = 6 vehicle-CBDV 2 mg/kg, n = 8 vehicle-CBDV 20 mg/kg, n = 6 vehicle-CBDV 100 mg/kg, n = 15 VPA-vehicle,
n = 5 VPA-CBDV 0.2 mg/kg, n = 10 VPA-CBDV 2 mg/kg, n = 13 VPA-CBDV 20 mg/kg, n = 10 VPA-CBDV 100 mg/kg. Results were analyzed by two-way ANOVA
followed by Tukey’s post hoc test (∗∗∗ p < 0.001, ∗∗ p < 0.01, ∗ p < 0.05 vs. vehicle-vehicle;◦◦◦ p < 0.001,◦◦ p < 0.01,◦ p < 0.05 vs. VPA-vehicle).

made of Plexiglas, placed in a dimly illuminated room.
The experiment was performed and analyzed as previously
described (Zamberletti et al., 2014). Animals performed each
test individually. Briefly, each animal was placed in the
arena and allowed to explore two identical previously unseen
objects for 5 min (familiarization phase). After an intertrial interval of 3 min one of the two familiar objects
was replaced by a novel, previously unseen object and rats
were returned to the arena for the 5-min test phase. The
arena was cleaned between animals with 0.1% acetic acid.
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During the test phase the time spent exploring the familiar
object (Ef) and the new object (En) was videotaped and
recorded separately by two observers blind to the treatment
groups and the discrimination index was calculated as follows:
[(En − Ef)/(En + Ef)] × 100.

Activity Cage
Locomotor activity was recorded in an activity cage
(40 cm × 40 cm × 40 cm) for 20 min with the aid of Anymaze
program (Ugo Basile, Italy). In this period, repetitive behaviors
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FIGURE 2 | Preventative CBDV treatment protocol. Pregnant Sprague-Dawley rats received a single injection of VPA 500 mg/kg i.p. (or vehicle) at GD 12.5.
(A) Preventative treatment with CBDV 2 or 20 mg/kg/day i.p. was performed from PND 19 and animals were tested at PND 30 (three chamber test), 31 (NOR test),
and 32 (repetitive behavior and locomotion). Effect of preventative CBDV 2, 20 mg/kg/day treatment in male offspring of VPA- and vehicle-exposed rats on (B)
sociability and (C) social novelty preference as measured through the three chamber test; (D) short-term memory as measured through the novel object recognition
test; (E) compulsive self-grooming and (F) locomotor activity as measured in the activity cage. Data represent mean ± SEM of n = 7 vehicle-vehicle, n = 6
vehicle-CBDV 2 mg/kg, n = 6 vehicle-CBDV 20 mg/kg, n = 6 VPA-vehicle, n = 8 VPA-CBDV 2 mg/kg, n = 8 VPA-CBDV 20 mg/kg and were analyzed using two-way
ANOVA followed by Tukey’s post hoc test (∗∗∗ p < 0.001, ∗ p < 0.05 vs. vehicle-vehicle;◦◦◦ p < 0.01,◦ p < 0.05 vs. VPA-vehicle).

(compulsive self-grooming) were measured by an observer blind
to the treatment group. The cage was cleaned between animals
with 0.1% acetic acid.

the brains were quickly removed and post-fixed in 4%
paraformaldehyde in 100 mM phosphate buffer pH7.4, stored in
fixative for 48 h, kept in 30% sucrose for 24 h. Coronal sections
were serially collected using a Leica cryostat CM1510 set to 40 µm
thickness and a −20◦ C chamber temperature.

Biochemical Studies
All animals underwent behavioral assessment. 24 h after the last
CBDV (or vehicle) injection, all the animals were euthanized,
their brain tissues collected and randomly assigned to different
procedures for subsequent biochemical analysis. For Western
blot analysis, PFC and hippocampi were dissected, frozen in
liquid nitrogen and stored at −80◦ C; for immunohistochemistry,
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Cytosolic fractions from rat hippocampus and PFC were obtained
using a protocol published by Shen and Chen (2013), with slight
modifications. In brief, animals were sacrificed and cerebral areas
quickly dissected. Samples were homogenized by 25 strokes in a
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4◦ C with rabbit anti-IBA1 antibody (1:1000, Wako, Neuss,
Germany) diluted in blocking solution. After blocking peroxidase
activity with 0.3% H2 O2 in TBS for 15 min, sections
were washed in TBS and incubated for 4 h at room
temperature with HRP-conjugated goat anti-rabbit antibody
(1:500; Santa Cruz Biotechnology, United States). The peroxidase
activity was revealed with 0.05% diaminobenzidine and 0.03%
hydrogen peroxide in PBS for 10 min. After several washes
in PBS, sections were mounted on gelatin-coated slides,
dehydrated and cover slipped. For each animal, a complete
series of one-in-six sections (240 µm apart) through the
hippocampus was analyzed. Digital Images were captured using
Retiga R1 CCD camera (QImaging, Surrey, BC, Canada)
attached to an Olympus BX51 (Tokyo, Japan) polarizing/light
microscope. Ocular imaging software (QImaging) was used
to import images from the camera. Images of microglia
cells in the subgranular zone of the hippocampus were
acquired by first delineating the brain sections and the
regions of interest at low magnification (×4 objective) and
the region of interest outlines were further refined under a
×40 objective. Three mice per each experimental group (four
sections/mouse) were analyzed. The morphometric analysis
was carried out in DAB-stained microglial cells labeled with
IBA-1 antibody. For this purpose, cells were selected and
cropped according to the following criteria: (i) random
selection in the subgranular zone of the hippocampus; (ii) no
overlapping with neighboring cells; and (iii) complete soma
and branches (at least apparently). Selection was done blinded
to the treatment. Eight cells from each animal were analyzed.
Each grayscale single cell cropped image was processed in
a systematic way to obtain binary image using the same
threshold for all pictures. The binary image was edited to
clear the background and transformed into a filled shape and
its pairwise outline shape that were used for morphological
parameters measurements. Analysis was performed using FIJI
free software (NIH, Bethesda, MD, United States). Four
parameters, measured on the filled and outlined processed
images obtained as described previously (Fernández-Arjona
et al., 2017), were analyzed: cell area, cell perimeter, roundness
of the soma and soma area.

glass-glass homogenizer in 0.32 M sucrose solution containing
20 mM HEPES, 1 mM MgCl2 , protease inhibition cocktail, and
0.1 mM phenylmethylsulfonyl fluoride (PMSF) (pH 7.4). The
homogenized tissue was centrifuged at 500 × g for 2 min.
Resultant pellets (P1) were resuspended in 500 µL of a solution
containing HEPES 20 mM, MgCl2 1.5 mM, NaCl 420 mM,
EDTA 0.2 mM, glycerol 25%, DTT 2 mM, PMSF 2 mM, protease
inhibition cocktail and stored as nuclear fraction. The resulting
supernatant (S1) was centrifuged at 10,000 × g for 10 min to
obtain a fraction containing mitochondria and synaptosomeenriched pellets (P2) and the supernatant (S2) containing soluble
proteins. S2 fraction was conserved as cytosolic fraction while
the P2 fraction was resuspended in 0.32 M sucrose, layered onto
0.8 M sucrose and centrifuged at 4100 rpm for 15 min in a
swinging bucket rotor to obtain crude synaptosome fractions.
The protein concentrations were determined according to the
Micro-BCA assay kit (Pierce, Rockford, IL, United States).
Equal amount of protein lysates from the cytosolic fractions
(30 µg) were run on a 10% SDS-polyacrylamide gel. The
proteins were then transferred to polyvinylidene difluoride
(PVDF) membranes, blocked for 2 h at room temperature
in 5% dry skimmed milk in TBS 1×, 0.1% tween-20 before
incubation overnight at 4◦ C with the primary antibody. The
following primary antibodies were used: rabbit polyclonal
anti-CB1 (1:1000; Cayman Chemical, United States), rabbit
polyclonal anti-CB2 (1:1000; Cayman Chemical, United States),
rabbit polyclonal anti-FAAH (1:1000; Cayman Chemical,
United States), rabbit polyclonal anti-MAGL (1:1000; Cayman
Chemical, United States), rabbit polyclonal anti-NAPE-PLD
(1:3000; Cayman Chemical, United States), goat polyclonal
anti-DAGLα (1:1000; AbCam, United Kingdom), rabbit
polyclonal anti-GFAP (1:1000; Sigma Aldrich, United States),
rabbit polyclonal anti-CD11b (1:1000; Novus Biologicals,
United States), rabbit polyclonal anti-TNF-α (1:2000;
Millipore, United States).
Bound antibodies were detected with horseradish peroxidase
(HRP) conjugated secondary anti-rabbit, anti-mouse or antigoat antibodies (1:1000–10000; Santa Cruz Biotechnology,
United States) for 1 h at room temperature and visualized using
ECL Western Blotting Detection Reagents (Bio-Rad Laboratories,
Hercules, CA, United States). For detection of β-actin, the
blots were stripped with Restore Western Blot Stripping Buffer
(Thermo Scientific, Rockford, IL, United States) and re-blotted
with mouse monoclonal anti-β-actin (1:20000; Sigma Aldrich,
United States) overnight at 4◦ C and visualized as described
above. Bands were detected with G-Box (Syngene) instrument.
For densitometry, images were digitally scanned and optical
density of the bands was quantified using ImageJ software (NIH,
Bethesda, MD, United States) and normalized to controls. To
allow comparison between different blots, the density of the
bands was expressed as arbitrary units.

Statistical Analysis
The Shapiro–Wilk normality test was first used to determine if
the data were normally distributed. Results were then expressed
as mean ± SEM and quantitative normally distributed data were
analyzed by two-way ANOVA (VPA and CBDV as independent
variables), followed by Tukey’s post hoc test. The level of statistical
significance was set at p < 0.05.

RESULTS

Immunohistochemistry

Behavioral Studies

Free-floating sections containing the dorsal hippocampus
were washed three times in 0.05% Tryton X-100 in TBS,
incubated with 3% normal goat serum, 0.05% Triton X-100
in TBS for 1 h at room temperature and then overnight at
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Figure 1 represents the effect of symptomatic CBDV treatment
(0.2, 2, 20, and 100 mg/kg/day; PND 34–58; Figure 1A)
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on autism-like phenotypes in the male offspring of VPAexposed rats.

Compulsive self-grooming and locomotion
The effect of chronic CBDV 0.2, 2, 20, and 100 mg/kg/day
treatment on compulsive self-grooming and locomotor activity
is reported in Figures 1E,F respectively.
Statistical analysis showed significant effects of VPA
[F (1,75) = 17.06; p < 0.0001] and VPA × CBDV interaction
[F (4,75) = 2.518; p = 0.0483] and a trend for CBDV’s effect
[F (4,75) = 2.381; p = 0.0590] on self-grooming. VPA exposure
significantly increased the time spent by male rats in compulsive
self-grooming by about 121% with respect to vehicles. Chronic
CBDV administration at the dose of 20 mg/kg significantly
normalized the time spent in repetitive behaviors in VPA-treated
rats without having any effect when administered to controls.
CBDV 2 and 100 mg/kg showed a trend to ameliorate compulsive
self-grooming in VPA-vehicle rats. The lowest dose of CBDV was
instead ineffective.
Main effects of VPA [F (1,75) = 17.52; p < 0.0001], CBDV
[F (4,75) = 5.527; p = 0.0006] and VPA × CBDV interaction
[F (4,75) = 2.485; p = 0.0500] were also found on locomotor
activity. Indeed, VPA administration significantly increased
locomotion by about 69% compared to controls and CBDV
administration at the dose of 2, 20, and 100 mg/kg significantly
normalized it. In contrast, CBDV 0.2 mg/kg failed to recover
hyperlocomotion in VPA-exposed rats. None of the CBDV doses
tested affected locomotion in control animals.

Sociability and social novelty preference
In the three-chamber test (Figures 1B,C), no differences in the
time spent in each compartment of the apparatus were observed
during the habituation phase, suggesting that animals belonging
to all the experimental groups did not show a preference
for a particular side of the arena (data not shown). During
the sociability test (Figure 1B), two-way ANOVA revealed
significant main effects of VPA [F (1,75) = 34.35; p < 0.0001] and
VPA × CBDV interaction [F (4,75) = 2.636; p = 0.0405] on the
percentage of time spent exploring the stranger rat with respect
to the empty cage. Indeed, the percentage of time spent by male
VPA-exposed rats in the chamber containing the unfamiliar rat
was significantly reduced compared to controls (58.673 ± 1.389%
in VPA-vehicle vs. 78.668 ± 3.069% in vehicle-vehicle). CBDV
at all doses tested did not affect sociability when administered to
control animals. CBDV treatment at doses of 20 and 100 mg/kg
significantly restored the impairment in sociability observed in
VPA rats while doses of 0.2 and 2 mg/kg failed to reverse the
sociability deficit in VPA-treated rats.
Concerning the preference for social novelty (Figure 1C),
significant effects of VPA [F (1,75) = 21.54; p < 0.0001] and
VPA × CBDV interaction [F (4,75) = 2.556; p = 0.0456] were
observed on the percentage of time spent exploring the unknown
rat during the test. Control male rats spent a significantly
higher percentage of time exploring the novel rat than the
known rat (75.021 ± 3.301%). In contrast, VPA animals spent
a similar time exploring the two stimuli (53.757 ± 2.072%).
Treatment with CBDV 20 mg/kg completely reversed the deficit
in social preference in VPA rats, as demonstrated by the fact
that VPA-CBDV rats spent significantly more time exploring the
novel rats with respect to the familiar one (69.128 ± 2.900%).
In contrast, CBDV 0.2, 2, and 100 mg/kg were not able to
restore social novelty preference in VPA rats. None of the doses
tested had per se any effect on social novelty preference when
administered to controls.

Preventative CBDV Treatment
Figure 2 represents the effect of preventative CBDV treatment
(2 and 20 mg/kg/day; PND 19–32; Figure 2A) on autism-like
phenotypes in the male offspring of VPA-exposed rats.

Sociability and social novelty preference
The effect of preventative CBDV 2 and 20 mg/kg/day treatment
on sociability in the male offspring of VPA- and vehicle-exposed
rats, as measured through the three chamber apparatus is
shown in Figure 2B. During the habituation phase, VPA and
CBDV administration did not affect the time spent in each
compartment of the maze and all animals spent similar amounts
of time exploring each compartment of the apparatus (data not
shown). During the sociability test, significant effects of VPA
[F (1,35) = 9.385; p = 0.0005] and VPA × CBDV interaction
[F (2,35) = 11.78; p = 0.0001] were found. Vehicle-vehicle
rats spent significantly more time exploring the unfamiliar rat
compared to the empty cage (68.113 ± 2.345%). A similar
effect was also observed in vehicle animals treated with CBDV
2 mg/kg (67.773 ± 2.297%) and 20 mg/kg (64.861 ± 2.788%).
In contrast, male VPA-exposed rats spent similar amount of
time in the chamber containing the unfamiliar rat compared to
the time spent in the empty compartment when compared to
controls (53.484 ± 3.220%), indicating a deficit in sociability.
Chronic CBDV treatment at both doses significantly prevented
the deficit in sociability in VPA rats without affecting sociability
in control animals.
In the preference for social novelty trial (Figure 2C),
statistical analysis showed a significant VPA × CBDV interaction
[F (2,35) = 4.426; p = 0.0196] and a trend for VPA [F (1,35) = 4.088;
p = 0.0511] and CBDV [F (2,35) = 3.174; p = 0.0545] effects.

Short-term recognition memory
Figure 1D represents the effect of chronic CBDV 0.2, 2,
20, and 100 mg/kg/day treatment on short-term memory as
evaluated through the NOR test. Total exploration time during
the familiarization phase was similar in all the groups under
investigation (data not shown). During the test phase, significant
effects of VPA [F (1,75) = 17.47; p < 0.0001] and VPA × CBDV
interaction [F (4,75) = 4.565; p = 0.0024] were observed. Prenatal
VPA administration significantly impaired short-term memory,
as demonstrated by a significant reduction of the discrimination
index by about 81% with respect to controls. Statistical analysis
did not reveal any significant effect of CBDV when administered
in control rats. Interestingly, CBDV 2, 20, and 100 mg/kg
significantly reversed the short-term memory deficit in male
VPA rats, without affecting per se recognition memory when
administered to vehicles. In contrast, CBDV 0.2 mg/kg failed to
counteract memory deficits in VPA rats, the discrimination index
being still reduced by about 79% with respect to controls.
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CBDV [F (1,12) = 13.32; p = 0.0033], and VPA × CBDV
interaction [F (1,12) = 15.88; p = 0.0018] on CB1 receptor
expression. Prenatal VPA exposure significantly increased
CB1 receptor levels in the hippocampus compared to vehicle
littermates. CBDV treatment at the behaviorally efficacious dose
of 20 mg/kg significantly normalized CB1 receptor expression
without affecting its levels when administered to vehicles.
A significant effect of VPA [F (1,12) = 10.31; p = 0.0075] was also
found on CB2 receptor levels. Indeed, prenatal VPA exposure
alone did not affect receptor expression whereas a significant
increase in CB2 receptor levels was observed in VPA-exposed
rats after chronic administration of CBDV 20 mg/kg. Statistical
analysis revealed significant effects of VPA [F (1,12) = 8.722;
p = 0.0121] and VPA × CBDV interaction [F (1,12) = 5.830;
p = 0.0326] on FAAH protein levels within the hippocampus.
FAAH expression was significantly enhanced in VPA exposed
rats and it was reduced by chronic CBDV treatment. A similar
effect was also found regarding MAGL expression. Indeed,
MAGL levels were increased by prenatal VPA exposure and
CBDV administration significantly restored MAGL expression in
the hippocampus of VPA exposed rats without affecting its levels
when administered in controls [VPA: F (1,12) = 7.536; p = 0.0178;
VPA × CBDV interaction: F (1,12) = 4.499; p = 0.0564]. Neither
VPA exposure nor CBDV treatment alone or in combination
affected NAPE-PLD and DAGLα expression in this brain region.

Control male rats spent a significantly greater percentage of time
exploring the novel rat than the known rat (66.819 ± 1,995%).
A similar effect was also present in vehicle animals treated
with CBDV 2 mg/kg (69.199 ± 6.227%) and 20 mg/kg
(61.095 ± 3.0147%). Conversely, VPA animals spent a similar
percentage of time exploring the two stimuli (48.003 ± 4.535%).
Treatment with CBDV 2 and 20 mg/kg significantly prevented
the deficit in social novelty preference in VPA-exposed rats.

Short-term recognition memory
Figure 2D depicts the effect of preventative CBDV 2 and
20 mg/kg/day treatment on short-term memory in vehicleand VPA-treated rats evaluated through the NOR test. Total
exploration time during the familiarization phase was similar in
all the groups under investigation (data not shown).
Two-way ANOVA revealed significant effects of VPA
[F (1,35) = 8.943; p = 0.0051] and VPA × CBDV interaction
[F (2,35) = 6.127; p = 0.0052] on short-term memory. Prenatal
VPA administration significantly impaired short-term memory,
as demonstrated by a significant reduction of the discrimination
index by about 60.9% with respect to controls. Both doses of
CBDV did not affect recognition memory when administered
to vehicles. CBDV 20 mg/kg significantly prevented the shortterm memory deficit in male VPA rats, whereas the lowest dose
was ineffective.

Compulsive self-grooming and locomotion

Effect of Symptomatic CBDV Treatment (20 mg/kg)
on Neuroinflammatory Markers and Microglia
Morphology in the Hippocampus of Vehicle- and
VPA-Exposed Rats

Figures 2E,F represent the effect of preventative CBDV 2 and
20 mg/kg/day treatment on repetitive behaviors (compulsive
self-grooming) and locomotion, respectively.
A significant main effect of VPA [F (1,35) = 13.64; p = 0.0008]
was found on self-grooming behavior. Indeed, VPA exposure
significantly increased the time spent by male rats in compulsive
self-grooming by about 133.9% with respect to vehicle-vehicle
animals. CBDV treatment did not affect self-grooming in control
rats and no dose of CBDV tested was able to prevent compulsive
self-grooming in male VPA-exposed rats.
Significant VPA [F (1,35) = 7.301; p = 0.0106] and
VPA × CBDV [F (2,35) = 7.554; p = 0.0019] effects were
observed on locomotor activity in male rats. VPA administration
significantly increased locomotor activity by about 137.9%
compared to controls. Chronic CBDV treatment did not
affect locomotion when administered to controls while
CBDV administration in VPA rats significantly prevented
hyperlocomotion only at the dose of 20 mg/kg.

Figure 4A shows the effects of prenatal VPA exposure and
symptomatic CBDV treatment on the expression of the astrocyte
marker GFAP, the microglia marker CD11b and the proinflammatory cytokine TNF-α in the hippocampus. Two-way
ANOVA showed significant effects of VPA [F (1,12) = 12.12;
p = 0.0045], CBDV [F (1,12) = 14.71; p = 0.0024] and
VPA × CBDV interaction [F (1,12) = 8.361; p = 0.0135] on
GFAP expression. Prenatal VPA exposure significantly increased
GFAP protein levels in the hippocampus. Symptomatic CBDV
treatment completely restore GFAP expression in VPA rats
without affecting the levels of this marker in control animals.
Similarly, a significant increase in CD11b expression was found
in the hippocampus after VPA exposure in utero and CBDV
administration showed a trend toward reducing the expression
of this marker when given to VPA rats without having any effect
per se in control animals [VPA: F (1,12) = 5.673; p = 0.0308].
Significant effects of VPA [F (1,12) = 4.902; p = 0.0469] and
VPA × CBDV interaction [F (1,12) = 8.531; p = 0.0128]
were observed on TNF-α, whose expression was significantly
increased in the hippocampus of VPA pre-treated rats. CBDV
treatment significantly restored TNF-α levels when chronically
administered to VPA rats.
Figures 4B,C shows the effects of prenatal VPA and
symptomatic CBDV treatments on some parameters of microglia
morphology, namely soma size and roundness as well as surface
area and perimeter. Statistical analysis revealed main effects of
VPA [F (1−8) = 17.55; p = 0.0030], CBDV [F (1−8) = 18.41;

Biochemistry
All biochemical studies were performed 24 h after the last CBDV
(or vehicle) injection using the dose of CBDV more efficacious
toward ASD-like phenotypes (i.e., 20 mg/kg).

Effect of Symptomatic CBDV Treatment (20 mg/kg)
on Components of the Endocannabinoid System in
the Hippocampus of Vehicle- and VPA-Exposed Rats
Figure 3 shows the effects of CBDV on the protein levels
of components of the endocannabinoid system in the
hippocampus of vehicle and VPA rats. Two-way ANOVA
revealed significant effects of VPA [F (1,12) = 8.198; p = 0.0143],
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FIGURE 3 | Effect of symptomatic CBDV 20 mg/kg/day treatment on components of the endocannabinoid system in the hippocampus of the male offspring of VPAand vehicle-exposed rats as measured by means of Western blot analysis in cytosolic fractions. Data represent mean ± SEM of n = 3 vehicle-vehicle, n = 3
vehicle-CBDV 20 mg/kg, n = 5 VPA-vehicle, n = 5 VPA-CBDV 20 mg/kg and were analyzed using two-way ANOVA followed by Tukey’s post hoc test (∗∗ p < 0.01,
∗ p < 0.05 vs. vehicle-vehicle;◦◦ p < 0.01,◦ p < 0.05 vs. VPA-vehicle).

p = 0.0026], and VPA × CBDV interaction [F (1−8) = 16.26;
p = 0.0038] on soma size. Soma size was significantly increased
in rats prenatally exposed to VPA compared to controls. CBDV
treatment did not alter soma size in control animals but it
significantly restored soma area when administered to VPAtreated rats. Similarly, main effects of VPA [F (1−8) = 25.21;
p = 0.0010], CBDV [F (1−8) = 7.376; p = 0.0264], and
VPA × CBDV interaction [F (1−8) = 7.221; p = 0.0276]
were observed on soma roundness. Prenatal VPA exposure
significantly reduced roundness of the soma of Iba-1 positive
cells in the hippocampus with respect to controls. CBDV
completely rescued this alteration without affecting soma
roundness in control rats.
Statistical analysis also revealed main effects of VPA
[F (1−8) = 26.18; p = 0.0009], CBDV [F (1−8) = 11.98; p = 0.0086],
and VPA × CBDV interaction [F (1−8) = 13.60; p = 0.0062] on
surface area and perimeter [VPA: F (1−8) = 34.68; p = 0.0004,
CBDV: F (1−8) = 17.28; p = 0.0032, and VPA × CBDV interaction:
F (1−8) = 20.71; p = 0.0019]. Morphological analysis showed
that prenatal VPA exposure significantly reduced both surface
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area and perimeter of microglia cells. Again, CBDV did not
affect either surface area or perimeter of Iba-1 positive cells in
control animals but its administration significantly normalized
both parameters in rats prenatally exposed to VPA.

Effect of Symptomatic CBDV Treatment (20 mg/kg)
on Components of the Endocannabinoid System and
Neuroinflammatory Markers in the PFC of Vehicleand VPA-Exposed Rats
As shown in Figure 5A, no effect of prenatal VPA and
symptomatic CBDV treatments were found on CB1 and CB2
receptor, FAAH, MAGL, and NAPE-PLD levels in the PFC. In
contrast, statistical analysis revealed significant effects of VPA
[F (1,12) = 11.02; p = 0.0041] and CBDV [F (1,12) = 13.39;
p = 0.0033] on DAGLα expression. Prenatal VPA exposure
significantly reduced DAGLα levels in this brain area and a
similar effect was observed after CBDV administration both in
control and in VPA rats. Concerning the neuroinflammatory
markers (Figure 5B), neither VPA nor CBDV affected GFAP,
CD11b, and TNF-α levels in the PFC.
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FIGURE 4 | (A) Effects of prenatal VPA exposure and symptomatic CBDV 20 mg/kg/day treatment on the expression of the astrocyte marker GFAP, the microglia
marker CD11b and the pro-inflammatory cytokine TNF-α in the hippocampus as measured by means of Western blot analysis in cytosolic fractions. Data represent
mean ± SEM of n = 3 vehicle-vehicle, n = 3 vehicle-CBDV 20 mg/kg, n = 5 VPA-vehicle, n = 5 VPA-CBDV 20 mg/kg and were analyzed using two-way ANOVA
followed by Tukey post hoc test. (B) Effect of prenatal VPA exposure and CBDV treatment (20 mg/kg/day; PND 34–58) on microglia morphology in the hippocampus
as analyzed through Iba1 immunostaining. (C) Representative Iba-1 staining and microglia morphology at ×40 magnification (upper panels: grayscale images; lower
panels: filled images). Data represent mean ± SEM of three animals per group (4 slices/animal, 240 µm apart; 8 cells/animals) and were analyzed using two-way
ANOVA followed by Tukey’s post hoc test (∗∗∗ p < 0.001,∗∗ p < 0.01, ∗ p < 0.05 vs. vehicle-vehicle;◦◦◦ p < 0.001,◦◦ p < 0.01,◦ p < 0.05 vs. VPA-vehicle).

in sociability and social novelty preference, repetitive selfgrooming, recognition memory impairment and hyperactivity.
In contrast, doses of 2 and 100 mg/kg only partially affected
the phenotypes under investigation: CBDV 2 mg/kg recovered
short-term memory deficits and hyperlocomotion while, at the
dose of 100 mg/kg, CBDV’s activity against the deficit in social
novelty preference and stereotyped behaviors was lost. The
lowest dose tested, 0.2 mg/kg, was instead ineffective. Hence,
in this experimental model and at the doses tested in this
study, CBDV does not show a linear dose-response curve,
being more effective at the intermediate dose of 20 mg/kg
with respect to doses of 2 and 100 mg/kg. This could suggest
that CBDV might display a bell shaped dose-response curve
as demonstrated for other phytocannabinoids in some animal

DISCUSSION
This study was performed to determine whether CBDV treatment
could be beneficial toward ASD-like features induced by
prenatal VPA exposure in rats. In particular, we evaluated
CBDV’s efficacy toward VPA-induced deficits in sociability
and social novelty preference, repetitive self-grooming behavior,
recognition memory deficits and hyperactivity in the male
offspring of VPA-treated dams using either symptomatic (PND
34–58) and preventative (PND 19–32) treatment protocols.
Results here presented show that chronic CBDV treatment
was able to ameliorate ASD-like signs induced by prenatal
VPA exposure in the male offspring. Treatment with CBDV
at the dose of 20 mg/kg in symptomatic rats rescued deficits
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FIGURE 5 | Effect of prenatal VPA exposure and symptomatic CBDV 20 mg/kg/day treatment on protein levels of (A) components of the endocannabinoid system
and (B) the astrocyte marker GFAP, the microglia marker CD11b and the pro-inflammatory cytokine TNF-α in the PFC as measured by means of Western blot
analysis in cytosolic fractions. Data represent mean ± SEM of n = 3 vehicle-vehicle, n = 3 vehicle-CBDV 20 mg/kg, n = 5 VPA-vehicle, n = 5 VPA-CBDV 20 mg/kg
and were analyzed using two-way ANOVA followed by Tukey’s post hoc test. (∗∗ p < 0.01, ∗ p < 0.05 vs. vehicle-vehicle).

independent from the time window of administration, CBDV
at all doses was devoid of any side effect when administered
to control animals, further supporting the safety profile of this
compound (Huizenga et al., 2019).
In the search for possible correlates of the effects observed
at the behavioral level, we performed neurochemical analysis
in the PFC and hippocampus of VPA-exposed rats treated
with CBDV at the dose that showed the maximum behavioral
efficacy, i.e., 20 mg/kg. Neurochemical investigations were
carried out after symptomatic CBDV treatment only, as the
translational value of a preventative treatment in the context
of ASD is quite limited at present. In fact, diagnosis of ASD
is based on the identification of symptoms and a preventative
treatment could only be useful when reliable biomarkers are
available. Identifying biomarkers for early disease detection,
especially in high-risk populations, is therefore a primary
need to allow for earlier pharmacological interventions, with
the intent of improving outcomes. Of note, results here
presented raise the intriguing possibility that early CBDV
treatment might partially prevent/attenuate the development
of ASD symptoms.

models (Pertwee, 2004; Mishima et al., 2005; Mechoulam et al.,
2007; Campos and Guimarães, 2008; Zuardi, 2008; Zanelati et al.,
2010; Campos et al., 2012). Alternatively, it could be possible that
the experimental paradigm used in our study failed to identify a
linear dose response range.
Slightly different results were found in the preventative
treatment schedule. Preventative CBDV treatment at the dose
of 2 mg/kg significantly prevented sociability and social novelty
preference deficits but failed to ameliorate repetitive behaviors,
hyperactivity and short-term memory deficits. In contrast, CBDV
20 mg/kg prevented sociability and social novelty preference
deficits, normalized locomotor activity and improved shortterm memory deficits but was ineffective toward repetitive selfgrooming behavior.
An aspect that emerges from these data is the different efficacy
of CBDV depending on the time of administration. In fact,
while symptomatic treatment at the dose of 20 mg/kg appears
to be efficacious in reverting most ASD-like phenotypes, none
of CBDV’s doses tested in this study completely prevented
the behaviors under investigation when administered during
early developmental period (i.e., peri-weaning). Nevertheless,
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of the endocannabinoid system and neuroinflammation co-exist
in the brain of VPA-treated rats, there is no evidence about
a possible correlation between the two events in the animal
model at baseline. Indeed, the consequences of a modulation
of either the endocannabinoid system or inflammation have
been evaluated in the VPA model but no study has checked
whether modulating one of the two events affects the other.
Starting from the observation that CBDV does not directly
interact with the cannabinoid system at physiologically relevant
concentration, we speculate that restoration of the homeostatic
endocannabinoid tone by CBDV might be secondary to its
effect on neuroinflammation. We hypothesize that CBDV might
promote a shift from a pro-inflammatory state, also called the
“M1 phenotype,” presenting neurotoxic activities and releasing
pro-inflammatory signals, to a more neuroprotective profile
called the “M2 phenotype” which involves anti-inflammatory
responses. Of note, upregulation of CB2 receptors has been
associated with a restoration of tissue homeostasis in pathological
neuroinflammatory conditions (Miller and Devi, 2011) and
our observation that CBDV increases the expression of CB2
receptors in VPA rats further supports its anti-inflammatory
action in this model. We speculate that microglia cells
shifted to an anti-inflammatory phenotype would then increase
endocannabinoid production (Mecha et al., 2015), which by
acting autocrinally and/or paracrinally could facilitate/amplify
the M2 anti-inflammatory phenotype and might contribute to the
restoration of endocannabinoid signaling.

Recent data from human and animal studies suggest an
involvement of the endocannabinoid system in the pathogenesis
of ASD. Lower circulating endocannabinoid levels and changes
of endocannabinoid receptors and enzymes have been reported
in ASD patients (Siniscalco et al., 2013, 2014; Brigida et al.,
2017; Karhson et al., 2018; Aran et al., 2019). Animal studies
support human data demonstrating the presence of alterations in
several components of the endocannabinoid system in the brain
of both genetic and environmental ASD models (Maccarrone
et al., 2010; Jung et al., 2012; Foldy et al., 2013; Kerr et al.,
2013; Speed et al., 2015; Zamberletti et al., 2017). Remarkably,
pharmacological modulation of the endocannabinoid signaling
can ameliorate some ASD-like phenotypes in animals (BusquetsGarcia et al., 2013; Qin et al., 2015; Gomis-González et al., 2016;
Kerr et al., 2016; Servadio et al., 2016; Wei et al., 2016; Melancia
et al., 2018), suggesting that interfering with the endocannabinoid
system might be beneficial for relieving ASD symptomatology. In
line with literature data, we found that prenatal VPA exposure
triggers endocannabinoid system alterations in the brain of the
male offspring. These changes are more pronounced in the
hippocampus with respect to the PFC. Specifically, enhanced
FAAH and MAGL expression together with an up-regulation of
CB1 receptor were observed in the hippocampus while reduced
DAGLα levels were detected in the PFC. Increases in the enzymes
responsible for AEA and 2-AG degradation in the hippocampus
and the reduction of 2-AG synthesis in the PFC possibly support
the presence of a reduced endocannabinoid tone in the brain of
VPA-exposed animals, in line with previous findings (Kerr et al.,
2013). Interestingly, FAAH, MAGL, and CB1 receptor protein
levels returned to control level following CBDV treatment,
suggesting that CBDV’s ability to restore endocannabinoid
system abnormalities might contribute to its beneficial effects on
ASD-like behaviors. In addition, we found that CBDV treatment
also up-regulated CB2 receptor expression in the hippocampus of
VPA-exposed rats. CB2 is emerging as an important regulator of
the inflammatory response in the central nervous system (Basu
and Dittel, 2011). Although still debated, several authors suggest
its immunosuppressive and neuroprotective potential (Ehrhart
et al., 2005; Palazuelos et al., 2009; Tumati et al., 2012; Zoppi
et al., 2014; Navarro et al., 2016). Its deletion in animals usually
exacerbates the inflammatory phenotype in several models and
CB2 activation by cannabinoids can slow the progression of
some diseases, in addition to reducing inflammation (Turcotte
et al., 2016), suggesting that modulation of CB2 receptor could
be beneficial for relieving inflammation. Although our data does
not allow to establish a causal relationship, we observed that
CBDV-induced up-regulation of hippocampal CB2 receptor was
associated with the rescue of the neuroinflammatory markers
GFAP, CD11b, and TNF-α in the same brain region. Further
supporting its either direct or indirect neuroprotective effects, we
observed that CBDV treatment can restore microglia activation
and consecutive morphological changes in terms of cell size and
soma shape in the hippocampus of VPA-treated animals. Hence,
CBDV treatment restores the endocannabinoid system and
reduces neuroinflammation in the VPA model but, based on the
present data, we cannot establish any causality between the two
events. Although literature data clearly indicate that alterations
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CONCLUSION
This study provides preclinical evidence in support of the
ability of CBDV to ameliorate behavioral abnormalities
resembling the core and associated symptoms of ASD, a
developmental condition for which no cure is available.
Restoration of hippocampal endocannabinoid signaling
and neuroinflammation are likely to contribute to CBDV’s
beneficial effects toward ASD-like phenotypes induced by
prenatal VPA exposure.
Although further work is required to determine the
mechanism(s) of action of CBDV and to evaluate its effect
in other animal models, the present results identify for the first
time CBDV as a suggested candidate for the treatment of ASD.
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Abstract
Background: Immune system dysregulation is well-recognized in autism and thought to be part of the etiology of
this disorder. The endocannabinoid system is a key regulator of the immune system via the cannabinoid receptor
type 2 (CB2R) which is highly expressed on macrophages and microglial cells. We have previously published
significant differences in peripheral blood mononuclear cell CB2R gene expression in the autism population. The
use of the Gc protein-derived Macrophage Activating Factor (GcMAF), an endogenous glycosylated vitamin D
binding protein responsible for macrophage cell activation has demonstrated positive effects in the treatment
of autistic children. In this current study, we investigated the in vitro effects of GcMAF treatment on the
endocannabinoid system gene expression, as well as cellular activation in blood monocyte-derived macrophages
(BMDMs) from autistic patients compared to age-matched healthy developing controls.
Methods: To achieve these goals, we used biomolecular, biochemical and immunocytochemical methods.
Results: GcMAF treatment was able to normalize the observed differences in dysregulated gene expression of the
endocannabinoid system of the autism group. GcMAF also down-regulated the over-activation of BMDMs from
autistic children.
Conclusions: This study presents the first observations of GcMAF effects on the transcriptionomics of the
endocannabinoid system and expression of CB2R protein. These data point to a potential nexus between
endocannabinoids, vitamin D and its transporter proteins, and the immune dysregulations observed with autism.
Keywords: GcMAF, Endocannabinoids, Gene expression, Macrophages, Autism

Introduction
Autism and autism spectrum disorders (ASDs) are complex heterogeneous neurodevelopmental conditions [1],
arising from the interaction of genetic and environmental factors [2]. The established symptom categories include dysfunctions in communication skills and social
interactions, combined with repetitive, restrictive and
stereotypic verbal and non-verbal behaviors. Despite extensive research efforts, the etiopathologies of ASDs remain inadequately understood [3-5]. Early inflammatory
processes, including maternal-fetal immune interactions
and resultant immunological dysfunctions have been
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Maria di Costantinopoli, 16 - 80138 Naples, Italy
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proposed as potential mechanisms [6-9]. The prevailing
hypothesis is that some combination of immune factors
including maternally-developed antibodies to fetal brain,
prime microglia in such a way as to preclude their normal functions of directing neuronal migration and pruning [10,11].
The functional role of Vitamin D in the central nervous
system has recently been reviewed and includes neurogenesis, neuroplasticity and a neuroprotection [12]. Vitamin D deficiency has been a demonstrated cause of
recurrent pregnancy loss and supplementation with D3
significantly reduces IFN-γ and TNF-α secretion from
natural killer (NK) cells [13]. There is a complex interaction between vitamin D and polymorphisms of the vitamin D receptor (VDR) and both the risk of autoimmunity
and the responsiveness to vitamin D supplementation
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[14]. In autism, vitamin D deficiency in pregnancy or early
childhood appears to contribute significantly to risk [15].
Potentially related to these processes are the recent observations of elevated N-acetylgalactosaminidase (Nagalase) levels in the blood of children with ASDs [16].
Nagalase is an enzyme that catalyzes the deglycosylation
of the Gc protein also known as vitamin D3 binding protein (VDBP) rendering it incapable of being converted to
the regulatory protein, Gc Macrophage Activating Factor
(GcMAF). GcMAF is an immunologically important protein responsible for macrophage activation [17], thus
Nagalase diminishes the body’s macrophage activating
capacity, and elevated Nagalase has been reported in
autoimmune disorders including systemic lupus erythematosus (SLE) [18].
We recently demonstrated that a cannabinoid receptor
type 2 (CB2R) signalling was significantly upregulated in
peripheral blood mononuclear cells (PBMCs) extracted
from autistic children, suggesting that endocannabinoid
(EC) system dysregulation could be involved in ASDmediated immune impairments [19].
Using a new methodology of radiolabeling, the CB2R
distribution was recently mapped using whole body
positron emission tomography (PET) [20]. In healthy
subjects without brain related pathology, the CB2R was
demonstrated to map to the peripheral lymphoid immune system. Additionally, CB2R is expressed on both
macrophages and microglial cells and activation of CB2R
has been demonstrated to down-regulate ischemiainduced macrophage-microglial induced inflammation in
an animal model [21].
The body produces arachidonate-based lipids, anandamide (N-arachidonoylethanolamide, AEA) and 2arachidonoylglycerol (2-AG) which are binding ligands
for the cannabinoid receptors [22]. CB2R appears to
have primary immunomodulatory effects and CB2Rspecific agonists and phytocannabinioids (for example,
cannabidiol (CBD)) lack psychoactive properties [22].
GcMAF treatment seems to ameliorate autistic symptoms in some children [16]; however, the cellular and
molecular pathways involved in the apparent therapeutic
effect are not understood. We hypothesized that a potential therapeutic mechanism of GcMAF is related to
transcriptional regulation of EC genes. We sought to investigate this mechanism in vitro using blood monocytederived macrophages (BMDMs) from autistic patients
and controls.

Materials and methods
Subjects

We investigated 22 children with autism, and compared
them to 20 age and sex matched healthy children used
as a control group (age ranging 3 to 11 years; mean age:
7.06 ± 1.52 versus 7.38 ± 2.33 in autistic and healthy
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individuals, respectively). The subjects with autism were
recruited into the study from the outpatient Biomedical
Center for Autism Research and Treatment, Bari, Italy.
Before entering the study, all of the children were administered the Autism Diagnostic Interview-Revised version [23], the Childhood Autism Rating Scales (CARS)
[24], and the Autism Diagnostic Observation ScheduleGeneric [25] to document the diagnosis of autism. All
included patients met the Diagnostic and Statistical
Manual of Mental Disorders-IV criteria for autism
(DSM-IV-TR) [1]. In addition to meeting the criteria for
autistic disorder, subject children were required to score
at least 30 points on the CARS scale. Twenty healthy
children were recruited among staff family members. Potential subjects were excluded if they had any of the following: a neurological or comorbid psychiatric disorder,
epilepsy, history of liver, renal or endocrine disorders,
current infection of any origin. Mental retardation or behavioral disorders, including Pervasive Developmental
Disorder - Not Otherwise Specified (PDD-NOS), and inclusion criteria for attention deficit-hyperactivity disorder, were all considered exclusion criteria for control
children. Children diagnosed with Asperger’s syndrome,
fragile X syndrome and tuberous sclerosis were also
excluded from the study. IQ test was not performed.
Neither autistic subjects nor controls were receiving
pharmacological interventions. Other exclusion criteria
were celiac disease and/or other major diseases of the
intestinal tract, such as inflammatory bowel disease or
hepatic disorders.
Informed consent was obtained from the parents of all
children enrolled in this study and assent was obtained
from the healthy controls in compliance with Italian legislation and the Code of Ethical Principles for Medical
Research Involving Human Subjects of the World Medical Association (Declaration of Helsinki).
Isolation of peripheral blood mononuclear cells (PBMCs)

Mononuclear cells were extracted as previously described [9,19]. Briefly, less than 10 ml of fresh peripheral
blood samples from autistic subjects and control donors
were drawn and collected in sterile EDTA tubes (Becton
Dickinson, Franklin Lakes, NJ, USA). Peripheral blood
mononuclear cells (PMBCs) were isolated by centrifugation
over Histopaque 1077 density gradient (Sigma Chemical, St
Louis, MO, USA). Briefly, blood was diluted 1:1 in PBS
(Sigma, St. Louis, MO, USA), overlaid onto lymphocyte
separation media (Lymphocyte Separation Medium -Lonza,
Walkersville, MD, USA), centrifuged at 2,200 rpm for
30 minutes at room temperature and plasma was removed.
Mononuclear cell fraction was harvested and washed
twice in PBS. The final pellet was re-suspended in
RPMI 1640 complete medium (Lonza, Verviers, Belgium)
containing 10% FBS (EuroClone-Celbio, Milan, Italy),
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2 mM L-glutamine, 100 U/ml penicillin, and 100 mg/ml
streptomycin (all Lonza, Verviers, Belgium) and incubated
at 37°C with 5% CO2. Lymphocytes (non-adherent cells)
were removed.
Differentiation of macrophages from PBMCs

In order to obtain fully differentiated human blood
monocyte-derived macrophages (BMDMs), PBMCs were
then cultured for about ten days in the presence of 25 ng/
mL recombinant human macrophage colony-stimulating
factor (Peprotech, London, UK) [26,27] (Figure 1).
in vitro treatment

GcMAF was added at 0.1 ng/ml final concentration to
BMDMs from healthy control and autistic patients. The
dose of GcMAF was chosen on the basis of a previous
work demonstrating that maximal stimulation of PBMCs
was achieved with 0.1 ng/ml [28]. GcMAF was kindly
provided by Immuno Biotech (St. Peter Port, Guernsey,
UK). Following incubation of the cells for 24 hours in
the presence of GcMAF, some cells were lysed for the
extraction and analysis of RNA (Reverse TranscriptasePolymerase Chain Reaction (RT-PCR)), and proteins via
Western blot analysis; alternatively, other cells were
fixed for fluorescence-based immunocytochemistry analysis. Comparisons between pre-post treatment levels of
RNA and protein expression were made for both autistic
individuals and healthy controls.
RNA extraction and RT-PCR

The RNA was extracted from BMDMs using a RNA TriReagent (Molecular Research Center Inc., Cincinnati, OH,
USA) according to the manufacturer’s protocol. The total
RNA concentration and integrity were determined by
Nanodrop® ND-1000 UV spectrophotometer (Nano-Drop®
Technologies, Thermo Scientific, Wilmington, DE, USA).
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The mRNA levels of the EC genes under analysis were
measured by RT-PCR amplification, as previously reported
[19]. Reverse Transcriptase from Avian Myeloblastosis
Virus (AMV-RT; Promega, Madison, WI, USA) was used.
For first-strand cDNA synthesis, 200 ng total RNA, random hexamers, dNTPs (Promega, Madison, WI, USA),
AMV buffer, AMV-RT and recombinant RNasinribonuclease inhibitor (Promega, Madison, WI, USA) were assembled in diethyl-pyrocarbonate-treated water to a 20 μl
final volume and incubated for ten minutes at 65°C and
one hour at 42°C. RT minus controls were carried out to
check potential genomic DNA contamination. These RT
minus controls were performed without using the reverse
transcriptase enzyme in the reaction mix. Aliquots of 2 μl
cDNA were transferred into a 25 μl PCR reaction mixture
containing dNTPs, MgCl2, reaction buffer, specific primers
and GoTaq Flexi DNA polymerase (Promega, Madison,
WI, USA), and amplification reactions using specific
primers and conditions for human genes under analysis
were carried out. Sequences for the human mRNAs from
GeneBank (DNASTAR Inc., Madison, WI, USA) were
used to design specific primer pairs for RT-PCRs (OLIGO
4.05 software, National Biosciences Inc., Plymouth, MN,
USA) (Table 1) [19]. Each RT-PCR was repeated at least
three times to achieve the best reproducibility data. The
levels of mRNA measured were normalized with respect
to glyceraldehyde-3-phosphate dehydrogenase (GAPDH),
which was chosen as the housekeeping gene. Indeed
GAPDH is one of the most stably expressed genes in human peripheral blood [29]. To our knowledge, there is no
molecular evidence of variation in GAPDH mRNAlevels
in autism disorders [19]. The gene expression values were
expressed as arbitrary units ± SEM. Amplification of the
genes of interest and GAPDH was performed simultaneously. PCR products were resolved into 2% agarose gel. A
semi-quantitative analysis of mRNA levels was carried out
by the Gel Doc EZ UV System (Bio-Rad, Hercules, CA,
USA).
Protein extraction and Western blot analysis

Figure 1 Representative optical photomicrograph of blood
monocyte-derived macrophages (BMDMs) in vitro culture from
autistic children.

For protein extraction, BMDMs were suspended in protein lysis buffer (HEPES 25 mM; EDTA 5 mM; SDS 1%;
Triton X-100 1%; PMSF 1 mM; MgCl2 5 mM; Protease Inhibitor Cocktail (Roche, Mannheim, Germany); Phosphatase Inhibitor Cocktail (Roche, Mannheim, Germany)).
Protein concentration was determined using the method
described by Bradford [30]. For CB2R detection, each
sample was loaded, electrophoresed in a 15% SDSpolyacrylamide gel and electroblotted onto a nitrocellulose
membrane. The membrane was blocked in 5% milk, 1X
Tris-buffered saline and 0.05% Tween-20. Primary antibodies to detect CB2R (Calbiochem-Merck, Darmstadt,
Germany) were used according to the manufacturer’s instructions at 1:250 dilutions [19]. The rabbit anti-CB2R
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Table 1 Primer sequences, annealing temperatures, and product sizes for RT-PCRs
Sense primer (5′-3′)

Antisense primer (5′-3′)

Annealing temperature (°C)

Product sizes (bp)

CB2R

Gene

TTGGCAGCGTGACTATGACC

AGGAAGGCGATGAACAGGAG

55

274

FAAH

GGCCACACCTTCCTACAGAA

GTTTTGCGGTACACCTCGAT

58

218

NAPE-PLD

GAAGCTGGCTTAAGAGTCAC

CCGCATCTATTGGAGGGAGT

60

178

GAPDH

TCACCAGGGCTGCTTTTAAC

GGACTCCACGACGTACTCAG

55

242

PCR primers were designed by using the computer program OLIGO 4.05 software (National Biosciences Inc., Plymouth, MN, USA) and were purchased from PRIMM
(Milan, Italy).

antibody detects endogenous levels of the human 45 kDa
fragment of CB2R protein. The antibody does not crossreact with the CB1 receptor protein and, according to the
manufacturer, was validated with a recombinant protein
consisting of the first 33 amino acids of human CB2R used
as a positive control. For mannose receptor detection,
each sample was loaded, electrophoresed in a precast gradient 4 to 12% SDS-polyacrylamide gel using Bolt® system
(Life Technologies, Monza, Italy) and electroblotted onto
a nitrocellulose membrane. The membrane was blocked
in 5% milk, 1X Tris-buffered saline and 0.05% Tween-20.
Primary antibodies to detect mannose receptor (ab64693
Abcam, Cambridge, UK) were used according to the
manufacturer’s instructions at 1:1,000 dilutions. Immunoreactive signals were detected with a horseradish
peroxidase-conjugated secondary antibody and reacted
with an ECL system (Amersham Pharmacia, Uppsala,
Sweden). To assess equal loading, protein levels were normalized with respect to the signal obtained with Coomassie Blue staining, as previously reported [31]. We used
Coomassie Blue staining as equal loading control as this
method overcomes the possibility that housekeeping proteins could vary in this pathology or be saturated at the
levels of loading [19]. However, we confirmed the signals
obtained by Coomassie Blue staining with respect to the
signal obtained with anti-β-tubulin monoclonal antibodies
(A2066 Sigma Chemical, St Louis, MO, USA; 1:1,000 dilution). The semi-quantitative analysis of protein levels was
carried out by the ChemiDoc-It 5000, using VisionWorks
Life Science Image Acquisition and Analysis software
(UVP, Upland, CA, USA).

Biomolecular data are expressed as means ± SEM.
ANOVA, followed by Student-Neuman-Keuls post hoc
test, was used to determine the statistical significance
among groups. P < 0.05 was considered statistically
significant.

Immunocytochemistry

Results

For immunocytochemical analysis, BMDMs were resuspended at 1x106 cell/mL in RPMI 1640 complete
medium (Lonza, Verviers, Belgium) containing 10% FBS
(EuroClone-Celbio, Milan, Italy), 2 mM L-glutamine,
100 U/ml penicillin, and 100 mg/ml streptomycin (all
Lonza, Verviers, Belgium), were plated on slides with a
12-well plate and incubated at 37°C with 5% CO2. Cells
were then fixed with 4% paraformaldehyde fixative. After
washing in PBS, non-specific antibody binding was
inhibited by incubation for 30 minutes in blocking solution (1% BSA in PBS). Primary antibodies were diluted

GcMAF was able to normalize endocannabinoid
system gene dysregulation in blood monocyte-derived
macrophages (BMDMs) in autistic children

in PBS blocking buffer and slides were incubated overnight at 4°C in primary antibodies to human Notch (1:100;
Santa Cruz Biotechnology, Santa Cruz, CA, USA) or to
human Ki67 proliferation marker (1:200; Santa Cruz Biotechnology, Santa Cruz, CA, USA). Fluorescent-labeled
secondary antibodies (1:1,000; Alexa Fluor 488, Molecular
Probe; Invitrogen, Carlsbad, CA, USA) specific to the IgG
species used as a primary antibody were used to locate the
specific antigens in each slide. Cells were counterstained
with bisbenzimide (Hoechst 33258; Hoechst, Frankfurt,
Germany) and mounted with mounting medium (90% glycerol in PBS). Fluorescently-labeled slides were viewed
with a fluorescence microscope (Leica, Wetzlar, Germany)
and with a fluorescence confocal microscope (LSM 710,
Zeiss, Oberkochen, Germany). Immunofluorescence images were analyzed with Leica FW4000 software (Leica,
Wetzlar, Germany) and with Zen Zeiss software (Zeiss,
Oberkochen, Germany). Quantification of Ki67-ir profiles
was performed by an observer blind to the treatment. Cell
positive profile quantification was performed on each
digitized image, and the reported data are the intensity
means ± SE on counterstained cells per group. Only bisbenzimide counterstained cells were considered as positive profiles so as to avoid overcounting cells.
Statistical analysis

As we already demonstrated [19], studying EC system
gene expression mainly by RT-PCR is far more sensitive
for the detection of gene expression than immunocytochemistry [9,32]. We evaluated the GcMAF effects
on NAPE-PLD (N-acyl phosphatidylethanolamine phospholipase D), a protein-coding gene [GC07M102742].
The gene codes for the enzyme which hydrolyzes Nacyl-phosphatidylethanolamines (NAPEs) to produce N-
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acylethanolamines (NAEs) and phosphatidic acid and,
specifically, the generation of anandamide (N-arachidonoylethanolamine), the ligand of cannabinoid receptors.
When compared to healthy controls, the semiquantitative analysis of BMDM-extracted mRNA levels, measured by RT-PCR amplification, showed an increase in
the NAPE-PLD gene in BMDMs of autistic patients
(mean ± SE of arbitrary units: 1.20 ± 0.34 versus 0.71 ±
0.11, P < 0.05, in BMDMs from autistic children and
healthy subjects, respectively).
We also evaluated the gene for fatty acid amide hydrolase, (FAAH) [GC01P046860]. FAAH is a membrane associated enzyme which hydrolyzes bioactive amides,
including the EC, anandamide. We observed that the
mRNA levels of the FAAH enzyme gene were decreased
(mean ± SE of arbitrary units: 0.40 ± 0.08 versus 1.60 ±
0.06, P < 0.05, in BMDMs from autistic children and
healthy subjects, respectively); the NAPE-PLD/FAAH ratio was significantly increased (mean ± SE of arbitrary
units: 3.00 ± 0.84 versus 0.44 ± 0.07 in BMDMs from autistic children compared to healthy subjects, respectively);
mRNA levels of CB2R gene (mean ± SE of arbitrary
units: 0.40 ± 0.01 versus 0.43 ± 0.02, P > 0.05, in BMDMs
from autistic children and healthy subjects, respectively)
were not changed (Figure 2).
In BMDMs of autistic children, GcMAF treatment was
able to significantly increase gene expressions both
NAPE-PLD (mean ± SE of arbitrary units: 1.20 ± 0.34
and 1.74 ± 0.18, P < 0.05, before and after GcMAF treatment in autistic BMDMs, respectively) and FAAH
(mean ± SE of arbitrary units: 0.40 ± 0.08 versus 0.95 ±
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0.04, P < 0.05, before and after GcMAF treatment in autistic BMDMs, respectively), whereas the NAPE-PLD/
FAAH ratio was significantly reduced (mean ± SE of arbitrary units: 3.00 ± 0.84 versus 1.83 ± 0.19, before and
after GcMAF treatment in autistic BMDMs, respectively). The mRNA levels of CB2R gene were not affected
by GcMAF treatment (mean ± SE of arbitrary units: 0.40
± 0.01 versus 0.54 ± 0.01, P > 0.05, before and after
GcMAF treatment in autistic BMDMs, respectively). No
changes were observed in GcMAF treated BMDMs of
healthy control children with respect to untreated
BMDMs, except for a slight decrease in NAPE-PLD gene
expression (not affecting NAPE-PLD/FAAH ratio)
(Figure 2).
GcMAF affected CB2R protein levels in BMDMs

GcMAF was also able to reduce the protein levels for
CB2R in BMDMs from autistic children with respect to
treated BMDMs from healthy controls. Since CB2Rs are G
protein-coupled receptors, they show post-translational
regulation [33]. We therefore determined the protein
levels of CB2R by Western blot analysis.
Western blot analysis showed a strong decrease in
CB2R protein levels in GcMAF treated BMDMs from
autistic children as compared to untreated macrophages
(mean ± SE of arbitrary units: 3.24 ± 0.54 versus 1.66 ±
0.39, P < 0.05, before and after GcMAF treatment in autistic BMDMs, respectively). Interestingly, GcMAF was
also able to decrease CB2R protein levels in GcMAF
treated BMDMs from healthy controls as compared to
untreated BMDMs (Figure 3) (mean ± SE of arbitrary

Figure 2 Expression of the enzymes NAPE-PLD and FAAH, and CB2R genes in blood monocyte-derived macrophages (BMDMs). The
ratio NAPE/FAAH was also reported. The measured mRNA levels were normalized with respect to GAPDH (housekeeping gene) and gene
expression values were expressed as a percentage of arbitrary units ± SEM. * indicates significant difference versushealthy controls; ° indicates
significant difference versus GcMAF untreated autistic BMDMs. P-values <0.05 were considered statistically significant. CTL, healthy control
subjects;AU, autistic patients. Values were reported in percentage versus healthy control values.
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Figure 3 Representative Western blot analysis of CB2R protein levels in the blood monocyte-derived macrophages (BMDMs) obtained
from the autistic children and the healthy controls. (1) untreated BMDMs from healthy control subjects; (2) GcMAF-treated BMDMs from
healthy control subjects; (3) untreated BMDMs from autistic disorder subjects; (4) Gc-MAF-treated BMDMs from autistic disorder subjects. The
histograms indicate percentage variations in CB2R protein levels in the BMDMs. * indicates significant difference versus healthy controls;
° indicates significant difference versusGcMAF untreated autistic BMDMs.

units: 5.97 ± 0.34 versus 2.39 ± 0.43, P < 0.05, before and
after GcMAF treatment in healthy control BMDMs,
respectively).
The difference between the unchanged CB2R mRNA
levels and the decrease in CB2R protein levels in autistic
GcMAF treated cells is not surprising, as we have
already shown [19]. Indeed, protein levels and functions
are affected by post-translational control. The levels of
CB2R in the cell are strictly regulated in a multilevel system of regulation [34], and there is not a direct correlation between mRNA transcripts and protein levels [19].
GcMAF was able to trigger overall macrophage
deactivation in autistic samples

In order to check cellular activation, fluorescence-based
immunocytochemical analysis on macrophage cell culture was performed. In detail, Notch staining was early
carried out. Notch is a protein mainly involved in stem
cell maintenance, cell differentiation and cellular
homeostasis regulation [35]; however, Notch signaling
pathway was reported in activated pro-inflammatory
macrophages and it is involved in regulating the expression of il12p40 [36]. Recently, it has been proposed a
putative role of Notch signaling in autism [37]. We did
not find any changes in Notch immunostaining profiles
in GcMAF treated blood monocyte-derived macrophages from autistic children as compared to untreated

macrophage cells, as analyzed by fluorescence microscopy (Figure 4).
As macrophages possess proliferation capacity [38], we
investigated the effect of GcMAF on this cellular activity
through Ki67 proliferation marker immunostaining.
Interestingly, GcMAF treatment showed reduction in
the immunostaining profiles of the proliferation marker
Ki67 in GcMAF treated monocyte-derived macrophages
from autistic children, as compared to untreated macrophage cells (Figure 4). We quantified this reduction
through confocal fluorescence microscopy, showing a
decrease of 23% in GcMAF treated monocyte-derived
macrophages from autistic children as compared to untreated macrophage cells (mean ± SE of arbitrary units:
0.32 ± 0.04 versus 0.24 ± 0.06, P < 0.05, before and after
GcMAF treatment in autistic BMDMs, respectively)
(Figure 5). GcMAF was also able to reduce Ki67 immunostaining in BMDMs from healthy controls, as compared to untreated macrophage cells (mean ± SE of
arbitrary units: 0.17 ± 0.01 versus 0.012 ± 0.003, P < 0.05,
before and after GcMAF treatment in healthy control
BMDMs, respectively) (picture not shown). It is noteworthy to consider that BMDMs from autistic children
were more activated than BMDMs from healthy controls
(mean ± SE of arbitrary units: 0.32 ± 0.04 versus 0.17 ±
0.01, P < 0.05, in BMDMs from autistic children and
healthy subjects, respectively).
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Figure 4 Representative fluorescent photomicrograph of blood monocyte-derived macrophages (BMDMs) from autistic patients showing
immunocytochemistry (green fluorescent) for Notch (top) and Ki67 markers (bottom). To correctly identify cells, their nuclei were counterstained
with bisbenzimide (blue fluorescence). (A) untreated BMDMs; (B) GcMAF treated BMDMs.

GcMAF was able to reduce the protein levels of the
alternative activated phenotype M2 macrophage marker

To further investigate the GcMAF effect in specific cellular activation in macrophages, we quantified the protein levels of mannose receptor by Western blot
analysis. The macrophage mannose receptor (alternative
name CD206) mediates the endocytosis of glycoproteins
by macrophages and it is considered a specific marker

for alternative activated phenotype M2 macrophages
[39,40]. Western blot analysis showed a decrease in mannose receptor protein levels in GcMAF treated BMDMs
from autistic children as compared to untreated macrophages (mean ± SE of arbitrary units: 28.1 ± 0.41 versus
16.7 ± 0.94, P < 0.05, before and after Gc-MAF treatment
in autistic BMDMs, respectively) (Figure 6). GcMAF was
also able to decrease mannose receptor protein levels in

Figure 5 Representative quantitative fluorescent confocal-photomicrograph of blood monocyte-derived macrophages (BMDMs) from
autistic patients showing immunocytochemistry (green fluorescent) for Ki67 marker. To correctly identify cells, their nuclei were
counterstained with bisbenzimide (blue fluorescence). (A) untreated BMDMs; (B) Gc-MAF treated BMDMs.
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Figure 6 Representative Western blot analysis of mannose receptor protein levels in the blood monocyte-derived macrophages (BMDMs)
obtained from the autistic children and the healthy controls. (1) untreated BMDMs from healthy control subjects; (2) GcMAF-treated BMDMs from
healthy control subjects; (3) untreated BMDMs from autistic disorder subjects; (4) GcMAF-treated BMDMs from autistic disorder subjects. The histograms
indicate percentage variations in mannose receptor protein levels in the BMDMs. * indicates significant difference versus healthy controls; ° indicates
significant difference versus GcMAF untreated autistic BMDMs.

GcMAF treated BMDMs from healthy controls as compared to untreated BMDMs (mean ± SE of arbitrary units:
26.8 ± 0.21 versus 18.9 ± 0.47, P < 0.05, before and after
GcMAF treatment in healthy control BMDMs, respectively) (Figure 6).

Discussion
In this study, we demonstrated for the first time a cannabinoid system mediated biomolecular mechanism and
cellular effect of GcMAF in cultured BMDMs from autistic subjects.
Anti-cancer effects of GcMAF have been described
since Yamamoto, et al., [41] first demonstrated the vitamin D binding protein macrophage activating effects
and the linkage to specific glycosylation of the Gc precursor protein [41]. It has been proposed that GcMAF
possesses tumor killing activity through the activation of
macrophages [42]. GcMAF-activated macrophages are
indeed able to recognize the tumor cell surface abnormalities through a considerable variation of their receptors: in this way, they exert one potent tumoricidal effect
[43].
Kanda et al., [44] first described another anti-tumor
effect of GcMAF related to its inhibition of angiogenesis,
presumably mediated through the CD36 receptor, while
Solinas et al., [45] observed the non-psychoactive CB2Rbinding cannabinoid, CBD also inhibited neoangiogenesis. Similarly, calcitriol (1,25-dihydroxyvitamin D3), also

exerts anti-angiogenesis effects, creating an interesting
potential nexus between vitamin D, GcMAF, and the
EC system in the etiology and pathology of numerous
immune-mediated disorders, including autism [46,47].
In relation to autism, the vitamin D deficiency hypothesis has been extensively investigated, with prenatal and/
or early postnatal vitamin D deficiency demonstrating
increased risks for development [48,49]. Autism is now
considered a multifactorial disease associated with complex genetic and environmental interactions contributing
to various risk factors [2]. Moreover, dietary vitamin D
seems to be involved in complex epigenetic events. Vitamin D, via its ligand-activated nuclear hormone receptor,
is involved in the regulation of pro-inflammatory genes,
as well as key cellular events [2]. Nagalase activity is increased in the serum of autistic children [16]. As we previously mentioned, Nagalase is the enzyme responsible
for deglycosylation of the vitamin D-binding protein
(VDBP), also known as Gc-globulin (group-specific component). Gc-globulin is the precursor of GcMAF, so
Nagalase interferes with macrophage regulation by reducing GcMAF production [50]. A predictable consequence of increased Nagalase activity in the serum of
children with autism is, therefore, immunosuppression
in a way similar to its observed effects in autoimmune
patients, for example, SLE [18].
It has been demonstrated that in PBMCs, GcMAF is
able to increase the production of the second messenger
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cyclic AMP [28]. These data, when combined with our
current observations demonstrating GcMAF normalizes
EC gene expression, enhance the hypothesis of a potential action of GcMAF on the EC system. Indeed, the EC
system is based on receptors coupled to G (i/o) proteins,
which are associated with inhibition of cyclic AMP formation [51]. In BMDMs from autistic children, we evaluated whether the involvement of EC signalling could
drive a decrease of cyclic AMP. We found an increase in
AEA-biosynthetic enzyme NAPE-PLD, together with a
decrease in the AEA catabolic enzyme FAAH expressions, indicating an overall increase in the EC AEA
levels. AEA is a natural agonist of CB2R and downregulates cyclic AMP production. Agonist-induced inhibition of adenylyl cyclase in cells expressing human
CB2Rs has been demonstrated [52]. Our findings support the influence of GcMAF on the EC system which
may result in normalized cycling AMP activity.
Our current findings further support the involvement
of the EC system in autism associated immunological
disruptions. We previously found that CB2Rs were
strongly up-regulated in PBMCs from autistic children
[19]. The observations in this present study agree with
our hypothesis that the EC system in autism orchestrates
the apparent nexus of the peripheral and central
neuro-immunologically mediated effects in autism.
Interestingly, while in our previous work, the CB2R was
over-activated in PBMCs from autistic children, in the
present study, we found a decrease in CB2R protein
levels in BMDMs from autistic patients. Taking in account the difference between the two-cell systems, as
BMDM cells are derived, through differentiation, from
PBMCs, this result could indicate a dual role of the
CB2R: activation in monocytes to trigger immune imbalance, and deactivation in differentiated macrophages to
further persist in the immune dysregulation [19].
The fact that GcMAF was able to reduce Ki67 proliferation marker staining together with a decrease in CD206
positive profiles in BMDMs is not surprising. Indeed, it
has been demonstrated that macrophages are altered in
autism and this pathology is accompanied by an activation of the macrophages, together with immune alterations and pro-inflammatory cytokines (that is IL-1β)
over-production [53,54]. Specifically, Al-Ayadhi and
Mostafa [55] found macrophage-derived chemokine
(MDC) and thymus and activation-regulated chemokine
(TARC), both were significantly elevated in ASD serum
and further demonstrated the level of elevation of both
markers directly correlated with the severity of autism
[55]. Molloy et al., (2006) also demonstrated a predominately Th2 cytokine shift in the serum of children with autism [56]. In this study, our findings of pre/post Ki67 and
CD206 are in agreement with the Th2/M2 macrophage
observations and of a tendency toward autoimmunity.
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Macrophages are not static and can readily shift from immature forms and between M1 and M2 states depending
on the local tissue signalling [57].
Recently, a different cohort of Italian children was
assessed for anti-brain antibodies [58]. In that research,
the presence of specific anti-brain antibody profiles was
associated with the severity of cognitive impairment in
autism.
The potential for either commensal or pathogenic microbes to trigger immune dysregulation and autoimmunity
with resultant neuropsychiatric symptoms was recently
reviewed by Hornig [59]. The CB2R profile observed in
this study is consistent with these mechanisms and could
be tied to either infection or alteration of the gut microbiome as illustrated in a mouse model of autism [60]. In
that murine study, alteration in short chain fatty acids as a
consequence of valproate exposure, modelled autistic
characteristic in the mice.
EC are derived from dietary fatty acids. Several studies
illustrate the effect of diet on blood, tissue and brain EC
levels [61,62]. So, the measured differences in this study
in the CB2R may be the consequence of dietary and/or
microbiome changes in the autism population when
compared to the controls.

Conclusions
This study demonstrates a biomolecular effect of GcMAF
in BMDMs from autistic patients, providing further evidence for a positive use of this molecule in autism treatment. It also seems likely that the CB2R is a potential
therapeutic target for ASD interventions. These initial
findings will require further study in order to better elucidate the molecular pathways involved in GcMAF effects.
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In this issue of Neuron, Földy et al. (2013) report that endocannabinoid-mediated signaling at inhibitory
synapses is dysregulated in mouse models of autism-associated Neuroligin-3 mutations. These findings
carry implications regarding the pathophysiology of autism spectrum disorders and the development of
treatment strategies.
The correct wiring of the brain during
development is an extremely complex
biological process, during which a staggering number of synapses with often
very diverse characteristics have to be
formed and maintained in a precise
and delicate balance. Not surprisingly,
therefore, numerous neurodevelopmental
and psychiatric diseases appear to be
disorders of aberrant synaptogenesis
and synapse function, or ‘‘synaptopathies.’’ Particularly in the context of autism
spectrum disorders (ASDs), an evergrowing number of mutations in genes
encoding synaptic proteins have been
identified in affected individuals (Murdoch
and State, 2013), and major research efforts are currently focusing on strategies
to transform this knowledge base into
viable treatment strategies.
However, the corresponding challenges are substantial. For example, very
little is known about the role of ASD-

related synaptic proteins in vivo, e.g., in
neuronal circuits that control autismrelevant behavior. Second, many known
ASD-related proteins are structural proteins with adhesion or scaffold functions
and therefore poor targets for pharmacological intervention with small molecule
drugs. Third, many ASD-related mutations lead to a loss of the corresponding
protein so that no target for pharmacological intervention remains. Finally, each
individual ASD-related mutation is rare,
with the vast majority accounting for less
than 1% of affected individuals each. In
view of these difficulties, the focus in the
field of ASD biology has shifted toward
the identification of cellular protein-protein interactions or signaling pathways
that are common to the various ASDrelated proteins and therefore expected
to be perturbed by a wide range of
ASD-related mutations—with the hope
that such pathways may represent more
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promising treatment targets than the
ASD-linked proteins discovered so far.
One of the synaptic proteins associated
with ASDs is Neuroligin-3 (NLGN3), a
member of the Neuroligin family of postsynaptic cell adhesion molecules that
interact with presynaptic Neurexins to
control synapse development and function. Two distinct mutations in NLGN3
have been linked to ASDs, a point mutation resulting in an R451C substitution in
the Neurexin-binding domain (Jamain
et al., 2003) and a deletion of the NLGN3
gene (Sanders et al., 2011). Studies
on the respective mouse models, a
Nlgn3R451C knockin (KI) and a Nlgn3
knockout (KO), showed that both mutations cause ASD-related behavioral phenotypes (Radyushkin et al., 2009; Tabuchi
et al., 2007) but have strikingly different
effects on synapse and network function,
with the Nlgn3R451C mutation resulting
in a gain-of-function phenotype that is
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Figure 1. Potential Role of Nlgn3 at Perisomatic Inhibitory Synapses on CA1 Pyramidal
Neurons
PV and CCK basket cells form perisomatic inhibitory synapses onto pyramidal neurons. Boxed inserts
summarize the data reported by Földy et al. (2013). Expanded views show a model of how Nlgn3 may
affect PV basket cell synapses (upper left) and CCK basket cell synapses (lower right) based on these
findings. It should be noted that the presence of Nlgn3 at these synapses has not been investigated
and is inferred from the data. Abbreviations: Nlgn3, Neuroligin-3; PV, parvalbumin; CCK, cholecystokinin;
SV, synaptic vesicle; MOR, m-opioid receptor; M2, M2 muscarinic acetylcholine receptor; CB1R, cannabinoid receptor type 1.

unrelated to the loss of function caused
by the Nlgn3 deletion (Baudouin et al.,
2012; Etherton et al., 2011; Tabuchi
et al., 2007).

In a new study published in the current
issue of Neuron, Földy and colleagues
searched for common phenotypic
changes in Nlgn3R451C KI and Nlgn3 KO

mice that might explain the similar ASDrelated behavioral changes in these
mouse lines and may therefore be particularly relevant to ASDs (Földy et al., 2013).
To this end, the authors investigated
GABAergic synaptic transmission in
the hippocampus of Nlgn3R451C KI and
Nlgn3 KO mice, focusing on the synaptic
connections between inhibitory basket
cells and pyramidal neurons, which are
known to play a fundamental role in the
generation of the network oscillations
that underlie a number of cognitive functions controlled by the hippocampus
(Lisman and Buzsáki, 2008). Two types
of basket cells are particularly relevant
for this process, parvalbumin-containing
(PV) and cholecystokinin-containing
(CCK) basket cells, and Földy et al.
(2013) employed paired whole-cell recordings to monitor perisomatic synapses formed by each of these inhibitory
cell types onto postsynaptic pyramidal
neurons (Figure 1).
The authors found that synaptic transmission is substantially impaired at
PV basket cell synapses in Nlgn3R451C
KI mice, with IPSC amplitudes reduced
by 70%. No such alterations were
observed in the Nlgn3 KOs, consistent
with the previously published notion that
the R451C substitution exerts its influence
by a gain-of-function mechanism. Unexpectedly in view of the postsynaptic localization of Nlgn3, this decrease in IPSC
amplitude appears to be of presynaptic
origin and due to a reduction in presynaptic
transmitter release probability. In contrast,
no evidence for changes in postsynaptic
GABA receptor number or composition,
in the total number of synapses, in quantal
size or the number of release sites, or in the
activation of presynaptic receptors that
modulate release probability was observed. The authors conclude that the
Nlgn3R451C KI affects the presynaptic
transmitter release machinery at PV
basket cell synapses through gain-offunction alterations in transsynaptic signaling, although the precise mechanism
has yet to be elucidated.
While these experiments provided valuable new insights into the mechanisms
by which the R451C substitution might
affect Nlgn3 function, they failed to
uncover common phenotypic features
of the two Nlgn3 mutants that might be
related to pathways of particular relevance
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for ASD pathophysiology. Hence, Földy
et al. (2013) next investigated transmission
at CCK basket cell synapses. Unexpectedly, the authors found that the
Nlgn3R451C KI phenotype at these CCK
basket cell synapses was diametrically
opposite to the one found at PV basket
cell synapses, with IPSC amplitudes
substantially increased rather than
decreased. As with the PV basket cell synapses, this phenotypic change is again
likely the result of an alteration in presynaptic GABA release probability. However,
in the case of the CCK basket cell synapses, the change in IPSC amplitude was
phenocopied in the Nlgn3 KO mouse, indicating that it represents a loss-of-function
effect that is mechanistically distinct from
the one observed at PV basket cell synapses of Nlgn3R451C KI mice.
It was shown previously that GABA
release at CCK basket cell synapses can
be suppressed by tonic endocannabinoid-mediated activation of presynaptic
CB1 receptors, most likely via constitutive
release of endocannabinoids from the
postsynaptic neuron (Katona and Freund,
2012). The authors therefore tested if the
increase in GABA release probability
observed at CCK basket cell synapses
of Nlgn3R451C KI and Nlgn3 KO mice
is caused by a deficiency in tonic endocannabinoid signaling. In support of
this notion, bath application of a CB1
receptor antagonist resulted in an increase in IPSC amplitudes at wild-type
synapses, but failed to further enhance
transmission at Nlgn3R451C KI or NL3
KO or R451C KI synapses, indicating
that CB1 receptor signaling was already
reduced in the two mutants. Interestingly,
Nlgn3 loss-of-function impaired tonic
endocannabinoid signaling at all CB1containing GABAergic synapses throughout the hippocampus, but showed no
effect on glutamatergic transmission or
on phasic endocannabinoid signaling.
These data led the authors to conclude
that Nlgn3 is required to specifically
localize the release machinery for tonic
endocannabinoid release to CB1-containing synapses.
There are several interesting lessons to
be learned from this study. First, the
observation that the same Nlgn3 mutation
can have such different effects on two
types of presynapses contacting the
same postsynaptic neuron highlights

the fundamental importance of synaptic
context in understanding Neuroligin
function. The function of Neuroligins and
Neurexins is not only diversified by extensive alternative splicing, but also by
alternate transsynaptic binding partners
such as LRRTMs or N-cadherin (reviewed
recently in Krueger et al., 2012). Accordingly, each synapse type may express
its own distinct transsynaptic signaling
complex, dependent on the identity of
both the presynaptic and the postsynaptic neuron. As Földy et al. (2013) discuss, it is conceivable that the Nlgn3R451C
substitution may exert distinct effects
on the binding affinity to various transsynaptic partners, thereby differentially
shifting the composition of the transsynaptic signaling complex at PV basket
cell and CCK basket cell synapses. The
consequence of this complexity is that it
becomes challenging to predict the relevance of a given mutation for ASD-related
phenotypes without directly assessing
its effects in a synapse-specific and
circuitry-specific manner. The use of
genetic strategies to selectively target
individual types of synapses, as well
as methods to elucidate the molecular
identity of transsynaptic signaling complexes in a synapse-specific manner, will
be essential to fully eludicate the role of
Neuroligins in normal synapse development and in disorders of the synapse.
A second key implication arising from
the present study is that dysregulation of
the endocannabinoid system may play
an important role in ASD pathophysiology and may therefore represent a
target for pharmacological intervention.
A similar strategy was previously employed to identify the metabotropic
glutamate receptor (mGluR) signaling
pathway as a target for drug development
in several mouse models of ASD-related
disorders, including fragile X syndrome
(Bear et al., 2004), tuberous sclerosis
complex (Auerbach et al., 2011), and
Nlgn3 deletion (Baudouin et al., 2012),
and clinical trials based on these findings
are underway. Whether targeting the
endocannabinoid system in the context
of ASDs will prove to be similarly promising remains to be seen, and additional
research will be necessary to build upon
this notion. Interestingly, however, aberrant activation of the endocannabinoid
system was also recently reported in
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a mouse model of fragile X syndrome
(Busquets-Garcia et al., 2013; Jung
et al., 2012). Together with these findings,
the data presented by Földy et al. indicate
that further analyses of the link between
endocannabinoid signaling and ASDs
may provide valuable insights into the
pathophysiology and potential treatment
strategies for ASDs.
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Abstract Autistic disorders (ADs) are heterogeneous
neurodevelopmental disorders arised by the interaction of
genes and environmental factors. Dysfunctions in social
interaction and communication skills, repetitive and stereotypic verbal and non-verbal behaviours are common
features of ADs. There are no defined mechanisms of
pathogenesis, rendering curative therapy very difficult.
Indeed, the treatments for autism presently available can be
divided into behavioural, nutritional and medical approaches, although no defined standard approach exists.
Autistic children display immune system dysregulation and
show an altered immune response of peripheral blood
mononuclear cells (PBMCs). In this study, we investigated
the involvement of cannabinoid system in PBMCs from
autistic children compared to age-matched normal healthy
developing controls (age ranging 3–9 years; mean age:
6.06 ± 1.52 vs. 6.14 ± 1.39 in autistic children and healthy subjects, respectively). The mRNA level for cannabinoid receptor type 2 (CB2) was significantly increased in
AD-PBMCs as compared to healthy subjects (mean ± SE

of arbitrary units: 0.34 ± 0.03 vs. 0.23 ± 0.02 in autistic
children and healthy subjects, respectively), whereas CB1
and fatty acid amide hydrolase mRNA levels were
unchanged. mRNA levels of N-acylphosphatidylethanola
mine-hydrolyzing phospholipase D gene were slightly
decreased. Protein levels of CB-2 were also significantly
increased in autistic children (mean ± SE of arbitrary
units: 33.5 ± 1.32 vs. 6.70 ± 1.25 in autistic children and
healthy subjects, respectively). Our data indicate CB2
receptor as potential therapeutic target for the pharmacological management of the autism care.
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Autistic disorders (ADs) are variable heterogeneous neurodevelopmental disorders defined by deficits in social
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interaction, adaptive functioning, and communication skills,
combined with repetitive and stereotypical behaviours
(Diagnostic and Statistical Manual of Mental Disorders, 4th
Edition, Text Revision (DSM-IV-TR), American Psychiatric
Association 2000; Levy et al. 2009). While autism pathogenesis remains unclear, efforts to define valid treatments for
ADs are being pursued. Numerous biochemical and cellular
events are associated with ADs (i.e. oxidative stress, mitochondrial dysfunction, intestinal dysbiosis and immune
dysregulation) (Ashwood et al. 2006; de Magistris et al.
2010). Among the immunological dysfunctions described in
ADs, peripheral blood mononuclear cells (PBMCs) are
reported (Enstrom et al. 2010; Siniscalco et al. 2012). ADPBMCs show increased levels of pro-inflammatory cytokines and interleukins with resultant long-term immune
alterations (Molloy et al. 2006; Onore et al. 2009). Recently,
it has been demonstrated that AD-PBMCs show altered
expression and activation of several caspases (Siniscalco
et al. 2012). These caspases are a phylogenetically conserved
structurally-related family of aspartate-specific, cysteinedependent proteases (Lamkanfi et al. 2002). They regulate
apoptosis and inflammatory signalling pathways. However,
beyond apoptosis, these enzymes show other functions.
Caspases are pleiotropic enzymes, functioning in cell differentiation and proliferation, as well as in activation and
nuclear reprogramming pathways (Algeciras-Schimnich
et al. 2002).
The endocannabinoid system consists of arachidonic
acid derived compounds (endocannabinoids), their receptors and the associated enzymes (Li et al. 2011). This
represents an intricate network of lipid signalling pathways
(Barna and Zelena 2012). Accumulating evidence highlights that the endocannabinoid system is involved in
several psychiatric disorders (i.e. autism, anxiety, major
depression, bipolar disorder and schizophrenia), as well as
developmental disorders (Schneider and Koch 2005;
Ishiguro et al. 2010; Robinson et al. 2010; Garcia-Gutierrez
and Manzanares 2011; Minocci et al. 2011).
Endocannabinoids, such as N-arachidonoylethanolamine (anandamide, AEA) and 2-arachidonoyl glycerol (2AG), are synthesized and released upon demand in a
receptor-dependent way (Mouslech and Valla 2009). They
exert their effects through the G-protein-coupled cannabinoid receptors CB1 and CB2, which, in turn, are negatively
coupled to adenylate cyclase enzyme (Pertwee et al. 2010).
After receptor binding, endocannabinoids are transported
into cells by a specific uptake system and degraded by the
fatty acid amide hydrolase (FAAH).
Recent studies suggested that endocannabinoids exhibit
potent anti-inflammatory and immunosuppressive properties. Therefore, this pathway presents therapeutic potential
for autoimmune and inflammatory diseases (Klein and
Cabral 2006; Nagarkatti et al. 2009).

2687

Schultz hypothesized acetaminophen contributes to the
risk of autism via activation of the endocannabinoid system
(Schultz 2010). To our knowledge, however, no studies
have specifically investigated the endocannabinoid system
in the development of autism. Herein we address the issue
of whether these disorders are associated with changes in
the expression of CB1/2 receptors and endocannabinoid
metabolism enzymes, the AEA biosynthetic enzyme Nacylphosphatidylethanolamine-hydrolyzing phospholipase
D (NAPE-PLD) and the AEA degradative catabolic enzyme
FAAH in PBMCs from AD patients.

Materials and Methods
Subjects
Informed consent was obtained from all subjects enrolled
in this study in compliance with national legislation and the
Code of Ethical Principles for Medical Research Involving
Human Subjects of the World Medical Association (Declaration of Helsinki).
We investigated 17 children with autism, and compared
them to 22 age and sex matched healthy children used as
control group (age ranging 3–9 years; mean age: 6.06 ±
1.52 vs. 6.14 ± 1.39 in autistic and healthy individuals,
respectively). The 17 subjects with autism were recruited
into the study from the outpatient Centre for Autism of La
Forza del Silenzio, Naples-Caserta, Italy. The cohort
included 14 boys and 3 girls. Before entering the study, all
of the children were administered the Autism Diagnostic
Interview-Revised version (Lord et al. 1994), the Childhood Autism Rating Scales (Schopler et al. 1993), and the
Autism Diagnostic Observation Schedule-Generic (Lord
et al. 2000) to document the diagnosis of autism. All
included patients met the Diagnostic and Statistical Manual
of Mental Disorders-IV criteria for autism (DSM-IV-TR)
(American Psychiatric Association 2000). In addition to
meeting the criteria for autistic disorder (AD), subject
children were required to score at least 30 points on the
CARS scale. Twenty-two healthy children (females 4,
males 18) were recruited among staff family members.
Potential subjects were excluded if they had any of the
following: a neurological or comorbid psychiatric disorder,
epilepsy, history of liver, renal or endocrine disorders,
current infection of any origin. Mental retardation or
behavioural disorders, including Pervasive Developmental
Disorder—not otherwise specified (PDD-NOS), inclusion
criteria for attention deficit-hyperactivity disorder, were all
considered exclusion criteria for control children. Children
diagnosed with Asperger’s syndrome, fragile X syndrome
and tuberous sclerosis were also excluded from the study.
IQ test was not performed. Neither AD subjects nor
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controls had special diets or other pharmacological interventions. Other exclusion criteria were coeliac disease and/
or other major diseases of the intestinal tract, such as
inflammatory bowel disease or hepatic disorders.
Isolation of Peripheral Blood Mononuclear Cells
(PBMCs)
Fresh peripheral blood samples from AD subjects and
control donors were drawn and collected in sterile EDTA
tubes (Becton–Dickinson, Franklin Lakes, NJ, USA).
Peripheral blood mononuclear cells (PMBCs) were isolated
by centrifugation over Histopaque 1,077 density gradient
(Sigma Chemical, St Louis, MO, USA). Briefly, blood was
diluted 1:1 in phosphate buffer saline (PBS) (Sigma, St.
Louis, MO, USA), overlaid onto lymphocyte separation
media (Lymphocyte Separation Medium—Lonza, Walkersville, MD, USA), centrifuged at 2,200 rpm for 30 min at
room temperature and plasma was removed. Mononuclear
cell fraction was harvested and washed twice in PBS. The
final pellet was re-suspended in Tri-Reagent solution
(Molecular Research Center Inc., Cincinnati, OH, USA) or
protein lysis buffer for further molecular analysis.
RNA Extraction and RT-PCR
The RNA was extracted from PBMCs using a RNA TriReagent (Molecular Research Center Inc., Cincinnati, OH,
USA) according to the manufacturer’s protocol. The total
RNA concentration and integrity were determined by
Nanodrop ND-1000 UV spectrophotometer (Nano-DropÒ
Technologies, Thermo Scientific, Wilmington, DE, USA).
The mRNA levels of the endocannabinoid genes under
analysis were measured by RT-PCR amplification, as previously reported (Siniscalco et al. 2012). Reverse Transcriptase from Avian Myeloblastosis Virus (AMV-RT;
Promega, Madison, WI, USA) was used. For first-strand
cDNA synthesis 200 ng total RNA, random examers,
dNTPs (Promega, Madison, WI, USA), AMV buffer,
AMV-RT and recombinant RNasin ribonuclease inhibitor
(Promega, Madison, WI, USA) were assembled in diethylpyrocarbonate-treated water to a 20 ll final volume and
incubated for 10 min at 65 °C and 1 h at 42 °C. RT minus
controls were carried out to check potential genomic DNA
contamination. These RT minus controls were performed
without using the reverse transcriptase enzyme in the
reaction mix. Aliquots of 2 ll cDNA were transferred into
a 25 ll PCR reaction mixture containing dNTPs, MgCl2,
reaction buffer, specific primers and GoTaq Flexi DNA
polymerase (Promega, Madison, WI, USA), and amplification reactions using specific primers and conditions for
human genes under analysis cDNA were carried out.
Sequences for the human mRNAs from GeneBank
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(DNASTAR INC., Madison, WI, USA) were used to
design specific primer pairs for RT-PCRs (OLIGO 4.05
software, National Biosciences Inc., Plymouth, MN, USA)
(Table 1). Each RT-PCR was repeated at least three times
to achieve the best reproducibility data. The mean of the
inter-assay variability of each RT-PCR assay was 0.07. The
levels of mRNA measured were normalized with respect to
glyceraldehyde-3-phosphate dehydrogenase (GAPDH),
which was chosen as the housekeeping gene. Indeed
GAPDH is one of the most stably expressed genes in
human peripheral blood (Stamova et al. 2009). To our
knowledge, there is no molecular evidence of variation in
GAPDH mRNA-levels in autism disorders (Siniscalco
et al. 2012). The gene expression values were expressed as
arbitrary units ± SEM. Amplification of the genes of
interest and GAPDH was performed simultaneously. PCR
products were resolved into 2.0 % agarose gel. A semiquantitative analysis of mRNA levels was carried out by
the ‘‘Gel Doc 2000 UV System’’ (Bio-Rad, Hercules, CA,
USA).
Protein Extraction and Western Blot Analysis
For protein extraction, PBMCs were suspended in protein
lysis buffer [HEPES 25 mM; EDTA 5 mM; SDS 1 %;
Triton X-100 1 %; PMSF 1 mM; MgCl2 5 mM; Protease
Inhibitor Cocktail (Roche, Mannheim, Germany); Phosphatase Inhibitor Cocktail (Roche, Mannheim, Germany)].
Protein concentration was determined using the method
described by Bradford (1976). Each sample was loaded,
electrophoresed in a 15 % SDS-polyacrylamide gel and
electroblotted onto a nitrocellulose membrane. The membrane was blocked in 5 % milk, 1X Tris-buffered saline
and 0.05 % Tween-20. Primary antibodies to detect CB2
(Calbiochem-Merck, Darmstadt, Germany) were used
according to the manufacturer’s instructions at 1:250
dilutions. The rabbit anti-CB2 antibody detects endogenous
levels of the human 45 kDa fragment of CB2 receptor
protein. The antibody does not cross-react with the CB1
receptor protein and, according to the manufacturer, was
validated with a recombinant protein consisting of the first
33 amino acids of human CB2 receptor used as a positive
control. Immunoreactive signals were detected with a
horseradish peroxidase-conjugated secondary antibody and
reacted with an ECL system (Amersham Pharmacia,
Uppsala, Sweden). To assess equal loading, protein levels
were normalized with respect to the signal obtained with
Ponceau S staining, as previously reported (Alessio et al.
2010; Romero-Calvo et al. 2010; Zanichelli et al. 2012).
We used Ponceau S staining over actin as equal loading
control as this method has a better dynamic range and
overcomes the possibility that housekeeping proteins could
vary in this pathology or be saturated at the levels of
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Table 1 Primer sequences, annealing temperatures, and product sizes for RT-PCRs
Gene

Sense primer

Antisense primer

Annealing
temperature °C

Product sizes bp

CB1

50 -CAAGGAGAATGAGGAGAACA30

50 -CCAGCGTGAGGGACAGGACT-30

55

318

CB2

50 -TTGGCAGCGTGACTATGACC-30

50 -AGGAAGGCGATGAACAGGAG30

55

274

FAAH

50 -GGCCACACCTTCCTACAGAA-30

50 -GTTTTGCGGTACACCTCGAT-30

58

218

50 -CCGCATCTATTGGAGGGAGT-30

60

178

50 -GGACTCCACGACGTACTCAG-30

55

242

0

NAPEPLD

5 -GAAGCTGGCTTAAGAGTCAC-3

GAPDH

50 -TCACCAGGGCTGCTTTTAAC-30

0

PCR primers were designed by using the computer program OLIGO 4.05 software (National Biosciences Inc., Plymouth, MN, USA) and were
purchased from PRIMM (Milan, Italy)

loading (Romero-Calvo et al. 2010). The semi-quantitative
analysis of protein levels was carried out by the ChemiDoc-It 5000, using VisionWorks Life Science Image
Acquisition and Analysis software (UVP, Upland, CA,
USA).
Immunocytochemistry
For immunocytochemical analysis, PBMCs were extracted
and plated as previously reported (Siniscalco et al. 2012). In
brief, mononuclear cells were re-suspended at 1 9 106 cell/
mL in RPMI 1640 complete medium (Lonza, Verviers,
Belgium) containing 10 % fetal bovine serum (FBS) (EuroClone-Celbio, Milan, Italy), 2 mM L-glutamine, 100
U/ml penicillin, and 100 mg/ml streptomycin (all Lonza),
were plated on slides with a 12-well plate and incubated for
4 days at 37 °C with 5 % CO2. Cells were then fixed with
4 % paraformaldheyde fixative. After washing in PBS, nonspecific antibody binding was inhibited by incubation for
30 min in blocking solution (1 % BSA in PBS). Primary
antibodies were diluted in PBS blocking buffer and slides
were incubated overnight at 4 °C in primary antibodies to
human CB1 receptor or to human CB2 receptor (either
diluted at 1:200; Calbiochem-Merck, Darmstadt, Germany). Fluorescent-labeled secondary antibodies (1:1,000;
Alexa Fluor 488 (for CB1) and 568 (for CB2), Molecular
Probe; Invitrogen, Carlsbad, CA, USA) specific to the IgG
species used as a primary antibody were used to locate the
specific antigens in each slide. Cells were counterstained
with bisbenzimide (Hoechst 33258; Hoechst, Frankfurt,
Germany) and mounted with mounting medium (90 %
glycerol in PBS). Fluorescently labelled slides were viewed
with a fluorescence microscope (Leica, Wetzlar, Germany).
Immunofluorescence images were analyzed with Leica
FW4000 software (Leica, Wetzlar, Germany). Only bisbenzimide counterstained cells were considered as positive
profiles so as to avoid overcounting cells.

Statistical Analysis
Biomolecular data are expressed as mean ± SEM ANOVA,
followed by Student–Neuman–Keuls post hoc test, was used
to determine the statistical significance among groups,
without correction for multiple test comparison. p \ 0.05
was considered statistically significant.

Results
AD- Related Changes in Endocannabinoid System
Gene Expressions
We examined endocannabinoid system gene expression
mainly by RT-PCR, since this technique is a far more
sensitive method for the detection of gene expression than
immunocytochemistry (Giordano et al. 2011; Siniscalco
et al. 2012). In addition, the genes analysed showed a
transcriptional regulative mechanism (Galiègue et al.
1995; Maccarrone et al. 2001; Nong et al. 2002). When
compared to controls, the semiquantitative analysis of
PBMC-extracted mRNA levels, measured by RT-PCR
amplification, showed an increase in the CB2 receptor
gene in PBMCs of AD patients (mean ± SE of arbitrary
units: 0.34 ± 0.03 vs. 0.23 ± 0.02, p \ 0.05, in autistic
children and healthy subjects, respectively), whereas
mRNA levels of NAPE-PLD gene were slightly decreased
(mean ± SE of arbitrary units: 0.25 ± 0.04 vs. 0.39 ±
0.03, p \ 0.05, in autistic children and healthy subjects,
respectively); mRNA levels of CB1 receptor (mean ± SE
of arbitrary units: 0.51 ± 0.05 vs. 0.69 ± 0.07, p [ 0.05,
in autistic children and healthy subjects, respectively) and
FAAH enzyme gene (mean ± SE of arbitrary units:
0.38 ± 0.10 vs. 0.48 ± 0.08, p [ 0.05, in autistic children
and healthy subjects, respectively) were not different
(Fig. 1; Table 2).

123

2690

J Autism Dev Disord (2013) 43:2686–2695

Fig. 1 Over-expression of CB2
receptor gene, but not of CB1
receptor and FAAH enzyme,
and down-expression of NAPEPLD gene in AD-PBMCs. The
measured mRNA levels were
normalized with respect to
GAPDH (housekeeping gene)
and gene expression values
were expressed as a percentage
of arbitrary units ± SEM open
circle indicates significant
difference versus healthy
controls. p values \0.05 were
considered statistically
significant. CTL healthy control
subjects, AD autistic patients

Table 2 The mRNA levels (mean ± SE) of the genes under analysis measured by RT-PCR amplification are reported
Gene

Healthy subjects

PCR coefficient of variation

Autistic patients

PCR coefficient of variation

p value

F(1–37)

CB-1/GAPDH

0.69 ± 0.07

0.08

0.51 ± 0.05

0.05

0.056

3.91

CB-2/GAPDH

0.23 ± 0.02

0.07

0.34 ± 0.03*

0.05

0.003

9.99

FAAH/GAPDH

0.48 ± 0.08

0.06

0.38 ± 0.10

0.08

0.434

0.63

NAPE-PLD/GAPDH

0.39 ± 0.03

0.05

0.25 ± 0.04*

0.07

0.007

8.17

Each RT-PCR was repeated at least three times. The semi-quantitative analysis of mRNA levels was carried out by the ‘‘Gel Doc 2000 UV
System’’ (Bio-Rad, Hercules, CA, USA). The measured mRNA levels were normalized with respect to GAPDH (housekeeping gene) and gene
expression values were expressed as arbitrary units ± SE. *p \ 0.05 versus the corresponding healthy controls, as analyzed by four separate
ANOVAs, followed by Student–Neuman–Keuls test. The mean of the inter-assay variability of each RT-PCR assay was also reported as PCR
coefficient of variation. The values of variance p and F rate are also reported (critical alpha is set to 0.05)

CB2 Protein Levels are Increased in AD-PBMCs
As G protein-coupled receptors, the cannabinoid receptors
(CBs) also show post-translational regulation (Ardura and
Friedman 2011; Peralta et al. 2011). To confirm gene
expression change, we therefore determined the protein
levels of CB2 receptor by western blot analysis, as well as
by fluorescence immunocytochemistry.
To confirm a lack of change in protein levels for CB1
receptor as implied by mRNA levels, we performed
immunocytochemical analysis also for this receptor. Western blot analysis showed a remarkable increase in CB2
protein levels in AD children as compared to healthy
controls (Fig. 2) (mean ± SE of arbitrary units:
33.5 ± 1.32 vs. 6.70 ± 1.25, p \ 0.05, in autistic children
and healthy subjects, respectively). Protein level analysis in
AD patients and control groups was performed simultaneously. CB2 protein level was enhanced in all the AD
children evaluated. The control group demonstrated no
intragroup variances of significance.
The difference between the increase in CB2 mRNA and
in the increase in CB2 protein in AD group is not surprising. Post-translational control of protein function has
been described to affect protein levels. Indeed, the CB2
protein, as G protein coupled receptor, show a multilevel
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system of regulation, that affects the levels of receptor in
the cell (Ardura and Friedman 2011; Peralta et al. 2011;
Tománková and Myslivecek 2012).
Moreover, the levels of cellular mRNAs can be regulated by controlling the rate at which the mRNA decays
(Wilusz et al. 2001). It is noteworthy to consider that there
is not a direct correlation between mRNA transcripts and
protein levels. Gene expression is also regulated by the
control of mRNA degradation, since the steady-state concentration of mRNA is determined both by its rates of
synthesis and decay (Rajagopalan and Malter 1997; Meyer
et al. 2004). Changes in mRNA half-life do not reflect
changes in transcription (Ross 1996). More importantly,
the correlation between mRNA and protein abundances in
the cell is insufficient to predict protein expression levels
from quantitative mRNA data (Gygi et al. 1999; Maier
et al. 2009). Determining a direct relationship between
mRNA and protein levels can be problematic (Pascal et al.
2008). However, mRNA expression is informative in the
prediction of protein expression (Guo et al. 2008).
Increasing in both mRNA and correspondent protein is
indicative of a positive correlation between mRNA and
protein expression levels (Guo et al. 2008; Yang et al.
2013). Using several and different techniques (i.e. RTPCR, Western blot, immunocytochemistry), as used here,
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CB2 receptor protein, without cross-reacting with the CB1
receptor protein. Immunofluorescence staining confirmed
that CB2 was over-expressed in the PBMCs in AD children
as compared to healthy controls, while no difference in
CB1 receptor related signals were observed in AD children
respect to healthy controls (Fig. 3).

Discussion

Fig. 2 Representative western blot analysis of CB2 protein levels in
the PBMCs obtained from the autistic children and the healthy
controls, respectively. CTL healthy control subjects, AD autistic
disorder subjects. The histograms indicate percentage variations in
CB2 protein levels in the PBMCs of AD children compared to the
healthy controls (CTL). open circle indicates significant differences
versus healthy subjects. p \ 0.05 was considered as the level of
significance

to study changes in gene expression is a valid tool to assess
the correlation between these macromolecules inside the
cell (Dong et al. 2012).
Immunofluorescence analysis was carried out using an
antibody able to detect endogenous levels of the human

In this study, we demonstrated for the first time the upregulation of CB2 receptors in PBMCs from ADs subjects.
No differences were observed for CB1 receptor regulation.
Alterations in endocannabinoid levels are transient adaptive
reactions which attempt to re-establish normal homeostasis
disrupted by the disease. However, in some conditions,
endocannabinoid systems appear to contribute to a chronic
maladaptive disease state (Di Marzo and Petrosino 2007).
Emerging studies highlight that endocannabinoid signalling
through CB2 receptors could activate a protective system.
CB2 receptor activation is known to trigger immune suppression (Hegde et al. 2010). After inflammation or tissue
injury, there is a rapid increase in local endocannabinoid
levels, which appears to mediate immune responses through
down-regulation of cytokine expressions (Jean-Gilles et al.
2010; Pacher and Mechoulam 2011). The immunomodulatory effects of endocannabinoids are mainly mediated by
the CB2 receptor expressed on immune cells (Klein et al.
2003; Cencioni et al. 2010). The CB2 gene, which is not
expressed in the brain, is principally expressed in immune
tissues (Kenny 2011); whereas CB1 is abundant in the
central nervous system (Galiègue et al. 1995). It’s

Fig. 3 Representative
fluorescent photomicrograph of
PBMCs showing
immunocytochemistry for CB1
receptor (bottom) and CB2
receptor (top). Top Arrows
indicate CB2 positive staining
(red fluorescent). Bottom
Arrows indicate CB1 positive
staining (green fluorescent). To
correctly identify cells, their
nuclei were counterstained with
bisbenzimide (blue
fluorescence), as shown in panel
a. a healthy control subjects;
b autistic disorder patients.
Scale bars 15 lm
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noteworthy that CB2 receptors regulate cannabinoidinduced immune modulation (Tanikawa et al. 2011). Cannabinoids are involved in B cell activation and maturation
through the CB2 receptor. Importantly, B lymphocytes
express the highest level of CB2 mRNA relative to other
immune cells (Agudelo et al. 2008). In addition, CB2
receptor is able to modulate development, migration, proliferation, and effector functions of immune cells (Basu and
Dittel 2011). Alterations in immune system in autism
pathogenesis have been reported (Gupta et al. 2010; Suzuki
et al. 2011). Moreover, AD-PBMCs show increased activation of both Th1- and Th2- mediated immune response,
altered cytokine profiles, decreased lymphocyte numbers,
imbalance of serum immunoglobulin levels and caspasemediated immune response changes (Ashwood et al. 2006;
Li et al. 2009; Siniscalco et al. 2012). These observations,
when combined with the present study data, are suggestive
that CB2 receptor up-regulation in PBMCs could be related
to AD-immune dysregulation. It is well established that

these cells are key regulators of the immune pathways, and
a dysregulation in the PBMC response could result in longterm immune alterations seen in AD (Enstrom et al. 2010).
The CB2 receptor alterations we observed in AD-PBMCs
indicate the endocannabinoid system may be functionally
involved in AD pathogenesis or maintenance. The fact that
in PBMCs from autistic children we observed only CB2
receptor changes, but not CB1 and/or the anandamide catabolic enzyme FAAH, could indicate that the main action
played by endocannabinoids in these cells is to regulate
inflammation and immune responses. CB1 receptors do not
seem involved in mediating these events. However, our data
cannot exclude CB1 receptor up-regulation in other cell
types or within the central nervous system. It is noteworthy
that pro-inflammatory stimuli suppress NAPE-PLD
expression (Zhu et al. 2011). In fact, the slight down-regulation we observed in mRNA levels for this biosynthetic
enzyme could be related to the inflammatory state associated with autism immunopathology.

Fig. 4 Endocannabinoids, such as N-arachidonoylethanolamine
(anandamide, AEA) and 2-arachidonoyl glycerol (2-AG), are synthesized and released upon demand in a receptor-dependent way, through
the AEA biosynthetic enzyme N-acylphosphatidylethanolaminehydrolyzing phospholipase D (NAPE-PLD) and the diacylglycerol
(DAG) lipase enzyme, respectively. They exert their effects through
the G-protein-coupled cannabinoid receptors CB1 and CB2, which, in

turn, are negatively coupled to adenylyl cyclase enzyme. After the
specific binding with their receptors, endocannabinoids are transported into cells by a specific uptake system and degraded by the
enzymes fatty acid amide hydrolase (FAAH). In peripheral blood
mononuclear cells, autistic disorders trigger over-production of CB2
receptor gene expression, as well as protein levels, together with a
down-expression of NAPE-PLD
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Another hypothesis could be related to a CB2 protective
response to AD-mediated inflammatory stimuli derived
from the capacity of CB2 to inhibit pro-inflammatory
cytokine synthesis and release (Di Filippo et al. 2004).
However, it has been demonstrated that pro-inflammatory
cytokines are abundantly increased in the plasma of autistic
patients (Ashwood et al. 2011). These data, when combined with our study’s observations, enhance the hypothesis of a correlation between CB2-mediated immune
dysfunction and autism pathophysiology. This further
indicates that the endocannabinoid system, through CB2
receptors, could mediate a cross-talk between immune and
nervous systems.
As previously mentioned, Schultz reviewed the possible
autism activation by endocannabinoid system (Schultz
2010). He reviewed data revealing sulfation deficits in
acetaminophen (paracetamol) metabolism with the autism
population. Acetaminophen administration in the presence
of a sulfation deficiency, creates a metabolic by-product,
N-arachidonoylphenolamine (AM404), causing an indirect
increase of endocannabinoids levels (Högestätt et al. 2005;
Soukupová et al. 2010), which in turn activate CB1/2
receptors triggering autism. This hypothesis invites further
consideration of the endocannabinoid system regarding
autism pathogenesis However, acetaminophen was not
routinely taken by any of the subjects of this investigation,
so its involvement with endocannabinoids remains speculative. Nevertheless, the question of the endocannabinoid
system involvement in autism pathogenesis remains a
potentially important concept deserving further investigation. Apart from the endocannabinoid system, other environmental autism risk factors (i.e. environmental toxics
exposure, parental age, low birth weight, and maternal
infections during pregnancy) are under consideration. Any
of these may further interact with the endocannabinoid
system as well. Further experiments are needed in order to
better characterize the endocannabinoid system’s involvement in AD.
In conclusion, to our knowledge, this is the first study
demonstrating an endocannabinoid-CB2 signalling dysregulation in autism, implying the endocannabinoid system
may represent a new treatment opportunity for autism
pharmacotherapy (Fig. 4). While the therapeutic use of the
endocannabinoid systems is inviting, extensive research
will be required to further evaluate this complex regulatory
pathway and the safety of pharmacological manipulation.
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Tománková, H., & Myslivecek, J. (2012). Regulation of receptors
coupled to G proteins (GPCRs). Ceskoslovenska Fysiologie,
61(1), 15–23.
Wilusz, C. J., Wormington, M., & Peltz, S. W. (2001). The cap-to-tail
guide to mRNA turnover. Nature Reviews Molecular Cell
Biology, 2(4), 237–246.
Yang, M., Liu, Y., Lu, S., Wang, Z., Wang, R., Zi, Y., et al. (2013).
Analysis of the expression levels of survivin and VEGF in
patients with acute lymphoblastic leukemia. Experimental and
Therapeutic Medicine, 5(1), 305–307.
Zanichelli, F., Capasso, S., Cipollaro, M., Pagnotta, E., Cartenı̀, M.,
Casale, F., et al. (2012). Dose-dependent effects of R-sulforaphane isothiocyanate on the biology of human mesenchymal
stem cells, at dietary amounts, it promotes cell proliferation and
reduces senescence and apoptosis, while at anti-cancer drug
doses, it has a cytotoxic effect. Age (Dordr), 34(2), 281–293.
Zhu, C., Solorzano, C., Sahar, S., Realini, N., Fung, E., SassoneCorsi, P., et al. (2011). Proinflammatory stimuli control Nacylphosphatidylethanolamine-specific phospholipase D expression in macrophages. Molecular Pharmacology, 79(4), 786–792.

123

Copyright of Journal of Autism & Developmental Disorders is the property of Springer
Science & Business Media B.V. and its content may not be copied or emailed to multiple sites
or posted to a listserv without the copyright holder's express written permission. However,
users may print, download, or email articles for individual use.

Current Neuropharmacology, 2011, 9, 209-214

209

Consequences of Cannabinoid and Monoaminergic System Disruption in a
Mouse Model of Autism Spectrum Disorders
E.S. Onaivi1,2,*, R. Benno1, T. Halpern1, M. Mehanovic1, N. Schanz1, C. Sanders1, X. Yan1,
H. Ishiguro2,3, Q-R Liu4, A.L. Berzal5, M.P. Viveros5 and S.F. Ali6
1

William Paterson University, Wayne, USA; 2Molecular Neurobiology Branch, National Institute on Drug Abuse, NIH,
Baltimore, USA; 3Ikeda Hospital, Happoukai Medical Corporation, Ryugasaki, Japan; 4Behavioral Neurobiology
Branch, National Institute on Drug Abuse, NIH, Baltimore, USA; 5Departamento de Fisiología (Fisiología Animal II),
6
Facultad de Biología, Universidad Complutense, Madrid, Spain; Neurochemistry Laboratory, NCTR/FDA, Jefferson,
AR, USA
Abstract: Autism spectrum disorders (ASDs) are heterogenous neurodevelopmental disorders characterized by impairment in social, communication skills and stereotype behaviors. While autism may be uniquely human, there are behavioral
characteristics in ASDs that can be mimicked using animal models. We used the BTBR T+tf/J mice that have been shown
to exhibit autism-like behavioral phenotypes to 1). Evaluate cannabinoid-induced behavioral changes using forced swim
test (FST) and spontaneous wheel running (SWR) activity and 2). Determine the behavioral and neurochemical changes
after the administration of MDMA (20 mg/kg), methamphetamine (10 mg/kg) or MPTP (20 mg/kg). We found that the
BTBR mice exhibited an enhanced basal spontaneous locomotor behavior in the SWR test and a reduced depressogenic
profile. These responses appeared to be enhanced by the prototypic cannabinoid, 9-THC. MDMA and MPTP at the doses
used did not modify SWR behavior in the BTBR mice whereas MPTP reduced SWR activity in the control CB57BL/6J
mice. In the hippocampus, striatum and frontal cortex, the levels of DA and 5-HT and their metabolites were differentially
altered in the BTBR and C57BL/6J mice. Our data provides a basis for further studies in evaluating the role of the
cannabinoid and monoaminergic systems in the etiology of ASDs.

Keywords: Cannabinoid, Monoamines, 9-THC, Psychostimulants, MPTP, Behavior, Autism, BTBR T+tf/J mice.
INTRODUCTION
Autism is a behaviorally defined neurodevelopmental
disorder characterized by impairments in social interaction
and communication and repetitive/stereotyped behaviors [1,
2]. The cause of autism is not completely understood and
there is no effective cure. However, genetic and environmental factors and the interaction between genes and environment are known to play a role in Autism Spectrum Disorders (ASDs) [3-7]. A common genetic variant on chromosome 5p14.1 was shown to associate with ASDs using genome-wide association studies [6] and there are currently a
number of other autism susceptibility candidate genes
(ASCG) that may be involved [7]. New thinking and hypothesis have been generated to include epigenetic mechanisms in ASDs [8, 9]. This is because of the complexity of
ASDs and the understanding that alteration of gene function
could be due to a polymorphism in DNA sequence or epigenetic programming changes of genes in the interaction with
environment without change of DNA sequences [10].
We recognize that the symptoms of ASDs are difficult to
model in rodents because of the absence of verbal communication and the variability of symptoms. Nevertheless, a
number of relevant behavioral and social changes have been
*Address correspondence to this author at the Department of Biology,
William Paterson University Wayne, NJ 07470, USA; Tel: +1 973-720-3453;
Fax: +1 973-720-2338; E-mail: Onaivie@wpunj.edu
1570-159X/11 $58.00+.00

documented in transgenic mouse models of ASDs. Specifically mouse behavioral tests modeling some of the core
symptoms of autism have now been established [11]. The
goal of this study, was to use the mouse model to determine
the role if any of the endocannabinoid system in autism. This
was accomplished using the BTBR T+tf/J mice with autismlike behavioral phenotypes. The behavioral, morphological
and neurochemical alterations in this model will allow us to
test our hypothesis about the causes of autism, and may serve
as an index for the evaluation of proposed treatment strategies in combination with other transgenic models. The rationale for this novel hypothesis arises from the discovery
that the endocannabinoid system is one of the most abundant
physiological control systems in animals and humans. This
system is intricately involved with embryo development and
growth with limitless interaction with most biological systems including the monoaminergic systems. The endocannabinoid system consists of genes that encode cannabinoid
receptors, endogenous ligands that activate these receptors
and the enzymes that synthesize, degrade and perhaps reuptake the endocannabinoids [12]. While the endocannabinoid system is ubiquitous and interacts with most biological
systems, the role it plays in ASDs is unknown. We recently
observed that the basal level of CB2A gene expression in the
BTBR T+tf/J mice was upregulated in the cerebellum compared to control mice [13]. Therefore, we have begun studies
to determine the behavioral effects of cannabinoid ligands in
the BTBR mice in comparison to control groups.
©2011 Bentham Science Publishers Ltd.
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MATERIALS AND METHODS
Animals
Adult male and female BTBR T+tf/J, C57BL/6J and
129SI/SvImJ (S129) mouse strains were housed in individual
cages with access to mouse chow 12 hr in the light and 12 hr
in the dark. Experiments were conducted according to standard NIH guidelines and approved by Institutional Animal
Care and Use Committee.
Drugs
9-THC was obtained from our collaborators in NIDA
intra-mural program and it was made up in a 1:1:18 solution
of alcohol: emulphur: saline. MDMA, methamphetamine,
and MPTP were obtained from our FDA collaborators. Animals were injected intra-peritoneal (i.p) using 1.0 and 10
mg/kg doses of 9-THC and the control animals were injected with the vehicle. The doses of MDMA (20 mg/kg),
methamphetamine (10 mg/kg), MPTP (20 mg/kg) or damphetamine (5 mg/kg) were used. In all experiments all
drugs were injected in a volume of 1ml/kg.
EXPERIMENTAL PROCEDURE
Motor Function Test
Spontaneous wheel running monitors were used to access
motor activity and function. The standard wheel running
activity monitors measures the counts per revolution and was
used to access the spontaneous wheel running behavior of
naïve mice and following acute treatment with the test compounds and corresponding vehicle used. The wheel running
activity of the animals were monitored by the auto-counters,
for 10 minutes during the assessment of spontaneous wheel
running activity following specific drug pretreatment times.
Data was obtained as total number of revolutions over the 10
min evaluation period. The performance of the animals following the acute administration of the test compounds to the
mouse strains were compared to their respective vehicle
treated controls.
Forced Swim Test
The forced swim test (FST) paradigm was used. It consists of a glass cylinder (16 cm diameter and height 35 cm)
filled to a depth 15 cm with water (23-25oC). One glass cylinder was used for each mouse and we tested six mice at a
time using six glass cylinders and test observers. In this
study a two-day swim test procedure was utilized first to
access the basal performance of the different mouse strains.
On the first day mice were placed in the glass cylinder with
water to the specified depth, and all animals were exposed
for 15-min pre-swim test prior to the 5-min forced swim test
on day 2. Fresh water was introduced prior to each test. The
test sessions were recorded by trained observers for consistent data recording. The observer used stop watches and
counters to record immobility times and counts respectively.
The data recorded during the 5-min test session were the
times the animals were immobile and also the number of
immobility counts during the test session. Similar data was
obtained for the vehicle treated naïve control animals. During the test session the duration of immobility was defined
by the animal’s stationary position, and only made the minimal movements necessary to keep the head above water.
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Neurochemical Analysis of Dopamine (DA) and
Serotonin (5HT) and their Metabolites in Selected Brain
Areas
Prior to preparation of animals for selected brain region
dissection for neurochemical analysis, animals were scheduled for three saline or three drug injections that were given
about 8 hrs apart for one day only. Mice in the different
groups were injected with saline (n = 10) or these test compounds (n = 10/per group): methamphetamine (10 mg/g);
MDMA (20 mg/kg) or MPTP (20 mg/kg). After the completion of drug or vehicle administration, mice were housed one
per cage for two days before the animals were sacrificed two
days later, and the striatum, frontal cortex and hippocampus
were dissected and frozen at -80oC. All frozen samples were
shipped to the FDA for the neurochemical analysis. Briefly,
tissues from the different groups were prepared for high performance liquid chromatography (HPLC) combined with
electrochemical detection to determine dopamine (DA), 3, 4dihydroxyphenylacetic acid (DOPAC), homovanillic acid
(HVA), serotonin (5HT) and 5-hydroxyindole acetic acid
(5HIAA).
CANNABINOID GENOMIC ANALYSIS IN BTBR
MICE
In a previous study Liu et al., 2009, [13], during the
analysis of CB2-R gene expression in different brain regions
of C57BL/6 mice treated with the mixed cannabinoid agonist
WIN55212-2 (2mg/kg) for 7 days, we also analyzed CB2gene expression in non-injected BTBR mice. This was accomplished by the analysis of CB2A and CB2B gene expression in brain regions, testis and the spleen. Briefly, RNA was
isolated using TRIzol reagent and cDNA synthesized using
SuperScript III first strand synthesis system for RT-PCR
(Invitrogen, Carlsbad, CA). The expression of CB2A and
CB2B genes were compared by TaqMan real-time PCR with
an ABI PRISM 7900 HT Sequence Detection System, using
custom designed Fam-labeled MGB probes and primers for
CB2A and CB2B (Applied Biosystems, Foster City, CA).
The custom-designed mouse beta-actin Fam-labeled MGB
probe was used for normalization [13].
Statistical Analysis
Prism-3 program, version 3.02 (Graphpad Software, Inc.,
San Diego, CA, USA) was used for statistical analyses, including t-tests and analysis of variance (ANOVA). Data
from motor function and forced swim tests were subjected to
analysis of variance for multiple comparisons followed by
Turkey’s test where appropriate. For CB1 and CB2 gene
expression analysis, unpaired t-test was used. The accepted
level of significance is P < 0.05.
RESULTS
Effects of 9-THC, Psychostimulants and Disruption of
Monoaminergic System by MPTP on Motor Activity in
the Mouse Model of ASD
The naïve untreated BTBR mice exhibited an enhanced
basal locomotor activity as recorded in the spontaneous
wheel running test. The BTBR males had slightly higher
activity than the females and the motor activity of the males
of the C57BL/6J were significantly lower (p<0.05, N = 10)
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than the activity of the BTBR males as shown in Fig. (1A).
The effects of d-amphetamine treatment in the three mouse
strains varied, with the S129 mouse showing significant locomotor activation compared to both BTBR and C57BL/6J
mice as shown in Fig. (1B). A similar response of male and
female mice in motor activity was recorded following the
acute treatment of BTBR and C57BL/6J, with methamphetamine and MDMA (Fig. (1C)). The motor activity of
C57BL/6J male mice was significantly reduced compared to

A
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those of the BTBR mice after treatment with the dopaminergic neurotoxin MPTP as shown in Fig. (1C). However, the
motor activity of BTBR mice when compared to those of
C57BL/6J and S129 mice were significantly reduced and
more sensitive to the higher dose of 10 mg/kg 9-THC used
in this study as shown in Fig. (2C). At the doses used in this
study 9-THC actually enhanced motor activity in the
C57BL/6J and S129 mice which were the control background mice for the BTBR animals.
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Fig. (1). The effects of psychostimulants (d-amphetamine, Methamphetamine and MDMA), and disruption of monoaminergic system by the
neurotoxin (MPTP), in a mouse model of autism spectrum disorders. Panel A shows the basal motor activity of male and female BTBR and
C57BL/J mice in the spontaneous wheel running (SWR) monitors; panel B is the effect of acute 10 min treatment with d-amphetamine (5.0
mg/kg) on the performance of male BTBR and the male controls, S129 and C57BL/6J mice. Panel C shows the effects of acute administration of methamphetamine (10 mg/kg), MDMA (20.0 mg/kg) and MPTP (20 mg/kg) in both male and female BTBR and C57BL/6J mice in
comparison to their respective controls. The duration of the wheel running behavior was accessed over a 10 min period in all animals tested.
* or ¶ represents statistical significance at p<0.05 as compared to the same gender.
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Behavioral Effects of BTBR, C57BL/6J and S129
Mice in the Forced Swim Test after Treatment with a
Cannabinoid, 9-THC:
The naïve BTBR mice demonstrated reduced immobility
time and increased immobility count when compared to
C57BL/6J and S129 mice in the FST, as shown in Fig. (2A).
Surprisingly, in the FST, 9-THC at the doses used did not
modify the immobility time and counts of the BTBR mice
when compared to the C57BL/6J and S129 mice as shown in
Fig. (2B).
Neurochemical Determination of DA and 5HT Levels
and
their
Metabolites
after
Treatment
with
Methamphetamine, MDMA and MPTP
The levels of dopamine, serotonin and their metabolites
were analyzed in the striatum, frontal cortex and the hippocampus after the treatment of different strains of mice with
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methamphetamine, MDMA and MPTP. Data on striatal DA
and 5HT levels and frontal cortex 5HT levels are presented
in Fig. (3). In this preliminary neurochemical analysis of
DA, 5HT and their metabolite levels in the striatum, frontal
cortex and hippocampus after the drug treatments, the levels
of these monoamines and their metabolites were differentially altered in the BTBR and C57BL/6J mice used, see Fig.
(3). The variable levels of monoamines made it difficult to
define a specific association of these changes with the underlying features in the mouse model of ASDs. There are however some striking observations that can be gleaned from the
effects of the doses used in drug treatments and the analyzed
comparative striatal data between BTBR and C57BL/6J
mice: Methamphetamine lowered BTBR DA levels relative
to controls with no effect on C57BL/6J DA levels whereas
MPTP had no effect on DA levels in BTBR mice relative to
their controls, but lowered C57BL/6J DA levels. On the
other hand MDMA had little on no significant effect on ei-

Fig. (2). Behavioral effects of BTBR, C57BL/6J and S129 mouse strains in the FST. Panel A shows the basal levels of performance
indicated by the time and number of immobility by the three mouse strains in the forced swim test model. Panel B is time and number
of immobility after acute treatment of the mouse strains with 9-THC (1 and 10 mg/kg) in comparison to vehicle treated controls. Panel C
shows the influence of acute treatment of the mouse strains with 9-THC (1 and 10 mg/kg) in the spontaneous wheel running activity
monitors. * or + represents statistical significance at p<0.05 with strains and drug treatment in the behavioral measures.
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ther BTBR or C57BL/6J DA levels in comparison to their
respective controls.
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cannabinoids. This upregulation occurred usually only after
sub-acute treatment with a mixed cannabinoid agonist,
WIN55212-2 in the C57BL/6J mice [13]. However, no significant changes were observed in other brain regions including frontal cortex and striatum - brain areas evaluated in the
current study and the hypothalamus (data not shown). The
expression level of CB2B in the mouse brain is lower than
CB2A and the mRNA levels could not be reliably measured
by TaqMan assay (data not shown).
DISCUSSION

Fig. (3). Neurochemical analysis of dopamine (DA) and serotonin
(5HT) levels in striatum and frontal cortex in BTBR and C57BL/6J
male and female mice following a single day three times administration of either saline, methamphetamine (10 mg/kg), MDMA (20
mg/kg) or MPTP (20 mg/kg). Regional brain areas were dissected 2
days later. Since there were no significant sex differences the data
was collapsed on the variable sex. Panel A is the striatal dopamine
level in BTBR relative to C57BL/6J mice. Panel B is the frontal
cortex dopamine level in the two strains of mice. Panel C is the
striatal serotonin level. *Represents statistical significance at
p<0.05 using a least squares means analysis. Significance tests were
performed between the two strains of mice for each of the treatments independently.

Cannabinoid CB2A Gene Expression is Upregulated in
BTBR Mice
We have previously shown that naive BTBR mice
that have been reported to have autism-like behavioral phenotypes have an upregulated higher levels of CB2A gene
expression in the cerebellum without treatment with

While autism may be uniquely human, we have investigated the consequences of cannabinoid and monoaminergic
system disruption in the BTBR T+tf/J mice that have been
shown to exhibit autism-like behavioral phenotypes. We
report that the BTBR mice exhibited an enhanced basal
spontaneous locomotor behavior in the spontaneous wheel
running (SWR) test, a measure of locomotor activity, that
was reduced by the prototypic cannabinoid, 9-THC. In addition, this enhanced spontaneous wheel running behavior
was sexually dimorphic as the motor activity in the naïve
male BTBR mice was significantly higher than those of the
naïve male C57BL/6J mice without significant alteration in
the female mice. Furthermore, the doses of the psychostimulants, d-amphetamine, methamphetamine and MDMA used
in this study did not modify the SWR behavior in the BTBR
mice whereas MPTP reduced SWR activity in the control
CB57BL/6J mice. One characteristic of ASDs is stereotype
behavior characterized by high levels of repetitive selfgrooming behavior that has recently been shown to be reduced in the BTBR mice by methyl-6-phenylethynl-pyridine
(MPEP) – an mGluR5 antagonist [14]. It is tempting to suggest the evaluation of 9-THC or other cannabinoids with
reduced psychoactivity in irritability, tantrums and selfinjurious behavior associated with autistic individuals. This
is because at the low doses used in this study, only the
BTBR mice were sensitive to motor depressant effects of 9THC when compared to those of C57BL/6J and S129 mice.
This hypothesis is further supported by our data showing
that the BTBR mice were also insensitive to the locomotor
activation induced by psychostimulants and the neurotoxic
effects of MPTP when compared to those of C57BL/6J and
S129 mice.
An unusual behavioral phenotype characterized by exaggerated responses to stress in the BTBR mouse has been
demonstrated [15]. The study showed that the BTBR mice had
increased levels of the stress hormone corticosterone following tail suspension, and a heightened anxiety response in the
plus-maze test, when compared to C57BL/6J mice [15]. In
our current study, there were marked strain differences in
immobility times and counts in the FST model of depression
and BTBR mice displayed a reduced immobility time and an
enhanced immobility count compared to the control
C57BL/6J and S129 mice. Curiously however, 9-THC at
the doses used in this study did not modify the immobility
time and counts in BTBR mice when compared to the
C57BL/6J and S129 mice whose immobility times and counts
were differentially modified dose dependently by 9-THC.
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The cause of autism is unknown, but there has been much
progress and new knowledge with the environment, epigenetics and genetic factors all playing some role in the etiology of ASDs. For example multiple gene variants and genome-wide copy number variations have been reported in
children with ASDs, but not in healthy controls [16]. Data
from comparative genomics of autism and schizophrenia
support the hypothesis that autism and schizophrenia represent diametric conditions with regard to their genomic underpinnings and phenotypic manifestations [16]. Our data
indicating that the BTBR mice have an abnormal regulation
of DA functioning with an upregulated CB2A gene expression in naïve BTBR mouse of ASDs [13], and our finding
indicating an increased risk of schizophrenia in patients with
low CB2 receptor function [17], is in agreement with the
hypothesis that autism and schizophrenia represent diametric
conditions [16]. Moreover, more research needs to be done
to understand the nature of the neurochemical changes recorded in our preliminary study in the hippocampus, striatum
and frontal cortex, where the levels of DA and 5-HT and
their metabolites were differentially altered in the BTBR and
C57BL/6J mice. Thus our data provides a basis for further
studies in evaluating the role of the cannabinoid and monoaminergic systems in the etiology of ASDs and whether the
BTBR mice can model both schizophrenia and ASDs.
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Can autism be triggered by acetaminophen activation
of the endocannabinoid system?
Stephen T. Schultz
Rosalind Franklin University of Medicine and Science, North Chicago, IL, USA
Email: stephen.schultz@med.navy.mil
Acetaminophen use in children has been associated with increased autism risk. Recent evidence suggests that acetaminophen’s
analgesic actions result from activation of the endocannabinoid system, and activation of this system can have neuromodulatory
consequences during development. This investigation was performed to determine if there is evidence to support the
hypothesis that acetaminophen use can trigger autism by activation of the endocannabinoid system.
Key words: autistic disorder, autism, acetaminophen, cannabinoid receptors, endocannabinoid system

INTRODUCTION
Autism is a severe developmental disorder defined by
social and communication deficits and ritualistic-repetitive behaviors that appear in early childhood (American
Psychiatric Association 1994). Autism can be comorbid
with tuberous sclerosis (1.2%), fragile X syndrome
(0.3%), and congenital rubella syndrome (0.3%), although
the attributable proportion of all medical disorders is
less than 10%, and in most cases the cause of autism is
unknown (Fombonne 2003). Two of the prominent features of autism are immune system dysregulation
(Pessah et al. 2008) and abnormal brain neuron organization (Courchesne et al. 2007). In this report we present
evidence of a link to autism from acetaminophen use,
evidence to show that acetaminophen produces analgesia by activating cannabinoid receptors, and evidence
that activation of the cannabinoid receptors may interfere with normal development to trigger autism.
A link to autism from
acetaminophen use
There are several theories about possible environmental triggers for autism including childhood vacciCorrespondence should be addressed to S.T. Schultz
Email: stephen.schultz@med.navy.mil
Received 21 October 2009, accepted 08 March 2010

nations, mercury exposure, and viral infections.
Descriptive clinical studies have suggested a link
between measles, mumps, rubella (MMR) vaccination
and autism/pervasive developmental disorder
(Kawashima et al. 2000, Wakefield et al. 2000, Furlano
et al. 2001, Singh et al. 2002, Uhlman et al. 2002,
Singh and Jensen 2003). Epidemiological studies have
not supported the relationship between prevalence of
autism and the MMR vaccine (Peltola et al. 1998,
Taylor et al. 1999, Dales et al. 2001, Madsen et al.
2002, Chen et al. 2004).
The link between the MMR vaccine and an elevated
risk for autism is controversial. However, children are
often given acetaminophen if they have symptoms
such as fever or irritability, and the MMR vaccination
can cause these symptoms (Centers for Disease Control
and Prevention 2009). One study showed that administration of acetaminophen after the MMR vaccination
is associated with increased risk for autism (Schultz et
al. 2008).
A further report compared the features of autism
with asthma and suggested a link to acetaminophen
use (Becker and Schultz 2009). In this report, events in
the history of acetaminophen use were compared with
the number of eligible persons with autism from a
1999 report to the legislature by the California DDS
(Department of Developmental Services 1999).
The three pathways for the metabolism of acetaminophen are glucuronidation, sulfation, and the
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cytochrome P-450 system. One study of children with
autism indicated that these children had a sulfation
deficit which causes them to process acetaminophen
differently from control children (Alberti et al. 1999).
Sulfation is the primary pathway for acetaminophen
metabolism until age 10–12 years (Defendi and Tucker
2009). It is possible that children predisposed to developing autism have a sulfation deficit which may lead to
increased blood levels of acetaminophen after therapeutic doses of acetaminophen are administered.
Evidence that acetaminophen
produces analgesia by activating
cannabinoid receptors
Although acetaminophen has been used as an analgesic for more than a hundred years, its mechanism of
action has remained elusive. It has recently been shown
by two independent groups (Hogestatt et al. 2005,
Bertolini et al. 2006) that acetaminophen produces
analgesia by potentiating cannabinoid receptors in the
brain. These observations have been confirmed by
Mallet and colleagues (2008).
Hogestatt and colleagues have shown that acetaminophen is deacetylated to p-aminophenol which is conjugated with arachidonic acid in the brain and spinal
cord by fatty acid amide hydrolase (FAAH). The resulting compound, N-arachidonoylphenolamine inhibits
the cellular uptake of anandamide, a naturally occurring endogenous cannabinoid or endocannabinoid. The
result is increased levels of endocannabinoids which
produce an analgesic effect (Hogestatt et al. 2005).
Bertolini and colleagues (2006) noticed a similarity
in the effect of acetaminophen and cannabinoids.
Cannabinoids and acetaminophen both have an analgesic action and lower body temperature. They were
able to show that blockage of cannabinoid receptor 1
(CB1) completely prevents the analgesic activity of
acetaminophen (Bertolini et al. 2006).
Evidence that modulation of the
cannabinoid system may interfere
with normal development
The endocannabinoid system plays an important role
in the development of the central nervous system and
its activation can induce long-lasting functional alterations (Campolongo et al. 2009). Use of cannabis (an
exogenous cannabinoid) in the still-maturing brain

may produce persistent alterations in brain structure
and cognition (Jager and Ramsey 2008). Animal models have revealed the danger of both cannabis abuse and
exposure to cannabinoid drugs during brain development (Anavi-Goffer and Mulder 2009). Developmental
problems associated with the endocannabinoid system
may occur through either of the two known cannabinoid receptors, CB1 or CB2.
CB1 receptors are located in the central nervous system (CNS), peripheral nervous system, and peripheral
organs. In the CNS, CB1 receptors are concentrated in
the cerebellum, hippocampus, and the basal ganglia
(Drysdale and Platt 2003) which are areas in the brain
implicated as dysfunctional in autism (Bauman and
Kemper 2005, Courchesne et al. 2007). During fetal
life, CB1 receptors and their associated endocannabinoids are important for neuron differentiation and
proper axonal migration (Fride et al. 2009). In addition,
recent studies suggest that CB1 cannabinoid receptors
define synapse positioning (Harkany et al. 2008).
Modulation of CB1 cannabinoid receptors could trigger
autism by interrupting normal brain development.
CB2 receptors are primarily located in immune tissues and cells and may serve a regulatory function.
CB2 receptors have been shown to control the movement of inflammatory cells to the site of injury, and
CB2 receptors’ reverse agonists may serve as immune
system modulators (Lunn et al. 2008). The activation
of CB2 receptors stimulate beta-amyloid removal by
macrophages which may slow the progression of
Alzheimer’s Disease (Tolon et al. 2009). CB2 receptor
agonists attenuate transendothelial migration of monocytes and monocyte-endothelial adhesion (Rajesh et
al. 2007).
Monocytes are one of the primary cells of the
immune system and differentiate into macrophages and
dendritic cells. If the evidence is correct that acetaminophen acts as an activator of cannabinoid receptors,
then activating CB2 receptors could influence the
growth of monocytes. Data from our lab indicates that
acetaminophen in the media inhibits the cell division of
monocytes in a dose dependent manner as assayed with
resazurin stain for mitochondrial dehydrogenase activity. Inhibition of growth is noted even at the therapeutic
concentration of 20 micrograms per milliliter. If as
proposed, children with autism are poor metabolizers
of acetaminophen, higher than normal therapeutic levels could be possible with recommended doses which
could lead to a greater inhibition of monocytes.
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It has been shown in several studies that children
with autism have immune system dysregulation (Warren
et al. 1996, Jyonouchi et al. 2005, Ashwood et al. 2006,
Molloy et al. 2006, Li et al. 2009, Entstrom et al. 2010).
This dysregulation includes differential monocyte
responses, abnormal T helper cytokine levels, decreased
T cell mitogen response, decreased numbers of lymphocytes, and abnormal serum immunoglobulin levels.
Many studies have shown that children with autism
exhibit autoimmunity, in particular antibodies against
brain and central nervous system proteins (Singh et al.
1993, Connolly et al. 1999, Ashwood and Van De Water
2004, Cohly and Panja 2005, Kawashti et al. 2006,
Wills et al. 2007, Martin et al. 2008). It is proposed that
the immune dysregulation in children with autism is
due to the influence of acetaminophen on CB2 receptors
during gestation or in early childhood.
HYPOTHESIS
The hypothesis presented here is that the use of
acetaminophen may trigger autism by activating the
endocannabinoid system thereby interfering with normal development. Children who are poor metabolizers
of acetaminophen may be at higher risk since normal
therapeutic doses may lead to higher blood levels in
these children.
It has been proposed that the blockage of fever with
antipyretics (as acetaminophen) could lead to autism
by interfering with normal immunologic development
(Torres 2003). Children with autism have reported to
have a decrease in autism symptoms when they have a
fever (Sullivan 1980, Cotterill 1985, Torres 2003,
Curran et al. 2007). It is interesting to note that activation of CB1 receptors, in addition to providing an analgesic effect, causes a decrease in body temperature
(Fraga et al. 2009). This type of effect may be further
evidence of endocannabinoid disruption in children
with autism.
LIMITATIONS
Other environmental factors may also be involved
in triggering autism. For example, low levels of breastfeeding could decrease immune protection in infants
by decreasing mother to child transfer of IgA. Decreased
immune protection could make a child more vulnerable to viral infection which in theory could lead to
autism. Lack of breastfeeding has been shown to be

associated with autism (Schultz et al. 2006). This same
study found an association between use of infant formula without docosahexaenoic acid or arachidonic
acid supplementation and autism. Arachidonic acid
metabolism is an integral part of the endocannabinoid
system and its disruption could be further evidence of
a role for the endocannabinoid system in autism.
CONCLUSION
The purpose of this report was to explore a possible
correlation between acetaminophen and autism which
acts through activation of the cannabinoid system. If
this hypothesis is correct, it opens new avenues of
investigation for possible autism treatment including
agonists and antagonists of the CB1 and CB2 receptors.
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Abstract
Background: From an early age, humans look longer at preferred stimuli and also typically look longer at facial
expressions of emotion, particularly happy faces. Atypical gaze patterns towards social stimuli are common in
autism spectrum conditions (ASC). However, it is unknown whether gaze fixation patterns have any genetic basis.
In this study, we tested whether variations in the cannabinoid receptor 1 (CNR1) gene are associated with gaze
duration towards happy faces. This gene was selected because CNR1 is a key component of the endocannabinoid
system, which is involved in processing reward, and in our previous functional magnetic resonance imaging (fMRI)
study, we found that variations in CNR1 modulate the striatal response to happy (but not disgust) faces. The
striatum is involved in guiding gaze to rewarding aspects of a visual scene. We aimed to validate and extend this
result in another sample using a different technique (gaze tracking).
Methods: A total of 30 volunteers (13 males and 17 females) from the general population observed dynamic
emotional expressions on a screen while their eye movements were recorded. They were genotyped for the
identical four single-nucleotide polymorphisms (SNPs) in the CNR1 gene tested in our earlier fMRI study.
Results: Two SNPs (rs806377 and rs806380) were associated with differential gaze duration for happy (but not
disgust) faces. Importantly, the allelic groups associated with a greater striatal response to happy faces in the fMRI
study were associated with longer gaze duration at happy faces.
Conclusions: These results suggest that CNR1 variations modulate the striatal function that underlies the
perception of signals of social reward, such as happy faces. This suggests that CNR1 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.

Background
Vision is the primary sensory modality in primates,
reflected by the visual cortex being the largest of all the
sensory cortices. Our eyes perform quick orienting
movements (’saccades’) towards interesting features of
stimuli in the external world [1]. In general, we tend to
look longer at more rewarding stimuli [2]. This rationale
lies behind the ‘preferential looking’ technique in infancy
research, where gaze duration and direction are assumed
to reflect visual preference [2-6]. Gaze not only informs
* Correspondence: bhisma@cantab.net
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Centre for Integrative Neuroscience and Neurodynamics, School of
Psychology and Clinical Language Sciences, University of Reading,
Whiteknights, Reading RG6 6AL, UK
Full list of author information is available at the end of the article

us about normative variation in the visual processing of
stimuli but also is relevant to the understanding of complex neurodevelopmental conditions such as autism
spectrum conditions (ASC), which are characterised by
atypical gaze fixation patterns [7,8]. This has led to the
suggestion that gaze fixation patterns could constitute
potential endophenotypes for such conditions. Gaze patterns show high test-retest reliability as well as a moderate to high heritability when tested in twins [9-11],
suggesting a significant genetic contribution. This raises
the possibility that variation in candidate genes underlie
normative variation in gaze patterns.
The measure of particular interest to us is the duration of gaze fixation, given the evidence that people with
ASC show reduced gaze fixation towards social stimuli
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[8,12-15]. Research in primates suggests that the striatal
region plays a major role in directing gaze [16]. The
striatum is thought to encode a ‘value map’ of the visual
stimuli. Both ventral striatal neurons as well as a subpopulation of caudate neurons encode reward magnitude
of the stimuli [17,18]. This ‘value map’, in addition to
further frontal cortical inputs, is then passed to the lateral intraparietal area (LIP), where a fine-tuned map of
‘relative expected subjective value’ is created. The LIP
projects to the frontal eye fields, which send excitatory
projections to the caudate nucleus. A subset of neurons
from the caudate nucleus inhibit the substantia nigra
and consequently disinhibit the superior colliculus,
which in turn controls the gaze control nuclei in the
brainstem, leading to a gaze shift [19].
One of the key molecular systems involved in the functioning of the striatal circuit is the endocannabinoid system. It is a neuropeptidergic circuit involved in reward
processing and works in tandem with the mesolimbic
dopaminergic system [20]. Expressed selectively in the
brain, the cannabinoid receptor 1 (CNR1) is the best-studied molecule of this system. Immunolocalisation studies
in rats and humans have indicated high CNR1 expression
levels in the striatum, a region known for its central role
in reward processing [20-24]. CNR1 is believed to modulate striatal dopamine release through a trans-synaptic
mechanism involving both GABAergic and glutamatergic
synapses and is expressed strongly in the caudate, putamen, globus pallidus internal and substantia nigra, as
well as in the shell of the nucleus accumbens [25]. Phasic
release of striatal dopamine is the primary mechanism
encoding for reward [26].
Recent studies have suggested abnormalities in ASC in
striatal volume [27,28], connectivity [29] and activity in
response to social stimuli [30]. In addition, a gene
expression study of postmortem brain tissue of people
with ASC found reduced expression of CNR1 [31]. In
view of the atypical gaze behaviour of people with ASC,
together with the observed striatal atypicalities, it is reasonable to examine the phenotype of gaze patterns as a
function of variation in genes expressed in the striatum.
As gaze fixation is linked to striatal activity [16,17,19],
we might expect that molecular variation in the genes
involved in striatal function would be associated with
differences in gaze towards socially rewarding stimuli.
Using functional magnetic resonance imaging (fMRI),
we previously found genetic variation in CNR1 modulated activity in the striatal region while watching happy
(but not disgust) faces [32]. This result has been independently replicated in larger samples [33]. In the current study, we aimed to conduct an identical experiment
using gaze-tracking in a new sample of volunteers. Specifically, we tested whether CNR1 genetic variation influences gaze duration towards happy faces. To ensure that
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this was closely matched to the original fMRI experiment, we also analysed gaze fixation duration for disgust
expressions as a function of CNR1 genetic variation.
Disgust faces are potential signals of ‘nonreward’, in
contrast to rewarding happy faces, and hence provide a
high-level control condition (that is, matched for facespecific qualities, such as configural features, as well as
more general visual qualities of the stimuli, such as colour, shape and luminosity) for our experiment. We predicted that variation (single-nucleotide polymorphisms
(SNPs)) in the CNR1 gene would be significantly associated with individual variability in gaze duration
towards happy but not disgust faces.

Methods
Participants

A total of 30 student volunteers (13 males and 17
females; 29 right-handed and 1 left-handed; mean age ±
SD, 24.1 ± 3.41 years old) were recruited by advertisement from the local universities. Participants were
included only if all four grandparents were of Caucasian
European ancestry to avoid genetic heterogeneity
between different populations. Participants were also
excluded if they reported any history of psychiatric diagnoses or regular drug abuse. They were equated for educational background in that all had completed high
school and were studying towards a college degree. All
had normal (or corrected to normal) vision. The study
was approved by the Psychology Research Ethics Committee of the University of Cambridge.
Buccal swabs were collected from all participants, and
DNA was extracted. The four SNPs of choice were identical to those selected in our earlier fMRI study
(rs1049353, rs806377, rs806380 and rs6454674), chosen
to ensure a minor allele frequency > 0.2 in a Caucasian
population and to cover as much of the gene as possible
(see Figure 1) [32]. The DNA was genotyped by Geneservice, Inc. (Cambridge, UK) using standard TaqMan™
assays (Applied Biosystems, Inc., California, USA). Genotyping for these SNPs failed for two of these participants, resulting in a sample size of 28 participants for
the final analysis.
Procedure

The stimuli were taken from the Mindreading™ set
developed by Baron-Cohen et al. [34], since dynamic
facial expressions of emotion are assumed to be more
ecologically valid than static photographs. The Mindreading set consists of video, audio and textual examples
for 412 different emotions arranged into 24 emotion
groups and organised according to six different developmental levels (based on emotions recognised in childhood through adulthood). These stimuli have been
validated in typical populations and in people with ASC
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Figure 1 Schematic structure of the cannabinoid receptor
CNR1 gene with all four genotyped single-nucleotide
polymorphisms indicated. Top: White boxes indicate untranslated
regions, black boxes indicate translated regions and intervening
straight line indicates an intronic region. Bottom: The linkage
disequilibrium structure of the gene in the Caucasian (CEU)
population is shown (using the publicly available HapMap version 3,
release R2, database available at http://hapmap.ncbi.nlm.nih.gov/.

[35-38]. These stimuli were chosen over other existing
available stimuli because Mindreading stimuli comprise
dynamic emotional expressions whilst alternatives (such
as the Ekman and Friesen set [39], the Karolinska Directed Emotional Faces set [40] and the NimStim set [41])
comprise static expressions. The Mindreading stimuli
have excellent interrater reliability and external validity
[36,38] (stimuli are available at http://www.jkp.com/
mindreading/).
Participants were seated comfortably at a fixed distance of 60 cm from the screen and were instructed to
keep movement to a minimum. Participants watched 80
videoclips (three seconds each and sixteen clips for each
of the five emotions) presented in a pseudorandom
order using GazeTracker™ software (DynaVox Inc., Virginia, USA) with an interstimulus interval of six seconds.
Participants were shown a fixation cross during the
interstimulus interval. All stimuli were centred on a 19inch monitor and occupied 70% of the screen area. To
ensure that participants were attending to the stimulus,
they were asked to say aloud what emotion they thought
was being displayed (choosing one of five emotion
words: ‘happy’, ‘sad’, ‘angry’, ‘disgust’ or ‘fear’). Their
responses were recorded by the experimenter.
The Eye Response Interface Computer Aid camera
(ERICA; http://www.eyeresponse.com/) was used to
measure fixation time at each point at 60 Hz. ERICA
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uses reflected low-frequency infrared rays (l = 880 nm)
to map macrosaccades and fixation times at each point.
The data were preprocessed using GazeTracker™ software. To ensure that the measured gaze duration was
specific to the socially informative regions of the emotion
expressions [35], ‘look zones’ were manually drawn
around the eyes (the eyebrows and lower eyelids) and
mouth region (the region from the bottom of the nose to
the bottom of the lower lip) of all stimuli (see Figure 2).
All look zones were ‘dynamic’; that is, they tracked the
eyes and the mouth regions while allowing for head
movement of the actors.
The sum of duration of all fixations was recorded for
each look zone. A fixation was defined as a continuous
gaze for 100 ms within a 40-pixel diameter (corresponding to a 1.3° visual angle), which was in line with parameters used in similar studies [15]. Gaze duration for
each expression was calculated by summing the mean
fixation time for eyes and mouth regions. Different
regions of the face (that is, eyes and mouth) are relevant
for processing different basic emotions [12,42-44]. Thus
it is not ideal to compare the fixation time to the eyes
region for happy and disgust faces, since disgust faces
are associated with greater gaze duration to the mouth
region. Hence, total fixation time across eyes and mouth
regions was used as the dependent variable.

Results
Both happy and disgust expressions were recognised
with > 80% accuracy. Genetic association was measured
using the UNPHASED programme (http://www.mrcbsu.cam.ac.uk/personal/frank/software/unphased), which
computes the retrospective likelihood, that is, the
probability of observing different genotypes given an
observed distribution of a quantitative trait [45]. The
two dependent variables (gaze duration for all happy
and all disgust faces) and the genotypes for all four
SNPs were included in a single analysis. This analysis
revealed a significant association of the gaze duration
for happy faces with rs806377 (c2 = 8.88, df = 2, P =
0.011) and rs806380 (c2 = 8.46, df = 2, P = 0.014). No
significant associations (at P ≤ 0.05) were noted for
gaze duration for disgust faces (nominal p rs806377 =
0.104 and nominal prs806380 = 0.086). To test whether
the observed lack of significant association with disgust
faces was due to one video clip that was misclassified
by a majority of the participants, the data were reanalysed after removing all fixation data associated with
this one video clip. This revealed an identical pattern
of results, with a nominal prs806377 = 0.111 and a nominal prs806380 = 0.105.
However, when multiple SNPs are in linkage disequilibrium (LD), hypothesis tests in single-locus analyses are
not independent. To take this into account, Li and Ji
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Figure 2 Example gaze trail from a single participant and group mean gaze durations for happy faces classified by genotype. (a)
Example gaze trail from a single participant on a still frame from a video stimulus showing a happy expression. The black circles represent
fixation points and the amount of time (in seconds) spent in each. The dotted lines demarcate each look zone (eyes region and mouth region).
(b) Gaze duration for happy faces grouped by genotype for rs806380 (top) and rs806377 (bottom), respectively. Unfilled circles indicate mean
gaze duration, and error bars represent ± 1 SEM. From the Mindreading™ set developed by Baron-Cohen et al. [34]

[46] proposed a method for estimating the true number
of independent tests (Meff), which takes into consideration the LD between SNPs. This method was implemented using the SNPSpD software programme [47], which
revealed that M eff was 3 in the current sample. The
Bonferroni correction for three independent tests gave a
corrected P = 0.033 for rs806377 and a corrected P = of
0.042 for rs806380 for association with gaze duration for
happy faces.
To further analyse genotypic differences for each SNP
that were significantly associated with gaze duration for
happy faces, post hoc t-tests were conducted. In
rs806377, the CC genotype was associated with longer
gaze duration than the CT genotype (t = 2.92, P < 0.025
with the Bonferroni correction). In rs806380, the GG
genotype was associated with longer gaze duration than
the AA genotype (t = 2.78, P < 0.05 with the Bonferroni
correction) (see Figure 2).
The main effects of all possible haplotypes were tested
with various possible window sizes (two, three and four
marker combinations) using UNPHASED software.
None of these haplotypic association tests were significant at P < 0.05. While the small sample size did not
allow for a robust test of sex differences in this genetic
association, we report the nominal P values for these
tests for the sake of completeness. rs806377 was

significantly associated with the gaze duration for happy
faces in both females (P = 0.021) and males (P = 0.004).
Additionally, in males, rs806380 (P = 0.019) and
rs1049353 (P = 0.004) were found to be associated with
gaze duration for happy faces.

Discussion
In this experiment, we predicted that CNR1 genetic variations would be associated with differences in gaze fixation duration towards happy faces. This prediction was
confirmed: two SNPs in this gene (rs806377 and
rs806380) were associated with differences in gaze duration for happy (but not disgust) faces. This finding fits
well with the established role of the CNR1 gene in
reward processes [20] and is consistent with the results
of fMRI studies [32,33] in showing that this gene is a
component of the molecular architecture of social
reward processing. Social reward processing has been
suggested to be impaired in people with ASC [48-50],
particularly as reflected in atypical gaze patterns towards
social stimuli. Hence the current results could be relevant to understanding the genetic underpinning of the
social behavioural symptoms in people with ASC.
A comparison of these results with those from our
earlier fMRI study reveals that for the SNP rs806377,
the allelic group (CC) associated with the highest striatal
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response is also associated with the longest gaze duration for happy faces. For rs806380, the allelic group
associated with the highest striatal response (GG) is also
associated with the longest gaze duration for happy
faces. rs806377 is located in an untranslated region
(UTR) of the gene (Figure 1), and rs806380 was found
to be in significant LD with a 5’-UTR SNP (rs78074274)
using CandiSNPer [51]. The observed effects can thus
be mediated by either or both of these UTR SNPs by
potentially altering gene transcription and/or mRNA
stability. Since the fMRI and gaze duration data come
from largely independent samples (only three of thirty
participants were common to both studies), it is likely
that the observed genetic differences reflect real effects.
We interpret the genetically linked biasing of visual
perception in terms of individual differences in the
reward circuitry. The two processes of increased visual
preference (indicated by longer gaze duration) and
increased striatal response for happy faces are linked in
a positive feedback loop [5]. We tend to look longer at
preferred stimuli, which in turn increases our preference/’reward value’ for these stimuli. Consequently, we
interpret the observed effect in biasing visual perception
of social stimuli in terms of differences in the individual
reward circuitry. Whether such intrinsic differences in
reward circuitry change the formation and nature of
‘saliency/value maps’ formed during gaze fixation is a
question for future research [19,52].
A second broader question for future research is
whether the observed CNR1 genotypic differences in
fixation duration for happy faces is specific to social
rewards or whether this holds true for all classes of
rewards. Variation in CNR1 has been linked to polysubstance abuse and associated with increased activity in
reward-processing areas of the brain in response to
drug cues for both marijuana and alcohol addicts
[53,54]. Hence it is possible that the observed genotypic differences in the general population may extend
to other classes of rewards. Crucially, however, a
reduced experience of rewards in response to social
stimuli such as happy faces (as has been suggested by
Dawson et al. [48] to apply to ASC) has more farreaching consequences, since if an infant is looking
less at happy faces and is finding them less rewarding,
this will make social interactions less reinforcing,
which in turn can exacerbate the social difficulties
observed in people with ASC.
It is possible that a number of genes, each of small to
medium effect size, determine the striatal response to
social stimuli such as happy faces. Other potential candidate genes might include those involved in the oxytocin-vasopressin system (OXTR, AVPR1A and AVPR1B)
as well as those coding for key proteins involved in neutrotransmission (for example, MAOA and GABRB3)
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[55]. We speculate that these genes have an additive
effect and might potentially underlie complex traits
related to social functioning [56]. In a larger populationbased genetic association study of empathy, we found a
nominally significant association of CNR1 genetic variation with the Empathy Quotient [55,57]. Additionally,
reduced expression of CNR1 was found in postmortem
brain tissue of individuals with ASC [31]. Together,
these findings further support the implication that variation in the CNR1 gene modulates the response to social
stimuli such as happy faces.
However, the current findings should be interpreted
with caution, since, in the absence of any expression
data, any functional role for the SNPs can only be speculative; that is, the observed SNP effects may be caused
by being in LD with other functional polymorphisms
and/or through mechanisms that affect mRNA stability
or splicing as mentioned earlier. However, the observation of genetic differences in two separate (albeit small)
samples using an identical paradigm with two different
techniques points towards a putative role played by
CNR1 in the response to happy faces.

Conclusions
In this study, we tested whether common variants in the
CNR1 gene modulate gaze duration towards happy
faces. We found that two SNPs in this gene were significantly associated with gaze duration for happy (but not
disgust) faces. This result is consistent with that of our
previous fMRI study [32]. Specifically, the allelic groups
that were found to be associated with the strongest
striatal response in our fMRI study were associated with
the longest gaze duration for happy faces in the current
sample. This finding suggests a role for CNR1 in social
reward processing and could have significance for clinical conditions such ASC, which are marked by a deficit
in social reward processing as well as atypical responses
to facial expressions of emotion [35,36,49].
Abbreviations
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Abstracts
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

433

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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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
This article can be downloaded, printed and distributed freely for any non-commercial purposes, provided the original work is properly cited (see copyright info below). Available online at www.cannabis-med.org
Author's address: René Kurz, Rene.Kurz@gmx.at

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
Anecdotal evidence of successful cannabis treatment in autism spectrum disorder (ASD) are accumulating but clinical
studies are lacking. This retrospective study assessed tolerability and efficacy of cannabidiol-rich cannabis, in 60 children
with ASD and severe behavioral problems (age = 11.8 ± 3.5, range 5.0–17.5; 77% low functioning; 83% boys). Efficacy
was assessed using the Caregiver Global Impression of Change scale. Adverse events included sleep disturbances (14%)
irritability (9%) and loss of appetite (9%). One girl who used higher tetrahydrocannabinol had a transient serious psychotic
event which required treatment with an antipsychotic. Following the cannabis treatment, behavioral outbreaks were much
improved or very much improved in 61% of patients. This preliminary study supports feasibility of CBD-based cannabis
trials in children with ASD.
Keywords Cannabidiol · Medical cannabis · Medical marijuana · Autism spectrum disorder · Disruptive behavior

Introduction
About 50% of children with autism spectrum disorder
(ASD) suffer from behavioral problems such as tantrums,
self-injury and violence (Maskey et al. 2013). These behavioral difficulties increase their social isolation, limit their
ability to benefit from intervention efforts and often cause
more distress to caregivers than the core autistic symptoms.
Unfortunately, about 40% of children with ASD and disruptive behavior do not respond well to standard behavioral
and medical treatment (Adler et al. 2015). Consequently, an
exceptionally high percentage of parents are seeking help
through unproven methods (Hofer et al. 2017), including the
use of compounds made of the cannabis plant.
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article (https://doi.org/10.1007/s10803-018-3808-2) contains
supplementary material, which is available to authorized users.
* Adi Aran
aaran@szmc.org.il
1

Neuropediatric Unit, Shaare Zedek Medical Center, 12 Bayit
Street, 91031 Jerusalem, Israel

2

Clallit HMO (Kupat Holim), Jerusalem, Israel

The cannabis plant contains two main cannabinoids: tetrahydrocannabinol (THC) and cannabidiol (CBD). THC is
psychoactive and can cause anxiety and psychosis. CBD is
not psychoactive and has potential anxiolytic, antipsychotic,
anti-inflammatory and antioxidant properties with a relatively high toxicity threshold (Campos et al. 2017). Recently,
CBD is emerging as a therapeutic option for refractory epilepsy (Devinsky et al. 2017, 2018; Thiele et al. 2018) and
a CBD compound (Epidiolex, GW pahrmaceuticals) was
approved by the U.S. Food and Drug Administration to
treat severe forms of epilepsy (Lennox Gastaut and Dravet
syndromes). These findings are of specific importance for
people with ASD, as 10–30% of people with ASD have
comorbid epilepsy (Ballaban-Gil and Tuchman 2000) and
several synaptic plasticity pathways appear to be involved
in both disease processes (Lee et al. 2015).
Moreover, alerted activation of the endocannabinoid system (ECS) was found in various animal models of epilepsy
(Rosenberg et al. 2017) and ASD (Zamberletti et al. 2017).
In some of these models, activating of the ECS or administrating CBD (Kaplan et al. 2017; Gururajan et al. 2012)
ameliorated the social deficits.
A recent study demonstrated reduced concentration of
the endocannabinoid anandamide in children with ASD
(Karhson et al. 2018). However, to our knowledge, there
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is no previous report on the impact of medical cannabis in
children with ASD.

Methods
Patients
All children with ASD and refractory disruptive behaviors,
in a single national referral center (Shaare Zedek Medical Center, Jerusalem, Israel), to whom medical approval
to use cannabis was issued for this indication, between
4/2016 and 1/2017, were systematically investigated after
7–13 months of treatment (August 2017). Prior to the retrospective collection of data, written informed consent
was obtained from parents of all children.

Treatment
The cannabis was given as an adjuvant therapy, upon
parental request, following specific individual approval of
the Israeli Ministry of Health. All children were prescribed
whole plant extracts that contain CBD and THC in a 20:1
ratio, dissolved in olive oil (CHP, ™Better, Israel; Avidekel, Tikun Olam Ltd, Israel, Topaz BOL Pharma, Israel).
The cannabis oil was given sublingual two to three times
a day with doses up-titrated over 2–4 weeks, to effect and
tolerability (starting CBD dose was 1 mg/kg/day, maximal
CBD dose was 10 mg/kg/day).

Outcome Measures
Patients were assessed using the following questionnaires: 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). More details on the instruments and statistical
analysis are described in the Supplementary Material.

Results
Patients
The sample consisted of 60 children, 5–18 years old. Mean
age was 11.8 ± 3.5 years; 77% had low cognitive functioning based on preexisting psychological evaluations [Autism
Diagnostic Observation Schedule (ADOS) or Childhood
Autism Rating Scale (CARS)]; 83% were boys. Clinical
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characteristics of the group are summarized in Table S1,
available online.
All children attended special education programs for children with ASD and at the time of the treatment met DSM-5
criteria for ASD. All had severe behavioral problems, based
on a Clinical Global Impression Scale—Severity (CGI-S)
score of 6 or 7.

Treatment
The initial treatment for all patients was a whole plant extract
that contains CBD and THC in a 20:1 ratio. In 29 patients
with an insufficient response (CGI-S scores ≥ 5 despite treatment), strains with lower CBD:THC ratios were tried (up
to a 6:1; maximal CBD dose was 5 mg/kg/day). The lower
CBD:THC ratio was reported to be much better by parents
of 13 patients, slightly better in 7 patients, no change in 6
and worse in 3. The mean total daily dose was 3.8 ± 2.6 mg/
kg/day CBD and 0.29 ± 0.22 mg/kg/day THC for children
who received three daily doses (n = 44) and 1.8 ± 1.6 mg/kg/
day CBD and 0.22 ± 0.14 mg/kg/day THC for children who
received two daily doses (n = 16).

Retention Rates
By the end of this study, forty-four children (73%) were still
on cannabis treatment (mean treatment duration: 10.9 ± 2.3
months). Sixteen children (27%) stopped the cannabis treatment after 4.1 ± 2.6 months due to the following reasons:
Three were treated for less than 2 weeks due to marked irritability in two and unsuccessful attempts to give the oil in
the third. These 3 were excluded from the efficacy assessments below. Five children stopped the treatment (after 6 ± 2
months) due to low efficacy, seven (after 4.0 ± 2.1 months)
due to a combination of low efficacy and side effects and one
adolescent girl stopped the treatment after 6 months due to
a transient psychotic event.

Adverse Events
Adverse events were reported by parents (n = 57) throughout the treatment period and were systematically assessed
at each patient visit and at the end of the study (Table 1).
Hypervigilance leading to aggravation of sleep problems
was reported in 14% of the patients but usually resolved by
omitting or adjusting the evening dose. Other common side
effects included restlessness, irritability and loss of appetite. Three children (5%) stopped the treatment due to side
effects that included marked irritability after treatment onset
in 2 cases and a psychotic event in one adolescent girl. This
13 years old girl received 6.5 mg/kg/day CBD and no other
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Table 1  Adverse events reported by parents during the treatment with
cannabis

Improvement in Disruptive Behavior Assessed
by the HSQ‑ASD and APSI

Adverse event

No of
patients (%)

Any adverse event
Sleep disturbances
Restlessness
Nervousness
Loss of appetite
Gastrointestinal symptoms
Unexplained laugh
Mood changes
Fatigue
Nocturnal enuresis
Gain of appetite
Weight loss
Weight gain
Dry mouth
Tremor
Sleepiness
Anxiety
Confusion
Cough

29 (51%)
8 (14%)
5 (9%)
5 (9%)
5 (9%)
4 (7%)
4 (7%)
3 (5%)
3 (5%)
2 (3.5%)
2 (3.5%)
2 (3.5%)
2 (3.5%)
2 (3.5%)
2 (3.5%)
1 (2%)
1 (2%)
1 (2%)
1 (2%)

Serious adverse event

No of
patients (%)

Discussion

Psychotic event

1 (2%)

To our knowledge, this is the first report on the impact of
CBD-rich medical cannabis in children with ASD. Specifically, following the cannabis treatment, behavioral
outbreaks were much improved or very much improved
in 61% of patients. Moreover, 16 children (33%) received
less medications or lower dosage and 12 (24%) stopped
taking medications (all received at least 1 antipsychotic),
while 4 children (8%) received more medications or higher
dose. However, strains with a relatively high THC concentration (6:1-CBD to THC ratio) might lead to a serious
psychotic episode that would require treatment with an
antipsychotic.
Based on these promising results, we have launched a
placebo controlled cross-over trial that will assess CBD-rich
cannabis in 150 children with ASD and disruptive behavior
(NCT02956226). Another large placebo controlled study
(NCT03202303) will assess Cannabidivarin (CBDV), a
homolog of CBD, in 100 children with ASD.
CBD-rich cannabis might help children with ASD via
several possible mechanisms including its anxiolytic and
antipsychotic properties (Campos et al. 2017) as well as its
immunomodulatory effect and its impact on the endocannabinoid system (ECS). Several human studies revealed
associations between polymorphisms in the gene encoding
CB1 endocannabinoid receptor and social reward processing (Chakrabarti and Baron-Cohen 2011).

medications. She gradually increased the THC dose and
when she reached 0.72 mg/kg/day, she developed an abrupt
behavioral change that included unusual vocalization and
refusal to eat and sleep for 48 h. She stopped the CBD and
THC and started Ziprasidone 1.4 mg/kg/day. The symptoms
resolved after 9 days.

Global Impression of Change in Behavior, Anxiety
and Communication Following Cannabis Treatment
Figure 1 demonstrates the overall improvement in behavior,
anxiety and communication as rated by parents on the CGIC
scale. Considerable improvement in behavior problems
(‘much improved’ or ‘very much improved’) was reported
in 61% of the children. Considerable improvement in anxiety and communication problems was reported in 39% and
47% of the children respectively. CGIC ratings were not
correlated with age, functional level, severity of behavioral
problems at baseline and comorbidity with epilepsy.

HSQ scores improved by 29% from 4.74 ± 1.82 at baseline
to 3.36 ± 1.56 following the cannabis treatment. The mean
improvement was 1.38 ± 1.79 (median = 0.81).
APSI scores improved by 33%, from 2.04 ± 0.77 at baseline to 1.37 ± 0.59 following the cannabis treatment. The
mean improvement was 0.66 ± 0.74 (median = 0.53).

Concomitant Use of Medications
Forty nine children (82%) were treated with medications and
cannabis concomitantly: 43 children (72%) used antipsychotics 10 (17%) received mood stabilizers, 7 (12%) received
benzodiazepines, 4 (7%)—SSRIs and 4 (7%) received stimulants (details appear in the Supplementary Material, online).
Following the cannabis treatment, 16 (33%) received fewer
medications or lower dosage, 12 (24%) stopped taking medications and 4 (8%) received more medications or higher
dose.
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Fig. 1  Caregivers global impression of change in behavior anxiety and communication following cannabis treatment

These preclinical data and the results of the current study
render worthwhile further exploration of this treatment avenue in controlled studies. Until such evidence is available,
physicians should be cautious in the use of medical cannabis
in children with ASD since initial reports of promising treatment in children with ASD are often found, in controlled
studies, to result from a pure placebo response (King et al.
2013). Furthermore, the use of recreational cannabis in adolescents is associated with several risks including decreased
motivation, addiction, mild cognitive decline, and schizophrenia. However, these complications are all attributed to
THC, while we used CBD-rich compounds. Nevertheless,
as safety data in children are sparse, it is recommended that
clinical use be withheld until ongoing randomized trials are
published.
Finally, this study has several limitations. It is an uncontrolled retrospective study of a subgroup of children with
severe and refractory behavioral problems. The participants
used various cannabis strains from different growers and
a broad range of CBD and THC dose, and the number of
participants was not large enough to evaluate the impact on
different ASD subgroups.
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SHIFT 7 - CHILD NEUROLOGY
Etiology and clinical study of basal ganglionic disorders in a
sample of Egyptian children
H. Zehrya, S. Darwishb, H. Gadb, H. Emamb, M.E.D. Tharwatb, S. El
Zayatb, M. Abd Elmoteyc. aMinistry of Health, neurology, Mansoura,
Egypt; bFaculty of Medicine- Al-Azhar University, Neurology, Cairo,
Egypt; cFaculty of Medicine- Al-Azhar University, Radiology, Cairo, Egypt
Background: In childhood, the metabolic activity of the basal ganglia
is greater and they are particularly prone to injury. Many disease
entities may present as basal ganglia abnormalities. Damage to the
basal ganglia cells may cause problems controlling speech, movement, consciousness, muscle tone, posture and cognition.
Objective: To determine the etiology of basal ganglionic disorders in
a sample of Egyptian children.
Patients and Methods/Material and Methods: A cross-sectional
observational study was utilized on 23 patients attended at the
Pediatric Neurology Outpatient Unit of Neurology department at AlAzhar University Hospitals during a period of one year from
beginning of November 2014 to end of October 2015.
A specialized pediatric neurological sheet, Cognitive assessment in
children using Stanford-Binet Intelligence Scale: Fourth Edition and
Laboratory investigations were performed.
Results: The frequency of male patients was slightly higher than the
female patients, males were 13 (56.5% ) and females were 10 (43.5%)
acute ischemic stroke was the most frequent cause, which was
founded in 8 (34.8%) cases, followed by 7 (30.4%) had metabolic
cases , 6 (26.1%) infectious causes, and lastly 2 (8.7%) cases toxic
causes. According to brain MRI imaging ,bilateral cases were 16
(69.70%), unilateral cases Putamen were 2 (8.7%), Caudate and
putamen were 1 (4.3%), Caudate and lentiform nucleolus were 1
(4.3%), Caudate were 2 (8.7%), Globus pallidus were 1 (4.3%).
Conclusion: Acute ischemic stroke was the most frequent cause of
basal ganglionic lesion in a sample of Egyptian children.

doi:10.1016/j.jns.2017.08.2622
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SHIFT 7 - FUNCTIONAL DISORDERS AND BEHAVIORAL NEUROLOGY
Oral cannabis extracts as a promising treatment for the core
symptoms of autism spectrum disorder: Preliminary experience
in Chilean patients
G. Kuestera, K. Vergarab, A. Ahumadab, A.M. Gazmurib. aFundación
Daya, Direccion de Investigacion y Estudios Clinicos, Santiago, Chile;
b
Fundación Daya, Fundación Daya, Santiago, Chile
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,

Abstracts / Journal of the Neurological Sciences xxx (2017) 757–944

933

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.

Medellín, Colombia; bNeuroCentro, Institute of Epilepsy and Movements
Disorders, Pereira, Colombia; cUniversity of Antioquia, Neurology,
Medellin, Colombia; dUniversity of Saskatchewan, Division of Neurology,
Saskatoon, Canada; eNeurology, Shefﬁeld, United Kingdom

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.

Background: Psychogenic nonepileptic seizures (PNES) represent a
diagnostic challenge. This is particularly the case in developing
countries.

doi:10.1016/j.jns.2017.08.2623
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A study on comparative efﬁcacy and adverse effects of
methylphenidate versus atomoxetine
M. Kunju, M. Sreedharan, M. Iype, C.V. V, S. Jaykrishnan, K.
Devadathan. Trivandrum Medical college-, Pediatric neurology,
TRIVANDRUM, India
Background: Methylphenidate and atomoxetine are used n children
with Attention deﬁcit hyperactivity disorder (ADHD) for control of
core symptoms.
As Methylphenidate is a restricted medicine availability is problematic. Atomoxetine which is available without restriction is useful but
long term effect in ADHD in developing countries is not studied .
Objective: To compare the comparative efﬁcacy of methylphenidate
and atomoxetine in children with Attention deﬁcit hyperactivity
disorder (ADHD).
Patients and Methods/Material and Methods: Randomized controlled trial was conducted in 80 patients (age 6-12 y) with a diagnosis
of ADHD, receiving methylphenidate or atomoxetine in pediatric
neurology OPD of a tertiary care hospital of-SAT hospital, medical
college, Trivandrum.
Children were randomized to open-label atomoxetine or
methylphenidiate group for 8 weeks. the baseline score of attention
deﬁcit hyperactivity disorder rating scale (ADHD-RS) and clinical
global impression severity of illness(CGI-SI)are noted,efﬁcacy is
compared from the difference in mean score of ADHD -RS scale and
CGII-SI scale after 8 weeks.
Results: Most of the patients were of age 8-9 years, and more
proportion were boys from rural area;duration of illness was 1-2
years,58.8%were below average in their current intellectual functioning, with poor school performance.7.5% were having family
histroy of ADHD,16.3% of patients were undergoing special education
programmes. A greater proportion of children were having ADHD
subtype combined: the mean efﬁcacy index for methylphenidate
was 2 and 1.7 for atomoxetine group. Majority patients were with
medium or high medication adherence.
Conclusion: Methylphenidate and atomoxetine are equally effective
In treatment of ADHD.
doi:10.1016/j.jns.2017.08.2624
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Psychogenic nonepileptic seizures in Latin America: Approach of
the healthcare professionals
L.D. Ladinoa, V. Benjumea-Cuartasb, R. Lopez-Gonzalezc, J.F. TellezZentenod, M. Reubere. aHospital Pablo Tobon Uribe, Neurology,

Objective: Our objective is to describe the current medical care in
Latin America, identify patterns of practice and service gaps
Patients and Methods/Material and Methods: The PNES Task Force
of ILAE devised a questionnaire for health professionals to investigate
how they diagnose and treat PNES. Using this questionnaire, we
conducted a 36-questions survey among health professionals to gain
an overview of diagnostic and treatment services in Latin America.
Results: 118 eligible questionnaires were analyzed. Responses were
received from 12 countries. Most respondents were young neurologists (81%), 60% female. A large proportion of respondents stated to
know how to diagnose (81%) however many of them would not
actually make the diagnosis (42%), or are inexperienced in arranging
and offering treatment (56%). Most do not provide follow-up (75%)
on patients without epilepsy. Although 81% of respondents feel that
individualized psychological therapy is the most effective treatment,
70% of them are not well informed or sufﬁciently familiar with
psychotherapy, and the actual availability of the service is very low
(29%). Additionally, a large minority of participants reported not
having access to the gold standard –inpatient video-EEG (34%).
Conclusion: Diagnostic and treatment service for patients with PNES
in Latin America is deﬁcient. Some gaps remain regarding technical
resources, training and treatment. There is a high level of uncertainty
regarding psychotherapy among neurologists, for which further
education is needed. A better access to video EEG may improve
PNES diagnosis and treatment.

doi:10.1016/j.jns.2017.08.2625
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Individuals who experience an initial attack of urticaria during
adolescence are at a higher risk for developing depression: A
database study
C.H. Liao, Y.R. Lin. Changhua Christian
Department, Changhua City, Taiwan R.O.C.

Hospital,

Emergency

Background: Urticaria is a common ailment encountered in hospital.
Although the symptoms of urticaria may increase stress, this
association is not fully understood.
Objective: Our aim was to analyze the risk of depression following a
diagnosis of urticaria using a nationwide population-based study
Patients and Methods / Material and Methods: We examined the
Taiwan Longitudinal Health Insurance Database. A total of 6742
adolescents (aged 13-18 years) who were hospitalized for a ﬁrstattack urticaria between 2006 and 2009 were recruited as a study
group, together with 20,226 matched nonurticaria enrollees as a
control group. Each patient was prospectively followed for 1 year to
identify episodes of depression. Cox proportional hazards models
were used to compare the risk of depression between the study and
control groups, making adjustments for the patients' places of
residence and sociodemographic characteristics. Depression-free
survival curves were also analyzed. Finally, the risks of depression
were analyzed between various age groups.

Question 5
Letters of support provided by physicians with knowledge of the
disease or condition.

DocuSign Envelope ID: 7BEB1890-1114-412F-A006-3B1266040D9F

To Whom It May Concern,
We, the undersigned physicians, support adding autism to the qualifying conditions list under Ohio’s
Medical Marijuana Control Program.
We believe the science, research and information available on treating autism with medical marijuana is
sufficient to conclude that it is an effective treatment and that the benefits outweigh the risks.
Autism is a spectrum, with some patients being more severely impacted than others. Treatment of the
condition is largely focused on behavioral therapies, which are insufficient for individuals exhibiting
moderate to severe symptoms. Current pharmaceutical options to treat symptoms of autism are highly
limited and providing physicians another treatment option in medical marijuana will lead to better
patient outcomes.
We believe the evidence supports medical marijuana as a treatment option for autism, and we ask that
the State Medical Board of Ohio add autism as a qualifying condition under Ohio’s Medical Marijuana
Control Program.
Sincerely,

Cynthia Taylor
do
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To Whom It May Concern,
We, the undersigned physicians, support adding autism to the qualifying conditions list under Ohio’s
Medical Marijuana Control Program.
We believe the science, research and information available on treating autism with medical marijuana is
sufficient to conclude that it is an effective treatment and that the benefits outweigh the risks.
Autism is a spectrum, with some patients being more severely impacted than others. Treatment of the
condition is largely focused on behavioral therapies, which are insufficient for individuals exhibiting
moderate to severe symptoms. Current pharmaceutical options to treat symptoms of autism are highly
limited and providing physicians another treatment option in medical marijuana will lead to better
patient outcomes.
We believe the evidence supports medical marijuana as a treatment option for autism, and we ask that
the State Medical Board of Ohio add autism as a qualifying condition under Ohio’s Medical Marijuana
Control Program.
Sincerely,

Daniel Neides
MD

