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Upon petition, the State Medical Board of Ohio has the authority to approve and designate conditions or diseases as qualifying medical conditions for

treatment with medical marijuana. For the calendar year of 2024, the board will accept petitions for consideration between November 1, 2024 and

December 31, 2024.

Covered Existing Qualifying Conditions
The following conditions are already part of the program: AIDS, amyotrophic lateral sclerosis, Alzheimer’s disease, cachexia, cancer, chronic traumatic

encephalopathy, Crohn’s disease, epilepsy or another seizure disorder, fibromyalgia, glaucoma, hepatitis C, Huntington's disease, inflammatory bowel

disease, irritable bowel syndrome, multiple sclerosis, pain that is either chronic and severe or intractable, Parkinson’s disease, positive status for HIV, post-

traumatic stress disorder, sickle cell anemia, spasticity, spinal cord disease or injury, terminal illness, Tourette syndrome, traumatic brain injury, and

ulcerative colitis.

The board’s Medical Marijuana Committee determined that the following are considered to be covered by an existing qualifying condition:

Arthritis (determined to be covered by pain that is either chronic or intractable, February 2021)

Chronic Migraines (determined to be covered by pain that is either chronic or intractable, February 2021)

Complex Regional Pain Syndrome (determined to be covered by pain that is either chronic or intractable, February 2021)

Degenerative Disc Disease (determined to be covered by pain that is either chronic or intractable, February 2022)

Lupus where pain is present (determined to be covered by pain that is either chronic or intractable, February 2022)

 You do not need to submit a petition for any of these conditions. Read the board's Position Statement (PDF). 

Petition Consideration Denials
The petition will not be considered if:

Received after December 31, 2024

It seeks to add a broad category of diseases or conditions

The condition that has been previously reviewed by the board and rejected unless new scientific research that supports the request is offered

Previously Considered Condition
If you are petitioning for a previously considered condition:

Do not resubmit documents which have already been reviewed by the board

Only new scientific research should be submitted for previously rejected petitions

View a catalogue of submitted research and documents.

Public Record
Most information submitted as part of a petition is public record and may be posted on the Medical Board’s website at med.ohio.gov. This includes the

submitter’s name provided contact information, and responses. 

Instructions
All sections below are required to be completed per Ohio Administrative Code 4731-32.  All text boxes are required. Applicants may type "see

attached" or "previously submitted" in the required fields.

If you would like for the Medical Board to consider multiple conditions, please complete a separate submission for each one.

Please refrain from providing personal medical information as all submissions are subject to public record requests.

First Name 

Douglas

Last Name 

Woo

Email 

dougthekinezo1@gmail.com

Address 

1513 Clover Court

City 

Lancaster

State 

Zip Code 

43130

County Specific Disease or Condition 

Refractory Autism Spectrum Disorder

Please do not include any links in the text fields. All materials submitted for review must be attached in the format of a Microsoft Word document or

PDF.

NOTE: Links within submitted documents will not reviewed.

OHIO

FAIRFIELD

* * *

* * *

* * *



Specialized Experts

Information from experts who specialize in the disease or condition 

1. Bonni Goldstein MD is pediatric emergency room physician in California who has been treating both adult and pediatric patients with

medical cannabis since 2008, including many with autism spectrum disorder.  She has authored multiple books, co-authored multiple studies

in peer-reviewed journals, and has spoken at numerous national and international scientific conferences. 

2. Patricia Frye MD is a pediatrician in Maryland with subspecialized training in pain management and obesity medicine.  She is also certified

in Cannabis Science and Medicine from the University of Vermont School of Medicine and authored a curriculum on cannabis treatment in

pediatric patients while on the faculty of the University of Maryland School for Pharmcy.  She has treated 300 patients with autism spectrum

disorder with medical cannabis over a career spanning 40 years.

3. Mohsin Maqbool MD is a child neurologist in Texas who is fellowship trained in sleep medicine and has multiple publications in peer-

reviewed journals.  He has been treating multiple patients with autism spectrum disorder (ASD) since 2019 and recently completed an open-

label trial of cannabis in treating 120 patients with sleep disorders related to ASD, as well as a separate trial in 80 patients with ASD that

evaluated effect of cannabis on sleep, behavior, and quality of life.

File Name Size

Dr. Bonni Goldstein (signed).pdf 1.88 MB

Dr. Patricia Frye (signed).pdf 94.65 kB

Dr. Mohsin Maqbool (signed).pdf 172.84 kB

CNS Poster 2023 Final (Maqbool).pdf 251.01 kB

Abstract_237 (Maqbool).pdf 27.28 kB

Medical or Scientific Evidence

Relevant medical or scientific evidence pertaining to the disease or condition 

Please see attached.

File Name Size

Refractory ASD (Medical or Scientific Evidence).pdf 400.45 kB

Conventional Medical Therapies

Consideration of whether conventional medical therapies are insufficient to treat or alleviate the disease or condition 

Please see attached.

File Name Size

Refractory ASD (Conventional Medical Therapies).pdf 175.85 kB

Supporting Evidence

*

*

*

*



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 

Please see attached.

File Name Size

Refractory ASD (Supporting Evidence).pdf 711.54 kB

Physician Letters of Support

Letters of support provided by physicians with knowledge of the disease or condition. This may include a letter provided by the physician treating the

petitioner, if applicable. 

Please see attached.

File Name Size

Dr. Bridget Williams (signed).pdf 152.86 kB

Dr. James Weeks (signed).pdf 312.26 kB

*

*
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Autism, Sleep, and Medicinal Cannabis: Evaluating 18-Month Efficacy and Safety
Outcomes
M. Maqbool
University of Texas Dallas, Neuroscience, Richardson, United States

Type
Presentation type: Oral presentation

General data
Topic: Pediatric
Secondary topic: Neurological Disorders Affecting Sleep

Abstract text
Introduction: Sleep disturbances are common in children with Autism Spectrum Disorder (ASD), affecting up to 80% of this population. Poor sleep onset,
frequent awakenings, and reduced sleep quality contribute to behavioral challenges, impaired cognition, and increased caregiver stress. Standard
treatments like melatonin or sedatives offer limited relief, making medicinal cannabis a promising alternative. Cannabis-based therapies with cannabidiol
(CBD) and delta-9-tetrahydrocannabinol (THC) in tailored ratios have shown encouraging short-term results for sleep improvement in ASD. This study
evaluates the long-term efficacy and safety of medicinal cannabis for sleep management over 18 months, focusing on sustained outcomes and side effects.
Materials and methods: This longitudinal observational study enrolled 120 pediatric patients (ages 3-17 years) with a confirmed diagnosis of ASD who
experienced chronic sleep disturbances. Patients were treated with medicinal cannabis formulations containing varying ratios of CBD and THC, customized
based on individual tolerance and therapeutic response.
Baseline data were collected three months prior to initiating cannabis treatment, including metrics on sleep onset latency, sleep maintenance, and overall
sleep quality, as reported by caregivers and validated sleep assessment tools. Follow-up assessments were conducted three months post-treatment
initiation and at 18 months to evaluate long-term efficacy and safety. Primary endpoints included improvements in sleep parameters (sleep onset latency,
sleep maintenance, and overall sleep quality) and caregiver-reported quality of life. Secondary endpoints included the identification of adverse effects and
the development of treatment tolerance. Data were analyzed using paired t-tests and repeated measures ANOVA for longitudinal comparisons.
Results: Initial results demonstrated significant improvements in sleep onset latency, maintenance, and quality within the first three months of treatment,
with over 80% of patients showing measurable benefits. At the 18-month follow-up, 68% of patients sustained their sleep improvements without requiring
substantial dosage adjustments.
Adverse effects were minimal, with increased appetite and agitation reported in less than 10% of patients, primarily during the initial adjustment phase. No
severe adverse events were recorded. A small subset of patients (12%) showed signs of developing tolerance, necessitating dosage increases to maintain
efficacy. Overall, caregiver-reported quality of life improved in parallel with sleep improvements, highlighting the positive impact of treatment on both
patients and their families.
Conclusions: This 18-month observational study highlights the long-term efficacy and safety of medicinal cannabis for managing sleep disturbances in
ASD. Tailored treatments sustained sleep improvements with minimal side effects, making this a viable option for a challenging population. While tolerance
development is a concern for some, the overall safety profile and lasting benefits support medicinal cannabis as part of a comprehensive sleep
management strategy. Future studies should refine dosing regimens, including terpene and flavonoid profiles, to establish standardized therapeutic
guidelines.
Acknowledgments: The authors acknowledge the patients and caregivers for their participation and trust throughout this study. This research was
conducted independently without external funding. Data were derived from patients receiving care at a neurology sleep clinic, where progress was
monitored as part of routine care. Gratitude is extended to the clinic staff for supporting data collection and patient management. Their dedication made
this study possible.
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Purpose
To study the effects of medical cannabis on sleep, behavior, 
anxiety, focus/attention, sensory issues, and quality of life 
for children with Autism Spectrum Disorder (ASD).

Methodology

Effectiveness by Ratios of CBD:THC

Demographics

N = 80 (M:F 59:21)
Age: 3-17 y (mean: 9.2 years)

Comorbidities

The Effects of Medical Cannabis on Sleep, Behavior, and Quality of Life for Children with Autism Spectrum Disorder 
– An Open Label Case Series
Jyona Kate Nazareno1, Samuel Poelker-Wells1, Mohsin Maqbool, M.D.1-2 | University of Texas, Dallas.1 Texas Child Neurology. Plano, TX2

Epilepsy 
15%

Cerebral 
Palsy 
2%

OSA 
13%

Insomnia 
24%

Disorder 
9%

3%

OCD 
2%

PTSD Circadium

ADHD 
32%

Common Side Effects
Increased appetite, drowsiness and 

worse behavior

Initial Side Effects

Persistent Side Effects

Stopped Treatment due to Side Effects

*Stopped due to tolerance = <3% (2)

CBD:THC
Ratio

(1:1) (3:1) (4:1) (20:1) THC Only

n = 49 9 9 3 2

Falling Asleep 2.91E-07 0.007 0.021 0.423 0.17

Staying 
Asleep

1.94E-10 0.231 0.028 0.423 0.295

Overall 
Quality

3.23E-10 0.008 0.041 0.423 0.295

Sensory 
Issues

2.92E-12 0.051 0.025 0.58 0.295

Focus & 
Attention

3.76E-13 0.017 0.05 0.3 0.126

Anxiety 1.02E-11 0.034 0.02 0.346 0.09

Repetitive 
Behavior

1.04E-11 0.03 0.024 0.497 0.126

Quality of Life 1.50E-09 0.019 0.028 0.84 N/A

Conclusion

• Parents of children diagnosed with ASD were given an option to 
be treated with medical cannabis (oral tincture or gummies).

• Varying ratios of CBD and THC were prescribed under Texas’s 
Compassionate Use Program of 2019.

•  A caregiver global impression of change (CGI-C) was obtained 
after a minimum of 3 months of treatment.

• The dose of THC ranged from 2.5 to 10 mg BID.
• Performed a two-tailed t-test for each domain (p < 0.05).

• Medical cannabis was well tolerated and had clinically 
significant effects on multiple domains of autism.

• Of the formulations, 1:1, 3:1 and 4:1 ratios of CBD:THC were 
the most effective compared to 20:1 or THC only.

• Further studies are needed to establish the long-term efficacy 
and safety of medical cannabis.

p < 0.05

Initial Side Effects
Increased appetite: 27%
Drowsiness: 20%
Worse behavior: 13%

Yes: 
10%

No: 88% *

No: 85%
Yes: 

15%

No: 59%Yes: 41%

Persistent Side Effects

Increased appetite: 10%
Drowsiness: 7%
Worse behavior: 5%

Sleep/Insomnia Quality of Sleep Quality of Life
Very Easy

Falling Asleep Staying AsleepVery Hard Quality of SleepVery Poor

* * * *
Very High Great

Very Poor Overall QOL

Focus/Attention
*

Great

Sensory Issues
*

Not 
Problematic

OCD/Stimming
Not at all

*

Anxiety
Not at all

*

Very Poor Focus & Attention Very Sensory Issues Very Repetitive Behavior/OCD Highly Level of Anxiety

Problematic Frequent Anxious













                    

Texas Child Neurology, PLLC 
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Telephone: (972) 769-9000   Facsimile: (972) 769-0035 
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Letter of Support 

 
Monday, December 23rd, 2024  
 
Ohio State Medical Board 
 
To Whom It May Concern, 
 
I am writing to express my strong support for the petition to include autism spectrum disorder 
(ASD), with medically refractory symptoms, as a qualifying condition for medical marijuana in 
the state of Ohio. As a pediatric neurologist and sleep specialist practicing in Texas, I have 
firsthand experience in utilizing medical cannabis as part of a comprehensive treatment plan for 
the medically refractory symptoms in children with ASD under Texas’ Compassionate Use 
Program, which has been in place since 2019. 
 
Through my clinical practice, I have observed significant improvements in patients with ASD, 
with medically refractory symptoms, who were treated with medical cannabis. These 
improvements include: 
 

• Sleep: Helped with the ability to fall asleep and stay asleep, enhanced sleep duration 

and quality, reducing sleep disruptions. With secondary effects of improved focus, 

attention, and anxiety, enhanced sleep has been a pivotal factor in the therapeutic 

success of medicinal cannabis.  

 

• Anxiety: Noticeable reductions in anxiety levels, enabling better social interactions, 

learning potential, and emotional regulation. 

 

• Self-Stimulatory Behaviors (Stimming): Decreased frequency and intensity of stimming 

behaviors, contributing to improved focus and adaptability. 

 

• Focus and Attention: Enhanced ability to sustain attention and participate in educational 

and therapeutic activities. 

 

• Quality of Life: Overall improvements in daily functioning, social engagement, and family 

dynamics. 

 
These outcomes align with the findings presented in my poster on the effects of cannabis on 
children with autism, which I am attaching for your review. 
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Medical cannabis, when administered under proper medical guidance and dosage, has 
demonstrated a favorable safety profile in my practice. The low incidence of adverse effects, 
coupled with the significant benefits, underscores its potential as a therapeutic option for ASD.  
 
Patients and their families frequently report improved well-being and reduced dependence on 
traditional pharmacological interventions that often carry substantial side effects. 
 
Given my clinical experience and the growing body of evidence supporting the use of medical 
cannabis for medically refractory symptoms of ASD, I strongly advocate for its inclusion as a 
qualifying condition in Ohio. This decision would provide families and physicians with a much-
needed therapeutic option to address the complex needs of individuals with ASD who fail to 
benefit from traditional pharmaceutical interventions. 
 
Thank you for considering this vital qualifying condition. Please do not hesitate to contact me for 
further information or clarification. 
 
Sincerely, 
 
 
 
 
 
 

Mohsin Maqbool, MD.    
Board Certified American Board of Psychiatry and Neurology/Child Neurology 
Board Certified Sleep Medicine 
Consultant: Texas Child Neurology, LLC. 
Neuroscience Faculty: University of Texas, Dallas.  
Office: (972) 769-9000 x2156  
Fax: (972) 769-0035 
Cell: (313) 289-1179 
mmaqbool@texaschildneurology.com 
Mohsin.Maqbool@UTDallas.edu 

 



































































T o  W h o m  I t  M a y  C o n c e r n ,

A s  a  b o a r d - c e r t i f i e d  p h y s i c i a n  a n d  m e d i c a l  c a n n a b i s  s p e c i a l i s t ,  I  s t r o n g l y  s u p p o r t  a d d i n g

R e f r a c t o r y  A u t i s m  S p e c t r u m  D i s o r d e r  ( A S D )  a s  a  q u a l i f y i n g  c o n d i t i o n  f o r  m e d i c a l  c a n n a b i s

u s e .  T h i s  p r o p o s a l  i s  g r o u n d e d  i n  s c i e n t i f i c  e v i d e n c e ,  p a t i e n t  c a s e  s t u d i e s ,  a n d  t h e  u r g e n t

n e e d  f o r  a l t e r n a t i v e  t h e r a p e u t i c  o p t i o n s .

A S D  p r e s e n t s  c h a l l e n g e s  t h a t  p r o f o u n d l y  i m p a c t  p a t i e n t s  a n d  t h e i r  f a m i l i e s .  O v e r  t h e  p a s t

f i v e  y e a r s  i n  m y  p r a c t i c e ,  I  h a v e  e n c o u n t e r e d  n u m e r o u s  f a m i l i e s  w h o  t u r n e d  t o  m e d i c a l

c a n n a b i s  a f t e r  e x h a u s t i n g  a l l  o t h e r  r e s o u r c e s .  W h i l e  t r a d i t i o n a l  t r e a t m e n t s  c a n  b e  h e l p f u l ,

m a n y  p a t i e n t s  e x p e r i e n c e  p e r s i s t e n t  s y m p t o m s  o r  a d v e r s e  e f f e c t s ,  h i g h l i g h t i n g  t h e  n e e d  f o r

i n t e g r a t i v e  a p p r o a c h e s .

E v i d e n c e  S u p p o r t i n g  M e d i c a l  C a n n a b i s  f o r  A S D

M e d i c a l  c a n n a b i s ,  p a r t i c u l a r l y  C B D  a n d  T H C  f o r m u l a t i o n s ,  h a s  s h o w n  p r o m i s e  i n

a d d r e s s i n g :

B e h a v i o r a l  C h a l l e n g e s :  R e d u c t i o n  i n  a g g r e s s i o n ,  s e l f - i n j u r y ,  a n d  t a n t r u m s .

A n x i e t y  a n d  E m o t i o n a l  R e g u l a t i o n :  C a n n a b i n o i d s  s u p p o r t  e m o t i o n a l  w e l l - b e i n g  t h r o u g h

t h e  e n d o c a n n a b i n o i d  s y s t e m .

S l e e p  D i s t u r b a n c e s :  I m p r o v e d  s l e e p  p a t t e r n s  f o r  p a t i e n t s  a n d  c a r e g i v e r s .

S e i z u r e  C o n t r o l :  E f f e c t i v e  f o r  t h o s e  w i t h  c o m o r b i d  e p i l e p s y ,  a s  d e m o n s t r a t e d  b y  F D A -

a p p r o v e d  C B D  m e d i c a t i o n s .

P a t i e n t  S t o r i e s  a n d  I m p a c t

I n  m y  b o o k  s e r i e s ,  C o u r a g e  i n  C a n n a b i s ,  o n e  i m p a c t f u l  s t o r y  f e a t u r e s  A m i e  a n d  h e r  s o n

J a y d e n ,  d i a g n o s e d  w i t h  A s p e r g e r ’ s ,  A D H D ,  a n d  O p p o s i t i o n a l  D e f i a n t  D i s o r d e r .  J a y d e n ’ s

v i o l e n t  b e h a v i o r s  a n d  s e i z u r e s  m a d e  l i f e  u n m a n a g e a b l e .  A m i e  w a s  a d v i s e d  b y  h e a l t h

p r o f e s s i o n a l s  t o  a b a n d o n  h e r  c h i l d  t o  r e s t o r e  n o r m a l c y  t o  h e r  f a m i l i e s  l i f e .  

BRIDGET COLE WILLIAMS,MD
MEDICAL DIRECTOR 
DR. BRIDGET MD INTEGRATIVE OFFICES
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A f t e r  t r y i n g  t r a d i t i o n a l  t h e r a p i e s  w i t h o u t  s u c c e s s ,  A m i e  t u r n e d  t o  m e d i c a l  c a n n a b i s .  A t  t h e

a g e  o f  n i n e ,  J a y d e n  f o u n d  p e a c e  f o r  t h e  f i r s t  t i m e ,  a l l o w i n g  h i m  t o  l e a r n ,  g r o w ,  a n d  t h r i v e .

N o w  1 7 ,  h e  i s  a  h a p p y ,  e n e r g e t i c  t e e n  w i t h  a  b r i g h t  f u t u r e .  T h i s  t r a n s f o r m a t i o n  u n d e r s c o r e s

t h e  l i f e - c h a n g i n g  p o t e n t i a l  o f  m e d i c a l  c a n n a b i s  f o r  R e f r a c t o r y  A u t i s m  S p e c t r u m  D i s o r d e r .

B y  a p p r o v i n g  A S D  a s  a  q u a l i f y i n g  c o n d i t i o n ,  t h e  b o a r d  c a n  p r o v i d e  f a m i l i e s  w i t h  s a f e ,

r e g u l a t e d  a c c e s s  t o  m e d i c a l  c a n n a b i s  u n d e r  p h y s i c i a n  s u p e r v i s i o n .  T h i s  d e c i s i o n  o f f e r s  a

c o m p a s s i o n a t e ,  e v i d e n c e - b a s e d  s o l u t i o n  f o r  u n m e t  c l i n i c a l  n e e d s  a n d  p r e v e n t s  f a m i l i e s

f r o m  r e s o r t i n g  t o  u n r e g u l a t e d  a l t e r n a t i v e s .

I n  c l o s i n g ,  a d d i n g  R e f r a c t o r y  A S D  t o  t h e  l i s t  o f  a p p r o v e d  c o n d i t i o n s  r e f l e c t s  o u r

c o m m i t m e n t  t o  i m p r o v i n g  l i v e s  t h r o u g h  i n n o v a t i o n  a n d  e q u i t y  i n  c a r e .  C h i l d r e n  l i k e  J a y d e n

d e s e r v e  t h e  c h a n c e  t o  t h r i v e ,  a n d  f a m i l i e s  l i k e  A m i e ’ s  d e s e r v e  h o p e .

T h a n k  y o u  f o r  c o n s i d e r i n g  t h i s  i m p o r t a n t  m a t t e r .  I  a m  a v a i l a b l e  t o  p r o v i d e  f u r t h e r  i n s i g h t s

o r  p a r t i c i p a t e  i n  d i s c u s s i o n s  t o  s u p p o r t  t h i s  i n i t i a t i v e .

B e s t  r e g a r d s ,

D r .  B r i d g e t  C o l e  W i l l i a m s ,  M . D .

B o a r d - C e r t i f i e d  F a m i l y  P h y s i c i a n

M e d i c a l  C a n n a b i s  S p e c i a l i s t

1 ]  S i l v a  E A D  J u n i o r ,  M e d e i r o s  W M B ,  T o r r o  N ,  e t  a l .  C a n n a b i s  a n d  c a n n a b i n o i d  u s e  i n  a u t i s m  s p e c t r u m  d i s o r d e r :  a

s y s t e m a t i c  r e v i e w .  T r e n d s  P s y c h i a t r y  P s y c h o t h e r .  2 0 2 2 ; 4 4 : e 2 0 2 0 0 1 4 9 .  P u b l i s h e d  2 0 2 2  J u n  1 3 .  d o i : 1 0 . 4 7 6 2 6 / 2 2 3 7 - 6 0 8 9 - 2 0 2 0 -

0 1 4 9

2 ]  F u s a r - P o l i  L ,  C a v o n e  V ,  T i n a c c i  S ,  e t  a l .  C a n n a b i n o i d s  f o r  P e o p l e  w i t h  A S D :  A  S y s t e m a t i c  R e v i e w  o f  P u b l i s h e d  a n d

O n g o i n g  S t u d i e s .  B r a i n  S c i .  2 0 2 0 ; 1 0 ( 9 ) : 5 7 2 .  P u b l i s h e d  2 0 2 0  A u g  2 0 .  d o i : 1 0 . 3 3 9 0 / b r a i n s c i 1 0 0 9 0 5 7 2

3 ]  H o l d m a n  R ,  V i g i l  D ,  R o b i n s o n  K ,  S h a h  P ,  C o n t r e r a s  A E .  S a f e t y  a n d  E f f i c a c y  o f  M e d i c a l  C a n n a b i s  i n  A u t i s m  S p e c t r u m

D i s o r d e r  C o m p a r e d  w i t h  C o m m o n l y  U s e d  M e d i c a t i o n s .  C a n n a b i s  C a n n a b i n o i d  R e s .  2 0 2 2 ; 7 ( 4 ) : 4 5 1 - 4 6 3 .

d o i : 1 0 . 1 0 8 9 / c a n . 2 0 2 0 . 0 1 5 4

BRIDGET COLE WILLIAMS,MD
MEDICAL DIRECTOR 
DR. BRIDGET MD INTEGRATIVE OFFICES
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Abnormalities in the cerebrospinal fluid levels of
endocannabinoids in multiple sclerosis

M Di Filippo,1,2 L A Pini,3 G P Pelliccioli,4 P Calabresi,1,2 P Sarchielli1
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ABSTRACT
Objective: Endocannabinoids (eCBs) play a role in the
modulation of neuroinflammation, and experimental
findings suggest that they may be directly involved in the
pathogenesis of multiple sclerosis (MS). The objective of
our study was to measure eCB levels in the cerebrospinal
fluid (CSF) of patients with MS.
Patients and methods: Arachidonoylethanolamine
(anandamide, AEA), palmotylethanolamide (PEA), 2-
arachidonoylglycerol (2-AG) and oleoylethanolamide (OEA)
levels were measured in the CSF of 50 patients with MS
and 20 control subjects by isotope dilution gas-
chromatography/mass-spectrometry. Patients included 35
patients with MS in the relapsing-remitting (RR) form of
the disease, 20 in a stable clinical phase and 15 during a
relapse, and 15 patients with MS in the secondary
progressive (SP) form.
Results: Significantly reduced levels of all the tested
eCBs were found in the CSF of patients with MS
compared to control subjects, with lower values detected
in the SP MS group. Higher levels of AEA and PEA,
although below those of controls, were found in the CSF
of RR MS patients during a relapse. Higher levels of AEA,
2-AG and OEA were found in patients with MRI
gadolinium-enhancing (Gd+) lesions.
Discussion: The present findings suggest the presence
of an impaired eCB system in MS. Increased CSF levels of
AEA during relapses or in RR patients with Gd+ lesions
suggest its potential role in limiting the ongoing
inflammatory process with potential neuroprotective
implications. These findings provide further support for the
development of drugs targeting eCBs as a potential
pharmacological strategy to reduce the symptoms and
slow disease progression in MS.

The major components of the endocannabinoid
(eCB) system are two endogenous lipids, a-N-
arachidonoylethanolamine or anandamide (AEA)
and 2-arachidonoylglycerol (2-AG), which are spe-
cific ligands of G-protein-coupled receptors named
CB1 and CB2 receptors.1–6 Further members of
the same family, which are represented in the
brain, are palmitoylethanolamide (PEA) and oleoyl-
ethanolamide (OEA).7 In contrast to classical neuro-
transmitters, eCBs function as retrograde synaptic
messengers travelling backward across synapses,
activating presynaptic CB1 receptors and affecting
memory, cognition and pain perception.8

The eCB system has been shown to modulate
several aspects of the immune functions, including
cytokine production, lymphocyte proliferation, and
humoral and cell-mediated immune responses.9 10

Multiple sclerosis (MS) is known to be an
immune-mediated disorder that is characterised
by inflammatory demyelination of the central

nervous system (CNS). Demyelinated areas in the
CNS of patients with MS are characterised by
inflammatory infiltrates that contain blood-
derived myelin-specific T cells, B cells and non-
specific, effector mononuclear cells.11 Many cell
types involved in CNS inflammation during MS
express components of the cannabinoid signalling
system that can be endogenously or pharmacolo-
gically controlled.

The potential role of the modulation of the eCB
system in controlling either the symptoms or the
evolution of experimental models of MS has been
extensively demonstrated.12–16

In various CNS pathological conditions, an
increase of eCB levels occurs in order to inhibit
the molecular mechanisms that are involved in the
production, release and diffusion of harmful
mediators such as proinflammatory cytokines or
excess glutamate. MS may disrupt itself in this
eCB-mediated neuroprotective effect. In fact, con-
trary to the effects of the other brain diseases, such
as cerebral ischaemia or traumatic brain injury, cell
damage induced by experimental autoimmune
encephalomyelitis (EAE) does not lead to enhance-
ment of eCB levels.17

The present study aimed to investigate the levels
of AEA, 2-AG, PEA and OEA in the cerebrospinal
fluid (CSF) of patients with MS both in the
relapsing remitting (RR) form and in the secondary
progressive (SP) form of the disease in order to
characterise the response of the human eCB system
to the MS-related pathophysiological process.

PATIENTS AND METHODS

Patients
Patients with MS were recruited at the Centre for
the Study of Demyelinating Diseases of the
Neurologic Clinic of the University of Perugia.

The diagnosis of MS was established by clinical,
laboratory and MRI parameters according to
McDonald et al (2001) criteria.18 The patients had
no personal or family history of headache. At the
moment of CSF withdrawal, patients were free of
corticosteroids and MS-specific immunoactive
therapies.

Disability was measured by Expanded Disability
Status Scale (EDSS) according to Kurtzke (1983).19

According to Lublin et al (1996),20 patients with
MS were divided into two groups: patients in the
relapsing-remitting form of the disease (RR MS,
n = 35) and patients in the secondary progressive
form of the disease (SP MS, n = 15). Of 35 RR MS
patients, 20 were assessed during a stable phase of
disease, whereas 15 were assessed during a relapse
before intravenous administration of methylpred-
nisolone. Of 20 RR MS patients assessed during a
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stable clinical phase of the disease, 8 had gadolinium-enhancing
(Gd+) MRI lesions.

The protocol was approved by the local ethics committee and
patients gave their written informed consent.

Control CSF specimens were obtained from 20 age-matched
subjects who were admitted to our neurological clinic for
subjective symptoms and underwent lumbar puncture for
diagnostic purposes. Neurological and general examinations
were normal in all control subjects. All the control subjects
underwent laboratory investigations (peripheral blood and CSF
analysis) and brain MRI.

In all these subjects, blood tests, CSF analysis and MRI
excluded CNS or systemic diseases. All control subjects were
drug-free at the time of CSF sampling and they did not have a
personal or family history of headache. None of the patients and
controls developed post-lumbar puncture headache.

Details of patients and control subjects are reported in table 1.
Routine CSF determinations, both in patients and control

subjects, included total cell count, total protein, measurement
of the concentration of albumin and immunoglobulin G (IgG) in
CSF and serum, determination of oligoclonal bands by iso-
electric focusing, and extensive virological and microbiological
testing. Samples were stored at 280uC until analysis.

Magnetic resonance imaging
Patients underwent brain MRI within ¡3 days from under-
going lumbar puncture.

Brain MRI was performed using a 1.5 T system (GE) and
consisted of an axial T1- and T2-weighted spin echo with 3 mm
slice thickness and 161 mm in-plane resolution. Lesion load
measures were analysed on a workstation (Sun, Montainview,
CA) using a semiautomated seed-growing software developed
inhouse based on local thresholding (Show-images). The total
volume of hypointense lesions on T1 images, hyperintense
lesions seen on the T2 images, brain volume and volume of Gd+
lesions, as well as their number, were calculated. Details of MRI
results in the three patient groups are reported in table 1.

Routine CSF analysis
White cells (WCs) were counted and the upper limit of normal
values was considered to be 4 per mm3. IgG and albumin
concentrations in serum and CSF were determined by rate-
nephelometry on a Beckman ArrayH system using reagents and
procedures provided by the manufacturer. The quantitative
evaluation of intrathecal IgG synthesis was based on IgG index.

An IgG index below 0.7 was considered normal. CSF/serum
albumin ratio (Qalb, albumin quotient) expressed the condition
of blood–CSF barrier function. A normal blood–CSF barrier was
indicated as Qalb,861023.

Analysis for the presence of oligoclonal bands was performed
by isoelectric focusing in agarose and immunoblotting.

CSF determination of endocannabinoids
Laboratory personnel was blinded for clinical and MRI data.
Determination of eCB levels in the CSF was performed
according to the method of Giuffrida and Piomelli (1998),21

adapted to CSF by Giuffrida et al (2004).22

Standards for [2H4] AEA, [2H4] OEA and [2H4] PEA were
synthesised by the reaction of fatty acyl chlorides with
unlabelled or 2H4-labelled ethanolamine, provided by
Cambridge Isotope Laboratories (Andover, MA). [2H8]-2-AG
was custom-synthesised by Deva Biotech (Hatboro, PA). Fatty
acyl chlorides in dichloromethane (10 mg/ml) were mixed with
1 equivalent of ethanolamine, and allowed to react for 15 min at
0–4uC. Reactions were stopped by adding water. After vigorous
mixing, the upper aqueous phases were discarded to remove
unreacted ethanolamine. The organic phases were washed twice
with water, concentrated to dryness under a stream of N2, and
the reaction products were reconstituted in methanol. Identity
and chemical purity (.98%) of the synthesised acylethanola-
mides and [2H4] acylethanolamides were determined by gas
chromatography/mass spectrometry (GC/MS).

These standards were added to 3 aliquots of CSF (1.2 nmol in
1.5 ml) to improve recovery and allow for quantification. After
acetone precipitation of plasma proteins in CSF samples, the
supernatants were collected and subjected to lipid extraction
with methanol/chloroform. Enough of each solvent was added
to reach a final ratio buffer/methanol/chloroform of 1:1:2 (v/v/
v). The chloroform phases were recovered, evaporated to
dryness under N2, reconstituted in chloroform (150 ul), and
analysed by high-performance liquid chromatography (HPLC).
HPLC fractionations were performed on a Hewlett-Packard
1090 Liquid Chromatograph, equipped with a normal-phase
Resolve Silica column (3.9 mm615 cm, 5 um; Waters
Associates, Milford, MA), eluted with a gradient of isopropyl
alcohol (B) in n-hexane (A) (100% A initial; 90% A, 10% B
for 1 min; 60% A, 40% B for 7 min, 50% A, 50% B for 12 min) at
a flow rate of 1.7 ml/min. Under these conditions, all
acylethanolamides were eluted from the HPLC column between
4.7 and 5.3 min. The acylethanolamide-containing fractions

Table 1 Clinical and MRI details of patients with MS and control subjects

RR MS patients, stable clinical phase

Gd+ Gd– RR MS patients, during relapse SP MS patients Control subjects

No. patients 8 12 15 15 20

Females/males (n) 6/2 9/3 11/4 13/2 15/5

Age (years) 35.8¡6.1 33.0¡7.6 36.4¡6.2 46.8¡8.2 43.4¡10.2

Prior 2-year relapse rate 2.3¡1.4 2.1¡1.2 2.4¡1.5 –

EDSS score 2.8¡1.7 2.2¡1.5 4.1¡2.7 5.5¡1.6

T2-hyperintense lesion volume (ml) 22.2¡14.2 20.4¡13.4 24.2¡15.3 29.2 ¡12.7

T1-hypointense lesion volume (ml) 4.5¡3.0 4.1¡2.8 4.9¡3.1 5.7¡2.9

Gd+ lesions (n) * 2.0¡1.27 – 2.75¡0.89 –

Gd+ volume (ml) 0.9¡0.7 – 1.2¡0.6 –

Brain volume (ml) 303.4¡25.6 303.8¡23.8 302.3¡22.6 293.6¡28.6

Please note that none of the SP MS patients had Gd+ lesions at the time of MRI examination. RR MS patients in a stable clinical phase are subdivided according to the presence
(Gd+) or absence (Gd–) of active MRI lesions.
Gd+, gadolinium-enhancing; Gd–, absence of gadolinium; RR MS, relapsing remitting multiple sclerosis; SP MS, secondary progressive multiple sclerosis.
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were collected in glass reaction vessels, dried under N2 and
converted to trimethylethers by treatment with Bis(trime-
thylsilyl)trifluoroacetamide (BSTFA) for 30 min at room tem-
perature. The trimethylsilylether (TMS) derivatives produced in
this reaction were dried under N2, reconstituted in n-hexane and
injected in the splitless mode into a Hewlett-Packard 5890 GC
equipped with an HP-5MS capillary column (30 m; internal
diameter, 0.25 mm) and interfaced with a Hewlett-Packard
5972 MS.

Further details on isotope dilution and GC/MS methods are
reported elsewhere (Giuffrida and Piomelli, 1998).21 The
concentrations of analytes in the CSF samples were expressed
as pmol/mL and calculated in three separate determinations.
Intra-assay variability was 2.5% for AEA and 2-AG, and 3% for
OEA. Inter-assay variability was 3% for AEA, 4% for 2-AG and
5% for OEA.

Statistical analysis
Demographic, clinical and MRI characteristics of patients with
MS were compared using two-tailed t-test for the continuous
variables and Chi-square test or Fisher’s exact test for the
categorical variables. All variables were tested for normal
distribution (Kolmogorov and Smirnov normality test), and
most of them failed the test with p,0.05. Therefore, the
significance of the within-patient and control group changes of
CSF eCB levels was analysed using ordinary ANOVA with Least
Significant Difference as post hoc analysis. As far as the eCB
levels were concerned, there were no missing values because all
the measurements were complete for all patients. The correla-
tions between brain volume indices and number of Gd+ lesions
and CSF eCB levels for each patient group were assessed using
Spearman rank correlation coefficient.

RESULTS
Among the three patient groups, a significant difference
emerged between age, EDSS and brain volume, total T2
hyperintense, T1 Gd+ and T1 hypointense lesion volumes.
Eight patients in the RR MS group in the stable phase of disease
and all RR MS patients assessed during a relapse, but none of
the SP MS patients, had one or more Gd+ lesions in T1 scans.

CSF findings in patients with MS and controls are shown in
table 2.

Values are expressed as median (min–max)
WC >5 were detected in 15.0%, 26.6% and 13.3% of RR MS
patients in a stable clinical phase, RR MS patients during a
relapse and SP MS patients, respectively. No cells were found in
all control samples. A Qalb >8 610–3) was found in 20% of RR
MS patients in a stable clinical phase, 33.3% of RR MS patients
during a relapse and 13.3% of SP MS patients but in none of

control subjects. A total of 55% of RR MS patients in a stable
clinical phase, 66% of RR MS patients during a relapse and 53%
of SP MS patients had an IgG index .0.7. Oligoclonal bands
were detected by isoelectric focusing in the CSF of all RR and SP
MS patients.

Significantly lower values of all the tested eCBs were found in
the CSF of patients with MS compared with control subjects,
with a trend towards lower values detected in the SP MS group
(table 3).

Although levels of AEA and PEA were significantly reduced in
the RR MS group assessed during a relapse with respect to
controls, these patients showed higher CSF values of both AEA
and PEA compared with RR MS patients in a stable clinical
phase (p,0.0001 and p,0.008, respectively) (figs 1 and 2). A
trend towards higher levels of 2-AG and OEA was also found in
RR MS CSF during a relapse but they did not differ, from a
statistical point of view, from those of RR MS patients assessed
during a stable phase.

No significant correlations were observed between values of
all eCBs and routine CSF parameters, including IgG index in all
patients and control groups, with the exception of a weak
negative correlation between AEA and PEA and Qalb values
(R = 0.28, p,0.03; and R = 0.23, p,0.05, respectively) in RR
MS patients assessed during a relapse.

Patients with MS in a stable clinical phase with neuroradio-
logical evidence of disease activity (presence of Gd+ lesions)
displayed levels of AEA, 2-AG and OEA significantly greater
than those found in RR MS patients without evidence of disease
activity at MRI (table 3). A trend towards higher values of PEA
was also observed but the difference between the means did not
reach statistical significance.

In the RR MS group, there was a statistically significant
correlation between number of Gd lesions and levels of AEA
(R = 0.84, p,0.003 and 0.79, p,0.0003) but not those of PEA, 2-
AG and OEA. No relationship was found between T1 and T2
lesional volume and all eCBs in the patient and control groups.

DISCUSSION
A growing body of evidence suggests that eCBs may potentially
play a role in the modulation of neuroinflammation and that
pharmacological compounds with cannabinoid-like activity may
be effective either in ameliorating the clinical course of EAE or in
alleviating spasticity, pain, tremor or other disabling signs of
this autoimmune disease.12–16

AEA protects neurons from inflammatory damage by a CB (1/
2) receptor-dependent mechanism, suggesting that its release by
the injured CNS tissue might represent a key mechanism of
neuroimmune communication during CNS injury, controlling
and limiting the immune response after primary CNS damage.23

Accordingly, the activation of cannabinoid receptors seems to
be effective in reducing the neurological impairment during

Table 2 Routine CSF findings in MS patients and controls

RR MS patients, stable
clinical phase RR MS patients, during relapse SP MS patients Control subjects

No. patients 20 15 15 20

WBC (/mm3) 1.8 (0–10) 2.1 (0–13) 1.9 (0–11) 0. 3 (0–4)

Protein (mg/dl) 28.3(18.1–43.7) 30.0 (19–41) 27 (16–37) 26 (17–31)

Q Alb (61023) 5.8 (2.7–11.3) 6 (3.1–13.4) 5.4 (2.5–11.2) 3.8 (2.2–7.5)

Gammaglobulin, % 12 (3–18) 14 (5–21) 13 (5–19) 11 (3–16)

Ig Index 0.5 (0.2–1.4) 0.7 (0.3–1.7) 0.6 (0.4–1.5) 0.3 (0.2–0.5)

Oligoclonal bands (.2) % 100 100 100 0

Values are expressed as median (min–max). Ig, immunoglobulin; RR MS, relapsing remitting multiple sclerosis; SP MS, secondary progressive multiple sclerosis.
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EAE,12 13 and mice deficient in the cannabinoid receptor CB1
tolerate inflammation and excitotoxic insults poorly, developing
substantial neurodegeneration after immune attack in EAE.24

Cannabinoids suppress CNS autoimmune inflammation occur-
ring during EAE, acting both at neuronal CB1 receptors and at
CB2 receptors expressed by encephalitogenic T cells.25

There is also evidence from clinical trials that cannabinoid
receptor agonists can ameliorate some of the characteristic signs
and symptoms of MS. Some of these studies have been
performed with D9-tetrahydrocannabinol (D9-THC) or nabilone,

a synthetic analogue of D9-THC, whereas others have been
conducted with cannabis extracts administered either in
capsules or by a pump-action oromucosal spray. Nevertheless,
the conclusions from these clinical studies have been unclear
and confusing compared with experimental data, with both
positive and negative results.26–32

In particular, in the largest clinical study into use of
cannabinoids for treating symptoms related to MS (CAMS),
667 people were given capsules of THC, capsules of cannabis
extract containing cannabidiol (CBD) and THC or placebo

Table 3 Cerebrospinal fluid levels of AEA, PEA, 2-AG and OEA in patients with multiple sclerosis and control subjects

AEA (pmol/mL) PEA (pmol/mL) 2-AG (pmol/mL) OEA (pmol/mL)

Controls 0.0085¡0.0019 5.28¡0.750 1.068¡0.123 1.173¡0.113

RR MS patients, stable phase of
disease

0.0048¡0.0009*" 4.82¡0.771{" 0.824¡0.104{ 0.929¡0.1461"

with Gd+ lesions 0.0054¡0.0007u** 5.09¡0.684 0.982¡0.112u 1.009¡0.136u
without Gd+ lesions 0.0034¡0006*** 4.67¡0.742{ 0.766¡0.096{ 0.87¡0.1151

RR MS patients, during a relapse 0.0068¡0009 **** 5.12¡0.8234 0.997¡0.127 1.078¡0.134

SP MS patients 0.0036¡0.0006***** 4.203¡0.73{ 0.762¡0.0981{ 0.821 ¡ 0.1461

2-AG, 2-arachidonoylglycerol; AEA, anandamide; Gd+, gadolinium-enhancing; OEA, oleoylethanolamide; PEA, palmitoylethanolamide; RR MS, relapsing remitting multiple sclerosis;
SP MS, secondary progressive multiple sclerosis.
Please note that data are expressed as mean ¡ SD.
Statistical significance is as follows:
MS patients vs controls
AEA: * = p,0.004; ** = p,0.008; *** = p,0.0001; **** = p,0.001; ***** = p,0.0002
PEA: {= p,0.03; {= p,0.02; { = p,0.004
2-AG: u p,0.04; uu p,0.02; uuup,0.01
OEA: 1 p,0.05; 1 p,0.03; 1p,0.01
RR MS patients in a stable phase of the disease vs SP MS patients
AEA " = p,0.03; PEA " = p,0.04; 2-AG = ns; OEA " = p,0.05
RR MS patients during a relapse vs RR MS patients in a stable clinical phase
AEA: p,0.0001; PEA: p,0.008
RR MS patients with Gd+ lesions vs RR MS patients without Gd+ lesions
AEA u= p,0001; 2-AG u= p,0.004; OEA u= p,0.03

Figure 1 Plot of the levels of AEA, expressed as pmol/ml in the control
subjects, in RR MS patients (both in a stable phase and during a relapse)
and in SP MS patients. AEA, arachidonoyl-ethanolamine; RR MS,
relapsing remitting multiple sclerosis; SE, standard error; SD, standard
deviation; SP MS, secondary progressive multiple sclerosis.

Figure 2 Plot of the levels of PEA, expressed as pmol/ml in the control
subjects, in RR MS patients (both in a stable phase and during a relapse)
and in SP MS patients. PEA, palmitoylethanolamide; RR MS, relapsing
remitting multiple sclerosis; SE, standard error; SD, standard deviation;
SP MS, secondary progressive multiple sclerosis.
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capsules.32 No overall improvement in spasticity, the primary
outcome measure, was reported.32 More encouraging is the 1-
year follow-up of the same study in which overall objective
improvements on both spasticity and general disability indices
have been reported.33 In some trials, including the CAMS trial,
patients reported a subjective perception of improvement of
specific symptoms, suggesting that the possible beneficial effect
of exogenous cannabinoids might not depend on their putative
effect as ‘‘immunomodulators’’ but rather on a positive
‘‘symptomatic’’ effect.

Our data demonstrate the presence of significantly lower
values of all the tested eCBs in the CSF of patients with MS
compared with control subjects, with a trend towards lower
values detected in the SP MS group. These data suggest the
presence of an impaired eCB system in MS. We believe that the
observed differences are not to be attributed to methodological
drawbacks because freezing/thawing conditions, storage and
treatment of samples, which are critical for these assays, were
the same for both patients and controls.

In several CNS pathologies, healthy cells surrounding lesioned
areas attempt to protect themselves by producing eCBs. ECBs
activate both immune CB2 receptors reducing the expression of
proinflammatory cytokines and enzymes involved in the
generation of free radicals and neuronal CB1 receptors,
inhibiting neurotransmission, preventing excitotoxicity and
increasing the expression of growth factors.

It has recently been described by Witting and colleagues that
an exception to this pattern is represented by EAE. The authors
showed that EAE does not lead to an increase in eCB levels and
they attribute this lack of eCB increase to an IFN-c-dependent
disruption of the purinergic P2X7-dependent eCB production by
microglia.17

Based on these results, it has been hypothesised that the MS-
related pathological process causes the disruption of the eCB-
mediated neuroprotection.34

Specifically, reduced eCB levels in CSF can result in a lack of
their neuroprotective mechanisms mediated via B1 receptors
and anti-inflammatory effects exerted via B2 receptors aimed to
confine demyelinating lesions and prevent axonal damage.
Reduced eCB levels in the CSF of MS patients probably reflect
the lack of this neuroprotective mechanism in MS brains.
Interestingly, our findings indicate that the impairment of the
eCB system is particularly evident in the SP form of MS. This
latter evidence could reflect either the absence of sustained CNS
inflammmation in this phase of the disease or a tendency
towards a greater impairment of the eCB system in the
progressive, neurodegenerative phases of MS and can contribute
to sustained disability in patients affected by this form.

Unfortunately, it is difficult to provide a mechanistic
explanation for the presented evidence of an eCB system
‘‘failure’’ in MS. Moreover, the majority of the studies on MS
and eCB metabolism have been carried out by utilising
experimental models of the disease and human studies are
lacking. As described above, Witting and colleagues have
recently demonstrated that the cell damage induced by EAE
does not lead to increase in eCBs and that this lack of eCB
increase is probably due to IFN-c.17 Increased levels of several
cytokines, including IFN-c, have been demonstrated in the CSF
and brain tissue from patients with MS,35 36 suggesting a
potential link between cytokine overexpression and eCB system
failure in MS. Further experimental and clinical investigations
remain necessary to investigate the validity of this hypothesis.

Our data also suggest that an active inflammatory process
within the human CNS directly influences eCB CSF levels in

patients with MS. In fact, although eCB levels in the CSF of RR
MS patients remained lower than those measured in control
subjects, we found higher CSF levels of AEA and PEA in the CSF
of RR MS patients assessed during a relapse compared with RR
MS patients in a stable clinical phase of the disease.

The same conclusion is supported by the correlation between
the number of MRI Gd+ lesions and the concentration of AEA,
2-AG and OEA. Conversely, no relationship was found between
the T1 and T2 lesional volume and all eCBs tested between
patients with MS and control subjects.

These latter results could suggest that, even in the presence of
an impaired eCB system in MS, cells surrounding new
demyelinating lesions attempt to protect themselves by produ-
cing eCBs.

Accordingly, the results of a previous study investigating
whether the endocannabinoid system is activated during
inflammation within the brain parenchyma have demon-
strated that, in inflammatory lesions of patients with active
MS, a 3.7-fold higher concentration of AEA is present in
comparison to healthy controls and that also, in lesions of
patients with silent MS, a 1.9-fold higher concentration of the
same eCB occurs.23

Conversely, our results concur, at least in part, with those of
a recent study carried out by Centonze et al who also
demonstrated increased levels of AEA in patients with MS
assessed during a clinical relapse.37 Indeed, in this paper, the
reported values in patients with MS appear to be significantly
greater than those of control subjects.37 Furthermore, the values
obtained both in patients and control subjects are much higher
than those reported for other patient and control groups in
previous papers.22 38 Methodological differences, including
extraction procedures, could account for this discrepancy. One
possibility might also be that samples from patients and
controls have been stored or treated differently (freezing
conditions, freezing/thawing cycles, etc). Storage and sample
treatment can, in fact, strongly affect results. Nevertheless, as
far as it concerns the order of magnitude of our results, it is
worth noting that they are comparable with those obtained
with the same methodology in a different laboratory by
Giuffrida and colleagues.22

The confusing results that have been obtained in clinical trials
are probably explained by several factors, including (i) canna-
binoid pharmacokinetics (delivery route of choice and extensive
first pass liver metabolism), (ii) inadequate outcome measure-
ments, and (iii) difficulty of performing double-blinded
studies.39

Our results lead to the evidence that the human eCB system
is impaired in patients suffering from MS and might further
support the potential usefulness of compounds modulating the
eCB system (agonists/antagonists of cannabinoid CB1 and CB2
receptors, or inhibitors of eCBs metabolism) in the control of
both symptoms and disease progression in MS.
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OPINION Adverse childhood experiences in children

with autism spectrum disorder
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Daniel W. Hoover and Joan Kaufman
Purpose of review

Recent years have shown an uptick in studies assessing bullying and other adverse childhood experiences
(ACEs) in children with autism spectrum disorder (ASD). This article reviews extant findings, and points to
gaps in the literature.

Recent findings

Children with ASD are bullied by peers at a rate three to four times that of nondisabled peers with negative
impacts on academic functioning and mental health symptoms, including increased risk for suicidality.
Children with ASD are also at enhanced risk for other ACES, particularly parental divorce and income
insufficiency, and as observed in the general population, children with ASD who experience an increased
number of ACES are at elevated risk for comorbid psychiatric and medical health problems. Children with
ASD with an elevated number of ACES also experience a delay in ASD diagnosis and treatment initiation.
There is no evidence of increased risk of child maltreatment within the ASD population.

Summary

As bullying and other adverse experiences are common and associated with deleterious outcomes in
children with ASD, there is a need for additional research on intervention strategies to prevent and mitigate
the impact of these experiences. Ongoing work on the assessment of trauma experiences and PTSD
symptoms in children on the spectrum is also needed.

Keywords

adverse childhood experiences, autism spectrum disorders, bullying
INTRODUCTION

Autism spectrum disorder (ASD) is a neurodevelop-
mental disability characterized by impaired commu-
nication, social reciprocity, and rigid, repetitive
behaviors [1]. The disorder is increasingly diagnosed,
with an estimated 1 in 68 children affected [2]. This
article reviews recent studies examining the rates of
bullying, other adverse childhood experiences
(ACEs), and reports of maltreatment among children
with ASD. Issues of differential diagnosis with reac-
tive attachment disorder are also discussed, together
with directions for future research on the assessment
and treatment of children with ASD who are exposed
to trauma and other childhood adversities.
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TYPES OF ADVERSE EXPERIENCES
REPORTED IN CHILDREN WITH AUTISM
SPECTRUM DISORDER

Bullying

Children with ASD are bullied more often than peers
with other disabilities, their own nondisabled
 2018 Wolters Kluwer H
siblings [3,4], and those with intellectual disabilities
alone [5]. In an international review of 17 studies of
school bullying, Maı̈ano et al. [6

&

] reported children
with ASD are bullied at a rate three times that of
typically developing children. Physical, verbal, and
relational school bullying (e.g. trying to hurt a peer
and/or that peer’s standing within a particular peer
group) were reported in 33, 50, and 31% of ASD
students, respectively. Bullying occurs both in and
outside of special education settings, but is more
likely in mainstream classrooms and unstructured
areas such as the school bus. In addition, children
ealth, Inc. All rights reserved.
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KEY POINTS

� Children with ASD are bullied at a rate three to four
times that of nondisabled youth, with bullying
associated with negative effects on children’s academic
functioning and mental health, including an increased
risk for suicidality.

� Adverse childhood experiences (ACEs) are reported
more frequently by families of children with autism,
particularly experiences of parental divorce and
income insufficiency.

� Extant studies do not show increased risk of child
maltreatment in the ASD population.

� ACE exposure is associated with increased risk of
comorbid mental health and medical problems, and
later diagnosis and initiation of treatment in youth
with ASD.

ACEs in Children with ASD Hoover and Kaufman
with limited social supports and less parent involve-
ment are at the greatest risk for bullying [7

&

].
In our clinical experience, incidents of physical

victimization can be severe, and in extreme cases
result in the need for emergency treatment medical
care. Subsets of children that we see in our clinic
have developed posttraumatic stress disorder (PTSD)
secondary to these assaults. The prevalence of PTSD
in ASD populations, however, has been little stud-
ied, with only 2 out of 86 studies assessing anxiety
disorders in children with ASD including an assess-
ment of PTSD [8].

Peer victimization of children with ASD has been
shown to have serious negative impacts on children’s
academic and social functioning [9

&

]. Mayes et al. [10]
also found ASD youth who were teased were three
times more likely than nonteased ASD youth to
report suicidal ideation or to make a suicide attempt.
Although youth with ASD are most often the victims
of bullying, they have also been reported to become
perpetrators of bullying violence [11].

Antibullying interventions have proliferated in
recent years with a recent meta-analysis of 14 ran-
domized controlled trials involving over 30 000 stu-
dents demonstrating these interventions have
moderate effects on reducing peer victimization
rates in the schools [12]. None of these broad inter-
ventions, however, have focused on children with
ASD. To date there has only been one small (N¼3)
pilot antibullying intervention investigated with
youth with ASD [13]. The pilot study suggests peer
networks are a promising strategy for increasing
youth’s social interactions and reducing rates of
bullying victimization of secondary students with
ASD, but more work is needed in this area.
 Copyright © 2018 Wolters Kluwe
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Adverse childhood experiences

Adults in the general population who report a range
of adverse experiences in childhood have been
shown to have poorer long-term health and mental
health outcomes [14]. ACE are nonspecific risk fac-
tors for multiple psychiatric disorders, and several
health risk behaviors, including smoking, over-
eating, and excessive alcohol and drug use. Above
and beyond the effect of these health risk behaviors,
ACE have been found to predict a multitude of
medical health problems later in life, including:
ischemic heart disease, stroke, respiratory problems,
diabetes, and even cancer. In general, exposure to
four or more ACEs is an established threshold for
poor health, whereas those with one to three adverse
experiences do not fare as well as those with none.

Several investigators have examined the number
and effects of ACEs on children with ASD by analyz-
ing data from the 2011–2012 US National Survey of
Children’s Health (N¼95 677) [15

&

]. Figure 1 lists
the ACE questions included in this survey. Children
with ASD were found to have experienced more
ACEs than healthy control peers, with increased
rates of the following ACES reported: income insuf-
ficiency (ASD¼40%, healthy control¼23%), paren-
tal divorce (ASD, 28%; healthy control, 20%),
neighborhood violence (ASD, 11%; healthy control,
8%), and household mental health (ASD, 18%;
healthy control, 7%) and/or substance use (ASD,
14%; healthy control, 10%) problems. Children
with ASD were also twice as likely as the healthy
control peers to have experienced four or more ACEs
(10.2 versus 5.1%).

The effects of ACEs on timing of ASD diagnoses
and receipt of therapies were also assessed using data
from the 2011–2012 National Survey of Children’s
Health [16]. Compared with children without ACEs,
the adjusted effects of one to two and at least three
ACEs resulted in prolonged time to diagnoses, with
children with no, one to two, and three or more
ACEs diagnosed at a mean age of 4.3, 5.2, and 5.7
years, respectively. Report of one to two and at least
three ACEs were also associated with a 22 and 27%
increase in the median age of entry into services. As
early and sustained intervention for children with
ASD is associated with the best prognosis, the delay
in diagnosis and initiation of treatment interven-
tions associated with the presence of ACEs is clini-
cally meaningful [17].

The effects of ACEs on comorbid psychiatric and
medical health problems were also assessed using
data from the 2011–2012 National Survey of Child-
ren’s Health [18

&

]. Consistent with research in the
field with nondevelopmental disability popula-
tions, among children with ASD, an increased
r Health, Inc. All rights reserved.
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Adverse Childhood Experiences (ACEs) 

1. Childhood income insufficiency- “hard to get by” on income 

2. Child lived with a parent who got divorced/separated after he/she was born 

3. Child lived with parent who died 

4. Child lived with parent who served time in jail after he/she was born 

5. Child saw parents hit, kick, slap, punch or beat each other up 

6. Child was a victim of violence or witnessed violence in his/her neighborhood 

7. Child lived with anyone who was mentally ill or suicidal, or severely depressed for 

more than a couple of weeks 

8. Child lived with anyone who had a problem with alcohol or drugs 

9. Child was ever treated or judged unfairly because of his/her race or ethnic group 

FIGURE 1. Adverse Childhood Experiences (ACE) Questions. The items included in the ACE survey of the National Survey of
Children’s Health and discussed in the text, are depicted. Data from source: National Center for Health Statistics, Maternal
and Child Health Bureau. National Survey of Children’s Health. Data Resource for Child and Adolescent Health, 2011/12.
Available from: http://www.childhealthdata.org/learn/NSCH.

Neurodevelopmental disorders
number of ACEs was associated with elevated risk for
depression, anxiety, and a number of medical health
problems.

Little research has been conducted to date in
examining rates of ACE in ASD clinical samples, and
interventions to address ACE and mitigate their
negative effects have yet to be evaluated.
Child maltreatment

In a large-scale study (N¼9536), which linked child
protective services (CPS) data with school data to
determine rates of children with ASD who were
referred to CPS because of suspicions of abuse and
neglect, children with ASD were found to constitute
1.7% of the referrals [19

&

]. This rate is consistent with
the population prevalence for ASD and suggests chil-
dren with ASD are not over-represented in the CPS
system. A population-based record-linkage study of
all children born in Western Australia between 1990
and 2010 (N¼524534) reported similar results, with
youth with ASD having the same risk for allegations
of maltreatment as children without disabilities.

In a sample of youth with ASD who were admit-
ted to psychiatric hospitals (N¼350), Brenner et al.
[20

&

] found that 28% of the youth were reported to
have experienced maltreatment by caregivers. This
rate is about half the rate reported for psychiatrically
hospitalized youth overall [21], again suggesting
that ASD is not associated with an increased risk
for child maltreatment.
 Copyright © 2018 Wolters Kluwer H
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The inpatient youth with ASD and reports of
child maltreatment experienced typical trauma-
related symptoms, including intrusive thoughts,
distressing memories, irritability, and depressive
affect, however, only 7% met full diagnostic criteria
for PTSD [20

&

]. Rates of PTSD among youth with ASD
have also been assessed in two outpatient cohorts.
One study (N¼94) reported no children with
comorbid PTSD [22], and the other study (N¼69)
reported 17% of the children with ASD met diag-
nostic criteria for PTSD [23]. This latter study is the
only investigation to utilize child and parent report
of PTSD symptoms; the other studies relied exclu-
sively on parent report which may have contributed
to the low rate of diagnosis in these studies.

There are no published assessment tools
designed specifically to assess trauma experiences
and symptoms in children with ASD. Particularly
lacking at this point are well validated self-report
measures that would be appealing, engaging, able to
hold children’s attention, and present material
through more than one modality (e.g. visual, audi-
tory, touch) to allow accessibility by individuals at
different functional levels. We are currently devel-
oping an interactive app that can be used with
children on the spectrum that appears to be prom-
ising in assessing trauma experiences and symptoms
in children with ASD with borderline and higher
IQs. Ongoing work on the assessment of trauma
experiences and PTSD symptoms in children on
the spectrum is needed.
ealth, Inc. All rights reserved.
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DIFFERENTIAL DIAGNOSIS WITH
REACTIVE ATTACHMENT DISORDER

Diagnostic and Statistical Manual of Mental Disor-
ders, Fifth Edition (DSM-5) and International Statis-
tical Classification of Diseases (ICD)-10 diagnostic
criteria for reactive attachment disorder (RAD) rule
out the diagnosis in cases where ASD is present.
Autism is seen as qualitatively different from RAD
and differentially diagnosed based on ASD-related
restricted interests and ritualized behavior and
marked social communications deficits [24]. Recent
studies, however, show that children can meet diag-
nostic criteria for both disorders [10,25], and a sig-
nificant subset of children with histories of
institutional rearing and severe neglect present with
what has been termed ‘quasi-autism,’ core autism
features that resolve by age 11 in a quarter of the
children with this diagnostic designation [26]. It is
hypothesized that ASD and or quasi-autism clinical
presentations may be overrepresented in samples of
children adopted following neglect, abuse, or place-
ment disruption because of prenatal, genetic, and
family risk factors.

In a recent study with 58 children with autism
and no known history of maltreatment and 67
children with RAD [27], the two groups could not
be distinguished on most of the features of the
inhibited subtype of RAD. Both groups avoided
eye contact (RAD, 58%; ASD, 66%), displayed frozen
watchfulness (RAD, 18%; ASD, 12%), and displayed
unpredictable behavior upon reunion with their
caregiver (RAD, 18%; ASD, 12%). The children in
the RAD group, however, were more likely to show
hypervigilance (RAD, 39%; ASD, 19%). Children
with RAD and ASD, however, differed significantly
on all the core features of disinhibited attachment
disorder, including: cuddliness with strangers (RAD,
45%; ASD, 14%), indiscriminate adult relationships
(RAD, 55%; ASD, 10%), comfort seeking from
strangers (RAD, 20%; ASD, 0%), minimal referenc-
ing of the caregiver (RAD, 48%; ASD, 28%), and
attention-seeking behaviors (RAD, 76%; ASD, 26%).

Thus, the extant literature suggests that ASD and
attachment disorders are not mutually exclusive,
and can be differentiated based on child and family
history, developmental status, the presence or
absence of cardinal ASD features, and the presence
or absence of hypervigilance and disinhibited
attachment symptoms.
Cognitive behavioral treatment

Trauma-Focused Cognitive Behavior Therapy (TF-
CBT) is the psychotherapeutic intervention with
the strongest empirical support for PTSD and other
 Copyright © 2018 Wolters Kluwe
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trauma-related symptoms in children and adoles-
cents [28]. Cognitive behavioral therapy (CBT) has
recently been adapted for treating comorbid anxiety
disorders in ASD, with a randomized controlled trial
of its effectiveness currently underway [29]. In a
meta-analysis of CBT treatment studies for affective
disorders with children on the autism spectrum,
Weston et al. [30] found small-to-medium effect size
(g¼0.24) on self-report measures, a significant
medium effect size (g¼0.66) for informant-report
measures, and a significant medium effect size
(g¼0.73) for clinician-report measures of depres-
sion. We have developed adaptations for using TF-
CBT with children with ASD and comorbid trauma-
related psychopathology [31,32], but to date there
have been no controlled studies of TF-CBT in
this population.
CONCLUSION AND CLINICAL
IMPLICATIONS

Children with ASD are bullied by peers at a rate of
three to four times that of nondisabled peers with
negative impacts on academic functioning and men-
tal health symptoms, including increased risk for
suicidality. Children with ASD are also at enhanced
risk for ACES, particularly parental divorce and
income insufficiency, and as observed in the general
population, children with ASD who experience an
increased number of ACES are at elevated risk for
comorbid psychiatric and medical health problems.
There is no evidence of increased risk of child mal-
treatment within the ASD population.

It is recommended that a thorough assessment
of adverse childhood experiences and other poten-
tially traumatic events be integrated in clinical eval-
uations of children with ASD [33

&

]. The assessment
and treatment of children with ASD exposed to
trauma and other forms of adversity remains practi-
cally un-addressed in the literature. Going forward,
it will be crucial to establish sensitive measures for
detecting exposure and responses to trauma in order
to inform both research and clinical practice.
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Abstract

Background. Previous research suggests an increase in schizophrenia population attributable
risk fraction (PARF) for cannabis use disorder (CUD). However, sex and age variations in
CUD and schizophrenia suggest the importance of examining differences in PARFs in sex
and age subgroups.
Methods. We conducted a nationwide Danish register-based cohort study including all
individuals aged 16–49 at some point during 1972–2021. CUD and schizophrenia status
was obtained from the registers. Hazard ratios (HR), incidence risk ratios (IRR), and
PARFs were estimated. Joinpoint analyses were applied to sex-specific PARFs.
Results. We examined 6 907 859 individuals with 45 327 cases of incident schizophrenia
during follow-up across 129 521 260 person-years. The overall adjusted HR (aHR) for CUD
on schizophrenia was slightly higher among males (aHR = 2.42, 95% CI 2.33–2.52) than
females (aHR = 2.02, 95% CI 1.89–2.17); however, among 16–20-year-olds, the adjusted
IRR (aIRR) for males was more than twice that for females (males: aIRR = 3.84, 95% CI
3.43–4.29; females: aIRR = 1.81, 95% CI 1.53–2.15). During 1972–2021, the annual average
percentage change in PARFs for CUD in schizophrenia incidence was 4.8 among males
(95% CI 4.3–5.3; p < 0.0001) and 3.2 among females (95% CI 2.5–3.8; p < 0.0001). In 2021,
among males, PARF was 15%; among females, it was around 4%.
Conclusions. Young males might be particularly susceptible to the effects of cannabis on
schizophrenia. At a population level, assuming causality, one-fifth of cases of schizophrenia
among young males might be prevented by averting CUD. Results highlight the importance
of early detection and treatment of CUD and policy decisions regarding cannabis use and
access, particularly for 16–25-year-olds.

Introduction

Cannabis is among the most frequently used psychoactive substance in the world, and
laws restricting cannabis use have been liberalized over the past 20 years (Compton, Han,
Jones, Blanco, & Hughes, 2016). Based on the World Health Organization’s 2021 World Drug
Report, approximately 200 million people in the world used cannabis in 2019 (UNODC,
2021).Moreover, cannabis potencymeasured by the percentage of delta-9-tetrahydrocannabinol
(THC) (main psychoactive component of cannabis) has increased dramatically, e.g. from −10%
in 2009 to 14% in 2019 in theUSA (ElSohly, Chandra, Radwan,Majumdar, &Church, 2021); and
from13% in 2006 to 30% in 2016 inDenmark (Freeman et al., 2019). Consistently, the prevalence
of cannabis use disorder (CUD) has increased markedly. For example, past-year CUD rose
significantly from 4.9% in 2014 to 5.9% in 2018 among US 18–25-year-olds.

THC may trigger and/or worsen schizophrenia, especially for those with a CUD or with
regular and high THC use (Marconi, Di Forti, Lewis, Murray, & Vassos, 2016; Petrilli et al.,
2022; Volkow et al., 2016). For example, in Denmark, the incidence of schizophrenia steadily
increased from 2000 to 2012 (Kühl, Laursen, Thorup, & Nordentoft, 2016), and the schizo-
phrenia population attributable risk fraction (PARF) for CUD increased three- to fourfold
over the past two decades, parallel to increases in THC concentration (Hjorthøj, Posselt, &
Nordentoft, 2021). The increased THC content may thus, along a potential increase in the
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prevalence of CUD, be a main driver of the population-level
increase in PARF between CUD and schizophrenia.

A growing body of evidence suggests that the relationship
between CUD and schizophrenia may differ by sex (Arranz
et al., 2015; Crocker & Tibbo, 2018). Male sex (Arranz et al.,
2015; Veen et al., 2004) and early heavy or frequent cannabis
use are associated with earlier onset of psychosis (Han,
Compton, Einstein, & Volkow, 2021; Large, Sharma, Compton,
Slade, & Nielssen, 2011). Although it has not been shown that
there are sex differences in age of first cannabis use (Crane,
Schuster, Mermelstein, & Gonzalez, 2015; SAMHSA, 2019),
younger age of CUD onset was found in males compared to
females (Haberstick et al., 2014). Past-year prevalence of daily
or near daily cannabis use and CUD were consistently higher in
males than females among US adults aged 18–34 in each year
during 2008–2019 (Han et al., 2021). The same was seen in
Denmark where schizophrenia incidence rates were consistently
higher in males than females among patients aged 19 or older
in each year during 2000–2012 (Kühl et al., 2016).

It has been proposed that the higher incidence of schizophre-
nia among males than females could reflect the higher prevalence
and quantity of consumption of cannabis use in males (Ochoa,
Usall, Cobo, Labad, & Kulkarni, 2012; Sommer, Tiihonen, van
Mourik, Tanskanen, & Taipale, 2020). Consequently, it is pivotal
to understand whether and how incidence of schizophrenia attrib-
utable to CUD varies by sex and age.

Thus, based on nationwide Danish registers, this current study
aimed to investigate:

1. Do the associations between CUD and schizophrenia vary by
sex?

2. Do the sex differences in the associations between CUD and
schizophrenia change over time and by age?

3. Does the proportion of schizophrenia cases attributable to
CUD vary by sex?

4. Does the sex-specific proportion of schizophrenia cases attrib-
utable to CUD change over time and by age?

The results of this studymay informongoingpolicydiscussions on
legalization and regulation of cannabis use and highlight the import-
ance of targeted public health prevention and intervention efforts.
Because males, especially those with CUD, often have worse schizo-
phrenia treatment outcomes than their female counterparts (Abel,
Drake, & Goldstein, 2010; Arranz et al., 2015), our results may also
have implications beyond policy, underscoring the need for clinicians
to proactively screen for and diagnose CUD and schizophrenia and
deliver sex-specific, high-quality, and patient-centered care.

Methods

Data sources

We used the nationwide Danish registers, full-linkage of which is
made possible through the unique identification number in the
Civil Registration System (Pedersen, 2011). We included all people
born before 31December 2005, andwhowere alive and aged between
16 and 49 (both inclusive) at some point during 1972–2021.

Cannabis use disorder and schizophrenia

Information on psychiatric disorders was obtained from the
Psychiatric Central Research Register and the psychiatric section

of the National Patient Register, which contains information on
all psychiatric inpatient treatments in Denmark since 1969, sup-
plemented with all outpatient treatments since 1995 (Lynge,
Sandegaard, & Rebolj, 2011; Mors, Perto, & Mortensen, 2011).
Within these registers, schizophrenia was defined as ICD-8
codes 295.X (except 295.7) and ICD-10 codes F20.X. CUD was
identified in the same registers and supplemented with the som-
atic part of the National Patient Register, defined as ICD-8 code
304.5 and ICD-10 code F12.X.

Other variables

We also included information on alcohol use disorder (AUD) and
other types of substance use disorders, using the same registers as
described above, using ICD-8 codes 291.X, 303.X, 571.0, and
304.X (except 304.5) and ICD-10 codes F1X.X (except F12.X,
E24.4, E52, G31.2, G62.1, G72.1, K29.2, K70, K86.0, O35.4, Y57.3,
Z50.2, Z50.3, Z71.4, Z71.5, Z72.1, and Z72.2). We included infor-
mation on whether an individual had been diagnosed with any
other psychiatric disorder (remaining ICD-8 codes from 290 to
315, and remaining ICD-10 codes in the F chapter). Sex was defined
from the civil registration system registry, which will include the sex
assigned at birth, except in the (in Denmark rather rare) cases in
which a person legally changed their registered sex or gender in
this registry. We also examined information on parental history
of the same disorders and whether a person was Danish-born.

Statistical analyses

First, we conducted Cox proportional hazards regression analyses
(with age as the underlying time-variable) in the full population,
treating alcohol and specific drug use disorders, including CUD,
as time-varying covariates, and included an interaction term
between CUD and sex. If this interaction term was statistically sig-
nificant, stratified multivariable Cox proportional hazards regres-
sion analyses (adjusting for the aforementioned potential
confounders) by sex were conducted. We estimated PARFs overall
and for males and females, separately, using the formula
pd×([HR–1]/HR), with pd being the prevalence of CUD among
cases developing schizophrenia.

Next, to examine trends in adjusted PARFs within each sex, we
estimated PARFs for each study year through applying the fully
adjusted Cox proportional hazards regression models by year,
for males and females separately. To test the assumption of pro-
portional hazards, we visually inspected both plots of Schoenfeld
residuals and log-minus-log plots, neither indicating important
deviations from this assumption.

Based on adjusted PARF results for each study year, joinpoint
Regression Program (version 4.8.01) was used to test for signifi-
cant changes in trends using Bayesian information criterion and
to estimate average annual percentage changes in PARFs of
CUD in schizophrenia during 1972–2021, which are valid even
if the joinpoint models indicate changes in trends during this
study period. In particular, joinpoint Regression Program takes
trend data and fits the simplest joinpoint model that the data
allow, starting with the minimum number of joinpoints (e.g. 0
joinpoint, which is a straight line) and testing whether more join-
points are statistically significant and must be added to the model
(up to that maximum number). This enables us to test whether a
change in trend is statistically significant. The tests of significance
use the Bayesian information criterion, which finds the model
with the best fit for the data.
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Finally, we applied Poisson regression and evaluated the
potential three-way interaction effect among CUD, sex, and age
(as a time-varying covariate, coded as ages 16–20, 21–25, 26–
30, 31–40, ⩾41) on the incidence of schizophrenia. The analyses
allowed an interaction with the underlying time-scale (age).
Except for Joinpoint regression, all other analyses were conducted
in Stata/MP, version 16.1 (StataCorp LLC). For each analysis,
p < 0.05 (two-tailed) was considered statistically significant.

Results

This study examined 6 907 859 individuals and 45 327 cases of
incident schizophrenia during a follow-up of 129 521 260 person-
years at risk. Table 1 shows characteristics of the study population,
and online Supplementary Fig. S1 shows the distribution of date
of birth of the cohort. The unadjusted hazard ratio (HR) for peo-
ple with CUD to be diagnosed with schizophrenia was 30.18 (95%
CI 29.31–31.08; p < 0.001). However, after adjusting for potential
confounding factors in the pooled model, this was reduced to an
adjusted HR (aHR) = 2.31 (95% CI 2.24–2.40; p < 0.001), and a
significant interaction effect between sex and CUD was identified
( p < 0.001). Thus, stratified analyses by sex were conducted,
showing that the overall aHR for CUD on schizophrenia was
slightly higher ( p < 0.001) among males (aHR = 2.42, 95% CI

2.33–2.52) than females (aHR = 2.02, 95% CI 1.89–2.17)
(Table 2). Time since CUD and incident schizophrenia is depicted
in online Supplementary Fig. S2.

Figure 1 shows the aHR for CUD on incident schizophrenia by
year for males and females, separately. For males, the aHR
increases gradually from ∼2 to ∼3, whereas for females, there is
no such clear pattern. The corresponding aHR for AUD and
other substance use disorder are shown in online
Supplementary Figs S3 and S4, respectively. Note that for AUD,
the estimates were not stable until 1994, which is consequently
the first year included in online Supplementary Fig. S3. The life-
time prevalence of CUD for males and females is presented in
online Supplementary Fig. S5.

Moreover, during 1972–2021, among males, the annual aver-
age percentage change in the PARFs of CUD on the incidence
of schizophrenia was 4.8 (95% CI 4.3–5.3; p < 0.0001; no joinpoint
identified); whereas among females, it was 3.2 (95% CI 2.5–3.8;
p < 0.0001; no joinpoint identified) (Fig. 2). These results suggest
that during 1972 throughout 2021, the annual average percentage
change in the PARFs of CUD on the incidence of schizophrenia
was consistently higher in males than in females ( p < 0.0001).
Assuming causality, approximately 15% of recent cases of schizo-
phrenia among males in 2021 would have been prevented in the
absence of CUD; by contrast, among females, 4% of recent cases

Table 1. Characteristics of the study population overall and by sex, N (%)

Overall Males Females

Male 3 531 266 (51.1%) 3 531 266 (100%) –

Females 3 376 593 (48.9%) – 3 376 593 (100%)

Foreign born 626 671 (9.1%) 315 723 (8.9%) 310 948 (9.2%)

Parental schizophrenia 30 103 (0.4%) 15 590 (0.4%) 14 513 (0.1%)

Other parental psychiatric disorder 835 738 (12.1%) 434 776 (12.3%) 400 962 (11.9%)

Parental alcohol or substance use disorder 639 845 (9.3%) 329 495 (9.3%) 310 350 (9.2%)

Cannabis use disorder 60 563 (0.9%) 45 322 (1.3%) 15 241 (0.5%)

Alcohol use disorder 398 430 (5.8%) 265 578 (7.5%) 132 852 (3.9%)

Other substance use disorder 233 512 (3.4%) 126 910 (3.6%) 106 602 (3.2%)

Other psychiatric disorder 869 274 (12.6%) 397 389 (11.3%) 471 885 (14.0%)

Data source: the nationwide Danish registers, full-linkage of which is made possible through the unique identification number in the Civil Registration System.

Table 2. Adjusted hazard ratios of cannabis use disorder CUD on schizophrenia by sex and adjusted incidence rate ratios of CUD on schizophrenia by sex and age
group

Overall

No CUD
Males with CUD adjusted
hazard ratio (95% CI)

Females with CUD adjusted
hazard ratio (95% CI)

P value for the sex
difference

1 (ref.) 2.42 (2.33–2.52) 2.02 (1.89–2.17) p < 0.001

By age group No CUD
Males with CUD adjusted
incident rate ratio (95% CI)

Females with CUD adjusted
incident rate ratio (95% CI)

16–20 years 1 (ref.) 3.84 (3.43–4.29) 1.81 (1.53–2.15) p < 0.001

21–25 years 1 (ref.) 2.58 (2.38–2.79) 1.91 (1.27–1.64) p = 0.02

26–30 years 1 (ref.) 2.33 (2.12–2.57) 2.08 (1.72–2.52) p = 0.70

31–40 years 1 (ref.) 2.13 (1.94–2.34) 2.31 (1.92–2.78) p = 0.91

41+ years 1 (ref.) 2.18 (1.87–2.54) 2.98 (2.32–3.84) p = 0.16

Adjusted for alcohol use disorder (AUD), other substance use disorder (SUD), other psychiatric disorders, parental history of CUD, AUD, SUD, schizophrenia, or other psychiatric disorders, and
whether a person was Danish-born.
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Figure 1. Rolling average of adjusted hazard ratios between cannabis use disorder and schizophrenia, by sex and calendar year.

Figure 2. Trends in the proportion of schizophrenia attributable to cannabis use disorder in Denmark during 1972–2021, by sex.
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of schizophrenia would have been prevented if they did not
have CUD.

In the fully adjusted Poisson regression model, a significant
three-way interaction among CUD, age, and sex was identified
( p < 0.001). Table 2 shows the incidence rate ratio (IRR) and
95% CI for each of the 10 age–sex combinations. For males, the
highest adjusted incidence rate ratio (aIRR) of CUD on schizo-
phrenia was observed in 16–20-year-olds (aIRR = 3.84, 95% CI
3.43–4.29), which was more than twice as high ( p < 0.001) than
their female similar-age peers (aIRR = 1.81, 95% CI 1.53–2.15).
For males aged 21–25, adjusted IRR was 2.58 (95% CI 2.38–
2.79), which was 1.4 times higher ( p = 0.02) than their female
similar-age peers [females aged 21–25: aIRR = 1.91 (95% CI
1.27–1.64)]. The association between CUD and schizophrenia
was not statistically different between males and females for
those aged ⩾26.

Trends in PARFs for the 10 age–sex combinations show very
different patterns (Fig. 3). Among 16–20-year-old males, no
clear pattern over time is observed, with PARFs generally fluctu-
ating between 10% and 20%. In older males, the PARFs show a
clearly increasing pattern, ending up around 20–30% until the
age of 31–40 when PARFs fluctuate between <1% and nearly
20%. For females, the PARFs were not always estimable due to
low numbers of exposed cases, but no clear association with
time was observed, and with very few exceptions, PARFs for
females were 10% or lower.

Discussion

In this nationwide, register-based cohort study, we found evidence
of a stronger association between CUD and schizophrenia for
males than for females, consistent with the results from a small
clinical sample indicating that females experiencing CUD are at
lower risk of developing psychosis than males (Arranz et al.,
2015). Further, the stronger PARFs of CUD in schizophrenia
for males than females consistently increased from 1972 to
2021. Under the assumption of causality, in 2021, approximately
15% of recent cases of schizophrenia among males would have
been prevented in the absence of CUD, in contrast to 4%
among females. For younger males, the proportion of preventable
CUD-associated cases may be as high as 25% or even 30%. This
increase in PARF is related to both increasing associations, likely
caused by more potent cannabis, and increasing the prevalence of
CUD with time.

The aHR for CUD on risk of schizophrenia were slightly
higher for males than females, which might be misinterpreted
to suggest an overall absence of strong sex-specific effects of can-
nabis, and instead indicate that the lower PARF for females is due
to the fact that fewer females than males have CUD. Importantly,
when subdividing the sample into specific age groups, a strong
interaction effect among age, sex, and CUD on schizophrenia
became evident. For 16–20-year-olds, the adjusted IRR for the
association between CUD and schizophrenia was nearly twice as

Figure 3. Trends in the proportion of schizophrenia attributable to cannabis use disorder in Denmark during 1972–2021, by sex and age.
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high for males than females; for 21–25-year-olds, the IRR was
approximately 50% higher for males than females, whereas for
those aged >26 years of age the IRRs was similar for males and
females. Assuming causality, this suggests that young males
compared to females of the same age might be more susceptible
to the psychotogenic effects of cannabis on schizophrenia.
Further research is needed to examine potential differences in
THC concentration of exposures and frequency of cannabis
consumption between young males and young females (Khan
et al., 2013).

Previous studies have indicated that partial genetic confound-
ing factors likely exist on the association between CUD and
schizophrenia, i.e. genes shared between these conditions may
account for some but not all of the association (Gillespie &
Kendler, 2020). However, genetic confounding factors would be
unlikely to explain the steeper increases in the PARFs of CUD
on schizophrenia that we identified for males than females, as
changes in the genetic risk-profile of an entire population
would have to occur over generations. Both preclinical and clinical
studies have provided evidence of significant differences between
the sexes in response to the acute and long-term effects of canna-
bis (Cooper & Craft, 2018). We were able to adjust for alcohol and
other specific drug use disorders in our study, but not for tobacco
use or tobacco use disorder, which has also been linked to
psychosis in some (Gurillo, Jauhar, Murray, & MacCabe, 2015)
but not all studies (Fergusson, Hall, Boden, & Horwood, 2015).
Thus, future research is needed to investigate the mechanisms
underlying the higher vulnerability of young males to the effects
of cannabis on schizophrenia than that of young females.

This study adds to the evidence suggesting a relationship
between intense use of cannabis and risk of developing schizo-
phrenia (Marconi et al., 2016; Urits et al., 2020; Volkow et al.,
2016). At the individual level, this increased risk occurs in both
sexes, but especially appears higher in young males. At the popu-
lation level, this translates to CUD being a major modifiable risk
factor for schizophrenia, particularly among males. Notably, an
increasing proportion of cases with schizophrenia may be averti-
ble by preventing CUD, and this increase is likely linked to the
increase in THC concentration in cannabis as has been observed
in confiscated samples in Denmark (Freeman et al., 2019;
Thomsen et al., 2019). This apparent of schizophrenia conferred
by CUD, in combination with observations that cannabis use
among youth is associated with impaired cognition and reduced
academic achievement (Lorenzetti, Hoch, & Hall, 2020), high-
lights the need to prevent cannabis use among youth and young
adults. Interestingly, it has previously been shown that the associ-
ation between cannabis and schizophrenia may be bidirectional
(Ferdinand et al., 2005; Petersen, Toftdahl, Nordentoft, &
Hjorthøj, 2019), and further investigation of the reverse associ-
ation, schizophrenia being a risk factor for future cannabis use,
by sex and over time warrants further study.

Our study has several strengths. The use of nationwide regis-
ters largely removes the risk of selection bias, since consent
was not required for study sample participation. Furthermore,
this data source reduces information bias to a certain degree, as
a large range of information is available in the registers.
Moreover, the registers are free from missing data in the trad-
itional sense. Our results are likely highly generalizable to popula-
tions exposed to the same types of cannabis as are available on the
Danish market. Finally, the national register-based nature of the
longitudinal data over 5 decades allowed us to study nearly six
million people, providing highly robust risk estimates.

This study also has certain limitations. The register-based
nature of the study means that we only have information on
both diagnosed CUD and diagnosed schizophrenia. This bias,
however, is likely to be toward the null hypothesis, thus indicating
that our results may be conservative, and PARFs of CUD on
schizophrenia may be underestimated. Moreover, unmeasured
and residual confounding factors likely exist, as the registers do
not provide information on potentially important items such as
frequency and amount of cannabis used, age of first use, or the
THC content of cannabis products. Furthermore, we did not
have access to genetic information, but as mentioned above, gen-
etic confounding factors are unlikely to account for the observed
differences. Finally, although the observational nature of this
study does not directly allow for causal inference and we cannot
be certain of the proportion of exposed individuals who might
have developed schizophrenia even in the absence of CUD, it is
unlikely that all of the associations between CUD and schizophre-
nia would be explained by confounding factors [e.g. tobacco use
disorder (Fergusson et al., 2015; Gurillo et al., 2015)].

A further limitation is that the contents of the registers change
over time. For instance, prior to 1995, outpatient psychiatric con-
tacts were not included in the registers. Based on the results of our
joinpoint regression analyses, there was no significant joinpoint
identified in 1995 or years after 1995. It is thus unlikely to influ-
ence the increase in PARFs which only occurred later. We
adjusted our models for other psychiatric disorders, which was
the driver of the dramatic reduction in the magnitude of the
HR compared to the unadjusted models. This is likely a case of
over-adjustment, as some of these other psychiatric disorders
might well be intermediate diagnoses between CUD and
schizophrenia, and thus act as mediators rather than confounders.
Consequently, our estimated aHR are likely highly conservative.
Finally, we decided not to adjust for socioeconomic status, as
this is more likely to be a product of CUD, other alcohol or
substance use disorders, or schizophrenia, and thus not a
potential confounder. By contrast, one of the salient factors is
having a family history of schizophrenia. We controlled for the
parental history of schizophrenia in our analyses. Moreover, we
adjusted for age, sex, AUD, other substance use disorders, other
psychiatric disorders, and parental history of CUD, AUD, and
other psychiatric disorders, which are highly associated with
schizophrenia.

In conclusion, this study finds strong evidence of an associ-
ation between CUD and schizophrenia among both males and
females, and the magnitude of this association appears to be con-
sistently larger among males than females, especially among those
aged 16–25. Importantly, 15% of cases of schizophrenia in males
may be preventable if CUD was avoided. Although CUD is not
responsible for most schizophrenia cases in Denmark, it appears
to contribute to a non-negligible and steadily increasing propor-
tion over the past five decades. In young males (21–30 years, pos-
sibly up to 40), the proportion may even be as high as 25–30%.
There are global increases in legalization of nonmedical use of
cannabis, increases in THC content of cannabis and in total
THC doses consumed (Caulkins, Pardo, & Kilmer, 2020),
increases in the prevalence of cannabis use and CUD, and
decrease in public perception of harm from cannabis use (Chiu,
Hall, Chan, Hides, & Leung, 2022). Alongside the increasing evi-
dence that CUD is a modifiable risk factor for schizophrenia, our
findings underscore the importance of evidence-based strategies
to regulate cannabis use and to effectively prevent, screen for,
and treat CUD as well as schizophrenia.

Psychological Medicine 7327

https://doi.org/10.1017/S0033291723000880 Published online by Cambridge University Press

https://doi.org/10.1017/S0033291723000880


Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S0033291723000880.

Financial support. This study received no funding.

Disclaimers. The findings and conclusions of this study are those of the
authors and do not necessarily represent the official opinions of the
National Institute on Drug Abuse, the National Institutes of Health, and
the US Department of Health and Human Services.

References

Abel, K. M., Drake, R., & Goldstein, J. M. (2010). Sex differences in schizo-
phrenia. International Review of Psychiatry (Abingdon, England), 22(5),
417–428. https://doi.org/10.3109/09540261.2010.515205

Arranz, B., Safont, G., Corripio, I., Ramirez, N., Dueñas, R. M., Perez, V., …
San, L. (2015). Substance use in patients with first-episode psychosis: Is gen-
der relevant? Journal of Dual Diagnosis, 11(3–4), 153–160. https://doi.org/
10.1080/15504263.2015.1113761

Caulkins, J. P., Pardo, B., & Kilmer, B. (2020). Intensity of cannabis use:
Findings from three online surveys. The International Journal on Drug
Policy, 79. https://doi.org/10.1016/J.DRUGPO.2020.102740

Chiu, V., Hall, W., Chan, G., Hides, L., & Leung, J. (2022). A systematic review
of trends in US attitudes toward cannabis legalization. 57(7), 1052–1061.
https://doi.org/10.1080/10826084.2022.2063893

Compton, W. M., Han, B., Jones, C. M., Blanco, C., & Hughes, A. (2016).
Marijuana use and use disorders in adults in the USA, 2002–14: Analysis
of annual cross-sectional surveys. The Lancet Psychiatry, 3(10), 954–964.
https://doi.org/10.1016/S2215-0366(16)30208-5

Cooper, Z. D., & Craft, R. M. (2018). Sex-dependent effects of cannabis
and cannabinoids: A translational perspective. Neuropsychopharmacology,
43(1), 34–51. https://doi.org/10.1038/NPP.2017.140

Crane, N. A., Schuster, R. M., Mermelstein, R. J., & Gonzalez, R. (2015).
Neuropsychological sex differences associated with age of initiated use among
young adult cannabis users. Journal of Clinical and Experimental Neuropsych-
ology, 37(4), 389–401. https://doi.org/10.1080/13803395.2015.1020770

Crocker, C. E., & Tibbo, P. G. (2018). The interaction of gender and cannabis
in early phase psychosis. Schizophrenia Research, 194, 18–25. https://doi.
org/10.1016/j.schres.2017.04.046

ElSohly, M. A., Chandra, S., Radwan, M., Majumdar, C. G., & Church, J. C.
(2021). A comprehensive review of cannabis potency in the United States
in the last decade. Biological Psychiatry. Cognitive Neuroscience and
Neuroimaging, 6(6), 603–606. https://doi.org/10.1016/J.BPSC.2020.12.016

Ferdinand, R. F., Sondeijker, F., van der Ende, J., Selten, J.-P., Huizink, A., &
Verhulst, F. C. (2005). Cannabis use predicts future psychotic symptoms,
and vice versa. Addiction, 100(5), 612–618. https://doi.org/10.1111/j.1360-
0443.2005.01070.x

Fergusson, D. M., Hall, W., Boden, J. M., & Horwood, L. J. (2015). Rethinking
cigarette smoking, cannabis use, and psychosis. The Lancet Psychiatry, 2(7),
581–582. https://doi.org/10.1016/S2215-0366(15)00208-4

Freeman,T. P., Groshkova, T., Cunningham,A., Sedefov, R.,Griffiths, P.,&Lynskey,
M. T. (2019). Increasing potency and price of cannabis in Europe, 2006–16.
Addiction, 114(6), 1015–1023. https://doi.org/10.1111/add.14525

Gillespie, N. A., & Kendler, K. S. (2020). Use of genetically informed methods
to clarify the nature of the association between cannabis use and risk for
schizophrenia. In JAMA Psychiatry. American Medical Association.
https://doi.org/10.1001/jamapsychiatry.2020.3564

Gurillo, P., Jauhar, S., Murray, R. M., & MacCabe, J. H. (2015). Does tobacco
use cause psychosis? Systematic review and meta-analysis. The Lancet
Psychiatry, 2(8), 718–725. https://doi.org/10.1016/S2215-0366(15)00152-2

Haberstick, B. C., Young, S. E., Zeiger, J. S., Lessem, J. M., Hewitt, J. K., &
Hopfer, C. J. (2014). Prevalence and correlates of alcohol and cannabis
use disorders in the United States: Results from the national longitudinal
study of adolescent health. Drug and Alcohol Dependence, 136, 158–161.
https://doi.org/10.1016/j.drugalcdep.2013.11.022

Han, B., Compton, W. M., Einstein, E. B., & Volkow, N. D. (2021).
Associations of suicidality trends with cannabis use as a function of sex
and depression status. JAMA Network Open, 4(6), e2113025. https://doi.
org/10.1001/jamanetworkopen.2021.13025

Hjorthøj, C., Posselt, C. M., & Nordentoft, M. (2021). Development over time
of the population-attributable risk fraction for cannabis use disorder in
schizophrenia in Denmark. JAMA Psychiatry, 78(9), 1013–1019. https://
doi.org/10.1001/JAMAPSYCHIATRY.2021.1471

Khan, S. S., Secades-Villa, R., Okuda, M., Wang, S., Pérez-Fuentes, G.,
Kerridge, B. T., & Blanco, C. (2013). Gender differences in cannabis use dis-
orders: Results from the National Epidemiologic Survey of Alcohol and
Related Conditions. Drug and Alcohol Dependence, 130(1–3), 101–108.
https://doi.org/10.1016/J.DRUGALCDEP.2012.10.015

Kühl, J. O. G., Laursen, T. M., Thorup, A., & Nordentoft, M. (2016). The inci-
dence of schizophrenia and schizophrenia spectrum disorders in Denmark
in the period 2000–2012. A register-based study. Schizophrenia Research,
176(2–3), 533–539. https://doi.org/10.1016/j.schres.2016.06.023

Large, M., Sharma, S., Compton, M. T., Slade, T., & Nielssen, O. (2011). Cannabis
use and earlier onset of psychosis: A systematic meta-analysis. Archives of
General Psychiatry, 68(6), 555–561. https://doi.org/10.1016/j.ypsy.2011.09.029

Lorenzetti, V., Hoch, E., & Hall, W. (2020). Adolescent cannabis use, cogni-
tion, brain health and educational outcomes: A review of the evidence.
European Neuropsychopharmacology, 36, 169–180. https://doi.org/10.1016/
J.EURONEURO.2020.03.012

Lynge, E., Sandegaard, J. L., & Rebolj, M. (2011). The Danish national patient
register. Scandinavian Journal of Public Health, 39(7 Suppl), 30–33. https://
doi.org/10.1177/1403494811401482

Marconi, A., Di Forti, M., Lewis, C. M., Murray, R. M., & Vassos, E. (2016).
Meta-analysis of the association between the level of cannabis use and
risk of psychosis. Schizophrenia Bulletin, 42(5), 1262–1269. https://doi.
org/10.1093/schbul/sbw003

Mors, O., Perto, G. P., & Mortensen, P. B. (2011). The Danish psychiatric cen-
tral research register. Scandinavian Journal of Public Health, 39(7 Suppl),
54–57. https://doi.org/10.1177/1403494810395825

Ochoa, S., Usall, J., Cobo, J., Labad, X., & Kulkarni, J. (2012). Gender differ-
ences in schizophrenia and first-episode psychosis: A comprehensive litera-
ture review. Schizophrenia Research and Treatment, 2012, 916198. https://
doi.org/10.1155/2012/916198

Pedersen, C. B. (2011). The Danish civil registration system. Scandinavian
Journal of Public Health, 39(7 suppl), 22–25. https://doi.org/10.1177/
1403494810387965

Petersen, S. M., Toftdahl, N. G., Nordentoft, M., & Hjorthøj, C. (2019).
Schizophrenia is associated with increased risk of subsequent substance
abuse diagnosis: A nation-wide population-based register study.
Addiction, 114(12), 2217–2226. https://doi.org/10.1111/add.14746

Petrilli, K., Ofori, S., Hines, L., Taylor, G., Adams, S., & Freeman, T. P. (2022).
Association of cannabis potency with mental ill health and addiction: A sys-
tematic review. The Lancet. Psychiatry, 9(9), 736–750. https://doi.org/10.
1016/S2215-0366(22)00161-4

SAMHSA. (2019). 2019 NSDUH Detailed Tables | CBHSQ Data. https://www.
samhsa.gov/data/report/2019-nsduh-detailed-tables

Sommer, I. E., Tiihonen, J., van Mourik, A., Tanskanen, A., & Taipale, H.
(2020). The clinical course of schizophrenia in women and men – a nation-
wide cohort study. Npj Schizophrenia, 6(1), 1–7. https://doi.org/10.1038/
s41537-020-0102-z

Thomsen, K. R., Lindholst, C., Thylstrup, B., Kvamme, S., Reitzel, L. A.,
Worm-Leonhard, M., …Hesse, M. (2019). Changes in the composition of
cannabis from 2000–2017 in Denmark: Analysis of confiscated samples
of cannabis resin. Experimental and Clinical Psychopharmacology, 27(4),
402–411. https://doi.org/10.1037/pha0000303

UNODC. (2021). World Drug Report 2021. https://www.unodc.org/res/
wdr2021/field/WDR21_Booklet_1.pdf

Urits, I., Gress, K., Charipova, K., Li, N., Berger, A. A., Cornett, E. M., …
Viswanath, O. (2020). Cannabis use and its association with psychological
disorders. Psychopharmacology Bulletin, 50(2), 56–67.

Veen,N.D., Selten, J.-P., van der Tweel, I., Feller,W.G.,Hoek,H.W.,&Kahn, R. S.
(2004).Cannabisuseandageatonsetof schizophrenia.TheAmerican Journal of
Psychiatry, 161(3), 501–506. https://doi.org/10.1176/appi.ajp.161.3.501

Volkow,N.D., Swanson, J.M., Evins,A.E.,DeLisi, L.E.,Meier,M.H.,Gonzalez,R.,
…Baler, R. (2016). Effects of cannabis use onhuman behavior, including cogni-
tion, motivation, and psychosis: A review. JAMA Psychiatry, 73(3), 292–297.
https://doi.org/10.1001/jamapsychiatry.2015.3278

7328 Carsten Hjorthøj et al.

https://doi.org/10.1017/S0033291723000880 Published online by Cambridge University Press

https://doi.org/10.1017/S0033291723000880
https://doi.org/10.1017/S0033291723000880
https://doi.org/10.3109/09540261.2010.515205
https://doi.org/10.3109/09540261.2010.515205
https://doi.org/10.1080/15504263.2015.1113761
https://doi.org/10.1080/15504263.2015.1113761
https://doi.org/10.1080/15504263.2015.1113761
https://doi.org/10.1016/J.DRUGPO.2020.102740
https://doi.org/10.1016/J.DRUGPO.2020.102740
https://doi.org/10.1080/10826084.2022.2063893
https://doi.org/10.1080/10826084.2022.2063893
https://doi.org/10.1016/S2215-0366(16)30208-5
https://doi.org/10.1016/S2215-0366(16)30208-5
https://doi.org/10.1038/NPP.2017.140
https://doi.org/10.1038/NPP.2017.140
https://doi.org/10.1080/13803395.2015.1020770
https://doi.org/10.1080/13803395.2015.1020770
https://doi.org/10.1016/j.schres.2017.04.046
https://doi.org/10.1016/j.schres.2017.04.046
https://doi.org/10.1016/j.schres.2017.04.046
https://doi.org/10.1016/J.BPSC.2020.12.016
https://doi.org/10.1016/J.BPSC.2020.12.016
https://doi.org/10.1111/j.1360-0443.2005.01070.x
https://doi.org/10.1111/j.1360-0443.2005.01070.x
https://doi.org/10.1111/j.1360-0443.2005.01070.x
https://doi.org/10.1016/S2215-0366(15)00208-4
https://doi.org/10.1016/S2215-0366(15)00208-4
https://doi.org/10.1111/add.14525
https://doi.org/10.1111/add.14525
https://doi.org/10.1001/jamapsychiatry.2020.3564
https://doi.org/10.1001/jamapsychiatry.2020.3564
https://doi.org/10.1016/S2215-0366(15)00152-2
https://doi.org/10.1016/S2215-0366(15)00152-2
https://doi.org/10.1016/j.drugalcdep.2013.11.022
https://doi.org/10.1016/j.drugalcdep.2013.11.022
https://doi.org/10.1001/jamanetworkopen.2021.13025
https://doi.org/10.1001/jamanetworkopen.2021.13025
https://doi.org/10.1001/jamanetworkopen.2021.13025
https://doi.org/10.1001/JAMAPSYCHIATRY.2021.1471
https://doi.org/10.1001/JAMAPSYCHIATRY.2021.1471
https://doi.org/10.1001/JAMAPSYCHIATRY.2021.1471
https://doi.org/10.1016/J.DRUGALCDEP.2012.10.015
https://doi.org/10.1016/J.DRUGALCDEP.2012.10.015
https://doi.org/10.1016/j.schres.2016.06.023
https://doi.org/10.1016/j.schres.2016.06.023
https://doi.org/10.1016/j.ypsy.2011.09.029
https://doi.org/10.1016/j.ypsy.2011.09.029
https://doi.org/10.1016/J.EURONEURO.2020.03.012
https://doi.org/10.1016/J.EURONEURO.2020.03.012
https://doi.org/10.1016/J.EURONEURO.2020.03.012
https://doi.org/10.1177/1403494811401482
https://doi.org/10.1177/1403494811401482
https://doi.org/10.1177/1403494811401482
https://doi.org/10.1093/schbul/sbw003
https://doi.org/10.1093/schbul/sbw003
https://doi.org/10.1093/schbul/sbw003
https://doi.org/10.1177/1403494810395825
https://doi.org/10.1177/1403494810395825
https://doi.org/10.1155/2012/916198
https://doi.org/10.1155/2012/916198
https://doi.org/10.1155/2012/916198
https://doi.org/10.1177/1403494810387965
https://doi.org/10.1177/1403494810387965
https://doi.org/10.1177/1403494810387965
https://doi.org/10.1111/add.14746
https://doi.org/10.1111/add.14746
https://doi.org/10.1016/S2215-0366(22)00161-4
https://doi.org/10.1016/S2215-0366(22)00161-4
https://doi.org/10.1016/S2215-0366(22)00161-4
https://www.samhsa.gov/data/report/2019-nsduh-detailed-tables
https://www.samhsa.gov/data/report/2019-nsduh-detailed-tables
https://www.samhsa.gov/data/report/2019-nsduh-detailed-tables
https://doi.org/10.1038/s41537-020-0102-z
https://doi.org/10.1038/s41537-020-0102-z
https://doi.org/10.1038/s41537-020-0102-z
https://doi.org/10.1037/pha0000303
https://doi.org/10.1037/pha0000303
https://www.unodc.org/res/wdr2021/field/WDR21_Booklet_1.pdf
https://www.unodc.org/res/wdr2021/field/WDR21_Booklet_1.pdf
https://www.unodc.org/res/wdr2021/field/WDR21_Booklet_1.pdf
https://doi.org/10.1176/appi.ajp.161.3.501
https://doi.org/10.1176/appi.ajp.161.3.501
https://doi.org/10.1001/jamapsychiatry.2015.3278
https://doi.org/10.1001/jamapsychiatry.2015.3278
https://doi.org/10.1017/S0033291723000880


https://doi.org/10.1177/0269881117741766

Journal of Psychopharmacology
2018, Vol. 32(1) 3 –29

© The Author(s) 2017
Reprints and permissions: 
sagepub.co.uk/journalsPermissions.nav
DOI: 10.1177/0269881117741766
journals.sagepub.com/home/jop

Autism spectrum disorder: Consensus 
guidelines on assessment, treatment and 
research from the British Association for 
Psychopharmacology

Oliver D Howes1,2, Maria Rogdaki1*, James L Findon3*,  
Robert H Wichers3*, Tony Charman4, Bryan H King5, Eva Loth3,  
Gráinne M McAlonan6,7, James T McCracken8, Jeremy R Parr9,  
Carol Povey10, Paramala Santosh11, Simon Wallace12, Emily Simonoff13 
and Declan G Murphy6,7

Abstract
An expert review of the aetiology, assessment, and treatment of autism spectrum disorder, and recommendations for diagnosis, management and 
service provision was coordinated by the British Association for Psychopharmacology, and evidence graded. The aetiology of autism spectrum disorder 
involves genetic and environmental contributions, and implicates a number of brain systems, in particular the gamma-aminobutyric acid, serotonergic 
and glutamatergic systems. The presentation of autism spectrum disorder varies widely and co-occurring health problems (in particular epilepsy, 
sleep disorders, anxiety, depression, attention deficit/hyperactivity disorder and irritability) are common. We did not recommend the routine use of 
any pharmacological treatment for the core symptoms of autism spectrum disorder. In children, melatonin may be useful to treat sleep problems, 
dopamine blockers for irritability, and methylphenidate, atomoxetine and guanfacine for attention deficit/hyperactivity disorder. The evidence for 
use of medication in adults is limited and recommendations are largely based on extrapolations from studies in children and patients without autism 
spectrum disorder. We discuss the conditions for considering and evaluating a trial of medication treatment, when non-pharmacological interventions 
should be considered, and make recommendations on service delivery. Finally, we identify key gaps and limitations in the current evidence base and 
make recommendations for future research and the design of clinical trials.
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Introduction
Autism spectrum disorder (ASD) is a neurodevelopmental disor-
der with an estimated lifetime prevalence of at least 1% (Baird 
et al., 2006; Brugha et al., 2011). Core symptoms include deficits 
in social communication and the presence of restricted and repet-
itive interests or activities and sensory anomalies, beginning in 
the early developmental period (American Psychiatric 
Association, 2013). The assessment and management of ASD is 
complex, due to its multifactorial aetiology, persistence into 
adulthood, presence of co-occurring mental and physical disor-
ders and attendant disability. The total cost, including accommo-
dation, treatment, loss of earnings and health care for individuals 
over their life span has been estimated to range between £0.92 m 
and £1.5 m for someone without or with an intellectual disability, 
respectively (Buescher et al., 2014). ASD-related difficulties are 
lifelong and often require on-going support. Many people with 
ASD are prescribed psychotropic medications at some point in 
their lives. According to a recent study in the UK, using a repre-
sentative primary care database, psychotropic drugs are pre-
scribed to 29% of people with ASD (Murray et al., 2014). In this 
study, the most commonly prescribed categories of drugs for 
ASD were sleep medications (9.7%), psychostimulants (7.9%) 
and antipsychotics (7.3%) (Murray et al., 2014). In particular, the 
use of psychostimulants and antipsychotics in ASD is much 
higher than in the general population (Murray et al., 2014). 
Similar rates of prescribing psychotropic drugs have also been 
reported in the USA and Canada. For example, a recent study of 
over 2800 children from the Autism Treatment Network in North 
America reported that 27% of children and adolescents with ASD 
are prescribed at least one psychotropic medication (Coury et al., 
2012). Stimulants were most often prescribed (13%), followed 
by selective serotonin re-uptake inhibitors (SSRIs) (8%) and 
atypical antipsychotics (8%) (Coury et al., 2012). Evidence also 
indicates that prescription rates have increased, with a more than 
three-fold increase in antidepressant drug prescriptions for peo-
ple with ASD in the USA between 1992–2001 (Aman et al., 
2005b). Sixty per cent of adults with ASD have concerns about 
taking medications, particularly due to side-effects and lack of 
effectiveness (Wallace et al., 2013). This, and the commonplace 

use of drugs in ASD, suggests there is a need for comprehensive 
guidance on the assessment and management of ASD, which 
incorporates advice on the use of psychotropic medications. 
However, it should be recognised that some people with ASD do 
not want treatment for the core aspects of ASD. As such, discus-
sion about treatment should take into consideration individual 
preferences.

In view of the uncertainties, the British Association for 
Psychopharmacology (BAP) coordinated the development of this 
consensus guideline to review and make recommendations for the 
assessment and management of ASD with a focus on drug treat-
ments. We first review the aetiology of ASD to provide a 
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framework to understand the diagnostic assessment of ASD and 
treatment targets. Subsequently we address the management of core 
symptoms, the management of common co-occurring conditions, 
non-pharmacological treatments and the implications for service 
provision, before discussing future directions for clinical research.

Method
A consensus meeting was held with the support of the BAP 
involving a group of experts on ASD in children, adolescents and 
adults. The group consisted of psychiatrists, psychologists, 
researchers in the field and service user representatives. Members 
of the group gave presentations summarising each topic dis-
cussed in this paper, followed by discussion on the nature and 
quality of the evidence and its implications. Following the con-
sensus meeting, a further literature review was conducted to sup-
port the consensus points. Drafts of the review and the 
recommendations were circulated to the expert group for com-
ments, which were then revised by the expert group to derive the 
final version of the guidelines.

The evidence in each area was rated using the criteria by 
Shekelle et al. (1999) (Supplementary Table 1), which rank meta-
analyses of randomised controlled trials (RCTs) and large, repre-
sentative observational studies as the best evidence. Our 
recommendations were graded based on the strength of the evi-
dence supporting them using the grading criteria described in 
previous BAP guidelines (Bolea-Alamañac et al., 2014). Thus, 
recommendations were rated A to D to reflect the evidence (see 
Supplementary Table 1), with grade A indicating the recommen-
dation is supported by the highest quality evidence. Although, 
some of the recommendations were based on weaker evidence 
(B, C, D), this does not necessarily reflect their clinical impor-
tance. The category S corresponds to a standard for clinical care, 
which comprises a consensus on good clinical practice in the 
absence of other evidence. In summarising the pharmacological 
evidence, we have focused on the primary end-points of studies 
but, where this is not the case, we have indicated that the evi-
dence is based on a secondary end-point. We have reported the 
doses used or, where the dose was variable, we have reported the 
mean dose used or range if the mean dose was not reported. We 
also summarise key aspects of the design of the study (whether 
the raters were blind to intervention, and whether the sample was 
randomised to a placebo or other comparator) and sample size 
(using the intention to treat sample) so that readers can gauge the 
strength of evidence.

Aetiology

Genetic risk factors

Genetic factors play a substantial role in the aetiology of ASD. 
Recent studies have shown about 80% heritability for ASD 
(Lichtenstein et al., 2010; Ronald and Hoekstra, 2011). However, 
within families, no one pattern of inheritance (e.g. autosomal 
dominant or recessive) is observed. With the exception of a small 
number of rare genetic variants (recently estimated at 71 variants; 
(Sanders et al., 2015)), the effect of more common individual risk 
variants so far identified is small. Monogenetic syndromes with 
high rates of overlapping disorders which often include ASD as 
part of their behavioural phenotype include Phelan–McDermid 

syndrome (PMS), fragile X syndrome (FXS) and tuberous sclero-
sis (Ghosh et al., 2013). These constitute about 10–15% of all 
cases of ASD.

In the majority of cases, the genetic risk for ASD is poly-
genic, involving multiple single nucleotide polymorphisms 
(SNPs), each of minor effect (Anney et al., 2012; Clarke et al., 
2015; Gaugler et al., 2014; Klei et al., 2012). In addition to 
SNPs and monogenic disorders, a number of de novo suspected 
single gene loss of function mutations and copy number vari-
ants (CNVs; such as microdeletions or microduplications) 
spanning multiple genes have been reported to increase the risk 
of ASD and (often substantially), intellectual disability (de la 
Torre-Ubieta et al., 2016). Breakpoints consistently associated 
with ASD include the SHANK3 deletion, 1q21, 3q29, 7q11.23, 
15q11.2-13.1, 15q12, 15q13, 16p11, 17q12, 22q11.2 and Xq 
(Vorstman et al., 2006).

The genetic risk variants for ASD implicate a number of key 
neurobiological pathways that are potential targets for drugs. 
Specific examples include the N-methyl-D-aspartate (NMDA) 
2B glutamate ionotropic and gamma-aminobutyric acid (GABA) 
receptors (including GABARA3 and GABARB3), cell adhesion 
molecules, scaffolding proteins such as SHANK1, SHANK2, 
SHANK3 ankyrin repeat domain proteins (Bourgeron, 2015), 
and neuron-glia signalling and microglial activation (de la Torre-
Ubieta et al., 2016). An improved understanding of the nature of 
the disruption in these pathways in ASD is needed to help develop 
targeted molecular therapies.

Environmental risk factors

A number of prenatal, perinatal and neonatal factors, including 
significant prematurity, perinatal hypoxia, maternal pre/perinatal 
infections, maternal vitamin D deficiency, higher paternal age, 
gestational valproate exposure, maternal obesity and very low 
birthweight (<1500 g), have been associated with an increased 
relative risk of ASD (for further details see reviews and meta-
analyses: Eyles et al., 2013; Gardener et al., 2009, 2011; Mandy 
and Lai, 2016). Maternal use of SSRIs before or during preg-
nancy has also been identified in some studies, but significant 
questions have been raised about the causality of this association 
(Man et al., 2015). Interestingly, preclinical work shows that 
some of these environmental risk factors impact on the same 
pathways implicated by the genetic association studies (Basil 
et al., 2014; Richetto et al., 2014), suggesting risk factors may 
converge on common pathways at the molecular or higher-level 
brain circuit levels (Voineagu et al., 2011).

Biology of ASD

Brain structural differences in ASD have been identified early in 
life. The first studies examined head circumference and discov-
ered that this proxy measure of brain size increased more in indi-
viduals with ASD than in controls and their unaffected siblings 
during the first years of their life (Constantino et al., 2010; 
Courchesne et al., 2003; Elder et al., 2008; Redcay and 
Courchesne, 2005). This is thought to be explained by a greater 
volume of both grey and white matter, with especially pronounced 
overgrowth in the frontal and temporal cortex (Schumann et al., 
2010). Early brain overgrowth may include an increase in cortical 
thickness in ASD at ages 3–4 years old, but seems to be followed 
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by accelerated cortical thinning (Zielinski et al., 2014). Overall, 
the growth trajectory rate flattens in ASD such that, by the ages of 
10–15 years old, average brain size in ASD is similar to typically 
developing children. Subsequently grey and white matter volumes 
may decrease in ASD in adulthood (Lange et al., 2015). However, 
it is noteworthy that not all head circumference or magnetic reso-
nance imaging (MRI) volumetric studies support this model 
(Hansen et al., 2008; Raznahan et al., 2013a,b; Rogers, 2004). It is 
therefore possible that early brain overgrowth and subsequent 
growth trajectory flattening is present in only a subset of individu-
als with ASD (Lenroot and KaYeung, 2013).

Neurochemical alterations are also reported in ASD. One sys-
tem which is repeatedly implicated is the serotonin system, which 
is thought to underpin some anatomical features of ASD. The sero-
tonin system has a role in neurite outgrowth (Fricker et al., 2005), 
synaptogenesis (Faber and Haring, 1999; Mazer et al., 1997), dif-
ferentiation and neurogenesis (Kesterson et al., 2002) and there-
fore its contribution to the early developmental aberrations 
reported in ASD is highly plausible. Serotonergic abnormalities in 
ASD include elevated serotonin levels in whole blood and platelets 
in upwards of 25% of affected individuals (Gabriele et al., 2014; 
Hanley et al., 1977) and alterations in the developmental trajectory 
of brain serotonin synthesis activity (Chugani et al., 1997). 
Together this evidence has provided a theoretical rationale for 
exploring the effect of serotonergic medications in ASD (Veenstra-
VanderWeele et al., 2012) (see section ‘serotonergic agents’). 

More recently, evidence for a pivotal role of the excitatory (E) 
glutamate and inhibitory (I) GABA systems in ASD has accumu-
lated. An influential review by Rubenstein and Merzenich (2003) 
proposed that ASD is caused by an increased E/I ratio leading to 
pathological hyper-excitability within cortical circuits. Some pre-
liminary support for the model comes from a positron-emission 
tomography (PET) study using a tracer that is relatively selective 
for the GABA-A alpha-5 receptor sub-type, showing elevated 
GABA receptor availability in ASD, potentially indicating 
reduced GABA transmitter levels (Mendez et al., 2013).

Criticisms of the model include that it may be overly simplis-
tic and not specific to ASD, as E/I imbalance has been implied in 
epilepsy and schizophrenia. E/I balance is likely to differ depend-
ing on the brain region and cell-type studied (Nelson and Valakh, 
2015; Rothman et al., 2011, 2012; Sibson et al., 1998). 
Furthermore, evidence from magnetic resonance spectroscopy 
(MRS) studies of glutamate and GABA in ASD has not been con-
sistent. For example, a recent review of MRS studies reported 
that out of the 12 studies in frontal cortical regions, four studies 
failed to report any differences between individuals with ASD 
and healthy controls; four studies (three in childhood and one in 
adolescence) reported increased levels of glutamate and the com-
bination of glutamate and glutamine (Glx), and one study 
reported reduced levels of Glx (Naaijen et al., 2015). In addition, 
three studies reported decreased levels of GABA in frontal 
regions (Naaijen et al., 2015). There are fewer studies in the thal-
amus, hippocampus and striatum, although the results are simi-
larly inconsistent (Naaijen et al., 2015). However, although 
informative, MRS is limited as it is an overall measure of tissue 
glutamate and/or GABA which means intra-cellular levels may 
mask changes in synaptic levels. Thus, these inconsistencies may 
simply be a product of the current constraints of technology 
available to examine these neurotransmitters in the living human 
brain. However, they may also reflect the highly heterogeneous 

nature of ASD and/or pronounced differences between brain 
regions or developmental stages.

In contrast, preclinical studies have generated a much more 
consistent picture of E/I disruption in the perinatal period in 
rodent models relevant to ASD. In brief, animal models of ASD 
reveal an increase in spontaneous activity in sensory cortices in 
early life (Gonçalves et al., 2013; Gutierrez et al., 2009; Peixoto 
et al., 2016). This may, at least, be partly a consequence of a 
‘delay’ in the switch in GABA responses in brain from excitatory, 
during prenatal life, to inhibitory, during postnatal life, in ASD 
and related conditions (Ben-Ari et al., 2012).

Animal and clinical studies have shown that the neuropeptide 
oxytocin regulates social bonding and recognition, suggesting 
alterations in the oxytocin system could contribute to manifesta-
tions of ASD or its treatment (Baumgartner et al., 2008; Domes 
et al., 2007; Ferguson et al., 2000; Insel and Shapiro, 1992). This 
has led to a number of clinical trials (see section on treatment of 
core symptoms). Furthermore, oxytocin modulates the switch 
from excitatory GABA to inhibitory function and is therefore an 
important regulator of E/I balance during the perinatal period 
(Tyzio et al., 2006, 2014). It is likely that oxytocin continues to 
have a modulatory effect on E/I later in postnatal life. Hence, 
oxytocin could serve as a target to modulate E/I balance in ASD.

Lastly, increasing evidence from animal and clinical studies 
has confirmed that a role for maternal and postnatal immune dys-
regulation in the aetiology of ASD cannot be overlooked. Taking 
into account the regulatory role that the immune system has on 
neuronal cells at every stage of brain development, it is plausible 
that immune dysfunction, caused by genetic mutations or envi-
ronmental factors, could alter brain development and function 
(Estes and McAllister, 2015). Dysfunction of  microglial cells, the 
resident brain immune cells, is one immune  mechanism impli-
cated in the pathogenesis of ASD. Data suggest that  aberrant 
microglial function may lead to altered synaptic pruning, which 
may subsequently contribute to the pathogenesis of ASD 
(Koyama and Ikegaya, 2015). However, not all in vivo evidence 
finds support for immunologic dysregulation (Pardo et al., 2017). 

Summary

In conclusion, ASD is a complex neurodevelopment disorder 
that, in the majority of cases, shows multifactorial, polygenic 
inheritance, although de novo mutations and CNVs are currently 
estimated to play an important role about 10–20% of patients. 
Environmental factors, in particular early insults (prenatal, peri-
natal and postnatal factors), also contribute to an increased risk of 
developing ASD. Brain development is disrupted from early 
childhood and shows alterations into adulthood. Key systems 
implicated in the pathophysiology of ASD are increasingly being 
identified and provide targets for clinical trials. These include 
(but are not limited to) the serotonin and oxytocin systems, the 
immune system and GABA/glutamate interactions.

Diagnostic criteria
Diagnostic and Statistical Manual, version 5 
(DSM-5)
The DSM-5, published in 2013 (American Psychiatric 
Association, 2013), has the latest revision of the diagnostic 
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criteria for ASD, and a number of changes have been made to 
reflect recent research. The International Classification of 
Disease (ICD) version-10 (World Health Organization, 1992) is 
currently under review with a new revision, ICD-11, planned to 
be published in 2018. It is not yet clear to what degree ICD-11 
will be aligned with DSM-5 – but it is likely there will be sub-
stantial agreement on core ASD characteristics.

The main features of the DSM-5 criteria for ASD are summa-
rised in Supplementary Table 2. One key change is that the term 
‘autism spectrum disorder’ is used rather than the term ‘autism’ 
and its related categories used in DSM-IV (1994) and ICD-10 
(e.g. Asperger syndrome, pervasive developmental disorder – not 
otherwise specified (PDD-NOS), atypical autism). This shift 
acknowledges the lack of distinct neurobiological profiles 
between the different subtypes (Noterdaeme et al., 2010) and the 
inconsistency in their use (Lord et al., 2012a). The DSM-5 also 
includes a new category – social (pragmatic) communication dis-
order (SCD) – to describe individuals with deficits in social verbal 
and non-verbal communication, but who do not otherwise meet 
the criteria for a diagnosis for ASD because they do not show 
repetitive and restricted behaviours. As SCD was only recently 
introduced, its diagnostic reliability and validity, prognosis, and 
common features are still to be determined (Norbury, 2014).

The DSM-5 diagnostic criteria for ASD are broader than the 
DSM-IV criteria for autism. The previously separate domains 
of social interaction and communication under the DSM-IV 
classification have been unified as one domain in the DSM-5 
(social communication). Hence, the DSM-5 classification of 
ASD covers two domains; social communication difficulties 
and repetitive and restricted behaviours (Supplementary Table 
1), and include abnormal sensory responses as a cardinal symp-
tom (restored from the DSM-III).

An important addition to the DSM-5 is the inclusion of 
severity specifiers to indicate the impact of symptoms on adap-
tive functioning (Supplementary Table 3). Adaptive function-
ing encompasses communication, occupation and daily living 
skills (Bal et al., 2015). As shown in Supplementary Table 3, 
there are three categories for each of the two core symptoms, 
indicating the level of support the affected individual requires, 
depending on his/her adaptive functioning. This addition is 
undoubtedly crucial, as the severity of core symptoms and 
deficits in adaptive functioning may vary considerably between 
individuals with the disorder (Constantino and Charman, 
2015). Another modification in the DSM-5 is that the new 
diagnostic criteria offer the option to diagnose co-occurring 
psychiatric disorders.

Another important change is that the DSM-5 does not spec-
ify an age of onset, which has instead been revised to ‘symp-
toms must be present in the early developmental period (but 
may not fully manifest until social demands exceed limited 
capacities, or may be masked by learned strategies in later 
life)’ (American Psychiatric Association, 2013: 50-51). This 
recognises that ASD may not become fully apparent until later 
in life, and enables the diagnosis of ASD in adulthood (Howlin 
and Moss, 2012). In addition, the DSM-5 does not require all 
symptoms to be currently present but rather specifies that they 
should have occurred at some point in the lifetime. This takes 
account of the observation that some symptoms are more com-
mon at certain time points and also that they may be less evi-
dent when the individual is in an optimal environment.

A final change in the DSM-5 is the introduction of clinical 
specifiers to be noted alongside the ASD diagnosis. These include 
the presence or absence of the following components: (a) intel-
lectual impairment, (b) language impairment, (c) known medical 
or genetic condition or environmental factor, (d) neurodevelop-
mental, mental or behavioural disorder, (e) catatonia (American 
Psychiatric Association, 2013).

Recent studies indicate that the overall prevalence of ASD 
may be lower under the DSM-5 compared to the prevalence of 
autism and related disorders based on the DSM-IV criteria 
(Maenner et al., 2014). This appears to be mostly due to ~20% of 
the individuals previously meeting the DSM-IV criteria for PDD-
NOS not qualifying for a diagnosis of ASD according to the 
DSM-5 criteria (Maenner et al., 2014; Mazefsky et al., 2013; 
Wilson et al., 2013; World Health Organization, 1992).

In summary, the DSM-5 criteria may be particularly useful for 
diagnosis as they enable diagnosis of adults whose symptoms 
were not impairing in childhood, and it highlights the importance 
of co-occurring disorders and functional impact.

Consensus recommendations for diagnosis

•• ASD is a complex neurodevelopmental disorder. Its diag-
nosis requires a neurodevelopmental history and, where 
possible, a multi-disciplinary approach. (B)

•• It is recommended that established diagnostic criteria are 
used for diagnosis. (D).

•• Consider using the DSM-5 criteria as they enable diagnosis 
in adults and the diagnosis of co-occurring disorders. (D)

•• Further studies are required to evaluate the reliability and 
validity of the Social Communication Disorder diagnosis 
as a distinct disorder from ASD. (D)

Assessment and diagnosis
Making a diagnosis of ASD is a multi-stage process. It requires the 
multidisciplinary assessment of current symptoms, acquisition of a 
developmental history from a primary caregiver and the exclusion 
of alternative diagnoses by the clinician (National Institute for 
Health and Clinical Excellence, 2013) (evidence level IV).

Symptoms can manifest and be interpreted differently depend-
ing on the environmental context. Thus, evaluation of symptoma-
tology in different environments (home, school, community, in 
addition to the clinic) should be an expectation. The clinician 
should consider whether impairment in adaptive function is 
exclusively due ASD or an additional psychiatric or medical dis-
order (Constantino and Charman, 2015). The high prevalence of 
co-occurring disorders in ASD indicates that medical and psychi-
atric disorders, including intellectual ability, should be routinely 
screened for in individuals presenting with ASD (Kielinen et al., 
2004; Simonoff et al., 2008). In addition, cognitive, language and 
neuropsychological assessments may be considered, as they can 
provide valuable information about the individual’s strengths and 
weaknesses and inform the management plan (Charman and 
Gotham, 2013; Ozonoff et al., 2005).

Reaching a diagnosis of ASD, particularly in adults, may be 
challenging for a variety of reasons. One of the key pillars of the 
diagnostic process is the acquisition of a developmental history, 
preferably from a primary caregiver. However, informants for 
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adults with a potential diagnosis of ASD may not be able to recall 
the developmental history in detail. In some instances, the primary 
caregivers may not be alive, so clinicians will need to rely on a his-
tory that they obtain from other informants, and additional sources 
of information (such as school reports). Careful consideration 
should be given to the accuracy of retrospective recall and specific 
examples of behaviour should be elicited. Where no informant is 
available, diagnosis should be based on the history and current cir-
cumstances (including the current assessment, and reports from 
employment or school) (Lai and Baron-Cohen, 2015). Similarly, 
the assessment of a non-verbal child with suspected ASD is also 
challenging with respect to accurate estimation of intellectual abil-
ity, social understanding, and co-occurring disorders.

Instruments and diagnostic tools

More than 20 screening and diagnostic tools for ASD have 
been developed over the last two decades (Charman and 
Gotham, 2013). The aim of screening tools is to identify indi-
viduals who are in need for further diagnostic assessment and 
evaluation. In the next section, we briefly summarise the most 
commonly used instruments used in childhood and adoles-
cence (Supplementary Tables 4 and 5), and in adulthood 
(Supplementary Table 6).

Children. In Supplementary Table 4, we provide a list of the 
most frequently used screening instruments for children who 
may have ASD. Supplementary Table 5 summarises the struc-
tured diagnostic instruments for children who may have ASD 
based on a screening instrument or other information. The 
structured instruments vary from observational measures (e.g. 
Autism Diagnostic Observation Schedule (ADOS); Lord et al., 
2012b) to caregiver interviews (e.g. Autism Diagnostic Inter-
view Revised (ADI-R); Lord et al., 1994).

Adults. In Supplementary Table 6, we summarise the most 
common screening instruments for ASD in adults. Diagnostic 
tools for adults are summarised in Supplementary Table 5. The 
most robust observational measure for ASD diagnosis in adult-
hood is the ADOS (module 4) (Lord et al., 2000). However, it 
has limitations, including its relatively low sensitivity when 
used to diagnose higher functioning adults with ASD and low 
specificity in individuals with severe intellectual disability 
(when used without ADI-R) (Bastiaansen et al., 2011). Also, it 
may not fully capture repetitive behaviours and/or intense pre-
occupations (Kim and Lord, 2010).

The development of assessment tools for ASD has helped 
increase the identification of ASD and aided accuracy of diagno-
sis both in clinical and research settings (Johnson and Myers, 
2007). Clinicians and researchers should be aware of the strengths 
and limitations of the instruments. For example, being screened 
positive on one of the screening instruments does not mean that 
the individual meets a diagnosis for ASD; in the same way, being 
screened negative does not exclude the diagnosis of ASD. Results 
of the instruments differ depending on the setting, the presence of 
other mental disorders, the sample characteristics and the pur-
pose of the screening (Charman and Gotham, 2013) (evidence 
level II). Other limitations include the requirement for trained 
administrators and raters and the time taken to administer them; 

which can be several hours. One should also take into considera-
tion that most of these tools have not been extensively validated 
in individuals with ASD and intellectual disability or non-west-
ern cultures (Rudra et al., 2014).

Despite the acknowledged limitations of individual instru-
ments, the use of a structured diagnostic instrument is still highly 
recommended in the evaluation of an individual with suspected 
ASD to ensure a comprehensive and systematic assessment.

Diagnostic challenges

Individuals with ASD may present to services with co-occurring 
psychiatric disorders, and ASD may be overlooked if it is not con-
sidered during the assessment (Lai and Baron-Cohen, 2015). Adults 
with ASD may develop adaptive mechanisms to manage social situ-
ations, for example by mimicking the gestures and conversational 
style of others (Lai et al., 2011) (evidence level II). This can mask 
the presentation and make the diagnosis more challenging (Lai 
et al., 2011). Another complication is that some studies have shown 
that core symptoms may be manifested differently in females than 
in males (Van Wijngaarden-Cremers et al., 2014), which may delay 
diagnosis in females (Wilson et al., 2016). For example, females 
with ASD may have restricted interests that involve people (litera-
ture, pop bands) rather than objects, such as collection of stamps or 
trains, as seen in males with ASD. They also may have fewer ste-
reotyped behaviours and have more socially accepted interests 
(Mandy et al., 2012; Van Wijngaarden-Cremers et al., 2014) (evi-
dence level III). Females with ASD may be more likely to have 
developed coping strategies to manage social situations that mask 
the degree of their social isolation from peers (Dean et al., 2016). 
Females in particular may demonstrate overt shyness or bossiness 
and being perfectionist. These characteristics constitute the so-
called ‘female phenotype’ (Lai and Baron-Cohen, 2015) (evidence 
level III), however they do not constitute core autistic symptoms 
and, importantly, may be present in people without ASD.

Consensus recommendations for the diagnostic process

•• A multidisciplinary approach is recommended for the 
diagnosis of ASD. (D)

•• The diagnostic process should involve a direct clinical 
assessment of the individual and, wherever possible, a 
detailed interview with the caregiver or other inform-
ants, reports from school and employment, and assess-
ment of cognitive and language skills and a medical 
examination. (D)

•• Screening instruments are useful in aiding diagnosis, but 
should not be used exclusively to make or exclude the 
diagnosis. (B)

•• Diagnostic challenges are more pronounced when diag-
nosis is made in adulthood, and extra care should be made 
to rule a diagnosis out. (B)

•• It is recommended that ASD is routinely considered in the 
differential diagnosis when an individual presents to 
mental health services with a psychiatric disorder. (D)

•• Clinicians should be aware of the so-called female phe-
notype and a careful assessment in females is recom-
mended. (C)
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Prevalence of co-occurring mental 
health difficulties in ASD
Co-occurring psychiatric disorders are highly prevalent in ASD 
and are more common in ASD than in the general population 
(Croen et al., 2015). Between 69–79% of individuals with ASD 
experience at least one additional psychiatric condition during 
their lifetime (Buck et al., 2014; Lever and Geurts, 2016), com-
pared to rates of lifetime psychiatric disorder of approximately 
40% in the general population (Bijl et al., 1998).

Co-occurring difficulties in children with ASD

Irritability, self-injurious behaviour and temper tantrums are 
amongst the most common co-occurring symptoms in children 
with ASD, seen in around 85% of both high and lower function-
ing children with ASD (Mayes et al., 2011). Anxiety is also com-
mon, and anxiety disorders are seen in children with ASD with 
prevalence rates of between 42–55% (de Bruin et al., 2007; 
Simonoff et al., 2008). Of these, specific phobia (prevalence in 
ASD of between 9–44%) and social phobia (prevalence in ASD 
of between 8–29%) are the most common disorders (de Bruin 
et al., 2007; Leyfer et al., 2006; Simonoff et al., 2008). 
Attentional/hyperactive and behavioural difficulties are also 
common in ASD. Between 28–53% of children with ASD meet 
criteria for attention deficit/hyperactivity disorder (ADHD) and 
between 7–37% meet criteria for an oppositional defiant disor-
der or conduct disorder (de Bruin et al., 2007; Leyfer et al., 
2006; Salazar et al., 2015; Simonoff et al., 2008; Sinzig et al., 
2009). Bipolar disorder and psychotic disorders are less com-
mon in ASD, but occur at rates above those of comparison 
groups (Croen et al., 2015). Mood disorders also often occur in 
children with ASD (de Bruin et al., 2007; Leyfer et al., 2006; 
Simonoff et al., 2008). This constellation of problems might also 
contribute to the sleeping difficulties, which parents report are a 
concern in 50–80% of children (Richdale and Schreck, 2009). 
What it is not clear, however, is to what extent these are part and 
parcel of an ASD diagnosis, or a component of the other condi-
tions that children with ASD may experience. Moreover, the 
underlying mechanisms may be different to those in people 
without ASD, which would have implications for using treat-
ments developed for these difficulties in people without ASD 
(Maskey et al., 2013).

Co-occurring difficulties in adults with ASD

Mood and anxiety disorders are also common in adults with ASD 
(Wigham et al., 2017). Between 26–57% of adults with ASD 
experience a mood disorder at some point (Croen et al., 2015; 
Hofvander et al., 2009; Joshi et al., 2013; Lever and Geurts, 
2016; Roy et al., 2015), and anxiety disorders, particularly social 
phobia, are similarly common (Croen et al., 2015; Hofvander 
et al., 2009; Joshi et al., 2013; Lever and Geurts, 2016; Roy et al., 
2015). ADHD is also frequently reported in adults with ASD, 
with prevalence rates of between 11–43% (Croen et al., 2015; 
Hofvander et al., 2009; Joshi et al., 2013; Lever and Geurts, 
2016). However, older adults with ASD have been reported to 
have lower rates of co-occurring psychiatric disorders than 
younger adults with ASD, and social phobia in particular appears 
to be significantly less common in this group (Lever and Geurts, 

2016). Tic disorders and Tourette syndrome are also frequently 
reported co-occurring problems in adults with ASD. Between 
20–22% of children and adults with ASD meet the criteria for a 
tic disorder (Canitano and Vivanti, 2007; Hofvander et al., 2009).

There is a lack of validated screening instruments for the 
detection of co-occurring conditions in ASD. However, a recent 
study demonstrated the validity of the Strengths and Difficulties 
Questionnaire (SDQ) in screening for emotional disorders and 
hyperactivity in adolescents and adults with ASD (Findon et al., 
2016).

Together, these co-occurring disorders have a marked impact 
on functional impairment and caregiver burden, comparable to 
that reported by persons caring for individuals with a brain injury 
(Cadman et al., 2012). Thus, identifying and treating co-occur-
ring disorders in adults with ASD is critical; and this has been 
identified as a priority by health services and agencies (such as 
the UK Department of Health and the US Agency on Healthcare 
Research and Quality).

Pharmacological treatment of core 
symptoms of ASD
In this section, we will initially summarise the results from stud-
ies of pharmacological treatments for the core symptoms of 
ASD (deficits in social communication and interaction, and 
restricted and repetitive interests or behaviours). We will then 
discuss the limitations of the evidence and, finally, proceed with 
recommendations.

Two main approaches have been taken to develop pharmaco-
logical agents for ASD. One is re-purposing treatments from 
other psychiatric disorders that have symptoms in common with 
ASD. The second approach is to target the putative neurobiologi-
cal processes underlying ASD, in some instances by targeting 
potentially more homogenous sub-populations, such as those 
with rare genetic abnormalities who have ASD, for example indi-
viduals with FXS.

In the following sections, we summarise results from the 
pharmacological studies grouped by the system primarily tar-
geted, in children first and then adults. In this and the section on 
co-occurring conditions and symptoms, studies with less than 20 
participants in the intention to treat analysis are described as 
small, studies with 20–45 participants are described as medium, 
and those with more than 50 participants are described as large. 
An overview of study designs and findings is given in 
Supplementary Table 7.

Serotonergic agents

A number of trials of SSRIs have been undertaken but all bar one 
have involved small sample sizes and demonstrated mixed results 
(Supplementary Table 7).

A small study of fenfluramine was conducted in children with 
ASD (Barthelemy et al., 1989) (evidence Ib). Core symptoms were 
assessed using the Behavior Summarized Evaluation scale 
(Barthélémy, 1986). There was no significant difference from base-
line or between the treatment and placebo groups. Reported side 
effects included withdrawal and sadness, and weight loss 
(Barthelemy et al., 1989). Fenfluramine is no longer marketed due 
to serious adverse effects and it is not recommended for use in ASD.

http://journals.sagepub.com/doi/suppl/10.1177/0269881117741766
http://journals.sagepub.com/doi/suppl/10.1177/0269881117741766


10 Journal of Psychopharmacology 32(1)

One large study of citalopram evaluated its effect on repetitive 
behaviours in children with ASD and failed to demonstrate any sig-
nificant improvement on the Clinical Global Impression (CGI) 
Improvement subscale, or on any secondary outcomes including 
the Children’s Yale-Brown Obsessive-Compulsive Scale 
(CY-BOCS) modified for pervasive developmental disorders (King 
et al., 2009) (evidence Ib). In addition, children on citalopram expe-
rienced significantly more adverse events than children given pla-
cebo, particularly increased energy levels, impulsiveness, decreased 
concentration, hyperactivity, increased stereotypy, diarrhoea, initial 
insomnia, dry skin and, in one case, a prolonged seizure (King 
et al., 2009). Citalopram is therefore not recommended for the treat-
ment of core symptoms in children with ASD (evidence Ib). A 
medium-sized study of liquid fluoxetine was conducted in children 
and adolescents with ASD (Hollander et al., 2005). Using a low 
dose of fluoxetine, significant improvement was reported in repeti-
tive behaviours as measured by the CY-BOCS, with an effect size 
of 0.76, but the overall reduction in repetitive behaviours was 
<10%. No significant differences between fluoxetine and placebo 
were reported for side effects (Hollander et al., 2005) (evidence Ib). 
However, another large completed but unpublished study registered 
on Clinicaltrials.gov of children and adolescents with ASD treated 
with fluoxetine was reportedly negative (evidence level Ib) 
(Neuropharm: clinicaltrails.gov, 2012).

In contrast with studies in children, the studies in adults have 
been more consistent. A small study of fluoxetine in six adults 
with ASD showed improvement in the CGI scale in three subjects 
(Buchsbaum et al., 2001) (evidence IIb double down-graded 
because of the small sample size). In addition, two small studies 
showed benefits for fluvoxamine and fluoxetine on measures of 
repetitive behaviours for adults (Hollander et al., 2012; McDougle 
et al., 1996). However, the benefits were small relative to placebo 
and the evidence is limited by the small sample sizes (evidence 
Ib). Therefore, there is not sufficient data to support the recom-
mendation for fluvoxamine or fluoxetine.

A recent Cochrane review concluded that there is no evidence 
to support the use of serotonergic agents in children, whereas 
there are data to support their use in adults, particularly for repeti-
tive behaviours (Williams et al., 2013) (evidence Ia). Fluoxetine 
seems the best tolerated of the serotonergic agents, but it should 
be noted that there have been no head-to-head comparisons of 
fluoxetine against other agents.

Glutamatergic agents

1. Metabotropic glutamate receptor 5 (mGLuR5) antago-
nists: animal models of fragile X syndrome (FXS) have 
shown that in the absence of fragile X mental retardation 
protein (FMRP), encoded by the FMR gene, there is an 
elevation of mGluR5 receptor levels (Dolen and Bear, 
2008). Animal behaviours analogous to ASD symptoms 
are improved by mGluR5 antagonists (Silverman et al., 
2014). Based on these findings, trials in FXS have focused 
on mGluR5 antagonists, such as AFQ056. The first small-
sized study of AFQ056 did not find any statistically sig-
nificant effect on the Aberrant Behaviour Checklist 
(ABC-C) (evidence level Ib), although a post-hoc analysis 
suggested an improvement in the ABC-Social Avoidance 
subscale for a subgroup of patients based upon level of 
FMR1 methylation (Jacquemont et al., 2011) (evidence 

level IIb). Moreover, recent results from two large studies 
failed to demonstrate any efficacy in the primary end-
point, the ABC-C, (Berry-Kravis et al., 2016) (evidence 
level Ib) regardless of FMR1 methylation status. Although 
the authors of these studies suggested that further trials in 
a younger population with longer treatment duration are 
needed in order to fully test the mGluR5 theory (Berry-
Kravis et al., 2016), the current evidence does not support 
the use of AFQ056 and the value of targeting mGluR5 in 
ASD appears in doubt, at least for people with FXS.

2. Memantine is an uncompetitive NMDA antagonist that 
has been used in dementia (Reisberg et al., 2003). 
Preclinical studies have shown that when synaptic gluta-
mate levels are high, memantine blocks NMDA recep-
tors, whereas it has the opposite effect when synaptic 
glutamate levels are low (Parsons et al., 2007). A small 
study of memantine (Erickson et al., 2007) suggested 
promising effects, as measured with the CGI scale, how-
ever a subsequent large study (Aman et al., 2017) in chil-
dren with ASD did not demonstrate any efficacy in either 
primary or secondary outcomes (evidence level Ib). 
Overall, the evidence does not support the routine use of 
memantine.

3. D-cycloserine is a partial agonist at the glycineb site on 
NMDA receptors. Several studies have indicated that it 
is beneficial for the treatment of the negative symptoms 
of schizophrenia (Tsai and Lin, 2010). Based on the 
overlap between negative symptoms in schizophrenia 
and social withdrawal in ASD, Posey et al. (2004) 
 conducted a small study in children with pervasive 
developmental disorder (PDD). Results showed a sig-
nificant improvement on the CGI and social withdrawal 
subscale of the ABC (Posey et al., 2004) (evidence level 
Ib). A recent medium-sized study in children with ASD 
reported that D-cycloserine with adjunctive social skills 
training was superior to placebo at reducing Social 
Responsiveness Scale scores at 22 weeks (Wink et al., 
2017), but not 11 weeks (Minshawi et al., 2016) (evi-
dence level Ib). Thus, while there are some promising 
results, the current evidence does not currently support 
the routine use of d-cycloserine.

4. CX516 is an allosteric positive modulator of AMPA 
receptors that has been trialled in FXS (Berry-Kravis 
et al., 2006). CX516 binds to the AMPA receptor com-
plex, and is thought to slow down the rate of receptor 
closing to promote long-term potentiation (LTP) in the 
hippocampus (Arai et al., 1996). However, a medium-
sized study in adults with FXS reported no significant 
effects on cognitive and behavioural outcome measures 
(Berry-Kravis et al., 2006) (evidence level Ib). Thus, the 
evidence does not currently support the use of CX516.

GABAergic agents

GABAb agonists. GABAb agonists such as arbaclofen activate 
GABA and preclinically inhibit the release of glutamate. Theo-
retically this should restore the balance of E/I neurotransmission 
in ASD. Three trials have been conducted with arbaclofen to 
date, one in individuals with FXS and two in individuals with 
ASD. The first was a medium-sized study in individuals with a 
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full mutation of the FMR gene (Berry-Kravis et al., 2012). 
Although there was no difference in the primary outcome (ABC-
Irritability subscale) (evidence level Ib), post hoc analysis 
showed significant improvements with arbaclofen in the ABC-
Social Avoidance subscale (evidence level IIb). The second study 
was a medium-sized study in children and young people with 
either ASD, PDD or PDD-NOS (Erickson et al., 2014). The 
results showed significant improvement on the primary outcome, 
ABC-Irritability scale, as well as in the Lethargy/Social With-
drawal subscale (Berry-Kravis et al., 2012; Erickson et al., 2014) 
(evidence level IIb). In a recent large study in children and young 
people with ASD (Veenstra-VanderWeele et al., 2016) (evidence 
level Ib), there was no significant change in the primary outcome, 
the ABC-Social Withdrawal Scale, but there was an improve-
ment in secondary outcomes including on the CGI Severity and 
Improvement scale, and the Socialization and Communication 
subscales of the Vineland Adaptive Behavior Scale (VABS) 
(Veenstra-VanderWeele et al., 2016).

Overall, there is insufficient evidence to recommend the rou-
tine use of arbaclofen. Further studies are needed to evaluate this 
further and examine sub-groups (Brondino et al., 2016).

Pregnenolone is a neurosteroid that acts as a positive allosteric 
modulator of GABAA receptors to enhance GABAA receptor 
function (Hosie et al., 2006). A previous functional neuroimaging 
study in healthy volunteers reported that compared to placebo, 
administration of a single oral dose of 400 mg pregnenolone was 
associated with increased connectivity between the amygdala and 
medial prefrontal cortex, and reduced self-reported anxiety 
(Sripada et al., 2013). Subsequently a small study was conducted 
in adults with ASD (Fung et al., 2014). Among the secondary out-
come measures, there was a significant improvement in the ABC-
Lethargy/Social Withdrawal Scale (evidence level IIb). However, 
the study has a number of limitations, including the small sample 
size, open-label design and absence of a placebo group (Fung 
et al., 2014), which means it is premature to base recommenda-
tions on this study. Therefore, large scale, placebo-controlled ran-
domised trials are necessary to test the benefit of pregnenolone 
further before it can be recommended in clinical practice. Until 
then, pregnenolone is not recommended.

Dopamine receptor blockers (antipsychotics)

1. Risperidone is a D2 dopamine receptor subtype antagonist 
and is one of the only two approved medications by  
the European Medicines Agency/Food and Drug 
Administration (FDA) for the treatment of irritability in 
ASD. Several trials have also measured core symptoms of 
ASD. Secondary analysis on participants selected for high 
irritability (McDougle et al., 2005) from the Research 
Units on Pediatric Psychopharmacology (RUPP) study 
((McCracken et al., 2002) has shown significant decreases 
in repetitive behaviours with moderate effect sizes 
(Cohen’s d=0.55), as measured with CY-BOCS scale, and 
paralleled by decreases in ABC-Stereotypy subscale scores 
with large effects (Cohen’s d=0.8) (evidence level IIa 
(downgraded from Ib because it is based on secondary 
analyses). In a post hoc analysis of RUPP and RUPP2 
(Aman et al., 2009; McCracken et al., 2002) risperidone 
studies, significantly greater decreases in ABC-Lethargy/
Social Withdrawal and Hyperactivity subscale scores were 

observed in the risperidone- versus placebo-treated sub-
jects (Scahill et al., 2013) (evidence level IIb). Common 
side effects reported in the studies included weight gain, 
elevated prolactin levels and sedation (seen in 37% of sub-
jects), although sedation subsided after eight weeks of 
treatment (Aman et al., 2005a).

2. Aripiprazole is a D2 dopamine receptor subtype antagonist 
with some partial agonist properties (Kim et al., 2013). It is 
FDA-approved for irritability in ASD. It has been exam-
ined in ASD primarily to treat irritability, but secondary 
analyses have investigated effects for core symptoms. A 
recent Cochrane review of aripiprazole for ASD concluded 
that evidence from two RCTs suggested that it was effec-
tive as a short term medication for some behavioural 
aspects of ASD (Hirsch and Pringsheim, 2016). Significant 
improvements on the ABC-Stereotypy scale and CY-BOCS 
were reported from a large study in children and adoles-
cents with ASD (Marcus et al., 2009) (evidence level IIa) 
(down-graded because this was not the primary outcome 
measure). In addition, a post hoc analysis that combined 
this study with another study (Aman et al., 2010; Owen 
et al., 2009) showed a significant improvement in the ABC 
stereotypic behaviour subscale scores, with greatest change 
on the item for repetitive hand, body or head movement 
(Aman et al., 2010) (evidence level IIa). The most com-
mon side effects reported were sedation (20%) and somno-
lence (10%) (Aman et al., 2010).

Taken together, the studies of dopamine receptor blockers pro-
vide evidence that these agents may be beneficial for the treat-
ment of repetitive behaviours in ASD (evidence level IIa). 
However, there are some caveats: the outcome measures used do 
not differentiate between compulsions and stereotyped behav-
iours, the observed differences versus placebo were modest 
(20%), and the trials were short, hence there is no evidence to 
indicate if benefits are maintained. Furthermore, the level of clin-
ical benefit due to reduction in these behaviours was not deter-
mined and the patient populations were all selected because of 
high levels of irritability, rather than high levels of repetitive 
behaviours. Overall, in view of the potential risk of adverse 
effects, it is not recommended that they are routinely used to treat 
repetitive behaviours. If they are used, a clear treatment goal 
should be agreed and a plan to measure this put in place; the risks 
and benefits should be carefully re-evaluated at regular intervals 
to ensure the balance continues to favour treatment. Furthermore, 
dosages should start small and build up over time.

Other approaches

Methylphenidate. Jahromi and colleagues conducted a four-
week randomised, double-blind crossover sub-study of placebo 
in children with PDD and high levels of ADHD symptoms (Jah-
romi et al., 2009), as a part of a larger methylphenidate ASD trial 
(see below). Observational measures assessing social communi-
cation and self-regulation were recorded at each medication dose.

Sub-analysis of data from a larger methylphenidate ASD trial 
(Research Units on Pediatric Psychopharmacology (RUPP) 
Autism Network, 2005) in children with symptoms of ADHD 
reported dose-dependent improvements in joint attention and self-
regulation (Jahromi et al., 2009). There was a moderate effect size 
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(Cohen’s d=0.49) benefit for the best dose versus placebo for joint 
attention initiations and a moderate-large effect size (Cohen’s 
d=0.61) for regulated affective state scores (Jahromi et al., 2009) 
(evidence level Ib). It is unclear whether these results are medi-
ated by improvement in ADHD symptoms. Moreover, there is no 
theoretical reason to expect these findings generalise to individu-
als with ASD who do not have high levels of ADHD symptoms.

Oxytocin. Evidence from genetic and preclinical studies sug-
gests that oxytocin plays a role in social recognition, attachment 
and stereotyped behaviours (Carter, 1998; Insel et al., 1999).

A small pilot study of intranasal oxytocin was conducted in 
adults with ASD (Anagnostou et al., 2012). This study reported 
no significant changes in the primary outcome measure (the 
Diagnostic Analysis of Nonverbal Accuracy and Repetitive 
Behaviour Scale Revised). However, there were significant 
changes in secondary outcomes, specifically the Reading the 
Mind in the Eyes Test, a measure related to social communica-
tion, and a quality of life questionnaire (Anagnostou et al., 2012). 
A further small study in adults with ASD reported a significant 
improvement in social reciprocity, as assessed by the ADOS. The 
effect size was large (Cohen’s d=0.78), and improvement was 
correlated with increased functional connectivity between the 
anterior cingulate cortex and medial prefrontal cortex (Watanabe 
et al., 2015) (evidence level Ib). Results from studies in children 
and young people are also inconsistent. Guastella et al. (2015) 
conducted a medium-sized study in adolescent male individuals 
with ASD (evidence level Ib). Results did not suggest any clini-
cal efficacy in primary outcomes including change in the Social 
Responsiveness Scale as rated by caregivers and the clinician 
rated CGI-Improvement scale. (Guastella et al., 2015) (evidence 
level Ib). A recent medium-sized study with intranasal oxytocin 
in young children showed significant improvement in the pri-
mary outcome of caregiver-rated social responsiveness (Yatawara 
et al., 2016) (evidence Ib).

In summary, the evidence for oxytocin shows some promise, 
but also inconsistencies, with the largest study failing to find 
clear benefits. Moreover, direct replications are lacking due to 
studies using different outcome measures. There are also few 
findings of improvements that directly relate to real world func-
tion. Additionally, little is known about the side effects of longer-
term exposure to oxytocin (Okamoto et al., 2016). In sum, further 
studies are required to fully investigate oxytocin before it can be 
recommended for routine use.

Recommendations

Overall, the evidence is currently too limited to support the rou-
tine use of any of the agents discussed above for the core symp-
toms of ASD. Although risperidone and aripiprazole have both 
shown modest efficacy for the management of repetitive behav-
iours (evidence level IIa), these studies focussed on individuals 
with high levels of irritability and it is unclear whether the find-
ings would generalise to the wider ASD population. Furthermore, 
side effects should be carefully considered. Oxytocin has shown 
some encouraging preliminary results for deficits in social cogni-
tion (evidence level Ib), although large scale randomised clinical 
trials for assessment of benefits for clinical outcomes and func-
tioning and side effects of long-term exposure are warranted.

Clinical trials for ASD core symptoms in 
progress

There are at least 12 active studies of oxytocin currently underway 
and there is also one large phase 2 study of vasopressin in children 
with ASD (NCT01962870). Insulin growth factor-1 (IGF-1) is 
another promising target. Based on findings from preclinical stud-
ies, where it has been shown that IGF-1 ameliorates synaptic and 
behavioural deficits in SHANK3 deficient mice (Bozdagi et al., 
2010, 2013), Kolevzon et al. conducted a small-scale feasibility 
study of IGF-1 treatment in nine children with PMS. Interestingly, 
this showed a statistically significant improvement in social 
impairment and restrictive behaviours (Kolevzon et al., 2014). 
Currently a large study on IGF-1 is taking place in children with 
ASD (NCT01970345), and the results of this, and further work on 
the potential long-term effects of IGF-1, are awaited.

Consensus recommendations of pharmacological manage-
ment of core symptoms

•• Evidence from clinical trials to date has not demonstrated 
clear efficacy for the use for any agent in the routine man-
agement of ASD core symptoms. (S)

•• There is some evidence for the use of risperidone and ari-
piprazole in the management of repetitive behaviours but, 
in view of the potential adverse effects, routine use is not 
recommended for treating repetitive behaviours. If used, 
clinicians should weigh up the risks and benefits and re-
evaluate these regularly. (B)

In the next sections, we summarise the results from studies of 
pharmacological treatments for co-occurring conditions and 
symptoms in ASD, discuss the limitations of the evidence, and 
finally, proceed with recommendations. As many co-occurring 
conditions and symptoms vary by age, we discuss findings in 
children separately (in the following section) from findings in 
adults (in the subsequent section). An overview of study designs 
and findings is given in Supplementary Table 8.

Pharmacological treatment of co-
occurring conditions and symptoms in 
children with ASD

Treatment of depression in children with 
ASD.

SSRIs and other antidepressants are widely prescribed for peo-
ple with ASD (Coury et al., 2012). However, there have been no 
rigorous studies that have investigated the role of SSRIs in treat-
ing mood disorders in children with ASD. Given the lack of 
direct evidence for SSRIs in ASD, the use of SSRIs to treat 
depression is therefore based on extrapolation from trials in 
patients without ASD (see BAP guidelines on major depression 
for recommendations; Cleare et al. (2015)). An additional con-
sideration is the evidence of increased sensitivity to side effects 
of SSRIs (see chapter on pharmacological treatments of core 
symptoms) seen in children with ASD (King et al., 2009) (evi-
dence level Ib). We therefore recommend that SSRIs should be 
used in low doses and titrated up gradually and monitored care-
fully for side-effects.

http://journals.sagepub.com/doi/suppl/10.1177/0269881117741766
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Treatment of anxiety and OCD in children 
with ASD

Although pharmacological treatment of anxiety disorders has not 
been studied specifically in ASD, symptoms of obsessive-com-
pulsive disorder (OCD) and anxiety have been investigated in a 
number of trials.

Risperidone. A medium-sized trial in participants with ASD and 
high levels of irritability (but not necessarily anxiety) at two dose 
ranges (lower=0.125–0.175 mg/day; higher=1.25–1.75 mg/day) 
found improvement in OCD symptoms only in the high-dose 
group (Kent et al., 2013) (evidence level IIa). Similarly, a large 
study reported significant, albeit modest, improvements in OCD 
symptoms after risperidone treatment at 2 mg/day (McDougle 
et al., 2005).

In addition to improving symptoms of OCD, there is also evi-
dence that risperidone may be effective at treating general symp-
toms of anxiety in ASD too. A medium-sized trial of risperidone 
in participants with ASD and high levels of irritability reported 
significant improvement relative to placebo on the insecure/anx-
ious scale of the Nisonger Child Behavior Rating Form (N-CBRF) 
(parent version) (Shea et al., 2004) (evidence level IIa). However, 
it should be noted that a 16-week open-label study of 26 ASD 
child responders to risperidone reported increased anxiety in the 
mild-moderate range as a side-effect of treatment (Troost et al., 
2005) (evidence level IIa).

Clomipramine. One small study that investigated clomipramine 
in children with ASD reported a significant improvement in OCD 
symptoms (Gordon et al., 1993) (evidence level IIa). However, 
cardiovascular side effects of clomipramine can be significant, 
and reports of treatment-emergent seizures have been noted (All-
dredge, 1999; Pacher and Kecskemeti, 2004).

SSRIs. Two large studies have reported no effect of SSRIs (cita-
lopram and fluoxetine) on obsessive-compulsive symptoms 
(Hollander et al., 2005; King et al., 2009). Neither drug was 
effective at reducing symptoms of OCD (evidence level IIa).

Overall, there is little or no evidence for treating anxiety or 
OCD symptoms with risperidone, clomipramine or an SSRI. 
The studies of risperidone are limited to participants with high 
levels of irritability and did not select participants on the basis of 
clinically significant anxiety or OCD symptoms. Hence it is 
unclear whether any positive effects are clinically meaningful or 
pertain to those with co-occurring anxiety/OCD. The same 
applies to studies of SSRIs, although here the combined evi-
dence failed to identify an effect on anxiety or OCD symptoms. 
In view of the limited evidence, we recommend cautiously fol-
lowing the BAP guidelines for treating anxiety and OCD 
(Baldwin et al., 2014).

Treatment of sleep problems in children with 
ASD

Melatonin. A meta-analysis of five small studies supports the use 
of melatonin for sleep disorder in ASD (Rossignol and Frye, 2011) 
(evidence level Ia). Sleep duration was increased (the mean increase 
was 73 min versus baseline and 44 min versus placebo) and sleep 

onset latency decreased (mean decrease of 66 min compared with 
baseline, and in comparison with a 39 min decrease with placebo). 
However, there were no changes in night-time awakenings in chil-
dren with ASD (Rossignol and Frye, 2011). The length of melato-
nin usage in these studies ranged from 14 days to over four years. 
Melatonin use was associated with minimal to no side effects. A 
further large study reported a small increase in total sleep time (by 
a mean of 22 min) and an improvement in sleep onset (with a mean 
improvement of 38 min), though waking times became earlier too 
(Gringras et al., 2012). There is also evidence that melatonin com-
bined with cognitive-behavioural therapy (CBT) is superior to mel-
atonin only, CBT only and placebo in reducing symptoms of 
insomnia (Cortesi et al., 2012). The combination group also had a 
greater proportion of treatment responders reaching clinically sig-
nificant improvements and fewer dropouts after 12 weeks (Cortesi 
et al., 2012) (evidence level Ib). Thus, overall, melatonin has proven 
to be an effective and well-tolerated drug in treating sleeping prob-
lems in children with ASD. Adding a behavioural intervention may 
be of additional value, at least in the short-term.

Treatment of irritability in children with ASD

Common irritability symptoms seen in children with ASD 
include severe tantrums, aggression or self-injurious behaviours. 
It is important to note that irritability is more common in indi-
viduals with ASD and a co-occurring mood or anxiety disorder 
(Mayes et al., 2011). It is therefore important to consider and 
treat, if warranted, any co-occurring mood or anxiety disorder.

Risperidone was the first antipsychotic to receive approval 
by the USA FDA for irritability in ASD (Food and Drug 
Administration, 2006). It has been widely studied, with evi-
dence from 10 RCTs reporting its efficacy (evidence level Ib). 
Several small studies have reported reductions in irritability 
with large effect sizes (0.7–1.03; Kent et al., 2013; Shea et al., 
2004). Similarly, a large multi-site study reported a 57% reduc-
tion in irritability (effect size=1.2; McCracken et al., 2002). The 
most commonly reported side effects of risperidone were 
weight gain, increased appetite, fatigue, drowsiness and drool-
ing. Long-term (six months) use of risperidone has been inves-
tigated by two small studies. Risperidone appears to be tolerated 
reasonably well but long-term (six months) use was associated 
with persistent side-effects, including increased appetite, 
weight gain, mild sedation, hypersalivation and hyperprolacti-
naemia (Luby et al., 2006; Nagaraj et al., 2006) (evidence level 
Ib). Hyperprolactinaemia, which is potentially caused by a 
blockade of dopamine receptors in the tubero-infundibular sys-
tem (Howes et al., 2009), may normalise over the long-term 
(Findling and McNamara, 2004), however there is also evi-
dence of increased prolactin after six months of treatment (Luby 
et al., 2006). In comparison to haloperidol, risperidone seems to 
be better tolerated with a smaller sedative effect and a lower 
risk of extrapyramidal symptoms (Miral et al., 2008).

Aripiprazole has also been approved by the FDA for the treat-
ment of irritability in children with ASD (Waknine, 2010) and its 
effects studied in several RCTs. This evidence has been meta-
analysed by Douglas-Hall et al. (2011) which reported a signifi-
cant reduction in irritability relative to placebo with an effect size 
of 0.64 after eight weeks of treatment (evidence level Ib; down-
graded because this study included only two RCTs (total n=316, 
dose range=2–15 mg/day). Similar to risperidone, side-effects of 
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aripiprazole included sedation, fatigue and increased appetite. 
Vomiting was also reported by some children. It is also notewor-
thy that no increase in serum prolactin was observed in the ari-
piprazole studies and reductions were seen in some children. This 
suggests that aripiprazole is preferable to risperidone in cases 
with concerns regarding hyperprolactinaemia. A line-item analy-
sis of the ABC-I from the two RCTs revealed that aripiprazole 
had no effect on self-injurious behaviour, which was attributed to 
low baseline rates (Aman et al., 2010). Thus, although the con-
struct of irritability includes self-injury, aripiprazole may not be 
helpful specifically for this symptom. A similar item analysis has 
not been performed for risperidone so it is unclear how this drug 
compares for self-injury.

A large long-term study of aripiprazole reported that the ben-
efits of aripiprazole on irritability were maintained over the 
study period (Marcus et al., 2011). However, discontinuation 
due to side effects occurred in about 10%, with aggression and 
weight increase being the most commonly reported. No addi-
tional safety concerns were identified besides those evident in 
short-term exposure. Therefore, both risperidone and aripipra-
zole appear to retain most of their initial benefits on irritability 
seen in acute studies, and both agents are suitable for longer 
periods of treatment, with appropriate routine safety 
monitoring.

In conclusion, there is a reasonable body of evidence indicat-
ing that risperidone and aripiprazole are effective at treating irri-
tability in ASD with moderate to large effect sizes. However, 
their potential benefits should be weighed against the risk of side 
effects. Behavioural and/or educational interventions should be 
considered prior to prescribing these drugs, given their side-
effect profiles. It is recommended that if an antipsychotic is 
started, treatment targets should be set and progress against these 
regularly evaluated, and weighed against side-effects (including 
relevant medical assessments and laboratory tests) during treat-
ment reviews. In view of the risk of persistent side-effects, we 
also recommend periodic attempts to reduce the daily dosage and 
discontinue to either confirm the necessity for on-going expo-
sure, or establish that the need for the drug has resolved.

Other approaches to treating irritability in 
children with ASD

Minocycline has been investigated in an open-label add-on pilot 
study of individuals with FXS (Paribello et al., 2010). Minocycline 
significantly reduced irritability ratings and improved secondary 
outcome measures, including the CGI-I (average score ‘mildly 
improved’) and a visual analogue scale (VAS) for behaviour 
(Paribello et al., 2010) (evidence level IIb). The most common 
side effects were dizziness and diarrhoea. A medium-sized trial 
also in subjects with FSX reported a modest improvement (2.49 
versus 2.97, minocycline versus placebo respectively) on CGI-I 
ratings, but not in any of the secondary outcomes including the 
ABC–C scale (Leigh et al., 2013) (evidence level Ib). Overall, 
minocycline’s potential benefit for reducing irritability needs 
additional study before routine use can be recommended, particu-
larly in non-FSX ASD populations.

Arbaclofen has been studied in children with ASD for irrita-
bility with inconsistent findings to date. One open-label study 
reported significant improvement on irritability ratings (Erickson 
et al., 2014) but two medium and large controlled trials reported 

no change on irritability ratings (Berry-Kravis et al., 2012; 
Veenstra-VanderWeele et al., 2016) (evidence level Ib).

Amantadine is a non-competitive NMDA antagonist. Despite 
encouraging case reports and small open-label studies, a small 
controlled trial by King et al. (2001) reported no effect of aman-
tadine on responder rate or irritability ratings (evidence Ib). 
However, there were significant (albeit, modest) differences in 
clinician ratings for hyperactivity (amantadine reduction of –6.4 
versus placebo reduction of –2.1) and inappropriate speech 
(amantadine reduction of –1.9 versus placebo reduction of 0.4) 
(King et al., 2001) (down-graded to evidence level IIa as a sec-
ondary analysis). No parent-reported measures were identified as 
being significantly different. Thus, current evidence does not 
support the use of amantadine for irritability.

In view of the limited data available for minocycline, ran-
domised, double-blind controlled studies are required before rec-
ommendations can be made. The current evidence does not 
support the use of arbaclofen or amantadine for irritability.

Treatment of ADHD and hyperactivity 
symptoms in children with ASD

Methylphenidate has been reported as an effective treatment for 
ADHD in children with ASD by a meta-analysis of four studies 
(effect size=0.67) (evidence level Ia, but note this is based on 
only four studies) (Reichow et al., 2013). A variety of different 
ADHD outcome measures were used in these studies and the 
duration of exposure ranged between 1–4 weeks (see  
Supplementary Table 8).  There is also evidence that the response 
rate to methylphenidate in individuals with ASD and ADHD is 
lower than in individuals with ADHD without ASD. For exam-
ple, one medium-sized study reported a response rate of 50% in 
ASD subjects with symptoms of ADHD (Research Units on 
Pediatric Psychopharmacology Autism Network, 2005) com-
pared to response rates of 70–80% in children with ADHD with-
out ASD (Jensen, 1999). The severity of side-effects may also be 
greater in individuals with ASD and ADHD compared to indi-
viduals with ADHD without ASD. Discontinuation rates due to 
side effects were much higher in the ASD study (18%) compared 
to the non-ASD study (1.4%) (Jensen, 1999; Research Units on 
Pediatric Psychopharmacology Autism Network, 2005). The 
most commonly reported side effects in children with ASD were 
decreased appetite, sleeping difficulties, abdominal discomfort, 
social withdrawal, irritability and emotional outbursts, mostly 
similar to those seen in the treatment of ADHD for people with-
out ASD. Taken together, these findings suggest that, although 
effective, methylphenidate may not be as effective in people with 
ASD as in people with ADHD and that individuals with ASD are 
more likely to experience side-effects.

Atomoxetine, a non-stimulant drug for ADHD is an alterna-
tive to methylphenidate. Evidence from one small and one 
medium study demonstrate improvement in symptoms of hyper-
activity but not inattention (Hedge’s g=0.83, effect size d=0.90) 
(Arnold et al., 2006; Harfterkamp et al., 2012) (evidence level 
Ib). The most common side effects were nausea, fatigue and 
sleeping difficulties (Arnold et al., 2006). A further large study 
investigated individual and combined-effectiveness of atomoxe-
tine and parent training (PT). Atomoxetine, (both alone and com-
bined with PT) significantly reduced ADHD symptoms (Handen 
et al., 2015). The authors conducted a 24-week extension study 
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demonstrating that atomoxetine combined with PT was superior 
at reducing ADHD symptoms than atomoxetine alone (Smith 
et al., 2016). The effect sizes reported in the atomoxetine studies 
(0.59–0.98) are similar to the effect size reported for methylphe-
nidate in children with ASD (0.67) (Research Units on Pediatric 
Psychopharmacology Autism Network, 2005), suggesting equiv-
alent efficacy.

The α2A receptor agonist antihypertensive-drugs clonidine, 
guanfacine and lofexidine have also been examined as treatments 
for ADHD in children with ASD.

Clonidine. Two small studies have reported improvements in 
symptoms ADHD – in particular, symptoms of hyperactivity 
(Fankhauser et al., 1992; Jaselskis et al., 1992) (evidence level 
IIa down-graded because of the small sample sizes). Reported 
side-effects included sedation, drowsiness, fatigue and decreased 
activity. Guanfacine appears to be less sedating than clonidine 
with promising evidence for its efficacy according to two studies 
(one small, one medium) (Scahill et al., 2006, 2015) (evidence 
level Ib). The study authors report a response rate of 50%, which 
is comparable to the group’s earlier methylphenidate response 
rate of 48% (Research Units on Pediatric Psychopharmacology 
(RUPP) Autism Network, 2005). Notable side-effects included 
drowsiness, irritability, reduced blood pressure and bradycardia. 
There is some preliminary evidence for lofexidine based on one 
small, non-randomised study, which reported significant 
improvement in ADHD (in particular, hyperactivity) (Nieder-
hofer et al., 2002), but this is insufficient evidence to support 
routine use (evidence level Ib).

In summary, there is good evidence that methylphenidate is 
an effective treatment for co-occurring ADHD in children with 
ASD. Atomoxetine should be considered as a good alternative to 
methylphenidate. There is also promising evidence for α2A 
receptor agonists, which should also be considered as alternatives 
amongst those who are not responsive or intolerant to this class 
of medication. Reports suggest that risperidone and aripiprazole 
significantly improve scores on the ABC-H relative to placebo, 
suggesting these drugs may also be useful. Further studies are 
required in samples of ASD+ADHD to confirm their effective-
ness, since the samples were not selected for ADHD and the 
ABC-H was not the primary outcome measure. Treatment effect 
sizes are generally lower in ASD than typically developing popu-
lations, and, at least for stimulants, levels of adverse effects are 
higher. Close periodic monitoring of side effects (including rele-
vant medical assessments) is thus of high importance where these 
treatments are used in ASD.

Pharmacological treatment of co-
occurring conditions and symptoms in 
adults with ASD

Treatment of depression in adults with ASD

The evidence for treating mood disorders in adults with ASD is 
very limited. Only one SSRI (fluoxetine) has been studied in adults 
with ASD (Buchsbaum et al., 2001). This small study reported no 
change in depression relative to placebo (Buchsbaum et al., 2001) 
(evidence level IIa). Secondary analysis of risperidone in a trial for 
repetitive behaviours demonstrated significant reductions on a 

VAS for mood in a non-clinically depressed group (McDougle 
et al., 1998). The efficacy of risperidone for clinical depression in 
ASD remains to be tested.

Given the limited evidence-base of studies in ASD groups, 
we recommend following the BAP guidelines for treating 
depression in ASD (Cleare et al., 2015). These should be applied 
cautiously given the apparent increased propensity for behav-
ioural activation associated with antidepressants in youth with 
ASD and that these guidelines are not specific to people with 
ASD (Vasa et al., 2014).

Treatment of anxiety and OCD in adults with 
ASD

Evidence for treating anxiety in adults with ASD is also limited 
and studies have been mainly focused on obsessive/compulsive 
symptoms.

1. Fluoxetine has been studied for anxiety in ASD in two 
small studies. One reported a significant improvement in 
obsessions but not compulsions (Buchsbaum et al., 2001) 
(evidence level IIa) and the other reported a significant 
reduction in self-reported compulsions (Hollander et al., 
2012) (evidence level Ib). No change in compulsions was 
found in ratings by independent observers.

2. Fluvoxamine has been reported to reduce symptoms of 
both obsessions and compulsions by one small study at 
eight and 12 weeks (McDougle et al., 1996) (evidence 
level Ib). Apart from nausea and mild sedation in a few 
patients, fluvoxamine was well tolerated.

3. Risperidone was reported to reduce symptoms of anxiety/
nervousness on a clinician-rated VAS and self-reported 
compulsions in a study of repetitive behaviours in ASD 
(McDougle et al., 1998) (evidence level Ib). The partici-
pants all scored above 10 on the Y-BOCS compulsion 
subscale at entry, indicating at least mild severity at 
baseline.

In summary, benefits have been reported in small studies 
using SSRIs as a treatment for anxiety disorders, predominantly 
OCD, in adults with ASD. Although SSRIs are generally well 
tolerated, the beneficial effects are modest, and the evidence is 
limited. There is currently insufficient evidence to recommend 
risperidone. In view of the limited specific evidence in ASD, we 
therefore recommend following the BAP guidelines for treating 
anxiety (Baldwin et al., 2014), but, as with the treatment of mood 
disorders, we would recommend proceeding cautiously.

Treatment of sleep problems in adults with 
ASD

Despite the evidence for its effectiveness in children with 
ASD, there are currently no published clinical trials of mela-
tonin in adults with ASD. One small (n=6) retrospective study 
reported that melatonin was effective in reducing sleep onset 
latency and nocturnal awakenings and improved total sleep 
time (Galli-Carminati et al., 2009) (evidence level III). Effects 
remained after six months and no side effects were noted dur-
ing the therapy.
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Given the limited evidence, recommendations must be made 
by extrapolation from studies in children and adults without 
ASD. We recommend following the BAP guidelines on sleep dis-
orders (Wilson et al., 2010) with the same general caveats dis-
cussed for mood and anxiety disorders. In addition, it is worth 
considering an early trial of melatonin, in view of the benefit in 
children, and its favourable side-effect profile. We do not recom-
mend the prolonged use of benzodiazepines and related GABA-
agonists due to the risk of tolerance and side-effects, in line with 
the BAP guidelines on sleep disorders.

Treatment of irritability in adults with ASD

Treating irritability has been less well studied in adults than it has 
been in children with ASD.

Risperidone was reported to significantly reduce symptoms 
of irritability and aggression in a small study after 12 weeks 
(McDougle et al., 1998) (evidence level IIa). The same group 
also investigated fluvoxamine in a small study that reported a 
reduction in aggression after 12 weeks of treatment (McDougle 
et al., 1996) (evidence level IIa). In both these studies, irritabil-
ity and aggression were not the primary outcome measures. A 
small study of fluoxetine reported no effect on irritability, 
although this was not the primary outcome of this (Hollander 
et al., 2012) (evidence level IIa). A small study of pregnenolone 
reported significant improvement in irritability (Fung et al., 
2014) (evidence level IIb).

In summary, there is limited evidence to guide the treatment 
of irritability in adults with ASD. A dopamine blocker such as 
risperidone or SSRI could be tried cautiously and side-effects 
should be carefully monitored (including relevant medical 
assessments and laboratory tests). Alternatives such as 

behavioural approaches should also be considered first (see 
section on non-pharmacological approaches below). Further 
studies on pregnenolone are warranted.

Treatment of ADHD in adults with ASD

There have not been any RCTs that have investigated the role of 
stimulant or non-stimulant medications in treating ADHD in 
adults with ASD. In view of this we recommend cautiously fol-
lowing the BAP guidelines for treating ADHD (Bolea-Alamañac 
et al., 2014), with the same general caveats discussed above for 
mood and anxiety disorders.

Treatment of tic and Tourette syndrome in 
ASD

No current studies are available for treating tic disorders in chil-
dren or adults with ASD specifically. A recent review (Whittington 
et al., 2016) on tic disorders in the absence of ASD reported evi-
dence favouring the use of the a2-adrenergic receptor agonists 
clonidine and guanfacine (standardised mean difference= −0.71; 
95% confidence interval (CI) −1.03 to −0.40; evidence level Ia). 
This was based on four trials with a total n=164. As there are no 
studies on treating tic disorders in ASD we would recommend 
that the decision on using α2A receptor agonists with ASD is 
made on a case-by-case basis.

Summary

Most RCTs in ASD have centred on children and adolescents, 
and have overwhelmingly been focused on symptoms, 

Table 1. Consensus recommendations: Pharmacological treatment of co-occurring conditions and symptoms in children and adults with ASD.

Children Adults

Mood disorders Decision on treatment needs to be made on a case-by-
case basis. Follow the BAP guidelines for treating depres-
sion. (S)

Decision on treatment needs to be made on a case-by-case 
basis. Follow the BAP guidelines for treating depression. (S)

Anxiety disorders Consider a cautious trial of an SSRIs followed by risperi-
done if poor response. Monitor for worsening of anxiety 
in some children. (B)

Decision on treatment needs to be made on a case-by-case 
basis.
Follow the BAP guidelines for treating anxiety. (S)

Sleep disorders Melatonin, if possible, in combination with a behavioural 
intervention. (A)
Prolonged use of benzodiazepines and related GABA 
agonists is not recommended. (S)

Melatonin, if possible, in combination with behavioural inter-
vention (extrapolation from findings in children). (S)
Prolonged use of benzodiazepines and related GABA agonists is 
not recommended. (S)

Irritability Risperidone or aripiprazole but only when behavioural or 
educational approaches have failed. (A)

Decision on treatment needs to be made on a case-by-case 
basis.
Aripiprazole or risperidone or an SSRI should only be considered 
cautiously and after considering alternatives. (S)

ADHD First line: methylphenidate.
Second line: atomoxetine, or α2A receptor agonist.
Children with ASD may experience more side-effects and 
show less response than non-ASD patients with ADHD. (A)

Decision on treatment needs to be made on a case-by-case 
basis.
Follow the BAP guidelines for treating ADHD. (S)

Tic disorders 
and Tourette 
syndrome

Decision on treatment needs to be made on a case-by-
case basis. (S)

Decision on treatment needs to be made on a case-by-case 
basis. (S)

ADHD: attention deficit/hyperactivity disorder; ASD: autism spectrum disorder; BAP: British Association for Psychopharmacology; GABA: gamma-aminobutyric acid; SSRI: 
selective serotonin re-uptake inhibitor.
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not co-occurring disorders. There is some limited evidence to 
suggest that both treatment response and side effects to phar-
macological interventions differ from the general population, 
suggesting extrapolation from findings in non-ASD popula-
tions should be made cautiously (evidence level IIb). Currently 
the best studied medication classes include dopamine blockers 
to target irritability and drugs targeting ADHD symptoms 
(methylphenidate, atomoxetine, α2A receptor agonists). 
Secondary data analyses suggest the antipsychotics have mod-
est benefits on repetitive behaviours. However, there remain 
very significant gaps in knowledge particularly with respect to 
some of the most common co-occurring conditions (e.g. anxi-
ety and mood disorders) and some of the most widely pre-
scribed drugs (e.g. antidepressants).

Consensus recommendations of pharmacological treatment of 
co-occurring conditions and symptoms in children and adults 
with ASD can be found in Table 1.

Non-pharmacological approaches for 
core symptoms of ASD in children
A full analysis of psychological interventions for ASD is 
beyond the scope of these guidelines. However, we summarise 
key elements of the evidence to provide context for the other 
aspects of management discussed, particularly drawing on 
recent National Institute for Health and Clinical Excellence 
(NICE) (National Institute for Health and Clinical Excellence, 
2013) and US Agency for Healthcare Research and Quality 
(AHRQ) (Weitlauf et al., 2014) reviews of behavioural 
interventions. 

Social-communication interventions

Individual focused interventions can be delivered to young 
children. They are commonly mediated by parents, teachers or 
peers and can be combined with joint-attention approaches and 
applied behaviour analysis (ABA). These interventions typi-
cally include developing patterns of communication that are 
directed by the child’s interest in activities, repeating back or 
expanding on what the child says, sitting close to the child and 
making eye-contact and using mirroring/imitation of the 
child’s actions. Parent-mediated interventions use parent-train-
ing programmes to improve parental sensitivity and respon-
siveness to child communication through techniques such as 
therapist-lead instruction and video feedback. Most pro-
grammes available for parents of children with ASD have been 
developed specifically for young preschool children with ASD. 
The effectiveness of such programmes has been assessed by 
NICE (National Institute for Clinical Excellence, 2012). This 
found there was evidence of efficacy for some of these pro-
grammes over treatment as usual (TAU) at reducing symptoms 
of social interaction impairment including communication 
acts, parent–child joint attention and joint engagement. 
However, these effects were small and often not clinically 
meaningful. For example, Green et al. (2010) compared the 
Preschool Autism Communication Trial (PACT) to TAU. 
ADOS-G scores were reduced by 3.9 points in the PACT group 
and 2.9 points in the TAU group, representing a between group 
effect size of –0.24. However, both parent synchrony and child 
initiations were improved in the short-term by the PACT 

treatment (Green et al., 2010) and recent long-term follow-up 
has reported reduced ASD symptoms as measured by the 
ADOS and sustained increases in child initiations six years 
after treatment ended (Pickles et al., 2016). Similarly, a RCT of 
Hanan’s ‘More Than Words’ intervention versus TAU found no 
main effect of treatment on child outcomes immediately or at 
five months after treatment (Carter et al., 2011). However, 
there were gains on child communication at nine months which 
were moderated by baseline object interest (lower object 
interest=greater gains). Two further RCTs of parent-mediated 
interventions published after the NICE and AHRQ reviews 
indicate improvements in parent–child interactions (Kasari 
et al., 2014; Wetherby et al., 2014).

Peer-mediated social-communication interventions can be 
delivered to school-aged children. These typically involve free-
play sessions between a child with ASD and typically-developing 
children who have undergone preparatory training. There is evi-
dence (level Ib) of the effectiveness of such interventions on the 
core feature of reciprocal social communication and peer–child 
joint engagement from four RCTs and one non-randomised trial 
(see recent review by Chang and Locke (2016)). However, most 
of these studies were conducted with high functioning children 
with ASD. Hence there is a need for further research to establish 
the effectiveness of peer-mediated interventions in other age and 
functional groups with ASD.

There is also evidence (level Ib) of modest gains on the 
quality and frequency of social play after the parent-assisted 
‘Children’s Friendship Training (CFT)’ social skills group 
training programme (Frankel et al., 2010). This programme has 
also shown effectiveness on social skills in children with 
ADHD (Frankel et al., 1995, 1997) and children with foetal 
alcohol spectrum disorders (O’Connor et al., 2006). The CFT 
and other similar social skills interventions (Koenig et al., 
2010; Lopata et al., 2010) typically involve mixed clinical 
groups with or without typically developing peers and the 
teaching of social skills through instruction, modelling, 
rehearsal, role-play, performance feedback and homework. 
The CFT programme has been adapted for adolescents and 
found to have beneficial effects on social skills among teens 
13–17 years of age (Laugeson et al., 2009).

Behavioural interventions

Although not explicitly recommended in the NICE guidelines, the 
AHRQ review found evidence that a number of interventions 
based on high-intensity ABA applied over an extended time-frame 
had a positive effect on cognitive functioning and language skills 
(Weitlauf et al., 2014). These interventions include the Learning 
Experiences and Alternative Program for Preschoolers and their 
Parents (LEAP), the Lovaas Model and the Early Start Denver 
Model (ESDM). Of the 10 studies included in the AHRQ review, 
only two were RCTs and both were conducted in the USA 
(Dawson et al., 2010, 2012; Strain and Bovey, 2011), where health 
and education services may not readily generalisable to other set-
tings. There is also evidence (level Ib) for combined joint atten-
tion training and ABA-based interventions. Two studies reviewed 
by NICE (Kasari et al., 2006; Landa et al., 2011) showed large 
effects (standardised mean difference [SMD]=1.11) of additional 
joint-attention training for the child responding to joint attention 
during child–examiner interactions, moderate to large effects 
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(SMD=0.55–0.69) on the duration of child-initiated joint attention 
during mother–child interaction and moderate effects (SMD=0.69) 
on pointing during examiner–child interaction. However, there is 
criticism that ABA does not generalise beyond the skills trained 
and thus should be combined with other interventions to promote 
the use of skills across settings (Smith, 2001). Hence, the effec-
tiveness of ABA may be limited to the specific skills taught.

Alternative interventions

A number of alternative therapies, such as exclusion diets, 
secretin, chelation and hyperbaric oxygen therapy, have been 
tried for ASD. The evidence available indicates that exclusion 
diets such as gluten- or casein-free diets should not be rou-
tinely used for the management of core features of ASD 
(National Institute for Health and Clinical Excellence, 2013). 
Moreover, the available evidence indicates that secretin treat-
ment is not effective (Sandler et al., 1999). Chelation and 
hyperbaric oxygen therapy are potentially harmful with little 
evidence of benefit and should not be used to manage ASD in 
any context (Davis et al., 2013; Goldfarb et al., 2016; National 
Institute for Clinical Excellence, 2012).

Recommendations

We recommend considering a specific social-communication 
intervention for the core features of ASD in children and adoles-
cents that includes play-based strategies with parents, carers and 
teachers to increase joint attention, engagement and reciprocal 
communication. These interventions may also support the par-
ents’, carers’, teachers’ or peers’ understanding of, and sensitivity 
and responsiveness to, the child or young person.

Consensus recommendations of non-pharmacological 
approaches for children and adolescents

1. A specific social-communication intervention should be 
offered to children and adolescents according to their 
developmental level. (A)

2. Social skills training should be offered to adolescents in 
either group or individual sessions. (A)

3. Exclusion diets and secretin, chelation and hyperbaric 
oxygen therapy should not be used for the management 
of ASD in children or adolescents. (D)

Psychological approaches to ASD in 
adults
A full analysis of psychological approaches for adults with ASD 
is beyond the scope of these BAP guidelines. In the following 
section, we summarise the key points to provide context for other 
aspects of management considered, drawing on the NICE guide-
lines and AHRQ review.

Social learning programmes

NICE guidelines recommend group- or individual social learning 
programmes for adults with ASD without a learning disability 
(LD) or with a mild to moderate LD, who have problems with 

social interaction. Social learning programmes to improve social 
interaction deficits apply behavioural therapy techniques within a 
social learning framework, such as using video modelling, peer/
individual feedback, imitation and reinforcement to teach con-
ventions of social engagement. There is evidence (level III) from 
observational studies in adults with ASD that suggest social skills 
groups may be effective at improving social interaction (Hillier 
et al., 2007; Howlin and Yates, 1999). However, the only RCT of 
social skills training found no positive treatment effect of emo-
tion recognition training on general emotion recognition (Golan 
and Baron-Cohen, 2006), suggesting that social interaction pro-
grammes may only be effective when they include a more gen-
eral social learning component.

Behavioural and life-skills interventions

Adults with ASD of all ranges of intellectual ability who need 
help with activities of daily living can be offered a structured, 
predictable training programme based on behavioural principles. 
However, the evidence (level Ib) of the effectiveness of these 
programmes is indirect and largely reliant on studies of adults 
with a learning disability (Matson et al., 1981).

In adults with ASD without LD or with mild to moderate LD 
who are socially isolated or have restricted social contact, inter-
ventions should focus on the acquisition of life skills based on the 
specific need of the individual. In recent years, there has been 
increased interest in providing structured leisure activities for 
people with ASD. There is evidence (level Ib) of the effective-
ness of these programmes on overall quality of life and emotion 
recognition from two RCT’s (see review by National Institute for 
Clinical Excellence, 2012).

Cognitive-behavioural interventions

CBT can help adults with ASD across a range of domains. 
Principally, CBT is effective at treating anxiety and OCD, and 
supporting adults who have difficulties with victimisation and 
obtaining or maintaining employment. Evidence (level II) from a 
systematic review demonstrates the effectiveness of CBT for 
anxiety in ASD (Lang et al., 2010). However, there is also evi-
dence that anxiety management performs just as well as CBT in 
reducing symptoms of OCD in individuals with ASD (Russell 
et al., 2013).

Cognitive-behavioural interventions can be implemented to sup-
port individuals with ASD who are at risk of victimisation by teach-
ing decision-making and problem-solving skills. Evidence (level Ib) 
from two RCTs suggests that CBT in adults with LD is effective at 
increasing skills to deal with victimisation (Khemka, 2000; Khemka 
et al., 2005). However, these studies are limited by including cases 
without ASD. Individual support programmes can be used to improve 
employment and job retention. Studies of supported employment 
programmes are consistently positive despite methodological con-
cerns including lack of randomisation in one study.

Facilitated communication

Facilitated communication uses a facilitator to support the arm 
movement of an individual with ASD to point at letters on an 
alphabet board, keyboard or similar device. Positive reports of 
its effectiveness are almost exclusively based on anecdotal evi-
dence (Biklen, 1990; Biklen et al., 1992, 1995; Biklen and 
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Schubert, 1991; Clarkson, 1994; Crossley and Remington-
Gurney, 1992; Heckler, 1994; Janzen-Wilde et al., 1995; Olney, 
1995; Sabin and Donnellan, 1993; Sheehan and Matuozzi, 1996; 
Weiss et al., 1996). There is no evidence of positive effects from 
any scientific study (Bebko et al., 1996; Beck and Pirovano, 
1996; Bomba et al., 1996; Braman et al., 1995; Crews et al., 
1995; Eberlin et al., 1993; Edelson et al., 1998; Hirshoren and 
Gregory, 1995; Hudson et al., 1993; Klewe, 1993; Konstantareas 
and Gravelle, 1998; Montee et al., 1995; Myles and Simpson, 
1994; Myles et al., 1996; Oswald, 1994; Regal et al., 1994; 
Simon et al., 1996; Simpson and Myles, 1995a; Smith and 
Belcher, 1993; Smith et al., 1994; Szempruch and Jacobson, 
1993; Vázquez, 1994; Wheeler et al., 1993). In addition to the 
lack of empirical support, there is evidence that facilitated com-
munication can lead to significant harm. For example, there 
have been unsubstantiated claims of sexual abuse against family 
members made when using facilitated communication (Rimland, 
1992; Simpson and Myles, 1995b). For these reasons, NICE 
strongly recommends that facilitated communication is not used 
(National Institute for Clinical Excellence, 2012).

Recommendations

It is recommended that adults with ASD are offered psychologi-
cal interventions to optimise personal functioning, including 
developing the skills necessary for access to public transport, 
employment and leisure facilities. Interventions should focus on 
supporting access to community activities and increasing the 
individual’s quality of life. Furthermore, psychological 
approaches can be used to help with acceptance of their difficul-
ties, treat co-occurring conditions and to teach life skills specific 
to the needs of the individual.

Consensus recommendations of psychological approaches 
with adults

1. For adults with problems with social interaction, consider 
a group or individual social-learning programme. (A)

2. Do not provide facilitated communication for adults with 
ASD. (D)

3. For adults who need help with activities of daily living, 
consider offering training programmes based on behav-
ioural principles. (A)

Service provision
The NICE guidelines published in 2011 recommend the develop-
ment of multi-agency teams for people with ASD that include 
representatives from child health and mental health services, edu-
cation, social care and the voluntary sector. However, service 
provision varies greatly and in many settings is significantly 
weighted towards diagnosis and children’s services rather than 
treatment and support or adult care. In particular, there are unmet 
needs around common co-existing conditions including feeding 
problems, sleep problems, anxiety, hyperactivity and sensory 
problems (Maskey et al., 2013). Unfortunately, there has been 
very little health service research that has focused on ASD. In 
view of this, we review the available evidence below and make 
recommendations for service provision for children and adults, 

but it should be appreciated that these are largely based on the 
expert opinion of the working group.

Diagnostic services
Timely and valid diagnosis is important as early diagnosis and pro-
vision of appropriate management services is likely to improve 
long-term outcome (Magiati et al., 2014; Oono et al., 2013). 
Referral and diagnostic pathways for ASD vary, but in most cases, 
the initial concerns raised by parents or professionals will be 
directed to a general practitioner (GP), speech and language thera-
pist or an educational psychologist. These will undertake an initial 
assessment and decide to refer the patient to children’s health or 
mental health services for a full assessment. A full assessment 
should be made by professionals who are trained in the assessment, 
diagnosis and treatment of ASD using a combination of diagnostic 
tools, assessments and clinical experience (level IV). In general, 
diagnosis should not be formulated by one single professional and 
should involve a multi-disciplinary team (MDT) (Penner et al., 
2017). This should ideally consist of a speech and language thera-
pist, a clinical psychologist, paediatrician or child psychiatrist, and 
an occupational therapist. However, there is significant variation in 
service provision. For example, 47% of teams surveyed in the UK 
do not have access to a clinical psychologist (Palmer et al., 2010).

It is noteworthy that studies from some settings report a cor-
relation between lower socioeconomic status and later diagnosis 
(Goin-Kochel et al., 2006), suggesting that there are social 
impediments to referral and diagnosis. However, studies in set-
tings where there is universal free healthcare (such as the UK) do 
not show this relationship, or even show the opposite relationship 
(Brett et al., 2016). Other factors reportedly associated with ear-
lier age of diagnosis in the UK include a ‘core’ ASD diagnosis (as 
opposed to broader ASD), language regression or delay, and 
greater degree of support needed (Brett et al., 2016). Furthermore, 
there is evidence of a sex bias in referral and diagnosis even in 
settings such as the UK, suggesting a delayed recognition of the 
disorder in young girls (Brett et al., 2016; Rutherford et al., 
2016). Moreover, within the UK there is regional variation in the 
diagnostic services available (Gray et al., 2015; Palmer et al., 
2010; Parr et al., 2013) (level IV).

Given these findings, there is a need for clear referral path-
ways that ensure adequate assessment is available to all who need 
it (Buckley, 2016). This needs to be coupled with increased train-
ing to raise awareness of ASD among GPs and healthcare visitors 
(level IV).

Management/treatment services

Given the complexity of ASD, its treatment and monitoring 
should be conducted by professionals who are trained and expe-
rienced in treating and monitoring ASD (S). For patients with 
severe symptoms, a structured multi-disciplinary approach that 
includes regular reviews of the overall care package, such as the 
care programme approach, is indicated (S). Ideally, treatment 
should be managed by a specialist MDT with experience in ASD 
and related disorders. Where this is not possible, services should 
consider a consultation-liaison model where recommendations 
are made by a specialist team but implemented by general health 
services such as general psychiatrists, paediatricians or GPs, 
with further liaison depending on response (S).
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Individuals with ASD who are in child and adolescent ser-
vices should be reassessed around 14 years of age to establish the 
need for continuing treatment into adulthood (S) (National 
Institute for Health and Clinical Excellence, 2013). Where on-
going treatment is required, arrangements should be made for a 
smooth transition into adult services and the individual kept 
informed about the treatment and services available to them (S) 
(National Institute for Health and Clinical Excellence, 2013). 
Information about adult services should be provided to the young 
person, and their parents or carers, including their right to a social 
care assessment at age 18 (S).

Finally, there is a clear need for health services research to 
evaluate diagnostic and treatment service models, both in terms 
of clinical outcomes and cost-effectiveness.

Improving services

Given the importance of timely diagnosis, early identification 
and referral is a priority. GP initiatives and specialist training 
for health visitors are recommended to improve early identifi-
cation (S). Diagnostic and treatment services should be led by 
MDTs that consist of a minimum of a psychiatrist (or paediatri-
cian where appropriate), a speech and language therapist, and 
a psychologist. Treatment recommendations should be made 
alongside diagnosis and followed up by a team experienced in 
treating ASD, using a structured care approach, such as the 
Care Programme Approach, particularly for people with severe 
and complex needs. There is a possibility that referral rates for 
ASD will increase given the greater public awareness and diag-
nostic service availability. This poses a challenge to services 
that are trying to provide a valid and timely diagnosis. It is 
therefore important to use screening tools in order to target 
service resources. Finally, it is important to consider costs 
when assessing current services or developing new ones. 
Services should be audited regularly to ensure quality and 
accessibility of care for patients.

Recommendations

There is large variation in services between settings and little 
research on the optimum service provision or cost-effectiveness. 
There is a need for well-designed studies to evaluate models of 
service provision, and RCTs developed to test these using patient 
experience, functional outcomes in addition to standard clinical 
measures (strength of recommendation: D). Finally, it is impor-
tant to consider costs when assessing current services or develop-
ing new ones, and future studies of service provision should 
include cost-analysis (strength of recommendation: D). Services 
should be audited regularly to ensure quality and accessibility of 
care for patients (strength of recommendation: D).

Consensus recommendations for service provision

1. Reassess individuals with ASD in children’s services 
during adolescence well in advance of the transition date 
to establish the need for continuing treatment. (S)

2. If continuing treatment is necessary, make arrangements 
for a smooth transition to adult services or GP and give 
information to the young person about the treatment and 
services they may need. (S)

3. For young people and adults whose needs are complex 
or severe, use the care programme approach or similar 
structured approach to coordinate their needs and to aid 
the transfer between services. (S)

4. Involve the individual with ASD in care planning and, 
where appropriate, their parents or carers. (S)

5. Provide information about adult services to the young 
person, and their parents or carers, including their right 
to a social care assessment at age 18 years. (S)

Future directions
The earlier sections have highlighted that there are a number of 
limitations and areas of uncertainty, particularly for core ASD 
symptoms. The following section discusses these and makes rec-
ommendations for future research.

Future design of clinical trials

Many studies are open-label and/or small scale, or lack an ade-
quate placebo group. Hence, there is a general need for positive 
findings from these initial exploratory and proof-of-concept 
studies to be followed-up with large-scale randomised placebo-
controlled trials. This presents a number of challenges for the 
field. First, as some potentially useful treatments are off-patent, 
the field will not be able to rely on the pharmaceutical industry 
to fund studies of these compounds. Thus, funding will need to 
be sought from other sources, including government funded 
agencies, and charities and foundations. Second, the field will 
need infrastructure for large-scale trials across many settings. 
This will also involve centres developing the capacity to screen 
and recruit people with ASD to clinical trials, and is likely to 
benefit from the involvement of support groups and charities 
(Warnell et al., 2015) (strength of recommendation: D).

One major limitation of the literature to date is that only a 
small number of clinical trials have included participants below 
the age of five years. Interventions that begin before the age of 
five years may have the most dramatic effect (Aman et al., 
2015) as ASD symptoms start emerging and brain plasticity is 
at its peak during this period. However, there are important 
safety considerations regarding the use of pharmacological 
interventions in paediatric populations (Kearns et al., 2003). 
Consequently, it will be necessary to develop and trial interven-
tions in this period both to prevent the onset of ASD and mini-
mise its effects on brain and cognitive development (strength of 
recommendation: D). Another general limitation of studies to 
date is that individuals with ASD who have an intellectual dis-
ability are usually excluded, despite the fact that over a third of 
people with ASD have an intellectual disability (Baio, 2012). 
Thus, to be representative, future studies should include people 
with ASD and intellectual disability, and need to adopt designs 
that facilitate this (strength of recommendation: D). Clearly 
both these issues will involve overcoming the ethical and prac-
tical challenges of enrolling young children and people with 
intellectual disability into clinical trials. This may be helped by 
wider engagement with individuals and their families regarding 
the design of clinical trials. Another issue that needs addressing 
is the duration of trials, which have mostly been weeks or at 
most a few months to date. Given the long-standing and perva-
sive nature of core symptoms, it is highly unlikely that core 
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symptoms will improve in a few weeks or months and, where 
there is change, it is necessary to show that this is sustained 
(strength of recommendation: D).

Non-pharmacological interventions and 
service provision

There is a lack of large-scale, multicentre RCT’s investigating the 
effectiveness of social-communication interventions, ABA, 
behaviourally-based life skills training and anti-victimisation 
CBT. Studies are required to assess the effectiveness of these 
interventions across a range of outcome measures including cost-
effectiveness and quality of life (strength of recommendation: D). 
Similarly, models of service provision are under-tested and require 
empirical evaluation (strength of recommendation: D). These 
studies should use patient experience and functional outcomes in 
addition to standard clinical measures of improvement.

Future outcome measures

Another critical issue that needs to be addressed is the lack of 
agreement on the outcome measures to be used in trials to accu-
rately capture changes in core ASD symptoms over time (Aman 
et al., 2004). An optimal tool needs to be reliable and suitable for 
repeated administration. Current functioning should also be a 
focus. Aman and colleagues provide a comprehensive review of 
potential instruments and also point out that other aspects such as 
language, intellectual level and adaptive behaviour should be 
incorporated in the outcome measures (Aman et al., 2004) (strength 
of recommendation: D). Another obstacle that needs to be consid-
ered in pharmacological studies is that in the absence of objective 
psychometric measures, evaluation of symptom change in children 
depends on the parent-report measures, which are prone to expec-
tancy bias (Aman et al., 2015). Thus, blinding and placebo control 
is important, and findings from open-label studies should be 
treated with caution. Last, but not least, the perspective of indi-
viduals with ASD and their carers should be taken into account 
when deciding on outcome measures. A recent systematic review 
highlighted the disparity in the outcomes identified as important by 
parents and those identified by health professionals: parents high-
lighted the importance of social participation and emotional well–
being, whereas health professionals concentrated on the content of 
the available instruments they have (McConachie et al., 2015). A 
tool that indexes the quality of life of individuals with ASD that 
should be included as an outcome measure in future clinical trials 
(strength of recommendation: D). Furthermore, monitoring of 
adverse effects should not be limited to studies of pharmacological 
interventions. Adverse effects should be monitored when studying 
psychological and other interventions too.

The challenge of biological heterogeneity

On top of these difficulties in designing clinical trials, another 
challenge is the genetic and neurobiological heterogeneity seen 
in ASD, which means that it is unlikely that any single drug will 
be effective for all patients. It is clear that we need better under-
standing of the neurobiology underlying ASD to identify key 
molecular and system pathways that are disrupted, and the 

determinants of heterogeneity. This will enable the develop-
ment of treatments that target key components of the neurobiol-
ogy. Coupled with this we need biomarkers to identify sub-types 
that will respond to particular approaches (Loth et al., 2016b). 
A considerable amount of work is currently on-going to develop 
imaging, genetic, proteomic and other biomarkers for this pur-
pose (e.g. Loth et al., 2017).  To date there is no independently 
validated biomarker for stratification of patients, and trials have 
rarely attempted to include biomarkers that would enable strati-
fication. Thus, it is largely unknown if there are sub-groups that 
showed better or worse response in past trials.

Syndromic types of ASD with a defined genetic basis can be 
used in the absence of biomarkers. Pathophysiological changes 
are likely to more homogenous in syndromic ASD (e.g. FXS). As 
discussed earlier, open-label studies on FXS using lithium 
(Berry-Kravis et al., 2008) and minocycline (Paribello et al., 
2010) have shown encouraging results, suggesting the potential 
of this approach, although studies need to be replicated in ran-
domised, double-blind controlled studies. This highlights two 
over-riding issues; first of all, the level of complexity in the neu-
robiology of ASD (Ghosh et al., 2013) and secondly the impor-
tance of either conducting the studies in a clinically and 
biologically homogenous groups or including biomarkers to 
stratify heterogeneous groups.

So far, the identification of putative subgroups has been lim-
ited by small sample sizes, which limits the power of studies to 
test the influence of stratification by sub-groups on treatment 
response. Small discovery studies need to be followed by larger 
studies with the power to test the clinical utility of the potential 
biomarkers they identify (strength of recommendation: D). 
Therefore, in the future, large-scale, multicentre studies where 
patients are stratified according to their biological subtype are 
necessary in order to test whether stratification by particular 
biomarkers corresponds to improved response in a sub-group 
(strength of recommendation: D). In these studies, subgroups 
may be identified according to their genetic or molecular pro-
file and then subsequently compared in terms of cognitive, neu-
roimaging and biochemical measures (Loth et al., 2016a). 
These advances will hopefully make it possible to identify bio-
markers which, in the future, can be used to treat individuals 
with ASD more effectively and with a more personalised 
approach.

Consensus recommendations for future research directions

•• Studies should include biomarkers to identify potential 
sub-groups in order to support stratification in future clin-
ical trials where possible. (D)

•• Clinical trials should ideally be multicentre, large-scale 
and include biomarkers where possible. This will ensure 
results are more generalisable and offer the opportunity to 
test whether a change in outcome measures is associated 
with change in biomarkers. (D)

•• Clinical trials should include younger children and indi-
viduals with ASD and intellectual disability to ensure 
generalisability to the whole population of people with 
ASD. (D)

•• Longer-term clinical trials lasting at least six months are 
required. (D)
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•• There is a need to develop objective outcome measures 
that can reliably capture changes of core symptoms over 
time. (D)

•• Clinical trials should also include measures of quality of 
life of individuals with ASD. (D)

•• Large-scale, multicentre, RCTs are needed to assess the 
effectiveness of social-communication interventions and 
applied behavioural analysis on a range of outcome meas-
ures. (D)

•• All interventional studies, including those investigating 
psychological and social interventions, should include 
measures of adverse effects (D)

•• Studies are needed to examine the effectiveness of behav-
iourally based daily life skills in adults with ASD. (D)

•• Studies are needed to examine the effectiveness of anti-
victimisation CBT in adults with ASD. (D)

•• Studies are needed to evaluate models of service provi-
sion using patient experience and functional outcomes in 
addition to standard clinical measures (D).

Summary of guidelines and 
conclusions
These guidelines present recommendations based on the current 
literature and expert opinion for the diagnosis and management 
of ASD in children and adults. Our review of the evidence is not 
intended to be exhaustive, but to highlight key findings and also 
place them in a clinical context, drawing from the practical expe-
rience of the contributors. We hope that this balance will help the 
clinician who draws on the guidelines to place the evidence and 
our recommendations in the individual context of the person with 
ASD in front of them.

Current evidence does not support the routine use of any pharma-
cological treatment for the core symptoms of ASD. The evidence 
base is growing, particularly for co-occurring symptoms and disor-
ders, yet much of the evidence is relatively nascent, particularly for 
core aspects of ASD. Aripiprazole and risperidone have shown some 
benefit for repetitive behaviours but are recommended only on a 
case-by-case basis in view of the risk of side-effects. There are a 
number of treatments for co-occurring conditions with a reasonable 
evidence base, although the evidence is still largely limited to symp-
tomatology and mainly limited to children. In children, melatonin is 
recommended for sleep disorders, risperidone and aripiprazole may 
be cautiously used in the management of irritability if behavioural 
approaches are not possible, and methylphenidate is recommended 
for ADHD symptoms. There is very limited evidence for treatments 
for other co-occurring symptoms or disorders and in adults. 
Consequently, treatment is guided by extrapolation from studies in 
people without ASD. As treatment response and side-effect profiles 
in ASD may differ from the general population, treatment guided by 
extrapolation from studies in people without ASD must be cautious. 
Therefore, each treatment for an individual with ASD should be 
approached as an n=1 trial with careful evaluation of both benefits 
and side-effects.

In children and adolescents, social-communication interven-
tions should be offered to increase joint-attention, engagement 
and reciprocal communication. In adults, psychological interven-
tions should focus on the acquisition of life skills, access to com-
munity activities and quality of life.

ASD is a common and pervasive condition with a high health 
burden, and complex pathoaetiology involving a number of 
brain systems. The impact of ASD on the individual, their family 
and wider society is substantial, but may be reduced by timely 
diagnosis, the use of effective treatments, and avoiding inappro-
priate treatment. We recommend that service providers ensure 
people with ASD have timely access to diagnostic and treatment 
services with specialist expertise in ASD. Research into the 
genetics and neurobiology of ASD indicates that there is signifi-
cant genetic and neurobiological heterogeneity. This is likely to 
lead to heterogeneity in the response to treatment and differen-
tial sensitivity to side-effects. It also highlights the need for bio-
markers that can be used to guide the development of new 
treatments for core symptoms and co-occurring conditions, and 
help identify sub-groups who may respond better. Our analysis 
of the current evidence also highlights particular key gaps and 
limitations, and makes recommendations to address these. There 
are a number of studies of promising treatments being developed 
and we hope our recommendations will inform the development 
of studies. Finally, it is important to appreciate that we do not see 
these guidelines as set in stone. Indeed, we look forward to the 
evidence base growing, and anticipate revising these guidelines 
in the light of future developments.
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Autism Spectrum Disorder
A Review
Tomoya Hirota, MD; Bryan H. King, MD, MBA

A utism spectrum disorder (ASD) is a neurodevelopmental
disorder defined by social communication impairments and
restricted, repetitive behaviors (Box 1).1,2 ASD consists of

a spectrum of symptoms reflecting impaired social communication
and restricted, repetitive behaviors and ranges in severity from mildly
impairing to severe (Table 1). It is recognized as a collection of re-
lated disorders of different etiologies. Manifestations of ASD are
heterogeneous and can include individuals with intellectual disabil-
ity and limited language ability and those with significantly above-
average intellectual and language function who have difficulty with
social communication. These difficulties manifest in the pragmat-

ics or social norms associated with communication, such as speak-
ing with appropriate volume, interacting at appropriate physical dis-
tance, and detecting and adapting communication in response to
gestures and facial expression. Rigidity, manifested by requiring oth-
ers to speak or behave in specific ways or needing to adhere to pre-
scribed schedules or activities, is common. The complexity and
heterogeneity of ASD are related to both developmental factors, such
as age and IQ, and environmental factors, such as availability of
support including individualized educational services and speech,
language, and behavioral interventions. Intellectual disability, lan-
guage disorder and medical and psychiatric conditions, including

IMPORTANCE Autism spectrum disorder (ASD), characterized by deficits in social
communication and the presence of restricted, repetitive behaviors or interests, is a
neurodevelopmental disorder affecting approximately 2.3% children aged 8 years in the US
and approximately 2.2% of adults. This review summarizes evidence on the diagnosis and
treatment of ASD.

OBSERVATIONS The estimated prevalence of ASD has been increasing in the US, from 1.1% in
2008 to 2.3% in 2018, which is likely associated with changes in diagnostic criteria,
improved performance of screening and diagnostic tools, and increased public awareness.
No biomarkers specific to the diagnosis of ASD have been identified. Common early signs and
symptoms of ASD in a child’s first 2 years of life include no response to name when called,
no or limited use of gestures in communication, and lack of imaginative play. The criterion
standard for the diagnosis of ASD is a comprehensive evaluation with a multidisciplinary team
of clinicians and is based on semistructured direct observation of the child’s behavior and
semistructured caregiver interview focused on the individual’s development and behaviors
using standardized measures, such as the Autism Diagnostic Observation Schedule-Second
Edition and the Autism Diagnostic Interview. These diagnostic measures have sensitivity of
91% and 80% and specificity of 76% and 72%, respectively. Compared with people without
ASD, individuals with ASD have higher rates of depression (20% vs 7%), anxiety (11% vs 5%),
sleep difficulties (13% vs 5%), and epilepsy (21% with co-occurring intellectual disability vs
0.8%). Intensive behavioral interventions, such as the Early Start Denver Model, are
beneficial in children 5 years or younger for improvement in language, play, and social
communication (small to medium effect size based on standardized mean difference).
Pharmacotherapy is indicated for co-occurring psychiatric conditions, such as emotion
dysregulation or attention-deficit/hyperactivity disorder. Risperidone and aripiprazole can
improve irritability and aggression (standardized mean difference of 1.1, consistent with
a large effect size) compared with placebo. Psychostimulants are effective for
attention-deficit/hyperactivity disorder (standardized mean difference of 0.6, consistent
with a moderate effect size) compared with placebo. These medications are associated with
adverse effects including, most commonly, changes in appetite, weight, and sleep.

CONCLUSIONS AND RELEVANCE ASD affects approximately 2.3% of children aged 8 years
and approximately 2.2% of adults in the US. First-line therapy consists of behavioral
interventions, while co-occurring psychiatric conditions, such as anxiety or aggression,
may be treated with specific behavioral therapy or medication.
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epilepsy, sleep problems, anxiety, and depression, are common.3,4

This review summarizes current evidence regarding the epidemiol-
ogy, pathophysiology, diagnosis, and clinical management of ASD.

Methods
We searched PubMed for English-language studies of the epidemi-
ology, etiology, pathogenesis, diagnosis (screening and assess-
ment), and treatment of ASD published from January 1, 2010, to
October 31, 2022. We manually searched the references of se-
lected publications for additional relevant articles. When selecting
papers to include, randomized clinical trials, systematic reviews,
meta-analyses, clinical practice guidelines, and articles relevant to
a general medical readership were prioritized. Of 591 publications

identified, 46 articles were included, consisting of 11 randomized clini-
cal trials, 6 cohort studies, 5 systematic reviews, and 24 meta-
analyses. The effect sizes reported in this review consist of stan-
dardized mean difference (SMD), also known as Cohen d, unless
otherwise specified. An SMD of 0.2 to 0.5 indicates a small effect,
0.5 to 0.8 indicates a medium effect, and greater than 0.8 indi-
cates a large effect.

Discussion
Epidemiology
Among children aged 8 years in the US, the estimated prevalence
of ASD has increased from approximately 1.1% in 2008 to 2.3%
in 2018.5 Studies that use administrative databases (eg, special

Box 1. Diagnostic Criteria for Autism Spectrum Disorder (ASD) Based on Diagnostic and Statistical Manual of Mental Disorders,
5th Edition, Text Revisiona

To meet diagnostic criteria for ASD according to DSM-5, a child must
have persistent deficits in each of 3 areas of social communication
and interaction (see A.1. through A.3. below) plus at least 2 of 4 types
of restricted, repetitive behaviors (see B.1. through B.4. below).
A. Persistent deficits in social communication and social interaction

across multiple contexts, as manifested by the following,
currently or by history (examples are illustrative, not exhaustive;
see below):
1. Deficits in social-emotional reciprocity, ranging, for example,

from abnormal social approach and failure of normal
back-and-forth conversation; to reduced sharing of interests,
emotions, or affect; to failure to initiate or respond to social
interactions.

2. Deficits in nonverbal communicative behaviors used for social
interaction, ranging, for example, from poorly integrated
verbal and nonverbal communication; to abnormalities in
eye contact and body language or deficits in understanding
and use of gestures; to a total lack of facial expressions and
nonverbal communication.

3. Deficits in developing, maintaining, and understanding
relationships, ranging, for example, from difficulties adjusting
behavior to suit various social contexts; to difficulties in
sharing imaginative play or in making friends; to absence of
interest in peers.

Specify current severity: Severity is based on social communication
impairments and restricted repetitive patterns of behavior.
(See below.)
A. Restricted, repetitive patterns of behavior, interests, or activities,

as manifested by at least two of the following, currently or by
history (examples are illustrative, not exhaustive; see text):
1. Stereotyped or repetitive motor movements, use of objects,

or speech (eg, simple motor stereotypies, lining up toys
or flipping objects, echolalia, idiosyncratic phrases).

2. Insistence on sameness, inflexible adherence to routines, or
ritualized patterns or verbal nonverbal behavior (eg, extreme
distress at small changes, difficulties with transitions, rigid
thinking patterns, greeting rituals, need to take same route
or eat food every day).

3. Highly restricted, fixated interests that are abnormal in
intensity or focus (eg, strong attachment to or preoccupation
with unusual objects, excessively circumscribed or
perseverative interest).

4. Hyper- or hyporeactivity to sensory input or unusual interests
in sensory aspects of the environment (eg, apparent
indifference to pain/temperature, adverse response to
specific sounds or textures, excessive smelling or touching of
objects, visual fascination with lights or movement).

Specify current severity: Severity is based on social communication
impairments and restricted, repetitive patterns of behavior.
(See below.)
A. Symptoms must be present in the early developmental period (but

may not become fully manifest until social demands exceed limited
capacities or may be masked by learned strategies in later life).

B. Symptoms cause clinically significant impairment in social,
occupational, or other important areas of current functioning.

C. These disturbances are not better explained by intellectual
disability (intellectual developmental disorder) or global
developmental delay. Intellectual disability and autism spectrum
disorder frequently co-occur; to make comorbid diagnoses of
autism spectrum disorder and intellectual disability, social
communication should be below that expected for general
developmental level.

Note: Individuals with a well-established DSM-IV diagnosis of autistic
disorder, Asperger disorder, or pervasive developmental disorder
not otherwise specified should be given the diagnosis of ASD.
Individuals who have marked deficits in social communication, but
whose symptoms do not otherwise meet criteria for ASD, should be
evaluated for social (pragmatic) communication disorder.

Specify if:
• With or without accompanying intellectual impairment
• With or without accompanying language impairment

(Coding note: use additional code to identify the associated
medical or genetic condition.)

• Associated with another neurodevelopmental, mental, or
behavioral disorder (Coding note: use additional code[s] to
identify the associated neurodevelopmental, mental, or behavioral
disorder[s].)

• With catatonia
• Associated with a known medical or genetic condition or

environmental factor

a Reproduced with permission from the Diagnostic and Statistical Manual of
Mental Disorders, Text Revision, pp 56-57. © 2022, American Psychiatric
Association.
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education data, health records) tend to underestimate the preva-
lence of ASD compared with studies that use more rigorous meth-
ods for case ascertainment, such as a total population sampling and
standardized screening and diagnostic measures.6,7

Changes in diagnostic criteria, increased awareness of ASD, im-
proved ascertainment, and greater access to services, such as early
behavioral intervention and education with individualized pro-
grams designed for children with ASD, have likely contributed to the
higher prevalence of ASD.8,9 In addition, the definition of autism now
includes a broader spectrum, which may partially explain the in-
crease in prevalence over earlier estimates.

The estimated prevalence of ASD is higher in males than in
females (3.7% [95% CI, 3.5-3.8] in boys and 0.9% [95% CI, 0.8-
0.9] in girls aged 8 years in the surveillance conducted by the Autism
and Developmental Disabilities Monitoring Network in 11 states in
the US).5 Studies that used rigorous methods for case ascertain-
ment reported lower male-to-female ratios of the estimated preva-
lence of ASD: 3.7% (95% CI, 2.6-4.9) in boys and 1.5% (95% CI, 0.6-
2.4) in girls.9 Girls and women are more likely or better able to
minimize ASD symptoms, including social communication difficul-
ties (clinically referred to as “camouflaging”).10 It is also possible that
current diagnostic procedures are less sensitive to the presence of
ASD among females.11 A study using a large database of 641 860
adults residing in the community reported higher ASD rates in trans-
gender and gender-diverse individuals compared with cisgender
individuals.12 Children with ASD who are Black tend to present at
older ages than those who are White and more often present with
intellectual disability,5 suggesting racial disparities in access to care.13

In a study of 664 children with ASD in which younger siblings
were followed up prospectively from birth, 19% of these younger
siblings were diagnosed with ASD by the age of 36 months.14 Rates
of diagnosis of ASD were 14% in male siblings compared with 5% in
female siblings in an observational study of 39 460 children with ASD
using an administrative database.15

Pathogenesis and Pathophysiology
In population-based data sets from 3 Nordic countries that collec-
tively included 22 156 people with ASD and studied mean esti-
mated heritability, the variation in ASD traits attributed to genetic
factors was 81% (95% CI, 74%-85%).16 Environmental factors were
associated with 14% to 22% of the risk of ASD in the same study.
A relatively small number of rare genetic variants in approximately
100 genes (eg, KMT2A, NRXN1, SHANK3) have been identified that
were associated with significant risk,17 whereas a larger number, per-
haps thousands, of common variants were associated with smaller
risk but, in combination, accounted for the majority of cases.18,19

Genetic risk factors for ASD overlap with other diverse developmen-
tal and psychiatric disorders.16,20,21 A variety of genetic and envi-
ronmental factors have been associated with ASD, but none are ab-
solutely specific for the development of ASD.

Many of the autism risk genes affect gene expression regula-
tion, neurogenesis, chromatin modification, and synaptic function.
Additional support for the role of genetic factors was reported by
Willsey et al.22 This study used an in vivo Xenopus model and exam-
ined 10 genes with the strongest statistical association with ASD
that all were expressed in the telencephalon (the forebrain that is pri-
marily composed of the cerebral hemispheres) at time points corre-
sponding to human mid-prenatal prefrontal cortex development.22

Estrogen mitigates the effects of ASD risk gene disruption, and this
may help explain the sex differences in prevalence.

A meta-analysis of studies identified that maternal factors, such
as gestational hypertension (odds ratio, 1.4 [95% CI, 1.2-1.5]), over-
weight before or during pregnancy (relative risk [RR], 1.3 [95% CI,
1.2-1.4]), preeclampsia (RR, 1.3 [95% CI, 1.2-1.5]), and maternal age
of 35 years or older (RR, 1.3 [95% CI, 1.2-1.5]) were associated with
higher rates of ASD in offspring (absolute rates not provided).23 In
addition, cohort and case-control studies reported that advanced
paternal age (21% increase in ASD diagnosis in offspring for every
10-year increase in paternal age),24 medication use in pregnancy, and

Table 1. Severity Levels for Autism Spectrum Disordera

Severity level Social communication Restricted, repetitive behaviors
Level 3:
requiring very
substantial
support

Severe deficits in verbal and nonverbal social
communication skills cause severe impairments
in functioning, very limited initiation of social
interactions, and minimal response to social
overtures from others. For example, a person
with few words of intelligible speech who rarely
initiates interaction and, when they do, makes
unusual approaches to meet needs only and
responds to only very direct social approaches.

Inflexibility of behavior, extreme difficulty coping
with change, or other restricted/repetitive
behaviors markedly interfere with functioning in
all spheres. Great distress/difficulty changing
focus or action.

Level 2:
requiring
substantial
support

Marked deficits in verbal and nonverbal social
communication skills; social impairments
apparent even with supports in place; limited
initiation of social interactions; and reduced or
abnormal responses to social overtures from
others. For example, a person who speaks simple
sentences, whose interaction is limited to narrow
special interests, and who has markedly odd
nonverbal communication.

Inflexibility of behavior, difficulty coping with
change, or other restricted/repetitive behaviors
appear frequently enough to be obvious to the
casual observer and interfere with functioning in
a variety of contexts. Distress and/or difficulty
changing focus or action.

Level 1:
requiring
support

Without supports in place, deficits in social
communication cause noticeable impairments.
Difficulty initiating social interactions and clear
examples of atypical or unsuccessful response to
social overtures of others. May appear to have
decreased interest in social interactions. For
example, a person who is able to speak in full
sentences and engages in communication but
whose to-and-fro conversation with others fails
and whose attempts to make friends are odd and
typically unsuccessful.

Inflexibility of behavior causes significant
interference with functioning in one or more
contexts. Difficulty switching between activities.
Problems of organization and planning hamper
independence.

a Reprinted with permission from the
Diagnostic and Statistical Manual of
Mental Disorders, Fifth Edition,
(Copyright 2013). American
Psychiatric Association.
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both short (<12 months) and long (�72 months) periods between
pregnancies25 were associated with an increased risk for the diag-
nosis of ASD in offspring. Regarding medication use during preg-
nancy and risk of ASD, the absolute risk for ASD for offspring was
4.4% (95% CI, 2.6%-7.5%) with exposures to valproic acid during
pregnancy compared with the risk of 1.5% (95% CI, 1.5%-1.6%) for
ASD without exposure to valproic acid in a population-based study
of 655 615 children in Denmark.26 Although selective serotonin
reuptake inhibitor (SSRI) use during pregnancy has been associ-
ated with an increased risk for ASD in cohort studies, a meta-
analysis underscored that the association was confounded by other
factors, especially the indication for SSRI use and the genetic asso-
ciation between maternal depression and risk for ASD.27 There-
fore, evidence does not preclude the use of SSRIs for treating de-
pression during pregnancy when indicated. A large body of research
refutes claims of linkage between vaccines and ASD.28-30

Clinical Presentation
The presenting symptoms of ASD depend on age, language levels
(from nonverbal to fully fluent), cognitive abilities, and sex. In the
first 2 years of life, common features include poor acquisition of or
declines in language skills and communicative gestures or failure to
learn or adopt these skills. ASD is also characterized by diminished
responsiveness in social interactions and presence of repetitive be-
haviors, such as no response to name when called, hand flapping,
and lining up toys in a particular way (Box 2).31-33

Behavioral or cognitive rigidity (eg, insisting that routines are
precisely followed or that others adhere to specific verbal scripts),
lack of interest in socializing, restricted interests, and lack of imagi-
native play typically become more apparent as a child develops.
Children with visual and/or hearing impairment may have delays in
attaining developmental milestones (eg, deficits in nonverbal com-
munication due to blindness) compared with those without sen-
sory impairment and exhibit behaviors that overlap with ASD symp-
toms (eg, stereotyped, repetitive motor movements),34 requiring
careful assessment to determine whether behaviors these chil-
dren exhibit are part of the symptoms of ASD. The estimated preva-
lence of ASD is higher in individuals with special health needs. For
example, the estimated prevalence of ASD is 19% in people with vi-
sual impairment, 9% in people with hearing impairment,35 18% in
people with intellectual disability,36 16% in people with Down
syndrome,37 and 30% in people with fragile X syndrome.37

Children who have ASD that is not associated with delays in ac-
quiring language or other developmental milestones may experi-
ence delays in diagnosis of ASD. These individuals may first come
to receive medical attention because of behavioral problems asso-
ciated with ASD, such as disruptive behaviors, difficulties following
instructions due to intense interest in preferred activities, or co-
occurring neurodevelopmental and psychiatric disorders. Individu-
als without moderate or severe intellectual or learning disability may
seek professional evaluation in adulthood if they encounter chal-
lenges obtaining or sustaining education or employment and have
characteristics of ASD.38

Co-occurring developmental and psychiatric conditions are com-
mon in people with ASD. Other neurodevelopmental disorders, such
as attention-deficit/hyperactivity disorder (ADHD) and intellectual
disability, are more likely to co-occur in people with ASD compared
with those without ASD (28% vs 7% for ADHD and 23% vs 0.7% for
intellectual disability).3,39,40 Anxiety and depressive disorders also
co-occur more frequently in people with ASD than those without ASD
(20% vs 7% for anxiety disorder and 11% vs 5% for depressive
disorders).3 In older children, adolescents, and adults, coexistent
mood disorders and related behaviors (eg, depression and suicid-
ality) may greatly contribute to reduced quality of life and in-
creased mortality.41 Severe behaviors, such as aggression and self-
injury, may occur with ASD.42 People with ASD are at increased risk
of specific medical conditions, such as epilepsy (21% in people with
ASD and intellectual disability and 8% in those without intellectual
disability vs 0.8% in a general population sample),43,44 feeding prob-
lems (eg, focus on specific foods, sensitivity to textures),45 motor
coordination difficulties such as trouble coordinating movements
between the left and right side of the body or problems maintain-
ing their posture (37% vs 5%),46,47 gastrointestinal conditions
(eg, constipation [22%]),48 and sleep difficulties (13% vs 5%)3 com-
pared with those without ASD. These conditions may bring chil-
dren to medical attention and lead to a diagnosis of ASD.4

Savant skills, defined as special skills that exceed what conven-
tionally seems humanly possible, most commonly manifest in
memory, art, music, mental arithmetic, and calendar calculation
(eg, the ability to provide the day of the week for any given date go-
ing back hundreds of years)49 are more common in people with ASD.
People with extreme savant skills may capture media attention, but
may provide stereotyped portrayals of ASD. Savant skills may oc-
cur in as many as approximately 29% of affected individuals.50 Some

Box 2. Early Behavior Signs of Possible Autism Spectrum
Disorder

Absence of Developmentally Expected Milestone Attainment
Avoids or does not maintain eye contact.

Does not respond to name by 9 months of age.

Does not show facial expressions of emotions by 9 months of age.

Rarely shares enjoyment with caregivers.

No simple interactive games (eg, pat-a-cake) by 12 months of age.

Uses no or few gestures (eg, does not wave goodbye).

Does not share interests with others.

Does little or no imitation of other people or does not pretend.

No pointing (to show caregivers something interesting) by
18 months of age.

Emergence of Aberrant Behaviors
Lines up toys in a particular order and gets upset when the order
is changed.

Uses repetitive words and phrases.

Moves their fingers, hands, or body in an unusual way
(finger flicking, hand flapping, body rocking, spinning self
in circles, for example).

Shows excessive interest in particular objects.

Has obsessive interests in certain objects and attachment
to unusual objects.

Has unusual reactions to sensory stimuli (eg, getting upset about
a clothing tag, avoiding eating food with certain textures).

Has strong interest in and seeks unusual sensory experiences
(eg, squinting or flapping hands to certain lights, excessively
rubbing certain textures, licking or smelling objects.).
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features of ASD, such as restricted interests and repetitive behav-
iors, may predispose to intense focus and relentless practice of skills
that eventually become superior.49,51

Diagnosis of ASD
Screening
The American Academy of Pediatrics recommends that all children
be screened at 18 and 24 months of age for ASD.52 In contrast, in
2016 the US Preventive Services Task Force concluded that evi-
dence was insufficient to recommend screening for ASD in young
children for whom no concerns were raised by their parents be-
cause of a lack of randomized clinical trials that addressed the ques-
tion of whether early identification of ASD in young children through
screening could improve core symptoms of ASD.53 The US Preven-
tive Services Task Force called for additional research on whether
earlier identification through universal screening is associated with
improved outcomes in children with ASD to update the statement
issued in 2016.54

The Modified-Checklist for Autism in Toddlers, Revised
(M-CHAT-R), a 20-item screening questionnaire, is one of the fre-
quently used autism-specific screening tools in primary care settings
designed to identify children aged 16 to 30 months who are at risk for
ASDfromageneralpopulation.55 ChildrenwhoseM-CHAT-Rtotalscore
is higher than 2 are considered at risk for ASD and require follow-up
questions by health care professionals for additional information about
theitemsthechilddidnotpassontheM-CHAT,whichincreaseitsspeci-
ficity (sensitivity of 85% and specificity of 99% for the M-CHAT-R with
follow-up questions). Guidelines generally do not recommend one au-
tism-specific screening tool over others. Children who have a positive
screening test result for ASD should undergo a comprehensive evalu-
ation and referral for developmental services, consisting of early be-
havioral intervention and family guidance. There is no evidence to sup-
port screening for ASD in asymptomatic adults, and few screening tools
for ASD exist for adults.55 The National Institute for Health and Care
Excellence in the UK recommends that clinicians consider using the
Autism Spectrum Quotient, a 10-item screening tool, for adults with
suspected ASD who do not have moderate or severe intellectual dis-
ability to determine whether a referral for a comprehensive assess-
ment is indicated.38

Diagnostic Assessment
The criterion standard for an ASD diagnosis is the best-estimate
clinical consensus, defined as agreement within a multidisciplinary
professional team based on a detailed developmental history and
observation of the individual’s behaviors using standardized diag-
nostic tools. The most widely used of these standardized diagnostic
tools for ASD include the Autism Diagnostic Interview, Revised
(ADI-R), a semi-structured interview with the parent(s), and the
Autism Diagnostic Observation Schedule, Second Edition
(ADOS-2), a semi-structured direct observation of a child’s behav-
ior. The diagnostic conclusion incorporates definitions from the
Diagnostic and Statistical Manual of Mental Disorders and Interna-
tional Classification of Diseases as well as the diagnostic impression
and opinions from multidisciplinary professionals involved in the
assessment.42 The ADI-R and the ADOS-2 have sensitivity of 80%
(95% CI, 79%-82%) and 91% (95% CI, 90%-92%), respectively.
Specificity is 72% (95% CI, 70%-74%) for the ADI-R and 76%
(95% CI, 74%-78%) for the ADOS-2.56 Nevertheless, these diag-

nostic tools should inform and not supersede clinical judgement.
Cognitive and adaptive function testing, such as the Differential
Ability Scales, Wechsler Intelligence Scale for Children, and
Vineland Adaptive Behavior Scales, and assessment of speech and
language to evaluate quantitative and qualitative speech abilities
and communication skills are important for establishing the diagno-
sis of ASD as well as developing therapy plans. Sensory and motor
assessments can provide useful supplementary information related
to functional fine and gross motor skills and sensory processing dif-
ferences (eg, sensory hypersensitivity and hyposensitivity).57 Mul-
tidisciplinary assessment can assist clinicians in differentiating
between ASD and other disorders (eg, intellectual disability, prag-
matic language disorder, ADHD). ASD diagnostic tools are not stan-
dardized in individuals with visual impairment and hearing loss.
Co-occurring emotional and behavioral problems may also affect
performance on diagnostic measures for ASD.58

The American Academy of Pediatrics and the American College
of Medical Genetics and Genomics recommend genetic testing for in-
dividuals who are diagnosed with ASD.42,52,59 Ascertaining a genetic
etiology of ASD through genetic testing can provide patients, fami-
lies, and clinicians with information about recurrence risk and prog-
nosis and help navigate patients and families to support and re-
sources specific to genetic conditions. In particular, chromosomal
microarray is recommended to scan the genome for copy number vari-
ants.FragileXtestingisrecommendedforall individualsdiagnosedwith
ASD, and females with developmental regression should be tested for
Rett syndrome (MECP2 gene sequencing). Clinicians should consider
referring the patient to a geneticist if ASD associated with a genetic syn-
drome is suspected based on family history and congenital anoma-
lies, such as craniofacial anomalies or macrocephaly, on physical ex-
amination. The detection of potentially causal genetic abnormalities
can inform family planning discussions and subsequent medical sur-
veillance. However, the probability of clinically actionable findings from
testing must be balanced by the potential financial or physical burden
of testing on patients.

Individuals with established ASD benefit from thorough physi-
cal examinations given high rates of gastrointestinal problems,
such as constipation and abdominal discomfort; dermatological
conditions, such as atopic dermatitis; and neurological manifesta-
tions in certain genetic disorders, such as tuberous sclerosis com-
plex. An electroencephalogram is not recommended as part of the
evaluation for ASD unless there are concerns about epilepsy or spe-
cific developmental disorders associated with abnormal encepha-
lographic findings (eg, Landau-Kleffner syndrome, which is charac-
terized by aphasia and agnosia).42

Management
The goal of therapy is to improve an individual’s function and
well-being.60 Behavioral interventions are well-supported by evi-
dence (eg, see the National Standards Project by the National
Autism Center61). No medications have demonstrated efficacy for
the core diagnostic symptoms of ASD.62,63 Pharmacologic interven-
tions, such as aripiprazole and risperidone, can mitigate behavioral
and emotional dysregulation that co-occur in individuals with ASD.
Current evidence is summarized for psychosocial interventions in
Table 2 and for pharmacological interventions in Table 3. Box 3 high-
lights some commonly asked questions regarding clinical care for in-
dividuals with ASD.
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Table 2. Therapeutic Interventions for Individuals With Autism Spectrum Disorder (ASD)

Therapy type
Appropriate age
range for therapy Target condition(s) Description of therapy Summary of evidence

Behavioral
approaches
(eg, early intensive
behavioral
intervention [EIBI],
Discrete Trial
Training)

Young children
(aged <5 y)

Adaptive skills,
cognition, language,
motor skills, social
communication,
and emotional and
behavioral disorders

Intensive, individualized behavior analytic
approaches, where antecedents of
(environments leading to) behaviors and
functions of behaviors are analyzed through
behavior observation to build new repertoires
and reduce interfering behaviors.

The pooled effect size of intensive behavioral
therapy (approximately 25 h/w) in a
meta-analysis of 21 studies, including both
RCTs and quasi-experimental studies was small
to medium: 0.24 (95% CI, 0.01-0.47) for
language, 0.29 (95% CI, 0.05-0.54) for
cognitive ability, 0.38 (95% CI, 0.19-0.56) for
adaptive behavior, and 0.40 (95% CI,
0.18-0.61) for social communication.64

Developmental
approaches
(eg, Developmental,
Individual-
Differences,
Relationship-Based/
Floortime model,
Preschool Autism
Communication
Trial)

Social-pragmatic approaches intended to
promote social communication and
interactions. In this model, development is
considered to be the result of children’s active
exploration of their physical and social
surroundings.

A meta-analysis of 11 RCTs demonstrated that
developmental approaches were associated
with improved social communication (effect
size, 0.27 [95% CI, 0.05-0.48]), but not
language effect size, 0.06 (95% CI, −0.08 to
0.21).64

Naturalistic
Developmental
Behavioral
Intervention (NDBI)
(eg, ESDM, pivotal
response training,
JASPER, Project
ImPACT)

An approach integrating both behavioral and
developmental principles: the NDBI approaches
emphasize the developmental systems
approach and are diverse from the EIBI in a way
that instructions and teaching are delivered in
a physical environment that looks similar to
typical daily experiences.

A meta-analysis of 17 RCTs of people with ASD
showed that, compared with
control/behavioral interventions commonly
available in the community, the NDBIs were
associated with better developmental
outcomes, including language (effect size,
0.21 [95% CI, 0.01-0.41]), play (effect size,
0.33 [95% CI, 0.13-0.54]), and social
communication (effect size, 0.42 [95% CI,
0.23-0.62]) domains.64 In a randomized
clinical trial of 87 participants, the effect of 2
different treatment intensities (15 h/wk for 12
mo vs 25 h/wk for 12 mo) of the ESDM, one of
the NDBIs did not significantly differ on the
intervention outcomes, including autism
severity, expressive communication, receptive
language, and nonverbal development.65

Treatment and
Education of Autistic
and Related
Communication
Children (TEACCH)

Children,
adolescents,
and adults

ADL, language,
communication,
social skills,
executive
functioning, and
engagement

Emphasizes a close working relationship
between parents and practitioners, adapts the
intervention to the particular characteristics
of the individual client, and makes use of
structured teaching experiences. TEACCH is
one of the most widely used approaches in
school settings.

A meta-analysis of 6 studies (4
quasi-experimental studies and 2 RCTs) of 202
participants showed no significant association
of TEACCH with improvement in social
communication outcomes (effect size, −0.11
[95% CI, −0.93 to 0.71]).65 However, the lack
of benefit was likely due to a noncluster
randomized design used in the RCTs and the
lack of studies with large sample sizes.

Psychotherapy
(cognitive
behavioral therapy
[CBT])

School-age children,
adolescents

Anxiety CBT is based on the cognitive model, in which
people's behaviors and emotions are influenced
by their perceptions of events. In CBT for
anxiety, imaginal and in-vivo exposure tasks
are essential, in addition to identifying
cognition in anxiety-provoking situations and
developing cognitive reappraisal. The focus of
CBT is problem-oriented, with an emphasis
on the present.

In a meta-analysis of 45 RCTs and 6 quasi RCTs
of 2485 participants with ASD, the effect size
of CBT on social-emotional problems in
individuals with ASD was statistically
significant, but was associated with a modest
effect (effect size, 0.57 [95% CI,
0.24-0.90]).66 In a 16-wk RCT of 167 children
aged 6-13 y, adapted CBT for ASD (90-min
weekly with parental involvement) was
significantly better for reducing anxiety
symptoms compared with generic CBT (effect
size, 0.63 [95% CI, 0.27-0.99]) and treatment
as usual/non-CBT psychotherapy commonly
available in the community (effect size, 1.69
[95% CI, 1.10-2.26]).67 Studies targeting
adults with ASD are scarce but emerging.68

Group social skills
interventions
(GSSIs)

Adolescents, young
adults

Social skills Group interventions with a manual providing
strategies to foster social competence,
including direct instruction with written or
visual materials, modeling, role-play, and
group sessions.

In a meta-analysis of 9 RCTs with 362
participants with ASD, UCLA PEERS, the most
widely used manual-based GSSI for ASD,
consisting of 12 90-min sessions delivered
once a week, was associated with an increase
in self-reported social knowledge (effect size,
2.15 [95% CI, 1.54-2.77]) and
parent-reported social functioning at week 12
(effect size, 0.71 [95% CI, 026-1.15])
compared with the delayed-treatment control
group.69 In the RCTs included in the
meta-analysis, the delayed-treatment control
group received UCLA PEERS intervention after
the postintervention assessment was
conducted at wk 12.

Abbreviations: ESDM, Early Start Denver Model; JASPER, Joint Attention,
Symbolic Play, Engagement, and Regulation; PEERS, Program for Excellence in

Education and Research in the Sciences; Project ImPACT, Project Improving
Parents as Communication Teachers; RCT, randomized clinical trial.
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Table 3. Pharmacological Interventions for Individuals With Autism Spectrum Disorder (ASD)

Medication by
condition

Category of medication
and mechanism of action Strength of evidencea Common adverse eventsb

Irritability,
aggression,
emotional
dysregulation

Aripiprazole Atypical antipsychotics; partial
agonist at D2 dopamine receptor
and serotonin (5-HT)1A receptors
and an antagonist at serotonin
5-HT2A receptor.

In a meta-analysis of 5 RCTs and 808 children and
adolescents with ASD, aripiprazole was associated with a
reduction of emotional dysregulation, including irritability
and aggression compared to placebo (SMD, 1.18; 95% CI,
0.84 to 1.52).70

Drowsiness ,10.4% (vs 3.96% in the
placebo group); vomiting, 13.6%
(vs 5.94%); increased appetite, 9.43%
(vs 6.93%); and extrapyramidal symptoms
8.96% (vs 3.96%)

Risperidone Atypical antipsychotics; Antagonist
at D2 dopamine receptor and
5-HT2A receptors but has a higher
affinity for 5-HT2A receptors than
for D2 receptors. Adrenergic and
histaminergic receptors are also
involved in its mechanism of action.

In a meta-analysis of 6 RCTs and 372 participants with ASD,
risperidone was associated with improvement in irritability
and emotional dysregulation compared with placebo
(SMD, 1.07 [95% CI, 0.82-1.33]).70

Drowsiness, 40.0% (vs 8.0% in the placebo
group); vomiting, 17.3% (vs 16.0%);
constipation, 14.0% (vs 6.40%); increased
appetite, 40.7% (vs 16.8%); and
extrapyramidal symptoms 16.0% (vs 8.0%)

ADHD

Methylphe-
nidate (MPH)

Psychostimulant medication; blocks
the reuptake of dopamine and
noradrenaline through the blockade
of dopamine and noradrenaline
transporters.

In a meta-analysis of 4 placebo-controlled RCTs and 117
children with ASD, MPH was associated with a reduction of
ADHD symptoms (SMD, 0.60 [95% CI, 0.23-0.96] for
parent-rated overall ADHD symptoms).71 All 4 studies used
a crossover study design, and study duration was short
(1-2 wk).

Appetite decrease, 29.8% (vs 9.65% in the
placebo group); sleep problems, 27.2%
(vs 2.91%); irritability, 21.1% (vs 17.5%);
headache, 6.14% (vs 1.75%); and stomach
discomfort, 9.65% (vs 1.75%)

Atomoxetine Nonpsychostimulant ADHD
medication; inhibits the presynaptic
noradrenaline transporter and
prevents the reuptake of
noradrenaline.

Atomoxetine, compared with placebo, was associated with
improvement in ADHD symptoms (SMD, 0.44 [95% CI,
0.06-0.93]) in a meta-analysis of 4 RCTs with 237 children
with ASD.71

Appetite decrease, 43.0% (vs 22.5% in the
placebo group); irritability, 33.6%
(vs 34.9%); sleep problems, 30.5%
(vs 17.8%); and vomiting, 25% (vs 14.7%)

Extended-
release
guanfacine

Nonpsychostimulant ADHD
medication; stimulates postsynaptic
α2A-adrenergic receptors to
enhance noradrenaline
neurotransmission.

The effectiveness of extended-release guanfacine is
supported by evidence from an 8-week placebo-controlled
RCT (n = 62) for improvement in the investigator-rated
total ADHD symptoms (SMD, 1.20 [95% CI, 0.66-1.75).72

Drowsiness, 86.7% (9.4% in the placebo
group); decreased appetite, 43.3%
(vs 6.25%); emotional/tearful, 40%
(vs 3.1%); and dry mouth 40% (vs 3.1%)

Restricted,
repetitive
behaviors

SSRIs
(citalopram,
escitalopram,
fluoxetine,
fluvoxamine,
sertraline)

Antidepressants; inhibit the
serotonin transporter at the
presynaptic axon terminal and
inhibit the reuptake of serotonin,
thereby increasing the availability
of serotonin in the synapse.

In a meta-analysis of 7 RCTs and 631 participants, SSRIs
overall were not associated with improvement in restricted,
repetitive behaviors in ASD (effect size, 0.09 [95% CI,
−0.21 to 0.39]).73

Gastrointestinal problems, 16.1%
(vs 11.3% in the placebo group); mood
disturbance, 28.7% (vs 23.7%); energy
increase, 30.5% (vs 16.5%); insomnia,
31.1% (vs 25.3%); and vivid dreams 8.42%
(vs 0%)

Anxiety and
depression

No RCTs conducted specifically to examine the efficacy of
SSRIs for mood and anxiety symptoms in individuals
with ASD.

Sleep problems

Melatonin Other; activates melatonin
receptors with a high affinity for
the melatonin 1 receptor, thereby
regulating the sleep/wake cycle.

In a 13-wk RCT comparing prolonged-release melatonin
and placebo in 125 children (96.8% had ASD; 3.2% had
Smith-Magenis syndrome), melatonin increased total sleep
time by 51.2 min vs 18.7 min in the placebo group (P = .03;
Cohen d = 0.4) and decreased sleep latency by 37.9 min vs
12.6 min in the placebo group (P = .01; Cohen d = 0.5).74

Somnolence, 28.3% (vs 10.8% in the
placebo group), headache 13.3%
(vs 6.2%)

Hyperactivity,
irritability

N-Acetylcysteine
(NAC)

Other; functions as an antioxidant
through its contribution to the
production of glutathione, a major
intracellular antioxidant within the
central nervous system.

In a meta-analysis of RCTs (5 trials, 225 individuals with
ASD), NAC, compared with placebo, was associated with a
significant reduction in hyperactivity (mean difference,
4.80 [95% CI, 1.20-8.40]) and irritability (mean difference,
4.07 [95% CI, 1.13-7.01]), but there were no differences
between these 2 groups in overall changes in social
communication and stereotyped behavior.75

GI symptoms, 32.3% (vs 20.6% in the
placebo group) and drowsiness, 12.9%
(vs 6.5%)

Social
communication
challenges

Oxytocin Other; neuropeptide potentially
plays an important role in
modulating social-communicative
behaviors.

Despite initial positive findings in small sample-sized trials,
oxytocin failed to demonstrate efficacy in improving social
communication compared with placebo (least square mean
change, −3.7 [95% CI, −4.8 to −2.8] vs −3.5; [95% CI, −4.4
to −2.6]; P = .61) in the largest sample-sized RCT with 290
children and adolescents with ASD.76

Increased appetite, 16% (vs 10% in the
placebo group); increased energy, 10%
(vs 3%); and restlessness 8% (vs 2%)

Abbreviations: ADHD, attention-deficit/hyperactivity disorder;
RCT, randomized clinical trial; SSRI, selective serotonin reuptake inhibitor.
a A standardized mean difference (SMD) of 0.2 to 0.5 indicates a small effect, 0.5

to 0.8 indicates a medium effect, and greater than 0.8 indicates a large effect.

b Adverse events listed here can occur in a general population and are not
specific to individuals with ASD.
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Behavioral Interventions
Early intervention based on well-established behavioral analytic
principles has focused primarily on young children, but can be used
in people of any age to help them acquire specific skills and address
problem behaviors across the lifespan. These principles focus on
attaining behavior change based on understanding and manipulat-
ing predisposing environmental conditions or events that may rein-
force specific behaviors after they occur. In general, therapies are
more effective for improving symptoms associated with ASD, such
as using language effectively, than for features of ASD such as
impairment in social communication and repetitive, restricted pat-
terns of behaviors. The Naturalistic Developmental Behavioral

Interventions involve the use of applied behavior analytic principles
of learning with a focus on teaching children developmentally
appropriate skills in natural settings (eg, play, routine activities).77

The Naturalistic Developmental Behavioral Interventions were
associated with an improvement in children’s language, play, and
social communication in a meta-analysis that included 16, 7, and 17
randomized clinical trials, with effect sizes of 0.2 (95% CI, 0.1-0.4),
0.3 (95% CI, 0.1-0.5), and 0.4 (95% CI, 0.2-0.6), respectively.64 At
least 25 hours per week of these interventions is recommended to
achieve optimal developmental outcomes,78 but a 2021 random-
ized clinical trial of 87 participants did not demonstrate differences
in the composite scores of the intervention outcomes, including
autism severity (P = .80), expressive communication (P = .36),
receptive language (P = .96), and nonverbal abilities such as fine
motor skills and daily living skills (P = .54), between therapies with
different intensities (15 hours/week for 12 months vs 25 hours/
week for 12 months).65 Parent-mediated intervention, consisting of
joint attention therapy (therapy focusing on improving skills to
share focus on an object or area with another person, such as finger
pointing to look at something and making eye contact with some-
one when sharing an experience), social communication therapy,
and behavioral therapy, delivered by trained parents is currently
under evaluation as a potential treatment.79 In a meta-analysis of
19 randomized clinical trials, parent-delivered interventions were
associated with significant, but relatively small, improvement in
ASD symptom severity (effect size, 0.2 [95% CI, 0.03-0.4]), social-
ization (effect size, 0.2 [95% CI, 0.09-0.4]), and cognition (effect
size, 0.2 [95% CI, 0.03-0.5]).80

School-age children diagnosed with ASD generally have ac-
cess to behavioral, speech, occupational, and physical therapies in
the school setting. The inclusion of children in general education
classrooms with visual support strategies (visual cues, such as a pic-
ture of a child placing a sweater on a coat hook at the entrance to a
classroom, or social scripts, such as a short text that outlines what
a child can expect during a visit to the doctor) to prompt and rein-
force positive social behaviors can promote adaptive behaviors.81

Treatment and Education of Autistic and Related Communication-
Handicapped Children is one of the well-established educational pro-
grams characterized by highly structured work routines and visual
presentation of information to facilitate acquisition of learning goals
from individualized schedules that are based on each person’s learn-
ing characteristics, skills, and strengths.82

Approximately 20% of people with ASD have anxiety and ap-
proximately 11% have depression. Anxiety and depression can in-
terfere with adaptive functioning and well-being.83 Cognitive be-
havioral therapy (CBT) is a first-line treatment for these conditions
in individuals with ASD.84 In a 16-week randomized clinical trial for
167 children with ASD aged 6 to 13 years, CBT adapted for ASD
(90 minutes weekly with parental involvement) was superior to
treatment as usual (ie, non-CBT services) in reducing anxiety symp-
toms (Cohen d, 1.7 [95% CI, 1.1-2.3]).67 However, few randomized
clinical trials have studied CBT for depression in people with ASD.68

In children and adolescents with ASD who have no or mild cog-
nitive impairment, social deficits and poor friendship quality typi-
cally worsen during adolescence when social skills may not be de-
veloped enough to meet social demands.85 Providing people with
ASD with social skills training delivered in a group format is associ-
ated with modest effects on social competence.86 Effective therapies

Box 3. Commonly Asked Questions About Autism Spectrum
Disorder (ASD)

Among Adults Presenting for the First Time With Possible ASD,
What Other Conditions Should Be Considered in the Differential
Diagnoses?
Individuals who present in adulthood with a neurodevelopmental
disorder typically have symptoms that are mild, have developed
strategies to minimize the effects of social communication
difficulties, and do not have obvious repetitive behaviors.
The differential diagnosis generally includes anxiety disorders
(eg, social anxiety), obsessive compulsive disorder (restricted or
repetitive behaviors), social pragmatic disorder (awkward social
communication), and perhaps attention-deficit/hyperactivity
disorder (inattention and impulsivity leading to poor social
relationships). All of these diagnoses may coexist with ASD, which
adds to the diagnostic complexity for adults presenting for the first
time with possible ASD.

Are There Special Considerations in General Medical Care
for Individuals With ASD?
People with ASD who have limited communication ability and
coexisting medical conditions (eg, infections, constipation, pain)
may present with behavioral problems, including aggression or
self-injurious behaviors (head-banging, self-hitting). Additionally,
adverse effects from medications prescribed for physical
problems, including anticonvulsants for epilepsy, can exacerbate
behavioral problems. Abrupt changes in behavior may indicate
underlying disease.

Are There Accommodations That Can Improve Interactions With
Health Care Clinicians During Outpatient Medical Appointments
With Patients Who Have ASD?
It can be helpful to discuss specific strategies to achieve improved
outcomes with family or caregivers in advance of an appointment
(eg, managing sensory sensitivities, transitions, or specific fears).
Scheduling patients with ASD at the beginning or end of the day
can reduce time in the waiting room, which can be particularly
stressful for patients with ASD. It may be helpful for some
individuals to have a preclinic visit to see the setting and meet
staff prior to presenting for examination.

What Are Evidence-Based Treatment Options for Individuals
With ASD?
Behavioral interventions early in life are effective for improving social
communication and interaction and reducing problem behaviors,
which can be used across the lifespan. Emotional and behavioral
problems, such as anxiety, aggression, or attention-deficit/
hyperactivity disorder associated with ASD can be mitigated by
cognitive behavioral therapy and pharmacotherapy.
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are needed to help people with ASD succeed in postsecondary edu-
cation and the work environment.87,88

Pharmacological and Other Biomedical Interventions
Risperidone and aripiprazole, which have dopaminergic and sero-
tonergic antagonistic effects, are currently approved by the US
Food and Drug Administration for irritability and aggression in
patients with ASD (Table 3). Although their efficacy is supported by
meta-analyses of randomized clinical trials, the medications have
adverse effects that include hyperglycemia, dyslipidemia, and
weight gain. The effect size of risperidone, compared with placebo,
for the outcome of irritability and aggression was 1.10 (95% CI, 0.8-
1.3) in a meta-analysis of 372 participants with ASD and the effect
size of aripiprazole, compared with placebo, was 1.20 (95% CI, 0.8-
1.5) in a meta-analysis of 808 participants with ASD. Psychostimu-
lants (methylphenidate) and nonpsychostimulants (atomoxetine
and guanfacine) were effective for managing ADHD symptoms in
ASD. For example, in a meta-analysis of 4 clinical trials including 97
participants with ASD, compared with placebo, methylphenidate
had an effect size of 0.6 (95% CI, 0.2-1.0) for hyperactivity
symptoms,71 and in a meta-analysis of 4 clinical trials including 204
people with ASD, compared with placebo, atomoxetine had an
effect size of 0.5 (95% CI, 0.2-0.8) for hyperactivity symptoms.71 In
a randomized clinical trial of 62 people with ASD, compared with
placebo, extended-release guanfacine had an effect size of 1.2
(95% CI, 0.7-1.8) for overall ADHD symptoms. However, people
with both ADHD and ASD are more likely to experience behavioral
activation, consisting of restlessness and disinhibition, with psy-
chostimulants compared with individuals without ASD.71 Melatonin
may be useful for sleep problems in people with ASD.89 In a ran-
domized clinical trial of 125 children and adolescents in which 97%
of participants had ASD, prolonged-release melatonin, compared
with placebo, increased sleep duration by 32 minutes (P = .03;
effect size, 0.4) and reduced sleep-onset latency by 25 minutes
(P = .01; effect size, 0.5).74 Fluoxetine, an SSRI, did not improve
obsessive-compulsive behaviors compared with placebo in a
16-week clinical trial of 146 children and adolescents (effect size,
−0.38 [95% CI, −0.76 to −0.004]).90 Similarly, in a meta-analysis of
7 randomized clinical trials that included 519 people, SSRIs overall
were not associated with reduced restricted, repetitive behaviors
in ASD (effect size, 0.1 [95% CI, −0.2 to 0.4]).73

Because of the lack of effective pharmacotherapies for ASD,
families are frequently interested in complementary and alterna-
tive approaches. Some supplements, such as N-acetylcysteine75

and sulforaphane,91 have been studied in randomized clinical trials
and demonstrated efficacy for emotional and behavioral symp-
toms. However, current evidence does not support any supple-
ment for ASD symptoms of speech delay, poor social interaction, or
restricted or repetitive behaviors.75,91 In a randomized clinical trial
of 150 children and adolescents with ASD that compared cannabis
extract–containing cannabidiol with tetrahydrocannabinol adminis-
tered in a 20:1 ratio (whole-plant cannabis extract), purified
cannabinoid-containing cannabidiol and tetrahydrocannabinol
administered in a 1:1 ratio (pure cannabinoid), and placebo, changes
in the primary outcome of the child’s noncompliant behavior at
home did not differ among the 3 groups. However, the whole-plant
cannabis extract significantly improved disruptive behaviors, a sec-
ond primary outcome, compared with placebo (49% responder

rate vs 21% responder rate; P < .01), while pure cannabinoids did
not differ from placebo in the same measure (38% responder rate
vs 21% responder rate; P = .08).92

ASD in the Clinic/Office Setting
Adults with ASD are more likely to report lower satisfaction with
patient-clinician communication93 and have lower health care
self-efficacy94 in the general clinic setting than adults without ASD.
People with ASD are more likely to visit the emergency depart-
ment for medical care than people without ASD.95 A cross-
sectional analysis of the Nationwide Emergency Department Sample
database on emergency department visits from the years 2006 to
2011, data that were created for the Healthcare Cost and Utilization
Project, reported that adults with ASD were more likely to have a
psychiatric visit (15% vs 4.2%; P < .01) as well as an injury visit (16.1%
vs 13.6%; P < .01) compared with adults without ASD.

The Academic Autism Spectrum Partnership in Research and
Education, a project funded by the National Institutes of Health, de-
veloped a health toolkit for adults with ASD and their primary care
physicians96 and provides physicians with information to improve
care. Examples include giving patients extra time to answer ques-
tions, scheduling longer appointments, using natural or dim light in
the examination room, and ensuring that the examination room is
quiet and calming.

Transitions of care between pediatric and adult medicine are im-
portant, because those with ASD may have difficulty finding adult cli-
nicians familiar with ASD when they become too old for pediatric
practices.97 A national survey of 56 014 people with special health care
needs revealed that only 23% of youth (individuals aged 12-17 y) with
ASD received health care transition services to improve their health
care knowledge and encouraged independent management of their
health care needs in transitioning from pediatric to adult services, com-
pared with 50% for youth with other special health care needs.98

Prognosis
With respect to social, psychological, and health outcomes, adults
with ASD less frequently live independently, are more frequently un-
employed, and have higher needs and higher use of mental health
services than people without ASD.99 Better cognitive abilities dur-
ing childhood are associated with higher levels of independence, edu-
cation, and employment later in life, but are not associated with
higher rates of friendship or well-being reported by caregivers.100

Premature mortality rates are approximately 2-fold higher for
individuals with ASD than for the general population.101 Mortality
risk in people with ASD is increased by the coexistence of neuro-
logic disorders, such as seizure (mortality rates of 1.1% vs 0.2%),
and co-occurring mental/behavioral disorders, such as mood disor-
ders (mortality rates of 0.4% vs 0.2%).102 Suicide attempts and
death by suicide are more common in individuals with ASD than in
the general population. In a population-based study of 6 559 266
people in Denmark,103 incident rates for suicide attempts were 266
per 100 000 person-years in people with ASD and 63 per 100 000
person-years in those without ASD (incident rate ratio after adjust-
ing for sex, age, and period, 3.2 [95% CI, 2.9-3.5]). Similarly, inci-
dent rates for death by suicide were 24 per 100 000 person-years
in people with ASD and 14 per 100 000 person-years in those
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without ASD (incident rate ratio after adjusting for sex, age, and
period, 3.8 [95% CI, 2.9-4.9]).

Limitations
This review has several limitations. First, the search was restricted
to English-language publications. Second, the quality of included lit-
erature was not formally evaluated. Third, some relevant papers may
have been missed.

Conclusions

Autism spectrum disorder affects approximately 2.3% of children aged
8 years and 2.2% of adults in the US. First-line therapy consists of be-
havioral interventions delivered by a multidisciplinary team, while co-
occurring mental health conditions, such as anxiety or aggression, may
be treated with specific behavioral therapy or medications.
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Abstract
Autism spectrum disorder (ASD) has become a common neurodevelopmen-
tal disorder. The heterogeneity of ASD poses great challenges for its research
and clinical translation. On the basis of reviewing the heterogeneity of ASD,
this review systematically summarized the current status and progress of
pathogenesis, diagnostic markers, and interventions for ASD. We provided
an overview of the ASD molecular mechanisms identified by multi-omics
studies and convergentmechanism in different genetic backgrounds. The comor-
bidities, mechanisms associated with important physiological and metabolic
abnormalities (i.e., inflammation, immunity, oxidative stress, andmitochondrial
dysfunction), and gut microbial disorder in ASD were reviewed. The non-
targeted omics and targeting studies of diagnostic markers for ASD were also
reviewed. Moreover, we summarized the progress and methods of behavioral
and educational interventions, intervention methods related to technological
devices, and research on medical interventions and potential drug targets. This
review highlighted the application of high-throughput omics methods in ASD
research and emphasized the importance of seeking homogeneity from hetero-
geneity and exploring the convergence of disease mechanisms, biomarkers, and
intervention approaches, and proposes that taking into account individuality and
commonalitymay be the key to achieve accurate diagnosis and treatment of ASD.
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1 INTRODUCTION

Autism spectrum disorder (ASD) is a group of develop-
mental neurological disorders characterized by early onset
of abnormal social communication and restricted repeti-
tive behaviors and interests. SinceASDwas first discovered
and defined, researchers have not stopped studying and
exploring it (Figure S1).1–4 Currently, the percentage of
children with ASD has steadily increased since the 1970s,
when it was less than 0.4%. It is currently estimated to be
between 1% and 2%.5–7 The rate of ASD in 8-year-old chil-
dren in the United States has increased from one in 44 in
2018 to one in 36 in 2020.8,9 In China, the incidence of ASD
in children aged 6−12 years is ∼0.7%.10,11 As a result, ASD
have attracted widespread societal attention.
The etiology of ASD is extremely complex. Twin stud-

ies suggest that genes play a key role in the pathogenesis of
ASD, and its heritability estimates range from 64% to 91%.12
In familieswith childrenwithASD, the average rate ofASD
recurrence is estimated to be 15%−25% for male newborns
and 5%−15% for female newborns.13,14 Besides, environ-
mental factors are also implicated in the development
of ASD, including prenatal/perinatal, microbial–gut–brain
axis, and others. Prenatal/perinatal causes includedmater-
nal age >35 years, maternal characteristics of metabolic
syndrome, use of antidepressant valproic acid (VPA) med-
ications, and the effects of infection and inflammation.15,16
Environmental factors can directly influence specific sus-
ceptibility genes, prompting epigeneticmodifications such
as DNA methylation and histone changes (phosphoryla-
tion and acetylation), which increase the risk of developing
ASD.17 ASD arises from a complex interplay of genetic
and environmental factors, leading to changes in brain
structure and function that manifest as behavioral abnor-
malities (Figure 1).
Moreover, the heterogeneity of ASD impedes both pin-

pointing underlying mechanisms and tailoring effective
therapies. Interestingly, the previous studies have shown
that the function of ASD-associated genes converges with
the affected cell type18–23 and that the affected brain has a
characteristic molecular pathology.22 ASD-specific molec-
ular changes are mainly concentrated in central nervous
system (CNS).18–23 Besides, individuals with ASD have
different comorbidities, but all share the same social com-
munication deficits and repetitive stereotyped behavioral
phenotypes, implying a common underlying biological
mechanism among them.24 The heterogeneity of ASDdoes
not preclude the possibility of finding common features or
mechanisms that could lead to breakthroughs in the patho-
genesis, diagnosis, and treatment ofASD. Efforts have been
made to identify biomarkers, pathological mechanisms,
and drug targets, and to explore the possibility of defining
ASD subgroups by biological features.

In this review, we summarized the heterogeneity of ASD
and explore its underlying disease mechanisms based on
genes and multi-omics studies. We focused on searching
convergent disease pathways under genetic backgrounds
and comorbidities. In addition, themechanisms associated
with common physiological and metabolic abnormalities
and the gut microbiota were reviewed. An overview of
research advances in ASD biomarkers was provided, and
its role in early diagnosis was emphasized. Advances in
behavioral interventions and pharmacological studies of
ASD were also reviewed.

2 HETEROGENEITY OF ASD

Heterogeneity in etiology, phenotype, and outcome are
hallmarks of ASD.25 These factors contribute to a clinical
heterogeneity, whichmanifest as diverse deficits or impair-
ments in behavioral features and communicative function-
ing. The remarkable heterogeneity ofASD complicates and
diversifies the clinical diagnosis and the individualization
of treatment for ASD, which involves a combination of
multiple genes, environmental factors, and mental health
disorders. Heterogeneity of genes, comorbidity in ASD,
and gender bias contribute to the heterogeneity of ASD.25

2.1 The challenge from heterogeneity of
genes

With the application of genome-wide linkage and asso-
ciation analysis, copy number variant analysis, candi-
date gene resequencing and association analysis, and
exome sequencing, many genes associated with ASD have
been identified. Over 1200 genes have been recorded in
the SFARI autism gene database (https://www.sfari.org/).
More than 100 risk genes have been identified, includ-
ing de novo mutations, genomic copy number variants,
and single base mutations. Notably, children with ASD are
genetic heterogeneous, with genetic variants detected in
about 10%−20% of cases, but no single gene or mutation
can cause more than 1% of cases,26 and genetic testing is
still not available to accurately predict or diagnose ASD.

2.2 Comorbidity in ASD

In addition to core symptoms, children with ASD often
have learning difficulties, intellectual disabilities (IDs),
and other behavioral problems that may manifest as
aggression, self-injurious behavior, impulsivity, irritability,
hyperactivity, anxiety, and mood symptoms.27 The sever-
ity of clinical symptoms and behavioral difficulties varies
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F IGURE 1 Potential influences of autism spectrum disorder (ASD). ASD is a heterogenous group of neurodevelopmental disorders
characterized by social communication impairments, repetitive behaviors, restricted range of interest, and other clinical considerations. ASD
is a multifactorial disease that involves the interactions of genetic and environmental factors. The genetic factors include genetics (single gene
disorder, copy number variations and single-nucleotide polymorphism), epigenetic (DNA methylation, chromatin modification and
noncoding RNA), and sex differences factors (female protective effect and sex chromosome gene dose sex hormone levels). In contrast, the
environmental factors comprise prenatal exposure (microbiota–gut–brain axis, environmental toxin, immune dysfunction, medications, and
diet) and postnatal exposure (lifestyle and impairment/dysfunction). These factors lead to abnormal neuron development, changes in the
structure and function of the brain, resulting in ASD.

from person to person with autism and can have a severe
or mild impact on daily life. Individuals with ASD are
also more likely to have comorbid developmental and
psychiatric problems such as attention deficit hyperac-
tivity disorder (ADHD), anxiety and depression, ID, and
specific disorders such as epilepsy, motor coordination,
feeding difficulties, sleep disturbances, and gastrointesti-
nal problems.28 About 29% of individuals with ASD are
likely to have savant skills.29 The situation is complicated
by changes in behavior and symptoms throughout devel-
opment and maturity, as well as comorbidities that occur
simultaneously.

2.3 Gender bias in ASD

Male preponderance is a highly replicated finding in ASD
despite striking heterogeneity in symptoms and severity.
The ratio of male to female prevalence was 4:1.30 In dif-
ferent studies, it has been reported that ASD is more
prevalent in males possibly due to sex-specific single-
nucleotide polymorphisms, single-nucleotide variants,

micro-deletions, copy number variants, and proteins.31–36
The findings of these studies have, however, not been
consistently replicated in studies of the highly heteroge-
neous ASD.37 ASD preponderance and severity differences
between males and females are explained by the female
protective effect (FPE) theory.26 As part of the FPE, the
greater variability model is included. Which asserts that
males are more genetically variable, resulting in a higher
incidence and decreased severity of ASD.38,39 Additionally,
the FPE incorporates a liability threshold model, which is
based on the hypothesis that females who fulfill diagnos-
tic thresholds for autism aremore likely to carrymutations
than males, and relatives of females with ASD tend to be
more affected than relatives of males with autism.40 Other
studies examining groups of people with ASDs and sib-
lings of those with the disorder neither find an increase
in the genetic burden of females with the disorder nor an
increased incidence in female relatives of those with the
disorder.37,41,42 It is possible that these differences can be
attributed to the heterogeneity in the samples and the dif-
ferent methodologies employed. The future will require
replication with larger groups.
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3 POTENTIAL PATHOGENESIS OF
ASD

Here, we reviewed the underlying mechanisms with the
association of ASD risk genes, omics studies, ASD occur-
rence in different genetic backgrounds, and its common
mechanisms between ASD and its comorbidities. We also
summarized the mechanisms associated with important
physiological and metabolic abnormalities, as well as gut
microbiota.

3.1 Pathway networks associated with
ASD risk genes based on SFARI database

Single gene mutations merely account for 1%–2% of
autism cases and they act through distinct molecular
pathways.43,44 We gathered theASD risk genes fromSFARI
database and categorized them into three groups based
on risk level. The Gene Ontology (GO) analysis was con-
ducted on three groups, respectively. In the first set, most
of risk genes were enriched in histonemodification, cogni-
tion, as well as regulation of transporter activity pathway.
Regulation of neurological system process, synapse orga-
nization, and social behavior pathways were placed in
a prominent position within pathway network (Figure
S2A). These results implicated that impairment of cog-
nition is the most obvious character. Individuals with
autism spectrum conditions or rare mutation related to
ASD have profound impairments in the interpersonal
social domain.45–48 In the second set, a majority of the
risk genes exhibited enrichment in modulation of synaptic
transmission, synapse organization, and learning or mem-
ory (Figure S2B). Additionally, some pathways involved
human traits and actions were found, including learn-
ing or memory, social behavior, mating, circadian rhythm,
sleep, and locomotory behavior. The change of these
human action may be potential indication for ASD.49–53
In the third set, many risk genes were enriched in cel-
lular response to peptide, regulation of cell growth, and
modulation of synaptic transmission (Figure S2C).

3.2 Multiple omics revealed
pathological mechanism of ASD

Omics techniques allowed an in-depth study ofASD froma
wide range of samples. The advantage of omics approaches
is that they provide a complete overview of biologi-
cal “features” (genes/transcripts/proteins/metabolites). It
provided the most appropriate stratification of diseases or
identification of new biomarkers. Meanwhile, multi-omics
can integrate information across different populations,

validate them against each other, identify key genes,
proteins and metabolic pathways, explore pathological
mechanisms, and provide a scientific basis for the dis-
ease diagnosis and treatment. Here, we reviewed the omics
studies related to ASD and the signaling pathways, in par-
ticular the convergent signaling pathways (Table S1) which
associated with synaptic dysfunction, glutamatergic and
GABAergic synapse imbalance, and postsynaptic density
(PSD), as well as important physiological and metabolic
abnormalities.

3.2.1 The signaling pathways of synaptic
dysfunction

Themain signaling pathways involved in synaptic dysfunc-
tion include phosphatidylinositol 3-kinase/Protein kinase
B/Mammmalian target of rapamycin (PI3K/Akt/mTOR)
signal and abnormal autophagy, extracellular signal-
regulated kinase/mitogen-activated protein kinase
(ERK/MAPK) signal, Janus kinase and microtubule
interacting protein 1 (JAKMIP1) pathway, and cal-
cium signaling. Among them, dysregulation of the
PI3K/Akt/mTOR pathway was considered as a point
of convergence ASD.54–56 mTORC1 severed as a key
role to tightly coordinates synaptic signaling pathways
downstream of glutamate and neurotrophic receptors.57
An unbiased proteomic showed that a brief repression of
mTORC1 activity causes a significant remodeling of pro-
teins resided in the PSD.58 A rat fetal brain transcriptome
demonstrated prominent maternal immune activation
(MIA)-induced transcriptional dysregulation of mTOR
and EIF4E-dependent signaling.59 The significant pro-
teins from S-nitrosylation proteomics could be enriched
in mTORC1 upstream pathway in InsG3680(+/+) ASD
mouse models.60 DEPs from frontal cortex (FC) and
hippocampus of Tsc1+/− mouse model were involved
in myelination, dendrite, and oxidative stress, an up-
regulation of ribosomal proteins and the mTOR kinase.61
In addition, a leukocyte transcriptomics identified a
perturbed gene network involved with PI3K/AKT and its
downstream pathways such as mTOR, autophagy, viral
translation, and FC receptor signaling were enriched
from 1−4-year-old male toddlers with ASD or typical
development.62 Likewise, autophagy dysfunction medi-
tated by PI3K/AKT/mTOR pathway is a causative factor
for ASD.55,63,64
Accumulating evidence suggested ERK/MAPK signal-

ing as a downstream mediator of divergent genetic
mutations linked to certain forms of autism.65–68 It also
could be a converge on mTOR signaling pathway.69
A global down-regulation of the MAPK/ERK pathway
and decrease in phosphorylation level of ERK1/2 were
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found in Fmr1-KO cell lines.70,71 NMDA NR1-knockdown
mouse show the abnormalities of ERK signaling path-
way in FC and hippocampus.72 MAPKAPK3 and MRPL33
in human blood were associated with a higher risk of
ASD, and MAPK/ERK signaling pathways and mitochon-
drial dysfunction play key roles in the pathogenesis of
ASD.73
The alteration of JAKMIP1 could be found in individuals

with distinct syndromic forms of ASD, fragile X syndrome,
and 15q duplication syndrome.74 A previous study found
that CYFIP1 play a role in regulating two dysregulated
genes, JAKMIP1 and GPR155 compared themRNA expres-
sion profile in lymphoblastoid cells from autism.75 An
enriched network from interactome showed that JAKMIP1
interacted with proteins related to signaling and inter-
action, nervous system development and function, and
protein synthesis. Notably, its loss affected neuronal trans-
lation and glutamatergic N-methyl-D-aspartate receptor
(NMDAR) signaling.74
Calcium signaling has a prominent effect on pathogen-

esis of ASD.76 An action of calcium ion plays an essential
role for neurodevelopment.77 ERK signaling has also been
found to be greatly linked to calcium channels to cause
abnormal synaptic functions, chromatin remodeling, and
ion channel activity.78,79 Ca2+/calmodulin-dependent pro-
tein kinase II is considered as key node in synaptic plastic-
ity of ASD.80 Its interactome identified proteins related to
NMDARs, synaptic scaffolds, myosins, tubulin and micro-
tubules, actin cytoskeleton, ribosome and translation,
mitochondria, and others.81 Synaptic fraction contained
more CaMKII-associated proteins including scaffolding,
microtubule organization, actin organization, riboso-
mal function, vesicle trafficking, and others.81 Activated
CaMKII phosphorylates multiple substrates in the PSD,
including scaffold protein PSD-95, α-amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid receptor (AMPA) recep-
tor targeting subunit stargazing, and proteins involved in
cytoskeleton rearrangement.82

3.2.2 Imbalance between glutamatergic and
GABAergic synapse

Accumulating evidence supported a hypothesis that the
imbalance between excitation and inhibition (E/I) caused
by changes in the availability of glutamate and/or GABA
signal transmission contribute to pathological synaptic
transmission and neural circuits in ASD.83–87 A broad tran-
scriptomics from postmortem samples with ASD demon-
strated that both rare and commonASD-associated genetic
variation converge within a down-regulated synaptic
signaling.88 Previous study found a decrease of AMPA-type
glutamate receptors, glutamate transporters, and density

of GABAA receptors in the cerebellum and anterior cin-
gulate cortex of ASD.89 An orthogonal selected reaction
monitoring assays validated the proteomics results in
NMDA NR1-knockdown mouse to show the abnormali-
ties of synaptic long-term potentiation and myelination in
FC and hippocampus.72 Another proteomics study showed
up-regulation of glutamatergic ion channels and down-
regulation of neurofilament proteins in ASD brain.90 Sim-
ilarly, a cortical transcriptome of ASD exhibited analogous
cortical–striatal hyperconnectivity at the protein level with
mTOR or TSC2.91 A single-cell transcriptomics from Chd8
heterozygote mice strengthen the E/I balance hypothesis
of ASD in general.92
Interestingly, previous metabolomics studies found

that ASD often suffer from dysregulated amino acid
metabolism and glutamate urinary level was lower com-
pared with their unaffected siblings.93,94 The reduced
pyridoxal phosphate in urine from ASD children impli-
cated the dysregulation of biotransformation of glutamate
into GABA.95 Similarly, a strongly reduced glycine level
would primarily affect NMDAR excitatory tone, over-
all impairing downstream glutamatergic, and GABAergic
transmissions.96

3.2.3 Essential role of postsynaptic density
in neural communication

The PSDof synapses is awide range of scaffolding proteins,
receptors, and signaling molecules that acts as a switch-
board of neurotransmitter molecular and have strong
association to ASD.97,98 Glutamate receptor levels could
be regulated by endocytosis of PSD scaffolding proteins.99
In general, E/I balance required the integrity of PSD
to transmit signal between neuros.100–102 Several genes
encoding PSD have been identified disruptive mutations
in psychiatric disorder patients, including ASD.98,103
Synaptic protein/pathways resource (SyPPRes) was

identified as the prioritization of ASD risk factors across
41 in vivo interactome, which show a larger number
of shared protein associations to Psd95/Dlgap1/Shank3
indicating a role of core–PSD scaffolds interactions.104
The alteration of macromolecular complex proteins such
as SHANK3 can cause ASD.105 To quantify the proteins in
PSD fractions, themost altered levels of proteins exhibiting
ionotropic glutamate receptor activity, cell–cell signaling,
and cytoskeleton organization as the results of SHANK3
deficiency.106 A zebrafish embryo model of ASD induced
by VPA showed the significant decrease of Shank3 in
transcriptome.107 Striatal regions of Shank2-mutant mice
showed distinct patterns from transcriptomic including
synapse, ribosome, mitochondria, spliceosome, and extra-
cellular matrix.108 The transcriptomic from hippocampal
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showed strongly enriched GO terms associated with PSD,
synapse, and postsynaptic membrane.108 Other omics
studies related to ASD risk genes have achieved similar
results, such as SAP97 gene,109 p140Cap gene,110–112 Pten
gene,113 and nSR100 gene.114

3.2.4 Others

Previous omics studies have also revealed that physiolog-
ical and metabolic abnormalities such as mitochondrial
dysfunction, oxidation, and inflammation are associated
with ASD. The mitochondrial deficiency is expected to
explain the underlying damage mechanism in ASD. ASD
were described as mitochondrial diseases and its potential
mechanism was identified through phosphoproteomics.115
The alternated pathways in brain of autistic subjects
were associated with energy metabolism, synaptic vesicle
regulation as well as myelination.116 The change of mito-
chondrial function, energy metabolism, EIF2 signaling,
immune functions, ubiquitination, and DNA repair were
found in global proteomics of peripheral blood-derived
lymphoblastswith homozygousHERC2 variants.117 A tran-
scriptome suggested that mitochondrial function, ribo-
some, and spliceosome components were down-regulated
in postmortem brain of ASD.118
A metabolic profiling of lymphoblastoid cells revealed

a decreased tryptophan metabolism in ASD and showed a
reduced generation of nicotinamide adenine dinucleotide
(NADH), a critical energy carrier in mitochondria.119
The metabolic clusters containing lactate or pyruvate,
succinate, α-ketoglutarate, glycine, ornithine, and 4-
hydroxyproline highlighted potential dysregulation in
amino acid and energy metabolism in ASD plasma.120
Importantly, a metabolomics in cerebrospinal fluid anal-
ysis from ASD showed that L-cysteine, adenine, and
dodecanoic acid were important metabolites for ASD.121
Additionally, amino acid and energymetabolism pathways
were most disrupted in all neurodevelopment disorders.121
A previous study performed proteomics andmetabolomics
on amniotic fluids from pregnant woman with male
fetuses and premutation in FMR1 gene. The result showed
the mitochondrial dysfunction induced by the deficits in
prenatal serine biosynthesis underlie.122 A wide range of
aberrant mitochondria-related pathways, including res-
piratory electron transport chain, cellular response to
stress, regulation of neuron apoptotic process, and reac-
tive oxygen species (ROS)metabolic processwere triggered
by SHANK3 mutation in mouse cortex.123 Untargeted
metabolomics revealed that key metabolic mitochon-
drial/extramitochondrial pathways was up-regulated in
mecp2-deficient mouse cortex.124 VPA-induced alterations
in metabolites of serum, urine, and brain cortex were asso-

ciated with mitochondrial dysfunction metabolism and
CNS disorders.125
A mechanistic modeling based on transcriptome sug-

gested a direct link between inflammation and ASD
in neurons.118 Notedly, the MIA is a one of the com-
mon environmental risk factors of ASD pathology dur-
ing pregnancy.126–128 The adaptive immune pathway was
enriched in maternal blood frommothers of children later
diagnosedwithASDby transcriptome.129 Maternal inflam-
mation with elevated kynurenine metabolites is related to
the risk of abnormal brain development in ASD.130 Sim-
ilarly, the increased paternal age at conception has been
associated with ASD.131,132
In the metabolic profile, prostaglandin D2, which

is a type of inflammatory mediators was increased
in plasma of young boys with ASD and implicated
with neuroinflammation.133 In the liver of BTBR mouse
model of autism, 12 differential metabolites suggested
that bile acid-mediated activation of LXRα might con-
tribute to metabolic dysfunction of lipid and leukotriene
D4 produced by the activation of 5-LOX led to hep-
atic inflammation.134 In ASD children brain, abnormal
levels of N-acetyl-compounds, glutamate glutamine, cre-
atine phosphocreatine (Cr), or choline-compounds (Cho)
implicated that neuron or glial density, mitochondrial
energetic metabolism, and/or inflammation contribute
to ASD neuropathology.135 The consistent appearance
of inflammation regulation in proteomics from Mecp2-
mutant mouse, cells generated from induced pluripotent
stem cells (iPSC) in Rett syndrome (RTT), and RTT periph-
eral samples implied that it contributed to the destruction
of the nervous system.136
In summary, the above-mentioned signal pathways play

a significant role in the typical neurodevelopment process,
and their dysfunction can lead to downstream alterations,
such as an imbalance in excitatory and inhibitory synapses.
This can result in the transmission of erroneous signals
within neural circuits, may be caused by inflammation
and reoxidation. The maintenance of stable neural com-
munication is contingent upon the integration of synapse
construction, such as PSD, and the provision of sustainable
energy frommitochondria. As a result, a series of aberrant
signaling molecules, excitatory and inhibitory imbalances,
PSD, mitochondrial dysfunction, and inflammation ulti-
mately lead to neural immaturity and damage in ASD
pathology (Figure 2).

3.3 Studies on the pathogenesis of ASD
in different genetic backgrounds

The search for “commonalities” among children with ASD
has become a focus of current research and a breakthrough
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F IGURE 2 The graphical abstract of potential pathology of autism spectrum disorder (ASD) investigated by multi-omics methods. The
dysregulation of signaling pathways in neuron lead to abnormal balance between excitatory and inhibition. Many genes mutation influenced
the postsynaptic density including the cytoskeleton organization, glutamate neurotransmission, cell–cell signaling, and mitochondrional
function. The accumulation of negative effect further impacts the downstream of synapse. The maternal immune activation and
mitochondrial dysregulation are associated with oxidation and inflammation. The red labels indicates that the genes are associated with the
process in the studies. E/I, excitation and inhibition.

point.137–140 ASD-related syndromes with a clear genetic
cause for the autism phenotype offer the best opportu-
nity to elucidate the underlying mechanisms of ASD and
to identify possible therapeutic targets141 and diagnos-
tic markers.142 In recent years, there has been notable
advancement in the identification of genes closely linked
to ASD. These genes exhibited distinct molecular func-
tions but may share biological pathways. In the context
of known genes, the research on genes and pathological
mechanisms, diagnosticmarkers, and even imaging is con-
ducive to finding the commonality between different genes
(Table 1).
A recent study of iPSC-derived “brain-like organs” from

children carrying three different ASD risk genes showed
that although each gene acts through a unique under-
lying molecular mechanism, they have similar overall
defects that affect similar aspects of neurogenesis and the
same type of neurons.24 Using iPSC, Pintacuda et al. con-
structed protein–protein interaction networks among 13
ASD-related genes in human excitatory neurons, revealing
the neuron-specific biology associated with ASD.150 Three
animal experiments with known genetic backgrounds
suggest that synapses play a key role in the pathogen-
esis of ASD.144,146 Among them, Jordan and coworkers
compared the synaptic proteomes of five mouse mod-
els of autism revealing convergent molecular similarities,
including defects in oxidative phosphorylation and Rho
GTPase signaling.146 They also compared synaptic pro-
teomes of seven mouse models of autism revealing molec-

ular subtypes and defects in Rho GTPase signaling.146
Another study investigated seven animal models of ASD
and showed that there is great heterogeneity betweenmod-
els. However, high-dimensional measurements of synap-
tic protein networks may allow a promising avenue for
subtype differentiation of ASD with common molecular
pathology. Notably, this approach demonstrated conver-
gence between the glutamate synapse protein interaction
networks of the VPA and TSC2 mouse models, both
converging on a putative “mTOR” cluster.144
Similarly, a previous study identified distinct and over-

lapping phenotypes at the level of behavior, brain structure
and circuitry by analyzing the function of 10 autism
genes in zebrafish. The study observed that the forebrain
contributed most to brain size differences between ASD
genes, that brain activity phenotypes were concentrated in
regions involved in sensory-motor control, that dopamin-
ergic and microglia abnormalities were the confluence
of two genes (SCN2A and DYRK1A), and implied that
neuroimmune dysfunction was associated with autism
biology.151 In addition, Willsey et al. employed paral-
lel in vivo analyses and systems biology approaches to
examine 10 genes linked to ASD by utilizing tropical
African clawed toads. The results suggested that corti-
cal neurogenesis served as a convergence vulnerability
site in ASDs. Moreover, estrogen is a restorative factor
for several different autism genes and they revealed a
conserved role for estrogen in inhibiting sonic Hedgehog
signaling.152
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TABLE 1 Studies on different genotypes of autism spectrum disorder (ASD).

No. Author Sample Genotype Method Major finding
1 Ellegood

et al.
(2015)143

Mouse brain 15q11-13, 16p11, AndR, BALB/c,
BTBR, CNTNAP2, En2, FMR1,

GTF2i, ITGβ3,
Mecp2, NLGN3,
NRXN1α, SLC6A4, SHANK3, XO

MRI 26 different mouse models were
examined, the parieto-temporal lobe,
cerebellar cortex, frontal lobe,
hypothalamus, and the striatum are
the abnormal regions, unknown
connections between Nrxn1α, En2,
Fmr1, Nlgn3, BTBR, and Slc6A4 were
identified.

2 Brown et al.
(2018)144

Mouse FC,
HC

CNTNAP2,
FMR1, Shank3B, Shank3Δex4-9,
TSC2, Ube3a2xTG,

QMI A unique set of disrupted interactions
was displayed by each model, but
synaptic activity-related interactions
were disrupted. Potential
relationships among models and
deficits in AKT signaling in
Ube3a2xTG mice were confirmed.

3 Jin et al.
(2020)145

Mouse CPN,
CIN, AC,
OC, MG

Adnp, Ank2, Arid1b, Ash1l, Asxl3,
Chd2, Chd8, Cntnb1, Cul3,
Ddx3x, Dscam, Dyrk1a, Fbxo11,
Gatad2b, Kdm5b, Larp4b, Mbd5,
Med13l, Mll1, Myst4, Pogz, Pten,
Qrich1, Satb2, Scn2a1, Setd2,
Setd5, Spen, Stard9, Syngap1,
Tcf20, Tcf712, Tnrc6b, Upf3b,
Wac

In vivo
Perturb-Seq

In vivo Perturb-Seq can serve as a tool
to reveal cell-intrinsic functions at
single-cell resolution in complex
tissues, which can be applied across
diverse and tissues in the intact
organism.

4 Carbonell
et al.
(2021)146

Mouse HC Anks1b, BTBR, Cntnap2, Cacna1c,
Fmr1, Pten, Shank3

TMT,
SDS-PAGE,
LC–MS

Hippocampal synaptic proteomes from
seven mouse models were identified,
common altered cellular and
molecular pathways at the synapse
were also identified.

5 Zerbi et al.
(2021)147

Mouse brain 16p11.2, BTBRT, CDKL5, CHD8,
CNTNAP2, En2, FRM1.1,
FRM1.2, Het, IL6, Mecp2, SGSH,
SHANK3b, Syn2, TREM2

MRI ASD-associated etiologies cause a
broad spectrum of connectional
abnormalities, etiological variability
is a key determinant of connectivity
heterogeneity in ASD, identification
of etiologically relevant connectivity
subtypes could improve diagnostic
label accuracy in the non-syndromic
ASD population.

6 Willsey et al.
(2021)148

Xenpus
tropicalis
brain

ARID1B, ADNP, ANK2, CHD8,
CHD2, DYRK1A, NRXN1,
POGZ, SCN2A, SYNGAP1

LWI Mutations lead to an increase in the
ratio of neural progenitor cells to
maturing neurons, systematic small
molecule screening identifies that
estrogen rescues the convergent
phenotype and mitigate a broad
range of ASD genetic risks.

7 Shen et al.
(2022)149

Human
blood

ASH1L, DDX3X, GIGYF2, NAA15,
SCN2A

iTRAQ,
LC–MS/MS,
ELISA

The DEPs and differential metabolites
of plasma could distinguish the cases
form controls. Proteomic results
highlighted complement,
inflammation, immunity,
mitochondrial dysfunction,
proteasome, ubiquitin-mediated
proteolysis, and ER stress in the
pathogenesis of ASD.

(Continues)
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TABLE 1 (Continued)

No. Author Sample Genotype Method Major finding
8 Paulsen et al.

(2022)24
Human CC ARID1B, CHD8, SUV420H1 IC, WB Cell-type-specific neurodevelopmental

abnormalities that are shared across
ASD risk genes and are modulated
by human genomic context were
uncovered, convergence in the
neurobiological basis of how
different risk genes contribute to
ASD pathology were found.

9 Pintacuda
et al.
(2023)150

Human
brain
excitatory
iNs

ARID1B, ANK2, ADNP, CTNNB1,
CHD8, DYRK1A, GIGYF1,
MED13L, PTEN, SCN2A,
SYNGAP1, SHANK3, TLK2

WB,
LC–MS/MS

The ASD-linked brain-specific isoform
of ANK2 is important for its
interactions with synaptic proteins
and to characterize a
PTEN–ANKAP8L interaction that
influences neuronal growth, the
IGF2BP1–3 complex emerged as a
convergent point in the network that
may regulate a transcriptional circuit
of ASD-associated genes.

10 Carbonell
et al.
(2023)146

Mouse HC Anks1b, BTBR, Cntnap2, Fmr1,
Pten

TMT, LC–MS Changes in oxidative phosphorylation
and Rho family small GTPase
signaling were revealed, the ANKS1B
model displays altered Rac1 activity
counter to that observed in other
models was confirmed.

11 Mendes
et al.
(2023)151

Zebrafish
brain

CHD8, CNTNAP2, CUL3,
DYRK1A, GRIN2B, KATNAL2,
KDM5B, SCN2A, TBR1, POGZ

IC, CI,
RNA-Seq

A global increase in microglia resulting
from ASD gene loss of function in
select mutants, implicates
neuroimmune dysfunction as a key
pathway relevant to ASD biology.

Abbreviations: AC, astrocytes; CC, cerebral cortex; CI, confocal imaging; CIN, cortical inhibitory neurons; CPN, cortical projection neurons; ELISA, Enzyme-linked
immuno sorbent assay; ER, Endoplasmic reticulum; FC, frontal cortex; HC, hippocampus; IC, immunohistochemistry; iNs, induced neurons; LC–MS/MS, liquid
chromatography–tandem mass spectrometry; LWI, large-scale whole-brain imaging; MG, microglia; MRI, magnetic resonance imaging; OC, oligodendrocytes;
QMI, quantitative multiplex co-immunoprecipitation; SDS-PAGE, sodium dodecylsulfate polyacrylamide gel electrophoresis;TMT, tandemmass tag system; WB,
western blot.

In vivo Perturb-Seq technology based on CRISPR-Cas9
and single-cell RNA sequencing technology developed a
high-throughput genetic screening method to study the
function of numerous genes in complex tissues at single-
cell resolution. Recently, Zhang and coworkers applied this
method to analyze the effects of 35 ASD/ND risk genes on
brain development inmice. The authors identified cell type
specific and evolutionarily conserved gene modules from
neuronal and glial cell categories.145
These studies exemplify the examination of genetic

heterogeneity in ASD by conducting studies of common
features of ASD and controls based on known genetic
backgrounds. The findings suggested that ASD-associated
susceptibility genes ultimately converge on common sig-
naling pathways and that these convergence sites are
key to understand ASD pathology. Therefore, categorizing
genes based on shared biology despite their heterogeneity

might represent a path toward precision medicine in ASD,
bridging the gap between gene discovery and actionable
biological mechanisms.151
Moreover, similar results have been obtained in imaging

studies under different genetic backgrounds. Functional
magnetic resonance imaging analysis of 16 mousemutants
with ASD-related mutations identified brain connectivity
subtypes among the mutants despite the presence of dis-
tinct phenotypes.147 Likewise, although mouse mutants
with 26ASD genes exhibited heterogeneous neuroanatom-
ical phenotypes, clustering of these mutants by shared
features allowed identification of gene subgroups.143
Overall, these studies suggest that conducting research

on the convergent mechanisms among ASD-related genes
and elucidating the shared pathways could provide infor-
mation to unravel the mechanisms of ASD and explore
potential therapeutic targets and diagnostic biomarkers.
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3.4 Commonmechanisms associated
with ASD and its comorbidities

The comorbidities in most children with ASD is a notable
attribute, contributing to its diverse and intricate nature.153
Thus, investigating common mechanisms between ASD
and comorbidities, as well as the specific genes and mech-
anisms that lead to their respective occurrence, is a topic
of interest in the field of ASD research, and its study
contributes to the diagnosis and treatment of ASD. Pre-
vious studies have shown some common mechanisms
between these comorbidities and ASD.153 For example,
recent studies have highlighted points of convergence
between ASD and neurodevelopmental disorders (NDD)
genes.154 Chromosomal microarray and sequencing stud-
ies have identified significant genetic overlap between
ASD and other NDD and neurological disorders, including
ID, epilepsy, and schizophrenia.155,156 Two meta-analyses
of genome-wide associations have also shown that ASD
shares a common genetic background in neuropsychiatric
disorders.157,158 Genes involved in synaptic structure and
function are implicated in a variety of disorders, including
schizophrenia, ASDs, and other NDDs.159–161 The gene dis-
covery can help to distinguish this complexity by analyzing
the genetic structure and risk gene associations of different
subtypes or comorbidities. In addition, several environ-
mental factors have been found to be associated with ASD
and its comorbidities, such asMIA in the prenatal environ-
ment, stress, drug exposure, and malnutrition,126,127,162–164
as well as gastrointestinal dysfunction and disruption of
intestinal flora.165–167 These studies suggest that although
the heterogeneity of ASD is complicated by the occurrence
of comorbidities, common mechanisms may still be found
between ASD and its comorbidities.

3.5 Mechanisms associated with
important physiological and metabolic
abnormalities

As mentioned above, immune dysregulation, inflamma-
tion, oxidative stress, and mitochondrial dysfunction are
closely associated with ASD and are important physio-
logical and metabolic abnormalities in ASD.128,138,168–170
Theymay be the intersection of genetic and environmental
factors and contribute to ASD.
Immunity and neuroinflammation play a key role in

the development of ASD.171–173 Immune dysfunction in
ASD involves a network of interactions between sev-
eral cell types from the innate and adaptive immune
response. Multiple immune factors mediate the effects

of CNS function. Some cytokines inhibit neurogenesis
and promote neuronal death, whereas others promote the
growth and proliferation of neurons and oligodendrocytes.
Complement proteins and microglia can be involved in
synaptic scaling and pruning, while brain-reactive autoan-
tibodies can alter neuronal development or function.172
Active microglia and astrocytes have been observed in the
brains of ASD. Activation of microglia in different brain
regions was observed, including an increase in cell num-
ber or cell density,morphological changes, and phenotypic
alterations.174 Activation of microglia releases inflamma-
tory cytokines and chemokines such as interleukin (IL)-6,
IL-12, IL-β, and tumor necrosis factor-alpha (TNF-α).
Excessive induction of nitric oxide synthase (NOS) and
ROS affects synaptic plasticity and produces behavioral
abnormalities associated with ASD.175
Oxidative stress is associated with mitochondrial dys-

function. Decreased endogenous antioxidant capacity,
particularly reduced total glutathione (tGSH) levels and
altered glutathione peroxidase (GPx), superoxide dismu-
tase, and catalase activities, have been reported in ASD,
which is consistent with elevated oxidative stress indi-
cators in children with ASD.176 The prevalence of mito-
chondrial disease in ASD is 4%−5%, which is significantly
higher than in the general population (about 0.01%).177,178
Mitochondrial abnormalities such as increased hydrogen
peroxide, decreased NADH, andmitochondrial DNA over-
replication have been observed in lymphocytes isolated
from subjects with ASD.179 Mitochondria produce adeno-
sine triphosphate (ATP). Reduced ATP production and
elevated levels of lactate and pyruvate in individuals with
ASD may indicate mitochondrial dysfunction in autism.
These physiologic and pathologic processes inter-

act with each other, and multiple mechanisms are
interrelated.128,170,180,181 Oxidative stress can lead to mito-
chondrial dysfunction, and abnormal mitochondrial
function leads to increased ROS metabolism and oxidative
stress, creating a vicious cycle. The association between
gut flora and MIA is also reflected in the pathogenesis
of ASD.128,180 MIA induces an immune response in
pregnant women, leading to further inflammation and
oxidative stress, as well as mitochondrial dysfunction in
the placenta and fetal brain. These negative factors lead
to neurodevelopmental deficits in the developing fetal
brain, which subsequently lead to symptoms of behavioral
disorders in the offspring.128 In summary, accumulating
research into these common pathophysiologic mecha-
nisms will enhance our comprehension of ASD diagnosis
and treatment, while provide insight into general or
subgroup-specific processes that may contribute to the
development of ASD and other psychiatric disorders.168
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F IGURE 3 Potential mechanisms of gut microbiota imbalance and autism spectrum disorder (ASD) occurrence. The gut flora and brain
can interact through immune, metabolic, and gut nervous system pathways and ultimately leading to abnormalities in gut brain axis and
neural development. Gut flora alternation causes metabolism changes and its dysbiosis linked to greater intestinal mucosa and blood–brain
barrier (BBB) permeability. Feedback regulation exists in gene expression, dietary preference, and gut flora. ANC, autonomic nervous system;
CNS, central nervous system; FMT, fecal microbiota transplantation; HPA, hypothalamic–pituitary–adrenal; MTT, microbiota transfer
therapy.

3.6 Pathological mechanisms of ASD
associated with gut microbiota

A series of studies have reported significant differences
in the composition of gut microbiota between ASD cases
and healthy controls (Figure 3). Changes in gut microbiota
cause changes in metabolism. Several animal experiments
have demonstrated an association between ASD and gut
microbiota. Transplantation of gut flora from the individ-
uals with ASD into germ-free mice leads to autism-like
symptoms in the mice, which may be related to the regula-
tion of tryptophan and 5-hydroxytryptaminergic synaptic
metabolism182 or it may lead to alterations in neuroactive
metabolites.183 It has also been found that changes in the
gut microbiota of children with ASD affect glutathione
(GSH) synthesis184 and degradation of organic toxins, lack-
ing biosynthetic pathways for several neurotransmitters185
or vitamins.186 In addition, some bacterialmetabolitesmay
contribute to the development of autism-like behaviors,
such as elevated acetaminophen sulfate levels.187,188 The
presence of gut dysbiosis has also been linked to height-
ened permeability of the intestinal mucosa or the blood–

brain barrier. For example, abnormal metabolism of some
short-chain fatty acids (SCFAs) affected tight junction pro-
teins associated with blood–brain barrier permeability.189
The neurotoxins are released by a variety of harmful bac-
teria that are delivered via the enteric vagus nerve to
the CNS.182 The permitting pro-inflammatory mediators
and/or hormones enter the circulation and to be trans-
ported from bloodstream to the brain, where they may
ultimately affected the CNS neurodevelopment and/or
function.182
Studies on Cntnap2 double knockout190 and CHD8 sin-

gle knockout autism model mice191 have shown that the
combined effects of host genes and gut flora in inter-
acting with each other lead to behavioral abnormalities
in autism. Genetic factors and dietary habits can alter
the composition of the gut microbiota, while imbalances
in the gut microbiota can also trigger aberrant gene
expression and influence dietary preferences.192 Moreover,
the nervous system can act on the gastrointestinal tract
and its microbiota through specific pathways (e.g., the
autonomic nervous system axis and the hypothalamic–
pituitary–adrenal axis) to regulate intestinal motility and
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secretion, and to influence gut microbial composition and
function.
Furthermore, studies of gut microbiota have also

revealed that pathological inflammation of ASD occurs not
only in the CNS and periphery, but also in the gut. The
damaged, inflamed, and permeable epithelia are the pre-
dominant routes utilized by commensal bacteria tomigrate
to the bloodstream.193 The microbial metabolites are likely
themost significant contributors to systemic inflammation
and subsequent neuroinflammation.193,194 The occurrence
of abnormal oxidation or unsuitable activation of immune
led to subsequent inflammation and neuroinflammation
in CNS, periphery, and gut of ASD.
Taken together, dysbiosis of the gut microbiota may be

an important contributor to ASD, leading to disruptions in
gut–brain axis connectivity and neurodevelopment caused
by bacterial metabolites, the enteric nervous system, and
the systemic immune system. An in-depth exploration of
the possiblemolecularmechanisms bywhich gutmicrobes
influence behavioral changes in ASD offers great poten-
tial for intervention, diagnosis, and therapeutic evaluation
in ASD. Notably, to date, the relationship between the
gut microbiota and autism symptom severity is difficult
to determine, and no specific bacterial group could be
identified as being solely responsible.195

4 STUDY ON DIAGNOSTIC
BIOMARKERS OF ASD

A widely accepted consensus in clinical practice is that
timely identification and diagnosis play a crucial role in
facilitating early intervention and prognostic outcomes. To
achieve this goal, the American Academy of Pediatrics rec-
ommends that all children should be screened for autism
for the first time at 9 months of age and at routine devel-
opmental monitoring centers at 18, 24, and 30 months of
age.196 In China, there are similar consensus or norms.197
Therefore, it is necessary to identify early behavioral fea-
tures ofASD that can be used for early diagnosis.Moreover,
there is a need to investigate biomarkers for objective
diagnosis. Measurable laboratory biomarkers may be an
opportunity to identify risks that not only provide an ear-
lier and more reliable diagnosis, but further differentiate
the autism spectrum based on common pathophysiolog-
ical features, allowing for individualized treatment and
response monitoring, and increasing the chances of suc-
cess of future drug development programs.198 To date,
some consensus has raised on the early behavioral features
of ASD.28,196 Although progress has beenmade in the study
of diagnostic markers, most biomarkers have not yet been
validated and further research is required.

A recent study conducted a systematic review of diag-
nostic molecular markers for ASD.199 The majority of
these markers are measured peripherally via blood, and
although there is considerable variation between and
within individual biomarkers, twomajor groups are appar-
ent, one consisting of cytokines and growth factors (e.g.,
IL-6, brain-derived neurotrophic factor) and the other
consisting of amino acids, neurotransmitters (e.g., cys-
teine, serotonin, GABA), and hormones (e.g., vitamin
D). In between these two groups are molecules related
to reduction/oxidation (redox), including GSH, which is
the most frequently detected molecule. Most papers also
report an association betweenmolecularmarkers andASD
diagnostic status.
In this section, we provide an overview in terms of

non-targeted omics and targeted research of ASD diag-
nostic markers, as well as research on diagnostic markers
associated with important physiological and metabolic
abnormalities of ASD, and gut microbiota.

4.1 The identification of potential
biomarkers by non-targeted omics

Genetic testing, proteomics, and metabolomics were
employed in previous study to screen a number of genes,
proteins, peptides, and metabolites that have the poten-
tial to be diagnostic markers for ASD.18 Protein and
metabolite-based tests provided the highest diagnostic
accuracy for ASD, which combined with multiple features
may further improve diagnostic accuracy.200
There have been several reports and reviews on the

proteomics of ASD protein diagnostic markers, mainly
including blood, urine, and saliva studies. Overall, candi-
date proteins obtained from proteomic studies have little
or no reproducibility in independent cohorts.201 How-
ever, bioinformatics analysis showed that the majority of
proteins in different studies were associated with comple-
ment and coagulation cascades, focal adhesion, platelet
activation, vitamin digestion and absorption, immune
response, inflammatory response, cholesterol metabolism,
lipid metabolism, oxidative stress, and energymetabolism.
These mechanisms are evidently prevalent in individuals
with ASD, thus indicating a convergence of protein-
associated mechanisms that hold promise as potential
diagnostic markers.201–205
Metabolism-based analyses have the advantage of

being sensitive to the interactions between genomic,
gut microbiome, dietary, and environmental factors. The
metabolite differences between disease and normal states
has received increasing attention in recent years. Stud-
ies of blood and urine metabolomics in children with
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autism versus controls have shown that although fewer
metabolisms show consistent changes across studies,
the mechanisms by which they are associated are con-
vergent and correlate with common pathogenesis and
pathophysiological changes in ASD. Changes in blood
metabolites are mainly associated with mitochondrial dys-
function, oxidative stress, fatty acid metabolism, energy
metabolism, cholesterol metabolism, neurotransmitters,
and mammalian–microbial co-metabolism pathway.18,206
Most of the changes in urinary metabolites are related
to amino acid metabolism, energy metabolism, oxida-
tive stress, intestinal flora, and neurotransmission. The
metabolism of some amino acids (e.g., tryptophan and
branched-chain amino acids) and neurotransmitters (e.g.,
glutamate, ROS, and lipids) may play an important role in
the pathogenesis of ASD.18,206
A recent study analyzed blood and urine metabo-

lites from the same group of children with autism and
found decreased urinary taurine and catechol levels and
increased plasma taurine and catechol levels.207 Another
urinemetabolomics study in twins found that phenylpyru-
vate and taurine were elevated in the autistic group,
while carnitine was decreased, and arginine and proline
metabolic pathways were enriched. In twins, there was
a significant positive correlation between indole-3-acetate
and autistic traits.208 In addition, in some recent omics
studies,209–212 machine learning methods have been used
to screen diagnostic markers from omics data.
The combined multi-omics approach has been reported

in several studies of diagnostic markers for ASD.142,213,214
For example, using metabolomic and transcriptomic
approaches, Dai et al. revealed that blood uric acid lev-
els were significantly lower in children with ASD and
the expression levels of some genes related to purine
metabolism differed between children with ASD and
controls.213 Integrated proteome and metabolome anal-
ysis, another study found that six signaling pathways
were significantly enriched in ASD, three of which
were correlated with impaired neuroinflammation (GSH
metabolism, metabolism of xenobiotics by cytochrome
P450, and transendothelial migration of leukocyte).214
Although further validation is needed, in combination
with proteomic and metabolomic data, a previous study
suggests that glycerophospholipid metabolism and N-
glycan biosynthesismay play a key role in the pathogenesis
of ASD.142
Moreover, to explore the effect of ASD gene heterogene-

ity on the study and application of diagnostic markers,
Shen et al. preliminarily detected five children with ASD
carrying risk genes for ASD from 126 cases through gene-
targeted testing, proteomic, and metabolomics in plasma
and peripheral blood mononuclear cells (PBMCs) com-

pared to healthy controls.142 The results showed that
although the children with ASD differed in their expres-
sion patterns of total proteins and metabolites, the differ-
ential proteins and metabolites identified were still able
to distinguish cases from controls well, and the mecha-
nisms of association were consistent with those reported
in previous studies.18 Based on this, they added the group
of children clinically diagnosed with ASD but not detected
as carrying risk genes to further the study and obtained
similar conclusions.215 These findings support that, despite
the presence of genetic heterogeneity, it is possible to iden-
tify markers for diagnosis among children with different
genetic backgrounds.

4.2 Targeted research and application of
diagnostic markers

The targeted validation and detection of diagnostic mark-
ers, especially using some high-throughput methods (e.g.,
targeted proteomics, metabolomics), is convenient and
important. This is primarily due to the utilization of
multiple markers in the combined diagnosis of multi-
factorial diseases, which typically results in enhanced
diagnostic accuracy and specificity compared to single
diagnostic marker. Here, we focus on targeted proteomics
and metabolomics studies. However, in reality, any study
that addresses the common pathophysiological mecha-
nisms associated with ASD is also a targeted study, such as
studies that have selected a panel of cytokines for periph-
eral blood testing based on literature reports.216,217 Studies
targeting a particular class of biomarkers related to oxida-
tive stress, mitochondria, gut microbiota, etc., are also
in line with this idea. They are reviewed in Sections 4.3
and 4.4. Indeed, genetic testing with a panel consisting of
knownASD-related genes should also be included.161,218,219

4.2.1 Targeted proteomics research

Applying targeted proteomics multiple reaction moni-
toring technology, we have previously performed target-
ing studies on the proteins of ASD plasma complement
and coagulation cascades, and combined with machine
learning methods, we obtained a set of 12 differential
protein combinations with diagnostic potential.212 The
complement system composed of more than 40 pro-
teins served as an important component of the human
immune system. The expression of complement or com-
plement and coagulation cascade-related proteins has
been frequently reported alteration in the peripheral blood
of ASD since the first proteomic studies on peripheral
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blood in ASD,18,142,211,220–222 while changes in the brain
have also been reported.221,222 The association of com-
plement with neuropsychiatric disorders has recently
attracted attention.221,222 The correlation between alter-
ations of complement proteins in brain and periphery of
children with ASD remains unclear, and the underlying
mechanisms are not comprehensively understood, thus
necessitating further research.

4.2.2 Targeted metabolomics studies

Metabolomics is capable of identifying biochemical imbal-
ances that are frequently present in children with ASD,
primarily involving amino acids, reactive oxidative stress,
neurotransmitters, and themicrobial–gut–brain axis,206,223
and their changes further support the association of
these mechanisms with ASD. Studies on the targeted
metabolomics of ASD are progressing rapidly, includ-
ing those on the targeted metabolomics of body fluids
such as blood and urine. We have summarized them in
Table 2.
At present, targeted detection of metabolites altered in

blood include amino acids (tyrosine, tryptophan, arginine,
proline, methionine, cysteine, and taurine), lipids (phos-
pholipids, sphingolipids, and fatty acids), and metabo-
lites in the urea cycle and xenobiotics metabolism.142,235
The metabolites associated with branched-chain amino
acid (BCAA) metabolism,236 fatty acid metabolism (free
carnitine, short- and long-chain acylcarnitine),227 tricar-
boxylic acid (TCA) cycle, fatty acids, oxidative phos-
phorylation, mitochondrial dysfunction, gut microbiome
metabolism,142,237 and neurotransmitter metabolism238 in
the plasma of ASD are also involved.
Similarly, in targeted metabolomics studies of urine,

previous studies have targeted the abnormalities of reac-
tive oxidative stress, gut bacteria metabolism,239 amino
acid (tyrosine, tryptophan, arginine, proline, methionine,
cysteine, and taurine), lipid (phospholipid, sphingolipid,
and fatty acid), urea cycle, xenobiotics metabolism,239,240
TCA cycle, and glutamate metabolism240 in urine of ASD.
Additional studies have also observed abnormalities of
ornithine (urea) cycle, methionine, lysine, reactive oxida-
tive stress, and tryptophan–serotonin metabolism in urine
of children with ASD.239 Of interest, a prior study applied
a targeted metabolomics approach to examine markers
of oxidative stress and gut microbiota dysbiosis reported
in previous studies and determined that levels of methyl-
guanidine and n-acetylarginine, which are associated with
oxidative stress, and the gut bacterial metabolites indolol
sulfate and indole-3-acetic acid were elevated in the urine
of children with ASD.241

4.3 Study of biomarkers associated with
important physiological and metabolic
abnormalities in ASD

4.3.1 Biomarkers associated with
immunity/inflammation

The mounting evidence of altered central and peripheral
immune system function supports to the notion that a
subgroup of ASD may exhibited some form of immune
system dysregulation.242 The levels of different cytokines
in the peripheral blood of ASD have been extensively
investigated, and several meta-analyses have reviewed the
relationship.243–246 A systematic review and meta-analysis
showed that the pro-inflammatory cytokines interferon
(IFN)-γ, IL-1β, and IL-6 were elevated in blood of children
with ASD, while the anti-inflammatory cytokine trans-
forming growth factor-β1 was decreased. Levels of several
chemokines associated with recruitment of inflammatory
cells, including eotaxin, IL-8, and monocyte chemotactic
protein-1 (MCP-1), were elevated. Another meta-analysis
showed that individuals with autism had lower levels of
the anti-inflammatory cytokines IL-10 and IL-1Ra, and
higher concentrations of the pro-inflammatory cytokines
IFN-γ, IL-1β, IL-6, and TNF-α than controls.245 Also, meta-
regression analyses point to the interaction of latitude,
age, and gender with peripheral alterations of associated
pro-inflammatory cytokines.244 A recent meta-analysis
found that the levels of peripheral IL-6, IL-1b, IL-12p70,
MIF, eotaxin-1, MCP-1, IL-8, IL-7, IL-2, IL-12, TNF-α,
IL-17, and IL-4 were significantly changed in ASD com-
pared with controls. These findings reinforce the clinical
evidence that ASD is associated with an abnormal inflam-
matory response. These cytokines may be a series of
potential biomarkers in the peripheral blood of ASD.246
Besides, previous studies have reported that levels of some
pro- and anti-inflammatory cytokines and chemokines
are associated with severity of abnormal behavior and
impaired developmental and adaptive functioning.247–249
For example, IL-6 has been extensively studied and its
levels are elevated in ASD and correlate with severity.199
Indeed, cytokine changes have also been reported in post-
mortem brain tissue250,251 and PBMCs.248 The changes in
mRNA expression of some cytokines were found in whole
blood from subjects with ASD.252

4.3.2 Oxidative stress-related biomarkers

In terms of markers associated with oxidative stress, a
recent meta-analysis showed that blood levels of oxidized
glutathione (GSSG), malondialdehyde, homocysteine,
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TABLE 2 Research on potential biomarkers of autism spectrum disorder (ASD) based on targeted metabolomics.

No. Author Sample Method Related metabolites Metabolic process involved
1 West et al.

(2014)224
Blood GC–MS,

LC–HRMS
Decreaseda: homocitrulline, citric acid,
lactic acid, heptadecanoic acid,
myristic acid

Increaseda: aspartic acid, serine,
glutamic acid, glutaric acid,
soleucine acid, 2-hydroxyvaleric,
3-aminoisobutyric acid,
5-hydroxynorvaline

Mitochondrial dysfunction,
abnormal gut microbiome
metabolism

2 Anwar et al.
(2018)225

Blood LC–MS/MS Decreasedb: FL, G-H1, NFK
Increasedb: CMA, AASA, GSA,
arginine, glutamic

Abnormal protein glycosylation,
protein oxidative metabolism

3 Delaye et al.
(2018)226

Blood Ion exchange
chromatography

Decreasedb: glutamate, serine,
ornithine, proline

Glutamate neurotransmission,
gastrointestinal abnormalities

4 Lv et al.
(2018)227

Blood MS/MS Decreaseda: free carnitine, glutaricyl
carnitine, octyl carnitine, 24 carbonyl
carnitine, carnosyl carnitine

Mitochondrial dysfunction,
abnormal fatty acid
metabolism

5 Smith et al.
(2019)228

Blood LC–MS/MS, MRM Decreaseda: leucine, isoleucine, valine
Increaseda: glutamine, glycine,
ornithine

Protein synthesis,
neurotransmission, AA/BCAA
metabolism

6 Brister et al.
(2022)229

Blood LC–MS/MS Decreasedb: Nε-fructosyl-lysine
Increasedb: Nω-carboxymethylarginine,
Nε-(1-carboxyethyl) lysine, glutamic
semialdehyde,
3-nitrotyrosineα-aminoadipic
semialdehyde

Energy metabolism, amino acid
neurotransmitter metabolism,
branched-chain amino acid
metabolism, nicotinamide
metabolism, aminoacyl tRNA
biosynthesis

7 Shen et al.
(2022)149

Blood LC–MS/MS Decreasedb: L-glutamate,
pyridoxamine,
O-phospho-4-hydroxy-L-threonine,
L-aspartate, 4-pyridoxate,
phosphatidylethanolamine,
2-oxoglutaramate

Increasedb: L-glutamine,
creatineacetylglycine, serylserine,
1-acyl-sn-glycero3phosphocholine,
ornithine, phosphatidylserine

Mitochondrial dysfunction,
oxidative stress, energy
metabolism, amino acid,
vitamin, lipid metabolism

8 Kaluzna-
Czaplinska
et al.
(2010)230

Urine GC–MS Increaseda: urine homovanillic acid,
vanilla mandelic acid

Neurotransmitter metabolism,
visual perception/memory,
repetitive behavior, emotional
disorders

9 Mavel et al.
(2013)231

Urine 1H-13C NMR Decreasedb: creatine, 3-methylhistidine
Increasedb: glycine, taurine, succinate,
β-alanine

Taurine and succinic acid

10 Emond et al.
(2013)232

Urine GC–MS Decreasedb: 1H-indole-3-acetate,
phosphate, palmitate, stearate,
3-methyladipate, hippurate,
vanillylhydracrylate,
4-hydroxyphenyl-2-hydroxyacetate,
3-hydroxyphenylacetate

Increasedb: succinate, glycolate

Intestinal bacteria microbial
pathways

11 Nadal-
Desbarats
et al.
(2014)233

Urine 1H-NMR, 1H-13C
HSQC-NMR

Decreasedb: glutamate, creatine,
3-methylhistidine

Increasedb: succinate

Energy metabolism disorder,
mitochondrial dysfunction,
amino acid metabolism of gut
microbiota

(Continues)
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TABLE 2 (Continued)

No. Author Sample Method Related metabolites Metabolic process involved
12 Liu et al.

(2019)234
Urine LC–MS/MS Decreaseda: Lys, Thr, Car, Pro, EtN,

Hcy, Aad, Cit, Ans, 5Ava, Asp
Increaseda: MetS, Harg, 3MHis, Cr, Arg,
5HT, Hyp

Oxidative stress, abnormal
ornithine cycle, abnormal
lysine metabolism, abnormal
5HT metabolism, E/I balance

Abbreviations: 3MHis, 3-methyl-histidine; 5Ava, 5-aminovaleric acid; 5HT, 5-hydroxytryptamine; Aad, α-aminoadipic acid; AA/BCAA, amino acids/branched-
chain amino acid; AASA, α-aminoadipic semialdehyde; Ans, anserine; Arg, arginine; Asp, aspartic acid; Car, carnosine; Cit, citrulline; CMA, Nω-
carboxymethylarginine; Cr, creatinine; E/I, excitation and inhibition; EtN, ethanolamine; FL, Nε-fructosyl-lysine; GC–MS, gas chromatography–mass
spectrometry; G-H1, hydroimidazol one; GSA, glutamic semialdehyde; Harg, homoarginine; Hcy, homocysteine; HSQC-NMR, heteronuclear singular quantum
correlation-nuclearmagnetic resonance; Hyp, 4-hydroxyproline; LC–HRMS, liquid chromatography–tandem high-resolutionmass spectrometry; LC–MS/MS, liq-
uid chromatograph–tandem mass spectrometry; Lys, lysine; MetS, methionine sulfoxide; MRM, multiple reaction monitoring; NFK, N-formylkynurenine; Pro,
proline; TD, typically developing; Thr, threonine.
aASD compared to TD.
bASD compared to Ctrl.

S-adenosylhomocysteine, nitric oxide, and copper were
higher in children with ASD than in healthy controls,
whereas GSH, tGSH, GSH/GSSG, tGSH/GSSG, methion-
ine, cysteine, vitamin B9, vitamin D, vitamin B12, vitamin
E, S-adenosylmethionine/S-adenosylhomocysteine, and
calcium concentrations were decreased.253 Given the con-
sistent and large effective size, GSH metabolism biomark-
ers have the potential to inform early diagnosis of ASD.253
Biomarkers of oxidative stress associated with ASD have

recently been reviewed.254 GSH is an important antioxi-
dant in thehumanbody, it is converted toGSSGbyGPx and
reduced back to GSH by GSH reductase. Elevated levels
of oxidative stress in ASD cause increased GSH deple-
tion, which disrupts the dynamic balance between GSH
and GSSG. The increased GSH/GSSG ratio is consistent
with various pertinent studies, indicating that its efficacy
as a reliable indicator of oxidative stress.254 In addition,
blood levels of vitamin B9 and B12 were significantly
lower in children with autism than in controls,253,255,256
and this deficiency resulted in decreased homocysteine
remethylation and increased homocysteine levels. Vitamin
B12 deficiency may lead to hypomethylation and affect
brain development.257 Vitamin deficiencies in children
withASDmay be due to poor nutrition, poor digestion, and
absorption, or dysbiosis of the intestinal flora.95,254 These
results clarified blood oxidative stress profile in children
with ASD, strengthening clinical evidence of increased
oxidative stress implicating in pathogenesis of ASD.

4.3.3 Mitochondria-related diagnostic
markers

A meta-analysis showed that the regulation of mitochon-
drial biomarkers (including lactate, pyruvate, carnitine,
and ubiquinone) was decreased in ASD, and that some of
these markers correlated with ASD severity.177

4.4 Biomarkers associated with gut
microbiota

Changes in the gut microbiota and metabolites may lead
to changes in metabolites in blood and urine, providing an
opportunity to develop diagnostic tests for early detection
of ASD. For example, studies have shown that combin-
ing Veillonella and Enterobacteriaceae and 17 bacterial
metabolic functions to create diagnostic models can effec-
tively differentiate between ASD and healthy children.258
Several studies have shown that high levels of p-cresol
are detected in stool, blood, and urine of children with
ASD.18,224,259–262 Of interest, p-cresol is only produced
in the gastrointestinal tract and correlates with autis-
tic behavior and ASD severity.263 In addition, other gut
microbial metabolites including SCFAs, free amino acids,
indoles, and lipopolysaccharides, have been detected in
the blood and urine from children with ASD.263,264 The
analysis of gut microbes and the detection of microbial-
derived metabolites in stool, as well as the detection of
gut microbial-derived metabolites in blood and urine, may
provide an alternative method for the early diagnosis of
ASD and is worthy of initiating research (Table S2).
Overall, current research on diagnostic biomarkers for

ASD suggests that despite the presence of heterogeneity
in ASD, it is still possible to find diagnostic biomark-
ers. The mechanisms involved in the candidate diagnostic
biomarkers identified in the existing studies are conver-
gent. In the high-throughput screening stage, there is still a
lack of unified research methods, especially unified exper-
imental conditions, and some studies need to overcome
the shortage of small sample sizes. The targeted detec-
tion methods is beneficial for the practical application and
translation of potential diagnostic biomarkers. It may be a
panel composed of biomarkers involved in different mech-
anisms, or biomarkers related to a certain type of important
physiological and metabolic changes.
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F IGURE 4 The summary of intervention therapy in autism spectrum disorder (ASD). Interventions for ASD mainly include behavioral
and educational interventions, and we provide an overview of recent meta-analyses, reviews, and consensus on them, as well as other
important and emerging interventions. In terms of pharmacologic interventions, there are still no medications that target the core symptoms,
and drug treatment is mainly for other abnormal symptoms or neuropsychiatric comorbidities of ASD. Treatments for common
pathophysiology and gut flora are under investigation. Overall, early intervention has a significant effect, with community and family support
being important. Given the characteristics of ASD, intervention and treatment need to take into account both commonalities and
individuality. Finding common disease mechanisms and identifying well-characterized subgroups will provide the basis for disease diagnosis
and treatment, and disease markers and drug targets can influence and inform each other.

5 INTERVENTION AND TREATMENT
OF ASD

Early detection and early intervention are effective for
ASD. To date, more than 100 interventions for ASD
have been developed, but there is a lack of interventions
that target their core symptoms (Figure 4). The goal of
ASD treatment is to improve the individual’s function-
ing and well-being. Intervention therapy is more effective
in improving ASD-related symptoms (e.g., effective use
of language) than ASD characteristics. Early interven-
tions based on mature behavior analysis can help ASD
acquire specific skills to address problem behaviors. Here,
we reviewed recent meta-analyses, reviews, and consen-
sus on intervention approaches, focusing on approaches
that are evidence based and have positive outcomes in
some respects (Table 3). In addition, there are many ASD
interventions that overlapwith each other in terms of oper-
ationalization, and there is a tendency for interventions
to learn from and integrate with each other, and for each
class of approaches to be divided into different “subcate-
gories,” as well as some important or emerging approaches
(Figure 4). We also made a review in this section.

5.1 Advances in behavioral and
educational interventions

A recent review summarized evidence-supported inter-
vention approaches, including behavioral approaches
(e.g., early intensive behavioral intervention [EIBI],
discrete trial training), developmental approaches
(e.g., developmental, individual differences, relationship-
based/Floortimemodel, preschool autism communication
trial [PACT]), naturalistic developmental behavioral inter-
vention (NDBI) (e.g., Early Start Denver Model [ESDM],
pivotal response treatment [PRT], JASPER, Project
ImPACT), treatment and education of autistic and related
communication children (TEACCH), psychotherapy
(cognitive behavioral therapy [CBT]), and group social
skills interventions.28 In this review, the authors highlight
NDBI, parent-mediated interventions, CBT, and the fact
that school-aged children with ASD can often receive
behavioral, speech, integration, and physical therapy in
the school setting.28
A recent umbrella review identified several psychoso-

cial interventions that are expected to improve symptoms
associated with ASD at different stages of life, such as

 26882663, 2024, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/m

co2.497 by R
iverside M

ethodist H
ospital, W

iley O
nline L

ibrary on [02/12/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



18 of 38 ZHUANG et al.

TABLE 3 Recommended behavioral and educational interventions for autism spectrum disorder.

No. Author Title Recommended interventions
1 Xu et al.

(2017)265
Expert consensus on early
identification, screening and early
intervention of children with
autism spectrum disorders

① ABA
② TEACCH
③ ESDM
④ PRT
⑤ PACT
⑥ RIT
⑦ JA

2 Howes et al.
(2018)266

Autism spectrum disorder:
consensus guidelines on
assessment, treatment, and
research from the British
Association for
Psychopharmacology

① Psychological approaches: social learning
program, behavioral and life-skills interventions,
cognitive-behavioral interventions, facilitated
communication

② Pharmacological treatment: serotonergic agents,
glutamatergic agents, GABAergic agents,
dopamine receptor blockers

③ Non-pharmacological approaches:
social-communication interventions, behavioral
interventions, alternative interventions

3 Sandbank
et al.
(2020)267

Project aim: autism intervention
meta-analysis for studies of young
children

① Behavioral approaches: EIBI, DTI, PECS, PBS,
ABA

② Developmental approaches: DF, HM
③ NDBI: ESDM, EMT, PRT, JA, SP, EG, RG
④ TEACCH
⑤ Sensory-based interventions
⑥ Animal-assisted interventions: EAAT
⑦ Technology-based interventions: CAI, TTDVD

4 Hyman et al.
(2020)268

Identification, evaluation, and
management of children with

autism spectrum disorder

① ABA
② Developmental relationship-focus intervention
③ NDBI
④ Parent-mediated treatment or training
⑤ Educational interventions: LEAP, TEACCH
⑥ Other therapeutic interventions: SLI, MT, HM

5 Gosling et al.
(2022)269

Efficacy of psychosocial
interventions for autism spectrum
disorder:

an umbrella review

① PMI
② TECH
③ SSG
④ DEV
⑤ CBT
⑥ NDBI
⑦ TEACCH

6 Hirota et al.
(2023)28

Autism spectrum
disorder: a review

① Behavioral approaches: EIBI, DTI
② Developmental approaches: FM, PACT
③ NDBI: ESDM, PRT, JASPER, PI
④ TEACCH
⑤ CBT
⑥ GSSIs
⑦ Pharmacological interventions: aripiprazole,

risperidone, methylphe-nidate, atomoxetine,
extended-release guanfacine, melatonin, oxytocin

Abbreviations: ABA, applied behavior analysis; CAI, computer-assisted instruction; CBT, cognitive behavioral therapy; DEV, developmental interventions; DF,
DIR/Floortime; DTI, discrete tracking instruction; EAAT, equine-assisted activities and therapy; EG, engagement; EIBI, early intensive behavioral intervention;
EMT, enhanced milieu teaching; ESDM, Early Start Denver Model; FM, Floortime model; GSSI, group social skills intervention; HM, Hanen models; JA, joint
attention; JASPER, Joint Attention, Symbolic Play, Engagement and Regulation;LEAP, learning experiences and alternative programs for preschoolers and their
parents; MT, motor therapies; NDBI, naturalistic developmental behavioral intervention; PACT, preschool autism communication trial; PBS, positive behavioral
supports; PECS, picture exchange communication system; PI, parent involvement; PMI, parent-mediated interventions; PRT, pivotal response treatment; RG, reg-
ulation; RIT, reciprocal imitation training; SLI, speech and language interventions; SP, symbolic play; SSG, social skill groups; TEACCH, treatment and education
of autistic and related communication children; TECH, technology-mediated interventions; TTDVD, the transportersTM DVD series.
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early reinforcement behavioral interventions, develop-
mental interventions, natural developmental behavioral
interventions, and parent-mediated interventions that
improve social communication deficits, overall cognitive
abilities, and adaptive behaviors in children with ASD in
preschool-age children. The effectiveness of social skills
groups in improving social communication deficits and
overall ASD symptoms in school-aged children and ado-
lescents is supported by suggestive evidence.269 Another
umbrella review identified positive therapeutic effects of
behavioral interventions, developmental interventions,
NDBI, technology-based interventions, and CBT for
several child and family outcomes.270
Moreover, a recent systematic review and meta-analysis

summarized the effects of seven early intervention types
(behavioral, developmental, NDBI, TEACCH, sensory
based, animal assisted, and technology based, aged
between 0 and 8 years).267 Of these, significant positive
effects were found for behavioral, developmental, and
NDBI intervention types. When effect size estimates were
limited to studies with a randomized controlled trial (RCT)
design, there was evidence of positive summary effects for
developmental and NDBI intervention types only. When
effect estimates were limited to RCT designs and out-
comes without detectable risk of bias, no intervention type
showed a significant effect on any outcome.267 Together,
despite the availability of multiple intervention models
for children with ASD, many have still failed to demon-
strate effectiveness in clinical trials. More well-designed
RCTs are still needed to gain a clearer understanding of the
efficacy of these interventions269,271 (Table 4).
When developing a consensus, Chinese experts selected

and recommendedmethods that are supported by random-
ized controlled studies, have a high level of evidence-based
medical evidence, and have a recommendation rating of
“strongly recommended” for children with ASD under
the age of 3 years and are eligible for implementation in
China. The early intervention methods that are supported
by randomized controlled studies have evidence-based rat-
ings and “strongly recommended” ratings for children
with ASD under 3 years of age and are eligible for
implementation in China, including ESDM, PRT, PACT,
reciprocal imitation training, and joint attention (JA)
training.265
Furthermore, it is also worthmentioning a recent report

by the Lancet Commission, which states that individual-
ized, stepped care strategies canmeet an individual’s needs
throughout the life course, leading to effective assessment
and care. The importance of community and family sup-
ports in lifelong intervention and treatment for individuals
with autism. It further describes the broad spectrum of
autism and introduces the concept of “profound autism”;
that is, “profound autism” should be paid attention to.285

5.2 Methods of behavioral intervention

5.2.1 Applied behavior analysis

Over the past decades, applied behavior analysis (ABA) has
been at the forefront of these interventions and has been
recommended as a scientifically validated intervention in
different countries.286 Due to its high level of acceptance,
ABA interventions have also become the benchmark for
existing and subsequently developed interventions. In
most studies, this approach has shown positive improve-
ments in cognition, language development, social skills
and communication, and adaptive behavior in children
with ASD, along with reductions in problem behaviors.287
EIBI was the first intensive ABA therapy proposed

for ASD, focusing on eliminating atypical behaviors and
building learning capacity. Since then, treatments for
ASD have weakened structural features while focusing on
more complex cognitive and social skills.288,289 The EIBI
model relies heavily on discrete tracking instruction (DTI),
which focuses on reducing extraneous details and teaching
skills and learning content in a repetitive and streamlined
manner. Ongoing data collection and analysis are key com-
ponents of DTI,290,291 and these data are an important
reference for determining how quickly children progress
and whether program modifications are needed. In gen-
eral, DTI is more appropriate for developing JA, play, or
imitation skills in children around 2 years of age,292 and
may also be of shorter duration as conditions improve to
address more complex social behaviors.293
One of the earliest alternative forms of ABA for ASDwas

the Natural Language Paradigm (NLP), the earliest natu-
ral language training strategy,294 whose main advantage
was the integration of therapy into natural, ongoing social,
and play activities. PRT295 and ESDM are the naturalis-
tic language strategies with the most empirical evidence
to support their effectiveness. As an extension of NLP, the
training goals of PRT focus on motivation to interact with
others, self-management, self-regulation, and response to
multiple cues.296 Its validity has been supported by several
studies.

5.2.2 Physical exercise

Studies have found that children with ASD spend sig-
nificantly less time per day participating in moderate to
vigorous physical activity compared to normally growing
children.297 Physical activity of appropriate intensity is
a remedy to reduce physical–motor deficits, stereotypic
and aggressive behaviors, and improve cognitive func-
tioning in individuals with ASD.298–300 In recent years,
there has been an explosion of systematic evaluations and
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TABLE 4 Related clinical trials related to interventions for autism spectrum disorders (ASD).

No. Author Study type
Clinical trial
number

Sample
size Conclusion

1 Gabriels
et al.
(2015)272

Retrospective
case

NCT 02301195 116 The study further establishes the evidence base
supporting EAAT as a viable therapeutic option for
children and adolescents with ASD. Further research
is needed to examine the joint attention and
movement experiences are key THR mechanisms to
observe behavioral and social communication
improvements in the ASD population.

2 Bearss et al.
(2015)273

Retrospective
case

NCT 01233414 30 Significant improvement (>12 units) in two patients and
minor improvement (8–12 units) in eight patients.

3 Bieleninik
et al.
(2017)274

Retrospective
case

ISRCTN
78923965

167 CBT was efficacious for children with ASD and
interfering anxiety, an adapted CBT approach showed
additional advantages. CBT can be considered as a
professional reference for psychological treatment of
autistic children.

4 Sharda et al.
(2018)275

Retrospective
case

ISRCTN
26821793

51 The study provides the first evidence that 8−12 weeks of
individual music intervention can indeed improve
social communication and function brain
connectivity.

5 Grimaldi
et al.
(2018)276

Retrospective
case

NCT
02720900

61 After 1 week of medication, all patients had significant
improvements in abnormal behavior and irritability
scores, with the risperidone group showing
significant improvement at each assessment period.

6 DeVane
et al.
(2019)277

Retrospective
case

NCT 01333072 364 ASD children who underwent improvisational music
therapy and enhanced standard care showed
improvement in scale assessment results, but
compared with the two methods there was no
significant difference in symptom severity based on
the ADOS social affect domain over 5 months,
indicating that the effect of using improvisational
music therapy to reduce symptoms in ASD children
was not significant.

7 Voss et al.
(2019)278

Retrospective
case

NCT 03569176 71 In terms of socialization, children who received the
wearable intervention improved significantly than
those who received only standard-of-care behavioral
treatments, indicating potential for digital home
therapy.

8 Malow et al.
(2020)279

Retrospective
case

NCT
01906866

80 Nightly pediatric prolonged-release melatonin at
optimal dose of 2, 5, or 10 mg is safe and effective for
long-term treatment in children and adolescents with
ASD and insomnia, which has no detrimental effects
on children’s growth and pubertal development.

8 Wood et al.
(2020)280

Retrospective
case

NCT
02028247

150 A whole-plant extract BOL-DP-O-01-W which contains
CBD and THC in a 20:1 ratio improved disruptive
behaviors on one primary outcome measures and on
a secondary outcome, an index of ASD core
symptoms, with acceptable adverse events.

9 Sikich et al.
(2021)281

Retrospective
case

NCT
01944046

277 In this trial involving children and adolescents with
ASD, 24 weeks of daily intranasal oxytocin treatment,
as compared with placebo, did not improve social
interaction or other measures of social function
related to ASD.

(Continues)
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TABLE 4 (Continued)

No. Author Study type
Clinical trial
number

Sample
size Conclusion

10 Aran et al.
(2021)282

Retrospective
case

NCT 02956226 30 Children on exclusion diets were less likely to report
gastrointestinal abnormalities and had lower
abundance of the Bifidobacterium and
Veillonellaceae families but higher presence of
Faecalibacterium and Bacteroidetes. A combined
dietary approach resulted in significant changes in
gut microbiota composition and metabolism.

11 Scahill et al.
(2022)283

Retrospective
case

NCT
02483910

83 On CELF, DI + TAU did not meet the prespecified
difference from TAU. When adjusted for IQ, DI +
TAU was superior to TAU on CELF at end point. DI +
TAU was superior to TAU on CGI-I.

12 Chu et al.
(2023)284

Retrospective
case

ChiCTR
2100053165

78 Potentially positive effects of nonwearable digital
therapy plus LSP on core symptoms associated with
ASD were found in the study, which leading to a
modest improvement in the function of sensory,
motor and response inhibition, while reducing
impulsivity and hyperactivity in preschoolers with
both ASD and ADHD, and VR-CBT was found to be
an effective and feasible adjunctive digital tool.

Abbreviations: ADHD, attention deficit hyperactivity disorder; ADOS, autism diagnostic observation schedule; CBD, cannabidiol; CBT, cognitive behavioral ther-
apy; CELF, clinical evaluation of language fundamentals; CGI-I, clinical global impressions-improvement scale; DI, direct instruction language for learning;
EAAT, equine-assisted activities and therapies; LSP, learning style profile; TAU, treatment as usual; THC, tetrahydrocannabinol; THR, therapeutic horseback
riding; VR-CBT, virtual reality-incorporated cognitive behavioral therapy.

meta-analyses of exercise interventions on stereotypic
behaviors, executive functions, and cognitive abilities in
children and adolescents with ASD.298,299,301–303 Stereo-
typical behavior patterns of individuals with ASD are
alleviated through exercise intervention.304,305 It is also
beneficial to enhance overall cognitive flexibility and
inhibitory control,301 and reduce the deficits of social
interaction.299 Different types of exercise all play a positive
role in alleviating stereotypical behaviors in people with
ASD.306–318 Although the molecular mechanisms involved
in the beneficial effects of exercise on ASD remission
are still unknown, the thesis that cytokines released after
exercise play an important role in regulating neuronal
metabolism, neuroinflammation, and neuroplasticity has
been confirmed,316,319,320 which may be related to the
improvement of symptoms in children with ASD and
associated comorbidities.316

5.3 Methods of educational
intervention

5.3.1 Music therapy intervention

There is a long history of using music or music ther-
apy services for non-musical goals (including social skills)
for people with ASD.321 Currently, most music therapy
applications for ASD are focused on children and adoles-

cents; they are thought to have positive effects on social
skills, including engagement behaviors,322 increased emo-
tional involvement,323 improved social interactions,324,325
increased social greeting routines,326 JA behaviors,327,328
peer interactions,329 communication skills,274,330,331 and
cognitive social skills.332
There are also differences in the effectiveness of different

types of music therapy for people with ASD. Improvisa-
tional music therapy (IMT) is one of the most studied
music therapies for children with ASD.327,333–336 Family-
centered music therapy as an important variant of IMT
improves social interactions in families, communities, and
parent–child relationships.337 However, studies have also
reported contradictory results or no improvement in some
areas.338,339 Nevertheless, the feasibility of music therapy
interventions for children with ASD has received pre-
liminary support, at least in terms of improving social
interaction, verbal communication, initiating behavior,
and social–emotional reciprocity.

5.3.2 Play therapy intervention

Providing children with ASD the opportunity to engage in
play activities can strengthen their connectionswith others
and improve social interaction deficits. Patient-centered
play therapy is considered an effective evidence-based
intervention to improve core issues related to ASD, such
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as social skills, communication, emotion regulation, and
JA,340–343 while a reduction in repetitive behaviors is a
strong reason for the validation of the effectiveness of play
therapy.344

5.3.3 Family involved intervention

Research has shown that involving parents in inter-
ventions reinforces the effectiveness of the interven-
tion and the prevalence of skills outside of the school
setting.345 Family–school partnerships (FSPs) are a child-
centered approach, where families and school collab-
orate and coordinate to produce positive student out-
comes in the social, emotional, behavioral, and academic
domains.346,347 Active parental involvement in educa-
tion and intervention can have a significant impact on
children’s learning and development, children’s cogni-
tive and language skills,348 school participation, aca-
demic achievement,349 and children’s problem-solving
skills can be improved and enhanced.350 In addition,
parental involvement can lead to positive outcomes in
prosocial behavior,351 peer interaction, and self-regulatory
skills.352 In addition to the FSPs mentioned above, parent
involvement (PI) is also applicable to family-level inter-
ventions and education for children with ASD. Unlike
FSP, PI focuses more on the structure and process of
activities.353,354 Numerous studies have shown that in chil-
dren with ASD, improvements in social communication
and reductions in restrictive and repetitive behaviors occur
after interventions using the PI model.355–357

5.4 The interventions derived from
technical devices for ASD

With the rapid development of modern technology, a
number of assistive devices for the rehabilitation of peo-
ple with autism have been developed and put into use.
These devices have shown some effectiveness in ASD
interventions and deserve further study and evaluation.

5.4.1 Speech-generating device intervention
application

Speech-generating device (SGD) is a portable electronic
device that displays various graphic symbols or written
language and generates digital or synthetic speech.356,357
For children with ASD, whose communication skills are
severely lacking, the motor skills tolerance of SGD, the
popularity of the output language, and the large stor-
age space make it more socially acceptable.358,359 At the
same time, the SGD’s ability to request, tag, comment,

and answer questions extends its scope of application.360
Previous studies have shown that SGDcan improve partici-
pants’ communication skills,358,361,362 while the acquisition
of communication skills is a top priority in early interven-
tion programs for ASD.

5.4.2 Virtual reality technology application

Virtual reality (VR) is a realistic and immersive three-
dimensional virtual environment created by interactive
software and hardware and is a product of multidisci-
plinary integration. With the increasing sophistication of
VR technology, researchers have successfully applied it
to the treatment of people with autism.363–368 On this
basis, immersive virtual reality has been developed, which
is able to reproduce real objects and scenes to a higher
degree.369–372 However, VR still has some shortcomings,
such as the currentVR technologies used inASD treatment
are homogeneous and usually can target only one charac-
teristic, and VR simulation scenes are still different from
reality. It is expected that VR technology will continue to
overcome its limitations and meet the individual needs of
people with autism.

5.4.3 Social bots’ application

In contrast to VR, another more tangible technological
development, humanoid robot, is also being used for the
treatment of ASD. There is growing evidence that robotic
assistance has a positive effect on the improvement of the
condition of individuals with ASD.373–377 Unlike humans,
robots operating in predictable and legitimate systems pro-
vide a highly structured learning environment for people
with ASD, enabling structured and standardized inter-
ventions that will help them focus on relevant stimuli,
and certain social behaviors may be simulated in the
standardized social contexts created by such structured
interactions.378,379 In the field of autism, there are prece-
dents for the use of robots to assist in the diagnostic
process, improve eye contact and spontaneous interac-
tion, turn-taking activities, mimicry, emotion recognition,
JA, triadic interactions, etc.373,376,380 The results of an
induction training for people with ASD involving android
robots are also encouraging and make other approaches to
intervention using robots worth trying.381

6 MEDICAL INTERVENTION AND
POTENTIAL DRUG TARGET

Currently, there is still a lack of drugs to treat the core
symptoms of ASD, and research on them is difficult.382,383
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Here, we provide an overview of existing pharmacologic
therapies for ASD as well as those that target its com-
mon pathophysiology and gut microbiota. With the rapid
growth of genomics and systems neuroscience, a variety of
new molecular targets are surfacing.384

6.1 Drug treatment for ASD

There are currently no medications available worldwide
that specifically target the core symptoms of ASD. More
commonly, existing antipsychotics are used to allevi-
ate anxiety,385 depression,386,387 or obsessive–compulsive
disorder388 in order to ameliorate certain symptoms of
ASD, such as ADHD.389,390 The US Food and Drug Admin-
istration (FDA) has approved twomedications, risperidone
and aripiprazole, for the pharmacologic treatment of ASD-
related irritability and aggression.391 However, while there
are medications that can alleviate several specific condi-
tions ofASD, the side effects should not be underestimated.
For example, aripiprazole can cause side effects, such as
drowsiness/sedation, increased sleep duration, and weight
gain.392 In addition, selective 5-hydroxytryptamine reup-
take inhibitors have been approved by the FDA for a wide
range of other disorders, and as a result they are fre-
quently and increasingly used in the treatment of ASD.393
A recent review based on RCTs suggests that the follow-
ing medications improve at least one core symptom area
compared to placebo: aripiprazole, atoxetine, bumetanide,
and risperidone for children/adolescents, and fluoxetine,
fluvoxamine, oxytocin, and risperidone for adults.394,395
Consequently, finding common mechanisms to screen

for access to targeted drugs remains important and
possible.396,397 For example, and clinical trials are attempt-
ing to use the GABAergic system as a therapeutic strategy
for ASD,396 and a recent study showed that a clinically rel-
evant selective ERK pathway inhibitor reverses the core
deficits in a mouse model of autism.397

6.2 Interventions and treatments
related to common pathological
mechanisms

Given that inflammation and immunity, oxidative stress,
and mitochondrial dysfunction are common pathophysi-
ological mechanisms of ASD, there are a number of pro-
posals and studies targeting them, including antioxidant,
anti-inflammatory, immunomodulatory, and improving
mitochondrial function and metabolism.398–400
Several clinical studies on antioxidant therapy for ASD

have been reported, including radicicicol,401 resveratrol,402
coenzyme Q10,403 N-acetylcysteine (NAC),404 omega-3

fatty acids,405 arachidonic acid, and docosahexaenoic acid
(DHA),406 all of which showed beneficial effects except for
resveratrol, whose role is uncertain. Of these, NAC appears
to be the most effective antioxidant therapy.400 In addi-
tion, some studies have demonstrated that supplemen-
tation with micronutrients related to redox metabolism
(e.g., methyl B12) can be helpful for children with
autism.407 Other studies have evaluated antioxidant-rich
foods, including broccoli,408 camel’s milk,409 and dark
chocolate.410 Notably, there are antioxidants, such as radi-
cicchioidin, resveratrol, naringenin, curcumin, and guani-
dinium that are not only antioxidants, but also activators
of Nrf2, a transcription factor involved in immune dysreg-
ulation, inflammation, oxidative stress, andmitochondrial
dysfunction.411
However, many of the oxidative stress treatment groups

in the study showed strong individual differences, reflect-
ing the heterogeneity of ASD.412 Therefore, assessing and
identifying physiological changes associated with ASD
and taking targeted and personalized interventions are
more likely to produce positive treatment outcomes.398,412
As mentioned in a recent review,398 folic acid supple-
mentation has a positive effect in individuals with ASD
identified by autoantibodies to the folate receptor,413
whereas methylcobalamin has significant clinical utility
when impaired methylation capacity.414,415 Mitochondrial
regulatory cofactors should be consideredwhenmitochon-
drial dysfunction is evident. Multivitamin/multimineral
formulas, as well as biotin, appear to be appropriate when
metabolic abnormalities have been identified, as well as
the use of low-dose suramin antipurinergic therapy.416
In addition, many antioxidant molecules available in

nature show anti-inflammatory activity.417 Some natural
antioxidants have been carried out in human studies, such
as GSH, vitamin C, NAC, flavonoids, luteolin, quercetin,
rutin,418,419 palmitoylethanolamide and luteolin,420 DHA,
eicosapentaenoic acid (EPA),421 and Ginkgo biloba extract
761.422 The most common of the inflammatory sig-
naling pathways is nuclear factor-κB (NF-κB), MAPK,
and JAK–STAT pathways.423 Several preclinical studies
have been initiated targeting these pathways, includ-
ing resveratrol,424 palmitoylethanolamide, and luteolin420
against the NF-κB pathway, and luteolin, diosmine,425 and
quercetine426 against the janus kinase/signal transducer
and activator of transcription (JAK/STAT) pathway, as well
as IL-17A antibody against ERK/MAPK pathway.427,428
Marchezan et al. classified immune and inflammatory

interventions for ASD into two broad categories: (1) using
radicicicol, celecoxib, lenalidomide, hexacosanolide,
spironolactone, flavonoid lignocerotonin, corticosteroids,
oral immunoglobulins, intravenous immunoglobulins,
and cellular therapy. (2) Other ASD therapies that
have been used or are being studied that are initially
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characterized as neither anti-inflammatory nor
immunomodulatory at first, but exhibit immunomodu-
latory capabilities throughout the course of treatment:
risperidone, vitamin D, omega-3, ginkgo biloba, l-
creatinine, n-acetylcysteine, and microbiome recovery.429
Another narrative review of randomized controlled
placebo trials summarizes how immunomodulatory/anti-
inflammatory therapeutic agents such as prednisolone,
pregnenolone, celecoxib, minocycline, n-acetylcysteine,
radicicic acid, and/or omega-3 fatty acids may be useful in
the core management of (e.g., stereotypic behaviors) and
related (e.g., irritability, hyperactivity, lethargy) symptoms
in individuals with autism.430 Likewise, a review based on
RCTs concluded that myostatin, haloperidol, folinic acid,
guanfacine, omega-3 fatty acids, probiotics, radicicic acid,
sodium alginate, and sodium valproate showed some signs
of improvement, but were imprecise and unreliable.431
Overall, among the several intervention approaches

described above, attention needs to be paid to individual-
ization, targeting interventions to subgroups of ASDs with
associations with these pathophysiological mechanisms,
and improving the efficacy of interventions.412,432 The lit-
erature on intervention efficacy is limited, and large-scale
RCTs are still needed to provide strong evidence as well as
the use of biomarkers.430

6.3 Interventions for ASD targeting the
microbiota-gut-brain axis

As research into the mechanisms associated with gut
microbial imbalance and the development of ASD has
intensified, probiotics, prebiotics, fecal microbiota trans-
plantation (FMT), microbiota transfer therapy, antibiotics,
and diet dietary adjustment methods received consid-
erable attention.433 The beneficial effects of probiotics
in improving mood and regulating host behavior have
been explored, with specific probiotic therapy reducing
the severity of ASD symptoms and developing strate-
gies to manage typical social impairment, communica-
tion disorders, perceptual impairment, and behavioral
limitations.434–439 FMT has been shown to be an estab-
lished and effective treatment for recurrent Clostridium
difficile infection.440 It has also been proposed as a safe
and effective strategy to modulate the symbiosis of the
gastrointestinal microbiota and improve behavioral symp-
toms in childrenwith ASD.440,441 Recently, a study showed
that FMT improved VPA-induced ASD mice by modulat-
ing 5-hydroxytryptaminergic and glutamatergic synaptic
signaling pathways.442 Modified FMT therapy for children
withASD resulted in significant improvements in gastroin-
testinal symptoms and ASD symptoms, and follow-up of
these individuals after 2 years showed that most of the

improvements in gastrointestinal symptoms were main-
tained, including significant increases in bacterial diversity
and relative abundance of beneficial bacteria such as
bifidobacterial.440,443 However, due to the complexity of
the intestinal microbiota, FMT therapies are still highly
heterogeneous with respect to donor selection, material
preparation, ideal dosing regimen, and cost-effectiveness,
and are still a long way from clinical application. In addi-
tion, although these therapeutic modalities have been
shown to be safe and effective for short-term supplementa-
tion, the safety over long periods of time remains uncertain
needs to be validated by additional studies.195 Overall,
autism interventions targeting the gut–brain axis have the
potential to be an effective treatment for ASD and are
expected to have a positive effect on the improvement of
ASD symptoms.444

7 CONCLUSION AND PERSPECTIVES

ASDs have become a commonneurological developmental
disorder in children. Early detection and early intervention
are highly effective. Heterogeneity is a distinctive feature
of children with ASD. In addition to the core symptoms,
children with ASD are accompanied by different behav-
ioral abnormalities and comorbiditieswith varying degrees
of severity, which exacerbates its complexity and poses
challenges for its research and clinical translation.
In this paper, based on the review of the pathological

mechanisms of ASD, the progress of its diagnostic markers
and intervention methods are reviewed. ASD is caused by
genetic and environmental factors and their interactions,
its signaling pathways, and mechanisms are convergent.
Oxidative stress, inflammation and immunity, mitochon-
drial dysfunction, and intestinal flora dysregulation are
common pathophysiological mechanisms, and they are
interrelated. There are also commonmechanisms between
ASD and comorbidities. These provide the basis for the
diagnosis and treatment, at least on a stratified or subclass-
based basis. Stratified biomarkers are objective measures
used to define subgroups of individuals with common bio-
logical characteristics. The treatment and management
of children with ASD often involves the management
of associated medical problems and psychopathological
comorbidities. Therefore, it is important to consider both
commonalities and individuality in diagnosis, treatment,
and intervention of ASD. Priority is given to person-
alized diagnosis and treatment for different individuals
to improve the precision and efficacy of ASD diagno-
sis, treatment, and rehabilitation. With the application
of high-throughput omics, such as genomics, proteomics,
metabolomics, transcriptomics, as well as in-depth mech-
anism studies, it is expected to find common mechanisms
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among individuals with ASD subjects and find specific
early diagnostic biomarkers and drug therapeutic targets,
which is a key research direction in the future. In terms
of ASD intervention and treatment, large-scale RCT-based
clinical studies need to be strengthened. In this context,
maximizing the sample pools, designing studies withmore
diverse populations, increasing the number of subjects in
RCTs, and defining more accurate patient codifies using
gold standard diagnostic instruments are common themes
for future developments in the field.
In summary, ASD is a highly heterogeneous, and it is

particularly important to improve the understanding of the
biological basis of the inherent heterogeneity of ASD, to
search for potential common or convergent mechanisms,
and to explore the “homogeneity” within the “hetero-
geneity.” On this basis, the development of diagnosis,
intervention and treatment is an effective way to achieve
accurate diagnosis and treatment of ASD.
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A B S T R A C T   

The endocannabinoids 2-arachidonoyl-glycerol (2-AG) and N-arachidonoyl-ethanolamine (AEA) are eicosanoids 
implicated in numerous physiological processes like appetite, adipogenesis, inflammatory pain and inflamma-
tion. They mediate most of their physiological effects by activating the cannabinoid (CB) receptors 1 and 2. Other 
than directly binding to the CB receptors, 2-AG and AEA are also metabolized by most eicosanoid biosynthetic 
enzymes, yielding many metabolites that are part of the oxyendocannabinoidome. Some of these metabolites 
have been found in vivo, have the ability to modulate specific receptors and thus potentially influence physio-
logical processes. In this review, we discuss the biosynthesis and metabolism of 2-AG and AEA, as well as their 
congeners from the monoacyl-glycerol and N-acyl-ethanolamine families, with a special focus on the metabolism 
by oxygenases involved in arachidonic acid metabolism. We highlight the knowledge gaps in our understanding 
of the regulation and roles the oxyendocannabinoidome mediators.   

1. Introduction 

Cannabinoid- and endocannabinoid-related research truly 

jumpstarted with the structure elucidation of (− )-Δ9-tetrahydrocan-
nabinol, the main psychoactive substance found in cannabis, and the 
chemical synthesis of its structural analog CP 55,940 [1–4]. These two 
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key compounds allowed the pharmacological characterization and the 
cloning of a specific receptor localized in the brain, now referred to as 
the cannabinoid receptor 1 or CB1 [5–7]. Another cannabinoid receptor, 
the CB2 receptor, was next cloned from HL-60 cells, a human promye-
locytic cell line [8]. The CB1 and CB2 receptors are G protein-coupled 
receptors and their activation triggers signaling events such as ade-
nylyl cyclase inhibition and mitogen activated protein kinases activation 
[9]. These receptors are involved in the regulation of numerous func-
tions, notably appetite, adipogenesis, inflammatory pain and inflam-
mation [10–12]. 

Soon after the cloning of the CB1 and CB2 receptors, their endoge-
nous ligands were identified. The first endocannabinoid, N-arach-
idonoyl-ethanolamine (AEA), was identified by Devane and colleagues 
in porcine brain extracts and named anandamide, which is an amalgam 

of the Sanskrit term Ananda (meaning bliss and denoting its psychoac-
tive effects) and amide, referring to the molecular structure of AEA [13]. 
The subsequent cloning of the CB2 receptor by Munro and colleagues 
consolidated AEA as a potent endocannabinoid that activates both the 
CB1 and CB2 receptors [8]. 2-Arachidonoyl-glycerol (2-AG) was next 
identified by two independent groups as a ligand for both the CB1 and 
CB2 receptors [14,15]. Interestingly, 2-AG and AEA are structurally 
unrelated to (− )-Δ9-tetrahydrocannabinol [16]. AEA and 2-AG, together 
with enzymes for their biosynthesis and degradation and the CB re-
ceptors, were proposed to form a new signaling system, known as the 
endocannabinoidome [12]. 

AEA and 2-AG are eicosanoids containing a molecule of arachidonic 
acid (AA) in their structure. They are usually regarded as the only two 
endocannabinoids, despite the fact that other lipid-related molecules, 

Fig. 1. Biosynthesis and hydrolysis of the endocannabinoid AEA. Created with BioRender.com.  
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such as noladin ether, can also activate the CB1 and CB2 receptors to a 
different extent and that most long chain N-acyl-ethanolamines (NAEs) 
can weakly activate the CB2 receptor [17–20]. In order to fully 
comprehend and appreciate the endocannabinoid system, a new term 
has emerged: the endocannabinoidome. It comprises AEA and 2-AG, 
their congeners from the NAE and monoacylglycerol (MAG) families, 
N-acyl-amines, their oxidized metabolites, anabolic and catabolic en-
zymes, as well as the receptors they activate [12]. 

As mentioned above, AEA and 2-AG are eicosanoids. As such, they 
are metabolized by eicosanoid biosynthetic enzymes, notably cyclo-
oxygenase (COX)-2, cytochrome P450 enzymes, and some lipoxygenases 
(LOs). Herein, we will review the biosynthesis and enzymatic hydrolysis 
of AEA and 2-AG, as well as their metabolism by eicosanoid biosynthetic 
enzymes. 

2. Biosynthesis and hydrolysis of AEA and its congeners 

AEA (Fig. 1) arises from the metabolism of AA-containing N-acyl- 
phosphatidylethanolamines (NAPEs). The current knowledge indicates 
that NAPEs are obtained following the acylation of the amine group of 
phosphatidyl-ethanolamines by Ca2+-dependent and -independent N- 
acyl-transferases including the cytosolic phospholipase A2ε [21–24]. 
The biosynthesis of AEA (and other NAEs) then occurs by four biosyn-
thetic routes (Fig. 1). The first and most straightforward biosynthetic 
pathway consists in a one-step hydrolysis of NAPEs by the NAPE-specific 
phospholipase D (NAPE-PLD) [25–28]. A second pathway has also been 
described in which the hydrolysis of NAPEs by a PLC occurs, generating 
a phospho-AEA that is dephosphorylated by phosphatases such as Pro-
tein Tyrosine Phosphatase Non-Receptor Type 22 (PTPN22) or SHIP1 
[29,30]. A third biosynthetic pathway involves a PLA2 activity gener-
ating a lyso-NAPE that is next hydrolyzed by a lyso-PLD [31]. The fourth 
AEA biosynthetic pathway involves the generation of a lyso-NAPE by a 
PLA2, its hydrolysis into glycerophospho-AEA by the α/β Hydrolase 
Domain-Containing Protein 4 (ABHD4), followed by the action of 
glycerophosphodiesterase 1 (GDP1) [32]. In mice, the deletion of NAPE- 
PLD leads to decreased levels of AEA and other NAEs, indicating that this 
one-step biosynthetic route is very important but not necessarily the 
predominant one [28,33–36]. 

There is a limited number of enzymes involved in the hydrolysis of 
AEA and other NAEs. The first and main enzyme responsible for the 
hydrolysis of AEA is the Fatty Acid Amide Hydrolase (FAAH)-1, which 
was shown to hydrolyze AEA into AA and ethanolamine as well as 
allowing the biosynthesis of AEA in presence of high (supra-physiolog-
ical) concentrations of AA and ethanolamine by allowing the conden-
sation of ethanolamine and AA, at least in rats [37–40]. However, AEA 
levels are increased by ~ 15 fold in FAAH-deficient mice [41], sup-
porting the concept that FAAH is mostly involved in the hydrolysis of 
AEA and other NAEs rather than heavily participating in AEA biosyn-
thesis [40,42,43]. FAAH-2, which is expressed in humans but not in 
mice, also participates in the hydrolysis of AEA and other NAEs but, in 
contrast to FAAH-1, it preferentially hydrolyzes N-oleoyl-ethanolamine 
and does not hydrolyze N-acyl-taurines [44]. Finally, the N-acyletha-
nolamine acid amidase (NAAA) can also hydrolyze AEA and other NAEs, 
although its activity is much better toward saturated NAEs such as N- 
palmitoyl-ethanolamine than for unsaturated NAEs such as AEA 
[45–47]. 

3. Biosynthesis and hydrolysis of 2-AG and its congeners 

The biosynthesis of 2-AG has been largely documented as arising 
from the breakdown of AA-containing diacylglycerols (DAGs). DAGs can 
be obtained from the hydrolysis of glyceryl-phosphatidyl-inositol by 
PLCs [48,49] or from the breakdown of phosphatidyl-cholines by the 
concerted action of a PLD and a phosphatidic acid phosphatase [50]. 2- 
AG is next released when AA-containing DAG species are hydrolyzed by 
DAG lipases α or β [51,52]. 2-AG can also be obtained from the 

dephosphorylation of arachidonoyl-lysophosphatidic acid by a lyso-
phosphatidic acid phosphatase [53] (Fig. 2A). While several groups 
documented that leukocytes biosynthesized 2-AG in response to Ca2+

ionophores such as A23187 or G-protein-coupled receptor agonists 
activating the PLC-DAG lipase pathway (reviewed in [54]), a recent 
study showed that this biosynthetic route is not very efficient in human 
leukocytes [55]. Instead, a novel 2-AG biosynthetic pathway (Fig. 2B) 
involving the acylation of exogenous AA into phospholipids, followed by 
the release of 2-AG, led to 2-AG levels that were up to 700-fold greater 
than those obtained with PLC-activating agonists such as platelet- 
activating factor [55]. Of note, this novel biosynthetic pathway was 
not inhibited by PLC or DAG lipase inhibitors and coincided with a lyso- 
phosphatidic acid intermediate although phosphatase inhibitors did not 
prevent 2-AG biosynthesis. Importantly, this novel pathway led to the 
biosynthesis of other unsaturated MAGs when their fatty acid precursors 
were used as stimuli, notably when 2-AG/MAG hydrolysis was pre-
vented [55]. Whether this novel 2-AG/MAG biosynthetic pathway is 
also functional in other cells and tissues remain to be explored. 

2-AG is very labile and isomerizes into 1(3)-AG in complete RPMI 
medium within minutes [56]. Furthermore, 1(3)- and 2-AG, as well as 
other MAGs are rapidly hydrolyzed into fatty acids and glycerol by 
several enzymes, notably the serine hydrolase MAG lipase [57–60]. In 
the brain of mice, 85 % of 2-AG hydrolysis is the consequence of MAG 
lipase and its deletion can increase 2-AG levels up to tenfold [61,62]. 
Other enzymes also contribute to the hydrolysis of 2-AG. In the mouse 
brain, ABHD12 and ABHD6 are respectively responsible for 9 % and 4 % 
of 2-AG hydrolysis [61]. Thus, together with MAG lipase, these three 
serine hydrolases contribute to 98 % of 2-AG hydrolysis in the mouse 
brain [61]. ABHD16A can also hydrolyze 2-AG and other MAGs, 1-lino-
leoyl-glycerol being its preferred substrate [63]. Carboxylesterase (CES) 
1 and 2, as well as palmitoyl-protein thioesterase 1 (PPT1), can also 
participate in the hydrolysis of 2-AG and other MAGs, although their 
involvement remains to be fully elucidated [64–66]. 

As stated above, the hydrolysis of 2-AG and other MAGs leads to the 
production of fatty acids (e.g. AA), raising the possibility that 2-AG and 
other MAGs such as 2-docosahexaenoyl-glycerol could serve as pre-
cursors for the biosynthesis of eicosanoids and docosanoids. Accord-
ingly, the treatment of human leukocytes with 2-AG leads to its rapid 
hydrolysis (within seconds to minutes) and a subsequent biosynthesis of 
eicosanoids such as leukotrienes and eoxins [67–70]. The involvement 
of 2-AG as a source of AA and/or eicosanoids (mainly prostaglandins 
(PGs)) has also been observed in MAG lipase deficient mice [71–73]. 

4. Metabolism of endocannabinoids by the cyclooxygenase 
pathway 

Both 2-AG (Fig. 4) and AEA (Fig. 3) can be metabolized via the COX- 
2 pathway. The first evidence of this was provided by Yu and colleagues, 
who showed that human recombinant COX-2, but not COX-1, could 
metabolize AEA into PGH2-EA [74]. This was followed three years later 
by the work of Kozak and colleagues showing that 2-AG was also 
metabolized by COX-2, but not COX-1 [75]. While COX-2 metabolizes 2- 
AG and AA to a comparable extent, the metabolism of AEA by COX-2 is 
less efficient, being ~ 18 % that of AA, based on kcat/Km de-
terminations [74,75]. Interestingly, a COX-2 inhibitor-sensitive 
pathway in Candida albicans was found to convert AEA into 3-hydroxy- 
AEA, a compound inactive at CB receptors but still capable of activating 
TRPV1 channels [76]. In this section, we provide the key studies that 
documented the metabolism of AEA and 2-AG to the corresponding PGs 
by the COX pathway. 

4.1. Biosynthesis and metabolism of prostaglandin-ethanolamides 
(prostamides) 

In 1997, Yu et al. reported that AEA is a substrate for COX-2, leading 
to the biosynthesis of PG-ethanolamides (EA) also known as prostamides 
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Fig. 2. Biosynthesis of the endocannabinoid 2-AG. A) Classical and alternatives pathways by which the biosynthesis of 2-AG is recognized to occur. B) 
Biosynthetic pathway by which 2-AG and other MAG biosynthesis is occurring in human myeloid leukocytes. Created with BioRender.com. 
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[74]. The biosynthesis of prostamides from AEA occurs through iden-
tical biosynthetic steps as for PGs from AA, thus involving the generation 
of an endoperoxide intermediate (prostamide H2, PGH2-EA). The latter 
is next converted by PG synthases into PG congeners. Indeed, PGD2-EA, 
PGE2-EA, PGF2α-EA and PGI2-EA are obtained from the enzymatic con-
version of PGH2 by PG synthases [77,78]. Of note, and despite dis-
playing similar molecular features of PGH2, PGH2-EA is not efficiently 
converted into TXA2-EA [77]. Finally, AEA can also be converted into 
11- and 15-hydroxy-eicosatetraenoyl-ethanolamide (HETE-EA), at least 
by murine COX-2 [79]. 

The first evidence of prostamide biosynthesis in cellulo were obtained 
from a human foreskin cell line expressing COX-2, which can bio-
synthesize PGE2-EA [74]. The biosynthesis of prostamides was also 

observed in other cells [77,78,80,81]. The detection of prostamides in 
vivo remains limited and initially seemed to necessitate facilitating 
conditions. For instance, in FAAH deficient mice, PGF2α-EA was found in 
the liver, the lungs, the kidneys and the small intestine [82]. However, 
PGF2α-EA was detected in mouse spinal cord and adipose tissue, where it 
plays a facilitatory role in pain transduction and an inhibitory role in 
adipogenesis [83,84]. 

In contrast to AEA, prostamides are not efficiently hydrolyzed by 
FAAHs and NAAA [37,47,85]. However, PGE2-EA can be metabolized 
into 13,14-dihydro-15-keto-PGE2-EA by the combination of the 15- 
hydroxyprostaglandin dehydrogenase and Δ13-15-keto-prostaglandin 
reductase [77]. A slow non-enzymatic dehydration/isomerization of 
PGE2-EA yielding PGB2-EA was also observed [86]. 

Fig. 3. Biosynthesis and degradation of prostamides. Created with BioRender.com.  
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Aside from AEA, other NAEs are also metabolized by COX-2. Indeed, 
the metabolism of N-eicosapentaenoyl-ethanolamine by human recom-
binant COX-2 results in the formation of PGD3-EA, PGE3-EA, 11-hy-
droxy-eicosapentaenoyl-ethanolamide (HEPE-EA) and possibly 14- and 
18-HEPE-EA as well [87]. Additionally, human recombinant COX-2 
metabolizes N-docosahexaenoyl-ethanolamine (DHEA) into 13- and 
16-hydroxy-DHEA [87]. These DHEA metabolites could be detected in 
LPS-stimulated RAW264.7 macrophages [87]. 

4.2. Biosynthesis and metabolism of prostaglandins-glycerol 

2-AG is also a COX-2 substrate, and its metabolism by the latter leads 
to the biosynthesis of PGs-Glycerol (G) [77]. The metabolism of 2-AG by 
COX-2 leads to the common intermediate PGH2-G, which is then con-
verted to PGD2-G, PGE2-G, PGF2α-G or PGI2-G [77]. In contrast to PGH2, 
PGH2-G is a poor substrate for the thromboxane synthase but TXA2-G 
(assessed by quantitating TXB2-G) can nonetheless be observed, raising 
the possibility that the 2-AG metabolites TXA2-G and 12(S)-hydrox-
yheptadeca-5Z,8E,10E-trienoic acid (12-HHTre)-G might be detected in 
vivo [77]. 

Unlike prostamides, PGs-G are short-lived and rapidly hydrolyzed 
into PGs. Indeed, PGE2-G half-life is ~ 15 s in rat plasma and ~ 10 min in 

human plasma [86]. PG-Gs, notably PGE2-G, are hydrolyzed into PG and 
glycerol by several hydrolases. Among them are the MAG lipase, CES1, 
CES2, lysophospholipase 2 (LYPLA2) and PPT1 [64,65,88,89]. The 
involvement of MAG lipase in the hydrolysis of PG-Gs was first ques-
tioned. Indeed, rat recombinant MAG lipase hydrolyzes PG-Gs much less 
efficiently (2 orders of magnitude) than 2-AG [90]. In addition, the MAG 
lipase inhibitor URB602 led to an unexplained decrease in PGE2-G in 
rats, which was inconsistent with the increased levels of its precursor 2- 
AG and the unaffected levels of its hydrolysis product PGE2 [91]. 
However, Xie et al. next showed that human recombinant MAG lipase 
hydrolyzed PG-Gs up to 25 times the rate of its rat homolog [64]. This 
was further confirmed by Savinainen et al. who showed that human 
recombinant MAG lipase hydrolyzed PGs-G with the following efficacy: 
15-deoxy-PGJ2-G > PGD2-G > PGE2-G ~ PGF2α-G > 1-AG [88]. Subse-
quently, human recombinant CES1 and CES2 were shown to also hy-
drolyze PGE2-G and PGF2α-G, CES2 hydrolyzing PGF2α-G 6.5-fold faster 
than PGE2-G [64]. This latter study concluded that hydrolysis rates for 
PG-Gs by human recombinant hydrolases was as follows: MAG lipase >
CES1 ≫ FAAH [64]. In cellulo, THP1 cells expressing CES1 (but not 
CES2) mainly hydrolyzed exogenously provided PG-Gs into PGs [64], 
the remaining hydrolase activity being the consequence of PPT1 [65]. 
ABHD6 and ABHD12 can also hydrolyze PG-Gs [88]. Human 

Fig. 4. Biosynthesis and degradation of Prostaglandins-Glycerol. Created with BioRender.com.  
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recombinant ABHD6 preferentially hydrolyzes PGD2-G over the other 
PGs-G (1-AG > PGD2-G > 15-deoxy-PGJ2-G > PGE2-G = PGF2α-G), while 
ABHD12 weakly hydrolyzes PGs-G compared to 1-AG (1-AG ≫ PGE2-G 
> 15-deoxy-PGJ2-G ~ PGD2-G ~ PGF2α-G [88]. Last but not least, 
LYPLA2 and LYPLA2-expressing cells (the breast cancer cell lines MCF7 
and MDA-MB-231 and the prostate cancer cell lines PC3 and LNCaP) 
also hydrolyze PGE2-G [89]. Knockdown of LYPLA2 in these cell lines 
resulted in 60–80 % decrease of PGE2-G hydrolysis [89]. Interestingly, 
LYPLA2 does not hydrolyze 2-AG or AEA [89]. 

4.3. Receptors and bioactivity of COX-derived metabolites of NAEs 

Identifying the receptors through which prostamides and PG-Gs 
exert their biological activities has been challenging (Table 1). Prosta-
mides were shown to be weak activators of the CB1 and CB2 receptors as 
well as weak agonists of the PG receptors [85,92,93]. The most studied 
prostamide is PGF2α-EA because of its important regulatory role in the 
eye [94]. Indeed, PGF2α-EA and its analog bimatoprost are among the 
most efficient treatments against glaucoma [95,96]. Great effort was 
thus put into characterizing the receptor behind PGF2α-EA and bima-
toprost biological activities, which led to the identification of the FP 
receptor/FPalt4 splicing variant heterodimers [84,97]. The identifica-
tion of PG-G receptors has proven to be even more challenging due to the 
rapid hydrolysis of PG-Gs [90]. Indeed, PGs-G likely act at the vicinity of 
their biosynthesis then are rapidly cleared from the tissues [98,99]. 
Moreover, it underscores the possibility that some biological effects 
attributed to PGs-G may in fact be the consequence of their hydrolysis 
products, as recently documented [98,100]. Thus, it is not surprising 
that effects of PGE2-G were neither attributed to CB1 nor PG receptors 
[98,101]. Interestingly, the UDP receptor P2Y6 was identified as a spe-
cific target of PGE2-G, using subtractive screening approach based on 
transcriptome-wide RNA sequencing analysis in PGE2-G response- 
positive and -negative cell lines [102,103]. 

5. Metabolism of endocannabinoids by lipoxygenases 

Humans express six LOs encoded by the genes ALOXE3, ALOX5, 
ALOX12, ALOX12B, ALOX15, and ALOX15B. With the exception of the 
protein encoded by the ALOXE3 gene (which is an hydroperoxide 
isomerase), LOs catalyze the peroxidation of unsaturated fatty acids 
possessing a 1Z,4Z-pentadiene motif into a 1-hydroperoxy-2E-4Z-pen-
tadiene. LOs can metabolize several fatty acids but have been named 
according to the carbon on which they add molecular oxygen on AA. 
Endocannabinoids and some of their congeners were also identified as 

substrates for the different LOs. 

5.1. Metabolism of AEA by lipoxygenases 

The first reports of AEA metabolism by LOs came in 1995, when it 
was shown that soybean LO could convert AEA into its 15-hydroxy de-
rivative 15-HETE-EA [104–110]. The metabolism of AEA was then re-
ported in human recombinant 15-LO-1 [111,112] and in 15-LO-1- 
expressing human cells [106,113,114]. While 15-HETE-EA was the 
main metabolite from AEA, many reported 12-HETE-EA as a minor 
product [106,111,112]. Human 15-LO-2 can also metabolize AEA into 
15-HETE-EA exclusively, in both recombinant 15-LO-2 [112,115] and, 
possibly in human neutrophils [114]. Of note, AEA is a better substrate 
for both 15-LO-1 and 15-LO-2 compared to AA [112]. 15-hydroxylation 
of AEA is not exclusive to humans and was reported with recombinant 
enzymes from orangutans [111], rabbits [104,112] and rats [116]. 

AEA is also a substrate for 12-LO, which leads to the biosynthesis of 
12-HETE-EA in porcine 12-LO [104,106], human platelets 12-LO 
[104,106], rat pineal gland 12-LO [105], human and mouse recombi-
nant 12-LO [112]. It is also a substrate for barley 5-LO and tomato 9-LO, 
mainly yielding 11-HETE-EA with 5-HETE-EA as a minor product 
[107,109]. While tomato and barley 5-LO can metabolize AEA, the 
porcine, murine or human enzyme cannot [104,107,112], probably 
because the carboxylic end of AA enters the catalytic site of 5-LO first 
[117] and that the ethanolamine group of AEA generates sufficient 
hindrance to prevent that entry. 

Other LO-derived metabolites from AEA were also described. For 
instance, AEA is metabolized into the dihydroxylated metabolites 5,15- 
diHETE-EA and 8,15-diHETE-EA by soybean LO [107,108]. Finally, AEA 
is metabolized into the eoxamides EXC4-EA, EXD4-EA and EXE4-EA by 
the combined activity of 15-LO-1 and LTC4 synthase [113]. 

5.2. Metabolism of 2-AG by lipoxygenases 

2-AG is a substrate for some LOs but the amount of evidence is 
limited, most likely because of the challenges associated with its sta-
bility, this endocannabinoid (and its metabolites) being hydrolyzed very 
rapidly in cellulo (section 3). Moody et al were the first to report that 2- 
AG was metabolized into 12-HETE-G by partially purified porcine 
leukocyte 12-LO but not by partially purified human platelet 12-LO 
[118]. In that study, the efficiency of porcine leukocyte 12-LO toward 
2-AG was ~ 40 % that of AA. In contrast, both human and mouse re-
combinant 12-LO could metabolize 2-AG into 12-HETE-G as efficiently 
as AA [112]. This is intriguing and the discrepancy between the two 
studies remains somewhat difficult to explain as no study reported the 
ability/inability of platelets to biosynthesize 12-HETE-G in response to 
2-AG. 

2-AG can also be metabolized by 15-LOs, mainly into 15-HETE-G. 
This was observed with soybean LO, rabbit reticulocyte 15-LO, human 
15-LO-1 and -2 [108,112,115]. Importantly, 12-HETE-G was also 
observed as a minor product for rabbit reticulocyte 15-LO and human 
15-LO-1 [115]. Noteworthy, soybean LO and rabbit reticulocyte 15-LO 
were less capable of metabolizing 2-AG, respectively reaching 80 % 
and 40 % yield compared to AA [115]. As for 2-AG, 15-HETE-G is very 
unstable and is rapidly hydrolyzed into 15-HETE, notably by human 
leukocytes [70]. As such, the metabolism of 2-AG into 15-HETE-G in 
human neutrophils and eosinophils can only be detected when cells are 
treated with the serine hydrolase inhibitor MAFP [114]. As for eox-
amides, 2-AG can be transformed into the eoxins-glycerol EXC4-G, EXD4- 
G and EXE4-G by the combination of 15-LO and LTC4 synthase. How-
ever, the levels of eoxins-glycerol that were reported remained modest, 
possibly due to the hydrolysis of these metabolites [113]. 

While both 12- and 15-LO can metabolize 2-AG, potato 5-LO and 
human recombinant 5-LO cannot convert 2-AG into 5-HETE-G 
[112,115]. However, mouse recombinant 5-LO generated a modest 
but detectable amount of 5-HETE-G when incubated with 2-AG [112]. 

Table 1 
Prostamides, PGs-G, and their documented receptors.  

Substrate Metabolite Receptors Reference 

AEA PGD2-EA EP1-4 (no) 
DP1(yes) 
FP/IP/TP (no) 
CB1 / CB2 (no) 

[85] 
[85] 
[85] 
[85,94] 

PGE2-EA EP1-4 (no) 
DP/FP/IP/TP (no) 
TRPV1 (no) 
CB1/CB2 (no) 

[85,141] 
[85,141] 
[85] 
[85,93] 

PGF2α-EA EP1-4 (no) 
DP/IP/TP (no) 
FP (no) 
FP (yes) 
TRPV1 (no) 
CB1/CB2 (no) 

[85] 
[85] 
[85] 
[84,97,142] 
[85] 
[93] 

2-AG PGD2-G CB1 (no) [98] 
PGE2-G EP1-2 (no) 

P2Y6 (yes) 
CB1 (no) 
TRPV1 (no) 

[143] 
[102] 
[98,101] 
[143] 

PGF2α-G CB1 (no) [98]  
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5.3. Metabolism of other MAGs and NAEs by lipoxygenases 

AEA and 2-AG are not the only NAEs or MAGs that are metabolized 
by lipoxygenases. The first report of endocannabinoid congeners being 
metabolized by lipoxygenases was published by van der Stelt et al in 
1997 in which the authors described the metabolism of N-linoleoyl- 
ethanolamine (LEA) into 13-hydroxyoctadecadienoyl(HODE)-EA by 
soybean LO [119]. This was confirmed by others, either with soybean 
LO, human 15-LO-1 and -2, as well as with human leukocytes such as 
eosinophils and neutrophils [108,119–122]. Similarly, to LEA, a recent 
study demonstrated that 1-linoleoyl-glycerol (1-LG) was metabolized 
into 13-HODE-G by soybean LO, recombinant 15-LO-1 and -2, human 
eosinophils and neutrophils [122]. DHEA is also a substrate for 15-LO 
and can be transformed into 17-hydroxy-DHEA (HDHEA), 4,17-diHD-
HEA, and 10,17-DiHDHEA by human neutrophils [123]. This raises 
the possibility that other MAGs and NAEs, notably those containing fatty 
acids that are metabolized by either the 12- or 15-lipoxygenases are also 
metabolized by these enzymes, yielding additional oxy-
endocannabinoidome metabolites that are yet to be documented 
(Fig. 5). 

5.4. Receptors and bioactivity of LO-derived mediators 

The bioactivity of LO-derived endocannabinoid-related mediators 
remains ill-defined. While some have reported possible binding to 
peroxisome proliferator-activated receptors (PPARs), CB receptors or 
TRP channels, the biological roles of these metabolites and the identi-
fication of specific receptors are limited. As shown in Table 2, some have 
reported the possible modulation by LO-derived mediators of 
endocannabinoidome-linked receptors, notably CB1, CB2 and TRPV1. 
However, the activity of the metabolites at these receptors is often 
modest compared to AEA or 2-AG. Nonetheless, 15-HETE-EA enhanced 
the neuroprotective effect of AEA in the context of brain inflammation 
[116], reduced the AEA-induced platelet activation [124], and inhibited 
the electrically-induced contraction of the vas deferens from mice [104]. 
Moreover, in human whole blood, 10,17-DiHDHEA could prevent the 
formation of platelet-leukocyte aggregates [123]. It will thus be of 
critical interest to better define the receptors, signaling and biological 
effects of these novel LO-derived lipid mediators. 

6. Metabolism of endocannabinoids by the cytochrome P450 
pathway 

The conversion of AEA into at least 20 metabolites by various CYP 
members was reported by Bornheim and colleagues in 1995 [125,126]. 
In contrast, 2-AG is the substrate of CYP2J2 only [127,128]. In this 
section, we provide the key studies regarding the metabolism of AEA 
and 2-AG through the CYP pathways (Fig. 6). 

6.1. Metabolism of AEA through the cytochrome P450 pathway 

As for AA, AEA can be epoxygenated by CYPs at position 5,6, 8,9, 
11,12 and 14,15 to form epoxyeicosatrienoyl-ethanolamides (EET-EA) 

or metabolized into 20-HETE-EA [129,130]. This metabolism of AEA 
into various metabolites differs depending on the CYP involved, and 
thus the location in the human body (Table 3). The metabolism of AEA 
by human liver microsomes results in the biosynthesis of all four EET- 
EAs through CYP3A4 metabolism, as well as 20-HETE-EA, catalyzed 
by the CYP4F2 [130]. Human kidney microsomes convert AEA into 20- 
HETE-EA also through CYP4F2 [130]. In human brain microsomes and 
mitochondria, AEA is converted into EETs-EA and 20-HETE-EA, 
involving both CYP4F2 and CYP3A4, in addition to major CYPs in the 
brain, namely CYP2D6 and CYP2B6 [131,132]. Human purified CYP2D6 
produced primarily high levels of 20-HETE-EA (20-HETE-EA > 14,15- 
EET-EA > 8,9-EET-EA > 11,12-EET-EA > 5,6-EET-EA), while the main 
metabolite of the CYP2B6 is 11,12-EET-EA (11,12-EET-EA > 8,9-EET- 
EA > 14,15-EET-EA > 20-HETE-EA > 5,6-EET-EA) [132]. Interestingly, 
CYP2D6 also generates several hydroxy-epoxyeicosatrienoyl- 
ethanolamides (HEET-EA) through the ω-hydroxylation of the EET-EA 
at the ω-1, ω-2 and ω-3 positions [133,134]. CYP4X1, which is found 
in amygdala, prostate and skin, metabolize AEA into a single product, 
namely 14,15-EET-EA [135,136]. Human intestinal microsomes (con-
taining CYP2J2) and purified human CYP2J2 metabolize AEA into 20- 
HETE-EA, as well as 5,6-, 8,9-, and 11,12-EET-EA [137]. However, 
specific P450 inhibitors suggest that CYP2J2 would not be the primary 
CYP responsible for AEA metabolism in human intestines [137]. Some 

Fig. 5. Documented and putative lipoxygenase metabolites of 2-AG, AEA and their congeners from the MAG and NAE families. Documented 12/15-LO 
metabolites are in black while putative metabolites are in red. Created with BioRender.com. 

Table 2 
LO-derived metabolites of endocannabinoids and their congeners and their 
documented receptors.  

Substrates Metabolite Receptors Reference 

AEA 5-HETE-EA CB1/CB2 (no) 
TRPV1 (yes) 

[108] 
[144] 

11-HETE-EA* CB1/CB2 (no) 
CB1 (yes) 

[108] 
[105,106] 

12-HETE-EA CB1(yes) [105,106,108] 
15-HETE-EA CB1 (yes) 

CB2 (no) 
TRPV1 (yes) 

[105,106,108] 
[108] 
[145] 

5,15-diHETE-EA CB1 (no) 
CB2 (no) 

[108] 
[108] 

8,15-diHETE-EA CB1 (no) 
CB2 (no) 

[108] 
[108] 

2-AG 15-HETE-G PPARγ(no) 
PPARδ(no) 
PPARα(yes) 
CB2 (yes) 

[115] 
[115] 
[115] 
[108] 

LEA 13-HODE-EA CB1 (no) 
CB2 (yes) 
CB2 (no) 
TRPV1 (yes) 
PPARα (no) 

[108,121,146] 
[108] 
[121] 
[121] 
[121] 

1-LG 13-HODE-G PPARα (no) 
PPARγ (no) 
CB1/CB2 (no) 
TRPV1 (no) 

[122] 
[122] 
[122] 
[122] 

DHEA 10,17-DiHDHEA CB2 (yes) [123]  

* This metabolite mainly arises from COX-2 activity. 
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EETs-EA can be hydrolyzed by FAAH to form EETs [132,138]. 

6.2. Metabolism of 2-AG through the cytochrome P450 pathway 

CYP450-derived metabolites have not been thoroughly investigated 
yet but one 2008 study reported the investigation of two CYP450- 
derived metabolites, namely 11,12-EET-G and 14,15-EET-G [127]. The 
authors found that 11,12-EET-G and 14,15-EET-G were both found in rat 
kidney and spleen, while 11,12-EET-G was detected in rat brain. While 
the dihydroxy-eicosatrienoyl (DiHET) derivatives of those compounds 
were not investigated per se, recombinant soluble epoxide hydrolase 
abrogated their activity, indicating that the DiHET metabolites of 11,12- 
EET-G and 14,15-EET-G were inactive in the authors’ experimental 
model. Of note, the authors could not pinpoint which CYP450 enzyme 
could generate the EET-G metabolites, as recombinant CYP2C8, 
CYP2C11, or CYP2C23 could not biosynthesize them. Consequently, 
they postulated that their biosynthesis might arise from the esterifica-
tion of their EET counterparts, followed by their subsequent release 
involving enzymes from the classical 2-AG biosynthetic pathway 
(Fig. 2), which rather seems unlikely. In 2014, McDougle and colleagues 

showed using bovine and porcine heart microsomes that 2-AG was a 
potential substrate for the CYP2J2, mainly generating 14,15-EET-G 
[128]. Ligand-protein interactions were confirmed using spectral titra-
tions, stopped flow small-molecule ligand egress and molecular 
modeling. 

6.3. Metabolism of endocannabinoid congeners by the cytochrome P450 
pathway 

Besides AEA and 2-AG, the endocannabinoid congeners EPEA and 
DHEA were also shown to be epoxygenated by rat brain microsomes and 
human CYP2J2 incorporated into nanodiscs, generating epox-
yeicosatetraenoic acid-ethanolamide (EEQ-EA) and epox-
ydocosapentaenoic acid-ethanolamide (EDP-EA) respectively [139]. 
These metabolites were detected in the rat brain and LPS-stimulated BV- 
2 microglial cells, with 17,18-EEQ-EA and 19,20-EDP-EA being the 
predominant species [139]. The 17,18-EEQ-EA and 19,20-EDP-EA are 
both hydrolyzed efficiently by FAAH and epoxyde hydrolase (17,18- 
DiHET-EA and 19,20-DiHDPA-EA) [139]. 

Fig. 6. Documented and putative CYP450 metabolites of AEA and 2-AG. Created with BioRender.com.  
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6.4. Receptors and bioactivity of CYP-derived mediators 

The molecular targets and bioactivity of the CYP-derived oxy-
endocannabinoidome mediators has also been so far poorly investigated 
and only by very few research groups. These have reported that 5,6-EET- 
EA selectively binds the CB2 receptor with a 300-fold greater affinity 
than the CB1 receptor [138]. Moreover, it seems to be a more stable CB2 
receptor ligand (1000-fold) than AEA itself [138]. 5,6-EET-EA also ac-
tivates TRPV4 [133]. 20-HETE-EA and 14,15-EET-EA have less affinity 
for the CB1 receptor than AEA [132]. Both 11,12-EET-G and 14,15-EET- 
G bind to the CB1 and CB2 receptors with similar affinity than 2-AG 
[127,140]. 

7. Conclusion 

While the biosynthesis and hydrolytic pathways of endocannabi-
noids and their congeners is well documented, some gaps remain 
regarding their metabolism by eicosanoid biosynthetic enzymes. The 
metabolism of endocannabinoids by the cyclooxygenase pathway has 
been thoroughly documented, but our understanding of the resulting 
metabolites remains fragile. Aside from the COX-2 pathway, endo-
cannabinoids can be oxygenated by other enzymes, notably CYP450 and 
12/15-LOs. While some of the obtained metabolites have documented 
functions, we still do not completely understand the purpose, time and 
the location of their biosynthesis. Furthermore, congeners of 2-AG and 
AEA, notably the unsaturated ones, are very likely susceptible to the 
action of CYP450 enzymes and different LOs, despite the fact that the 
resulting metabolites have not been thoroughly investigated. It will be a 
challenging task to identify all metabolites of the oxy-
endocannabinoidome, notably those arising from the metabolism of 
MAGs, as they seem more susceptible to hydrolysis than their NAE 
counterparts. Whether the new and/or putative metabolites have 
important roles in health and disease remains to be elucidated. In 
particular, it will be interesting to understand whether or not these so 
many mediators are produced concomitantly and in the same cell type, 
starting from fatty acid or endocannabinoidome mediator precursors, to 
convey coordinated and simultaneous signals at many receptors in a 
manner that could be interpreted only using systems biology 
approaches. 
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Cerebrospinal fluid levels of the endocannabinoid anandamide

are reduced in patients with untreated newly diagnosed

temporal lobe epilepsy
*yAndrea Romigi, zMonica Bari, *yFabio Placidi, *yM. Grazia Marciani, xMarilena Malaponti,

*Federico Torelli, *yFrancesca Izzi, *Chiara Prosperetti, *Silvana Zannino, *Francesca Corte,

{Carlo Chiaramonte, and **xMauro Maccarrone
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SUMMARY

Purpose: The endocannabinoid system is involved in excit-

atory/inhibitory balance mechanisms within the central

nervous system (CNS). Growing evidence shows that its

perturbation leads to development of epileptic seizures in

experimental models, thus indicating that endocannabi-

noids play an intrinsic protective role in suppressing path-

ologic neuronal excitability. Experimental data also

demonstrate that the endocannabinoid anandamide

(AEA) can antagonize epileptic discharges in hippocampal

tissue. The objective of our study was to measure endoc-

annabinoids levels in the cerebrospinal fluid (CSF) of

drug-naive patients affected by temporal lobe epilepsy

(TLE).

Methods: We measured the levels of both AEA and the

other endocannabinoid, 2-arachidonoylglycerol (2-AG), in

the CSF of drug-naive patients with TLE.

Results: A significant reduction of AEA was found in the

CSF of patients with compared with healthy controls (epi-

leptic patients = 2.55 ± 1.78 pmol/ml; healthy controls =

11.65 ± 7.53 pmol/ml; n = 9 for both groups, p < 0.01).

2-AG levels, however, were not affected (epileptic

patients = 209.5 ± 146.56; healthy controls = 159.6 ±

110.2) (n = 6 for both groups, p = 0.48).

Discussion: Our findings seem to be consistent with

experimental evidence demonstrating a significant pre-

vention of epileptic seizures induced by endocannabi-

noids in models of epilepsy. Furthermore, they support

the hypothesis that AEA may be involved in its patho-

genesis, suggesting a hypothetical primary impairment

of the endocannabinoid system in untreated TLE. The

actual role of this in vivo dysregulation still remains

unclear.

KEY WORDS: Endocannabinoids, Anandamide, 2-Arachi-

donoylglycerol, Temporal lobe epilepsy.

Epilepsy is related to pathologic hyperexcitability and
hypersynchronous activity in large neural networks. Seizure
seems to be the result of an imbalance between the two basic
and antagonist neuronal properties—excitation and inhibi-
tion—toward excitation. The role of excitatory versus inhib-
itory mechanisms, electrical gap junctions, neuronal
network oscillations, and rewiring of neuronal circuits in the
pathogenesis of epilepsy is still unclear. Endogenous canna-

binoids (endocannabinoids) are lipid mediators, mainly
amides and esters of long-chain polyunsaturated fatty acids.
They act as endogenous agonists for type-1 and type-2 can-
nabinoid receptors (CB1R and CB2R, respectively), thus
mimicking in central and peripheral tissues the pharmaco-
logic effects of delta-9-tetrahydrocannabinol (D9-THC), the
main psychoactive ingredient of Cannabis sativa extracts
such as hashish and marijuana (Maccarrone et al., 2007;
Di Marzo, 2008). Arachidonyl ethanolamide (anandamide,
AEA) and 2-arachidonoylglycerol (2-AG) are the most
studied endocannabinoids.

The endocannabinoid system is constituted of endocann-
abinoids, their target receptors, and the associated enzymes
involved in their synthesis, transport, and degradation (Di
Marzo, 2008). CB1R is the most expressed cannabinoid
receptor subtype in the central nervous system (CNS),
located in or near synaptic terminals (Chevaleyre et al.,
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2006). Its activation inhibits synaptic transmitter release by
means of Ca2+or K+ channel modulation, and the inhibition
of adenylyl cyclase (Maccarrone et al., 2007; Di Marzo,
2008). It is now widely accepted that the activation of a
postsynaptic cell leads to the production of endocannabi-
noids, which spread in a retrograde direction across the post-
synaptic membrane and the synaptic cleft. This allows the
binding to and the activation of CB1Rs on presynaptic ter-
minals. The final outcome is the inhibition of neurotransmit-
ter release (Chevaleyre et al., 2006).

Endocannabinoids are involved in an ‘‘on demand’’ pro-
tection against seizures, as demonstrated in experimental
murine models of epilepsy (Monory et al., 2006). The anti-
convulsant effects of cannabinoids are mediated primarily
by the CB1R activation (Wallace et al., 2001). Whether
marijuana and other cannabis derivatives could have
anticonvulsant properties in humans is still controversial
(Consroe et al., 1975; Cunha et al., 1980; Gross et al.,
2004; Mortati et al., 2007). Several cannabinoids have dem-
onstrated anticonvulsant effects in animal models; however,
proconvulsant effects have also been reported. In addition,
CB1R activation in in vivo animal models by means of
AEA, 2-AG, and selective synthetic agonists demonstrated
significant prevention of epileptic seizure (Panikashvili
et al., 2001; van der Stelt et al., 2001a,b; Wallace et al.,
2001, 2002).

The anticonvulsant effects of the endocannabinoid sys-
tem in experimental models may bring up some therapeutic
issues. Although Cannabis sativa was used to treat epilepsy
since antiquity (Mechoulam & Lichtman, 2003), its anticon-
vulsant effect was not yet demonstrated; however, although
the selective enhancement of endocannabinoid levels may
induce an anticonvulsant effect, the therapeutic exploitation
of CB1R agonists is not viable because of their negative
psychotropic effects.

Furthermore, a marked downregulation of CB1R expres-
sion and glutamatergic axon terminals equipped with this
receptor in human hippocampus affected by severe refrac-
tory epilepsy has recently been reported (Lud�nyi et al.,
2008). The downregulation was also associated with a
decreased expression of a CB1R-interacting protein and the
2-AG synthesizing enzyme.

In order to determine whether the dysregulation of endoc-
annabinoid signaling is involved in the pathogenesis of
temporal lobe epilepsy (TLE) in humans, we evaluated
AEA and 2-AG levels in the cerebrospinal fluid (CSF) of
drug-naive patients with TLE.

Materials and Methods

Patients and controls
Peripheral blood and CSF were collected from 12

untreated inpatients (9 F, 3 M, mean age 46 € 15.58 years,
range 27–72 years) affected by partial epilepsy. Patients
gave their written informed consent and were admitted to

the Neurological Clinic of the University of Rome Tor
Vergata to participate in the diagnostic study. On the basis
of clinical, neuroradiologic [1,5 or 3 Tesla brain magnetic
resonance imaging (MRI)] and electroencephalography
(EEG) characteristics (interictal and ictal EEG, when avail-
able), all patients were diagnosed as affected by cryptogenic
(probably symptomatic) TLE, according to International
League Against Epilepsy (ILAE) criteria (Engel, 2001).
Patients were included after the second or third seizure, and
the delay between the first seizure and CSF collection was
determined. Patients were also completely seizure-free for
>24 h before CSF collection. The following exclusion crite-
ria were applied: (1) major psychiatric or medical illnesses,
(2) migraine history, (3) intake of drugs affecting the CNS,
and (4) CNS disorders other than epilepsy.

Twelve control subjects (9 F, 3 M, mean age
42.71 € 15.18 years; range 17–82 years), matched for age
and sex, were enrolled; all of them were inpatients at the
same clinic and underwent lumbar puncture for diagnostic
purposes. In all these subjects, clinical and instrumental data
excluded CNS or systemic diseases. In particular, seven
patients were admitted for suspected multiple sclerosis (five
with paresthesias and two with dizziness); two patients were
admitted for suspected subarachnoid hemorrhage (head-
ache), and three patients for loss of consciousness due to
vasovagal (one patient) or cardiogenic syncope (two
patients).

Controls were drug-free for at least 3 months and none
took any medication at the time of CSF collection or had
personal or family history of epilepsy. Routine determina-
tions in patients and controls included total cell count and
measurement of the concentration of total proteins and albu-
min, both in CSF and serum. Samples were stored at )80�C
until analysis.

Participants were informed about the study purpose and
procedures, and written informed consent was obtained
from all subjects. The study was approved by the institu-
tional ethics committee.

CSF determination of endocannabinoids
Human blind specimens were sent to the biochemistry

laboratory. Lipids were extracted from CSF, and the organic
phase was dried under nitrogen in order to evaluate AEA or
2-AG endogenous levels. The dry pellet was resuspended in
20 ll methanol; it was processed and analyzed by high per-
formance liquid chromatography (HPLC) with fluorometric
detection, as reported (Centonze et al., 2007). It should be
noted that AEA and 2-AG were detected independently,
using different aliquots of CSF. The amount and quality of
CSF withdrawn from the both groups was suitable to detect
AEA in nine samples, and 2-AG in six samples only.

Statistical analysis
Statistical analysis was performed by the nonparametric

Mann-Whitney U test, elaborating experimental data by
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means of the STATISTICA 7.0 program (StatSoft, Tulsa,
OK, U.S.A.).

Results

AEA and 2-AG levels in the CSF were measured both in
patients and controls. An approximately 5-fold AEA
decrease was detected in the CSF of epileptic patients com-
pared with healthy controls [mean € standard deviation
(SD) of epileptic patients = 2.55 € 1.78 pmol/ml;
mean € SD of healthy controls = 11.65 € 7.53 pmol/ml]
(n = 9 for both groups, p < 0.01). Conversely, 2-AG was
not affected (mean € SD of epileptic patients = 209.5 €
146.56; mean € SD of healthy controls = 159.6 € 110.2)
(n = 6 for both groups, p = 0.48) (see Fig. 1). Demo-
graphic, clinical, EEG, and CSF data of each epileptic
patient are summarized in Table 1.

Discussion

Despite the vast literature on the neuroprotective role of
endocannabinoid pathways against neuronal hyperexcitabil-
ity and epileptic seizures in experimental models, its failure
has been poorly investigated in epileptic patients and
ignored in drug-naive subjects. A growing body of evidence
seems to demonstrate a significant alteration of the endoc-

annabinoid AEA, mainly in animal model of mesial tempo-
ral epilepsy and, as a matter of fact, we found that AEA, but
not 2-AG, is significantly reduced in the CSF of patients
affected by TLE compared with healthy controls. This
means that the two major endocannabinoids may be differ-
entially engaged in TLE. Our narrow sample presumably
encompassed both mesial and neocortical TLE. It is unfortu-
nate that the small and heterogeneous sample did not allow
us to detect any possible correlation between AEA levels
and age and/or disease duration because of the low statisti-
cal power. Other parameters regarding disease severity,
such as drug resistance and seizure frequency, could not be
evaluated because patients were both drug-naive and newly
diagnosed.

Our findings were obtained in untreated, newly diagnosed
patients who were seizure-free for >24 h before CSF collec-
tion. In these patients, confounding factors such as antiepi-
leptic drugs, drug-resistance, and seizures that may
modulate ‘‘endogenous’’ antiepileptic mechanisms were
excluded.

These data may be in agreement with the growing body
of evidence that hypothesizes an experimental neuroprotec-
tive role of endocannabinoids (Marsicano et al., 2003) and
their effective inhibition of refractory epilepsy in hippocam-
pal neuronal culture models (Katona et al., 2006).

In addition, our findings may be consistent with the
emerging concept that AEA and 2-AG have different regu-
latory mechanisms, and that AEA is preferentially involved
in pathologic events (Marsicano et al., 2003; Monory et al.,
2006; Centonze et al., 2007; Deshpande et al., 2007). Fur-
thermore, Wallace et al. (2002) showed that AEA and its
analog O-1812 act as anticonvulsants in the maximal elec-
troshock seizure model, further implicating CB1R as a main
site of seizure modulation. Similarly, Marsicano et al.
(2003) confirmed the neuroprotective role of AEA, demon-
strating that kainic acid treatment induced the increase of
AEA in hippocampal neurons, without affecting 2-AG, thus
providing ‘‘on demand’’ protection against acute excitotox-
icity in CNS neurons.

On the basis of the available evidence, it can be
inferred that the failure of AEA-mediated inhibition both
via c-aminobutyric acid (GABA)ergic and antiglutamater-
gic networks can contribute to the pathogenesis of untreated
and newly diagnosed patients with TLE. In line with this, a
previous study demonstrated that CB1R and AEA are
involved in the control of neuronal excitability, thus reduc-
ing excitatory neurotransmission at a presynaptic site. This
mechanism might be involved in the prevention of exces-
sive excitability, leading to epileptiform activity; indeed the
CB1R antagonist SR141716 blocked the inhibition evoked
by exogenous cannabinoids (Ameri et al., 1999).

Because CB1R are expressed on both GABAergic inter-
neurons (Katona et al., 1999; Chevaleyre et al., 2006) and
glutamatergic hippocampal neurons (Marsicano & Lutz,
1999; Freund et al., 2003), a growing body of evidence

A

B

Figure 1.

AEA and 2-AG levels in cerebrospinal fluid (CSF) of epileptic

and control patients. (A) The graphs show that AEA levels are

significantly reduced in the CSF of epileptic versus control

patients. (B) The graphs show that there is no significant differ-

ence in 2-AG levels in CSF of epileptic versus control patients.
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supports the role played by endocannabinoids in key epilep-
togenic circuits in the hippocampus, resulting in a protective
action of CB1R stimulation against kainic acid–induced sei-
zures (Monory et al., 2006). An important issue is whether
the AEA reduction occurs in glutamatergic or GABAergic
cell populations. Recently, Lud�nyi et al. (2008) observed a
decreased ratio of CB1R positive excitatory axon terminals
in the epileptic human hippocampus, as similarly observed
in the rodent hippocampus (Katona et al., 2006; Kawamura
et al., 2006; Monory et al., 2006). In addition, these authors
(Lud�nyi et al., 2008) provided direct anatomic evidence
that CB1Rs are also located presynaptically on glutamater-
gic axon terminals in human hippocampus but that they
were severely reduced in the hippocampal formation of epi-
leptic patients.

Consequently, the disruption of protective endocannabi-
noid signaling in patients with refractory TLE may be
sustained by a reduction of CB1R density in human hippo-
campus (Lud�nyi et al., 2008). These authors evaluated
patients affected by drug-refractory symptomatic TLE,
hypothesizing that the lack of effective treatment may be
due to their severe vulnerability to perturbations of network

excitability. Our sample is different because it included
drug-naive, newly diagnosed patients potentially treatable
affected by mesial or lateral TLE. Nevertheless, very
recently Kozan et al. (2009) demonstrated a CB1R role in
regulating epileptiform activity in penicillin-induced epi-
lepsy in rats, an experimental model that resembles human
focal interictal discharges (Purpura et al., 1972). As a con-
sequence, the neuroprotective endocannabinoid signaling
may be diminished regardless of severity, disease duration,
drug-resistance, or seizure frequency. Furthermore, epilepsy
itself may be related to an increase of glutamatergic and/or a
decrease of GABAergic currents, not sufficiently antago-
nized by AEA. The role of endocannabinoid signaling in
human epileptogenesis has to be clarified by more extensive
clinical studies regarding TLE.

Despite the small sample size of this study, our findings
are particularly noteworthy being ‘‘in vivo’’ data obtained
from untreated epileptic patients, which is difficult to repro-
duce in experimental models. It is difficult to determine if
the AEA decrease may be a cause or a consequence of the
seizures. However, the recent history of epilepsy, the nar-
row number of seizures, and the seizure-free delay before

Table 1. Demographic, clinical features, and CSF dosages

Pt Sex Age (years) Delay (months) Interictal EEG Ictal EEG Seizure type AEA pmol/ml 2-AG pmol/ml

1 F 58 48 Right FT

Left FT

Right FT CPS

Verbal and oral automatisms;

Loss of contact

N.A. 94.18

2 F 34 48 Left T Left T CPS, SG;

Psychomotor arrest, speech

arrest, jerks, and paresthesias

of right face and arm

N.A. 468.7

3 F 33 36 Right FT Right posterior T CPS, SG

Auditory aura

N.A. 286.26

4 F 28 12 Bilateral FT with

right prevalence

N.A. CPS

Epigastric aura, psychomotor

arrest;

2 192.15

5 F 30 12 Right FT N.A. CPS, SG

Psychomotor arrest;

1.35 N.A

6 F 72 48 Left T Left T CPS, SG

Confusion followed by GTC

1.5 N.A.

7 F 60 2 Right FCT N.A. CPS, SG

Psychomotor arrest

1.67 N.A.

8 F 58 2 Bilateral FCT N.A. SPS, SG

Epigastric aura

5.13 N.A.

9 M 55 12 Left FT Left T CPS, SG

Orofacial automatism,

confusion

2 N.A.

10 F 27 12 Left FT N.A. CPS, SG

Speech arrest

6.1 N.A.

11 M 58 9 Right FT

Left FT

Right FT

Left FT

SPS, SG

Psychomotor arrest,

confusion, ictal tachycardia

1.2 100

12 F 54 12 Left T N.A. CPS

Epigastric aura, speech arrest

2 116

F, female; M, male; SPS simple partial seizure; CPS complex partial seizure; SG secondarily generalized; TLE, temporal lobe epilepsy; N.A., not available; FT,
frontotemporal; FCT, fronto-centro-temporal; T, temporal.
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CSF collection suggest a hypothetical primary impairment
of the endocannabinoid system in untreated cryptogenic
TLE.

The actual role of this ‘‘in vivo’’ dysregulation remains
unclear. Further studies are necessary to clarify if this path-
way is involved in each type of epilepsy (i.e., primary gener-
alized or extra temporal lobe epilepsy) or whether it is
typical of TLE.

However, the ineffectiveness of conventional antiepilep-
tic drugs in one-third of patients affected by epilepsy
(French, 2007) highlights the need to develop novel thera-
peutic targets, where endocannabinoid system could play an
intriguing role.
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Clinical Endocannabinoid Deficiency Reconsidered:
Current Research Supports the Theory in Migraine,
Fibromyalgia, Irritable Bowel, and Other
Treatment-Resistant Syndromes
Ethan B. Russo*

Abstract
Medicine continues to struggle in its approaches to numerous common subjective pain syndromes that lack ob-
jective signs and remain treatment resistant. Foremost among these are migraine, fibromyalgia, and irritable
bowel syndrome, disorders that may overlap in their affected populations and whose sufferers have all endured
the stigma of a psychosomatic label, as well as the failure of endless pharmacotherapeutic interventions with
substandard benefit. The commonality in symptomatology in these conditions displaying hyperalgesia and cen-
tral sensitization with possible common underlying pathophysiology suggests that a clinical endocannabinoid
deficiency might characterize their origin. Its base hypothesis is that all humans have an underlying endocanna-
binoid tone that is a reflection of levels of the endocannabinoids, anandamide (arachidonylethanolamide), and
2-arachidonoylglycerol, their production, metabolism, and the relative abundance and state of cannabinoid re-
ceptors. Its theory is that in certain conditions, whether congenital or acquired, endocannabinoid tone becomes
deficient and productive of pathophysiological syndromes. When first proposed in 2001 and subsequently, this
theory was based on genetic overlap and comorbidity, patterns of symptomatology that could be mediated by
the endocannabinoid system (ECS), and the fact that exogenous cannabinoid treatment frequently provided
symptomatic benefit. However, objective proof and formal clinical trial data were lacking. Currently, however,
statistically significant differences in cerebrospinal fluid anandamide levels have been documented in migrai-
neurs, and advanced imaging studies have demonstrated ECS hypofunction in post-traumatic stress disorder.
Additional studies have provided a firmer foundation for the theory, while clinical data have also produced ev-
idence for decreased pain, improved sleep, and other benefits to cannabinoid treatment and adjunctive lifestyle
approaches affecting the ECS.

Key words: anandamide; anorexia nervosa; cannabidiol; cannabinoids; depression; endocannabinoids; fibro-
myalgia; Huntington disease; irritable bowel syndrome; migraine; motion sickness; multiple sclerosis; Parkinson
disease; post-traumatic stress disorder; prebiotics; THC

Introduction: Background History and Theory
of Clinical Endocannabinoid Deficiency
The theory of clinical endocannabinoid deficiency
(CED) was presented in 2001 in two publications,1,2

but more thoroughly explored in 20043 in an article
that has subsequently been cited frequently in the lit-

erature.4 The theory of CED was based on the con-
cept that many brain disorders are associated with
neurotransmitter deficiencies, affecting acetylcholine
in Alzheimer’s disease, dopamine in parkinsonian syn-
dromes, serotonin and norepinephrine in depression,
and that a comparable deficiency in endocannabinoid
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levels might be manifest similarly in certain disorders
that display predictable clinical features as sequelae of
this deficiency.

All humans possess an underlying endocannabinoid
tone that reflects of levels of anandamide (AEA) and 2-
arachidonoylglycerol (2-AG), the centrally acting endo-
cannabinoids, their synthesis, catabolism, and the relative
density of cannabinoid receptors in the brain. If endo-
cannabinoid function were decreased, it follows that a
lowered pain threshold would be operative, along with
derangements of digestion, mood, and sleep among the
almost universal physiological systems subserved by the
endocannabinoid system (ECS).5 The CED theory also
posits that such deficiencies could arise due to genetic
or congenital reasons or be acquired due to intercurrent
injury or disease that consequently produces characteris-
tic pathophysiological syndromes with particular symp-
tomatology.

The greatest evidence for CED is present for mi-
graine, fibromyalgia, and irritable bowel syndrome
(IBS).3 A strong case can be advanced for unifying
pathophysiological trends in the three conditions:

� All manifest hyperalgesic states must be clinically
diagnosed based on subjective criteria as all lack
characteristic tissue pathology or easily accessible
objective laboratory findings
� All are diagnoses of exclusion that often generate

extensive negative diagnostic work-ups
� They display elevated incidence of anxiety and de-

pression (in a chicken vs. egg dilemma) and have
been labeled psychosomatic in origin or worse,
wastebasket diagnoses, at one time or another by
skeptical clinicians
� Comorbidity is quite clear in the three diagnoses.

Primary headaches co-occurred in 97% of 201 fibro-
myalgia patients,6 35.6% of 101 chronic daily head-
ache (transformed migraine) subjects also fit
clinical criteria of fibromyalgia,7 and 31.6% of IBS
subjects were also diagnosable with fibromyalgia,
while 32% of fibromyalgia patients also fit for IBS8

� While some patients suffer from only one of these
syndromes, lifetime risk to develop another or all
three is quite common (Fig. 1).

An extensive list of other disorders previously cited
that may fall under the CED rubric included3 neonatal
failure to thrive,9 cystic fibrosis,10 causalgia,11 brachial
plexopathy,12 phantom limb pain, infantile colic, glau-
coma,13 dysmenorrhea,14 hyperemesis gravidarum,15

unexplained fetal wastage (repetitive miscarriages),

post-traumatic stress disorder (PTSD),16,17 bipolar dis-
ease,18 and possibly many others. All display as yet
unfathomed pathophysiological features and remain
treatment resistant. Might their underlying nature
have been missed? Recently, in a seminal article on
the ECS and its optimization,4 the authors added sup-
port for these and various other conditions.

Materials and Methods
Standard searches were undertaken of the PubMed/
National Library of Medicine database for the listed
keywords and references from pertinent literature for
pertinence to clinical cannabinoid deficiency.

IBS, CED, and the Microbiome–Gut–Brain Axis
IBS, also known as spastic colon, is a functional disor-
der characterized by gastrointestinal (GI) pain, spasm,
discomfort, and altered bowel movements, either pre-
dominantly diarrhea, predominantly constipation, or
alternating between those states. Attacks are highly
correlated with anxiety, but debate continues as to
which incites the other. Individual episodes may be
triggered by some specific foods or dietary indiscre-
tions such as overeating on holidays. While frequently
assessed as a life-long condition,19 it is clear that signif-
icant gastrointestinal insults such as food poisoning or
antibiotic administration may generate attacks that
persist, often indefinitely. IBS is the most frequent diag-
nosis in gastroenterology practices in the United States,

FIG. 1. Diagram depicting comorbidity of
migraine, fibromyalgia, and irritable bowel
syndrome.
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with prevalence in the Western world of 10–15%.19 As
an idiopathic disorder, no physical signs are pathogno-
monic, and even diagnostic procedures such as labo-
ratory tests, including those for gluten enteropathy,
colonoscopy, or barium studies, most often fail to
identify other causes,3 but more formal Rome criteria
have been established.19 Those authors characterized
the status of IBS as (p. 409) a disorder of unknown or-
igin being treated by agents with an unknown mecha-
nism of action. It has been posited that IBS represents a
visceral hypersensitivity, with features of GI allodynia
and hyperalgesia.20 A seminal review of the ECS and
its relationship with the GI tract appeared that year.21

To summarize, GI propulsion, secretion, and inflamma-
tion in the gut are all modulated by the ECS, providing a
rationale for cannabinoids as treatment candidates for
IBS.22 As examples, GI propulsion is under tonic con-
trol of the ECS,21 and cannabis was one of the first ef-
fective clinical interventions in the 19th century for
the intense secretory diarrhea associated with cholera,23

a finding which was more recently validated with mod-
ern methodology.24

The use, by its sufferers, of cannabis-based agents to
treat IBS has eventuated in large part due to the unfortu-
nate fact that conventional treatment with anticholinergics,
opioids, and antidepressants has been quite suboptimal,
while three dedicated agents have been withdrawn from
certain markets after prior regulatory approval. Two 5-
HT3 antagonists, alosetron and cilansetron, were asso-
ciated with ischemic colitis, while tegaserod, a 5-HT4

agonist, produced cardiovascular adverse events.
Additional support for the ECS as a key modulator of

GI function was provided in an examination of circular
muscle fibers from colonoscopic biopsies of surgical spec-
imens from 31 normal patients.25 AEA colocalized with
cholinergic receptors in normal colon and inhibited the
cholinergic contractile force of circular and longitudi-
nal muscles through a non-CB1 mechanism or possibly
an alternative cannabinoid mechanism not mediated
by CB1 or CB2. It was posited that inflammatory and
disease states in the gut rendered the ECS more func-
tionally important.

A 3.5-fold elevation in TRPV1-immunoreactive
nerve fibers was observed in biopsies from IBS sufferers
compared with controls ( p < 0.0001).26 The authors
observed (p. 923) that the increased TRPV1 nerve fi-
bers may contribute to visceral hypersensitivity and
pain in IBS and provide a novel therapeutic target.
Thus, a rationale exists for therapeutic interventions
that would boost AEA levels or desensitize TRPV1,

such as cannabidiol (CBD), to treat the condition.27

Although fatty acid amide hydrolase (FAAH) inhibi-
tion of CBD has been questioned by some, its ability
to raise serum AEA levels was clearly indicated when
administered in high doses to schizophrenic patients.28

Genetic variation affecting endocannabinoid metabo-
lism was observed in diarrhea-predominant IBS pa-
tients.29 THC (dronabinol) treatment slowed colonic
transit time in subjects harboring the CNRI rs806378
CT/TT genotype. Subsequently, a statistically significant
association of this gene with colonic transit in IBS with
diarrhea (IBS-D) was demonstrated ( p = 0.014).30 They
observed (p. G559) that CB1 receptor-related mecha-
nisms modify colonic transit and sensation and may in-
fluence the development of symptoms in Caucasian
patients with IBS, particularly IBS-D.

Unfortunately, while many patient surveys have
touted benefits of cannabinoid treatment of IBS symp-
toms31 and abundant anecdotal support is evident on
the Internet, little actual clinical work has been accom-
plished. In a randomized controlled trial (RCT) of 52
normal patients taking single doses of 7.5 mg of THC
versus placebo, the drug increased colonic compliance
( p = 0.045) and inhibited postprandial colonic tone
( p = 0.048) and fasting and postprandial phasic pres-
sure ( p = 0.008), with a trend toward relaxation of fast-
ing colon tone ( p = 0.096).32 Another study focused on
visceral sensitivity to rectal distention as measured by a
barostat in normal (N = 12) versus IBS (N = 10) patients
after administration of THC.33 No significant differ-
ences were noted, but adverse events were reported in
100% of participants at the 10 mg dosage. A third
small (23 IBS patients) trial of synthetic THC for a
brief interval (2 days) showed no change in transit
time.29 More formal studies with whole cannabis ex-
tracts would be illuminating.

Additional interventions may be practical on the nu-
tritional front utilizing new knowledge of the utility of
probiotics and prebiotics. A direct effect of Lactobacil-
lus acidophilus NCFM strain through oral administra-
tion to induce CNR2 mRNA expression above that of
resting human HT-29 epithelial cells ( p < 0.01) was
demonstrated along with an enhancement of morphine
antinociceptive effect in rats ( p < 0.001), which was
inhibited by administration of the CB2 antagonist,
AM-630 ( p < 0.001).34 A review of human studies of
probiotic supplements to treat IBS revealed that 34/42
trials demonstrated beneficial effects for one or more
end-points or target symptoms (pain, discomfort, bloat-
ing, distention, laboratory parameters).19 The interplay
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of the microbiome–gut–brain axis in IBS is underscored
by the recent finding that THC altered the microfloral
balance in obese diet-induced obese mice, affecting the
Firmicutes:Bacteroidetes ratio ( p = 0.021) and preventing
its increase or weight gain despite a high-fat diet.35 Thus,
optimal gut health without pain and with maintenance of
appropriate body weight seems to require a complex in-
terplay between diet, enteric flora, and endocannabinoid
balance.

Experimental models have obvious limitations, and
contrary findings are always possible. A recent study36

demonstrated in a mouse model of accelerated GI transit
that palmitoylethanolamide, an entourage endocannabi-
noid, indirectly activated CB1 receptors only under con-
ditions in which AEA or the receptors were upregulated,
not deficient. Furthermore, it is unfortunate that labora-
tory measures of serum or tissue endocannabinoid levels
have not been systematically examined in IBS.

Migraine and CED
Migraine is an extremely prevalent headache syndrome
affecting 14% of Americans, with a 3:1 female:male ratio
and $20 billion annual cost in that country.37 This au-
thor has previously reported on migraine’s treatment
by cannabis,1,3,38 and two major reviews have recently
appeared.39,40 Migraine is far more complex than merely
cranial pain. It has a genetic predilection and female pre-
dominance and presents as a predominantly hemicranial
beating headache associated with unusual associated
manifestations: nausea, photophobia, and phonophobia,
with hormonal and environmental triggers.

The possible relationship of migraine with the ECS
is highlighted by numerous findings. Anandamide
produced serotonin receptor responses consisting of
89% potentiation of 5-HT1A and 36% inhibition of
5-HT2A,41 findings that have been associated with
profiles of effective pharmacological migraine inter-
ventions that would seem to support respective activ-
ity in acute and chronic migraine (CM), respectively.
The migraine epiphenomena of photophobia and pho-
nophobia suggest an overactive sensory hyperalgesia,
just the kind of homeostatic imbalance that the ECS
tends to correct in central nervous system (CNS) func-
tion.5 The periaqueductal gray matter is a putative mi-
graine generator in which AEA is tonically active,
producing analgesia when administered or hyperalge-
sia when CB1 is pharmacologically blocked.42

A great deal of additional support for the integral role
of the ECS in migraine pathophysiology has been pro-
vided by a series of investigations linking endocannabi-

noids to the trigeminovascular system, which many
consider to lie at the root of its pathophysiology. The
first experiment43 resulted in several pertinent findings:
AEA diminished blood vessel dilation in the dura mater
induced by calcitonin gene-related peptide (CGRP)
30%, capsaicin 45%, and nitric oxide (NO) 40%. Addi-
tionally, AEA acted presynaptically to prevent release
of NO by CGRP in dural artery smooth muscle. AEA
also was released in tonic manner and displayed modu-
latory activity in the trigeminovascular system.

A subsequent article focused on vascular phenomena
associated with migraine.44 AEA caused dose-dependent
dural vessel dilation that was diminished by capsazepine,
a TRPV1 antagonist, and by CGRP8–37, a CGRP antago-
nist. (While the vascular effects of this and the prior
study may appear contradictory, it should be noted
that migraine produces vasoconstriction or vasodilation
in different phases and that these are epiphenomena of
the disorder, rather than its etiology.) The concentration
of AEA that produced these findings was far higher than
that required to activate CB1. This suggests the possibility
that repetitive administration with a TRPV1 agonist such
as CBD27 could conceivably desensitize the receptor
and thus alleviate these pathophysiological mecha-
nisms, much as capsaicin has successfully reduced
peripheral neuropathic pain with regular cutaneous
administration. Capsaicin has even been utilized in-
tranasally as an acute migraine treatment,45 and it is
thus reasonable to consider CBD as a less noxious al-
ternative desensitizing intervention.

A third publication examined trigeminovascular
neuronal responses46 with findings that WIN 55,212-
2, a potent CB1 agonist, inhibited trigeminocervical
complex A and C-fiber afferent activity, which was ab-
rogated by SR141716A, a CB1 inverse agonist. How-
ever, this finding was only obtained with AEA after
prior TRPV1 blockade by capsazepine. These findings
support possible clinical application of CB1-agonists
in migraine and cluster headache, although the authors
warned of psychoactive sequelae of agents such as THC.

In an animal model of migraine,47 AEA reduced
nitroglycerin-induced neuronal activation in the nucleus
trigeminalis caudalis and area postrema, the latter being
an emetic chemoreceptor. There was likewise an induc-
tion of expression of the immediate early gene transcrip-
tion factor Fos in the hypothalamic paraventricular and
supraoptic nuclei, in the parabrachial nucleus, and in the
brainstem periaqueductal gray matter of the brainstem.
These findings reinforce an important role of the ECS in
generation of migraine episodes.
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Various studies in Italy have focused on the etiolog-
ical relationship of platelets with migraine in affected
patients. In one48 of the studies, increased function in
AEA membrane transporter and AEA hydrolase (now
known as fatty acid amidohydrolase [FAAH], the en-
zyme that catabolizes AEA) in platelets of women with
migraine without aura was observed in comparison
with patients with episodic tension headache or con-
trols with no headaches. Interestingly, there were no
differences in CB1 receptor density in the groups,
but AEA hydrolysis was elevated in platelets of mi-
graine sufferers. Consequent decreased serum AEA
levels could theoretically lower the pain threshold in
such patients.

In another study,49 female and male migraineurs
both displayed lower FAAH and AEA membrane
transporter platelet activity, hypothesized as a possible
adaptive response to CM or a reaction to overuse of
pain killers known as analgesic rebound. An additional
study50 showed that 2-AG and AEA levels were both
profoundly reduced in the platelets of patients with ep-
isodic migraine without aura (N = 20) and CM (N = 20)
versus controls (N = 20) ( p < 0.0001).

Perhaps the strongest evidence of the existence of
CED in migraine or any disorder comes from a study51

that assayed cerebrospinal fluid (CSF) AEA levels in
15 chronic migraineurs versus 20 controls with a phe-
nomenal statistically significant difference ( p < 0.0001)
(Fig. 2). The authors opined concerning what they
termed a system failure in migraine (p. 1387):

Reduced AEA levels in the CSF of CM [chronic migraine] pa-
tients support the hypothesis of the failure of this endogenous
CB [cannabinoid] system in CM, which seems to be related to
increased CGRP and NO production in this pathological con-
dition. This finding might be due to a failure of the inhibitory
role of the endocannabinoid AEA on the trigeminovascular
system activation—.

THC (1–20 lM) and other CB1 agonists dose-
dependently diminished cortical spreading depression
amplitude, duration, and propagation velocity ( p < 0.001)
in a rat brain model, supporting its ability to inhibit
the trigeminovascular in migraine with aura.52

A clinical study examined 27 medication-overuse
headache patients, a common precipitant of migraine
exacerbation.53 Before treatment, patients displayed
decreased temporal summation thresholds, increased
pain sensation, and reduced platelet FAAH (the enzyme
that breaks down AEA) expression versus controls.
After medication withdrawal treatment and elimination
of analgesic rebound effects, FAAH activity, and tem-
poral summation thresholds significantly normalized
(both p = 0.001), supporting an etiological ECS dys-
function in these patients.

In subsequent experiments in mice,54 intraperitoneal
injection of nitroglycerine induced mechanical hyperal-
gesia that was almost totally eliminated by FAAH dele-
tion or administration of FAAH inhibitors ( p < 0.0001).

Additional supportive data on the migraine-ECS rela-
tionship are derived from genetic investigation. The CB1

gene, CNR1 mapped to chromosome 6q14-15, was
linked to migraine through haplotypic tagging with

FIG. 2. Anandamide levels in cerebrospinal fluid of chronic migraine patients versus controls, adapted from
data obtained from Sarchielli et al.51
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high significance ( p = 0.008) and indicative of a genetic
effect altering trigeminovascular activation.55 The stron-
gest linkage was to HT6 haplotype ( p = 0.002), which
correlated highly with migraine symptoms of photo-
phobia > nausea > disability. Migraineurs also showed
greater degrees of neuroticism ( p < 0.001), depression
( p < 0.001), and reported drug/alcohol abuse ( p <
0.005). Of late, many pharmaceutical companies have
pursued development of antibodies aimed at CGRP as
a therapeutic target in migraine prophylaxis,37 but it re-
mains to be seen whether this represents a more funda-
mental target than strategies focusing on the ECS.

Until recently, only case reports and surveys of use
of THC and cannabis and its effects on migraine have
been published,31,56 but a more formal observational
trial has been reported57 from a cannabis-oriented clinic
in the state of Colorado. Among 120 adults with mi-
graine for whom cannabis prophylaxis was recommen-
ded, and of which 67.8% had previously used cannabis,
the frequency of headache diminished from 10.4 to 4.6
attacks per month ( p < 0.0001) (Fig. 3). Overall, 85.1%
had decreased migraine frequency, with 39.7% reporting
positive effects: prevention of or reduced headache fre-
quency (19.8%) or aborted headache (11.6%) in this
selected and uncontrolled population employing a mix-
ture of administration techniques with unanalyzed but
presumably high-THC cannabis.

It is worth remembering that cannabis was a mainstay
of treatment of migraine in Europe and North America
for a century between 1843 and 1943,1 similarly sup-

porting claims of a high degree of efficacy of cannabis
treatment in both acute and prophylactic treatments of
migraine. Further study utilizing modern techniques
and standardized preparations with low THC and
higher titers of CBD in proper RCTs is long overdue.

Focus on Fibromyalgia
Fibromyalgia was probably first described by Sir Wil-
liam Gowers58 as fibrositis, a condition characterized
as soft tissue pain that could wander in the body, and
which was aggravated by overuse. In the 1980s, fibro-
myalgia became the preferred term due to a failure to
identify inflammation or other objective changes in tis-
sue biopsies from affected patients. Formal diagnostic
parameters (Rome Criteria) were established thereafter.
While a recent report indicated the presence of small
fiber neuropathy in a subset of patients with fibromyal-
gia symptoms59 creating possible diagnostic confusion,
this finding by no means explains all such cases. Fibro-
myalgia is noteworthy for its characteristic painful
nodules dubbed as trigger points that are particularly
prevalent in the shoulder and neck that are frequently
of sufficient severity to limit physical activity. The dis-
order has a clear association with depression and anx-
iety, but debate surrounds the timing and relationship
of these comorbidities. Like migraine, it is more preva-
lent in women and invariably disrupts sleep. The disor-
der remains controversial in some quarters, but it is
nonetheless the most common diagnosis in American
rheumatology practices.60 Many authorities now posit
a central sensitization consistent with neuropathic pain
at the root of the syndrome.61 In Italy, it was noted
that fibromyalgia, like migraine, was associated with sec-
ondary hyperalgesia, that is, a lowered threshold to pain
in areas adjacent to the primarily affected parts,62 for
which the authors suggested pharmacological NMDA
blockade for what they interpreted as a deficit in seroto-
nergic analgesia. That same year, hyperalgesia was ob-
served in association with central endocannabinoid
hypofunction in the spinal cord and that endocannabi-
noids reduced associated hyperalgesia,63 making the
ECS a prime target and CED a rational explanation.
The authors proposed that cannabinoid treatments
would be indicated for various maladies driven by a
primary afferent barrage, which would include visceral
hyperalgesia (as hypothesized in IBS), allodynia associ-
ated with neuropathic pain states, and reflex sympa-
thetic dystrophy or complex regional pain syndrome.

Cannabis or cannabinoids have been frequently
utilized by fibromyalgia patients to treat its myriad

FIG. 3. Bar graph of change in migraine
frequency after cannabis treatment, adapted
from data from Rhyne et al.57
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symptoms. In an uncontrolled trial in nine patients,
THC was administered in doses of 2.5–15 mg a day for
3 months.64 Surprisingly, the ethics committee would
not permit placebo use in the study. Unfortunately, all
but four patients left the study early secondary to THC
side effects, but those completing had marked reductions
in subjective pain visual analog scales (VAS) ( p < 0.01)
(Fig. 4). No benefits on touch-evoked allodynia, nor
pinprick hyperalgesia, were documented.

Another group examined nabilone, a semisynthetic
THC analog and CB1 agonist of 10-fold higher poten-
cy.65 Forty fibromyalgia patients received nabilone
1 mg BID for 4 weeks. Visual analog scales of pain, a
Fibromyalgia Impact Questionnaire, and anxiety scores
were all statistically significantly benefited compared
with placebo ( p < 0.02). The effects on sleep were also
assessed with nabilone66 in 31 patients with doses of
0.5–1 mg at bedtime compared with patients taking
amitriptyline 10–20 mg. Nabilone was superior on an
Insomnia Severity Index, but no benefits on pain, mea-
sure of mood, or quality of life were observed.

Herbal cannabis was utilized in an open-label man-
ner in 28 fibromyalgia patients in comparison with
an equal number of matched control patients67 in
another report. Two hours after cannabis use, VAS
scores showed a statistically significant ( p < 0.001) re-
duction of pain and stiffness, enhancement of relaxa-

tion, and an increase in somnolence and feeling of
well-being. The mental health component summary
score of the Short Form (36) Health Survey (SF-36)
was significantly higher ( p < 0.05) in cannabis users
than in nonusers.

Other cannabis-based medicine clinical trials have
been noteworthy in their benefits on symptomatic
reduction allowing sleep (reviewed in Refs.68,69),
and the same would likely be obtained in fibromyal-
gia, which displays many features in common with
other causes of peripheral neuropathic pain. A nota-
ble example would be adjunctive use of Sativex
(USAN: nabiximols) in a 5-week RCT in 125 patients
with intractable peripheral neuropathic pain with
allodynia in which it proved superior to placebo
( p = 0.00) in Box Scale-11 (BS-11) score change and
reduced dynamic allodynia test scores versus placebo
( p = 0.0420).70

While this degree of benefit is yet to be shown in for-
mal RCTs in fibromyalgia, the court of public opinion
supports its utility. A recent survey on efficacy of three
regulatory body-approved pharmaceutical fibromyal-
gia treatments versus cannabis recently garnered in ex-
cess of 1300 respondents and is available online from
the National Pain Report.71

Of the approved drugs for fibromyalgia, duloxetine
and milnacipran are mixed serotonin and adrenergic
uptake inhibitors, while pregabalin is an anticonvulsant
drug repurposed to treat neuropathic pain. Results of
the survey (Fig. 5) strongly favor cannabis over the
poorly effective prescription medicines. These results
certainly support an urgent need for more definitive
RCTs of a well-formulated and standardized cannabis-
based medicine in fibromyalgia inasmuch as existing
current medicines with regulatory approval seem to
fall quite short of the mark.

Additional Conditions Suggesting CED
The ECS has been demonstrated to play a key role in
the pathophysiology of motion sickness72 assessed by
subjecting volunteers to parabolic flight maneuvers
producing microgravity. Seven of 21 adults so tested
developed acute motion sickness with significant re-
ductions in AEA ( p = 0.04) and 2-AG ( p = 0.01) in
blood. Nausea scores correlated negatively with AEA
( p = 0.02), and even CB1 receptor mRNA gene expres-
sion in leukocytes diminished significantly ( p = 0.03)
4 h after exposure in the most adversely affected.

Animal models have clearly established the role of the
ECS in multiple sclerosis (MS).73 Direct assays of AEA

FIG. 4. Bar graph depicting decreases in pain in
the per-protocol subset of fibromyalgia patients
taking THC, adapted from data from Schley
et al.64 THC, tetrahydrocannabinol (dronabinol).
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and 2-AG in the CSF of MS patients versus controls con-
firm significant deficits in affected patients, particularly
in secondary progressive cases, confirming an impaired
endocannabinoid system,74 and affirming the value of
such measurements as a functional disease marker.

In a recent interesting finding assessing central pain
mechanisms in neuropathy due to diabetes, streptozoto-
cin was administered in a rat model that demonstrated
reduced rostroventromedial medullary AEA levels, and
in which the TRPV1 desensitizer, capsaicin, decreased
nociceptive behavioral signs,75 as well as demonstrating
the central effects of a supposedly peripheral disorder. If
corroborated in human studies, this finding might add
diabetic neuropathy to the growing list of putative endo-
cannabinoid deficiency disorders.

In 2008, a mouse model of Huntington’s disease
(HD) demonstrated a widespread impairment of endo-
cannabinoid function.76 Subsequently, in the postmor-
tem brains of human patients with HD,77 a striking loss
of immunoreactivity of CB1 in putamen and globus
pallidus was demonstrated throughout the time course
of the disorder. The degree of change was much higher
than that for enkephalin or substance P, making CB1 a
superior marker, even at earlier clinical stages. This loss
of CB1 was felt to be a potential compensatory response
as it could reduce GABA release in the striatum. A sub-
sequent positron emission tomography (PET) study in
living HD sufferers,78 employing 18F-MK9470, a CB1

ligand, demonstrated significant decreases in receptor
availability versus controls ( p < 0.0001). These reduc-

tions ranged from 15% in cerebellum up to 25% in
frontal cortex, confirming underactivity of the ECS in
HD that would disrupt neurotransmission and corre-
lated inversely with disease severity.

Direct laboratory measurements were also performed
in untreated Parkinson’s disease (PD) patients, examin-
ing CSF,79 and demonstrated a doubling of AEA levels
over age-matched controls ( p < 0.001), irrespective of
disease stage. The authors posited this as a compensa-
tory mechanism in the striatum of PD patients in an
effort to alleviate dopamine depletion. Subsequently, an-
other study80 was the first to demonstrate the role of the
ECS in synaptic long-term depression in motor circuits
in PD. The motor deficits present in rodents with dopa-
mine lesions were reversed by combining a D2 agonist
with an endocannabinoid reuptake inhibitor. This find-
ing suggests that progressive dopamine loss in PD in
striatal circuits may decrease endocannabinoid tone and
that the elevations in anandamide in PD patients may
be an attempt to compensate for this loss.

Prior animal research has elucidated the relationship
between the ECS, extinction of aversive memories,16 and
stress-induced analgesia.17 This has been supplemented
by additional evidence that stress-induced anxiety is di-
rectly related to central anandamide deficiency in mice.81

One genetic study in humans has linked genetic var-
iants of CNR1, the CB1 receptor gene, to fear extinc-
tion mechanisms.82 Homozygote and heterozygote
G-allele carriers of the gene rs2180619 showed prom-
inent extinction of fear in a virtual reality experiment,

FIG. 5. Efficacy of approved pharmaceuticals compared with cannabis in fibromyalgia according to patient
survey results, adapted from data from National Pain Report.71
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while A/A homozygotes displayed an absence of fear-
potentiated startle reactions, confirming the role of
the ECS in human fear extinction.

Recent research in humans has clarified the role of
the ECS in post-traumatic stress. Forty-six survivors
of the World Trade Center attacks were studied.83

Serum 2-AG was significantly reduced in PTSD victims
versus those without PTSD symptoms, especially those
with direct exposure, suggesting a promotion of reten-
tion of aversive memories. A negative relationship was
also noted between AEA levels and intrusive symp-
toms. The authors indicated that research to date sug-
gests a good correlation of lower serum AEA levels to
increased CB1 receptor binding sites in CNS, as was
demonstrated in a PET study of untreated PTSD pa-
tients.84 The CB1-selective radioligand [11C]OMAR
on PET revealed higher volume of distribution (VT)
with lower AEA tone in PTSD ( p = 0.001) by 19.5%
over healthy controls and 14.5% over traumatized
patients without PTSD. Cortisol levels were lower in
PTSD and trauma patients versus controls and OMAR
VT, AEA, and cortisol together correctly identified
85% of PTSD cases. Women had greater CB1 receptor
availability under basal conditions, suggesting greater
susceptibility to development of PTSD, in accord
with epidemiological observations. Agents increasing
AEA availability were suggested as possible therapy
and such availability might reflect compensatory upre-
gulation as a reaction to reduced endocannabinoid lev-
els. Three excellent recent reviews reinforce these
findings.85–87

The criticality of ECS function in other psychiatric
syndromes has been evidenced in studies of major de-
pression, which is now thought of less as a failure of
monoamine neurotransmission and more as a disorder
of CNS plasticity with an inflammatory component,
or even as a degenerative disease88 directly linked to
endocannabinoid deficiency. Additionally, AEA levels
were eightfold higher in CSF of untreated acute schizo-
phrenics than in controls ( p = 0.000), and AEA was
negatively correlated with psychotic symptoms ( p =
0.001), representing a compensatory mechanism to
the disorder.89 Recent clinical trial work supports the
utility of cannabidiol in its treatment.28

PET was also employed in a study of adult female
anorexia nervosa and bulimia patients,90 demonstrat-
ing that global CB1 receptor availability was increased
in anorexia over controls in cortical and subcortical
areas ( p = 0.0003), in the insula in both anorexia and
bulimia patients ( p = 0.01 and p = 0.004, respectively),

and in the inferior frontal and temporal areas in an-
orexia ( p = 0.02). The authors related these chronic
upregulations of CB1 activity to presumed ECS hypoac-
tivity (p. 780). Interestingly, peripheral serum AEA is
elevated in anorexia. Long ago, a single RCT was un-
dertaken in anorexia nervosa in 11 female patients
comparing THC to diazepam in a double-blind cross-
over study.91 No increased weight gain was noted in
the THC group, but dosing was seemingly excessive
(up to 30 mg daily), as evidenced by paranoid ideation
and loss of control in three patients (27%). More recent
experience would suggest that lower THC dosing with
a cannabis-based preparation, as opposed to pure THC,
might yield different results with prospects for not only
fewer adverse events, but increased efficacy as well.92–94

Certainly, additional trials are warranted in this com-
mon and difficult clinical context.

Given the current seemingly increased incidence and
recognition of autistic spectrum disorders, it is useful to
note their possible relationship with the ECS. Genes asso-
ciated with these disorders also regulate ECS function:
neuroligin-3 R451C-knockin and neuroligin-3 knockout
mutations in mice impaired tonic endocannabinoid
signaling,95 with the authors suggesting therapeutic ap-
proaches in the human affliction to address this finding.
Similarly, presynaptic b-neurexins controlled synaptic
signals in excitatory synapses through regulation of post-
synaptic 2-AG production96 and were said to be essential
for control of tonic endocannabinoid signaling.

Conclusions, Caveats, and Suggestions
for Additional Research on and Treatment of CED
The current review has examined the concept of CED
and presented more than a decade of supportive objec-
tive evidence. However, certain caveats are necessary.
One is that contradictory findings are not only possible
but also common. This is due, in part, to the often re-
ciprocal relationships between the two major endocan-
nabinoids, AEA and 2-AG, as expansively demonstrated
in a current review87: Anandamide is most often the
tonic signaling agent of the ECS and regulator of syn-
aptic transmission, while 2-arachidonoylglycerol acts
as a phasic signal activator in neuronal depolarization
and mediator of synaptic plasticity. Thus, discordant
levels of the two endocannabinoids may frequently be en-
countered. Additionally, while CED may be harmful,
excesses clearly are, as well, with obvious examples of
obesity, metabolic syndrome, and hepatic fibrosis.97

Aside from the evidence of depressed AEA levels in
the CSF of migraine sufferers51 and the other examples
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presented here, there has been little direct objective ev-
idence of the CED theory in patients until quite re-
cently. Additional investigations in a similar vein to
assess endocannabinoid levels in the serum or spinal
fluid of migraine, IBS, and fibromyalgia versus controls
would be illuminating. Anatomic and physiological
scanning techniques (e.g., fMRI, PET) are not yet capa-
ble of producing real-time direct assessments of endo-
cannabinoid levels in living patients, but hopefully
research will soon allow this type of screening assess-
ment in health and disease. Similarly, genomic testing
has produced great strides in elucidating the mutations
responsible for many congenital conditions, but has
not yet fully plumbed the depths of regulation of
gene function that may well underlie the putative
CED conditions discussed herein.

RCTs of CED conditions are certainly well justified
on the basis of current data and should replace the cur-
rent largely uncontrolled black market experiments
that desperate patients with these afflictions are con-
temporaneously forced to undertake in their quest for
relief of their symptoms.

Various strategies to treat CED conditions are possi-
ble. A direct approach with CB1 agonists must recog-
nize the fact that the ECS operates as a homeostatic
regulator that sometimes requires a gentle pharmaco-
logical nudge, rather than a forceful shove, by synthetic
full agonists. Thus, small doses of a weak partial agonist
(e.g., THC) should be considered, which would not in-
duce tolerance and may jump-start the ECS. Even THC
alone is poorly tolerated or appreciated by patients,98

and standardized whole cannabis extracts that contain
additional synergistic and buffering components, such
as CBD and cannabis terpenoids, are certainly prefera-
ble.93 Alternatively, FAAH inhibitors will also raise AEA
levels, but only CBD among them has achieved current
legal commercial market availability. Pharmaceutical ap-
proaches affecting endocannabinoid transport or its ge-
netic regulation would also hold promise. Beyond drug
interventions, a growing body of knowledge supports
the realistic goal that lifestyle approaches should be in-
tegral to the treatment of CED; specifically, low-impact
aerobic regimens have demonstrated beneficial ef-
fects on endocannabinoid function,99 and as discussed
above, dietary manipulations with probiotics and
prebiotics may ameliorate not only IBS symptoms
but also the entire spectrum of CED conditions. Ulti-
mately, multimodality approaches are most likely to
be fruitful in treatment of these common yet difficult
clinical challenges.
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Abstract This study examined psychological well-being

and coping in parents of children with ASD and parents of

typically developing children. 73 parents of children with

ASD and 63 parents of typically developing children

completed a survey. Parents of children with ASD reported

significantly more parenting stress symptoms (i.e., negative

parental self-views, lower satisfaction with parent–child

bond, and experiences of difficult child behaviors), more

depression symptoms, and more frequent use of Active

Avoidance coping, than parents of typically developing

children. Parents of children with ASD did not differ sig-

nificantly in psychological well-being and coping when

compared as according to child’s diagnosis. Study results

reinforced the importance of addressing well-being and

coping needs of parents of children with ASD.

Keywords Well-being � Depression � Anxiety � Coping �
Parenting stress � Autism spectrum disorders � Asia

Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental

disorder defined by deficits in communication and social

interaction, and the engagement in restricted and repetitive

patterns of behaviors (American Psychiatric Association

2013). Individuals with ASD face daily challenges in

multiple domains of their lives, including poor adaptive

functioning, anxiety, hyperactivity, and obsessive–com-

pulsive behaviors (Bauman 2010; Huang et al. 2014;

Peters-Scheffer et al. 2012; Simonoff et al. 2008; Wang

et al. 2011). Recently, studies have cited a rising trend in

ASD prevalence worldwide, with increasing incidence of

children with ASD in both Caucasian and Asian popula-

tions (Centers for Diseases Control and Prevention 2012;

Elsabbagh et al. 2012). Disease burden research in Singa-

pore also cited ASD-related health problems to be most

debilitating when compared to other child and adolescent

physical and mental health disorders (Ministry of Health

2004). The chronic nature of ASD and associated behav-

ioral and emotional challenges contribute to persistent

caregiving and parenting stress among parents of children

with ASD (Benson and Karlof 2009).

Previously, parents of children with ASD have been

reported to have poorer psychological outcomes. They

have been reported to experience higher parenting stress

(e.g., Hayes and Watson 2012; Griffith et al. 2010; Wang

et al. 2011), and more depression and anxiety symptoms

(e.g., Baker et al. 2011; Benson and Karlof 2009; Estes

et al. 2009; Gallagher et al. 2008), compared to parents of

typically developing children or children with other de-

velopmental disabilities such as intellectual disability and

Down Syndrome. Child characteristics such as the severity

of condition (e.g., Abbeduto et al. 2004; Konstantareas and

Papageorgiou 2006), adaptive functioning level of the child

(e.g., Hall and Graff 2011), ASD-related behaviors (e.g.,

Huang et al. 2014), behavior problems (e.g., Gray 2006;

Hall 2012; Lecavalier et al. 2006), child’s age (e.g., Smith

et al. 2008) and gender (e.g., Mandell and Salzer 2007),

have been suggested to impact the psychological well-be-

ing and coping approaches of parents of children with

ASD. However, in particular, ASD-related behaviors and
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behavioral functioning of the child were reported to impact

parenting stress inconsistently (Huang et al. 2014; Mori

et al. 2009; Pearson et al. 2006; Phetrasuwan and Miles

2009; Wang et al. 2011). For instance, some studies noted a

positive relationship between parenting stress and severity

level of child’s ASD-related behaviors (e.g., Konstantareas

and Papageorgiou 2006; Mori et al. 2009; Phetrasuwan and

Miles 2009; Wang et al. 2011). However, other researchers

such as Huang et al. (2014) and Pearson et al. (2006) re-

ported that parents of children showing mild to moderate

levels of ASD-related behaviors felt the most stress in

parenting their child. Although child’s behaviors, func-

tioning level, age and gender were observed to affect

parenting and caregiving stress, our understanding of the

effects of these factors has not been conclusive. Further

duplication and examination of current research is needed

for a well-rounded understanding of parental and care-

givers’ well-being (Griffith et al. 2010; Abbeduto et al.

2004).

Parents of children with ASD use a range of coping

strategies and resources when faced with parenting/care-

giving stress (Hall and Graff 2011; Hastings et al. 2005;

Lai and Oei 2014; Luong et al. 2009). In a review paper,

Lai and Oei (2014) highlighted that parents of children

with ASD used both adaptive (e.g., cognitive reframing;

seeking social support) and maladaptive (e.g., avoidance

and disengagement) coping strategies, with an inclination

towards adaptive coping methods such as seeking social

support and positive reinterpretation. Among parents of

children with ASD, the use of adaptive coping strategies

has also been linked to positive mental health outcomes

(Benson 2010; Penley et al. 2002; Taylor and Stanton

2007). While it may then be expected that parents of

children with ASD adapt well to parenting stress, past

studies have also consistently reported elevated stress

symptoms in these parents (Hayes and Watson 2012). It is

therefore unclear if parents of children with ASD are

coping with parenting/caregiving stress adequately and

effectively (Hayes and Watson 2012). Moreover, some

studies suggested more frequent use of maladaptive coping

strategies among parents of children with ASD than parents

of children with non-ASD developmental disabilities or

those of typical development (e.g., Montes and Halterman

2007; Piazza et al. 2014; Sivberg 2002; Wang et al. 2011).

In general, the nature of parenting stress and coping in

parents of children with ASD, especially when compared to

parents of children not diagnosed with this disorder, re-

mains inconclusive (Lai and Oei 2014; Sivberg 2002;

Wang et al. 2011).

Currently, there is a paucity of research in parental well-

being and coping among Asian parents of children with

ASD residing in Asian countries (Lai and Oei 2014; Moh

and Magiati 2012; Yeo and Lu 2012). Previously, Asia-

based studies have either (1) reported differences in par-

enting/caregiving experiences by comparing parents of

children with ASD residing in different countries (e.g., Yeo

and Lu 2012) or (2) examined parents’ overall experience

of the diagnostic process for their child (e.g., Moh and

Magiati 2012). While having their merits, comparisons

across different countries overlook the differences in par-

enting culture, environment and expectations that is in-

herent in the population, which can alter the impact of

raising a child with ASD (Lai and Oei 2014).

Studies based on parents of different ethnic backgrounds

have suggested that Caucasian parents of children with

ASD engage in emotion-focused coping methods such as

passive appraisal and avoidance more frequently than

Asian parents (Lin et al. 2008; Luong et al. 2009; Oyser-

man et al. 2002), while Asian parents of children with ASD

engage more frequently in problem-focused coping strate-

gies than Caucasian parents (Luong et al. 2009; Twoy et al.

2007). In the general stress and coping literature, emotion-

focused coping is suggested to be psychologically mal-

adaptive and problem-focused coping is linked to adaptive

psychological adjustment (Penley et al. 2002; Taylor and

Stanton 2007). Implicatively, Asian parents of children

with ASD may then cope better with stress than Caucasian

parents (Benson 2010; Penley et al. 2002; Taylor and

Stanton 2007). Despite this, it is also possible that Asian-

related ideologies such as ‘‘saving face’’ can influence

Asian parents to internalize any stressful feelings felt, and

not reach out for support, to avoid the social stigma of

having a child with a developmental disability (Kawachi

and Berkman 2001; Mak and Ho 2007; Uchino 2006).

As discussed, inconsistent findings on stress and coping

research in parents of children with ASD and existing

cultural differences between Asian- and western-based

studies render any direct application of western literature

on Asian populations limited. Therefore, this paper aimed

to examine the psychological well-being and coping

strategies of parents of children with ASD in Singapore, an

Asian but multi-ethnic population. It is hypothesized that

(1) parents of children with ASD would report more par-

enting stress, depression and anxiety symptoms, than par-

ents of typically developing children. Since ASD-related

behaviors can impact parenting stress to varying degrees

(ref. Huang et al. 2014; Wang et al. 2011), the current study

also sought to understand parenting stress, and parent-re-

ported depression and anxiety symptoms based on the di-

agnosis of the child (i.e., comparing between parents of

children with Autism, Asperger’s Syndrome, PDD-NOS

and of typical development), as an elaboration of Hy-

pothesis (1). Practically, this categorization of parental

experiences could also be valuable in assisting clinicians to

tune in quickly to the needs of specific parent populations

based on child’s reported diagnosis (Huang et al. 2014).
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Finally, while previous research highlighted that parents of

children with ASD coped well with stress (e.g., Lai and Oei

2014), they were also reported to experience higher par-

enting stress and to use more maladaptive than adaptive

coping strategies when compared to parents of children not

diagnosed with an ASD (Hayes and Watson 2012; Montes

and Halterman 2007; Piazza et al. 2014; Wang et al. 2011).

Therefore, this study sought to contribute to the limited

literature on ASD-related parental stress and coping, by

examining whether parents of children with ASD used

more adaptive or maladaptive coping strategies than par-

ents of typically developing children.

Method

Participants

One hundred and thirty-six parents participated in the

study. 54 % of recruited parents reported having a child

with ASD and 46 % of parents had a child who did not

have a diagnosis of ASD or other chronic medical condi-

tions. Parents reported a mean age of 43.68 years

(SD = 6.36) and were (1) mostly mothers (80.9 %), (2) not

working or retired (35.3 %), and (3) with graduate/post-

graduate education (36.8 %). The sample consisted mainly

of parent–child pairs who were Chinese (81.6 %). Most of

the children being rated were boys (56.6 %). Table 1

summarizes additional information on sample

demographics.

Measures

Demographics Screening Form

Participants completed a form on personal demographics

(i.e., age, gender, ethnicity), socio-economic statuses (i.e.,

profession, education level), child’s characteristics (i.e.,

age, gender, diagnosis), and family variables (i.e., addi-

tional child with ASD in the family, additional help en-

gaged for caregiving) that may impact parent outcomes and

coping.

Parenting Stress Index: Short Form (PSI/SF; Abidin 1992)

The PSI/SF is a 36-item self-report form measuring par-

enting-related stressful behaviors and feelings based on

three subscales of parental distress (PD), parent–child

dysfunctional interaction (P-CDI), and difficult child (DC).

A PSI/SF Total score is computed from the three subscale

scores of items rated on a five-point rating scale (i.e., from

1 = ‘‘Strongly Disagree’’ to 5 = ‘‘Strongly Agree’’). The

PSI/SF is a widely used tool in clinical research with

adequate psychometric properties (Abidin 1992). All scales

from the PSI/SF displayed strong internal consistencies,

with Cronbach’s alpha coefficients of .93 (PSI/SF Total),

.84 (PD), .86 (P-CDI), and .82 (DC) for the present study

(see diagonals in Table 2).

Depression Anxiety Stress Scales (DASS-21; Lovibond

and Lovibond 1995)

The DASS-21 is a self-report screening tool, which mea-

sures frequency of behaviors or intensity of feelings based

on three subscales of anxiety (DASS-A), depression

(DASS-D) and stress (DASS-S). It is used to measure the

status of psychological well-being of parents in the current

study. A DASS total score is computed from the three

subscale scores of items rated on a four-point scale (i.e.,

from 0 = ‘‘Did not apply to me’’ to 3 = ‘‘Applied to me

very much or most of the time’’). The DASS-21 demon-

strated sound psychometric properties, is used widely in

clinical and non-clinical samples, and has also been

validated for use in Asia (Lovibond 2011; Oei et al. 2013).

In this study, strong internal consistencies of the DASS

Total Scale, DASS-D, DASS-A, and DASS-S subscales

were achieved with Cronbach’s coefficient alphas of .94

(DASS Total), .88 (DASS-D), .83 (DASS-A) and .92

(DASS-S; see diagonals in Table 2).

Brief COPE (Carver et al. 1989)

The Brief COPE is a self-reporting, 28-item version of the

COPE instrument that measures the usage frequencies of

broad-based maladaptive and adaptive coping strategies.

Items are rated on a four-point rating scale (i.e., from

1 = ‘‘I haven’t been doing this at all’’ to 4 = ‘‘I’ve been

doing this a lot’’; Carver 2007). The psychometric prop-

erties of the Brief COPE have been previously examined,

and the instrument is used in many studies on stress and

coping, with clinical or non-clinical samples (Carver

1997).

In this study, the Brief COPE was analyzed using four

sub-domains (i.e., Active Avoidance coping, problem-fo-

cused coping, positive coping, and religious/denial coping)

as derived in Hastings et al. (2005) based on a sample of

parents of children diagnosed with ASD. This approach

was adopted to maximize construct validity of the Brief

COPE on the current study sample. Internal consistency

evaluations of the Brief COPE total and subscale scores

were adequate, with Cronbach’s coefficient alphas of .92

(Brief COPE total), .76 (Active Avoidance coping), .89

(problem-focused coping), .83 (positive coping), and .69

(religious/denial coping; see diagonals in Table 2).
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Procedures

Parents of children with ASD registered with the Neuro-

Behaviourial Clinic (NBC) at the Child Guidance Clinic

(CGC), Institute of Mental Health (IMH) in Singapore

between year 2006 and 2013 were recruited via study in-

vitation letters. Based on medical records from the NBC

Autism Services unit, registered patients with NBC Autism

Services have either been diagnosed with Autism,

Asperger’s Syndrome or PDD-NOS, via psychiatrists’

clinical assessment or a formal assessment session using

the Autism diagnostic interview—revised (ADI-R) and

Autism diagnostic observation schedule (ADOS; Lord

et al. 1994, 2000). Parents of children with ASD completed

consent and questionnaires anonymously via self-addressed

envelopes. Consequently, child’s diagnosis as reported by

parents could not be crosschecked with medical records, as

parent responses were anonymous. Parents of typically

developing children (control group) were recruited via

study advertisements posted at the Student Health Centre,

Table 1 Means, standard deviations, frequencies and ANOVA/Chi-square comparisons of participant characteristics by child’s diagnosis

AUT

(N = 43)

AS

(N = 15)

PDD-NOS

(N = 15)

TD

(N = 63)

Total

(N = 136)

ANOVA

(DSM-5)

ANOVA

(DSM-IV)

F(1,

129)

gp2 F(3,

127)

gp2

Age, M (SD)

Parent’s age (years) 46.10 (5.50) 46.00 (4.36) 48.30 (5.73) 41.00 (6.23) 43.68 (6.36) 25.19 .17 10.02* .19

Child’s age (years) 14.10 (3.60) 12.90 (4.00) 13.25 (2.72) 10.80 (3.19) 12.35 (3.67) 25.97 .16 8.93* .17

Chi-square goodness-of-fit Chi-square

statistic

Chi-square

statistic

Gender

Male (parent) 8 (5.9 %) 1 (.7 %) 6 (4.4 %) 11 (8.1 %) 26 (19.1 %) .17 46.1

Female (parent) 35 (25.7 %) 14 (10.3 %) 9 (6.7 %) 52 (38.2 %) 110 (80.9 %) .56 8.67

Male (child) 35 (25.7 %) 10 (7.4 %) 11 (8.1 %) 21 (15.4 %) 77 (56.6 %) 20.06* 23.22*

Female (child) 8 (5.9 %) 5 (3.7 %) 4 (2.9 %) 42 (30.9 %) 59 (43.4 %) 9.93* 63.90*

Ethnicity

Chinese 37 (27.2 %) 14 (10.3 %) 14 (10.3 %) 46 (33.8 %) 111 (81.6 %) 4.48 24.07

Malay 3 (2.2 %) 0 1 (.7 %) 10 (7.4 %) 14 (10.3 %) 2.57 9.57

Indian 2 (1.5 %) 0 0 4 (2.9 %) 6 (4.4 %) 2.00 2.00

Others (including

Eurasian)

1 (.7 %) 1 (.7 %) 0 3 (2.2 %) 5 (3.7 %) – 1.00

Occupation

Managerial/professional 10 (7.4 %) 6 (4.4 %) 7 (5.1 %) 12 (8.8 %) 35 (25.7 %) 4.24 2.00

Sales/executive 5 (3.7 %) 0 0 13 (9.6 %) 18 (13.3 %) 3.56 3.56

Clerical/technical 3 (2.2 %) 2 (1.5 %) 2 (1.5 %) 7 (5.1 %) 14 (10.3 %) .07 3.93

Self-employed 6 (4.4 %) 1 (.7 %) 0 5 (3.7 %) 12 (8.8 %) .33 3.5

Not working/retired 15 (11.0 %) 7 (5.1 %) 3 (2.2 %) 23 (16.9 %) 48 (35.3 %) .38 17.62

Others 3 (2.2 %) 0 3 (2.2 %) 3 (2.2 %) 9 (6.6 %) 1.00 –

Education

University/postgraduate 16 (11.8 %) 7 (5.1 %) 5 (3.7 %) 22 (16.2 %) 50 (36.8 %) .33 .33

Polytechnic/pre-

university

8 (5.9 %) 3 (2.2 %) 2 (1.5 %) 17 (12.5 %) 30 (22.0 %) .61 12.17

Secondary/vocational 13 (9.6 %) 4 (2.9 %) 8 (5.9 %) 20 (14.7 %) 45 (33.1 %) .13 15.33

Primary or below 1 (.7 %) 0 0 2 (1.5 %) 3 (2.2 %) 1.65 10.02

Others 5 (3.7 %) 1 (.7 %) 0 2 (1.5 %) 8 (5.9 %) 2.00 3.25

Additional child with ASD

Yes 2 (1.5 %) 1 (.7 %) 2 (1.5 %) 0 5 (3.7 %) – .40

No 41 (30.1 %) 14 (10.3 %) 13 (9.6 %) 63 (46.3 %) 131 (96.3 %) .79 44.1

Help with caregiving

Yes 10 (7.4 %) 2 (1.5 %) 4 (2.9 %) 13 (9.6 %) 29 (21.3 %) 1.67 27.20

No 33 (24.3 %) 13 (9.6 %) 11 (8.1 %) 50 (36.8 %) 107 (78.7 %) .13 14.00

AUT Autism, AS Asperger’s Syndrome; PDD-NOS pervasive developmental disorder—not otherwise specified, TD typically developing

* p\ .05
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Health Promotion Board, in Singapore or via snowballing

recruitment method. All parents provided informed con-

sent. Study participation was (1) voluntary, (2) took an

average of 20 minutes for each participant, (3) assured of

total response confidentiality from public, and (4) offered a

small appreciation fee of $10 Singapore dollars upon

questionnaire completion. Ethics approval was obtained

from the National Healthcare Group Domain-Specific Re-

view Board (DSRB) Singapore and the James Cook

University Human Research Ethics Committee (HREC).

Data Analyses

In consideration of Hypothesis 1, parent responses were

first compared based on whether their child has been di-

agnosed with an ASD (i.e., between parents of children

diagnosed with an ASD and parents of typically developing

children). To further assess if parenting stress and parental

psychological well-being varied with child’s diagnosis,

parent responses were also separated and compared in four

groups according to child’s diagnosis status as reported by

parents: (1) Autism, (2) Asperger’s Syndrome, (3) PDD-

NOS, and (4) children who were not diagnosed with ASD

or other chronic medical/mental health conditions.

MANOVA and Chi-square analyses were conducted to

highlight differences in the demographical characteristics

between all parent groups (i.e., Autism vs. Asperger’s

Syndrome vs. PDD-NOS vs. typical development).

A MANOVA using two-tailed t test statistic was used to

compare mean frequencies of self-reported parenting

stress, psychological well-being (operationalized as de-

pression and anxiety symptoms), and the use of coping

strategies between parent groups. Total and subscale mean

scores of each study measure were analyzed separately to

identify group differences in the overall and sub-catego-

rical measures of parenting stress, parental psychological

well-being and coping. Analysis of variance (ANOVA)

statistical methods were used for post hoc comparison

testing of group means for specific dependent variables.

Threshold for statistical significance was set at p\ .05.

Results

Differences in Demographical Characteristics

Only differences in parent’s and child’s age, and child’s

gender, were statistically significant between parent groups

at p\ .05 (see Table 1). Post-hoc ANOVA comparisons

indicated that only parents and their children in the Autism

group were significantly older than parents and their

typically developing children. Chi-square goodness-of-fit

tests also indicated (1) significantly more male than female

children being rated by their parents in the Autism group,

and (2) significantly more female than male children of

typical development being rated by their parents. Consid-

ering the observed differences, age and gender effects on

parental outcomes and coping were controlled for by in-

cluding parent’s and child’s age and child’s gender as

fixed-effect covariates in subsequent study analyses.

However, this control for age and gender effects did not

alter the interpretation of study results significantly. Im-

plications of these differences are further discussed in the

‘‘Discussion’’ section.

Preliminary Data Analyses

Positive skewness on the PSI/SF and DASS Total and

subscale mean scores were expected as the sample con-

tained parents of typically developing children who may

not experience as much parenting stress as parents of

children with ASD in caregiving (ref. Hayes and Watson

2012). Transformation of data using square-root transfor-

mation technique did not alter results interpretation sig-

nificantly. No outliers were found by examining box-and-

whiskers plot diagrams. For all MANOVA analyses,

Levene’s test for homogeneity of variance also did not

attain statistical significance at p\ .05, suggesting that

homogenous variance was observed for all comparison

groups. Thus, untransformed data was used and reported

for data analyses. Self-reported parenting stress, psycho-

logical well-being and coping scale scores did not differ

significantly (a) between mothers and fathers in general, or

(b) between gender of child being rated, p\ .05.

Comparisons Between ASD and Typical

Development

A one-way MANOVA was conducted to examine group

differences in parenting stress, psychological well-being

outcomes (i.e., self-reported depression and anxiety

symptoms) and parental coping between parents of chil-

dren with ASD and parents of typically developing chil-

dren. Multivariate tests of group means reached statistical

significance, Wilks’ Lambda = .79, F(3, 132) = 11.96,

gp2 = .21. An estimate of 21 % of the error variance in the

parenting stress, psychological well-being and coping total

scale mean scores can be explained by differences in par-

ents’ group membership. MANOVA of group means in the

sub-categories of parenting stress and psychological well-

being also reached statistical significance, Wilks’ Lamb-

da = .70, F(10, 125) = 5.35, gp2 = .30. An estimate of

30 % of the error variance in the parenting stress, psy-

chological well-being and coping subscale mean scores can

be explained by differences in parents’ group membership.

Based on these significant MANOVA results, group
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differences in parent outcomes and coping scale scores

were examined as below.

Parenting Stress

Post-hoc ANOVA of group means revealed statistically

significant differences in (1) overall parenting stress levels

as measured by PSI/SF total scale scores and (2) all three

sub-domains of parenting stress as measured by the PSI/SF

PD, P-CDI and DC subscale scores between parents of

children with ASD and parents of typically developing

children (see Table 3). Findings suggest that parents of

children with ASD experienced higher parenting stress in

general, and more symptoms in each sub-domain of par-

enting stress (i.e., more negative views of themselves as

parents, poorer parent–child relationships and more child-

related parenting stress) than parents of typically devel-

oping children (see Fig. 1).

Psychological Well-Being

Post-hoc ANOVA of group means showed statistically

significant differences between parents of children with

ASD and parents of typically developing children in

DASS-D subscale scores only (see Table 3). It is suggested

that parents of children with ASD experienced more de-

pression symptoms than parents of typically developing

children (see Fig. 1).

Parental Coping

Post-hoc ANOVA of group means showed statistically

significant differences between parents of children with

ASD and parents of typically developing children in the

Brief COPE Active Avoidance subscale scores only (see

Table 3). Findings suggest that parents of children with

ASD engaged in Active Avoidance coping more frequently

than parents of typically developing children.

Comparisons Between ASD Sub-Groups

and Typical Development

To understand how parental outcomes differed with child’s

diagnosis as an extension of Hypothesis 1, a one-way

MANOVA was employed to examine differences in par-

enting stress and psychological well-being outcomes be-

tween the four groups of (1) parents of children with

Autism, (2) parents of child with Asperger’s Syndrome, (3)

parents of children with PDD-NOS, and (4) parents of

typically developing children. Parental coping scores were

not analyzed as coping differences between parents of

children with ASD and parents of typically developing

children were previously addressed.

Multivariate tests of group means reached statistical sig-

nificance, Wilks’ Lambda = .76, F(9, 317) = 4.22,

gp2 = .88. An estimate of 88 % of the error variance in the

parenting stress, psychological well-being and coping total

Table 3 Group means, standard deviations, and ANOVA comparisons for total and subscale scores of PSI/SF, DASS-21, Brief COPE, based on

DSM-V and DSM-IV criteria

ANOVA effects AUT AS PDD-NOS TD ASD ANOVA

(DSM-5)

ANOVA

(DSM-IV)

M SD M SD M SD M SD M SD F(3,

134)

gp2 F(3,

132)

gp2

PSI/SF total 97.70 21.97 101.40 19.68 105.47 27.58 79.27 18.67 90.29 23.37 32.11** .19 11.63** .21

PSI/SF parent distress 33.72 7.65 35.00 7.919 36.87 9.43 26.00 7.18 29.51 9.04 42.34** .24 14.89** .25

PSI/SF parent–child

dysfunctional

interaction

7.65 9.77 7.919 7.86 9.425 9.83 7.18 6.94 30.03 8.95 25.54** .16 9.25** .17

PSI/SF difficult child 31.79 8.00 33.00 7.63 33.47 10.29 27.60 6.51 32.12 8.43 11.95** .08 4.69** .10

DASS-21 total 10.77 9.27 12.73 9.92 14.73 13.48 9.41 9.98 10.86 10.20 2.39 .02 1.31 .03

DASS-depression 2.91 3.19 4.67 4.40 5.27 5.50 2.43 3.09 3.18 3.72 4.88* .04 3.52* .07

DASS-anxiety 2.77 2.90 2.20 1.78 3.20 4.20 2.62 3.63 2.71 3.29 .09 .00 .24 .01

DASS-stress 5.09 4.08 5.87 4.42 6.27 4.48 4.37 3.83 4.98 4.05 2.73 .10 1.24 .03

Brief COPE total – – – – – – 49.03 15.18 50.94 13.62 2.33 .17 – –

Active Avoidance – – – – – – 13.37 4.005 14.09 3.76 4.44* .04 – –

Problem-focused – – – – – – 14.59 5.48 15.40 5.23 2.85 .04 – –

Positive coping – – – – – – 12.24 4.70 12.43 4.21 .25 .62 – –

Religious/denial – – – – – – 8.84 3.08 9.02 3.17 .38 .54 – –

* p\ .05
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scale mean scores can be explained by differences in child’s

diagnosis. Multivariate tests of group means in the sub-

categories of parenting stress, psychological well-being, and

coping strategies also reached statistical significance,Wilks’

Lambda = .58, F(30, 362) = 2.47, gp2 = .17. An estimate

of 17 % of the error variance in the parenting stress, psy-

chological well-being and coping subscale mean scores can

be explained by differences in child’s diagnosis. Significant

MANOVA effects as above suggest differences in parent

outcomes. Further analyses were conducted to examine

group differences in the sub-components of parenting stress

and parental psychological well-being outcomes.

Parenting Stress

Post-hoc ANOVA revealed statistically significant differ-

ences between the four parent groups in (1) overall par-

enting stress as measured by PSI/SF total mean scores (see

Table 3), and (2) all three sub-domains of parenting stress

as measured by the PSI/SF PD, P-CDI and DC subscale

mean scores (see Table 3). Comparison testing using post

hoc ANOVA showed that PSI/SF total mean scores, and

PSI/SF PD and P-CDI subscale mean scores, differed sig-

nificantly between parents of typically developing children

and each of the three parent groups with children with (1)

Autism, (2) Asperger’s Syndrome, or (3) PDD-NOS only.

For PSI/SF DC subscale scores, significant differences

were observed between parents of children with Autism or

PDD-NOS and parents of typically developing children

only.

In agreement with prior analyses based on parents of

children with ASD as a group, findings suggest that parents

of children diagnosed with any sub-category of ASD ex-

perience higher overall parenting stress, more negative

views of themselves as parents, and less satisfaction in

parent–child bond, than parents of typically developing

children (see Fig. 1). Incongruent with analyses based on

parents of children with ASD as a group, only parents of

children diagnosed with either Autism or PDD-NOS re-

ported more child-related parenting stress than parents of

typically developing children (see Fig. 1). There were no

significant differences in the overall and sub-domain

measures of parenting stress between parents of children

diagnosed with each sub-category of ASD.

Fig. 1 PSI/SF total scores, PSI/SF subscale scores and DASS-21

depression subscale scores of 1 parents of children with Autism

spectrum disorders (ASD) as a group, 2 parents of children with

Autism (AUT) or Asperger’s syndrome (AS) or pervasive develop-

mental disorder—not otherwise specified (PDD-NOS) and 3 parents

of typically developing (TD) children
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Psychological Well-Being

Post-hoc ANOVA analyses observed statistically sig-

nificant differences between parent groups in the DASS-D

subscale mean scores only (see Table 3). Comparison

testing using post hoc ANOVA showed that DASS-D

subscale scores only differed significantly between parents

of typically developing children and parents of children

with PDD-NOS (see Table 3). Results imply that parents of

children with PDD-NOS experienced more depression-re-

lated symptoms than parents of typically developing chil-

dren (see Fig. 1). There were no significant differences in

the overall and sub-domain measures of psychological

well-being between parents of children diagnosed with

each sub-category of ASD.

Discussion

Results showed that parents of children with a diagnosis of

ASD reported more parenting stress and depression

symptoms, and engaged in more maladaptive coping (i.e.,

Active Avoidance coping), than parents of typically de-

veloping children. Generally, findings from this study

provided additional support that providing care for a child

with ASD has a negative psychological effect on caregivers

(e.g., Benson and Karlof 2009; Hayes and Watson 2012;

Stuart and McGrew 2009).

Parental Psychological Well-Being Outcomes

In this study, parents of children with ASD experienced

more parenting stress symptoms than parents of typically

developing children. Previous research highlighted that

stress proliferation and compounded caregiving demands

aggravated the impact of negative caregiving experiences

and feelings in parents of children with ASD over time

(Benson 2010; Benson and Karlof 2009). Implicatively,

and in agreement with previous literature, parenting stress

is expected to heighten when parents care for any child

with a chronic condition such as ASD in this study (Hayes

and Watson 2012).

It is of note that the same pattern of findings in parenting

stress and psychological well-being outcomes were ob-

served whether responses from parents of children with

ASD were compared as a group or based on child’s re-

ported diagnosis (i.e., aligned with DSM-4 criteria).

Therefore, findings from this study suggest no discernable

differences in parenting stress when parenting children

diagnosed with any sub-category of ASD. Although parents

of children with ASD did not differ among themselves in

parenting stress and psychological well-being outcomes,

the effects of some factors on parental well-being outcomes

may warrant further investigation. For instance, previous

research highlighted that parents’ acceptance of child’s

social and communicative challenges played a role in the

impact of parenting stress on psychological well-being

outcomes (Lee 2009; Ling et al. 2010; Mori et al. 2009;

Rao and Beidel 2009; Szatmari et al. 1995). In addition,

factors such as child’s daily and ASD-related behaviors

(e.g., Lecavalier et al. 2006; Huang et al. 2014), the level of

adaptive functioning of the child (e.g., Abbeduto et al.

2004; Hall and Graff 2011; Konstantareas and Papageor-

giou 2006), and child’s learning abilities and schooling

arrangements (e.g., Lee et al. 2008; Nevo and Bin Khader

1995) can moderate the intensity of parenting stress felt by

parents. In view of the above-mentioned findings, further

examination of the factors that influence parenting stress

experiences and parental psychological well-being out-

comes is needed. Qualitative methods supporting more in-

depth documentation of caregiving experiences can be

considered to achieve this endeavor (Creswell 2012; Lai

and Oei 2014).

In addition to stress, parents of children with ASD in our

study reported more depressive symptoms, and no sig-

nificant differences in anxiety symptoms, when compared

to parents of typically developing children. Previous re-

search has highlighted that parent-reported anxiety (but not

depression) symptoms fluctuated across circumstances and

time, while depression symptoms developed on a more

stable trajectory (Baker et al. 2011; Benson and Karlof

2009; Gray 2003, 2006; Griffith et al. 2010; Luong et al.

2009). Considering this, it is then possible that parent-re-

ported anxiety symptoms are insufficiently salient at this

point in time to observe significant differences between

parent comparison groups. Longitudinal studies evaluating

parental psychological well-being at various time points of

their child’s development will provide further information

for a well-rounded understanding of the mental health

status, as well as parenting stress experiences, of parents of

a child diagnosed with ASD (Gray 2003, 2006).

Parental Coping Strategies

In this study, parents of children with ASD were observed

to engage in more maladaptive/emotion-focused coping

(i.e., Active Avoidance coping) than parents of typically

developing children. This is consistent with previous ob-

servations that parents of children with developmental

disabilities (including ASD) used maladaptive/emotion-

focused coping in managing caregiving stress (e.g., Piazza

et al. 2014; Sivberg 2002; Wang et al. 2011). Of note is

parents’ increased use of Active Avoidance coping, which

suggests that parents tended to criticize themselves for the

problems they faced, vent negative emotions, distract

themselves from thinking about problems or give up trying
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to solve their problems (Carver et al. 1989; Hastings et al.

2005).

Parents’ use of Active Avoidance coping strategies (as

highlighted above) may be understood in light of the cul-

tural background of parents in this study. In an Asian so-

ciety such as that in Singapore, whereby high-achieving

students are valued, parents of children with ASD could

find themselves constantly worrying and looking for ways

to help their child or having to reconcile with their disap-

pointment when their child does not progress as quickly

their peers (Fung and Cai 1998; Luong et al. 2009; Moh

and Magiati 2012; Nevo and Bin Khader 1995). Eventu-

ally, when the stamina for problem-solving diminishes

while caregiving problems continue to surface, parents may

engage in maladaptive/emotion-focused coping such as

avoidance to cope with caregiving challenges and stressful

feelings (Gray 2006). Moreover, parents’ use of avoidance

coping can be reinforced by the Asian-related ideology of

‘‘saving face’’, whereby parents avoid seeking help from

others out of fear of the social stigma and embarrassment

associated with having a child with special needs (Kim

et al. 2001; Luong et al. 2009; McCabe 2008; Nevo and

Bin Khader 1995).

Findings from this study highlight the importance of

acknowledging culture-specific coping behaviors. General

stress and coping mechanisms provide a primary buffer

against the immediate impact of parenting stress; however,

general coping strategies are limited in optimizing avail-

able coping resources for culturally nuanced stressful ex-

periences (Sawang et al. 2006). Healthcare professionals

should dedicate closer attention and support to the indi-

vidual needs of parents looking after children with special

needs, especially when the children are functioning at a

level that requires substantial support, and present with

challenging behaviors and co-morbid medical problems

(Bauman 2010; Lecavalier et al. 2006; Rao and Beidel

2009).

Study Limitations

There are some considerations to the application of study

findings. Firstly, study findings may not be generalizable to

parents of children with ASD who did not seek professional

medical help at the NBC Autism Services at IMH Singa-

pore. Future replications could include a nation-wide sur-

vey of the psychological health of parents of children with

ASD in Singapore. Secondly, the study design was cross-

sectional. As psychological well-being and coping are

time- and context-dependent conditions, future studies

could adopt longitudinal designs to observe changing

trends or highlight possible factors contributing towards

parental well-being or coping strategies (Benson and Kar-

lof 2009; Taylor and Stanton 2007). Fourthly, the study

could have benefited from comparisons with additional

parent groups such as parents of children with intellectual

or learning disabilities (e.g., Abbeduto et al. 2004), or other

chronic medical or mental health conditions (e.g., Wang

et al. 2011). This could help tease out parenting stress ef-

fects unique to parents of children with ASD for closer

examination (Hayes and Watson 2012). Finally, due to the

nature of convenience sampling for parents of children

with ASD, sample characteristics for comparison groups

(i.e., Autism, Asperger’s Syndrome, PDD-NOS and typical

development) could not be precisely matched to minimize

secondary influences from demographical variables. In this

study, significant differences were observed in parent’s and

child’s age, and in child’s gender, when comparing be-

tween parents in the ASD and typical development groups,

although these differences did not affect interpretation of

study results significantly. Previous research suggested

potential moderating effects of child’s age and gender on

parental psychological outcomes (e.g., Mandell and Salzer

2007; Smith et al. 2008). Therefore, for a more detailed

understanding of the effects of demographical factors on

parental stress outcomes and coping, future studies may use

well-matched comparison groups or track parent responses

across several time points in the child’s developmental

trajectory (Gray 2006; Griffith et al. 2010).

Conclusion

Parents of children with ASD experienced significantly

more parenting stress and depression symptoms, and en-

gaged in more maladaptive coping, than parents of

typically developing children. While parenting stress ef-

fects were consistently observed among different groups of

parents in this study, parental coping on the other hand

could be sensitive to cultural influences or caregiving de-

mands from the environment. Healthcare professionals are

thus reminded to stay mindful of parents’ mental health

statuses and individual caregiving needs when providing

services to families of children with ASD.
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Abstract
Deep brain stimulation (DBS) is a medical treatment that aims to obtain 
therapeutic effects by applying chronic electrical impulses in specific brain 
structures and neurological circuits. Over the years, DBS has been studied for the 
treatment of many psychiatric disorders. Scientific research on the use of DBS in 
people with autism has focused this interest mainly on treatment-resistant 
obsessive-compulsive disorder, drug-resistant epilepsy, self-injurious behaviors 
(SIB), and aggressive behaviors toward the self. Autism spectrum disorder (ASD) 
includes a group of developmental disabilities characterized by patterns of delay 
and deviance in the development of social, communicative, and cognitive skills 
and the presence of repetitive and stereotyped behaviors as well as restricted 
interests. People with autism often have numerous medical and psychiatric 
comorbidities that worsen the quality of life of patients and their caregivers. 
Obsessive-compulsive symptoms can be found in up to 81.3% of people with 
autism. They are often severe, refractory to treatment, and particularly difficult to 
treat. SIB has a high prevalence in severely retarded individuals and is often 
associated with autism. Drug treatment of both autism and SIB presents a 
therapeutic challenge. To describe the current state of the art regarding the 
efficacy of DBS in people with ASD, a literature search was conducted for relevant 
studies using the PubMed database. Thirteen studies have been considered in this 
paper. Up to date, DBS has been used for the stimulation of the nucleus 
accumbens, globus pallidus internus, anterior limb of the internal capsule, ventral 
anterior limb of the internal capsule, basolateral amygdala, ventral capsule and 
ventral striatum, medial forebrain bundle, and posterior hypothalamus. In the 
total sample of 16 patients, 4 were adolescents, and 12 were adults. All patients 
had symptoms resistant to multiple drug therapy. Many patients taken into 
consideration by the studies showed clinical improvements as evidenced by the 
scores of the psychopathological scales used. In some cases, clinical improvements 
have varied over time, which may require further investigation. Among the new 
therapeutic perspectives, DBS could be a valid option. However, further, and 
more in-depth research is needed in this field.
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resistant; New therapeutic perspectives
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Core Tip: Deep brain stimulation (DBS) is a medical treatment that aims at obtaining therapeutic effects by 
applying chronic electrical impulses in specific brain structures and neurological circuits. Autism spectrum 
disorder comprises a group of developmental disabilities that are often associated with numerous medical 
and psychiatric comorbidities that worsen the quality of life of patients and their caregivers. Comorbidities 
often require multiple drug treatments with an increasing rate of treatment resistance. Thirteen studies 
have been considered in this paper. Up to date, DBS has been used for the stimulation of the nucleus 
accumbens, globus pallidus internus, anterior limb of the internal capsule, ventral anterior limb of the 
internal capsule, basolateral amygdala, ventral capsule and ventral striatum, medial forebrain bundle, and 
posterior hypothalamus. In the total sample of 16 patients, 4 were adolescents (all males), and 12 were 
adults (5 males and 7 females). All patients had symptoms resistant to multiple drug therapy. Only one 
patient was considered not a responder to DBS. Among the new therapeutic perspectives, as evidenced by 
the studies presented in this article, DBS could be a valid option. However, further, and more in-depth 
research is needed in this field.

Citation: Marini S, D'Agostino L, Ciamarra C, Gentile A. Deep brain stimulation for autism spectrum disorder. 
World J Psychiatry 2023; 13(5): 174-181
URL: https://www.wjgnet.com/2220-3206/full/v13/i5/174.htm
DOI: https://dx.doi.org/10.5498/wjp.v13.i5.174

INTRODUCTION
Deep brain stimulation (DBS) is a medical treatment that aims at obtaining therapeutic effects of certain 
neurological and psychiatric disorders by applying chronic electrical impulses in specific brain 
structures and neurological circuits[1]. The modern beginning of DBS can be traced back to the work of 
Benabid, Pollak, and colleagues at the Joseph Fourier University in Grenoble in the 1980s[2], based on 
several decades of clinical work and biophysical discoveries[3]. The clinical success of DBS has opened 
the door to other neurostimulation therapies such as transcranial magnetic stimulation and has 
motivated an intense analysis of the neural circuits affected by neurological disorders such as 
Parkinson's disease[4]. The first use of DBS for a psychiatric indication was published by Nuttin et al[5] 
in 1999. Over the years, DBS has been studied for the treatment of obsessive-compulsive disorder (OCD)
[6], tardive dyskinesia (TD)[7], treatment-resistant depression[8-10], Tourette's syndrome[11], treatment-
refractory anorexia nervosa[12].

Autism spectrum disorder (ASD) includes a group of developmental disabilities characterized by 
patterns of delay and deviance in the development of social, communicative, cognitive skills and the 
presence of repetitive and stereotyped behaviors as well as restricted interests[13]. In addition to core 
symptoms, people with ASD often have numerous medical and psychiatric comorbidities that worsen 
the quality of life of patients and their caregivers[14]. Obsessive-compulsive symptoms can be found in 
up to 81.3% of people with ASD. They are often severe, refractory to treatment, may be clinically 
confused with core symptoms of ASD, and are particularly difficult to treat[15,16].

Self-injurious behavior (SIB) has been defined as “behavior which produces physical injury to the 
individual’s own body”[17]. SIB has a high prevalence in severely retarded individuals and is often 
associated with autism. Indeed, up to 42% of people with autism may exhibit repetitive SIBs[18]. 
Additionally, over 75% of children with SIB will have these behaviors persist into adulthood sometimes 
resulting in serious harm and even death[19-21].

In approximately two-thirds of cases, SIB is maintained by social variables[22], while in approx-
imately one-quarter of cases, SIB occurs independently of social consequences [automatic reinforcement 
subtype, automatically maintained SIB (ASIB)][23]. ASIB is considered the most challenging subtype to 
treat, because the events that cause and maintain it are not known. Currently, ASIB is classified into 
three subtypes[24,25]. Subtype 1 ASIB is characterized by higher rates of SIB in conditions with minimal 
external stimulation. Subtype 2 ASIB is characterized by high or variable rates of SIB across high and 
low stimulation conditions. Subtype 3 ASIB is characterized by the presence of self-restraint[26].

Drug treatment of both autism and SIB presents a therapeutic challenge. Some drugs such as 
risperidone, aripiprazole, and fluoxetine have shown positive efficacy evidence for treating irritability in 
people with ASD but not for specifically reducing self-harm[27-30]. Currently, the most successful 
therapeutic strategies for SIBs are based on applied behavioral analysis techniques[31,32] combined 
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with pharmacological treatments with neuroleptics, mood stabilizers, sedatives, but some patients 
remain refractory[33].

The present work aims to describe the current state of the art regarding the efficacy of DBS in people 
with ASD.

A literature search was conducted for relevant studies using PubMed database. In drafting this paper, 
the authors decided to consider the published articles, classifying them according to the brain regions 
stimulated by DBS and not according to the pathologies treated.

There are clinical studies on animal models in the literature, but in this article, we will only consider 
human clinical studies, as we are more interested in the usefulness and efficacy of DBS in clinical 
practice.

Scientific research on the use of DBS in people with autism has focused this interest mainly on 
treatment-resistant OCD, drug-resistant epilepsy (DRE), SIBs, and aggressive behaviors toward self. 
Four studies in the literature have used DBS to treat OCD and other comorbidities in people with ASD
[34-37] (see Table 1). Five studies investigated the efficacy of DBS in the treatment of SIB in people with 
autism[38-42]. A protocol for the application of DBS in children and young adults has recently been 
published, but the results are not yet available[43]. Furthermore, Heiden et al[44] published a 
retrospective study of the use of DBS in ten patients, including two patients with autism, but the results 
were not extrapolated for the different pathologies. This makes it impossible to consider the efficacy of 
DBS in the autistic patients included in the study. Torres et al[45] also published a study on the use of 
DBS for aggression in 7 patients, 5 of whom had autism. The results were not divided for a single 
patient not allowing to identify of the efficacy of DBS for autistic patients. Recently Benedetti-Isaac et al
[46] published a follow-up study on the use of DBS in 5 pediatric autistic patients with aggressive 
behaviors resistant to drug therapy, but the results were not divided by single patient.

In the total sample of 16 patients, 4 were adolescents (all males), and 12 were adults (5 males and 7 
females). All patients had symptoms resistant to multiple drug therapy. Generally, treatment resistance 
consists of three core components: Correct psychiatric diagnosis, adequate treatment, and symptoms not 
responding adequately despite treatment[47].

USE OF DBS IN PEOPLE WITH AUTISM
In patients with autism, the literature published so far has used DBS for the stimulation of the nucleus 
accumbens (NAc), Globus Pallidus internus (GPi), anterior limb of internal capsule (ALIC), ventral 
ALIC (vALIC), basolateral amygdala, ventral capsule and ventral striatum, medial forebrain bundle 
(MFB), posterior hypothalamus (PHyp).

Three studies[33,34,39] have applied DBS to the NAc of people with autism and numerous 
comorbidities. Past literature has shown that the NAc may be a key structure for the control of OCD 
symptoms[48,49], in modulating aggression[50], and in improving the response to social stimuli in ASD
[51].

Segar et al[34] showed the efficacy of DBS in a 24-year-old female patient with Kleefstra Syndrome 
with comorbidities of ASD, OCD, and Tourette-like symptoms. The clinical improvements mainly 
concerned the patient's compulsive behaviors, coprolalia, language, and social interaction, with marked 
improvement in the global assessment of functioning scores.

In 2019, Doshi et al[35] reported a 42-year-old woman with autism who underwent bilateral NAc DBS 
for control of severe OCD and aggression (violent outbursts against others and hitting and injuring 
others and herself) refractory to pharmacological treatments. In the days following the surgery, the 
patient had shown a marked difference in her behavior and eye contact, and appropriate laughter. 
Clinical improvements were consistent with improvements in administered psychopathology scale 
scores [Yale-Brown obsessive-compulsive scale (Y-BOCS), Hamilton depression scale, Hamilton anxiety 
scale, and social communication questionnaire].

Park et al[40] observed remarkable clinical improvements in a 14-year-old boy with ASD and SIB 
treated with bilateral NAc DBS. The clinical improvements (assessed with the Y-BOCS, clinical global 
impression scale, attention deficit hyperactive disorder rating scale, and social responsiveness scale), 
were accompanied by functional and structural changes in the brain after DBS, demonstrated using 
fluorodeoxyglucose positron emission tomography/computed tomography imaging. Furthermore, at 
the 2-year post-operative evaluation, the boy showed improved language comprehension and 
expression skills, and improved eye contact.

Two studies[38,41] have applied GPi DBS to people with autism to improve movement impairments. 
Stocco et al[39] applied GPi DBS to two people with ASD, severe stereotypies, and SIB (one patient 
simultaneously received DBS in GPi and the Anterior limb of the internal capsule). Only the patient who 
received GPi DBS had maintained clinical improvements over time, even reducing drug therapy. As 
suggested by the authors, GPi DBS may provide relief for severe pharmacologically unresponsive 
stereotypies in some patients. Indeed, the characteristics of the ideal patient to be subjected to DBS 
should be better explored.
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Table 1 Summary of deep brain stimulation studies for autism spectrum disorder

Ref. Patients’ 
age/sex

Diagnosis and 
comorbidities

Indications for 
DBS DBS targets Pre-BDS 

scores
Post-BDS 
scores Main outcomes

Segar et al[34] 24, F KS, OCD, ASD, 
epilepsy

Biting hands, 
picking skin

NAc GAF 20 GAF 50-60 Clinical 
improvements mainly 
for compulsive 
behaviors, coprolalia, 
language and social 
interaction

Doshi et al[35] 42, F OCD, ASD, 
epilepsy

OCD, aggression NAc Y-BOCS 19, 
HAMD 20, 
HAS 30, SCQ 
26

Y-BOCS 5, 
HAMD 15, HAS 
18, SCQ 16

Marked 
improvements in 
OCD symptoms, 
aggressive behavior, 
eye contact and 
appropriate laughter

Park et al[40] 13, M ASD, Develop-
mental Delay

Self-mutilation, 
face-hitting 

NAc CGI-S 6; ABC 
106; CY-
BOCS 22; K-
ARS 54; SRS 
101

CGI-S 4; ABC 40; 
CY- BOCS 7; K-
ARS 36; SRS 98

Decreased in SIB and 
improvement in 
verbal communication

19, F ASD, ID, 
monosomy 2q and 
trisomy 20p

Self-picking, 
Severe 
stereotypes

GPi JHMRS 46 JHMRS 4 Marked improvement 
in the SIB and 
dystonia

Stocco et al
[39]

17, M ASD, ID, anxiety Punching of 
arms and legs, 
biting, Severe 
stereotypes

GPi and ALIC JHMRS 67 JHMRS 19 Substantial initial 
improvement in SIB, 
but the benefit 
disappeared after 6 
mo and was not 
regained 

Kakko et al
[42]

19, M ASD, ID, epilepsy, 
TD

Aggression, self-
mutilation, 
lacerations

GPi NR NR TD symptoms were 
markedly improved. 
The anxiety, 
behavioral symptoms 
had ceased

Sturm et al[38] 13, M Kanner’s Autism, 
ID, infantile 
cerebral palsy

Self-aggression Basolateral 
amygdala

Parental 
score of 6

Parental score of 
2

Decreased in SIB and 
core symptoms of the 
autism spectrum in 
the emotional, social, 
and cognitive 
domains

Davis et al[36] 44, M OCD, ASD, MDD, 
tics, epilepsy

OCD, aggression Ventral 
capsule/ventral 
striatum

Y-BOCS, 
MADRS, 
YGTSS

Y-BOCS, MADRS 
and YGTSS 
scores decreased 
by 68%, 66%, and 
75% respectively 

The clinical 
improvements were 
maintained, albeit 
with fluctuations, 
after 3 yr. No effect on 
core symptoms of 
ASD

39, F OCD, ASD, 
Depressive 
episodes

OCD vALIC Y-BOCS 33, 
HAMD 27

Y-BOCS 12, 
HAMD 7

50% reduction of 
OCD symptoms 
following DBS, 
especially obsessions

54, F OCD, ASD OCD vALIC, then MFB Y-BOCS 38, 
HAMD 30

Y-BOCS 18, 
HAMD 4

Initially did not 
benefit from DBS. 
Thereafter OCD 
symptoms improved 
and decreased by 
more than 50%

32, M OCD, ASD, ADHD OCD, aggressive 
intrusions

vALIC Y-BOCS 31, 
HAMD 18

Y-BOCS 23, 
HAMD 12

Partial responder 
probably due to 
several transient side 
effects of DBS

31, F OCD, ASD, DD, 
OCPD, AN

OCD vALIC Y-BOCS 34, 
HAMD 30

Y-BOCS 32, 
HAMD 27

Only some subjective 
improvements

Obsessive-compulsive 
symptoms 
disappeared entirely. 
Improved confidence 
and less social 

Graat et al[37]

51, M OCD, ASD OCD MFB Y-BOCS 34, 
HAMD 5

Y-BOCS 0, 
HAMD 2
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shyness

30, F OCD, ASD, PDD, 
GAD, UPD

OCD, MFB Y-BOCS 34, 
HAMD 23

Y-BOCS 22, 
HAMD 22

35% reduction of 
OCD symptoms 
following DBS

27, M ASD, TBI, epilepsy Aggressive 
behavior 
towards self

PHyp OAS 9 OAS 1 Improvements in 
seizures, in aggressive 
behavior, in quality of 
life, in daily living 
skills

Benedetti-
Isaac et al[41]

16, M ASD, epilepsy, 
Developmental 
Delay

Self-aggression PHyp OAS 8 OAS 1 Aggressive behavior 
controlled for a 
month. After 2 mo it 
reappeared as before 
surgery 

ABC: Antecedent, behavior, consequence; ADHD: Attention deficit hyperactive disorder; ALIC: Anterior limb of internal capsule; AN: Anorexia nervosa; 
ASD: Autism spectrum disorder; CGI-S: Clinical global impressions-severity; CY-BOCS: Children’s Yale-Brown obsessive-compulsive scale; DBS: Deep 
brain stimulation; DD: Depressive disorder; F: Female; GAD: Generalized anxiety disorder; GAF: Global assessment of functioning; GPi: Globus Pallidus 
internus; HAMD: Hamilton depression scale; HAS: Hamilton anxiety scale; ID: Intellectual disability; JHMRS: Johns Hopkins motor stereotypy rating scale; 
K-ARS: Korea attention deficit hyperactive disorder rating scale; KS: Kleefstra syndrome; M: Male; MADRS: Montgomery-Asberg depression rating scale; 
MDD: Major depressive disorder; MFB: Medial forebrain bundle; NAc: Nucleus accumbens; NR: Not reported; OAS: Overt aggression scale; OCD: 
Obsessive-compulsive disorder; OCPD: Obsessive-compulsive personality disorder; PDD: Persistent depressive disorder; PHyp: Posterior hypothalamus; 
SCQ: Social communication questionnaire; SRS: Social responsiveness scale; TBI: Traumatic brain injury; TD: Tardive dyskinesia; UPD: Unspecified 
personality disorder; vALIC: Ventral anterior limb of the internal capsule; Y-BOCS: Yale-Brown obsessive-compulsive scale; YGTSS: Yale global tic severity 
scale.

Tardive dyskinesia (TD) is probably the most severe form of extrapyramidal symptoms (EPS) 
secondary to antipsychotic drugs, manifesting usually after months or years of therapy with involuntary 
choreiform movements and dystonia, frequently affecting the face and tongue[52]. While there are drug 
treatments for TD, it is often chronic and irreversible. Furthermore, patients with intellectual disabilities 
(ID) are more susceptible to EPS[53]. Past literature has shown encouraging evidence of DBS in the 
treatment of dystonic cerebral palsy in children[54]. GPi DBS in a young adult diagnosed with ASD and 
ID markedly improved TD symptoms[42]. The anxiety, restlessness, behavioral symptoms, and self-
destructive behavior have ceased. Furthermore, the patient's skills, especially communication skills, 
have returned to the level before the presentation of aggressive seizures.

In 2013 Sturm et al[38] treated a 13-year-old boy with ASD and SIB with DBS in the amygdaloid 
complex and supra-amygdaloid projection system. The implantation of the electrodes in the two areas 
had been made necessary to testify that possible mechanical irritations, micro-lesions or inflammations 
in the projections of the amygdala were not effective in controlling the symptoms. Only stimulation of 
the basolateral nucleus of the amygdala proved effective in improving self-harm and core symptoms of 
ASD in the emotional, social, communicative, and cognitive domains in a 24-mo follow-up.

Davis et al[36] subjected a 44-year-old man with treatment-resistant OCD, major depressive disorder, 
ASD, and tics to DBS. DBS targets were represented by the ventral capsule and ventral striatum. After 3 
years, the clinical improvements obtained within 6 mo of the surgery were maintained, albeit with 
fluctuations. Indeed, the scores on the Y-BOCS and the Montgomery-Asberg depression rating scale 
indicated that his symptoms were in the mild range, while the scores on the Yale global tic severity scale 
were much improved. On the other hand, as expected by the authors, full resolution of symptoms was 
never achieved and the patient continued to experience the clinical features of ASD.

In 2022, Graat et al[37] published the results of six patients with refractory OCD comorbid with ASD 
who underwent DBS of the vALIC or MFB. The efficacy of DBS on obsessive-compulsive and depressive 
symptoms was tested with the Y-BOCS and the Hamilton depression rating scale, respectively. 
Considering Y-BOCS scores, four patients were responders (> 35% decrease Y-BOCS), one patient was a 
partial responder (25%–35% decrease Y-BOCS) probably due to transient side effects of DBS, and one 
patient was a non-responder (< 25% decrease Y- BOCS), even though she had subjective symptom 
improvements.

After considering previously published studies[55,56] on the evidence of surgical treatment of the 
PHyp in aggressive drug-resistant behaviors, Benedetti-Isaac et al[41] published the results of PHyp DBS 
in 5 patients with DRE associated with intractable aggressive behavior. Only two patients among those 
recruited were also affected by ASD. A 27-year-old man with ID associated with severe autism, reported 
improvement in quality of life, better access to special education, and improvements in daily living 
activities. On the other hand, the aggressive behavior of a 16-year-old boy with ID and severe autism, 
was partially controlled for a month, but after 2 mo it reappeared as before surgery despite stimulation.

Only one study[37] reported adverse effects of DBS. One patient showed severe transient side effects: 
an infection of the DBS system that required removal of the system and, at a later stage, a suicide 
attempt (overdosed of quetiapine). Suicidality resolved without changing stimulation settings. Other 
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transient adverse effects were represented by restlessness, hypomania, tics, impulsivity, agitation, 
forgetfulness, cramp/joint pain, headache, memory complaints, agitation, hallucinations, and delusions.

CONCLUSION
The multiple comorbidities associated with ASD and the drug resistance in some patients lead to a 
decrease in the quality of life of patients and their family members or caregivers. To date, DBS has been 
used in people with autism solely to treat comorbid conditions. Despite encouraging results for the 
treatment of drug-resistant diseases, positive effects on core symptoms of ASD have only occasionally 
been reported. Finding new and innovative treatments is a fundamental aspect for those who take care 
of people with autism and comorbid conditions resistant to conventional treatments. Among the new 
therapeutic perspectives, as highlighted by the studies presented in this article, DBS could be a valid 
option to improve the management of disabling pathologies comorbid with autism and consequently 
the quality of life. However, further, and more in-depth research is needed in this field.
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SUMMARY

The determination and characterization of a cannabinoid receptor
from brain are reported. A biologically active bicyclic cannabinoid
analgetic CP-55,940 was tntium-Iabeled to high specific activity.
Conditions for binding to rat brain P2 membranes and synapto-
somes were established. The pH optimum was between 7 and
8, and specific binding could be eliminated by heating the mem-
branes to 60#{176}.Binding to the P2 membranes was linear within
the range of 1 0 to 50 �g of protein/mi. Specific binding (defined
as total binding displaced by 1 �M �9-tetrahydrocannabinol (�9�

THC) or 1 00 nM desacetyllevonantradol) was saturable. The Kd
determined from Scatchard analysis was 133 pM, and the Bmax

for rat cortical P2 membranes was 1 .85 pmol/mg of protein. The
Hill coefficient for [3H]CP-55,940 approximated 1 , indicating that,
under the conditions of assay, a single class of binding sites was
determined that did not exhibit cooperativity. The binding was
rapid (k00 2.6 x 1 0� pM� min�) and reversible (K� 0.016
min�) and (k06’ > 0.06 min�). The two Kd values estimated from

the kinetic constants approximately 55 �M and exceeded 200
pM, respectively. The binding of the agonist ligand [3H]CP-55,940
was decreased by the nonhydrolyzable GTP analog guanylylim-
idodiphosphate. The guanine nucleotide induced a more rapid
dissociation of the ligand from the binding site, consistent with
an allostenc regulation of the putative receptor by a G protein.
The binding was also sensitive to MgCI2 and CaCI2. Binding of
[3H]CP-55,940 was displaced by cannabinoid drugs in the follow-
ing order of potency: CP-55,940 � desacetyllevonantradol > 11-
OH-�9-THC = �9-THC > cannabinol. Cannabidiol and cannabi-
gerol displaced [3H]CP-55,940 by less than 50% at 1 �M con-
centrations. The (-)-isomer of CP-55,940 displaced with 50-fold
greater potency than the (+)-isomer. This pharmacology is com-
parable to both the inhibition of adenylate cyclase in vitro and
the analgetic activity of these compounds in vivo. The criteria for
a high affinity, stereoselective, pharmacologically distinct can-
nabinoid receptor in brain tissue have been fulfilled.

Various preparations of Cannabis sativa (marihuana) have

traditionally been used therapeutically and for their psycholog-

ical manifestations [see reviews by Hollister (1) and Dewey

(2)]. �\9-THC is the major compound in extracts of cannabis to

have effects on the CNS (3). The predominant CNS responses

to �\9-THC include analgesia and antiemesis, as well as a
“psychological high,” drowsiness, alterations in cognition and

memory, and a decrement in psychomotor performance in

humans (1, 2). Animal behavioral patterns associated with

cannabinoid drug actions include altered behavior in monkeys,

a characteristic static ataxia in dogs, and hypothermia, anal-
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gesia, a typical cannabinoid immobility, and a biphasic change

in spontaneous locomotor activity in rodents (3). Although

extensive structure-activity relationships have been studied in

humans and in these animal models (3), the actions of canna-

binoid drugs in the brain remain poorly understood. At the

present time, very little is known concerning the neuroanatom-

ical location of cells responsive to cannabinoid drugs, the clas-

sical neurotransmitter pathways that may interact with can-

nabinoceptive cells, or the effects that cannabinoid drugs have

on neurons in the CNS.

One reason for our lack of insight Concerning the actions of

cannabinoid drugs in the CNS is that a clearly defined cellular

mechanism(s) for this class of drugs has remained elusive [see

Ref. 4 for a thorough evaluation). Our recent studies have

overcome this obstacle by demonstrating that the centrally

active cannabinoid drugs inhibit adenylate cyclase activity in a

model neuronal system (5, 6). The ability of cannabinoid drugs
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Materials. The natural cannabinoid drugs were provided by the

to regulate adenylate cyclase was determined to be related to

the ability of these compounds to produce CNS effects in

humans and animal models (7, 8). The response could be

produced at submicromolar concentrations (7, 8) and thus
would be consistent with drug levels that might be expected to

be present in the brain during peak activity (9-11). Using a

series of cannabinoid compounds, developed at Pfizer Central

Research for their analgetic activity (12), enantioselectivity

was demonstrated for the inhibition of adenylate cyclase that
paralleled the isomeric selectivity exhibited in analgetic tests

in animals (8). The inhibition of adenylate cyclase occurred
only in certain cell types (13, 14), arguing that the effect on

adenylate cyclase was not a universal phenomenon such as

would be expected of cannabinoid-induced membrane fluidity

changes. Further studies clearly demonstrated the requirement
for G1 (6, 13), a guanine nucleotide regulatory protein that

mediates the responses of hormone receptors to ultimately

decrease adenylate cyclase activity. The evidence accrued from
these studies strongly suggested the presence of pharma-

cologically unique cannabinoid receptors on the cultured neu-
ronal cells. Logically, neurons in the CNS should also possess

cannabinoid receptors.
The tools to search for a cannabinoid receptor in the brain

were not available until recently. The relatively low potency

and tendency to partition into biological membranes suggest
that �9-THC is a poor candidate for a radiolabeled ligand for
the detection and characterization of cannabinoid receptors.

�9-THC was able to inhibit adenylate cyclase with a K10h of 430

nM (7). It might be expected that radioactively labeled �9-THC
would have an affinity for cannabinoid receptors in the nano-

molar range and would bind to receptors estimated to be present

in the brain in the range of fmoles per milligram of tissue.

Reports of the membrane/buffer partition coefficient for i�-

THC have ranged from 400 (15) to 12,500 (16). It can be

calculated that the amount of labeled z�9-THC binding to
receptors could potentially be 5 or 6 orders ofmagnitude smaller

than the amount that would be expected to partition into

membranes.

A collaborative interaction between our laboratories has al-
lowed the investigation of cannabinoid receptors in the brain
using a highly potent analgetic bicyclic cannabinoid compound,

CP-55,940 (8, 12). This structure is one ofa series of compounds
that conform to a postulated three-point agonist-receptor in-
teraction model proposed for the cannabinoid association with
the CNS receptor that mediates analgesia (12). The important

functional groups for agonist-receptor interaction were pro-

posed to be 1) the C-ring hydroxyl, 2) the phenolic A-ring

hydroxyl, and 3) the A-ring alkyl side chain. These same

functional groups were found to be required for the inhibition

of adenylate cyclase in vitro (8). The regulation of adenylate
cyclase by CP-55,940 was found to exhibit a K10h of 25 nM, and

the (-)-isomer was found to be 200-fold more potent than the

poorly analgetic (+)-isomer (8). The high affinity and enantio-

selectivity exhibited by CP-55,940 made it a potentially useful

radioligand for binding studies to characterize the cannabinoid

receptor. The studies reported here describe the binding site
for [3H]CP-55,940 and provide convincing evidence that this
binding site is the elusive cannabinoid receptor.

Experimental Procedures

National Institute on Drug Abuse. DALN and the isomers of CP-55,940

were synthesized at Pfizer Central Research. Cannabinoid drugs were
stored as 10 mM stock solutions in absolute ethanol at -20�. Drugs

were initially diluted to 20 �M in 9.4 mg/ml fatty acid-deficient bovine

serum albumin using Regisil-treated glassware. All subsequent dilu-

tions were made into a vehicle containing 5 mg/ml bovine serum
albumin.

[3H)CP-55,940 was radiolabeled at DuPont NEN by tritiuin reduc-
tion, in the presence of a Pd catalyst, of a double bond between carbons

2 and 3 of the A-ring alkyl side chain (Fig. 1). Labile tritium was
removed by several washes with methanol. Product was purified by

high performance liquid chromatography on a 25-cm Zorbax ODS
column using the solvent system CH3CN/25 mM NaH2PO4, pH 4.3

(65:35). Purified material was judged by high performance liquid chro-
matography to be greater than 97% chemically pure. The specific
activity was determined to be 93.4 Ci/mmol, using the UV absorbance

to quantitate the yield of product. Tritium exchange with labile hydro-

gens probably accounts for the labeling in excess of the theoretical

specific activity. [3H]CP-55,940 was stored at 1 mCi/mi in ethanol at

-80’ for long term storage and at �20* for routine usage. Purity of the

stored material was monitored by thin layer chromatography on silica

gel GHLF plates using the solvent system ether/isopropanol (98:2).
Biological activity of the radioligand was also monitored. [3H]CP-

55,940 was able to inhibit the adenylate cyclase activity of N18TG2

membranes in a dose-dependent manner, using the protocol previously

described (6) (data not shown).
Membrane preparations. Male Sprague-Dawley rats weighing 250

to 370 g were decapitated, and the brains were rapidly removed and

dissected on ice. Unless indicated, all results reported were obtained

with a washed P2 preparation prepared as follows. The entire cortices

of two or three rats were homogenized with a Dounce glass homogenizer

in 45 ml of a solution consisting of 320 mM sucrose, 2 mM Tris.EDTA,

and 5 mM MgCl2. The homogenate was centrifuged at 1600 x g for 10
mm. The supernatant was saved, and the pellets were washed twice as

above. The combined supernatant fractions were then centrifuged at
39,000 x g for 15 mm. The pellet was resuspended in 90 ml of buffer A
(50 mM Tris.HC1, pH 7.0 at 30*, 2 mM Tris.EDTA, 5 mM MgCl2),

incubated at 37* for 10 mm, and centrifuged at 23,000 x g for 10 mm.

The membranes were resuspended in buffer A, incubated at 30* for 40
mm, and centrifuged at 11,000 x g for 15 mm. These two washing steps

were found to be important for observing a single homogeneous binding
site in equilibrium studies (see Results). The final pellet was resus-

pended in buffer B (50 mM Tris. HC1, pH 7.4 at 30, 1 mM Tris . EDTA,

3 mM MgCl2) at a protein concentration of 4 to 5 mg/ml and stored at

-80. Storage for up to 6 weeks had no noticeable effect on binding.

Protein values were determined by the method of Bradford (17) using
bovine ‘y-globulin as the standard. Some of the studies were also

performed using a synaptosomal preparation derived from the hippo-

campus plus prefrontal cortex of the rat. The synaptosomal preparation

was made following the protocol of Dodd et al. (18) with several

modifications. The initial homogenization was performed using a 50-

ml Dounce glass homogenizer and the homogenate was centrifuged in

50-ml tubes at 1600 x g for 10 mm. The differential sedimentations

over 1.2M and 0.8M sucrose were performed at 50,000 rpm in a Beckman

Ti50 rotor for 12 mm. The final synaptosomal pellet was resuspended

to 5 mg/ml protein in a buffer containing 25 mM Tris . HC1, pH 7.4, 1

mM Tris . EDTA, and 16.6 mM sucrose and was stored at -80.

Ligand binding assays. Ligand binding assays were performed in

Regisil-treated test tubes in a volume of 1 ml containing buffer B,

radioligand, and cannabinoid drugs as specified. The incubation was

started by the addition of 20 to 50 �.sg of membrane protein. With the

exception of the kinetic experiments, all reactions were carried out at

30’ for 50 mm. After incubation, the samples were transferred to 1.5-

ml polypropylene microfuge tubes and immediately centrifuged for 9

mm at 13,000 x g. After centrifugation, the supernatant was aspirated

and counted to determine the concentration of free [3H]CP-55,940.

The microfuge tubes were drained on drying pins for 30 mm, after
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which the tips of the tubes were sliced, using a heated spatula and a

cutting block designed to ensure that the cut tips were of identical size.
The tips were then placed in scintillation vials and submersed in 2 ml
of a solubilizing solution (5% ethanol, 5% Triton X100, 0.2 N NaOH).

The vials were then shaken for at least 4 hr in order to dissolve the

pelleted membranes. Scintillation cocktail (10 ml) was added to each
vial and the radioactivity was determined using a Beckman LS1800
with an efficiency for tritium of 30%. Nonspecific binding to the

microfuge tip was assessed in control tubes having radioligand but no
protein (typically 2% to 3% of the total radioactivity available in the
incubation medium). Subtracting this value from total binding gave
the total binding in the pelleted membranes. Specific binding was
defined as the difference between total binding to the membranes in
the absence and presence of either 100 nM DALN or 1 �M �9-THC.
Nonspecific binding to the membranes was typically 15% to 30% of
the total binding to the membranes, dependent upon the membrane

and ligand concentrations (see Fig. 2). Assays were carried out in
triplicate with an average coefficient of variation for the samples of

2.5%, and experiments were repeated at least three times.
Metabolism of [3HJCP-55,940. To determine whether [3H]CP-

55,940 was metabolized during the binding assay, 40 �g of membrane
protein were incubated with 70 pM [3H]CP-55,940 for 90 mm at 30* in

the standard assay buffer described above. After centrifugation, the
supernatant and the pellet were separated and the radioactivity was
extracted from each using ether. After drying with N2 gas, the samples

and an unincubated [3H]CP-55,940 control were resuspended in abso-
lute ethanol, and thin layer chromatography was performed using the

procedure described above. The plate was sprayed with EN3HANCE
(NEN, Boston, MA), placed against Kodak X-Omat film and stored at

_80* for 6 days. Upon developing, a single band was observed for the
samples which comigrated with the control. These studies demon-
strated that neither the free nor bound [3H]CP-55,940 was metabolized
or chemically modified during the assay procedure.

Results

Conditions for cannabinoid receptor binding. Initial
studies addressed the separation of unbound ligand from bound

radiolabeled ligand. In agreement with the experience of Roth
and Williams (16) and Harris et al. (19) using THC as the

labeled ligand, separation of free [3H]CP-55,940 using a filtra-

tion technique met with little success. The binding of ligand to

glass fiber and cellulose nitrate or cellulose acetate filters was

excessive and varied with the concentration of radioligand

added. Treatment of the filters with various organic solvents,
detergents, polyethyleneimine, or bovine serum albumin did
not provide acceptable conditions for separation. Separating

the free [:3H]Cp55940 by adsorption onto dextran-coated char-

coal was also unsuccessful (see also Ref. 19). Optimal conditions

were achieved using the sedimentation procedure described

above. The incubations were performed in Regisil-treated glass

tubes in an effort to minimize the adsorption of cannabinoid

compounds to the surface (20). Similarly, the presence of bovine

serum albumin in the incubation mixture would also effectively

decrease the amount of cannabinoid drug bound to the glass-

ware (16). Any alterations in the free concentration of [3H]CP-
55,940 resulting from adherence to the glassware during the

incubation were accounted for by determining the exact amount

of radiolabeled ligand in the supernatant and adhering to the

microfuge tube after the sedimentation for each assay.

To determine the optimal incubation conditions for binding,

several different buffers were tried at various concentrations

and pH values. Of the buffers tested, including K� HEPES,

KW-tris[Hydroxyrnethyl]methyl-2-aminoethanesulfonate, K�
phosphate, and imidazole Ct, none performed any better than

50 mM Tris C1. Optimal binding was observed between pH 7

and 8, with specific binding of only 60% of optimal at pH 6 or 9

(data not shown). The phenolic moiety of [3H]CP-55,940 might

be expected to have a pK in the vicinity ofpH 10. The 40% loss

of specific binding observed between pH 8 and 9 cannot be

entirely accounted for by a modification of the ligand. The pH

requirement can be postulated to aLso reflect the optimal pH for

amino acids that would interact with the ligand or be required

to maintain the optimaiprotein conformation.

Under the experimental conditions used, linear binding ex-

tended from 10 to 50 j.tg/ml of protein for the P2 membrane

preparation (data not shown). Experiments were routinely con-

ducted using 20 to 40 �g/ml P2 protein, and in this range specific

binding typically represented 85% of the total binding. Specific

binding was linear through 120 to 150 �g/ml of protein for the

synaptosomalpreparation (data not shown). As the concentration

of membranes was increased, there was a decline in the percent-

age of the total binding that could be described as specific.

Thermolability of the specific binding was demonstrated.

Membrane preparations that were incubated at 600 for 12 mm

before assay failed to show significant specific binding (data not

shown). These findings would be consistent with the binding of

[3H]CP-55,940 to a protein component of the membranes that

is subject to thermal denaturation.

Characterization of the [3HJCP-55,940 binding site.
[3H]CP-55,940 binding to cortical membranes was saturable,
whereas nonspecific binding continued to increase with increas-

ing concentrations of [3H]CP-55,940 (Fig. 2A, inset). An ex-

ample of a saturation binding isotherm and the Scatchard plot

obtained therefrom are depicted in Fig. 2. A Kd of 133 ± 11 pM

was obtained by Scatchard transformation (21) of the data

from four experiments (mean ± standard error). The density

of binding sites for the P2 cortical preparation was 1.85 ± 0.26

pmol/mg ofprotein (four experiments). The data were analyzed

by the Hill transformation (21), yielding a straight line (Fig.
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2B, inset). The Kd derived from such analysis was 116 ± 12 pM

and the flH was 0.88 ± 0.08 (four experiments). The observation

that the n� approaches one suggests that a single class of

binding sites is being labeled by [3H]CP-55,940 under the assay

conditions described and that no significant cooperativity exists

among binding sites.

Kinetic analysis of the binding of [3H}CP-55,940 to P2 mem-

branes indicates a rapid association of the ligand with the

receptor (Fig. 3A). Equilibrium was reached rapidly, with

greater than 90% of maximal specific binding attained within

50 mm at 30�. The binding plateau remained stable for at least

2 hr. This is consistent with the determination that the

radioligand is not being metabolized or chemically altered dur-

ing the incubation (see Experimental Procedures). The non-

specific binding component reached steady state at the earliest

time point measurable and underwent no further change

through 3 hr.

The dissociation of the [3H]CP-55,940-receptor complex in-

itiated by the addition of 100 nM DALN is depicted in Fig. 3B.

These studies were performed by establishing equilibrium di-

rectly in the microfuge tubes rather than by transferring the

reaction mixture before sedimentation. Semilog plots suggest

Fig. 2. Equilibrium binding of [3H]CP-
55,940. Membranes (43 /Lg of protein)
were incubated with various concentra-
tions of [3H]CP-55,940. A, The saturation
isotherm of specific binding. Inset; binding

A E’sE\I� of [3H]CP-55,940 in the absence (0) or
‘+L/t�ItJ presence (U) of 1 ;LM DALN. B, Scatchard

transformation of [3H]CP-55,940 binding
data from A with the bound ligand being
expressed in terms of concentration (pM).
This experiment exhibited Kd and Bmax val-
ues of 139 �M and 1 .3 pmol/mg of protein,
respectively. Inset; The Hill transformation
of data from A. F; free drug concentration;
B; specifically bound drug. The Hill coeffi-
cient (nH) was calculated to be 0.90 for this
experiment. The lines drawn represent the
best fit as determined by least squares
linear regression analysis.

that dissociation was not monophasic (Fig. 3B). When the

microfuge tubes were centrifuged immediately upon addition of

100 nM DALN, 20% of the specific binding at equilibrium was

already displaced. It should be noted that the time for complete

sedimentation is 10 mm. However, one would expect that the

major fraction of membranes would have sedimented within

the first 3 mm of centrifugation. Thus, the data obtained for

the earliest time points depicted may represent the displace-

ment occurring during the period of manipulation. Assuming

first-order dissociation (21), the k_1 for the slower component

was 0.016 ± 0.001 min1 (three experiments) (t,. = 45 mm). A

more rapid dissociation could also be discerned, having at t,. �

11 mm (K_1 � 0.06 min�). It is possible that these two kinetic

states may represent interchangeable forms of the receptor.

One mechanism for this may be the transient interaction of

the receptor with G proteins either possessing tightly bound

GDP or free of guanine nucleotides. Evidence for such an

interaction is described below. It is of interest that two binding

affinities were not discernible in the equilibrium binding stud-

ies. In preliminary studies using unwashed P2 membranes, it

was observed that multiple affinity states could be discerned in

equilibrium binding studies (data not shown). An explanation
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Fig. 3. Time course of association (A) and dissociation (B)
of [3H]CP-55,940. [3H]CP-55,940 (81 pM) was incubated
with 28 ;hg of P2 membranes at 30#{176}.A, The times indicated
are those that elapsed between the addition of protein
(start of the reaction) and the start of centrifugation of the
microfuge tubes. Specific and nonspecific binding were
determined with 100 flM DALN as described in Expenmen-
tal Procedures. B, After equilibrium binding of [3H]CP-
55,940 had been reached (70 mm), 100 n� DALN was
added (t = 0) and dissociation was monitored. Data pre-
sented are a first-order representation with B/B0 denoting
the specific binding at the time indicated/specific binding
at t = 0. The results are means of triplicate determinations
from a single representative experiment, which was per-
formed three times.

for these results might be that the population of G proteins
possessing tightly bound GDP could be greater in unwashed

membranes.

The Kd for binding may be calculated from the association

and dissociation rates. The initial rate of association was esti-

mated by assuming that pelleting of the membranes required 3
mm and that the dissociation would not contribute appreciably

to the reaction until after 5 mm of incubation. The k+1 esti-

mated from the initial rate of binding (22) was 3.4 ± 0.76 x
10� pM’ min’ (three experiments). Using this value, the Kd

calculated for the slowly displacing site was 47 pM. The Kd for

the rapidly dissociating site would have to exceed 180 pM. An

alternative treatment of the data would be to estimate a k0h, as

the reaction proceeds to equilibrium using a pseudo-first-order

method (21, 22). Using the slower dissociation rate, the k+, may

be calculated to be 2.6 ± 0.2 x 10� pM’ min’ and the Kd

would be 62 pM. Although both of these methods for estimating

the k+1 (and thus the Kd values) have theoretical and method-

ological limitations, the kinetic estimates of the Kd are similar

to the values calculated using linear transformation of the

equilibrium binding data. Thus, an internal consistency for the

methodology has been demonstrated.

Allosteric regulation of binding. One would hypothesize

that a receptor that transmits its signal to the adenylate cyclase

system via a G protein would be regulated by allosteric mech-

anisms similar to those that have been demonstrated for other

functionally homologous receptors. Our current understanding

of the influence of G proteins on agonist-receptor interactions

has been reviewed by Birnbaumer and colleagues (23) and

Casey and Gilman (24). To summarize briefly, G proteins are
believed to exist in a heterotrimer form (afl’y) possessing tightly

bound GDP in the presence of � Upon interaction with a

receptor-agonist complex, a conformational change confers suf-

ficient energy to the system such that the GDP dissociates. In

the absence of guanine nucleotides, the receptor-hormone-G

protein intermediate complex exhibits a. relatively high affinity

for the agonist. Upon binding of GTP or a nonhydrolyzable

analog to this complex, the affinity of the agonist ligand for

the receptor is decreased, and the G protein dissociates from

the receptor and separates into a and �3�y subunits. The effector

(e.g., adenylate cyclase) interacts with the GTP-bound a sub-

unit. Dissociation of the hormone from the receptor and hy-

drolysis of the GTP on the a subunit allow the system to

perpetually respond to altered concentrations of hormone.

For the cannabinoid receptor, equilibrium binding studies

indicated that the presence of 100 �iM Gpp(NH)p resulted in a

40% decrease in specific binding of [3H]CP-55,940 (data not

shown). The kinetics of dissociation were analyzed in the

presence or absence ofguanine nucleotide (Fig. 4). The addition

of Gpp(NH)p reduced the t/. from 45 mm to 12 mm. The k

calculated for dissociation in the presence of Gpp(NH)p was

0.059 ± 0.009 min� (three experiments) and the Kd was 176

pM. This value is similar to the Kd estimated for the rapidly

dissociating component described above. An in-depth analysis
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Fig. 5. The influence of cations on specific binding of [3H]
CP-55,940. Control samples contained 50 m� Tns . HCI, 1
mM Tns.EDTA, and 0.1 mM MgCl2. Experimental samples
contained the same buffer plus the indicated concentrations
of salts. The data are the means ± standard error of triplicate
determinations from a single representative experiment. All
values were different from control at p < 0.05 except 20
mM NaCI and 5 mM KCl. Similar results were observed in
two other experiments.
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of the interaction of the [3H]CP-55,940 binding site with G

proteins in various states is beyond the scope of this study. The

most facile interpretation of the results presented here is that

the [4H]CP-55,940 binding site can be influenced by guanine
nucleotides in a manner consistent with the interaction of a

receptor with a G protein.

Divalent cations have been reported to influence the affinity

of agonists for their receptors. It is believed that the G protein

possesses at least one site for Mgi� (23, 24). A role for this

divalent cation has been shown for the dissociation of GDP in

the presence of the receptor-hormone complex, in addition to

other functions associated with a site having a much higher

affinity for Mgi� (23, 24). The effects of Mgi� to increase the

affinity of agonist ligands for receptors associated with aden-

ylate cyclase have been discussed by Maguire (25). In the

present investigation, concentrations of MgCl2 as low as 1 mM

stimulated specific binding of the agonist ligand [3H]CP-55,940

by greater than 50% (Fig. 5). Qualitatively similar effects were

observed with CaCl2. MnCl2 also stimulated specific binding in

a manner similar to MgCl2 (data not shown).

Studies of the opioid receptor, which is coupled to adenylate

cyclase in an inhibitory manner, indicated that Na� may act as

an allosteric regulator (26, 27). Na� has been demonstrated to

decrease the affinity of agonist ligands for the opioid receptor

(see Ref. 26 and references therein). In an effort to determine

0

C
0
0

0

C
a)
0

a)
0�

KCI - Ca2 MgC2

Fig. 4. Effect of Gpp(NH)p on the dissociation rate
of [3HJCP-55,940. [3H]CP-55,940 (81 pM) was in-
cubated with 28 �g of P2 preparation membranes
for 70 mm at 30#{176}and dissociation was monitored
after addition of 1 00 nM DALN (t = 0). Control,
addition of 100 nM DALN; +Gpp(NH)p, simultane-
ous addition of 1 00 nM DALN plus 100 �M

Gpp(NH)p. The x axis indicates the time that elapsed
between the addition of the above compounds and
2 mm after the start of centrifugation. The y axis is
a log-scale presentation of the percentage of spe-
cific binding at the indicated time/specific binding at
t = 0. The data are the means of triplicate determi-
nations from a single representative experiment,
which was repeated three times.

whether regulation of the binding of [3H]CP-55,940 by mono-

valent cations could be observed, the effects of various chloride

salts were determined (Fig. 5). Monovalent cations were tested

at concentrations that might be expected to be present intra-

cellularly or extracellularly. At 20 mM, Na reduced specific

binding by about 40%. Low concentrations of K� had minimal

effects. Concentrations of 120 mM NaCl and 100 mM KC1

inhibited specific binding by about 80%. The selectivity of this

response to Na� does not appear to be great, suggesting that

this inhibition may not be the result of a specific interaction

with a Na� site. It is possible that a chaotropic effect of higher

salt concentrations is altering the ability of the ligand to bind

to the receptor.

Pharmacology of the cannabinoid receptor. The speci-
ficity of [3H]CP-55,940 binding was established by determining

the ability of related synthetic compounds and several natural

cannabinoid compounds to compete with [3H]CP-55,940 for

occupancy of the specific binding sites in the cortical mem-

branes (Fig. 6). Unlabeled CP-55,940 had a K� of 68 ± 6.2 pM

and Bmax of 1.75 ± 0.20 pmol/mg protein (three experiments)

as determined by computer analysis of homologous displace-

ment data using the LIGAND program (version 2.3.11; May,

1987) (28). A one-site model fit the data better than a two-site

model for both CP-55,940 and other cannabinoid drugs tested

using an F test criterion on the residual variances at the level
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Studies suggestive of a cannabinoid receptor were based on

the ability of centrally active cannabinoid drugs to interact

0)
c
-o
c

-O

0
4-

0
a)
0.
U)

9-
0

a)
0

a)
cL

-Log [drug] (M)

of p = 0.05. Using 68 pM as the Kd for [3H]CP-55,940, the K1
values of the various compounds were determined by LIGAND

analysis of heterologous displacement data. The (+)-isomer of

CP-55,940 was 50-fold less potent than the (-)-isomer, having
a K, of 3.4 nM. DALN was nearly equipotent with CP-55,940,

having a K, of 123 pM. z�9-THC and 11-OH-�9-THC both

exhibited high affinity binding with K1 values of 1.6 nM. Can-

nabinol was 8-fold less potent than �9-THC, having a K1 of 13

nM. This order of potency generally parallels the order of

potency for both CNS activity in vivo (1, 3, 12, 29) and inhibi-

tion of adenylate cyclase in vitro (7, 8).

Cannabidiol and cannabigerol were much less potent, binding

the [3H]CP-55,940 site with K1 values estimated to be greater

than 500 nM. Cannabidiol and cannabigerol were unable to

fully displace the specifically bound [3H]CP-55,940 at the high-

est concentrations tested (1 1uM). Concentrations greater than

this were not tested due to the limited solubility of cannabinoid

drugs above 1 �M and the confounding aspects of increasing

the solvent or bovine serum albumin concentration, which

would be necessary to maintain higher concentrations of can-
nabinoid compounds in solution. These latter two compounds

fail to exhibit cannabinoid activity in humans or animal models

(1-3). One of several explanations for the binding results could

apply. 1) The two compounds could bind to the receptor with

low affinity, but the concentrations required to observe a bio-

logical response may not be possible to achieve in vivo. 2) The

cannabinoid response to these two compounds may be masked
by drug effects at high concentrations, such as membrane

perturbation in in vitro studies and CNS depression in in vivo
studies. 3) The observed binding displacement may be the result

of a contaminant in the drug preparation. The latter explana-

tion is a possible artifact that must be dealt with in future

investigations. These drugs were isolated from organic extracts

of cannabis that originally contained a variety of cannabinoid

compounds, including �\9-THC.

Discussion

Fig. 6. Competitive inhibition of [3H]CP-
55,940 binding by various synthetic and nat-
ural cannabinoid drugs. [3H]CP-55,940 (50-
70 pM) was incubated with P2 membranes
(1 6-30 �g) for 50 mm at 30#{176}with either the
indicated concentrations of drug or vehicle
alone. The results were normalized to 100%
of specific binding, which was determined
with 100 nM DALN as described in Experi-
mental Procedures. Data points represent
the averages of triplicate determinations
from single representative experiments. The
K1values listed in the inset table were deter-
mined using the LIGAND program and rep-
resent the mean ± standard error of three
independent experiments for each drug.

with a well characterized, cellular second messenger system.

The ability of cannabinoid compounds to inhibit adenylate

cyclase in a reversible, cell type-specific, potent, and enantio-

selective manner (5-8) would support the hypothesis that these

compounds interact with a biological membrane-bound recep-

tor. Additional arguments in favor of a receptor mediating the

interaction of cannabinoid drugs with adenylate cyclase are the

characteristic guanine nucleotide and divalent cation require-

ments for this interaction and the demonstrated pertussis toxin

sensitivity characteristic of G1-linked receptors (6, 13).

The findings presented in this study provide the strongest

argument currently available for a cannabinoid receptor. The

binding site described here is entirely consistent with a receptor

that would be associated with a second messenger system via a

G protein. The pH sensitivity and thermolability are consistent

with a protein structure for this binding site. The rapid and

reversible binding are properties expected of a neuromodulator

receptor. The binding saturability and the Bmax determined in

the rat cortex are consistent with values reported for CNS

neuromodulator receptors (30). The Kd for binding of [3H]CP-

55,940 derived from the kinetic constants agrees remarkably

with the Kd obtained from equilibrium binding studies. The

affinity determined for this agonist ligand is consistent with

what would be expected for a neuromodulatory receptor in the

CNS (30).

It may be hypothesized that the binding site for [�H]CP-
55,940 is linked to adenylate cyclase in the brain. Previous

investigations of the inhibition of adenylate cyclase by canna-

binoid drugs have utilized a cloned neuroblastoma cell model

system. To strengthen the putative association of the canna-

binoid receptor with adenylate cyclase in the CNS, we now

have evidence using brain slice preparations. Cyclic AMP pro-

duction in several rat brain regions is decreased in response to

cannabinoid drugs (31, 32). The affinity of the agonist [3H]CP-

55,940 for its cortical binding site in the absence of guanine

nucleotides was more than 2 orders of magnitude greater than

its K�h for regulation of adenylate cyclase in the neuronal cell
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model (8). However, the affinity state promoted by the addition

of Gpp(NH)p would be the prevalent state concurrent with

adenylate cyclase regulation (23, 24). The order of potencies

for ligand interaction and the enantioselectivity described for

this binding site are consistent with previously reported data

for the inhibition of adenylate cyclase (7, 8).

One of the responses that the [3H]CP-55,940 receptor site

may regulate in vivo is analgesia. This ligand was specifically

designed to possess potent analgetic activity (12). The analgetic

activity for CP-55,940 was demonstrated in the tail flick, hot

plate, phenylbenzylquinone writhing, tail clamp, and flinch

jump tests in rodents (8, 12). The ratio of the activities of the

(-)- to the (+)-isomer in the analgetic tests was 200-fold. This

agrees reasonably well with the 50-fold enantioselectivity dem-

onstrated here for the [3H]CP-55,940 binding site. The order

of potency for analgetic activity is mimicked by the order of

potency reported here for the binding to the receptor. Other

functions typical of the cannabinoid class of drugs, including

changes in spontaneous locomotor activity, hypothermia, and

immobility, have also been demonstrated for CP-55,940 and

have been shown to be enantioselective (29). Thus, this receptor

site appears to be associated with certain of the typical canna-

binoid responses observed in animals in addition to analgesia.

Previous attempts to find and characterize a cannabinoid

receptor associated with in vitro or in vivo functions have not

met with success. Harris and colleagues (19) and Roth and

Williams (16) demonstrated binding of [3H]�8-THC and

[3HJ�9-THC, respectively, to crude or purified synaptosomal
membranes from rat brains. The former group were able to

displace up to 10% of the binding with 1 j�M �8-THC; however,
the binding was not saturable and pharmacological displace-

ment by other cannabinoid ligands was not performed (19).

The latter investigators were unable to discern a high affinity

component of binding other than membrane adsorption, which

was not dependent upon the concentration offree �9-THC (16).

A high affinity binding site in brain membranes was de-
scribed by Nye and colleagues (33, 34) using the [3H]5’-trime-

thylammonium analog of �8-THC. The ligand used for binding

to this site does not exhibit biological activity in typical animal

behavioral models of cannabinoid action, with the exception of

CNS depression (35). This poor biological activity is consistent

with our previous demonstration of the importance of main-

taming the hydrophobic nature ofthe alkyl side chain extending

from the A-ring (8). The pharmacological profile for displace-

ment of [3H]5’-trimethylammonium �8-THC indicated that

cannabinoid compounds having greatest affinity in several

brain regions (e.g., cannabigerol and cannabidiol) are neither

agonists nor antagonists in in vivo animal models or in humans

(33). Thus, the pharmacological relevance of this binding site

to cannabinoid effects in vivo may be questioned. The selectiv-

ity of the [3Hjtrimethylammonium �8-THC binding site for

stereoisomers of z�9-THC and z�8-THC was less than 2-fold,

and no stereoselectivity was observed for levonantradol and
dextronantradol (33). The kinetic constants derived for the

binding of [3H]trimethylammonium �8-THC yielded a K� that
was 3 orders of magnitude lower than the Kd determined by

Scatchard analysis of the equilibrium binding data (34). This

unusual finding may in part be explained by the observation

that, throughout these experiments, the aqueous solubility and

adsorption to glass of the ligands were not considered (33).

Evidence suggests that this binding site is not linked to a G

protein inasmuch as binding of [3H]trimethylammonium z�8-

THC was enhanced rather than decreased by nonhydrolyzable
analogs of guanine nucleotides (34). It is clear that the [3H]

trimethylammonium z�8-THC binding site is definitely different

from the cannabinoid receptor described here using [3H]CP

55,940 as the ligand.

Other laboratories have suggested that cannabinoid drugs

alter the binding of other neuromodulators to their receptors.

Hillard and Bloom (36) reported that concentrations in excess

of 3 �tM �9-THC or 11-OH-z��9-THC in the presence of a

detergent vehicle increased the specific binding of the f3-adre-

nergic antagonist ligand [3H]dihydroalprenolol in mouse cor-

tical homogenates. The interpretation of this finding was that

the cannabinoid drugs altered membrane properties such that

the binding behavior was modified (36). This mechanism is

supported by additional studies from that laboratory, which

demonstrated that similarly high concentrations of cannabi-

noid drugs altered fluidity of synaptic plasma membranes as

detected by fluorescence polarization (37). Vaysse and col-

leagues (38) reported a similar interference with certain binding

assays for opioid receptors by addition of high concentrations

of several cannabinoid drugs in the presence of 100 mM ethanol.

We have previously demonstrated that the site of cannabinoid
action in neuroblastoma cells is not related to the binding of

agonists to the #{244}opioid receptor or to subsequent signal trans-

duction (14). The studies reported in the present work clearly

indicate the presence of a pharmacologically selective, high

affinity binding site for cannabinoid drugs. However, mem-

brane perturbation may be the mechanism by which high

concentrations of cannabinoid drugs may interfere with binding

determinations made for a variety of other receptor types.

The development of a ligand binding assay for the cannabi-

noid class of drugs will allow investigations of cannabinoid

actions that have previously not been possible. Pathways in the

brain that may be involved in cannabinoid action can be

examined. The cellular regulation of the receptor can be more

fully characterized and its interaction with alternative second

messenger systems can be assessed. Perhaps an antagonist for

the cannabinoid drugs can be developed now that a binding site

has been found that correlates with a cellular function (inhi-

bition of adenylate cyclase). Furthermore, efforts to search for

a putative endogenous ligand can now proceed. Thus, the

importance of the characterization of a cannabinoid receptor

will make a major impact on research in this field.
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Aggression, self-injurious behavior (SIB), and severe tan-
trums are common targets of pharmacotherapy in people 
with autism spectrum disorders (ASDs; Posey et al., 2008). 
The triggers for these behavioral challenges can be many, 
and include environmental demands, medical illness, sen-
sory sensitivities, and routine change, among others. These 
challenges are often sufficiently severe to place patients 
and caregivers at risk of physical injury (Bronsard et al., 
2010) and to limit the efficacy of therapeutic, educational, 
and vocational interventions (Stigler and McDougle, 2008).

Given the significant impact and frequent occurrence of 
aggression, SIB, and severe tantrums in people with ASDs, 
this target symptom cluster has been the focus of substan-
tial pharmacotherapy research. Among drug classes, atypi-
cal antipsychotics are most commonly used as first-line 
pharmacotherapy for the treatment of irritability in people 
with ASDs (Stigler and McDougle, 2008) (irritability 
defined by the US Food and Drug Administration (FDA, 

2006) as a symptom cluster, including aggression, SIB, 
and severe tantrums). Alpha 2 agonists, mood stabilizers, 
and anticonvulsants are also employed to target aggres-
sion, SIB, and severe tantrums in ASDs, but less convinc-
ing evidence supports the effectiveness of these drug 
classes (Stigler and McDougle, 2008). Following large 
placebo-controlled trials which demonstrated relatively 

Drug-refractory aggression, self-injurious 
behavior, and severe tantrums in autism 
spectrum disorders: A chart review study

Benjamin A Adler1, Logan K Wink 2, Maureen Early3,4, 
Rebecca Shaffer3,4, Noha Minshawi3,4, Christopher J McDougle5 
and Craig A Erickson2

Abstract
Aggression, self-injurious behavior, and severe tantrums are impairing symptoms frequently experienced by individuals 
with autism spectrum disorders. Despite US Food and Drug Administration approval of two atypical antipsychotics 
targeting these symptoms in youth with autistic disorder, they remain frequently drug refractory. We define drug-
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robust reduction in irritability with treatment as measured 
by the Aberrant Behavior Checklist–Irritability subscale 
(ABC-I), which measures the severity of aggressive, self-
injurious, and tantrum behaviors, risperidone and aripipra-
zole have been FDA-approved for treatment of irritability 
in youth with autistic disorder (Blankenship et al., 2010; 
McCracken et al., 2002; Owen et al., 2009). Additionally, 
positive and negative predictors of medication treatment 
response have recently been reported on by Arnold et al. 
(2010) using data compiled during the Research Units on 
Pediatric Psychopharmacology (RUPP) Autism Network 
placebo-controlled trial of risperidone in youth with autis-
tic disorder (Arnold et al., 2010; McCracken et al., 2002). 
However, to date, no reports have endeavored to describe 
the prevalence of individuals suffering from aggression, 
SIB, and severe tantrums refractory to first-line 
treatments.

In our clinical experience, we frequently work with 
people with ASDs who display aggression, SIB, and severe 
tantrums that have been refractory to drug treatment, 
including first-line treatment with risperidone and/or ari-
piprazole. Given our anecdotal clinical experience, we 
hypothesize that drug-refractory aggression, SIB, and 
severe tantrums occur frequently in people with ASDs. 
Many individuals have histories of repeated suboptimal 
medication trials defined by partial response, nonresponse, 
and, at times, treatment-limiting adverse effects. Prior to 
embarking on a systematic prospective study of this refrac-
tory symptom cluster in ASDs, we sought first to define 
the cluster within our tertiary-care clinical setting, to esti-
mate the frequency of these refractory behavioral symp-
toms in people with ASDs, and to begin identifying 
potential predictors associated with the presentation of 
symptoms refractory to first-line drug treatment.

Methods

For the purpose of this analysis, we defined drug-refractory 
behaviors as clinician report of aggression, deliberate self-
injury, and temper tantrums remaining a primary target of 
active treatment despite a history of previous trials of (a) 
risperidone (at least 2 mg/day) and aripiprazole (at least 5 
mg/day) dosed within FDA-approved dose ranges when 
tolerated, or (b) three or more psychotropic drugs targeting 
aggression, SIB, and severe tantrums, including either risp-
eridone or aripiprazole. Cutoff doses of aripiprazole and 
risperidone are based on doses demonstrated effective in 
the pivotal studies leading to FDA approval of each medi-
cation for this indication (McCracken et al., 2002; Marcus 
et al., 2009). For individuals without history of previous 
trials of both risperidone and aripiprazole, we felt that it 
was imperative to have been treated with at least one of the 
FDA-approved medications for their symptoms to be con-
sidered drug refractory. Furthermore, we felt that a signifi-
cant effort to reduce symptoms must be demonstrated prior 

to describing symptoms as drug refractory and that in addi-
tion to one of the FDA-approved medications, two other 
medications clinically targeting this symptom domain was 
adequate.

This project took place at the Christian Sarkine Autism 
Treatment Center (CSATC) in Indianapolis, Indiana. The 
CSATC is an autism treatment and research clinic with 
strong psychopharmacology and clinical trial focus. The 
majority of patients followed longitudinally for treatment 
at CSATC receive ongoing medication management for 
behavioral concerns provided by child psychiatrists with 
expertise in ASDs. Individuals treated at CSATC are also 
frequently referred for Parent Management Training based 
on Applied Behavioral Analysis with a psychologist or 
social worker with expertise in ASDs. However, due to the 
wide referral base of the clinic, we estimate that less than 
half of the sample reviewed in this project was receiving 
ongoing therapy services at our clinic. The majority of 
individuals were likely receiving some educational or 
community services; however, the intensity and frequency 
of these services varied widely. Considering the pharma-
cotherapy focus of CSATC and the resulting consistency 
of pharmacotherapy records, in this project, we chose to 
focus primarily on medication treatment of refractory 
behavioral concerns without focus on behavioral 
intervention.

We systematically reviewed the medical records of 250 
consecutive individuals of all ages referred for initial eval-
uation of ASD at the CSATC between April 2007 and April 
2009 for presence of ASDs and aggression, SIB, and 
severe tantrums refractory to drug treatment. In addition to 
diagnostic evaluation records, pharmacotherapy clinical 
notes (through April 2012) of patients diagnosed with 
ASDs were reviewed for the development of drug-refrac-
tory aggression, SIB, and severe tantrums. As the goal of 
this project was to evaluate the incidence of this drug-
refractory symptom domain in our patient population, we 
included subjects who presented with drug-refractory 
symptoms and those who developed drug-refractory symp-
toms despite treatment at our center. People whose initial 
presentation was consistent with this symptom domain 
provided historical information consistent with our defini-
tion (including information regarding doses of previous 
aripiprazole and risperidone trials). Those who developed 
drug-refractory aggression, SIB, and severe tantrums 
while in treatment at our center did so despite treatment 
meeting our proposed definition. Patient characteristics, 
including age, gender, specific ASD diagnosis, presence/
absence of comorbid intellectual disability, and data 
describing current and past pharmacotherapy trials, includ-
ing drug name, dosing, and target symptoms of specific 
drug treatment, were gathered. Due to inconsistency of 
records and varied intensity and frequency of behavioral 
interventions received by individuals reviewed in this pro-
ject, we did not include this information in our analysis 
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despite our recognition of the important role behavioral 
treatment may have in modifying the behaviors we are 
describing.

ASD diagnosis (autistic disorder, pervasive develop-
mental disorder–not otherwise specified (PDD-NOS), or 
Asperger’s disorder) was made by a clinician with exper-
tise in ASD diagnosis (CAE) using diagnostic criteria from 
the Diagnostic and Statistical Manual of Mental Disorders 
(4th ed.; text rev.; DSM-IV-TR; American Psychiatric 
Association (APA), 2000). Intellectual disability diagnosis 
was based upon review of neuropsychological testing and 
school reports when available, combined with clinical 
interview focused on adaptive functioning. Due to incon-
sistency in whether degree of intellectual disability (mild, 
moderate, severe, and profound) was specified in evalua-
tion notes and lack of direct standardized assessment, we 
chose to describe only whether intellectual disability was 
present or absent.

Between-group comparisons assessing the impact of 
age, gender, specific ASD diagnosis, and presence of intel-
lectual disability on drug-refractory aggression, SIB, and 
severe tantrum rates were made using Fisher’s exact test, 
two-tailed. With regard to age, we divided the sample into 
two groups above and below age 12 years in an effort to 
capture pre- and postpubertal groups, as Tanner staging 
was not available. We chose this age division, as maladap-
tive behaviors in adolescents with autism have been dem-
onstrated to trend toward improvement with age (Anderson 
et al., 2011). Correction for multiple comparisons was not 
utilized, given the pilot nature of this initial report. This 
study was reviewed and approved by our local Institutional 
Review Board.

Results

Of 250 consecutively referred patients, 140 met DSM-
IV-TR criteria for ASDs. Five patient records were 
excluded from further analysis due to lack of follow-up 
documentation beyond the initial evaluation. Thus, medi-
cal records from 135 people with ASDs were included in 
our final analysis. Ages of included individuals ranged 
from 2 to 54 years at the time of initial evaluation, 80% 
were male, 52% were diagnosed with autistic disorder, and 
67% had intellectual disability.

Aggression, SIB, and severe tantrums were common 
targets of treatment among people with ASDs included in 
this analysis. In all, 94 people presented with a chief com-
plaint of aggression, SIB, and severe tantrums on initial 
evaluation. In addition, seven people developed this symp-
tom cluster through the treatment period reviewed. In all 
cases, people with aggression, SIB, and severe tantrums 
were receiving or received pharmacotherapy trials target-
ing this symptom cluster.

Drug-refractory aggression, SIB, and severe tantrums 
were noted in 53 people with ASDs (39.5% of all people 
with ASDs; 52.5% of people who were treated for aggres-
sion, SIB, and severe tantrums). Of these 53 people with 
drug-refractory symptoms, 32 people (60.4%) met criteria 
on initial evaluation, and 21 people (39.6%) developed 
drug-refractory symptoms while followed at our clinic 
(through April 2012). In all, 36 (67.9%) people meeting cri-
teria met the definition by having ongoing aggression, SIB, 
and severe tantrums requiring active treatment adjustment 
despite previous trials of both aripiprazole and risperidone. 
In total, 17 (32.1%) people met criteria based on a history 
of ongoing aggression, SIB, and severe tantrums despite 
previous trials of at least three psychoactive drugs targeting 
aggression, SIB, and severe tantrums, including either ari-
piprazole or risperidone. Descriptive characteristics of the 
drug-refractory treatment group are listed in Table 1.

People meeting drug-refractory criteria had received an 
average of 6.42 previous drug trials targeting aggression, 
SIB, and severe tantrums, with many medications often 
prescribed concurrently. At the time of labeling subjects 
with drug-refractory symptoms, people meeting criteria 
were taking an average of two medications targeting this 
symptom cluster. Four people with ASDs and drug-refrac-
tory symptoms were not taking any psychotropic drugs 
upon initial presentation due to history of intolerable 
adverse effects and/or lack of drug efficacy. The FDA-
approved agents risperidone and aripiprazole were the 
most commonly utilized drugs, with atypical antipsychot-
ics being the most frequently used drug class (n = 155 drug 
trials; 46% of all drug trials). In all, 46 (86.8%) people with 
drug-refractory symptoms had a trial of risperidone in their 
lifetime, and 44 (83.0%) people had received a trial of ari-
piprazole. Quetiapine (n = 23; 43.4%), sertraline (n = 22, 
41.5%), and clonidine (n = 17; 32.1%) were the next most 

Table 1. Descriptive data.

Individuals with ASDs and drug-refractory aggression, self-injurious behaviors, and severe 
tantrums (n = 53)

Age 17, ages 2–11 years 36, ages ≥ 12 years
Gender 42 males 11 females
Diagnosis 35 autistic disorder 18 PDD-NOS or Asperger’s disorder
ID 41 with ID 12 without ID

ASD: autism spectrum disorder; PDD-NOS: pervasive developmental disorder–not otherwise specified; ID: intellectual disability.



Adler et al. 105

frequently utilized drugs targeting aggression, SIB, and 
severe tantrums in this group. Antidepressants (primarily 
selective serotonin reuptake inhibitors; n = 80 drug trials; 
24% of all drug trials), alpha 2 agonists (n = 25 drug trials; 
7.4% of all drug trials), benzodiazepines (n = 18 drug tri-
als; 5.3% of all drug trials), typical antipsychotics (n = 17 
drug trials; 5% of all drug trials), and mood stabilizer/anti-
convulsants (n = 16 drug trials; 4.7% of all drug trials) 
were also commonly used drug classes. Use of stimulant 
medications in this group was not assessed, as the target 
symptoms of stimulant medications are not typically 
aggression, SIB, and severe tantrums.

In assessing our sample of people with ASDs with 
drug-refractory aggression, SIB, and severe tantrums, we 
looked at the impact of patient age, gender, specific ASD 
diagnosis, and presence of comorbid intellectual disability 
on the development of drug-refractory symptoms. People 
12 years of age and older were more likely to meet criteria, 
with 36 (73.5%) of 49 people 12 years and older exhibiting 
drug-refractory symptoms (p < 0.0001) versus 17 (19.8%) 
of 86 people aged 2–11 years. Diagnosis of autistic disor-
der was also associated with an increased risk of drug-
refractory symptoms. Of 71 people with autistic disorder, 
35 (49.3%) exhibited drug-refractory symptoms compared 
to only 18 (28.1%) of 64 people with PDD-NOS or 
Asperger’s disorder (p = 0.01). Regarding intellectual dis-
ability, 41 (45.1%) of 91 people with comorbid intellectual 
disability met criteria versus 12 (27.3%) of 44 people 
without intellectual disability (p = 0.02). Gender was not a 
significant differentiating factor with 42 (38.5%) of 109 
males and 11 (42.3%) of 26 females exhibiting drug-
refractory symptoms (p = 0.82). Overall, in this pilot anal-
ysis, age 12 years and above, presence of autistic disorder 
and presence of intellectual disability were identified as 
potential risk factors for the development of drug-refrac-
tory aggression, SIB, and severe tantrums.

Discussion

In our sample of 135 individuals with ASDs treated longi-
tudinally at a tertiary-care center, over half of those with a 
primary complaint of aggression, SIB, and severe tantrums 
presented with or became refractory to first-line drug treat-
ment. These preliminary data suggest that drug-refractory 
aggression, SIB, and severe tantrums may be clinically 
significant concerns in this population, given that 39.5% of 
our sample of individuals with ASDs presented with or 
developed drug-refractory symptoms over 3–5 years of 
treatment. In our sample, potential risk factors associated 
with increased risk of developing drug-refractory symp-
toms included age 12 years or older, diagnosis of autistic 
disorder, and the presence of intellectual disability. Our 
age finding is counter to previous reported reduction in 
irritability symptoms with increasing age (Anderson et al., 
2011). This indicates that drug-refractory symptoms may 

be unique from the general presentation of irritability in 
youth with ASDs. Another explanation for this difference 
may be related to the referral bias of our clinical popula-
tion. As a tertiary-care facility, our population may repre-
sent a subset of individuals with more severe and more 
frequent aggression, SIB, and severe tantrums.

Limitations

The findings of this report must be taken in the context of 
the limitations of the study. Most strikingly, our report is 
based on a retrospective review of prospectively acquired 
data collected at a single tertiary-care clinic with specific 
ASD expertise. Our patient sample is biased toward indi-
viduals with potentially more severe pathology who may 
have been difficult to manage in a community setting 
prompting referral to our center. Given this bias, our report 
of drug-refractory aggression, SIB, and severe tantrum fre-
quency may not be generalizable to the greater community 
ASD population. Furthermore, our report attempts to cap-
ture information regarding the frequency of this drug-
refractory symptom domain in our patient population, and 
therefore included those individuals who presented to our 
clinic with these symptoms, as well as those who devel-
oped drug-refractory symptoms while in treatment with us. 
This design does not allow us to comment on the outcomes 
of these patients once receiving treatment at a specialty 
clinic, particularly information regarding those individuals 
who no longer have symptoms of significant aggression, 
SIB, and severe tantrums following treatment at our center. 
Additionally, the severity of the symptoms suffered by our 
patient population may have contributed to a clinician and 
caregiver bias to continue treatment even if symptoms 
remained refractory, thus creating the potential to underes-
timate the true occurrence of treatment nonresponse.

Other limitations include the lack of standardized 
assessment measures for both diagnoses and symptoms. 
The diagnosis of ASDs was made by experts in ASD diag-
nosis and treatment based upon DSM-IV-TR criteria with-
out use of diagnostic measures such as the Autism 
Diagnostic Interview–Revised or the Autism Diagnostic 
Observation Schedule. These measures are considered 
gold standard diagnostic instruments utilized commonly in 
research; however, it is widely agreed that clinical experi-
ence and expert clinical judgment are integral to diagnostic 
competence in ASDs (Gotham et al., 2011). Intellectual 
functioning was determined through chart review and clin-
ical evaluation, rather than by standardized testing. We 
defined aggression, SIB, and severe tantrums in line with 
the definition of irritability used by the FDA in drug trials 
targeting this symptom domain (US FDA, 2006); however, 
without use of standardized measures of symptoms and 
symptom severity such as the ABC, there remains likely 
wide variability in our treatment sample. Additionally, our 
reliance on clinician report of ongoing aggression, SIB, 
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and severe tantrums as the primary symptomatic measure 
does not allow for precise description of specific behaviors 
that are refractory to treatment in this population, making 
application of our findings to a more general ASD com-
munity population difficult. Furthermore, detailed data 
regarding dosages and duration of previous drug trials, 
presence of comorbid psychiatric diagnoses, socioeco-
nomic factors, adverse medication effects, and non-phar-
macologic behavioral and educational intervention which 
may have impacted treatment response were also not thor-
oughly evaluated.

Clinical significance

Despite these limitations, we believe these data under-
score the need for additional study. It is clear from this 
pilot report that drug-refractory aggression, SIB, and 
severe tantrums may be of clinical significance in people 
with ASDs, thus requiring focused future treatment devel-
opment. Drug-refractory symptoms also warrant future 
large-scale prospective study to better clarify factors 
related to their development, including drug tolerability 
and partial response to treatment. Such prospective future 
study would benefit from being multisite to assess drug-
refractory symptoms in multiple settings. Future study 
will also benefit from further development of specific 
drug-refractory criteria (i.e. more detailed designation of 
“adequate” previous medication trials based on drug, 
dose, and duration of treatment). Further investigation of 
the impact of age would also be appropriate, with atten-
tion to puberty and its potential influence on behaviors. 
Further study analyzing the impact of factors such as 
comorbid mood and anxiety symptoms, seizure disorder, 
presence of known genetic cause of ASD, and availability 
of/engagement with intensive behavioral therapy on the 
development of drug-refractory symptoms also should be 
undertaken. Greater understanding of these symptoms in 
people with ASDs, including further understanding of the 
mechanism of action of failed medications along with 
impact of non-pharmacologic interventions, will guide 
the development of treatments potentially targeting differ-
ent neurotransmitter pathways or utilizing novel behavio-
ral techniques. Such future efforts will likely require 
prospective longitudinal tracking to follow the develop-
ment of drug-refractory aggression, SIB, and severe tan-
trums in a large group of persons with ASDs beginning at 
a young age.
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Abstract

Objective: Emotional and behavioral problems (EBP) may co-occur with autism spectrum 

disorder (ASD) and impair children’s functioning beyond autism symptomatology. We compared 

the prevalence of EBP in youths with or without ASD and evaluated their unique contribution to 

impairment in ASD.

Method: We surveyed 1,267 children (79.4% males, mean age: 9.2, range:3-17) recruited at 

3 sites in Kaiser-Permanente and OCHIN primary care clinical networks, with confirmed ICD 

diagnosis of either ASD (N=564), asthma (N=468), or neither (N=429). Children from the two 

comparison groups were age- and sex-matched to the ASD group. EBP and impairment were 

measured by the Strengths and Difficulties Questionnaire (SDQ), and autism symptomatology by 

the Social Responsiveness Scale (SRS) in the ASD group only.

Results: EBP and impairment mean scores were significantly (p<.001) higher in participants 

with ASD compared to children from the two comparison groups, across sexes and age groups, 

with no significant difference between the asthma and control groups. Among children with ASD, 

both EBPs and autistic symptoms were significantly correlated with impairment (r=.64 and r=.65, 

respectively) and explained a significant proportion of impairment variance (R2=.525; p<.001) 
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in multiple linear regression. In the relative importance analysis, EBPs and autistic symptoms 

explained comparable proportions of impairment variance (46% and 52%, respectively) with no 

significant difference between their relative weights (mean difference: 0.03; 95%CI: −.049-.114).

Conclusion: Among youth with ASD, high levels of EBP impair daily functioning as much as 

autistic symptoms. Systematic detection and management of EBP may improve functioning and 

outcomes in youth with ASD.

Introduction

Autism spectrum disorder (ASD) is characterized by developmental impairments in 

communication and reciprocal social interactions and by atypical patterns of play, behavior, 

and sensorimotor responses.1 Beyond core ASD symptoms, youths with ASD have an 

elevated incidence of co-occurring medical and mental health problems.2 Because many 

of these problems can be effectively treated, prompt identification and management of 

comorbid symptoms and disorders is necessary to improve outcomes and quality of life for 

children with ASD.

Surveys of psychiatric problems in children with ASD have employed two levels of 

definition. Studies using categorical diagnostic approaches have reported high prevalence 

of ICD or DSM psychiatric disorders with up to 80% of children meeting criteria for at 

least one psychiatric disorder and about 40% of individuals with ASD meeting criteria for 

more than one psychiatric disorder. A recent meta-analysis of 96 such surveys reported 

high pooled prevalence estimates for attention-deficit hyperactivity disorder (28%), anxiety 

disorders (20%), sleep-wake disorders (13%), disruptive disorders (12%) and depressive 

disorders (11%).3 Other studies have relied on dimensional measures of psychopathology 

and have evaluated the prevalence of individual emotional and behavioral problems (EBP) 

using parent or teacher standardized behavioral checklists. Results have consistently shown 

elevated prevalence estimates of EBP in clinical samples,4 registries5 and population-based 

samples.6

Interpretation of findings has been hampered by methodological variability across surveys 

including reliance on clinical versus population-based samples, variable age ranges and 

sample sizes, and inconsistent use of comparison groups of typically developing children7. 

Additionally, with few exceptions,4,6,8 lack of a non-ASD clinical control group also 

prevented testing the specificity of findings to autism.

Assessing psychopathology in the context of autism is challenging. First, some psychiatric 

symptoms are not easily differentiated from autistic symptoms (e.g. social anxiety versus 

aloofness, obsessional rituals versus autistic repetitive behaviors, inattention versus social 

disengagement).7,9 Second, existing diagnostic interviews need to be modified for use 

with autistic individuals10 or new instruments must be developed11,12. Third, there are 

particular difficulties in evaluating symptoms in those individuals with ASD and limited 

or no language, or associated intellectual disability.13,14 Fourth, most psychiatric diagnoses 

require identification of a symptom pattern together with a duration criterion and evidence of 

impairment attributable to the psychiatric symptoms. No clinical or research rules have been 

developed allowing to link co-occurring psychiatric problems specifically to impairment 
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in the presence of autistic symptomatology, itself a concomitant source of impairment. 

Moreover, few studies9 of psychiatric disorders or EBPs have included separate measures 

of impairment, and no research on impairment exists that has partitioned the respective 

contributions of EBPs and autism symptoms to overall function in a person with ASD.

This study was precisely set to examine the relative contribution of co-occurring behavioral 

problems and autistic symptomatology to overall impairment in functioning among 

participants with ASD. The data were collected as part of a longitudinal study examining a 

broad array of financial and economic costs to families with a child with ASD, a different 

chronic medical condition (asthma), or neither. Data required for our study were available 

only at baseline; thus, we used cross-sectional data obtained at baseline of the main health 

economics study. Results from health economics analyses will be published separately 

and are not examined in this study. Our specific objectives were to: 1) compare levels 

of EBPs and their impact in autistic children to those in the two comparison groups; 

2) evaluate, among children with ASD, the respective contributions of EBPs and autistic 

symptomatology to impaired functioning, controlling for background socio-demographic 

characteristics.

Methods

Participants

We recruited parents/guardians of children with Autism Spectrum Disorder (ASD), asthma, 

or neither condition (control group) for a longitudinal study of family costs of caring 

for children’s chronic health conditions. Three Kaiser Permanente regions (Northwest, 

Hawaii, Northern California) and several health clinics in the OCHIN, Inc. community 

health center network were the recruitment sites. Using electronic health records (EHR) for 

initial eligibility screening and confirmatory screening with interested parent/guardians, we 

identified children between 3 and 17 years who met the inclusion and exclusion criteria. 

The EHR eligibility criteria were: a) At least one face-to-face encounter in the past 2 years, 

either as inpatient or outpatient; b) ASD (ICD-9 code 299.0) and asthma (ICD-9 codes 

493.0, 493.1, 493.9) diagnoses made over one year of age to determine ASD and asthma 

status; c) for ASD: at least 2 occurrences of ASD diagnosis in EHR (separated by >30 days), 

or ASD diagnosis as not resolved/active in the problem list, or at least 1 ASD diagnosis 

by a specialty ASD clinic/provider; d) for asthma: at least 2 EHR diagnoses (separated 

by >30 days) of asthma in previous 2 years either encounter-based or medication-based 

and no ASD diagnosis; e) for the control group: not eligible for ASD or asthma groups; 

f) exclusion criteria were: child deceased, cancer diagnosis in last 3 years, the child was 

on the research center ‘Do-not-contact’ list. Fifty participants had both ASD and Asthma; 

comparisons of participants with ASD with or without Asthma showed that there were 

no differences between these two groups with respect to sex, age, emotional/behavioral 

problems, and autism severity (all P’s: NS). Thus, children with both ASD and asthma 

(N=50) were included in the ASD group.

Interested parents were further screened with the following criteria: a) parents had to 

confirm the presence of ASD and/or asthma, or their absence; b) for children in the ASD 

and asthma group: when ASD but not asthma was confirmed, the family was included in the 
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ASD group; when asthma but not ASD was confirmed, the family was excluded; c) child 

was excluded if respondent reported that the child had ever had cancer; d) other exclusion 

clauses were: the child did not live with the respondent over 50% of the time, respondent 

was a foster parent to the child, another sibling was already enrolled in the study.

Samples were extracted approximately every month over the 16-month recruitment period 

(November, 2017 through February, 2019). We oversampled racial and ethnic minority 

families. The asthma and control groups were matched to the age and gender distribution 

of the ASD group resulting in a preponderantly male study sample. Families were recruited 

through mailed letters, emails, and follow up phone calls. Respondents (parents/guardians) 

completed a series of 3 surveys, 4 months apart. Surveys were programmed in REDCap™ 

and could be completed on-line or over the phone with a trained interviewer. All recruitment 

and survey materials and phone participant contacts were provided in English and Spanish. 

The measures of interest for the present study (see below) were available only at baseline; 

accordingly, this cross-sectional study employed the first wave of data of the longitudinal 

survey.

Out of 6,533 potentially eligible families contacted, 1,707 consented to participate (26.1% 

response rate). After screening, 1,461 were eligible and enrolled in the study. Comparisons 

of participants and non-participants showed no significant differences with respect to gender 

(P=0.58) and age (P=0.066); significant differences (all P’s<0.001) were found for race/

ethnicity (White: 43.8% vs 37.2%, respectively), insurance type (publicly insured: 20.6% vs 

26.3%, respectively), and clinical group with slightly higher enrollment rate in ASD (38.6%) 

as compared to the 2 other groups (asthma: 32.0%; controls: 29.4%). Further details about 

the study design and sample recruitment can be found elsewhere (Bulkley et al., submitted).

Of the 1,461 enrolled families, 1,267 caregivers (86.7%) completed the Strengths and 

Difficulties Questionnaire (SDQ) (472 ASD, 410 Asthma, 385 controls). There were no 

differences between SDQ completers and non-completers with respect to study site, and 

child’s sex, race/ethnicity and age; however, SDQ completion rate was lower in families 

of children with ASD compared to the other two groups (ASD: 83.7%; asthma: 87.6%; 

Controls: 89.7%; P=.016).

In this study, we report on race and ethnicity since known disparities exist between Black, 

Hispanic and White autistic children in the U.S. with regard to prevalence, age at diagnosis, 

access to care, and comorbid intellectual disability that could influence our results. 2,15-16

Instruments

Strengths and Difficulties Questionnaire & Impact Supplement (SDQ)17—The 

SDQ consists of 25 items scored 0, 1 or 2 (‘Not true’; ‘Somewhat true’; ‘Certainly true’) that 

ask about the child’s behavior over the last six months. Four difficulty subscales (labeled: 

emotional, conduct, hyperactivity, peer problems) each comprising five items yield four 

subscale scores ranging from 0 to 10. The 4 subscale scores are summed up to generate 

a total SDQ score (range: 0-40); higher scores indicate more difficulties. The prosocial 

subscale (5 items; subscale score range: 0-10) measures positive attributes and was not 

used in this analysis. Exact SDQ items wording and item loading on each subscale is 

Fombonne et al. Page 4

J Dev Behav Pediatr. Author manuscript; available in PMC 2023 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



available in Table S1 (Supplemental Digital Content). Of note, the five items included 

in the ‘hyperactivity’ subscale measure overactivity (2 items), inattention (2 items) and 

impulsivity (1 item) making that scale a robust measure of the ADHD construct and not 

solely one of hyperactivity. For this study, we computed a 15-item EBP score (range: 0-30) 

by summing up the emotional, hyperactivity and conduct subscale scores. We excluded 

the peer problem score from the total difficulty score since prior research had shown that 

the peer problems subscale overlapped with ASD symptoms,9 and we needed measures of 

EBP uncontaminated by autism constructs. In addition, we used the single EBP measure 

in regression analyses since this 15-item composite achieved better reliability than its three 

component subscales, it provided a single measure of overall psychiatric disturbance well 

suited to our second study objective, and it provided for clearer interpretation.

The SDQ Impact Supplement measures distress and impairment in functioning resulting 

from behavioral problems. Parents first report if their child has any difficulty in behavior, 

emotions or getting along with others. If so, they report for how long have difficulties been 

present and whether they upset or distress their child using a four-point scale (Not at all=0, 

Only a little=0, A medium amount=1, A great deal=2). If some distress is endorsed, parents 

assess how much the difficulties interfere with child’s everyday home life, friendships, 

classroom learning, and leisure activities. The Impact Score is the sum of these answers 

(range: 0-10). Parents who do not perceive a difficulty on the initial question receive an 

Impact Score of 0. In this study, we used the SDQ Impact score as a measure of impaired 

functioning.

Reliability and validity of the SDQ have been established in numerous studies, and in several 

languages and cultures. Population norms exist for various countries. In the US, the SDQ 

was included in the 2001 National Health Interview Survey Supplement with complete data 

obtained from a random sample of 9,878 US children ages 4 to 17. US population norms 

may assist in the interpretation of SDQ mean scores; for example, in the US normative 

sample combining all ages and sexes, a total SDQ value of 9 fell on the 73.4th centile, and a 

value of 18 on the 95.2th centile. The SDQ may be downloaded and used without charge for 

non-commercial purposes (sdqinfo.org/a0.html); US population norms data can be accessed 

from the same web site.

Social Responsiveness Scale-2nd edition (SRS)18—The SRS is a parent-completed 

measure of autistic symptoms and traits and of associated social impairment. It contains 65 

questions assessing child’s behavior over the last six months, each scored on a 4-point Likert 

scale ranging from 0 (not true) to 3 (almost always true), with 17 items being reverse-scored. 

Item scores combine into five scale scores, a total raw score and a total t-score. Reliability 

and validity of the SRS have been extensively examined and found to be excellent. In this 

study, we used total T-scores derived from a normative U.S. general population sample. 

T-scores over the cut-off of 60 have been suggested to indicate clinically significant ASD 

symptoms, and t-scores >=75 to predict a clinical diagnosis of ASD.
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Statistical analyses

Comparisons between the three groups were performed with chi-square statistics for 

categorical variables, and ANOVAs for continuous variables. Internal consistency of 

computed scale scores was measured with Cronbach’s alpha coefficient. Because EBP 

consistently vary by age and sex, between group comparisons of SDQ and Impact Scores 

were adjusted on both variables. Three-way between-subjects factorial ANOVA models were 

employed to test the main effects on Total SDQ, EBP and its three constituent subscales, 

and Impact Scores of group, sex, and age, and their interactions. Correlations between EBP, 

impact, and SRS scores were examined with Pearson correlation coefficients. Predictors of 

impairment within the ASD group were evaluated with stepwise multiple linear regression 

analysis. First, bivariate analyses (ANOVA, chi-square) tested for associations between 

Impact Score and socio-demographic characteristics. Variables with a weak association 

(p<.15) were retained for the stepwise regression. Next, the regression model was estimated 

with SRS, EBP and the selected socio-demographic variables entered as independent 

variables, and the Impact Score as dependent variable. A p-value of .05 was set to retain 

a predictor in the final model.

Previous studies have documented the failure of multiple regression indices such as beta 

weights to adequately partition variance of a criterion variable into its predictors when 

predictors are correlated19. To account for expected multicollinearity between SRS and EBP 

scores in our study, the interpretation of the regression model was therefore enhanced by 

3 additional analyses20,21. First we computed the product measure (product of zero-order 

correlation and β weight) that sums to R2 and provides non-overlapping partitions of the 

regression effect. Likewise, squared structure coefficients (correlation between a predictor 

and impairment score predicted from the regression equation) were calculated to estimate 

the variance in impairment attributable to a predictor adjusting on other predictors’ effects. 

Second, we performed a commonality analysis to estimate how much impairment variance 

was uniquely explained by each predictor score (SRS and EBP) as opposed to being 

shared variance. Third, we used relative importance analysis and estimated both relative 

and dominance weights19-21. Relative weights (RW) add up to the R2 value and partition 

the variance in a dependent variable (here, the SDQ impact score) into predictor effects 

(here, the independent variables SRS and EBP of the multiple regression model) that 

are freed from multicollinearity, permitting us to rank order their respective importance. 

We calculated 95% confidence intervals for RW using bootstrapping procedures with the 

RWA-Web software.22 General dominance weights (GDW) also add up to R2 and were 

calculated by averaging the additional variance contribution of a given predictor across all 

possible regression subset models. Both RWs and GDWs were rescaled to be presented as 

proportion of R2 explained by each independent variable. The main results of the relative 

importance analysis are presented in the Results section; more detailed statistical results are 

made available in the Tables S3 and S4 of the Supplemental Digital Content.

Unless otherwise indicated (see above Multiple regression analysis), statistical significance 

was a priori set at 0.01 to account for the large sample size and the high number of 

comparisons. Effect sizes are reported with partial eta-square (η2) statistics for three-way 

ANOVAs, R2 in multiple linear regression models, and rescaled relative weights and general 
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dominance weights in the relative importance analysis. Analyses were conducted with SPSS 

version 26. Commonality analysis was performed with Nimon’s SPSS script.23 Relative 

weights analysis was performed with Tonidantel and LeBreton’s RWA-Web tool;22 general 

dominance weights were computed in Excel as per Tonidantel and LeBreton.19

This study was approved by the Kaiser Permanente Northwest IRB.

Results

Sample characteristics

Of the 1,267 participants, 79.4% were males; mean age was 9.16 (SD=3.9) with no 

difference across the 3 groups (Table 1). Compared to the other two groups, race/ethnicity 

distribution in the ASD group showed slightly more Hispanic and fewer Native Hawai’ian 

autistic children (P=.043; Table 1). Informants were mostly female (86%) and biological 

parents (95.7%). Statistical differences were found for caregiver employment status, 

insurance type, monthly income, presence of another child with a serious health condition, 

and presence of another child with ASD, the latter in keeping with known familial ASD 

recurrence risk. There was no statistically significant difference for informant age, gender, 

educational level, marital status, household size, or race/ethnicity (data not shown).

Behavioral problems and impact on functioning

Internal consistency of the 15-item EBP score was excellent (α=.87). Results of three-way 

(group x gender x age) between-subjects ANOVAs are provided in Table 2. In comparison 

to the asthma and control groups and to the published US population norms (Table 2, 

footnote a), the ASD group had significantly higher Total SDQ, subscale, EBP, and Impact 

scores. Of all comparisons, Impact showed the largest difference between groups (η2=.263). 

For subscales, larger group differences were found for hyperactivity (η2=.205) than for 

conduct (η2=.081) and emotional (η2=.064) scores. In post-hoc contrasts, all mean scores 

were significantly higher in ASD than in the asthma and control groups. Asthma scores 

were slightly higher than control scores but not significantly so. The few sex, age and 

interaction effects were of small magnitude. Reflecting general trends in developmental 

psychopathology, hyperactivity symptoms were more pronounced in males than in females, 

although this sex difference disappeared in the ASD group. Emotional problems increased 

and oppositional problems decreased with increasing age (Figure 1; and for individual items 

analyses, see Table S1 in the Supplemental Digital Content).

Predictors of impairment in children with ASD

In order to identify factors predictive of levels of impairment in autistic children, analyses 

were restricted to the ASD group; 446 had a completed SRS, and 6 were missing the Impact 

Score, leaving a sample of 440 for the regression analysis. Means, SDs and Pearson’s 

correlations for the Impact, SRS and EBP scores are available in Table S2 (Supplemental 

Digital Content). The mean SRS score in this sample of children with diagnosed ASD 

was high (X=74.9), very close to the SRS value associated with a clinical diagnosis of 

ASD in other studies18 providing further evidence of the validity of ASD diagnosis in 

our study. Both autistic symptomatology and non-autistic behavioral problems were highly 
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correlated with child’s impairment as shown by the high (.64-.65) and significant (P<.01) 

correlations of SRS and EBP with Impact score. As expected, a high and significant 

correlation (.632; P<.01) was also found between the SRS and EBP scores indicating 

substantial multicollinearity.

Bivariate analyses showed no significant association between Impact and study site, child 

race (non-Hispanic white/other) and sex, parent marital and employment status (employed 

or not), household income ($0-5,000; $7,000; >=$10,000), presence of another child with 

ASD (yes/no) or another chronic health condition (yes/no), parental age, or number of 

people in the household (all P’s>.15). Eight variables were associated (P<.15) with Impact: 

child age (3-5, 6-11, 12-17; P=.076), respondent’s gender (P=.068) and race/ethnicity 

(non-Hispanic white/other; P=.124), number of children in the household (1, 2/3 or more; 

P=.136), insurance type (uninsured/private/public; P=.073), parent education level (high 

school or less/some college/college degree/graduate degree or more; P=.042), respondent 

self-evaluation of physical health (poor to fair/good to excellent; P <.001) and of mental 

health (poor to fair/good to excellent; P <.001). Stepwise multiple regression with forward 

selection was employed with Impact Score as dependent variable and EBP, SRS T-score and 

the eight socio-familial variables as independent variables. The resulting final model was 

highly significant (F(2,425)=117.2; P <.001) and explained 52.5% of the variance in Impact 

(Table 3). Of the candidate covariates, only child age and parental education were retained 

in the final model. The other 6 family-level variables, including self-reported parental mental 

health, did not contribute further to predicting child’s impairment once child behavior 

variables were taken into account.

Inspection of traditional regression coefficients provides a first examination of which 

variables contribute to child’s impaired functioning. Zero-order correlation coefficients and 

β weights showed significant positive predictions of SRS and EBP scores to impairment 

of comparable magnitude whereas child age and parental education contributions to the 

regression equation were respectively positive and negative, but small and barely significant. 

The product measure and squared structure coefficients provided a similar preliminary rank 

ordering of the predictors in the regression model: SRS and EBP accounted for nearly equal 

parts of the regression effect. Age and parental education were insignificant.

Because of the high multicollinearity between EBP and SRS (see above; and also Table 

S2 in the Supplemental Digital Content), other approaches were needed to compare the 

respective contributions to impairment of autism vs emotional/behavioral symptoms by 

partitioning the variance in the Impact score into unique, non overlapping contributing 

sources. Commonality analysis showed that a relatively small proportion of impairment 

variance was accounted for uniquely by both SRS (.113) and EBP (.076); shared variance 

between the two predictors was substantial. Both relative weights and dominance weights 

ranked the SRS and EBP in the same order of importance as defined by their overall 

contribution to R2 that was at similar levels. Raw relative weights for SRS (0.271; 95% 

CI: .217-.324) and EBP (0.241; 95% CI: .186-.292) were significantly different from 

zero, but did not significantly differ from each other (mean difference: 0.03; 95% CI: 

−0.049-0.114; Table S3 in the Supplemental Digital Content). In sum, all analyses to 

evaluate the respective role of SRS and EBP in explaining Impairment variance showed 
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that both predictors shared substantial variance in Impact, each had a relatively small unique 

contribution, and that each accounted for about 50% of the impairment variance once 

multicollinearity was removed and other predictor effects taken into account. Further results 

of the relative importance analysis are presented in Tables S3 and S4 in the Supplemental 

Digital Content.

Discussion

In this large population-based sample, we observed a greatly increased prevalence of 

emotional and behavioral problems and resulting impairment in autistic children ages 3 to 

17 compared to age- and sex-matched controls with or without a chronic medical condition. 

The results applied to all types of EBPs, and were not modified by age or sex. Moreover, 

child and parent/guardian race/ethnicity was not associated with impairment, and the study 

was well powered to detect any such association. Our in-depth analysis of linkage between 

impairment and symptom domains showed that, for children with ASD, impairment in 

functioning across settings and activities, as reported by parents, derived almost as much 

from EBPs as from autism symptoms per se.

The findings on the prevalence of individual behavioral problems are consistent with high 

levels of psychiatric comorbidity reported in previous surveys using either dimensional 

scores or diagnostic categories.3-6 Several findings unique to our investigation are worth 

emphasizing. First, results held true when the ASD group was compared not only to a 

control group of healthy typically developing children but also to a group with another 

chronic medical condition: asthma. This comparison group allowed us to rule out general 

poor health as an explanation for the elevated rates of EBPs in children with ASD. 

Inclusion of children with co-occurring ASD and asthma in the ASD group enhanced 

the representativeness of our ASD sample but could have theoretically attenuated the 

ASD/Asthma comparisons; yet, the marked differences observed between the ASD and 

asthma groups alleviated this concern. Second, our sample spanned a large developmental 

period, and higher rates of EBPs were found at all ages and across sexes. Third, we found 

that hyperactivity problems most strongly differentiated the ASD and the two comparison 

groups, a result that concurs with high rates of ADHD symptoms and diagnoses reported 

in previous studies of both referred and non-referred autism samples.3-7 Consistent with 

prior findings, hyperactivity scores among children with ASD were equally raised in males 

and in females. Fourth, both EBP and autism symptoms were associated with high levels 

of impaired functioning in home life, friendships, classroom learning and leisure activities 

when compared to each comparison group and to U.S. population norms (Table 2, footnote 

a), stressing the substantial health care needs of children with ASD and their families. Fifth, 

impairment levels were already high among young children with this early-onset disorder, 

pointing at the need to screen and detect early associated behavioral problems and to provide 

individual and family support around the time of diagnosis. Finally, self-reported parental 

mental health was much poorer among parents of children with ASD compared to parents 

of non-autistic children; furthermore, the statistical association of parental mental health 

with child’s impairment lost significance once behavioral and autistic symptoms levels were 

taken into consideration, suggesting that both symptom domains are important to consider 

for optimization of care through caregiver well-being. Noticeably, parents of youth with 
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ASD experienced worse employment and income situations when compared to those from 

the two comparison groups; results from more in-depth analyses of family costs will be 

published separately.

We were able to partition impairment into its sources, and specifically, to compare the 

respective independent contributions to impairment of autistic versus EBP symptoms. The 

demonstration that both classes of symptoms contributed to impairment at the same level 

is a novel finding that has important implications. First, the co-occurrence of EBP in the 

developmental course of ASD has been associated with worse outcomes, suggesting it is an 

important target for intervention.24,25 Second, our results demonstrating a linkage between 

poor mental health in caregivers of children with ASD and child’s impairment concurs 

with those from several studies that have examined the reciprocal relationships between 

EBP and parental stress and/or mental health, documenting bidirectional effects that may 

contribute to the onset and maintenance of ASD children’s EBPs over time.26,27 Third, 

although there is no cure for autism, effective interventions exist that can decrease EBPs 

in a child with ASD, reduce parental stress and improve quality of life of families. Recent 

randomized clinical trials examining the efficacy of parent training, behavioral interventions, 

pharmacological treatments, and adaptations of cognitive-behavioral therapies to youth with 

ASD are showing beneficial effects.2,28-29 Our study conveys hope that, starting at an early 

age, systematic detection and management of EBPs in the management of ASD could 

substantially improve autistic children’s functioning and family quality of life.

Until recently, detection and diagnosis of psychiatric symptoms in autistic children remained 

problematic. Every symptom observed in a child with ASD was assumed to be due to ASD, 

thereby preventing formal psychiatric diagnosis and treatment, a phenomenon known as 

overshadowing.7 Nosographical rules even precluded diagnosing co-occurring ADHD up 

to the latest DSM revision.1 Our data confirm recent studies showing that the incidence 

of EBPs and psychiatric disorders is elevated among children with ASD.3-7 Moreover, this 

study identifies EBPs in children with ASD as a substantial source of impairment separate 

from autistic symptomatology. Professional guidelines promote developmental screening 

to detect ASD2 and screening for emotional and behavioral problems in the general 

pediatric population,30 yet there is little integration of these two recommendations. Our 

findings suggest that screening for emotional and behavioral problems should be integrated 

with developmental screening and combined with access to effective treatment for EBPs. 

Recommendations for evidence-based treatment of EBP tailored to autistic children are 

becoming increasingly available.29

Strengths of the study include a large population-based sample recruited from diverse sites. 

The sample was ethnically and racially diverse, with a wide age range, and well powered 

to detect moderating effects of these factors. The inclusion of two control groups, one with 

a chronic medical condition, allowed us to establish that the high prevalence of EBPs in 

our sample was specific to autism and not simply due to poor general health. Outcome 

measures had good psychometric qualities and are widely regarded as valid instruments to 

measure autistic or general psychiatric symptomatology. Respondents were unaware of this 

study objectives making desirability bias unlikely. In addition, for the first time, inclusion 

of an ad hoc measure of impairment allowed us to separate out the contributions of autistic 
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and general behavioral disturbances to impairment in children’s overall functioning. We 

used statistical techniques that circumvented classic interpretation problems of multiple 

regression analysis when predictors are correlated.

We acknowledge several study limitations. The design was cross-sectional, preventing 

causality inference from observed statistical associations. Although not uncommon in 

surveys, the overall response rate was low; participation bias may have occurred. 

Participants with ASD were not assessed directly. However, diagnoses were confirmed both 

by electronic health records and parental report, the validity of which is generally excellent 

for autism diagnosis31, and the sample mean SRS score was consistent with published 

ASD clinical samples, making misclassification on ASD diagnosis very unlikely. Although 

the inclusion of asthma as a chronic health comparison group was an asset of our study 

design, alternative comparison groups of chronic health conditions involving the central 

nervous system (e.g. children with epilepsy, other neurodevelopmental disorders) could be 

more suitable and should be considered in future investigations. All outcome measures 

were completed by guardians with correlated error in measurement being a possibility; 

no school-based measure was available. We could not assess the moderating or mediating 

effects of children’s language skills and intellectual levels. Regression models and relative 

importance analyses are dependent upon correct model specification. Impairment in a child 

with ASD can be modulated by familial, school or community characteristics that were not 

measured and unavailable to us. Replication in longitudinal studies is warranted.

Conclusion

Compared to other children, autistic youth had higher rates of emotional and behavioral 

problems and impairment across sexes and age groups. Non autistic behavioral problems 

contributed to impaired functioning as much as autistic symptoms. Systematic detection and 

management of EBPs could substantially improve autistic children’s functioning, starting at 

an early age.
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Refer to Web version on PubMed Central for supplementary material.
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EBP Emotional Behavioral Problem

M male

F female

RW Relative Weights

GDW General Dominance Weights
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Figure 1: Emotional-Behavioral Problems (EBP) and impairment, by age and clinical group
Abbreviations: EBP: Emotional and Behavioral Problems; SDQ: Strengths and Difficulties 

Questionnaire; ASD: Autism Spectrum Disorder
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Abstract Autism spectrum disorder (ASD) is a complex be-
havioral condition with onset during early childhood and a
lifelong course in the vast majority of cases. To date, no be-
havioral, genetic, brain imaging, or electrophysiological test
can specifically validate a clinical diagnosis of ASD. Howev-
er, these medical procedures are often implemented in order to
screen for syndromic forms of the disorder (i.e., autism co-
morbid with known medical conditions). In the last 25 years a
good deal of information has been accumulated on the main
components of the Bendocannabinoid (eCB) system^, a rather
complex ensemble of lipid signals (Bendocannabinoids^),
their target receptors, purported transporters, and metabolic
enzymes. It has been clearly documented that eCB signaling
plays a key role in many human health and disease conditions
of the central nervous system, thus opening the avenue to the

therapeutic exploitation of eCB-oriented drugs for the
treatment of psychiatr ic, neurodegenerat ive, and
neuroinflammatory disorders. Here we present a modern view
of the eCB system, and alterations of its main components in
human patients and animal models relevant to ASD. This
review will thus provide a critical perspective necessary to
explore the potential exploitation of distinct elements of eCB
system as targets of innovative therapeutics against ASD.

Key Words Autism spectrum disorder . endocannabinoid
system . fragile X syndrome . metabolic regulation . reward
system

The Endocannabinoid System

Twenty-five years after the cloning and expression of a com-
plementary DNA that encoded a G protein-coupled receptor,
named type-1 cannabinoid (CB1) receptor [1], there is a good
deal of information on the main components of the so-called
Bendocannabinoid (eCB) system^, as well as on its role in
controlling cannabinergic signaling in human health and dis-
ease [2–4]. Anandamide (AEA) and 2-arachidonoylglycerol
(2-AG) are the most active eCBs as yet identified, although
this family of bioactive lipids includes other arachidonic acid
(AA) derivatives with cannabimimetic properties (i.e., noladin
ether, virodhamine, N-arachidonoyldopamine, to name but a
few). The classical dogma that eCBs are synthesized and re-
leased Bon demand^ upon (patho)physiological stimuli has
been recently revisited on the basis of unexpected evidence
for intracellular reservoirs and transporters of eCBs. These
new entities have been shown to drive intracellular trafficking
of eCBs, adding a new dimension to the regulation of their
biological activity [5]. To date, several metabolic routes have
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been described for AEA biosynthesis [6, 7], yet the most rel-
evant pathway is believed to begin with the transfer of AA
from the sn-1 position of 1,2-sn-di-arachidonoyl-phosphati-
dylcholine to phosphatidylethanolamine, generating the
AEA precursor N-arachidonoyl-phosphatidylethanolamine.
The latter compound is next cleaved by a specific N-acyl-
phosphatidylethanolamine (NAPE)-specific phospholipase
D, which has been characterized in detail [8]. However, the
degradation of AEA to AA and ethanolamine is mainly due to
2 fatty acid amide hydrolases (FAAH and FAAH-2) [9, 10].
When FAAH and FAAH-2 are inhibited,N-acylethanolamine-
hydrolyzing acid amidase cleaves AEA in an alternate route
[11, 12]. The main enzymes responsible for AEA metabolism
are reported in Fig. 1.

Much like AEA, the biological activity of 2-AG is con-
trolled through cellular mechanisms that include: 1) synthesis
through rapid hydrolysis of inositol phospholipids by a spe-
cific phospholipase C to generate diacylglycerol that is then
converted into 2-AG by a sn-1-specific diacylglycerol lipase
(DAGL) [13]; and 2) degradation to AA and glycerol by a
monoacylglycerol lipase (MAGL) [14], as schematically rep-
resented in Fig. 1. AEA and 2-AG can be also oxidized by
cyclooxygenase-2, different lipoxygenase isozymes, as well
as by cytochrome P450, to generate, respectively, prostaglan-
din–ethanolamides [15] and prostaglandin-glyceryl esters
[16], hydroxy-anandamides and hydroxyleicosatetraenoyl-
glycerols [17], and epoxy-eicosatrienoyl-glycerols [18].

An open question concerning eCB metabolism remains the
transport of these compounds across the plasma membrane
[19, 20]. As yet, the most acceptedmechanisms are: 1) passive
diffusion, which can be favored by the formation of AEA–
cholesterol complexes, possibly in preferred microdomains
called Blipid rafts^ [21, 22]; 2) facilitated transport through a
purported eCBmembrane transporter [23]; and 3) endocytosis
assisted by caveolins (reviewed in [24]). Once taken up, intra-
cellular AEA reaches distinct sites, where distinct metabolic
and signaling pathways take place. Heat shock protein 70, and
albumin and fatty acid binding proteins 5 and 7 have been
shown to act as eCB intracellular transporters, able to ferry
AEA (and likely also 2-AG) within the cytoplasm to the nu-
cleus and other destinations, including storage compartments
like adiposomes [5, 25].

eCBs act principally through type-1 and type-2 (CB1 and
CB2) cannabinoid receptors. Interestingly, CB1 but not CB2

resides within lipid rafts, and their interaction with these spe-
cialized microdomains influences signal transduction thereof
[26]. Additionally, eCBs are also able to interact with non-
CB1/non-CB2 targets, such as 1) the transient receptor poten-
tial vanilloid type 1 channel, which is activated by both AEA
and 2-AG [27, 28]; 2) peroxisome proliferator-activated
receptor-α and peroxisome proliferator-activated receptor-γ
[29]; and 3) the orphan G protein-coupled receptor GPR55
[30, 31]. By interacting with these receptors, eCBs trigger a

multiplicity of signaling pathways that are involved in both
physiological and pathological conditions [32]. On a final
note, the existence of compounds structurally related to eCBs,
and collectively known as BeCB-like^ substances, should be
recalled because of their Bentourage effect^. These com-
pounds potentiate eCB activity at their receptors by increasing
binding affinity or by inhibiting eCB hydrolysis [33–35]. A
schematic representation of eCBs, their molecular targets, bio-
synthetic and hydrolizing enzymes, and extra- and intracellu-
lar transporters, is depicted in Fig. 1.

Autism Spectrum Disorder: Clinical Traits,
Neuropsychological Deficits, and Neuroanatomical
Underpinnings

Autism spectrum disorder (ASD) is a complex behavioral
condition with onset during early childhood and a lifelong
course in the vast majority of cases. It is characterized by
deficits in communication and social interaction, as well as
by stereotypic behaviors, restricted patterns of interest, and
abnormal sensory issues [36]. The diagnosis is based on clin-
ical observation, substantiated by standardized testing of the
patient with the Autism Diagnostic Observation Schedule-
Generic [37], later revised into the Autism Diagnostic Obser-
vation Schedule-2 [38], and/or by parental interview with the
AutismDiagnostic Interview-Revised [39]. To date, no behav-
ioral, genetic, brain imaging, or electrophysiological test can
specifically validate a clinical diagnosis of ASD, although
these medical procedures are regularly implemented in order
to screen for syndromic forms of the disorder (i.e., autism due
to known medical conditions). Two essential features distin-
guish ASD from most other behavioral disorders: 1) an im-
pressive clinical and pathogenetic heterogeneity, which has
led to the designaton, by the term Bautisms^, of a set of
neurodevelopmental disorders with early onset in life, sharing
autism as a common feature, but produced through distinct
processes [40]; 2) the distribution of autistic features as a
dimensional continuum in the general population, which fully
justifies referring to the Bautism spectrum^ rather than to a
categorical distinction between Baffected^ and Bunaffected^
[41, 42]. As many as 1 in 68 (1.6 %) 8-year-old children
receive an ASD diagnosis [43], with a male:female ratio of
4:1. Siblings of children already diagnosed with ASD have a
significantly higher incidence of the same disorder, reported at
18.7 % in a prospective follow-up study [44], and ranging
from 15 % to 25 % depending on sex and clinical severity.
The prospective follow-up of these siblings later diagnosed
with ASD has led to the observation that some behavioral
abnormalities can appear very early on (e.g.,, sensory issues
[e.g., extreme responses to certain sounds/textures, fascination
with lights/spinning objects] are already present at 7 months
of age), others emerge at 12–14 months (e.g., disengagement
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of visual attention), while the bulk of more typical autistic
abnormalities has an onset between 14 and 24 months
[45–48]. Frequently, comorbid conditions include intellectual
disability (65 %), seizures (30 %), and different forms of sleep
problems [49–51]; less recognized, but equally impairing, are
frequent psychiatric comorbidities, that include anxiety disor-
ders, obsessive–compulsive disorders, and depression [52].
Altered neurodevelopment during early pregnancy represents
the neuropathological cause of ASD [53, 54]. Postmortem
studies have unveiled neuroanatomical and cytoarchitectonic
abnormalities in the cerebellum, inferior olivary complex,
deep cerebellar nuclei, hippocampus, amygdala, entorhinal
cortex, fusiform gyrus, and anterior and posterior cingulate
cortex, with thinner cortical minicolumns, excessive growth
of the frontal lobes, and excessive dendritic spine density [55].
These abnormalities are suggestive of derangements occurring

during the first/second trimester of pregnancy, namely re-
duced programmed cell death and/or increased cell prolifera-
tion, altered cell migration, abnormal cell differentiation with
reduced neuronal body size, abnormal neurite sprouting, and
pruning that result in atypical cell–cell wiring. In addition,
neurodevelopmental mechanisms extending into late
prenatal/postnatal life include reduced synapse formation
and delayed myelination [40, 56, 57]. The latter result in ab-
normal neuronal wiring, which was previously believed to be
characterized by long-range hypoconnectivity and local
hyperconnectivity [58], but more recently has been shown to
be a highly individualizedmix of hyper- and hypoconnectivity
specific to each single patient with ASD [59]. These abnor-
malities have been associated with deficits in multiple behav-
ioral tasks that relate to social behavior, such as empathy,
theory of mind, joint attention, and face and emotion

Fig. 1 Schematic representation of the main elements of the
endocannabinoid (eCB) system. N-arachidonoylethanolamine (AEA) is
mainly synthesized by the sequential activity of N-acyltransferase (not
shown) and N-acylphosphatidyl-ethanolamine (NAPE)-specific
phospholipase D (NAPE-PLD). The intracellular degradation of AEA is
due to a fatty acid amide hydrolase (FAAH) that generates ethanolamine
(EtNH2) and arachidonic acid (AA). 2-Arachidonoylglycerol (2-AG) is
released from membrane lipids through the activity of diacylglycerol
lipase (DAGL), and can be hydrolyzed by a cytosolic monoacylglycerol
lipase (MAGL), which releases glycerol and AA. Cyclooxygenase-2,
lipoxygenase isozymes and cytochrome P450 were omitted for the sake
of clarity. Extracellular eCBs can cross the plasma membrane through a

purported eCBmembrane transporter (EMT), and then they are trafficked
within the cytoplasm through eCB intracellular transporters (EIT), which
deliver them to their different targets or, alternatively, to storage
organelles like adiposomes. Both AEA and 2-AG trigger several signal
transduction pathways by acting at type-1 and type-2 cannabinoid
receptors (CB1 and CB2, respectively), or at other non-CB1/non-CB2

targets, such as peroxisome proliferator-activated receptors (PPARs) in
the nucleus. CB1, but not CB2, resides within specialized membrane
microdomains enriched in cholesterol and sphingolipids, which are called
lipid rafts (LR). AEA (and also 2-AG) can also translocate to the inner
membrane leaflet, where it binds to transient receptor potential vanilloid
type 1 (TRPV1) channels
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processing. Many of these observed behavioral features sug-
gest a deficit in the social reward processing system in ASD,
as we discuss in the following section. The neurocognitive
phenotype in ASD stems from a complex and highly hetero-
geneous array of genetic and environmental causes, with pa-
tients ranging from Bpurely genetic^ cases due to known
ASD-causing chromosomal aberrations or mutations to
Bpurely environmental^ cases due to rare prenatal exposure
to specific viral agents, drugs, and toxins [60–62]. In between
these extremes, ASD for most cases fully qualifies for the
definition of a Bcomplex^ disorder, whereby a host of rare
and common genetic variants, often but not necessarily in
conjunction with epigenetic factors [63], yield the
neurodevelopmental abnormalities summarized above,
resulting in autistic behaviors. Finally, neuroinflammation is
also a frequent finding in postmortem brains of autistic indi-
viduals [64, 65]. It may represent a nonspecific consequence
of insufficient neurite pruning and abnormal wiring of neural
networks, resulting in elevated oxidative stress (possibly a
common feature shared by several neurodevelopmental disor-
ders) [66], but it could also stem from a broader immune
dysfunction which, together with gastrointestinal disturbances
and recurrent infections, collectively qualifies ASD as a sys-
temic disorder [67–71].

Autism and Reward System

A deficit in theory of mind and empathy has commonly been
suggested to underlie atypical social behavior in individuals
with ASD [72]. A set of recent studies raises the possibility
that some of these social behavioral deficits in ASD arise due
to deficits in reward system functioning [73–75]. This hypoth-
esis is supported by studies that report a lack of social moti-
vation in children with autism [76, 77]. One rationale for the
social motivation-based account of ASD relies on the follow-
ing premise: if individuals with ASD do not find social stimuli
rewarding, and hence do not attend to them as much as
neurotypicals, then they are less likely to exhibit empathy
toward them. An alternative formulation of the social motivation
hypothesis suggests that the attention of individuals with and
without ASD is drawn to social stimuli to a comparable extent,
but individuals with ASD find social stimuli less rewarding,
which leads to the observed deficits in empathy (Fig. 2).

Both of these possible accounts of the social motivation
hypothesis are faced with a key question. Do people with
ASD find social stimuli rewarding or do they have a
domain-general dysfunction of the reward system? To test
these possibilities, a number of studies have compared pro-
cessing of social and nonsocial reward stimuli in people with
and without ASD. An early study using a continuous perfor-
mance task found no behavioral evidence for group differ-
ences in trials with monetary rewards versus nonrewards

[78]. Similarly, comparable behavioral performance in a
reward-processing task using a variant of the go–no-go task
was found in children and adults with and without ASD [79,
80]. In contrast, using a similar task, DeMurie et al. [81] dem-
onstrated that children with ASDwere slower in responding to
social rewards than monetary rewards, but this was not spe-
cific to ASD. Overall, the behavioral evidence summarized
above appears equivocal about any circumscribed deficit in
social reward processing in ASD. Yet, a main group effect in
the majority of these studies points toward a domain-general
deficit in the reward system. In contrast to the behavioral
studies using button-press responses, eyegaze tracking, elec-
troencephalography, and functional magnetic resonance imag-
ing studies suggest clear differences in processing of social
rewards in ASD compared with typically developed controls
[82]. Eyegaze tracking studies typically involve measuring
gaze fixation patterns in response to social and nonsocial stim-
uli. Children and adults with ASD are found to look less at
social stimuli than at nonsocial stimuli [83–85]. Gaze fixation
patterns have often been used as proxy metrics related to re-
ward processing [86], thus supporting the hypothesis of atyp-
ical processing of social rewards in ASD. Using electroen-
cephalography in children with ASD, a recent study reported
lower magnitude of a component related to reward anticipa-
tion (stimulus preceding negativity) in response to social
versus nonsocial stimuli [87]. Similarly, functional magnetic
resonance imaging studies revealed lower activity in the ven-
tral striatum in response to social stimuli (neutral faces) in
individuals with ASD [88]. The latter finding is consistent
with the observation that a reduced ventral striatal response
to happy faces was associated with lower self-reported empa-
thy in individuals with and without ASD [89].

In sum, there is substantial evidence across different tech-
niques to suggest atypical reward processing in ASD. Irre-
spective of their domain specificity, such functional differ-
ences in the reward circuit in ASD have important conse-
quences for the processing of social stimuli. Atypical response
to social rewards from an early age can result in deficits in
learning about the social world, which, in turn, can lead to
social behavioral impairments in adulthood.

Alterations of the eCB System in Autism

The complexities that make autism hard to understand, from
the diagnostic criteria and clinical heterogeneity to the genetic/
environmental causes that provoke communication and be-
havioral problems to the innovative therapies to be applied
in order to give patients the best quality of life, encourage
scientists to look at predictive biomarkers and/or therapeutic
targets for the pharmacological management of this disorder
[90, 91]. It is now clear that eCB system is altered in several
neurodegenerative diseases and, very interestingly, that
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distinct elements of the eCB system in peripheral blood mirror
these perturbations, providing novel and noninvasive diagnos-
tic tools for several neuroinflammatory diseases [92, 93]. In
addition, the eCB system controls emotional responses [94],
behavioral reactivity to context [95], and social interaction
[96]. Thus, it can be hypothesized that alterations in this en-
dogenous circuitry may contribute to the autistic phenotype.
In this and the following sections, we critically discuss the
evidence for this proposition from animal and human studies.
Recent investigations have addressed the involvement of
eCBs in autism, where, unfortunately, the role of these bioac-
tive lipids remains poorly understood. Indeed, autism is
uniquely human and there are only a few validated animal
models (e.g., fmr1 knockout mice, BTBR mice, and valproic
acid-treated rats), that display autistic-like features. Fragile X
syndrome (FXS) is an inherited disorder caused by mutations
in FMR1, which is translated into the fragile X mental retar-
dation 1 protein, which, in turn, plays a role in the develop-
ment of synapses [97, 98]. Expansion mutations of FMR1
produce autistic features in approximately 40 % of patients
with FXS, and thus FXS provides a valuable model for iden-
tifying novel biomarkers/targets for autism and for dissecting
the underlying neurochemical pathways [99]. In the first study
addressing eCB system in FXS, it has been reported that the
ablation fmr1 gene causes a dysfunctional 2-AG metabolism,
with increasing DAGL andMAGL activities in the striatum of
fmr1–/– mutants, but unaltered striatal 2-AG levels [100]. Ac-
cording to a more recent study [101], stimulation of 2-AG
signaling could be a useful treatment for mitigating FXS
symptoms because it is able to normalize synaptic activity
through type I metabotropic glutamate activation; additional-
ly, genetic or pharmacological attenuation of CB1-dependent
signal transduction and blockade of the mammalian target of
rapamycin pathway might provide alternative strategies to
treat autistic patients [102].

A link between the eCB system and autism was put for-
ward by Schultz [103], who proposed that acetaminophen, an
antipyretic drug that is metabolized to a potent inhibitor of the
purported eCB membrane transporter AM404, could trigger
autism by activating CB receptors. In line with this, elevated
levels of circulating AEA during pregnancy or in the first
postnatal days might interefere with the neurodevelopment
of offspring, and might increase the risk of delivering autistic
children. Abnormalities in sociability and nociception tests,
and alterations of distinct elements of eCB system have been
reported in adolescent rats on valproic acid [104]. In particu-
lar, mRNA levels of the enzymes responsible for 2-AG me-
tabolism (i.e., DAGL and MAGL), which is disrupted in the
FXS model of autism [100], were altered in the cerebellum
and hippocampus, whereas endogenous levels of 2-AG in the
same regions remained at steady state [104]. Interestingly, the
content of AEA, N-oleoylethanolamine (OEA), and N-
palmitoylethanolamine (PEA), all of which are substrates of
FAAH, were increased in the hippocampus following expo-
sure to sociability tests, suggesting that a deficit in social play
behaviors might be due to reduced AEA levels in critical brain
areas [104]. Moreover, the same study documented a down-
regulation of GPR55 and PPAR gene expression, supporting a
role for these receptors in the cognitive mechanisms involved
in autism [104]. Preliminary data also addressed CB2 as a
potential target for autism. Indeed, genomic studies have
highlighted an upregulation of mRNA levels of the CB2A,
but not the CB2B, isoform in the cerebellum of BTBR T+tF/
J mice [105], which have an autism-like behavioral phenotype
[106]. Also, an independent clinical study performed on
young (3–9-year-old) children demonstrated that CB2 is high-
ly expressed, both at transcriptional and translational levels, in
peripheral blood mononuclear cells of patients with autism,
compared with matched healthy controls [107]. All the other
elements of the eCB system remained unaltered, except for a

Fig. 2 Two possible routes through which atypical reward processing
can lead to reduced empathy as seen in ASD. (Top panel) The first of
these routes suggest that a lower reward response to social stimuli reduces
the salience of social stimuli and hence how much attention they capture.

The reduced empathy is therefore a product of this reduced attention to
social stimuli. (Bottom panel) A second possible route suggests
comparable salience for social and nonsocial stimuli in ASD, but lower
value for social stimuli in ASD, leading to reduced empathy
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slight downregulation of NAPE–phospholipase D mRNA.
According to a recent hypothesis on autism and inflammation
[108], and in keeping with data on the key role of CB2 in
immune-related pathologies [109–111], it can be speculated
that the increase in CB2 expression may serve a compensatory
role with respect to the inflammatory state associated with
autism. Thus, the observed enhancement of CB2 may be a
negative feedback response aimed at counteracting the proin-
flammatory responses implicated in the pathogenesis of this
neurobehavioral condition. In this context, it should be also
recalled that AEA suppresses the release of proinflammatory
cytokines from human lymphocytes through a CB2-mediated
mechanism [112]. The main alterations of the eCB system in
human patients and animal models of autism are summarized
in Tables 1 and 2, respectively. However, the paucity of the
relevant human data and their largely correlational nature do
not allow for a systematic comparison with the animal data.

Additionally, it is worth noting that plasma levels of poly-
unsaturated fatty acids (which are components of eCBs) are
lower in patients with autism, and that 2 derivatives of
docosahexaenoic acid and eicosapentaenoic acid (also com-
ponents of eCBs) are able to activate both CB1 and CB2 re-
ceptors [113]. These data further suggest that a dysregulation
of eCB signaling might be driven by diet, resulting in an
imbalance of pro- and anti-inflammatory metabolites, and thus
favoring the development of autism [114].

Suggested Roles of the eCB System in Autism

As discussed in the previous sections, there is phenotypic
evidence acrossmultiple levels that suggests a role for atypical
reward system functioning in ASD. It is therefore vital to
investigate in detail the eCB system in autism and related
endophenotypes, also in view of its key role in modulating
mesolimbic dopaminergic neurotransmission. The majority of
studies on the eCB system in autism-related endophenotypes
in humans have tested the role of the CNR1, which is strongly
expressed in striatal structures implicated in processing

rewards [115]. The previous section presented an overview
of largely animal studies that point to a role for eCB signaling
in autism-relevant phenotypes. Further clues from both human
and animal studies are discussed in the following section, and
are summarized in Fig. 3.

The first clue comes from a human neuroimaging study
that measured striatal response to social rewards (happy faces
vs neutral faces). This investigation found that common single
nucleotide polymorphisms in CNR1 are associated with activ-
ity in the ventral striatal cluster in response to happy (but not
to disgusted) faces [116], and later on it was replicated in an
independent cohort [117]. In view of the central role of the
ventral striatum in reward processing, it is reasonable to infer
that variation in CNR1 was linked to differences in sensitivity
to social rewards such as happy faces. Another study in an
independent sample used eyegaze tracking to show that the
sameCNR1 polymorphisms were associated with greater gaze
duration to happy faces, but again not to disgust faces [118]. A
parallel population genetic study found a nominal association
of the same CNR1 genetic variations with trait empathy [119].
Individuals with ASD score low in trait empathy, and, consis-
tent with this, a gene expression study in postmortem brains of
individuals with autism had earlier reported a reduced expres-
sion of CB1 [120, 121]. In sum, multiple indirect lines of
evidence suggest a role for CNR1 genetic variations in under-
lying social reward responsivity, a putative endophenotype for
autism. These findings in human patients parallel observations
in animal models that show a strong role for the eCB system in
social play behavior, which is a proxy measure for social re-
ward responsivity [122, 123].

A second clue for the role of eCB system in autism comes
from observations in early neural development [124]. Autism
is neurodevelopmental in nature, and atypical development of
neural connectivity has been suggested to underlie its key
phenotypic features [125]. A set of genes involved in
neurodevelopmental processes that mediate the formation, sta-
bilization, and pruning of synapses has been consistently as-
sociated with autism-related phenotypes in animal models
[126–128]. Neuroligins (NLGN) represent a significant part
of this set, and indeed several genes of NLGN family have
been associated with autism [129]. In a mouse model, an
autism-associated mutation in NLGN3 was found to be asso-
ciated with deficits in social behavior and disrupted tonic eCB
signaling [130, 131]. Evidence from this study and several
others (reviewed in [124]) provides a potential causal bridge
between atypical neural development and potential dysfunc-
tion of the eCB system in autism.

A third clue comes from the role of the eCB system in
influencing circadian rhythm in animal models [132–134].
Autism has been associated with atypical sleep patterns and
circadian rhythms [135]. Polymorphisms in ASMT (involved
in melatonin synthesis), paralleled by reduced levels of circu-
lating melatonin, have been reported in autism [136].

Table 1 Molecular markers of the endocannabinod (eCB) system in
autism and related phenotypes in humans

Biological sample Model eCB alterations Reference

Postmortem brain Human ↓CB1 [121]

PBMCs Human ↓NAPE–PLD mRNA
= FAAH, CB1 mRNA
↑CB2 mRNA and protein

[107]

Saliva Human CB1 SNP [116, 119]

PBMCs=peripheral blood mononuclear cells; CB1 =type-1 cannabinoid
receptor; NAPE–PLD=N-acylphosphatidyl-ethanolamine-specific phos-
pholipase D; FAAH=fatty acid hydrolase; CB2=type-2 cannabinoid re-
ceptor; SNP=single nucleotide polymorphism
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Interestingly, the eCB system also plays a role in regulating
circadian rhythms [134], thus making it a putative target to
examine using animal models of autism-related phenotypes.

The fourth clue comes from comorbidities commonly ob-
served in autism. First of these is anxiety, which is highly
comorbid with autism (42–56 %). The eCB system, and
cannabidiol in particular, is known to mediate anxiety and
related phenotypes [137, 138]. Anecdotal reports of cannabis
use in autism suggest a reduction in anxiety-related symp-
toms. A potential role for the eCB system in ASD can thus
also be mediated through its influence on the anxiety-related
component of the disease. The second commonly occuring
comorbidity in autism relevant to the current review is epilep-
sy (up to 30 %). The eCB system is studied intensively as
targets for potential antiepileptic drugs [139]. It is therefore

possible that a potential future drug acting on the eCB system
is better able to ameliorate epilepsy-related comorbidities in
ASD.

Conclusions

Accumulated evidence suggests that the eCB system consti-
tutes a relatively less investigated piece of a puzzle that brings
together 4 phenotypic features known to be atypical in autism:
1) social reward responsivity; 2) neural development; 3) cir-
cadian rhythm; and 4) anxiety-related symptoms. Therefore,
the potential therapeutic exploitation of distinct elements of
this system (e.g., receptor targets, biosynthetic and hydrolytic
enzymes, and transmembrane/intracellular transporters)

Table 2 Molecular markers of the eCB system in autism-related animal models

Biological sample Model eCBs alterations Reference

Striatum fmr1–/– mouse =2-AG levels
↑DAGL and MAGL activity

[100]

Cerebellum Rat valproic acid = AEA, OEA, PEA and 2-AG levels
↓DAGLα mRNA

[104]

Frontal cortex = AEA, OEA, PEA and 2-AG levels
↓PPAR-α and ↓GPR55 mRNA

Hippocampus ↑AEA, ↑OEA, ↑PEA content*
↓PPAR-γ and ↓GPR55 mRNA
↓MAGL mRNA
↑MAGL activity

Cerebellum BTBR T+tF/J mouse ↑CB2A isoform mRNA [105]

2-AG=2-arachidonoylglycerol; DAGL=diacylglycerol; MAGL=monacylglycerol lipase; AEA=anandamide; OEA=N-oleoylethanolamine;
PEA=N-palmitoylethanolamine; PPAR=peroxisome proliferator-activated receptor

*After sociability tests

Fig. 3 Four clues pointing to the
role of the endocannabinoid
(eCB) system in autism. The eCB
system constitutes a relatively less
investigated piece of a puzzle that
brings together 4 phenotypic
features known to be atypical in
autism: 1) social reward
responsivity; 2) neural
development; 3) circadian
rhythm; and 4) anxiety-related
symptoms. fMRI = functional
magnetic resonance imaging
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seems immense. As supported by the evidence presented in
the previous sections in humans and animal models, any po-
tential therapeutic approach is unlikely to involve a simple
choice between activation versus inhibition of the eCB system
to target specific features related to autism. Any such approach
will need to be precisely tuned to the developmental timeline
and to the specific pathogenetic underpinnings of autism in the
single patient. Our understanding of eCB signaling in autism
is still in its infancy compared with other disorders of the
central nervous system or of peripheral tissues, where eCB-
based therapies have already reached preclinical and clinical
phases [4]. However, research in this field is rapidly evolving,
and novel drugs able to hit specifically a distinct element of
the eCB system are developed at a surprising speed [4].
Among them, those that target metabolic enzymes of eCBs,
and, at the same time, key enzymes of oxidative pathways like
cyclooxygenases seem to hold promise as next-generation
therapeutics against human disorders with an inflammatory
component [140], and therefore they will possibly result in
also being beneficial for ASD. A second medium-term target
could focus on the antiepileptic drugs that are being devel-
oped, focusing on the eCB system. These drugs could poten-
tially ameliorate the epilepsy-related symptoms that common-
ly co-occur with ASD. On a final note, it seems of major
interest that preliminary data, showing consistency between
changes in distinct eCB system elements (i.e., CB2) in animal
models of ASD and in peripherabl blood mononuclear cells
from young patients with ASD [106, 107], support a role for
these elements in the (early) diagnosis of the disease. Future
work should test expression profiles for key players of the
eCB system in prospective samples to test the potential of
these as diagnostic biomarkers. In this context, it should be
recalled that easily accessible biomarkers of neurological
disorders are highly searched for, and some of them have been
a l r e ady i d en t i f i e d t o ho l d p r om i s e i n human
neurodegenerative/neuroinflammatory diseases [141].
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Abstract

Objective: Autism spectrum disorder (ASD) is characterized by persistent deficits in social communication 
and social interaction and by restricted and repetitive patterns of behavior. Some studies have shown that 
substances derived from Cannabis sativa improve the quality of life of children with ASD without causing 
serious adverse effects, thus providing an alternative therapeutic option. The objective of this study was 
to evaluate the efficacy and safety of a cannabis extract rich in cannabidiol (CBD) in children with ASD.
Methods: In this randomized, double-blind, placebo-controlled clinical trial, 60 children, aged from 5 to 
11 years, were selected and divided into two groups: the treatment group, which received the CBD-rich 
cannabis extract, and the control group, which received the placebo. They both used their respective 
products for a period of 12 weeks. Statistical analysis was done by two-factor mixed analysis of variance 
(two-way ANOVA).
Results: Significant results were found for social interaction (F1,116 = 14.13, p = 0.0002), anxiety (F1,116 = 
5.99, p = 0.016), psychomotor agitation (F1,116 = 9.22, p = 0.003), number of meals a day (F1,116 = 4.11, 
p = 0.04), and concentration (F1,48 = 6.75, p = 0.01), the last of which was only significant in mild ASD 
cases. Regarding safety, it was found that only three children in the treatment group (9.7%) had adverse 
effects, namely dizziness, insomnia, colic, and weight gain.
Conclusion: CBD-rich cannabis extract was found to improve one of the diagnostic criteria for ASD (social 
interaction), as well as features that often co-exist with ASD, and to have few serious adverse effects.
Keywords: Autism spectrum disorder, child behavior, clinical trial, cannabis, cannabidiol.

Introduction

According to the Diagnostic and Statistical Manual 
of Mental Disorders (DSM-5), autism spectrum disorder 
(ASD) is a neurodevelopmental disorder characterized 

by persistent deficits in social communication and social 
interaction, in multiple contexts, and by the presence of 
restricted and repetitive patterns of behavior, interests, 
or activities. The DSM-5 also adopts ASD severity level 
as a specifying criterion, which varies according to 
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the need for support: mild (needs support), moderate 
(needs substantial support), or severe (needs very 
substantial support).1

There are no treatments proven to target the 
core features of ASD. Existing treatments are solely 
symptomatic, mainly aiming to reduce aggressiveness 
and psychomotor agitation symptoms and usually using 
psychotropic medications to effect these behavioral 
changes. In order to help patients affected by this 
disorder, there is great interest in discovering new 
therapeutic options to overcome the ineffectiveness of 
some of the conventional psychotropic drugs used to 
treat ASD, or even to enable their suspension, reducing 
the adverse effects associated with these drugs.2

Endocannabinoids are substances that are part 
of the endocannabinoid system (ECS) that are key 
modulators of socioemotional responses, cognition, 
seizure susceptibility, nociception, and neuronal 
plasticity and all of these responses are altered in 
autism.3,4 Phytocannabinoids, mainly cannabidiol (CBD) 
and tetrahydrocannabinol (THC), present in several 
subspecies of the Cannabis genus, have been widely 
studied as a potential therapeutic alternative for 
treatment of symptoms associated with ASD, because 
they activate cannabinoid receptors present in the 
central nervous system, alleviating some symptoms 
associated with autism.5

Even though cannabis is becoming a topic of great 
interest among scientists, it is still difficult to find 
clinical trials with humans due to the restrictions and 
legal issues involving the plant.6 Studies using cannabis 
for treatment of difficult-to-control epilepsy have found 
that, in addition to seizure reduction, there were also 
improvements in behavior and social interaction in 
children who had ASD as a comorbidity.7

In light of the above, the purpose of this research is 
to evaluate the efficacy of CBD-rich cannabis extract in 
children with ASD, monitoring aspects from the DSM-
5 diagnostic criteria (social interaction, speech, and 
stereotypes) and other aspects that often coexist with 
ASD (aggressiveness, psychomotor agitation, impaired 
concentration, eating disorders, sleep disorders, and 
anxiety), as well as to assess the tolerability and safety 
of the therapeutic adjuvant.

Method

This study was a randomized, double-blind, placebo-
controlled, 12-week clinical trial following the CONSORT 
recommendations. Initially, G Power software was used 
to calculate the sample size based on studies by Handen 
et al.8 with children with ASD who took donepezil. 

An alpha of 0.05 and power of 0.80 were used. The 
calculation showed that 62 subjects would be needed 
(31 per group).

This study included children aged from 5 to 11 
years who lived in the state of Paraíba, Brazil, or in 
neighboring states (Pernambuco and Rio Grande do 
Norte), who had a medical diagnosis of ASD, regardless 
of whether they had mild, moderate, or severe levels 
of ASD impairment, and whose caregivers signed the 
informed consent form. This age group was selected 
because children aged from 5 to 11 years exhibit 
greater similarity in brain development, making the 
group more homogeneous for analysis of the results. 
In addition, children older than 5 years would be more 
likely to have developed verbal language and be better 
able to respond during neuropsychological testing. For 
these reasons, we chose this age group to participate 
in this study. Children who had comorbidities such as 
diabetes mellitus, hypertension, autoimmune diseases, 
or refractory epilepsy or who had used a cannabis 
product in the last two months before starting the study 
were excluded.

To recruit the sample, the study was publicized 
widely through autism support institutions, with 
informative lectures and posts on WhatsApp and 
social media (Facebook and Instagram). Thereafter, 
those interested in the study registered on a website 
created exclusively for this clinical trial and filled out 
the sociodemographic questionnaire and the Childhood 
Autism Rating Scale (CARS) screening instrument.9 The 
cut-off score is 15 points and CARS results were also 
used to assess severity. After applying the eligibility 
criteria, the researchers contacted caregivers to provide 
further explanations about the research.

After recruitment, the 64 selected children 
were randomized and stratified by severity. The 
randomization was conducted using the True Random 
Number Service, available at www.random.org. Any 
researchers who had direct contact with the patients 
were blinded to the treatment provided, except for one 
pharmacy student, who was responsible for delivering 
the vials to the researching physician weekly. Finally, 
baseline evaluations were scheduled with all children 
participating in this study and performed by the same 
child and adolescent psychiatrist responsible for the 
trial, to whom the products for the trial were also 
delivered. Caregivers were instructed to always start 
with a dose of three drops every 12 hours, preferably 
during a fasting period and with an interval of at least 
1 hour before or after use of psychotropic medication, 
especially antipsychotics, according to the protocol 
suggested by the product supplier, since it was a plant 
extract. The starting dose of CBD-rich cannabis extract 
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used in this study was six drops daily, increased by two 
drops daily twice a week, if necessary, up to a maximum 
dose of 70 drops daily.

This clinical study was conducted in the outpatient 
sector, on the campus of the Hospital Universitário 
Lauro Wanderley, Universidade Federal da Paraíba 
(UFPB), which is located in João Pessoa, Paraíba. This 
research was approved by the institutional ethics review 
board at the UFPB Centro de Ciências da Saúde, under 
CAAE number 89392518.4.0000.5188. It is registered 
on the Brazilian Registry of Clinical Trials (ReBEC) under 
number 10743.

The product used was CBD-rich cannabis extract 
at a concentration of 0.5% (5 mg/mL), in the ratio of 
9CBD:1THC, supplied by the Associação Brasileira 
de Apoio Cannabis Esperança (ABRACE). The extract 
used throughout the clinical trial was from the same 
batch, in order to ensure the same phytochemical and 
pharmacobotanical characteristics during production 
of the extract. The CBD-rich cannabis extract and the 
placebo product without it had the same consistency, 
color, odor, and other organoleptic characteristics, making 
it impossible for patients or the multidisciplinary team 
accompanying them to differentiate between the two.

To evaluate the effectiveness of the treatment, 
we used a semi-structured interview prepared by the 
authors containing questions related to ASD symptoms 
and the Autism Treatment Evaluation Checklist (ATEC),10 
which were administered to and answered by caregivers 
before and after the clinical trial. The number of daily 
meals was reported by the child’s caregiver during the 
psychiatric consultation after they had answered the 
semi-structured interview questionnaire. In order to 
assess safety, before starting the study, all children 
underwent a laboratory evaluation, including kidney 
and liver function tests, as well as complete blood count 
and fasting glucose levels.

All analyses were performed using R version 4.0.2, 
which is free software available at https://www.r-
project.org/. A 5% significance level was adopted for all 
analyses. Statistical analysis was performed using the 
mixed variance test for two factors (two-way ANOVA). 
In cases in which the null hypothesis was rejected, 
Tukey’s multiple comparisons post-hoc test was applied 
to identify which groups had significant differences. As 
there is no non-parametric technique available in the 
literature regarding mixed analysis of variance for two 
factors, a simple non-parametric analysis was used for 
each factor individually, in order to support the results 
obtained by the parametric technique. The treatment 
and control groups and before and after data were 
compared using the Wilcoxon test for independent and 
dependent samples respectively.

Results

Sociodemographic analysis of participants’ 
parents

A range of different sociodemographic variables 
regarding the parents were evaluated, including: age; 
education; whether they had another child, and whether 
they had other children on the autism spectrum; 
whether father and/or mother went to work away from 
the home; whether one of the parents had had to stop 
working because the child was diagnosed with ASD; 
and parents’ marital status (Table 1).

Sociodemographic analysis of the children
In general, there were no significant differences 

between the treatment and control groups for the 
sociodemographic variables evaluated in the children 
with ASD who participated in this study. However, it is 
important to observe whether the child was receiving 
any professional healthcare intervention for ASD (public, 
private, or mixed) and the professional(s) responsible 
for this care (occupational therapist, physical therapist, 
speech therapist, psychologist, psychopedagogue, or 
others); whether the child was using psychotropic drugs 
before, during, or after the clinical trial; whether or not 
the child had food selectivity and whether this eating 
pattern was modified; the severity of ASD (mild [needs 
support], moderate [needs substantial support], or 
severe [needs very substantial support], according to 
the DSM-5 classification); whether there were adverse 
effects associated with the use of the product (CBD-rich 
extract or placebo); the number of drops of the product 
being taken at the end of the trial, since the increase 
was gradual and as directed by the researcher; whether 
the caregiver was in doubt, did not notice, or could not 
see improvement with the test product at the final 
consultation, before the researcher or the participants 
were aware whether the child had been allocated to the 
treatment or the control group. Finally, because the 
coronavirus (coronavirus disease 2019 [COVID-19]) 
pandemic broke out during the clinical trial, the children 
were isolated at home or could not receive professional 
attention, causing changes to their routine, which in 
itself is a disorganizing factor for those with ASD, so the 
researchers included the participants’ parents’ reports 
of the effects of isolation on their children’s symptoms 
in the final evaluation (Table 2).

Analysis of the semi‑structured interview, ATEC, 
and CARS

Important variables associated with ASD were 
assessed using a semi-structured questionnaire. 
The symptoms evaluated were aggressiveness, 



4 – Trends Psychiatry Psychother. 2024;46:e20210396 

Cannabinoids in children with ASD: clinical trial - Silva Junior et al.

psychomotor agitation, concentration, meals (number 
of meals/day), sleep (number of hours of sleep/day), 
social interaction with peers, verbal language (speech), 
anxiety; and repetitive and stereotyped movements 
(stereotypies). Mean scores were also calculated for 
the ATEC scale (and its subdivisions: ATEC L, related 
to language; ATEC S, related to socialization; ATEC P, 
related to sensory and cognitive perception; ATEC SC, 
related to health, physical aspects, and behavior; and 
ATEC T, which is the total sum of the scale) and the 
CARS scale (Table 3).

It can be observed from the results of the semi-
structured interview that children who received the CBD-
rich cannabis extract showed a significant improvement 
in psychomotor agitation, started to accept more meals 

a day, had much improved social interaction, and were 
less anxious, when compared to children in the control 
group, suggesting improvement in some symptoms 
associated with the ASD condition. On the other hand, 
regarding the “concentration” variable, it was observed 
that only children with mild ASD who received the CBD-
rich cannabis extract showed significant improvement 
in this variable (Table 4). For this reason, it could 
be suggested that there is a difference between 
different levels of ASD severity for the “concentration” 
variable only.

Four children dropped out of the study during 
recruitment and laboratory testing prior to the start 
of the clinical trial. Three of these had been recruited 
for the control group and one for the treatment group, 

Table 1 ‑ Sociodemographic data on the parents of children with autism spectrum disorder (ASD)

Variable (parents)
Treatment group

(n = 31)
Control group

(n = 29) Total (n = 60)
Mother’s age (at conception) 29.00 (29.00) ± 6.09 30.00 (30.00) ± 6.85 29.46 (30.00) ± 6.42
Father’s age (at conception) 34.05 (34.00) ± 6.69 32.10 (31.00) ± 5.67 33.10 (33.00) ± 6.21

Mother’s education
Incomplete elementary 1 (3.57) 2 (7.69) 3 (5.56)
Complete elementary 0 (0.00) 1 (3.85) 1 (1.85)
Incomplete secondary 2 (7.14) 0 (0.00) 2 (3.70)
Complete secondary 9 (32.14) 7 (26.92) 16 (29.63)
Incomplete higher 4 (14.29) 6 (23.08) 10 (18.52)
Complete higher 6 (21.43) 4 (15.38) 10 (18.52)
Postgraduate 6 (21.43) 6 (23.08) 12 (22.22)

Father’s education
Incomplete elementary 0 (0.00) 1 (5.56) 1 (2.63)
Complete elementary 1 (5.00) 1 (5.56) 2 (5.26)
Incomplete secondary 3 (15.00) 6 (33.33) 9 (23.68)
Complete secondary 2 (10.00) 2 (11.11) 4 (10.53)
Incomplete higher 8 (40.00) 4 (22.22) 12 (31.58)
Complete higher 6 (30.00) 4 (22.22) 10 (26.32)

Other children
No 11 (35.48) 10 (34.48) 21 (35.00)
Yes 14 (45.16) 14 (48.28) 28 (46.67)
Yes and with ASD 6 (19.35) 5 (17.24) 11 (18.33)

Working parents
No 1 (3.23) 2 (6.90) 3 (5.00)
Yes 20 (64.52) 14 (48.28) 34 (56.67)
One of the parents had to stop 10 (32.26) 13 (44.83) 23 (38.33)

Father or mother’s marital status
Single 8 (25.81) 6 (20.69) 14 (23.33)
Married 15 (48.39) 17 (58.62) 32 (53.33)
Divorced 8 (25.81) 5 (17.24) 13 (21.67)
Other 0 (0.00) 1 (3.45) 1 (1.67)

Qualitative variables: n (%); quantitative variables: average (median) ± standard deviation.
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Table 2 ‑ Sociodemographic data and information about the children participating in the research

Variable (children)
Treatment group

(n = 31)
Control group

(n = 29)
Total

(n = 60)
Gender

Male 25 (80.65) 27 (93.10) 52 (86.67)
Female 6 (19.35) 2 (6.90) 8 (13.33)

Age 7.64 (7.00) ± 1.76 7.72 (7.00) ± 1.75 7.68 (7.00) ± 1.74

Child’s education
Does not attend 2 (6.45) 2 (6.90) 4 (6.67)
Beneath the expected grading 4 (12.90) 6 (20.69) 10 (16.67)
Within the expected grading 25 (80.65) 21 (72.41) 46 (76.67)

Treatment type
Does not receive treatment 6 (19.35) 7 (24.14) 13 (21.67)
Public 14 (45.16) 9 (31.03) 23 (38.33)
Private 7 (22.58) 11 (37.93) 18 (30.00)
Mixed 4 (12.90) 2 (6.90) 6 (10.00)

Occupational therapy 16 (51.61) 17 (58.62) 33 (55.00)
Physiotherapy 1 (3.23) 1 (3.45) 2 (3.33)
Speech therapy 19 (61.29) 20 (68.97) 39 (65.00)
Psychology 15 (48.39) 17 (58.62) 32 (53.33)
Psychopedagogy 11 (35.48) 12 (41.38) 23 (38.33)
Other treatments 6 (19.35) 2 (6.90) 8 (13.33)

Psychotropics 
Does not use 17 (54.84) 10 (34.48) 27 (45.00)
Used and continued 12 (38.71) 16 (55.17) 28 (46.67)
Used and stopped 1 (3.23) 2 (6.90) 3 (5.00)
Did not use and started 1 (3.23) 1 (3.45) 2 (3.33)

Selective eating
No 16 (51.61) 17 (58.62) 33 (55.00)
Yes and continued 8 (25.81) 7 (24.14) 15 (25.00)
Yes and stopped 7 (22.58) 5 (17.24) 12 (20.00)

Severity
Mild 13 (41.94) 13 (44.83) 26 (43.33)
Moderate 16 (51.61) 13 (44.83) 29 (48.33)
Severe 2 (6.45) 3 (10.34) 5 (8.33)

Adverse side effects 4 (12.90) 5 (17.24) 9 (15.00)

Subjective improvement
No 7 (22.58) 12 (41.38) 19 (31.67)
Unsure 3 (9.68) 7 (24.14) 10 (16.67)
Yes 21 (67.74) 10 (34.48) 31 (51.67)

Number of drops being taken 47.42 (52.00) ± 15.22 40.96 (44.00) ± 18.86 44.30(50.00) ± 17.23

Isolation interfered?
No 19 (61.29) 19 (65.52) 38 (63.33)
Only initially 4 (12.90) 1 (3.45) 5 (8.33)
Yes 8 (25.81) 9 (31.03) 17 (28.33)

 Qualitative variables: n (%); quantitative variables: average (median) ± standard deviation.
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Table 4 ‑ Mixed analysis of variance for two factors (R software version 4.0.2)

Variable df Sum Sq Mean Sq F value Pr(>F)
Social interaction 1 17.63 17.633 14.133 0.000268*
Residuals 116 144.73 1.248
Psychomotor agitation 1 14.70 14.700 9.225 0.00295†
Residuals 116 184.84 1.593
Anxiety 1 10.21 10.208 5.989 0.0159‡

Residuals 116 197.73 1.705
Number of meals per day 1 9.63 9.633 4.109 0.045‡

Residuals 116 271.99 2.345
Concentration (mild group) 1 5.56 5.558 6.747 0.0124‡

Residuals 48 39.54 0.824

All p-values were calculated for the treatment after versus the control after groups using the two-factor mixed analysis of variance (Two-way ANOVA) test 
followed by Tukey and Wilcoxon.
* p < 0.001; † p < 0.01; ‡ p < 0.05.

Table 3 ‑ Assessment of different variables in children with autism spectrum disorder (ASD) in the control group  
and the treatment group

Variable Treatment group (n = 31) Control group (n = 29) p‑value
Aggressiveness 0.81 (0.00) ± 1.05 1.39 (1.00) ± 1.36 0.2149
Psychomotor agitation 1.64 (2.00) ± 1.28 2.65 (3.00) ± 1.14 0.00295*
Concentration 1.71 (2.00) ± 1.07 2.96 (3.00) ± 0.86 0.269
Meals 1.32 (0.00) ± 1.90 0.38 (0.00) ± 0.82 0.045†

Sleep 0.77 (0.00) ± 1.61 0.28 (0.00) ± 0.59 0.0711
Social interaction 1.68 (2.00) ± 1.01 2.83 (3.00) ± 1.10 0.000268‡

Speech 1.32 (1.00) ± 1.42 1.72 (1.00) ± 1.55 0.3918
Anxiety 1.84 (2.00) ± 1.39 2.90 (3.00) ± 1.23 0.0159*
Stereotypy 1.45 (1.00) ± 1.06 2.07 (2.00) ± 1.03 0.3853
ATEC L 12.16 (12.00) ± 7.49 13.14 (13.00) ± 8.18 0.254
ATEC S 13.64 (15.00) ± 6.31 17.83 (18.00) ± 9.83 0.113
ATEC P 13.68 (13.00) ± 7.77 16.86 (18.00) ± 8.53 0.212
ATEC SC 25.35 (25.00) ± 10.79 27.17 (25.00) ± 11.03 0.119
ATEC T 64.84 (63.00) ± 26.82 75.00 (78.00) ± 32.89 0.098
CARS 33.47 (31.00) ± 8.48 37.83 (39.00) ± 9.02 0.188

CARS = Childhood Autism Rating Scale.
Results are expressed as average (median) ± standard deviation.
All p-values were calculated for the treatment after versus the control after groups using the two-factor mixed analysis of variance (two-way ANOVA) test 
followed by Tukey and Wilcoxon.
The Autism Treatment Evaluation Checklist (ATEC) subscales are as follows: ATEC L, related to language; ATEC S, related to socialization; ATEC P, related to 
sensory and cognitive perception; and ATEC SC, related to health, physical aspect, and behavior, while ATEC T, is the total sum of the scale.
 * p < 0.01; † p < 0.05; ‡ p < 0.001.

thus resulting in a final sample of 60 children (31 in 
the treatment group and 29 in the control group). 
The reason for dropping out was that they did not live 
in the city where the clinical trial was being run and 
had difficulties traveling there. Furthermore, we also 
analyzed some important hematological parameters, 
including complete blood test, glycemia, aspartate 
aminotransferase (ALT), alanine aminotransferase 
(AST), urea and creatinine, and it was observed that 
all these parameters were within normal limits in 
all children.

The Supplementary Material (online-only) presents 
additional two-way mixed ANOVA statistical analyses. 

Discussion

Even though the CBD-rich extract was used at a 
low concentration (2.5 mg/mL), using three drops 
twice a day, and the basic dose was determined by 
the ABRACE protocol, improvements were observed 
in social interaction, psychomotor agitation, number 
of meals, anxiety, and concentration, and the adverse 
effects experienced by a few of the children were mild 
and transient. Results showing improved concentration 
were only observed in the mild group.

The sample comprised 86.7% male children and was 
not selected by gender, but it is known that ASD is more 
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common in boys than in girls.5,11 Females, as a rule, are 
more rarely affected (four boys to each girl for autism 
and 10 boys to each girl for Asperger’s Syndrome). This 
pattern led to the hypothesis of a “female protective 
effect,” a purported biological aspect by which females 
require a greater etiological “burden” to manifest 
autism.12,13 Enrollment for possible participation in the 
clinical trial was open to the general population, but there 
were significantly fewer female children (296 children 
enrolled, 45 of whom were female, thus corresponding 
to only 15.2%, and eight girls [13.3%] and 52 boys 
[86.7%] were selected for the clinical trial).

Concerning the challenges of the COVID-19 
pandemic for people with ASD, given the importance 
of routine in their lives, families with children with ASD 
face enormous challenges to mitigate the impact of 
the condition, as they often fail to carry out preventive 
measures. Sudden changes, such as social isolation, 
can cause emotional and behavioral changes, such as 
anxiety, agitation, and agressiveness.14 It is not clear 
whether COVID-19 had any impact on the study, but 
differences were observed in medical consultations. 
For this reason, at the end of the study, parents were 
asked whether social isolation, which led to temporary 
discontinuation of multidisciplinary treatments and 
consequent changes in routine, had interfered with the 
children’s functioning and 71.7% reported that there 
was no interference with any significant impairment.

The neuropsychological assessment is crucial 
to complement a diagnosis of ASD and to monitor 
the child’s progress while undergoing medication-
based interventions. It was also important that 
neuropsychological tests, such as executive functions, 
Theory of Mind, empathy, and attention15 were 
performed to evaluate the main psychological functions 
related to ASD in several areas, such as severity of 
autism and verbal language.

Efficacy of CBD‑rich cannabis extract
One of the core symptoms of ASD, and one of its DSM-

5 diagnostic criteria, is persistent impairment in social 
interaction. In the present study, the result revealing 
the most robust improvement (p < 0.001) was social 
interaction. The reduction in psychomotor agitation is 
of great relevance. Parents of ASD children often report 
several food restriction problems and inadequate diet.16,17 
These issues were observed in our sample, in which the 
caregivers said that many participants had fewer daily 
meals than desired and had difficulty eating due to 
sensory and food selectivity issues. An improvement was 
observed in eating habits in the treatment group, seen 
in the parameter “meals.” Anxiety accompanies many 
children with ASD and can lead to behavioral changes, 

given that they often cannot express what they feel, and 
also leads to psychological suffering.18-20

Another major complaint of parents of ASD children 
relates to concentration, so it was very important to 
analyze this according to the degree of severity of 
ASD, because mild children possibly have less cognitive 
impairment, since they require less support, which could 
suggest that improvement in the ability to concentrate 
might only occur at this severity level, as was found in 
this study, but we cannot confirm such a hypothesis on 
the basis of this clinical trial.

A study with 400 individuals in New Zealand 
evaluating the prescription of CBD in clinical practice 
also assessed neurological symptoms, which included 
Parkinson’s disease, multiple sclerosis, epilepsy, 
ASD with challenging behavior, amyotrophic lateral 
sclerosis, multiple system atrophy, chronic pain, various 
neuropathies, and tremors. Mental health symptoms 
include anxiety disorders, depressive disorders, 
post-traumatic stress disorder, stress disorder, and 
insomnia.21 However, to date, there have been no 
randomized, double-blind, placebo-controlled clinical 
trials with samples composed only of children with ASD, 
regardless of stratification by severity.

Although retrospective, one research study with a 
sample of 60 individuals with an average age of 11 years 
did show improvements in behavioral outbursts (61%) 
and anxiety (39%).22 A prospective study with cannabis 
use, which also included adults (53 participants aged 4 
to 22 years) and employed biweekly evaluations using 
structured interviews, resulted in 67.6% improvement 
in self-injury and bouts of anger, 68.4% improvement 
in hyperactivity, 71.4% improvement in sleep 
disturbances, and 47.1% improvement in anxiety, with 
mild to moderate adverse effects, such as drowsiness 
and decreased appetite.23

In another prospective study, 188 children were 
observed for 6 months, with all subjects receiving 
cannabis. From the results of structured questionnaires 
filled out by their parents, it was found that 30.1% of 
the subjects presented significant improvement, 53.7% 
moderate improvement, 6.4% slight improvement, and 
8.6% presented no improvement, with agitation (6.6%) 
and drowsiness (3.2%) as adverse effects.24

One observational study looked at efficacy and 
tolerability over 6 to 9 months, including analysis of 
comorbidities using monthly structured questionnaires, 
and found that 93% improved 30% or more in at least 
one symptom category, 47% improved 30% or more in 
four or more symptom categories, 13% improved 30% 
or more in two symptom categories; and 33% improved 
30% or more in one symptom category. The symptom 
categories were as follows: 1) ADHD; 2) behavioral 
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disorders; 3) motor deficits; 4) autonomy deficits; 
5) communication and social interaction deficits; 6) 
cognitive deficits; 7) sleep problems; 8) seizures.25

Individuals with ASD who used the CBD-rich 
cannabis extract showed improvement in the following 
symptoms: self-injury and bouts of anger, hyperactivity, 
sleep problems, anxiety, restlessness, psychomotor 
agitation, irritability, aggressiveness, sensory sensitivity, 
cognition, attention, social interaction, language, 
perseveration, and depression. Regarding the benefits 
of the intervention with cannabis, the restlessness 
symptom showed the greatest improvement (91%) in 
relation to the other symptoms studied.26

Therefore, our results show what the scientific 
literature demonstrates about its efficacy in 
hyperactivity, restlessness, and psychomotor agitation; 
in anxiety; in cognition, attention and concentration; 
in facilitating learning; in nutrition; and in social 
interaction in children on the autism spectrum.

Safety of CBD‑rich cannabis extract
Currently, CBD is approved by the Food and Drug 

Administration (FDA) for treatment of Dravet and 
Lennox-Gastaut syndromes, which are related to 
seizures.27 Randomized clinical trials have shown 
that when CBD is added to an anticonvulsant, the 
frequency of seizures decreases.28,29 As the scientific 
literature shows good response to epilepsy, we included 
children who presented epilepsy as a comorbidity as an 
exclusion criterion, in order to specifically analyze the 
characteristics of cannabis for ASD.30,31

Numerous pre-clinical studies32,33 and neuroimaging 
studies34 have demonstrated the anxiolytic effects of 
CBD. A published case series in psychiatric patients found 
CBD was beneficial for anxiety and sleep.35 According to 
the results described, anxiety is identified as a relevant 
characteristic associated with ASD, corroborating the 
scientific literature that presents overall improvement 
in anxiety in some studies.32-35

Researchers advise medical professionals, who 
encounter young patients using CBD, to discuss 
its quality and possible adverse effects and drug 
interactions, which were carefully analyzed in this 
study. If any subject had exhibited poorly understood 
symptoms such as fever, diarrhea, vomiting, or 
drowsiness, the adverse effects of CBD oil would not 
have gone unnoticed.

In this trial, it was found that only three children 
in the treatment group (9.7%) had adverse effects, 
which were dizziness and insomnia in one child, colic in 
one, and weight gain in another. In some studies, the 
following symptoms of adverse effects were observed: 
sleep disorders, restlessness, and nervousness, as well 

as moderate irritability, diarrhea, increased appetite, 
conjunctival hyperemia, behavioral problems, decreased 
cognition, fatigue, and aggression/agitation.24,25

These agents need to be evaluated over time for the 
long-term effects of these drugs on development, which 
remains an open question.

One of the limitations of the study was the 
coronavirus pandemic, which started during the clinical 
trial. Since routine is crucial in the lives of children with 
ASD, their families were faced with enormous challenges 
to mitigate the impact of the condition. As the children 
were divided into six groups of 10 for consultation and 
product initiation, there was a difference regarding the 
start of use: those who started before the pandemic 
(COVID-19) and those who started during the 
pandemic, since the clinical trial started in January 
2020 and a countrywide quarantine was implemented in 
March of the same year in Brazil. For the same reason, 
laboratory tests could not be performed after the end 
of the clinical trial.

New randomized, double-blind, placebo-controlled 
clinical trials using CBD-rich cannabis extract at 
higher concentrations and even using isolated CBD 
(phytochemical) for similar analyses would be an 
important contribution.

Conclusion

The CBD-rich cannabis extract was found to be safe 
at the doses used in this study (ranging from six to 70 
drops/day), given that only three of the 31 children who 
received the extract reported very mild side effects, 
such as dizziness, insomnia, colic, and weight gain. 
Titration could reach a maximum of 100 drops per day, 
as directed by the product supplier.

Based on the results obtained, it can be concluded 
that CBD-rich cannabis extract showed significant 
improvement in social interaction, anxiety, and 
psychomotor agitation when compared to children who 
received the placebo and that CBD-rich cannabis extract 
did not interfere with the children’s sleep quality.

Another important result in this study was an 
increased number of meals per day among children who 
received the CBD-rich cannabis extract when compared 
to the children who received the placebo. This result 
may be related to the decreased anxiety levels of these 
children observed after administration of the extract.

Therefore, it is observed that CBD-rich cannabis 
extract is effective and can be used safely, at least in 
the short term, to relieve some important symptoms 
related to ASD in children, such as social interaction, 
psychomotor agitation, and anxiety.
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Abstract
Background: Little is known about the Quality of Life (QOL) in parents of children with
developmental diseases as compared to other severe neurological or psychiatric disorders. Aims
of the present study were: to evaluate QOL in parents of children affected by Pervasive
Development Disorder (PDDs), Cerebral Palsy (CP) or Mental Retardation (MR) as compared to
a control group (CG); to evaluate QOL of parents of patients with different types of PDDs, namely
Autistic Disorder (AD), High Function Autism/Asperger Syndromes (HFA/AS) and Pervasive
Developmental Disorder Not Otherwise Specified (PPD-NOS); and to compare the level of
impairment in QOL of mothers and fathers within PDDs, CP, MR groups and between AD, HFA/
AS, PDD-NOS sub-groups.

Methods: The sample consisted of 212 parents (115 mothers and 97 fathers) of 135 children or
adolescents affected by PDDs, MR or CP. An additional sample of 77 parents (42 mothers and 35
fathers) of 48 healthy children was also included and used as a control group. QOL was assessed
by the WHOQOL-BREF questionnaire.

Results: Compared with parents of healthy children, parents in the PDDs group reported
impairment in physical activity (p = 0.0001) and social relationships (p = 0.0001) and worse overall
perception of their QOL (p = 0.0001) and health (p = 0.005). Scores in the physical (p = 0.0001),
psychological (p = 0.0001) and social relationships domains (p = 0.0001) and in the physical (p =
0.0001) and social relationships (p = 0.0001) domains were lower compared to the MR group CP
group respectively. Little differences were observed between MR, CP and control groups. The level
of impairment of physical (p = 0.001) and psychological (p = 0.03) well-being were higher in
mothers than in fathers in the PDDs and CP groups respectively; in the other groups, and across
all the other domains of QQL impairment was similar. There were no statistically significant
differences in the scores between the AD, HFA/AS and PDD-NOS sub-groups, but parents in the
HFA/AS sub-group seemed to display a lower QOL compared to the AD sub-group.

Conclusion: Parents of children with PDDs seem to display a higher burden, probably for a
combination of environmental and genetic factors. Within this group of parents also those of HFA
or AS people have higher stress. These finding must be taken into account in policy making to
provide better and more specific supports and interventions for this group of diseases.
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Background
Quality of Life (QOL) has been defined by the World
Health Organization as individuals' perception of their
position in life in the context of the culture and value sys-
tems in which they live and in relation to their goals,
expectations, standards and concerns. It is a broad con-
cept incorporating the person's physical health, psycho-
logical state, level of independence, social relationships,
personal beliefs and their relationship to salient features
of the environment [1]. As such, QOL cannot be simply
equated with the terms health status, life style, life satisfac-
tion, mental state, or well-being; rather, it is a multidi-
mensional concept incorporating the individual's
perception of these and other aspects of life [2].

Assessment of QOL is important in medical practice, to
improve the doctor-patient relationship, in assessing the
effectiveness and relative merits of different treatments, in
health services evaluation, in research and in policy mak-
ing [3].

QOL is especially relevant to conditions that are chronic
and impairing, such as pervasive developmental disorder
(PDD), Cerebral palsy (CP), mental retardation (MR).

PDDs, CP and MR are not rare conditions in the popula-
tion. Prevalence of PPD has been estimated to be around
1–5 per 1,000 [4,5] and an increase in incidence of this
disease has been reported by clinicians, schools, and serv-
ice agencies worldwide [6,7] Prevalence of MR is between
3–7 subjects per 1,000 [8,9] and for CP have been
reported to be between 1.5–3 per 1000 children [10].

Parents of children with developmental disabilities expe-
rience heightened stress, [11,17], impaired mental health
[18], sense of devaluation and self-blame [19], impaired
physical functioning, tiredness or exhaustion [20,21]. The
level of Impairment in quality of life within families of
children with these severe chronic conditions is likely to
be moderated by a complex matrix of environmental as
well as genetically-based variables such as socio-economic
status, social support, parental and child characteristics
and coping strategies [22,23]. The level of parental stress
has been found to be related to the level of severity and
disability of the children's diagnoses and to coexisting
behavioral problems [24,25]. Mothers of children with
PDDs reported higher levels of stress and demoralization
than fathers [26,27]. Research has indicated that maternal
stress in families with children with autism [28,29] is pre-
dicted by their children's co-existent behaviour problems
and also by their partner's depression. It has been sug-
gested that co-existent behaviour problems in the child
predict parental stress to a higher extent than the severity
of the autistic symptoms [27-29]. Furthermore mothers of
children with severe mental disorder and with intellectual

disability showed increased rates of physical health prob-
lems with poor perception of their health [24,30,31].

Little data are available on the QOL in parents of children
with developmental diseases as compared to other severe
neurological or psychiatric disorders. We assessed QOL of
parents of children and adolescent affected by pervasive
developmental disorders (PDDs), cerebral palsy (CP),
mental retardation (MR) and normally developing (con-
trol group, CG).

Aims of this study were: 1) to evaluate QOL in parents of
children suffering from PDDs, CP or MR as compared to
a control group; 2) to evaluate QOL of parents of patients
with different types of PDDs, namely Autistic Disorder
(AD), High Function Autism/Asperger Syndromes (HFA/
AS) and Pervasive Developmental Disorder not otherwise
specified (PPD-NOS); 3) to compare the level of impair-
ment in QOL of mothers and fathers within PDDs, CP,
MR groups and between AD, HFA/AS, PDD-NOS sub-
groups. We hypothesized that parents of children of PPD
might display an higher impairment of quality of life as
compared to the other groups because patients with PPD
usually display more and/or more severe maladaptive
behaviors and have lower chance of achieving a better psy-
chological adjustment compared to people with CP and
MR. The presence of genetic liability for autism (broad
autism phenotype) in family of autistic probands as well
as the higher aggregation of psychiatric disorders in these
families will be take into account.

Methods
Sample
The recruited sample comprised parents of 160 children
or adolescent affected by PDDs, MR or CP (60 children or
adolescent affected by PDDs; 60 affected by MR; 40
affected by CP). For each subject 2 questionnaires were
provided to parents independently of the family status,
for a total number of 320 questionnaires (120 question-
naires for the PDDs group, 120 questionnaires for the MR
group, 80 questionnaires for the CP group).

An additional sample of parents of 65 healthy children
was also included and used as a control group (CG), for a
total number of 130 questionnaires.

Assessment of QOL
The World Health Organization (WHO), with the aid of
40 collaborating centers around the world, has developed
two self-administered instruments for measuring quality
of life (the WHOQOL-100 and the WHOQOL-BREF), that
can be used in a variety of cultural settings whilst allowing
the results from different populations and countries to be
compared.
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The WHOQOL-BREF contains two items from the Overall
Quality of Life and General Health, and one item from
each of the 24 facets included in The WHOQOL-100.
Analysis of The WHOQOL-100 structure has suggested
the possibility of merging two of six domains of the
WHOQOL-100, thereby creating four domains of quality
of life: physical, psychological, social relationships and
environment [32].

The WHOQOL-BREF produces a profile with four domain
scores and two individually scored items about an indi-
vidual's overall perception of QOL and health (Q1 and
Q2). The four domain scores are scaled in a positive direc-
tion, with a score range of 0–100, and with higher scores
denoting higher QOL. The two individual items assessing
overall QOL are scaled in a positive direction, with a score
range of 1–5 (converted in this study into a 0–100 score),
with higher scores denoting higher QOL.

Psychometric properties of the Italian version of the
WHOQOL-Bref have been tested by the "Centro Italiano
Collaborativo Progetto WHOQOL" [33].

Procedure
This study was conducted at the Department of Child
Neurology and Psychiatry of the University of Catania,
Italy, Participants were parents of people aged 2–18 years
referred to the center during a period of 1 year (June
2005–June 2006).

The participating children underwent a comprehensive
clinical diagnostic assessment based on the DSM-IV-TR
criteria [34], and all diagnoses were made according to
DSM-IV-TR criteria except when specified.

Potential participants could enter the study if their sons
received a diagnosis of PPDs, MR or CP.

The CG consisted of mothers and fathers of typically
developing people aged <18, recruited via school nurses,
attending regular classes in mainstream schools, with no
mental, developmental, or physical disabilities according
to school medical records and not receiving ongoing pre-
scription medication.

Exclusion criteria were inability to undergo the written
parts of the questionnaire or refusal to participate. Parents
of more than 1 son affected by PDDs, MR or CP were not
included in the study. Questionnaires missing more than
20% of data, missing items Q1 or Q2 or missing more
than two items from the domain (more than 1 for domain
3, social relationships), were discarded. Where an item
was missing, the mean of other items in the domain was
substituted [3].

The instrument used to assess parental QOL was distrib-
uted by the authors to the families of the study group dur-
ing inpatient or outpatient visits, during home visit or by
mail and email and were returned to the authors via a
parental visit to the clinic, a second home visit or by mail
and email. The questionnaire was distributed to the fami-
lies of the CG by mail. Each parent separately filled in the
QOL instrument. The questionnaires were anonymous.
The cover page, gave information about the study, brief
instructions and an example of how to respond to the
questions. Demographic and health questions are not
included in the WHOQOL-BREF and were included as a
separate partially structured demographic questionnaire.
The requested data were gender, age, family status, school
education and health status of parents; age and gender of
children. Data from the demographic questionnaire were
only used to assess statistical differences between the
groups on the requested information.

Data analysis
Data were assessed using Student's t-tests and one-way
ANOVAs with post hoc Scheffé multiple comparison tests.
The Statistical Package for Social Sciences (SPSS) [35] was
used. Significance level p < .05 was regarded as statistically
significant.

Results
Among the PDDs group, 51 questionnaires were not
included in the study, constituting a drop-out rate of
42.5%. 39 of the 51 excluded questionnaires (76%) were
not returned to the authors; 12 of the 51 excluded ques-
tionnaires (24%) were considered ineligible for the anal-
ysis because of missing data.

Among the MR group, 31 questionnaires were excluded
from the study, constituting a drop-out rate of 25.8%. 19
of the 31 excluded questionnaires (62%) were not
returned to the authors; 12 of the 31 questionnaires
(38%) were excluded for missing data.

In the CP group, 26 questionnaires were not included in
the study, constituting a drop-out rate of 32.5%. 19 ques-
tionnaires (73%) were not returned to the authors; 7
questionnaires (27%) were considered ineligible for the
analysis because of missing data.

A total number of 289 questionnaires were included in
the study.

The study group consisted of 212 parents (97 fathers, 115
mothers) of 135 children or adolescents affected by
PDDs, MR or CP. The control group (CG) consisted of 77
parents (35 fathers and 42 mothers) of 89 healthy chil-
dren.
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The PDDs group consisted of 69 parents (30 fathers and
39 mothers) of 53 children and adolescent (males n. 42;
females n. 11; sex ratio M/F = 3.8/1) affected by PDDs. 16
fathers and 21 mothers of 26 children and adolescents
(males n. 20; females n. 6) affected by autistic disorder
(AD) and IQ level<70 (n. 16, IQ between 55 and 70; n.
10, IQ between 40 and 54), 10 fathers and 12 mothers of
20 children and adolescents (males n. 17; females n. 3)
affected by Asperger's disorder or high-functioning autism
(HFA/AS), the latter defined as AD with IQ level>70, 4
fathers and 6 mothers of 7 children and adolescents
(males n. 5; females n. 2) affected by Pervasive Develop-
mental Disorder-Not otherwise specified (PDD-NOS) (n.
3, IQ between 55 and 69; n. 4, IQ between 40 and 54).

The MR group consisted of 89 parents (40 fathers and 49
mothers) of 55 children and adolescents (males n. 33;
females n. 22; sex ratio M/F = 1.5/1) affected by MR with-
out autism spectrum conditions. 23 fathers and 28 moth-
ers of 32 children and adolescents (males n. 18; females n.
14) affected by mild to moderate MR, 17 fathers and 21
mothers of 23 children and adolescents (males n. 15;
females n. 8) affected by severe to profound MR.

The CP group consisted of 54 parents (27 fathers and 27
mothers) of 30 children and adolescents (males n. 15;
females n. 15; sex ratio M/F = 1/1) affected by CP. For this
group we have adopted the classification of subtypes of
cerebral palsy agreed by the Surveillance of Cerebral Palsy
in Europe collaboration of cerebral palsy registers [36]. 12
fathers and 13 mothers of 12 children and adolescent
(males n. 7; females n. 5) affected by 2 limbs spastic bilat-
eral type CP (2SBCP), 9 fathers and 7 mothers of 10 chil-
dren and adolescents (males n. 4; females n. 6) affected by
hemiplegia type CP (HCP), 6 father and 7 mother of 8
children and adolescents (males n. 4; females n. 4)
affected by 3–4 limbs spastic bilateral type CP (SBCP).

The CG consisted of 42 mothers and 35 fathers of 48 typ-
ically developing children (males n. 17; females n. 31; sex
ratio M/F = 1/1.8) recruited via school nurses, attending
regular classes in mainstream schools, with no mental,
developmental, or physical disabilities according to
school medical records and not receiving ongoing pre-
scription medication.

Average age of parents was 40 ± 13.5 years (20–58 years).
Family status was: 76% married/cohabitating, 21% sepa-
rated/divorced, 3% widowed. Level of education was:
39% primary school, 44% secondary school, 17% univer-
sity. None of the parents was currently ill.

Average age of children within PDDs group was 7.5 ± 5
years (range 3–17). Average age of children within the MR
group was 6.3 ± 7 years (range 4–16). Average age of chil-
dren within the CP group was 9 ± 5 years (range 2–16).
Average age of children within the CG was 8 ± 4 years
(range 4–15). There were no statistically significant differ-
ences regarding socio-demographic factors between the
groups (Table 1).

Comparison between the PDDs, the MR, the CP and the 
control groups
Fathers in the PDDs group showed statistically significant
lower scores in the social relationship domain and in the
Q1 item compared to CG, and in the psychological
domain compared to CP group (Table 2). Mothers in the
PDDs group showed statistically significant lower scores
in the Q1 and Q2 items and in the physical and social
relationship domains compared to the CG, and in the psy-
chological domain compared to the MR group. Mothers
in the MR group showed statistically significant lower
scores Q1 item and in the physical domain compared to
the CG. Mothers in CP group showed statistically signifi-
cant lower scores in the Q1 item compared to the CG
(Table 2).

Table 1: Demographics characteristics of parents of children and adolescents with Pervasive development disorder (PDDs), Mental 
retardation (MR), Cerebral Palsy (CP) and controls CG).

PDDs (N = 69) MR (N = 89) CP (N = 54) CG (N = 77) TOT (N = 289)

Fathers/Mothers 30/39 40/49 27/27 35/42 132/157
Age (Mean ± SD) 37 ± 12.7 43 ± 14.5 39 ± 12.5 41 ± 14.3 40 ± 13.5
Family status

Married/Cohabitating 53 (77%) 67 (75%) 40 (74%) 60 (68%) 220 (76%)
Separated 15 (22%) 18 (20%) 12 (22%) 16 (21%) 61 (21%)
Widowed 3 (4%) 2 (2%) 2 (4%) 2 (3%) 9 (3%)

Level of Education
Primary 26 (38%) 35 (39%) 22 (41%) 30 (39%) 113 (39%)
Secondary 30 (43%) 39 (44%) 24 (44%) 34 (44%) 127 (44%)
University 12 (17%) 14 (16%) 10 (19%) 13 (17%) 49 (17%)

Sons/Daughters 42/11 33/22 15/15 17/31 107/79
Age (Mean ± SD) 7.5 ± 5 6.3 ± 7 9 ± 5 8 ± 4 7.7 ± 5.2
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Comparison between fathers and mothers within the 
PDDs, the MR, the CP and control groups
Within the PDDs group mothers showed lower scores in
the physical domain (p = 0.001) and within the CP group
in the psychological domain (p = 0.03). No statistically
significant differences were observed within the MR group
and the CG (Table 3).

Comparison within the PDDs group: the AD, HFA/AS and 
PDD-NOS sub-groups
Fathers in the AD sub-group showed statistically signifi-
cant lower scores in the Q1 item and in the social relation-
ship domain compared to CG. Fathers in the HFA/AS sub-
group showed statistically significant lower scores in the
Q1 and Q2 items and in the social relationship domain
compared to CG, and in the Q2 item compared to the
PDD-NOS sub-group (Table 4). Mothers in the AD sub-
group showed statistically significant lower scores in the
Q1 item and in the physical domain compared to CG.
Mothers in the HFA/AS sub-group showed statistically sig-
nificant lower scores in the Q1 item and in the physical
and social relationship domains compared to CG. Moth-

ers in the PDD-NOS sub-group showed statistically signif-
icant lower scores Q1 item compared to CG (Table 4).

Comparison between fathers and mothers within the AD, 
HFA/AS, PDD-NOS
The only statistically significant differences was the lower
scores of mothers in the physical domain within the AD
sub-group (p = 0.02).

Discussion
Parents of children with PDDs showed a significant
impairment of QOL as compared to the other groups,
while little differences were observed between MR, CP and
control groups. In particular, significant differences in the
MR and CP groups compared to controls where present
only in mothers, with impairment in the physical domain
and overall perception of QOL in mothers of children
with MR and in overall perception of QOL for mothers of
children affected by CP. No statistically significant differ-
ences were observed between MR and CP groups.

Within the PDDs group mothers tended to have a lower
QOL compared to fathers, despite the only statistically sig-

Table 3: Comparison of Quality of Life (WHOQOL-BREF) between fathers and mothers of participants with Pervasive Development 
Disorder (PDDs). Mental Retardation (MR). Cerebral Palsy (CP) and control group (CG).

PDDs 
fathers n.30

PDDs 
mothers 
n.39

MR fathers 
n.40

MR 
mothers 
n.49

CP fathers 
n.27

CP 
mothers 
n.27

Control 
fathers n.35

Control 
Mothers 
n.42

Mean (SD) Mean (SD) p Mean (SD) Mean (SD) p Mean (SD) Mean (SD) p Mean (SD) Mean (SD) p

Q1 59.17 (16.72) 58.33 (21.71) N.S. 67.05 (17.7) 63.27 (20.48) N.S. 66.18 (17.55) 60.35 (16.53) N.S. 78.57 (16.21) 77.98 (13.75) N.S.
Q2 65.83 (19.12) 55.77 (26.57) N.S. 72.16 (18.06) 67.35 (21.77) N.S. 63.24 (20) 65.29 (19.98) N.S. 74.29 (22.27) 71.43 (21.08) N.S.
Physical 65.48 (11.11) 53.94 (16.34) 0.001 67.37 (12.83) 64.65 (15.91) N.S. 64.92 (17.05) 60.87 (12.99) N.S. 72.24 (14.8) 68.45 (15.68) N.S.
Psychological 64.58 (16) 57.59 (17.41) N.S. 71.69 (12.41) 68.79 (13.4) N.S. 76.47 (9.65) 67.2 (15.68) 0.03 68.93 (14.93) 64.38 (15.4) N.S.
Relationships 60 (18.36) 58.97 (23.68) N.S. 68.37 (16.13) 69.73 (16.47) N.S. 72.06 (9.26) 66.97 (15.99) N.S. 75.24 (15.59) 72.22 (18.56) N.S.
Environment 53.75 (12.7) 48.96 (14.84) N.S. 55.61 (12.46) 57.14 (11.71) N.S. 59.01 (12.59) 54.64 (12.6) N.S. 56.96 (17.78) 54.24 (19) N.S.

Table 2: Comparison of Quality of Life (WHOQOL-BREF) between fathers and mothers of children and adolescents with Pervasive 
development disorder (PDDs), Mental retardation (MR), Cerebral Palsy (CP) and controls (CG).

Fathers PDDs (N = 30) MR (N = 40) CP (N = 17) CG (N = 35) ANOVA Post-hoc contrasts
F p

Q1 (mean ± SD) 7.28 0.000 CG>PDDs
Q2 (mean ± SD) 65.83 ± 19.12 72.16 ± 18.06 63.24 ± 20.00 74.29 ± 22.27 1.8 0.151
Physical (mean ± SD) 65.48 ± 11.11 67.37 ± 12.83 64.92 ± 17.05 72.24 ± 14.80 1.77 0.156
Psychological (mean ± SD) 64.58 ± 16.00 71.69 ± 12.41 76.47 ± 9.65 68.93 ± 14.93 3.05 0.031 CP>PDDs
Relationships (mean ± SD) 60.00 ± 18.36 68.37 ± 16.13 72.06 ± 9.29 75.24 ± 15.59 5.27 0.002 CG>PDDs
Environment (mean ± SD) 53.75 ± 12.70 55.61 ± 12.46 59.01 ± 12.59 56.96 ± 17.78 0.56 0.640
Mothers PDDs (N = 39) MR (N = 49) CP (N = 27) CG (N = 42) F p

Q1 (mean ± SD) 58.33 ± 21.71 63.27 ± 20.48 60.35 ± 16.53 77.98 ± 13.75 9.16 0.000 CG>PDDs, MR, CP
Q2 (mean ± SD) 55.77 ± 26.57 67.35 ± 21.77 65.29 ± 19.98 71.43 ± 21.08 3.47 0.018 CG>PDDs
Physical (mean ± SD) 53.94 ± 16.34 64.65 ± 15.91 60.87 ± 12.99 68.45 ± 15.68 6.44 0.000 CG>PDDs, MR
Psychological (mean ± SD) 57.59 ± 17.41 68.79 ± 13.40 67.20 ± 15.68 64.38 ± 15.40 4.17 0.007 MR>PDDs
Relationships (mean ± SD) 58.97 ± 23.68 69.73 ± 16.47 66.97 ± 15.99 72.22 ± 18.56 3.72 0.013 CG>PDDs
Environment (mean ± SD) 48.96 ± 14.84 57.14 ± 11.71 54.64 ± 12.60 54.24 ± 19.00 2.24 0.086

Q1 = Overall perception of Quality of Life; Q2 = Overall perception of Health.
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nificant difference found between fathers and mothers was
in the physical domain (mothers of children with PDDs
showing lower scores). More specifically, mothers of chil-
dren with PDDs displayed lower physical health, impair-
ment in social relationship and in the psychological state,
and a worse overall perception of QOL and health, while
fathers displayed a worse perception of their psychological
state and impairment in overall QOL and in social relation-
ship.

These findings are in accordance with previous studies,
reporting parents of children with autism, particularly
mothers, experience more stress than parents of typically
developing children or other clinical conditions (cystic
fibrosis, Down syndrome, behaviour disorders, mental
retardation, learning-disability) [12,19,27,37,45].

Analyzing data within the PDDs group, the HFA/AS sub-
group seems to display a lower QOL compared to the AD
sub-group, because of the lower scores in more domains.
In particular, the fathers' HFA/AS sub-group shows
impairment in overall perception of QOL and health (the
latter also compared to the PDD-NOS subgroup) and in
the social relationship domain, while the fathers' AD sub-
group only in overall perception of QOL and in social
relationship; the mothers' HFA/AS sub-group displays
impairment in overall perception of QOL, in psychical
health and in social relationships while mothers' AD sub-
group only in overall perception of QOL and physical
health.

From an environmental stand-point, the differences in
QOL between parents of children with PDDs and parents
of children with other clinical diagnoses could be attrib-
uted to the environmental effects (greater stresses and bur-

den) of having a child with such severe developmental
disorders: difficult behaviors, including temper tantrum
and aggressive, self-abusive, destructive, obsessive, ritual-
istic, impulsive and self-stimulatory behaviors; limited
social skills and judgment that often resulted in being
teased or rejected; the strain of not understanding their
children or knowing what was wrong with them; needed
constant supervision and assistance with daily living
skills; financial strains; the problems associated with
school and relative services; difficulty obtaining a correct
diagnosis; stressful experiences with professionals; wor-
ries about the future, including living arrangements and
sexuality; ineffective services and unmet needs; poor com-
munication and coordination among services providers
[46-48].

On the other hand, studies undertaken from the late
1970s indicated the presence of strong genetic influences
and of a phenotype much broader than the traditional
diagnostic category of autism [49]: twin and family stud-
ies [50], as well as observations on the familiality of a
range of traits (social, communication and language diffi-
culties, personality traits, vocational interests, cognitive
style) linked to autism [51-63] provide direct and indirect
evidences for the existence of a genetic contribution and
of a genetic liability for autism spectrum disorders [64]:
'the lesser variant' [65] or 'the broad autism phenotype"
[62,66].

Other studies report familial aggregation of psychiatric
disorders in families of autistic individuals: obsessive-
compulsive disorder, tic disorders, affective disorders
(especially major depressive disorder), anxiety disorders
(in particular social phobia) and personality disorders
[67,68].

Table 4: Comparison of Quality of Life (WHOQOL-BREF) between fathers and mothers of children and adolescents with Autistic 
Disorder (AD), Asperger's disorder or high-functioning autism (HFA/AS) and Pervasive Developmental Disorder-Not otherwise 
specified (PDD-NOS).

Fathers AD (N = 16) HFA/AS (N = 10) PDD-NOS (N = 4) CG (N = 35) ANOVA Post-hoc contrasts
F p

Q1 (mean ± SD) 56.25 ± 19.3 60.00 ± 12.9 68.75 ± 12.5 78.57 ± 16.21 8.11 0.000 CG>AD, HFA/AS
Q2 (mean ± SD) 68.75 ± 14.43 52.50 ± 18.45 87.50 ± 14.43 74.29 ± 22.27 4.25 0.009 CG>HFA/AS; PDD-NOS>HFA/AS
Physical (mean ± SD) 65.40 ± 11.04 64.64 ± 12.65 67.86 ± 9.67 72.24 ± 14.80 1.42 0.245
Psychological (mean ± SD) 62.24 ± 16.14 63.33 ± 16.64 77.08 ± 9.92 68.93 ± 14.93 1.47 0.231
Relationships (mean ± SD) 59.90 ± 14.97 56.67 ± 23.17 68.75 ± 19.69 75.24 ± 15.59 4.81 0.005 CG>AD, HFA/AS
Environment (mean ± SD) 53.91 ± 14.05 50.94 ± 11.70 60.16 ± 8.98 56.96 ± 17.78 0.55 0.651
Mothers AD (N = 21) HFA/AS (N = 12) PDD-NOS (N = 6) CG (N = 42) F p

Q1 (mean ± SD) 58.33 ± 19.90 60.42 ± 22.51 54.17 ± 29.23 77.98 ± 13.75 8.01 0.000 CG>AD, HFA/AS, PDD-NOS
Q2 (mean ± SD) 54.76 ± 26.95 56.25 ± 28.45 58.33 ± 25.82 71.43 ± 21.08 2.87 0.042
Physical (mean ± SD) 53.23 ± 17.42 53.57 ± 16.19 57.14 ± 14.98 68.45 ± 15.68 5.52 0.002 CG>AD, HFA/AS
Psychological (mean ± SD) 58.73 ± 16.66 51.74 ± 19.82 65.28 ± 13.09 64.38 ± 15.40 2.17 0.099
Relationships (mean ± SD) 60.71 ± 22.38 52.08 ± 21.94 66.67 ± 31.62 72.22 ± 18.56 3.38 0.022 CG>HFA/AS
Environment (mean ± SD) 48.96 ± 15.76 44.79 ± 11.02 57.29 ± 16.96 54.24 ± 19.00 1.35 0.263

Q1 = Overall perception of Quality of Life; Q2 = Overall perception of Health.
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A few reports of psychological tests (Minnesota Multipha-
sic Personality Inventory, Eysenck Personality Inventory,
Maudsley Personality Inventory) administered to parents
of children with autism in the 1970' and 1980' indicated
no significant finding [40,69,70]. However a variety of
studies using self-report measures of various symptoms of
depression and anxiety found increased reports of psycho-
logical distress in parents of children with autism (espe-
cially mothers) compared to parents of typical children,
those with Down syndrome, or other clinical groups
[15,45,71-73]. Further, researchers have recently docu-
mented increased rates among parents of children with
autism of clinical depression compared to parents of chil-
dren with Down syndrome [61-63]; but these studies have
documented in the majority of cases of major depression,
episodes of the disorder had occurred before the birth of
the child with autism. The same studies also found
increased rates in parents of children with autism of social
phobia and other anxiety disorders and some indication
of increased incidence of obsessive-compulsive disorder
in the extended families.

Piven and Palmer (1999) [74] has suggested two main
hypothesis to explain the finding of increased rate of
depression among parents of children with autism: 1. a
genetic predisposition to depression in individuals who
later produce a child with autism or 2. individuals who are
depressed or anxious have an increased incidence of mar-
ring/having children with a partner who is genetically pre-
dispose to produce a child with autism.

Depression seems to be associated with depression in
other family members but not with the broader pheno-
type and with the severity of autism; its increased rate in
the families of individuals with autism  has not been yet
explained but it does not seem to reflect a genetic liability
to autism [49].

Another not clarified point is if parents of HFA or AS sons
display higher stress compared to parents of children with
PDD and mental retardation [75-77].

In our study, parents of children with PDDs showed a sig-
nificant impairment of QOL as compared to the other
groups, and parents in the HFA/AS sub-group seemed to
display a lower QOL compared to the AD sub-group.

At the moment it's difficult to examine genetic and envi-
ronmental influences independently.

The highest impairment of QOL that we found in parents
of children with PDDs, might be the expression of this
underlying genetic predisposition (both the liability to
autism and the higher familiar rate of psychiatric disor-
ders) combined with environmental precipitants.

Further researches are needed to better explain the com-
plicated genes-environment interaction.

Results of the present study should be considered in the
context of the following limitations:(1) we did not take
into account important factors that might influence QOL
such as the socioeconomic status of the parents; in partic-
ular no correlational or multivariate analyses with regard
to predictors or determinants of parental QoL have been
performed; (2) we did not assessed psychiatric comorbid-
ity in the children; (3) this study did not evaluate the
options of treatment for the children; (4) the limited
number of the study group probably makes the sample
not totally representative for the population of parents of
children affected by PDDs, MR or CP; (5) the wide age
range of the participants, may be another limitation,
despite research results have been mixed as to the effect of
the child's age on parental distress [37,39,71,72,74].
Some studies support the idea that mothers tend to expe-
rience distress earlier than fathers do, perhaps as a combi-
nation of childcare demands and early awareness of the
child's impairments [37,39]; (6) age of diagnosis and gen-
der of the children were not taken into consideration and
no statistical analyses regarding these factors have been
performed; (7) the instrument used to assess parental
QOL was distributed by the authors to the families of the
study group during inpatient or outpatient visits, during
home visit or by mail and email and were returned to the
authors via a parental visit to the clinic, a second home
visit or by mail and email. The questionnaire was distrib-
uted to the families of the CG by mail. This difference in
assessment methods may have contributed in an
unknown way to the differences in the QoL scores
between the groups.

Conclusion
Parents of children with PDDs seem to display a higher
burden, probably for a combination of environmental
and genetic factors. Within this group of parents also
those of HFA or AS people have high stress. These finding
must be taken into account in policy making to provide
better and more specific supports and interventions for
this group of diseases.

More attention should be given to parents' (and in partic-
ular mothers') needs. Social support and different coping
strategies should be developed to respond positively to
individual changing needs and in buffering parents from
the stress of having a child with disability [15,44,45,78-
80]. New research should be conducted to measure the
effectiveness of these strategies. In addition, effective and
sustainable psycho-social programs are needed to provide
necessary support for the special needs of the children and
their families.
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INFLUENCE OF GENDER, PARENTAL HEALTH, AND PERCEIVED EXPERTISE OF ASSISTANCE
UPON STRESS, ANXIETY, AND DEPRESSION AMONG PARENTS OF CHILDREN WITH AUTISM[1] 
A survey of 219 parents of children with autism was administered on a confidential and anonymous
basis. As well as tapping information about the nature of the child's disorder, parental well-being
(anxiety, depression), parents' daily level of stress arising from parenting, their confidence in handling
their child's major difficulty, and the frequency of being stretched beyond their limits were included as
dependent variables. Independent variables were: gender of parents, age of child and age of onset,
parental health, access to other family members, and level of understanding of those family members of
the child's problems. Data indicated that, although social support has previously been posited as an
alleviating factor for parental stress, this may be a result of the perceived expertise of the family member
who provides respite care for the parents. Issues of self-efficacy, training in behaviour management, and
provision of home-based care for parents are discussed.

There is little doubt that parenting a child with autism is extremely demanding. Because of (a) the
relatively poor understanding of autism by the general public when compared with other disabilities such
as Down syndrome (Fisman, Wolf, & Noh, 1989), leading to a marked antipathy for the typical behaviour
exhibited by children with autism (Koegel et al., 1992), and also because of (b) the socially inappropriate
and aggressive nature of much autistic behaviour, parents of children with autism often report high
levels of anxiety, depression, and everyday stress from parenting (DeMeyer, 1979; Harris, 1984). This is
further exacerbated when parents realise that there is no cure for autism (Liwag, 1989), and that
services which can be of real assistance are often insufficient to meet parents' needs. In addition, as
noted by Holroyd, Brown, Wikler, and Simmons (1975), the extra time which parents have to devote to
their child with autism can sometimes make other children feel neglected, or cause conflict between
siblings, thus exacerbating parental stress. Parenting a child with autism has also been shown to have
detrimental effects on marital relations (Piven, Chase, Landa, & Wzorek, 1991).
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As mentioned above, three of the most stressful factors in regard to parenting a child with autism are the
permanency of the condition, the lack of acceptance of autistic behaviour by society and sometimes
other family members, and very low levels of social support (Gray & Holden, 1992; Konstantareas &
Homatidis, 1989). Gray and Holden concluded that social support and gender of parent influenced the
adaptation of parents to the behaviour of their children with autism. In terms of gender, mothers have
been shown to suffer higher levels of anxiety and depression than fathers of children with autism
(Freeman, Perry, & Factor, 1991; Gray & Holden, 1992; Moes, Koegel, Schreibman, & Loos, 1992). This
may be because mothers usually assume greater responsibility for the day-to-day care of these children
and are less likely to be in fulltime outside employment, thereby lacking in the social support which is
often available from workmates. In fact, Konstantareas and Homatidis (1989) noted that mothers' stress
levels rose and fell in an inverse relationship with their perceived level of social support, leading Koegel
et al. (1992) to argue for the development and implementation of social support systems for parents of
children with autism. The relationship between social support and anxiety in these parents was also
noted by Gray and Holden (1992) in their study of Australian parents with children who had autism,
although those authors concluded that there was a need for further investigation of the nature of the role
which social support played in alleviating parental anxiety and depression. This suggestion complies
with a deal of previous data which demonstrate a buffering relationship between social support and
stress in more general situations (e.g., House, Landis, & Umberson, 1988; Lin, Woefel, & Light, 1985;
Wheaton, 1985).

Although respite care is available to most parents of children with autism via government agencies, it is
generally infrequent. The most common form of "respite" from everyday parenting is through members
of the immediate family, and it is these grandparents, aunts, uncles, and siblings to whom parents of
children with autism look primarily for social and emotional support. However, the value of social support
may well lie in the nature of the support and/or respite care offered to parents by these relatives. If this is
the case, then the perceived expertise of those relatives in understanding and handling the child's
behaviour could well be the underlying causal connection between this form of social support and
parental well-being which has been previously reported in the literature. Thus, the present study
examined the effect of those immediate family members who provided respite care to parents according
to whether those family members had (in the parents' view) a clear understanding of the child's needs
and behaviour.

Others factor which have been shown to exacerbate the level of stress experienced by parents of
children with autism are: (a) the age of the child, with parents of older children showing higher levels of
stress than parents of younger children (Holroyd, Brown, Wikler, & Simmons, 1975); and (b) the age of
diagnosis, with a significant direct correlation reported between age of diagnosis and level of depression
in parents (Gray & Holden, 1992).

The present study was designed to determine whether parental stress, anxiety and depression arising
from parenting an autistic child could be shown to be related to gender or alleviated by social support.
Previous findings regarding the later variable were tested by defining social support in terms of the
presence/absence of a clear understanding of the child's disorder by those immediate family members
who provided respite from the day-to-day demands of parenting. In addition, because stress has been
shown to contribute to illness (Everly, 1990), thus perhaps leading to a selfperpetuating cycle of stress-
related ill health and parental anxiety, the presence of illness among parents and its influence upon



parental stress, anxiety and depression was also examined here. Finally, age of the child with autism
and age of diagnosis were also examined as possible determining factors of parental distress.

METHOD
Participants
A total of 1076 questionnaires were sent out in a newsletter from Autism Victoria to 511 families with a
child with autism in Victoria and another 27 families from interstate. Two questionnaires were sent to
each family (one for each parent) because no attempt was made to determine if families were two- or
single-parent families, so as to protect their anonymity. From these 1076 questionnaires, 219 (20.3%)
parents (141 females) returned the questionnaire in useable form. Of these, 213 (97.3%) were parents
of the autistic child in question, and six were step-parents. Although the return rate was lower than
hoped, it is not unduly less than common in anonymous questionnaire surveys of this sort. The
generalisability of the data obtained cannot be guaranteed, and there may be some response bias
present, but there is no reason to conclude that it is not acceptable according to the usual standards
applied in such survey research.

Instruments
In terms of the dependent variables to be tested, standardised instruments were used for anxiety and
depression. However, one limitation of these instruments is that they are primarily developed to be
applied across a range of situations, with a range of individuals. In order to examine the effects of the
above mentioned independent variables on parental well-being, three extra questions were designed
and used here, and these are described below.

As well as a demographic questionnaire designed to tap various aspects of their child's disorder, age,
gender, schooling, and family structure, parents were asked several questions about their own
background (sex, age, employment status of people in family, relationship to child if not parent, if they
suffered from any illness or disability and whether medication was being taken because of this) and what
form of assistance was available from within and outside the immediate family. In particular, parents
were asked to judge whether the assistance they received from within or outside the family was
provided by people who had a "clear understanding of your child's difficulties and needs". The wording
of this item was tested for reliability with a small sample of parents (n = 10), confirming that it was clearly
understood by them as a measure of their confidence in the expertise of the assistance available to
them and was therefore suitable for inclusion in the study.

Parents were also asked about the major difficulty they were currently experiencing with their child, and
their major concern for their child's future, and completed the Zung Self-Rating Anxiety Scale (SAS:
Zung, 1971) and the Zung Self-Rating Depression Scale (SDS: Zung, 1965). Both the SAS and the SDS
possess validity because of their construction on the basis of DSM-II criteria (i.e., both somatic and
cognitive/emotional symptoms such as worrying, feeling hopeless, sleeplessness, lack of enjoyment of
life, muscle tremors, stomach churning, sweating, and increased frequency of urination). Reliability data
for the SAS is satisfactory at 0.71 (split half: Zung, 1971), and a coefficient alpha of 0.85 has been
reported (Zung, 1980), indicating acceptable levels of internal consistency. Similarly, the SDS has been
shown to possess split half reliability of 0.73 (Zung, 1973) and alpha coefficients between 0.86 and 0.90
(Schaefer, Brown, Watson, Plenel, DeMotts, Howard, Petrik & Balleweg, 1985).



As mentioned above, three questions were designed to assess parents' stress in more specific ways
than the SAS and SDS. These questions were designed after consultation with a small group of parents
of children with autism and some teachers and psychologists who worked with these children. Parents
were asked to rate, on 10-point Likert scales, (a) their degree of confidence about handling their child's
current major difficulty, and (b) their average daily level of stress arising from parenting. Parents were
also asked whether there were times when "the caring for your child stretches you beyond your personal
limits" and, if so, how many times they felt this way per month. Together with the SAS and SDS, these
measures constituted the dependent variables used to assess parental well-being, according to the
influence of the independent variables listed above. Because of the different nature of the independent
variables (i.e., age of child, age of onset, gender of parent, presence and expertise of social/ familial
support, parental illness or disability), these were tested for their effects on the dependent variables of
parental well-being via a series of MANOVAs. This procedure was designed to elicit the most
comprehensive analysis of the independent variables (i.e., by allowing for stronger conclusions than
those obtainable from regression procedures used by some previous researchers such as Gray and
Holden, 1992), while minimising the chance of Type I and Type II errors.

RESULTS
(a) The children

Children of the parents sampled ranged from age three years to 33 years, with most (75 %) being less
than nine years of age. The age of diagnosis also ranged widely (from 1 to 21 years), but most (79.8%)
had been diagnosed between two and five years of age. As might be expected from the wider literature,
most children (82.3%) were male. Nearly all (90.9%) of the children had siblings, and in 17.3% of cases,
these siblings also had a disorder including both intellectual and physical conditions and disorders. The
most common educational setting for these children of school age was a specialist school (48.6%), but
over one-third (37.7%) were in mainstream schools. Of those who were in mainstream schools, 88.6%
had some level of assistance from a teacher's aide. Half (50%) of the respondents received respite care,
which was mostly external to the family home (36.3%), although 32.7% received in-home respite care,
and another 30% received a combination of these two types of respite care for their children. Nearly
two-thirds (59.1%) of parents received some form of other assistance with their child, this most
commonly being provided by government agencies (47.7%), followed by private or non-government
sources (27.6%), or a combination of these.

The major current child-management difficulties experienced by parents were: behavioural (35.9%),
toilet training (7.7%), communication (7.3%), and learning difficulties (5.5%), clearly indicating that
everyday management of their children's behaviour was a major source of stress for these parents. The
degree of confidence which parents experienced in handling these major current difficulties varied from
low to very high, ("average" = 26.8%, "above average" = 43.5%, and "below average" = 29.7%).

(b) The parents

Most (64.4%) respondents were female, and nearly all (97.3%) were natural parents of a child with
autism, with the rest being step-parents of such a child. In terms of the ability of these parents to deal
effectively with their children's behaviour, 81.9% reported that they were sometimes stretched beyond
their limits. At these times, they were "unable to cope" (52.2%), "anxious or stressed" (13.3%),



"depressed" (9.9%), felt "isolated and lonely" (3.0%), "blamed themselves" (1.5%), or just "felt awful"
(.5%). Nearly half (46.4%) of those parents who reported feeling stretched beyond their limits said they
felt this way from 1 to 5 times per month, with 18.7% feeling stretched beyond their limits between 6 and
10 times/month. However, 11.1% of parents felt this way more than 15 times each month (i.e., about
every two days on average), suggesting that feeling being stretched beyond their limits was a relatively
frequent experience for more than one in every ten parents. Parents experienced a wide range of levels
of daily stress from parenting their child with autism, ranging from "very low" (6.6%), "low" (3.2%),
"average" (36.9%), "high" (40.0%), and "very high" (10.5%), with a clear skew to the above average side
of the distribution. In addition, although 41.8% of parents scored in the "moderate anxiety" range on the
SAS, 18.6% were "highly anxious", and a further 9.1% were "severely anxious" according to Zung's
(1971) recommended scoring methods. These data represent a higher prevalence rate for anxiety than
the 9% reported by Zung (1980) for a normal adult population. For depression, 13.2% of parents
reported symptoms of "moderate depression" and 5.9% fell into the "severely depressed" category,
giving a total "depressed" category prevalence of 18.1%, higher than the figure of about 15%

reported by Byrne (1980) for a general Australian population. It is therefore sensible to ask what were
the factors which distinguished those parents who had high levels of daily stress, anxiety and
depression from those who had lower levels of these unwanted outcomes of parenting. All of the
analyses reported below were conducted via MANOVA.

(i) Gender of parent

Females were more anxious (M SAS score = 46) than males (M SAS score = 41: F(1,157) = 6.233, p <
.05), and more depressed (M SDS score = 50) than males (M SDS score = 45: F(1,157) = 6.647, p <
.05). Females also reported a nonsignificantly higher frequency of feeling stretched beyond their limits
per month (7.1 times) than males (4.7 times), and a higher daily level of stress from parenting (6.5) than
males (5.9). However, females also reported that they had nonsignificantly greater levels of confidence
in handling their child's major problem (5.9) than males did (5.4).

(ii) Access to other family members for assistance in child care

Of the parents sampled here, 61.5% reported that they had access to other family members for
assistance in child care. The sources of this assistance were most often grandparents (52%), followed
by aunts and uncles (23.8%) and older siblings (19.4%), although there were no significant differences
in parental well-being according to the relationship between parents and the family members who gave
assistance. Access to other family members for child care (versus no such access) was associated with
nonsignificantly lower frequency per month of feeling stretched beyond personal limits (access parents =
6.04, non-access parents = 6.51), anxiety ( SAS scores: access parents = 34.86 vs non-access parents
= 36.06) and depression (SDS scores: access parents = 37.97 vs non-access parents = 39.82) scores,
and daily level of stress from parenting (access parents = 6.12 vs non-access parents = 6.53); and with
a higher level of confidence in handling their child's current major difficulty (access parents = 6.28, non-
access parents = 4.89).

(iii) Level of understanding of child's difficulties by other family members to whom the parents have
access for assistance



A further investigation of the effects of support within the immediate family (specifically the relationship
between parental well-being and the presence of perceived expertise as caregivers to a child with
autism of those family members who were accessible) was carried out by asking parents if they
considered that the other family members to whom they had access had a "clear understanding of your
child's difficulties and needs". As mentioned above, this item had been developed and tested on a
sample of parents before inclusion in the questionnaire. Although there were no significant differences in
the parental well-being dependent variables according to the relationship between the family members
and parents (i.e., whether they were grandparents, aunts, etc.), and no significant interaction between
that relationship and having a clear understanding of the child's' difficulties and needs, there was a
significant main effect for the presence/absence in assistant care-givers of a "clear understanding of the
child's difficulties and needs" (F(5,89) = 3.103, p < .05), with significant univariate effects for SAS scores
(F(1,93) = 5.004, p < .05), SDS scores (F(1,93) = 5.954) p < .05), and confidence in parents' ability to
handle their child's current major difficulties (F(1,93) = 5.922, p < .05). All of these differences were in
the expected direction, suggesting that a higher level of parentally-perceived understanding of the
autistic child's difficulties and needs by assistance-giving family members is significantly associated with
lower parental stress arising from caring for a child with autism, and that this relationship is independent
of the identity of those family members.

(iv) Parental health

Those parents who suffered from an illness or disability which, in their view, "hinders your ability to be an
active parent to your child" with autism had significantly higher SAS scores (F(1,161) = 9.014, p < .01),
SDS scores (F(I,161) = 10.844, p < .005) and daily level of stress from parenting (F(1,161) = 7.245)p <
.01) than parents with no such illness or disability.

(v) Age of child and age of diagnosis

Neither of these two independent variables (age of child now and age when autism was first diagnosed)
showed any significant main or univariate effects on any of the dependent variables.

DISCUSSION
As previously reported by several authors, parents of a child with autism showed elevated levels of
anxiety and depression when compared with the normal population, with the most common source of
stress arising from parenting being that of their child's behavioural problems. Levels of daily stress
arising from parenting were skewed towards the high end of the distribution, and more than 80%
reported being sometimes stretched beyond their limits. Females reported higher levels than males on
all of these measures of outcomes from parenting stress, but also showed higher levels of confidence in
handling their child's major problem than did males, perhaps reflecting greater day-to-day exposure to
those problems and therefore a greater degree of equanimity and proficiency in handling them.

Perhaps to be expected, parents with a major illness or disability reported higher levels of anxiety,
depression and daily stress than non-disabled or ill parents. While any task is more difficult when we are
ill, the particularly demanding task of parenting a child with autism apparently is similarly exacerbated for
those parents who are not well themselves, reinforcing the need for effective and frequent home help for
those parents with a disability or illness.



Nearly two-thirds of the parents sampled had access to other family members for assistance in child
care. Although the differences were nonsignificant at traditional levels, there were consistently lower
scores on depression, anxiety, daily level of stress and frequency of being stretched beyond their limits
for those parents who did have access to family members for child care than for those parents with no
such access. These parents also reported higher levels of confidence in handling their child's major
difficulty.

There was no significant difference between parental well-being according to the relationship parents
had with the immediate family member who gave assistance, suggesting that this is not the prime causal
variable determining the value of such assistance. Instead, there was a significant main effect according
to the level of understanding which parents felt that their immediate family member had of the child's
problems. That is, parents who believed that the family members giving assistance had a clear
understanding of the child's difficulties and needs were also less anxious, depressed and had higher
levels of confidence in their own ability to handle their child's major difficulties. Thus, perceived expertise
(by the assisting family member) in handling the child's problems generalised to the parent's own belief
in their ability to similarly deal with those problems. This finding is an important step in understanding
how to better prepare parents to handle the day-to-day demands of parenting a child with autism. As is
well demonstrated across a wide range of tasks, self-efficacy (or belief in one's ability to perform a task
successfully) is the major predictor of future successful performance of that task (Bandura, 1986). If
parental confidence in their ability to handle their child's major problem is directly influenced by their
confidence in another family member's understanding of their child's problems, then this raises an
important issue for training parents and care-givers in how to deal effectively with children with autism.
Clearly, while it is vital to train parents in behaviour management of their child with autism, it appears to
be similarly important to train those immediate family members in the same skills, thus contributing to
the parents' well-being and their confidence, self-efficacy, and future ability to deal effectively with the
demands of parenting a child with autism.

Several implications arise from these findings. First, while general social support is no doubt of value to
parents of children with autism, it may be of most value when the immediate family members who give
assistance have a clear understanding of the child's difficulties. Thus, immediate family members who
give assistance could be included in training workshops originally designed for parents, enabling sharing
of expertise as well as building closer family links and contributing to a stronger general base of well-
informed social support for parents. Similarly, inclusion of these family members who provide assistance
in any conferences or meetings between counsellors or support workers and parents may alleviate the
isolation of parents and improve the eventual expertise of the care which children with autism receive in
their home settings. Second, the presence of parental illness or disability appears to be an additional
impediment to parents of children with autism, and needs to be taken into account when developing
training for parents or planning the delivery of services to those parents so that the assistance given
goes beyond the "home help" domestic chores model and also includes assistance in child care.
Counsellors and support workers need to be aware that parental illness and disability are more than a
discomfort to parents, but may actually impede caring for the child with autism. Therefore, the
incorporation of some advice and services to the parents themselves regarding their own
illness/disability may be advantageous in reducing the effects of these on parenting skills.



Several recommendations are made for future research. While standardised instruments should always
be included in any evaluation of well-being, it is also clearly valuable to incorporate specifically designed
measures which tap the particular concerns of the population sampled in language that is relevant to
that population. In addition, because parenting is a skills-based task like many other life demands, the
role of self-efficacy in predicting ability to perform this important task should be further addressed. It may
also be valuable to measure the relative effectiveness of training programmes which do/do not
incorporate self-efficacy enhancement as a part of the training given to parents. Another avenue for
future research could be the relative effectiveness of assistance provided by family members versus
governmental agencies. Finally, the role which immediate family members can play in parental wellbeing
and confidence has been shown here. To further elucidate that role, an intervention-based study
incorporating the comparison of training for those family members (as well as parents) versus no such
training could add to our understanding of these important issues in parenting children with autism.
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The discovery of the endocannabinoid system, comprising the G-protein

coupled cannabinoid 1 and 2 receptors (CB1/2), their endogenous lipid

ligands or endocannabinoids, and synthetic and metabolizing enzymes, has

triggered an avalanche of experimental studies implicating the endocanna-

binoid system in a growing number of physiological/pathological functions.

These studies have also suggested that modulating the activity of the en-

docannabinoid system holds therapeutic promise for a broad range of dis-

eases, including neurodegenerative, cardiovascular and inflammatory

disorders; obesity/metabolic syndrome; cachexia; chemotherapy-induced

nausea and vomiting; and tissue injury and pain, amongst others. However,

clinical trials with globally acting CB1 antagonists in obesity/metabolic syn-

drome, and other studies with peripherally-restricted CB1/2 agonists and

inhibitors of the endocannabinoid metabolizing enzyme in pain, have intro-

duced unexpected complexities, suggesting that a better understanding of

the pathophysiological role of the endocannabinoid system is required to

devise clinically successful treatment strategies.

Introduction

Although Cannabis sativa (the marijuana plant) is one

of the most ancient medicinal plants in the history of

medicine [1], the clinical use of synthetic cannabinoids

or medicinal plant extracts has been largely empirical

and limited to a few specific indications related to pain,

wasting disorders, and chemotherapy-induced nausea

and vomiting, as a result of their socially undesirable

psychoactive properties [2]. The discovery of endocann-

abinoids (ECs), which mimic some of the effects of syn-

thetic cannabinoids in vivo, their G-protein coupled

receptors, as well as their synthetic and metabolizing

enzymes, has prompted preclinical studies aiming to

explore the role of the endocannabinoid system (ECS)

in health and disease [2–4]. These studies have been

greatly facilitated by the introduction of mice deficient

in cannabinoid receptors or EC degrading enzymes, as

well as selective cannabinoid receptor ligands and inhib-

itors of EC metabolism. The results of these studies

have implicated the ECS in a variety of physiopatholog-

ical processes, both in the peripheral and central ner-

vous systems and in various peripheral organs [2]. Such

studies have further suggested that modulating ECS

activity may have therapeutic potential in almost all dis-

eases affecting humans, including obesity/metabolic

syndrome [5]; diabetes and diabetic complications [6];

neurodegenerative [7,8], inflammatory [9], cardiovascu-

lar [10–12], liver [13,14], gastrointestinal [15] and skin

[16] diseases; pain [17,18]; psychiatric disorders [19,20];

cachexia [2]; cancer [21,22]; and chemotherapy-induced

nausea and vomiting [23], amongst many others [2].

Abbreviations

2-AG, 2-arachidonoylglycerol; AEA, anandamide or arachidonoyl ethanolamide; CB1/2, cannabinoid receptor 1 or 2; CBD, cannabidiol; CNS,

central nervous system; EC, endocannabinoid; ECS, endocannabinoid system; FAAH, fatty acid amide hydrolase; MAGL, monoacylglycerol

lipase; MS, multiple sclerosis; THC, D9-tetrahydrocannabinol; TRPV1, transient receptor potential cation channel subfamily V member 1.

1918 FEBS Journal 280 (2013) 1918–1943 ª Journal compilation ª 2013 FEBS. No claim to original US Government works

http://crossmark.crossref.org/dialog/?doi=10.1111%2Ffebs.12260&domain=pdf&date_stamp=2013-04-22


These investigations have also uncovered the

remarkable complexity of the ECS, as exemplified by

differences in the therapeutic profile of activating/

inhibiting the same receptor in the central nervous

system (CNS) or in peripheral tissues, by the intrigu-

ing overlap between EC and eicosanoid signalling, or

by the often opposite effects mediated by cannabinoid

1 and 2 receptors (CB1/2) receptors in disease models

[2–4,6,24]. Similar complexities have emerged in clini-

cal trials targeting the ECS. Although globally acting

(i.e. brain-penetrant) CB1 antagonists/inverse agonists

were shown to have therapeutic efficacy in obesity/

metabolic syndrome, they elicited anxiety/depression

in a small proportion of subjects, which has led to

their withdrawal from the market worldwide and

halted their further therapeutic development [5,25,26].

The first human trial with peripherally-restricted

mixed CB1/2 agonist(s) for pain failed as a result of

cardiovascular and metabolic side effects and hepato-

toxicity [27,28]. Amplifying the ECS tone by inhibit-

ing EC metabolism was ineffective in alleviating

osteoarthritic pain in human subjects [29,30]. Thus,

we need to better understand the pathophysiological

function of the ECS in humans, as well as refine the

indications and design of clinical trials, so that it is

possible to successfully translate recent progress in

cannabinoid biology into clinically effective treatment

strategies.

The present minireview discusses preclinical evidence

implicating the ECS in human disease, and reviews the

treatment strategies that target the ECS for therapeutic

gain in humans. Because of limitations of space, refer-

ence is also made to recent overviews on specific sub-

jects, rather than to original papers.

The ECS

D9-Tetrahydrocannabinol (THC), the putative psycho-

active ingredient of marijuana, and its endogenous

counterparts, anandamide (arachidonoyl ethanola-

mide) (AEA) and 2-arachidonoylglycerol (2-AG), exert

their primary effects through CB1/2 receptors; 2-AG

favours CB2, whereas AEA binds with higher affinity

to CB1 [2], although, at higher concentrations, it may

also modulate transient receptor potential cation chan-

nel subfamily V member 1 (TRPV1) and other recep-

tors. Signalling by cannabinoid receptors is complex

because it may involve both G protein-dependent

pathways, such as inhibition of adenyl cyclase or the

modulation of ion channel function, and G protein-

independent mechanisms, including the activation of

various mitogen-activated protein kinases (p44/42

mitogen-activated protein kinases, p38, extracellular

signal-regulated kinase and c-Jun N-terminal kinase)

or ceramide signalling [2,31,32].

CB1 receptors, the most abundant G-protein cou-

pled receptor in the mammalian brain, mediate the

socially undesirable psychoactive effects of cannabis.

Although their expression was initially considered to

be restricted to the brain, more recent studies have

identified CB1 receptors in almost all peripheral tissues

and cell types, albeit at much lower densities than in

the brain, and documented their important regulatory

functions [2,3,5]. CB2 receptors are largely restricted to

immune and haematopoetic cells, although function-

ally relevant expression has been found in specific

regions of the brain and in the myocardium, gut,

endothelial, vascular smooth muscle and Kupffer cells,

exocrine and endocrine pancreas, bone, and reproduc-

tive organs/cells, as well as in various tumours [4].

Both cannabinoid receptors may undergo rapid inter-

nalization and intracellular trafficking upon agonist

exposure [33,34].

In the CNS, AEA and 2-AG are synthesized ‘on

demand’ and released to act as retrograde transmit-

ters on CB1 receptors [35–37]. They are not stored and

are rapidly degraded after exerting a transient and local-

ized effect [38]. The synthesis of ECs largely depends on

the intracellular Ca2+-concentration. AEA is mainly

formed via a two step-pathway, involving a Ca2+-

dependent N-acyltranferase and N-acylphosphatidy-

lethanolamine-hydrolyzing phospholipase D, whereas

diacylglycerol lipase and phospholipase Cb are mainly

responsible for the biosynthesis of 2-AG [3,37]. The

existence of additional, parallel biosynthetic pathways

for AEA has also been proposed [39,40].

AEA and 2-AG are removed from the extracellular

space by a process of cellular uptake and metabolism;

however, the putative transporter(s) involved have not

yet been cloned, and are the subject of much contro-

versy [41–43]. AEA is degraded primarily by fatty acid

amide hydrolase (FAAH) and 2-AG is degraded by

monoacylglycerol lipase (MAGL) [3,44], although

additional enzymes have also been implicated in the

degradation of both AEA and 2-AG [45,46]. Endoc-

annabinoids may also be metabolized by cyclooxygen-

ases, lipooxygenases and cytochrome P450, leading to

the formation of bioactive metabolites that may acti-

vate CB receptor-independent mechanisms [24,47]. It is

also important to note that FAAH and MAGL are

also responsible for the degradation of numerous

potentially bioactive lipids. Thus, the biological conse-

quences of the inhibition of these enzymes are not nec-

essarily a result of enhanced EC levels. Some of the

enzymes involved in EC synthesis/degradation may

exist in several forms and their activity may vary in
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different tissues or even in different regions of the

same tissue [3,37,48–52].
In addition to AEA and 2-AG, several other EC-like

molecules have been discovered, although their activi-

ties have not been studied in sufficient detail [53,54].

Interestingly, recent studies have identified novel pep-

tide allosteric negative modulators of CB1 receptors

[55], the biological significance of which is yet to be

determined. Additionally, the anti-inflammatory lipid

lipoxin A4 may be an endogenous allosteric enhancer

of CB1 receptors [56]. A comprehensive overview of

the ECS is beyond the scope of the present minireview;

instead, several detailed reviews are available on this

subject [3,24,37,57].

The ECS in health and disease

Despite the ubiquitous expression of the various com-

ponents of the ECS, their genetic ablation or pharma-

cological blockade in normal, healthy animals has

minimal functional consequences, which suggests that

the ECS has minimal or no tonic activity under normal

physiological conditions [2,4]. On the other hand, an

increase or decrease in ECS tone is associated with var-

ious pathological states, as a result of the altered

expression of CB receptors, endocannabinoid metabo-

lizing enzymes and/or synthetic pathways, in a tissue-

specific and time-dependent manner. Examples of

selected pathologies in which dysregulation of the ECS

was reported (in most cases, up-regulation of CB1/2

and/or an increase in tissue levels of ECs) are shown in

Table 1, and have been summarized in more detail else-

where [2–4,58,59]. In some cases, altered ECS activity

is transient and forms part of the body’s compensatory

response to a particular insult, thus reducing symptoms

and/or slowing progression of the disease (e.g. in neu-

ropathic pain); in other cases, activation of the ECS

may be pathogenic (e.g. in various forms of shock or

diabetic complications) or may reflect a deficiency (e.g.

in various tumours) of unknown significance [2].

From a therapeutic standpoint, the identification of

regional or tissue-specific changes in CB receptors is

important because their possible selective targeting

may mitigate unwanted side effects [59,60]. However,

these changes can serve as a basis for successful drug

development only as long as they are determined using

appropriate tools (e.g. specific antibodies), the specific-

ity of which needs to be carefully validated [4,61]. It is

also very important to understand the underlying

mechanisms of these alterations; for example, is the

increase in the tissue level of an EC the result of its

increased biosynthesis or a decrease in its enzymatic

degradation?

Cardiovascular consequences of
targeting the ECS in health and
disease

Because many promising drugs fail in clinical develop-

ment as a result of cardiovascular side effects, it is

important to briefly overview the cardiovascular conse-

quences of modulating the ECS. ECs exert complex

cardiovascular effects that are dominated by a decrease

in blood pressure and myocardial contractility, medi-

ated primarily by CB1 receptors located in the myocar-

dium, vasculature and neurones in the central and

autonomic nervous systems [2,62]. In cultured human

coronary artery endothelial cells [63] and cardiomyo-

cytes [64], CB1 activation promotes stress signalling

and cell death, and decreases contractility [10,12]. By

contrast, activation of cardiovascular CB2 receptors

does not have adverse haemodynamic consequences

[11]. CB1, CB2 or FAAH knockout mice have normal

blood pressure, myocardial contractility and/or barore-

flex sensitivity, indicating the minimal role of the ECS

in normal cardiovascular regulation [2]. However, in

several pathological conditions (e.g. shock, heart fail-

ure, cardiomyopathies, advanced liver cirrhosis), the

ECS may become activated to promote hypotension/

cardiodepression through cardiovascular CB1 receptors

[2,10]. CB1 receptor signalling may also promote dis-

ease progression in preclinical models of heart failure

[64–66] and atherosclerosis [67,68], and contributes to

increased cardiovascular risk (e.g. plasma lipid altera-

tions, abdominal obesity, hepatic steatosis, insulin and

leptin resistance) in obesity/metabolic syndrome and

diabetes, both in rodents and humans [5,69–71]. By

contrast, CB2 signalling in the heart and vasculature

may activate cardioprotective mechanisms and limit

inflammation [11].

Acute or chronic use of marijuana may decrease or

increase the heart rate and decrease blood pressure

depending on the duration of the use, dose and route

of administration [2,10]. An elevated resting heart rate

is a known independent risk factor for cardiovascular

disease in healthy men and women [72]. A recent con-

trolled study at the National Institute on Drug Abuse

evaluated the development of tolerance to the effects

of oral synthetic THC in 13 healthy male daily canna-

bis smokers who were residing on a secure research

unit over a period of 6 days [73]. Despite the develop-

ment of tolerance to the subjective intoxicating effect

of THC, no tolerance was observed to its hypotensive

and tachycardic effects [73]. Another recent study of

72 young male cannabis users and 72 matched controls

reported an increased heart rate variability in cannabis

users [74]. Surinabant, a selective CB1 antagonist, has
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recently been reported to inhibit THC-induced central

nervous system and heart rate effects in humans, pro-

viding proof of principle that those effects were indeed

mediated by CB1 receptor activation [75]. At the 20th

International Cannabinoid Research Society meeting

in Sweden, AstraZeneca presented data from the first

clinical studies investigating two novel, peripherally-

restricted, orally active mixed CB1/2 agonists

(AZD1940 and AZD1704). The study was terminated

as a result of adverse cardiovascular effects, weight

gain and mild hepatotoxicity [27,28].

An increasing number of case reports associates mar-

ijuana smoking with the precipitation of acute coronary

syndrome [76]. Alarmingly, this occurs mostly in young

healthy subjects without any previous cardiovascular

disease [77,78]. A retrospective study assessed the risk

of acute coronary syndrome after exposure to mari-

juana smoke. It was found that the risk of myocardial

infarction was highest during the first hour of exposure

[79]. The effect of marijuana use on mortality after

acute myocardial infarction was assessed in a prospec-

tive study involving 1913 adults who were hospitalized

with myocardial infarction at 45 US hospitals between

1989 and 1994, with a median follow-up of 3.8 years.

The results indicated that marijuana use may pose an

increased risk of infarction in susceptible individuals

with coronary heart disease [80]. A more recent study

evaluated the consequences of marijuana use and long-

term mortality among survivors of acute myocardial

infarction, and found that habitual marijuana use

among patients presenting with acute myocardial

infarction was associated with an apparent increase in

mortality rate (29% higher) over the subsequent

18 years, although this did not reach statistical signifi-

cance because of the limited sample size [81]. In the

absence of large-scale, long-term controlled studies with

repeated measures of marijuana use, a firm conclusion

on the long-term impact of cannabis use on cardiovas-

cular mortality cannot be drawn. Nevertheless, the

above findings are of concern. Because THC is a rela-

tively weak CB1 agonist compared to many synthetic

ligands, and also activates cardioprotective CB2 recep-

tors and is a potent antioxidant, it may be predicted

that the uncontrolled spread and use of mixtures of

potent synthetic CB1 agonists (spice, K2, etc.)

employed as recreational drugs would lead to signifi-

cantly greater cardiovascular morbidity. Indeed, in a

recent case series in healthy children, myocardial infarc-

tion was precipitated by synthetic cannabinoid use [82],

and another study reported tachycardia, loss of con-

sciousness and diffuse pain in two adolescents [83].

What is the situation regarding the ECS and cardio-

vascular pathology? As noted previously, EC/CB1

receptor signalling has been implicated as a patho-

genic factor in rodent models of cardiovascular dis-

eases, including atherosclerosis, shock and various

forms of cardiomyopathy. However, ECs were also

reported to exert protective effects, based mostly on

ex vivo and indirect studies, via CB2 and CB-receptor

independent mechanisms. Clearly, selective CB2 agon-

ists exert beneficial effects in rodent models of myo-

cardial infarction by limiting inflammatory cell

infiltration (in cardiomyocytes, the expression of CB2

is very low, if any) [11]. To analyze the role of the

ECS more directly, a recent study employed FAAH

knockout mice with a 2.5- to three-fold increase in

myocardial AEA content. When such mice were used

to induce various experimental models of cardiomyop-

athy, they displayed increased mortality, tissue injury

and neutrophil infiltration in the heart, which could

be partially rescued by CB1 antagonists [66]. Consis-

tent with this report, a recent study showed that

FAAH deficiency enhanced intraplaque neutrophil

recruitment in atherosclerotic mice and increased a

pro-inflammatory immune response [84]. These find-

ings indicate that the primary cardiovascular effects of

elevated EC tone are deletorious and are mediated by

CB1 receptors.

In obese human subjects, increased plasma levels of

AEA and 2-AG were strongly associated with coro-

nary circulatory dysfunction, suggesting that plasma

EC levels may be used as biomarkers of cardiovascular

risk in obesity [85]. In another study, increased plasma

AEA and 2-AG levels positively correlated with

impaired coronary endothelial function in obese sub-

jects [86]. In samples of epicardial fat from ischaemic

human hearts, the up-regulation of CB1 was accompa-

nied by down-regulation of CB2 and FAAH compared

to non-ischaemic hearts [87]. CB1 receptor density was

significantly higher in atherosclerotic coronary artery

sections from patients with unstable angina compared

to those with stable angina [67]. A G1359A polymor-

phism in the CB1 receptor gene was also associated

with coronary artery disease in the Chinese Han popu-

lation, although the effect of this polymorphism on

receptor function is unknown [88]. Both ECs were

reported to inhibit human cardiac Kv4.3 channels at

fairly low concentrations in ovary cells expressing

Kv4.3 or in human cardiomyocytes in a receptor-inde-

pendent manner [89], a harbinger of pro-arrhythmic

risk.

Thus, it is clear that the activation of CB1 receptors

by synthetic ligands or ECs is associated with adverse

cardiovascular consequences, which must be given very

careful consideration during the preclinical/clinical

development of new drugs targeting the ECS.
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Activation of CB1/2 receptors: THC,
synthetic agonists and cannabinoid
extracts

THC (dronabinol; Marinol; Solvay Pharmaceuticals,

Brussels, Belgium) and its synthetic analogue nabilone

(Cesamet; Valeant Pharmaceuticals, Irvine, CA, USA)

have been approved by the Food and Drug Adminis-

tration for treatment of chemotherapy-induced nausea

and vomiting and for stimulating appetite in wasting

disorders (e.g. AIDS, tumour cachexia, etc). Sativex

(GW Pharmaceuticals, Salisbury, Wiltshire, UK), an

oromucosal spray containing THC and the nonpsycho-

active plant cannabinoid, cannabidiol (CBD), has

recently been approved in Canada, the UK and several

other European countries for the symptomatic relief of

neuropathic pain and spasticity associated with multi-

ple sclerosis, and as an adjunctive analgesic treatment

for adults with advanced cancer. However, the thera-

peutic utility of THC and its synthetic analogues are

limited because of their unwanted psychotropic effects

mediated by central CB1 receptors. The present minire-

view summarizes only the clinically most relevant

indications.

Earlier preclinical studies suggested that ECs or

plant-derived cannabinoids exert neuroprotective

effects in the CNS by: (a) modulating excitability and

calcium homeostasis via effects on various ion chan-

nels (Ca2+, Na+, K+), intracellular Ca2+ stores and

gap junctions and N-methyl-D-aspartate receptors; (b)

attenuating excitatory glutamatergic transmissions

and modulating synaptic plasticity via presynaptic

CB1 receptors; (c) inducing CB1 receptor-mediated

hypothermia; (d) exerting antioxidant effects; and (e)

modulating immune responses and the release of pro-

inflammatory mediators by CB1, CB2 and non-CB1/

CB2 receptors on microglia, astrocytes, macrophages,

neutrophils, lymphocytes and neurones [2]. Numerous

recent studies have suggested that many of the previ-

ously described protective effects of synthetic CB1

ligands were attributable to centrally-mediated hypo-

thermia and/or receptor-independent antioxidant/

anti-inflammatory effects of the compounds, and that

ECs through the activation of CB1 receptors may also

promote tissue injury and neurodegeneration (e.g. in

stroke and other forms of I/R injury) [6,90–92].
Historical documents reveal that one of the earliest

uses of cannabis was to treat pain [93]. Studies in mod-

ern times initially focused on CB1 receptors and dem-

onstrated beneficial effects of cannabinoids in rodent

models of acute and chronic pain. The results sug-

gested that the observed antinociceptive effects have

complex mechanisms involving actions in the CNS,

spinal cord and peripheral sensory nerves [2,94].

Recent evidence also implicates CB2 receptors in the

antihyperalgesic activity of cannabinoids [95,96]; how-

ever, the exact mechanisms and cellular targets are elu-

sive because of a lack of reliable antibodies for CB2 [4].

In humans, the analgesic activity of THC and other

cannabinoids is less clear-cut because cannabinoids are

relatively weak analgesics compared to opiates, even

when they do show efficacy [2]. The clinical data on

THC, CBD and their combinations have been compre-

hensively reviewed elsewhere [97,98]. The primary

focus of these studies has been the safety/efficacy and

symptom relief (e.g. bladder incontinence, limb spastic-

ity, pain and sleep quality) in multiple sclerosis (MS)

or other pain-related conditions. Three studies have

demonstrated that cannabis extract in MS patients

improved urinary incontinence [98]. A number of con-

trolled and blinded trials evaluating the efficacy of oral

or sublingual cannabis/Sativex on spasticity in MS

found that, at doses lacking overt psychoactivity, these

drugs show no or minimal efficacy, as assessed by the

objective outcomes using the Ashworth scale. How-

ever, the treatment consistently improved subjective,

patient-assessed endpoints (spasms, pain, spasticity,

sleep quality). Follow-up studies using a patient

assessed numeric rating scale for spasticity showed sig-

nificant benefits of Sativex compared to placebo [98].

It could be argued that some of the benefits observed

were a result of mood improvement (patients feel sub-

jective improvement) but, because only some of the

symptoms were improved (spasticity, pain and sleep

quality), this may not be the case. In patients treated

with THC for 1 year, improvements using the Ash-

worth scale were reported [98]. Zhornitsky and Potvin

[97] performed a meta-analyses of the data from 33

studies with CBD alone or in various combinations

with THC, with the rationale for combining THC and

CBD being to attenuate the psychoactive effects of

THC by CBD, based on empirical evidence obtained

in some studies. Among these studies, 16 had been

conducted in healthy subjects and 17 in clinical popu-

lations, including four in MS, three in neuropathic and

cancer pain, four in schizophrenia and bipolar mania,

two in social anxiety disorder, and one each in cancer-

related anorexia, Huntington’s disease, insomnia and

epilepsy [97]. It was concluded that, depending on the

study and on the THC/CBD ratio, CBD may prolong/

intensify or inhibit THC-induced effects. In some of

these studies, THC or CBD+THC was more effective

at reducing pain, although, in other studies, CBD

alone also exerted (or completely lacked) analgesic

properties. Notably, several of these studies used
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multiple pain assessment scores, and the treatments

were effective when evaluated by some but not by

other scales [97]. In one of the studies in which the

oral administration of CBD+THC in MS was not

effective in improving symptoms, immunological anal-

ysis unexpectedly revealed a certain pro-inflammatory

effect of the drug [97]. The preliminary clinical evi-

dence was concluded to suggest that high-dose oral

CBD may have therapeutic benefits in social anxiety

disorder, insomnia and epilepsy, although it may also

cause mental sedation [97].

Taken together, the above studies in MS show con-

sistent improvements in subjective rather than quanti-

tative symptomatic outcome measures (including pain),

which supports the beneficial effects of cannabinoid-

based medicines in neuropathic pain associated with

MS. The relatively poor efficacy observed in some clini-

cal studies may be attributable to pharmacokinetic

problems such as first-pass effects via the liver and slow

absorption via the oral route of administration, which

may also limit the success of self-titration [98]. In most

of these studies, formulations containing THC fre-

quently caused generally mild to moderate side effects.

However, with individual dose-titration, which can be

better achieved by using the oromucosal Sativex spray,

side effects can be further attenuated. Initial dose-titra-

tion may also help in the early selection of responders

and exclusion of nonresponders. Future clinical studies

should explore how cannabinoid-based medicines affect

MS progression. In light of the preclinical data, the

combination of THC with CBD appears to be the most

promising, given the neuroprotective effects of CBD

observed in numerous preclinical studies [99].

There is considerable interest in developing THC-

based medicines for other forms of pain, such as pain

associated with cancer or diabetic neuropathy. How-

ever, under these conditions, we should also carefully

weigh the potential effect of the treatment on cancer

and/or diabetes progression. Regarding cancer,

although numerous studies suggest that THC may

slow down the growth/progression of certain types of

cancers in preclinical models, others suggest that THC

may in fact promote cancer growth, and cannabinoid

receptor deletion or inhibition is beneficial [2,4,22]. In

addition, the results of a clinical study evaluating the

association between ECS activity and survival and

pain in pancreatic cancer indicate that, although

patients with high CB1 receptor expression in enlarged

nerves in pancreatic ductal adenocarcinoma had a

lower combined pain score (intensity, frequency, dura-

tion), they had significantly shorter survival [100]. For

CBD, the evidence more clearly suggests potential ben-

efits in multiple preclinical tumour models [99]. In the

case of diabetes and diabetic complications, there is

strong evidence (both preclinical and clinical) indicat-

ing that CB1 activation promotes primary diabetes and

also contributes to all diabetic complications (includ-

ing neuropathy), and that CB1 antagonists can prevent

or reverse these changes, as well as insulin resistance

[6,69,101].

Interestingly, analysis of cross-sectional data from

the National Health and Nutrition Examination Sur-

vey (NHANES III, 1988–1994) indicated that mari-

juana use was independently associated with a lower

prevalence of diabetes mellitus [102], and glucose toler-

ance and insulin sensitivity were found to be unchaged

in chronic marijuana smokers [103]. In view of the

demonstrated ability of acute marijuana smoking to

induce insulin resistance [104], these findings may

reflect desensitization of peripheral CB1 receptors in

chronic users. Further clinical studies are needed to

analyze the differential mechanisms involved in the

acute and chronic effects of marijuana use on glycae-

mic control.

Nevertheless, in light of the overwhelming preclinical

and clinical evidence suggesting that CB1 receptor acti-

vation contributes to diabetes development and its

complications (cardiovascular, neuropathy, retinopa-

thy, and nephropathy) [6], and a recent study by the

Centers for Disease Control and Prevention associat-

ing cases of acute kidney injury with synthetic cannab-

inoid use [105], the use of THC would be risky from a

clinical point of view in patients with established

diabetes. Diabetic patients also have impaired immune

functions and wound healing, which could be

adversely affected by immunosuppressive/immuno-

modulatory drugs such as THC. By contrast, CBD

demonstrated beneficial effects as a result of its

anti-inflammatory and antioxidant properties both in

preclinical models of primary diabetes and in models

of all major diabetic complications, which is encourag-

ing for its potential testing in diabetic patients [6].

As noted above, THC and its synthetic analogue

Nabilone are used to treat chemotherapy-induced nau-

sea and vomiting, as well as to stimulate appetite in

cachexia associated with AIDS or terminal tumours

[2]. In the case of AIDS, recent controlled studies in

nonhuman primates showed unexpectedly that chronic

THC administration before and during simian immu-

nodeficiency virus infection ameliorates disease

progression, and also attenuates viral load and tissue

inflammation, significantly reducing the morbidity and

mortality of virus-infected macaques [106], which is

very encouraging.

There is considerable preclinical and clinical

evidence showing that the combination of THC with

FEBS Journal 280 (2013) 1918–1943 ª Journal compilation ª 2013 FEBS. No claim to original US Government works 1925

P. Pacher and G. Kunos Targeting the endocannabinoid system

 17424658, 2013, 9, D
ow

nloaded from
 https://febs.onlinelibrary.w

iley.com
/doi/10.1111/febs.12260 by R

iverside M
ethodist H

ospital, W
iley O

nline L
ibrary on [24/11/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



opioids or nonsteroidal anti-inflammatory drugs may

enhance their efficacy in pain and also limit their side

effects [2,95,96]. It has become clear that cannabinoid

analgesia is predominantly mediated via peripheral

CB1 receptors in nociceptors [107], providing the ratio-

nale for selectively targeting peripheral CB1 receptors

by peripherally-restricted (brain impermeable) agonists,

thereby eliminating the undesirable CNS consequences

of CB1 stimulation [71]. Astra Zeneca (London, UK)

has developed two novel peripherally-restricted, orally

bioavailable CB1/2 agonists (AZD1940 and AZD1704).

Despite their mixed agonist activity at CB1 and CB2

receptors, the analgesic efficacy in rodent models was

mainly driven by CB1 receptors, as validated through

the use of CB1 selective antagonist and knockout mice

[27]. The clinical efficacy of AZD1940 as a pain relie-

ver was tested in two single-dose, phase II studies

(human capsaicin and third molar extraction models)

and in a multiple ascending doses study performed in

subjects with chronic low-back pain. The two single-

dose, phase II studies showed no efficacy at the pri-

mary endpoints (pain intensity and heat pain threshold

for capsaicin study) [28]. In the multiple ascending

dose study where AZD1940 was administered for

12 days, repeated dosing led to slow compound accu-

mulation, significant weight gain and elevation of

hepatic transaminases. AZD1704 also induced pro-

found hypotensive effects [28]. Thus, the analgesic effi-

cacy of peripherally-restricted CB1 agonists remains to

be established in humans. Although their cardiovascu-

lar and metabolic side effects confirm the role of CB1

receptors in these functions in humans, they further

limit their usefulness as therapeutic agents. The above

studies of Astra Zeneca with novel, peripherally-

restricted, orally bioavailable CB1/2 agonists did not

indicate CB2 involvement in preclinical models of

analgesia, whereas other studies suggest that CB2 acti-

vation may attenuate certain types of pain [95,96].

CB2-selective peripherally-restricted agonists (instead

of mixed CB1/2 agonists) may offer the better optimi-

zation of dosing in humans because metabolic and

cardiovascular side effects are less likely to occur.

Inhibition of the CB1 receptors: global
and peripherally-restricted CB1

antagonists

Recent preclinical studies have provided compelling

evidence that ECs modulate food intake, energy bal-

ance, glucose and lipid metabolism through CB1 recep-

tors expressed in the brain and various peripheral

tissues, such as fat, liver and skeletal muscle

[5,70,108,109]. Treatment with brain-penetrant CB1

receptor antagonists/inverse agonists resulted in

improvements of multiple cardiovascular risk factors

both in preclinical studies and in clinical trials in

obese/overweight subjects [110–116]. Parallel preclini-

cal studies clearly demonstrated that reduced food

intake was not the primary mechanism responsible for

the weight-reducing effect of CB1 antagonists, and sug-

gested that peripheral energy metabolism might be

directly under EC control [5]. These studies demon-

strated that ECs promote lipogenesis in adipose tissue

and liver but inhibit fatty acid oxidation and mito-

chondrial biogenesis, whereas CB1 antagonists exert

the opposite effects [5]. Meanwhile, clinical trials have

revealed that a small but statistically significant frac-

tion of subjects treated with the CB1 inverse agonist

rimonabant exhibited anxiety, depression and/or

suicidal ideations, eventually leading to the withdrawal

of rimonabant from the market in over 50 countries

and discontinuation of the therapeutic development of

this class of compounds [117].

By that time, there were several lines of evidence

strongly suggesting that selective inhibition of periph-

eral CB1 receptors may preserve much of the metabolic

benefit of global CB1 blockade at the same time as

minimizing side effects as a result of the blockade of

CB1 receptors in the CNS [5]. A proof of principle

study by Tam et al. [118] demonstrated that chronic

treatment of DIO mice with AM6545 (the first high-

affinity, selective, peripherally-restricted neutral CB1

antagonist) improved glucose tolerance, insulin sensi-

tivity and the plasma lipid profile, and also reversed

fatty liver, although it was less effective than its parent

compound rimonabant in reducing body weight

because it did not affect caloric intake. The same study

also provided evidence for the importance of CB1

receptors in hepatocytes in the development of diet-

induced insulin resistance. A subsequent study pro-

vided additional mechanistic insight by demonstrating

that CB1-mediated hepatic insulin resistance involves

ER stress-dependent impairment of insulin signalling,

as well as reduced insulin clearance [119]. In a follow-

up study, a highly potent, selective and brain imperme-

able CB1 receptor inverse agonist, JD5037, was even

more effective in improving metabolic parameters in

mouse models of obesity, and it not only improved

cardiometabolic risk, but also had antiobesity and

hypophagic effects by reversing leptin resistance [101].

This compound is currently undergoing toxicology

screening as a prelude to its clinical testing.

As discussed above, we have learned important les-

sons from the first clinical trials aiming to attenuate

pain with the peripherally-restricted mixed CB1/2 agon-

ists, which were terminated because of excessive weight
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gain, hepatotoxicity and cardiovascular adverse effects.

Interestingly, this side-effect profile strongly supports

the rationale for the development and therapeutic use

of peripherally-restricted CB1 antagonists in humans

[27,28].

Activation of CB2 receptors by
selective agonists

Overwhelming evidence for the therapeutic potential of

EC/CB2 receptor signalling in some of the major

pathologies affecting humans has been reviewed

recently [4]. An important consideration for the thera-

peutic development of selective CB2 receptor agonists

is the absence of psychoactive effects, coupled with the

anti-inflammatory and tissue protective activity of these

ligands in numerous preclinical disease models [4].

CB2 receptors are predominantly expressed in

peripheral blood immune cells where the level of their

expression is strongly modulated by pro-inflammatory

and other stimuli, largely depending on the experimen-

tal conditions [120]. Initial studies focusing on the

immunomodulatory effects of THC and other cannabi-

noid ligands in vivo in rodents and in vitro in human

immune cell cultures demonstrated immunosuppressive

effects in T and B lymphocytes, natural killer cells and

macrophages, which most likely involved both CB1

and CB2 receptors, as well as CB receptor-independent

mechanisms [9,120,121]. ECs were also found to mod-

ulate T and B cell proliferation and apoptosis, immune

cell activation and inflammatory cytokine production,

chemotaxis and inflammatory cell migration, and mac-

rophage-mediated killing of sensitized cells [9,120,122].

These generally inhibitory effects were ligand- and cell

type-dependent and were also influenced by the experi-

mental conditions used [9,120,123,124]. A complicating

factor is the agonist-induced rapid internalization and

trafficking of CB2 receptors in vitro, which can con-

found any interpretation of the results [33,34]. The

effects of ECs or synthetic analogues on microglia acti-

vation/migration also appear to be largely experimen-

tal condition-dependent [123].

One important recent development has been the

identification of low levels of CB2 receptor expression

in tissues previously considered to be devoid of these

receptors. These include specific regions of the brain

[125–127], spinal cord and dorsal root ganglia

[17,95,128], neurones in the myenteric and submucosal

plexus of the enteric nervous system [129–131], myo-

cardium or cardiomyocytes [64,65,132], human vascu-

lar smooth muscle and endothelium [25,133–135],
activated hepatic stellate cells [136,137], Kupffer

cells [138], reproductive organs/cells [139,140], colonic

epithelial cells [141], bone [142–144], mouse and

human exocrine and endocrine pancreas [145–148],
and various human tumours [149]. Further studies are

needed to fully explore the function of CB2 receptors

at these sites.

More importantly, disease-induced changes (usually

increases) in CB2 receptor expression have been

reported (Table 1), and synthetic CB2 receptor agon-

ists exerted protective effects in a variety of preclinical

disease models and pathological conditions [4], ranging

from cardiovascular disorders [11], various forms of is-

chaemic-reperfusion injury [90], gastrointestinal and

liver inflammation [13,150,151], autoimmune and neu-

rodegenerative disorders [7,152–154], kidney disorders

[4], bone disorders [143,144], cancer [149,155–157], and
pain [17,95].

As for the therapeutic potential of CB2 agonists, it

is important to note that, although, under conditions

of a sterile inflammatory response, CB2 agonists may

limit injury, in pathogen-induced inflammation, the

immunosuppressive effects of the CB2 receptor activa-

tion may enhance or even inflict tissue damage, and

may also lead to accelerated cancer growth in certain

types of tumours [4]. To successfully target CB2 in

selected human diseases, it is imperative to identify the

exact cellular location and disease-induced, time-

dependent changes in the expression of CB2 receptors.

This will necessitate the development of improved

research tools, such as more reliable and specific anti-

bodies. This is particularly important because, in many

injury models, CB2 agonists appear to be most effec-

tive when given before the initiation of the insult, and

may lose their efficacy or even promote inflammation

when given at later time [4]. Thus, a better understand-

ing of the underlying pathology and its effects on CB2

expression is required for the development of meaning-

ful therapeutic approaches. Before going to clinical

development for a particular indication, it is also

important to confirm previous preclinical findings with

novel and more selective CB2 agonists, because cur-

rently available ligands may not be entirely specific.

Better knowledge of the pharmacokinetics and metab-

olism of ligands is also essential, particularly given the

bell-shaped dose–response often seen with recently

available CB2 agonists in various disease models [4].

The reason for the latter may be that, when used at

higher doses, currently used CB2 agonists may also

activate CB1 receptors, particularly when the relative

expression of CB1 over CB2 is high. Our understand-

ing of the complexities of CB2 receptor signalling is

still limited, and important interspecies differences in

CB2 receptor signalling and in the pharmacology of

CB2 ligands must also be considered [158].
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Problems with the use of peripherally-restricted

CB1/2 agonists for pain relief as a result of cardiovas-

cular and metabolic side effects have been discussed

above. A plausible alternative could be the testing of

peripherally-restricted selective CB2 agonists for anal-

gesia in humans because such compounds would be

expected to be devoid of cardiometabolic liabilities.

However, the preclinical data with AZD1940 and

AZD1704 indicate that the analgesic efficacy of this

class of compounds was mainly driven by the CB1

receptor [27] which, if confirmed in humans, would

limit the promise of this approach. Nevertheless, the

therapeutic development of selective CB2 receptor

ligands (agonists or inverse agonists/antagonists

depending on the pathology and its stage) is still a

promising strategy for a number of disease conditions,

provided that the issues discussed above are success-

fully resolved [4].

Inhibition of EC metabolism, cellular
uptake or biosyntheses

The hypothesis behind the therapeutic inhibition of

EC degradation was that increasing EC tissue levels

would be less likely to cause psychoactive effects than

would the use of synthetic CB1 ligands (endocannabi-

noids are biosynthesized and degraded in a site and

time-dependent manner), whereas the beneficial effects

of CB1/2 activation, such as analgesia, would be main-

tained [159]. In support of this, FAAH knockout mice

or mice treated with a FAAH inhibitor have elevated

AEA levels in the brain and other tissues, are super-

sensitive to exogenous AEA, and exhibit CB1 receptor-

mediated hypoalgesia [160,161] and reduced anxiety,

although they do not display catalepsy, an indicator of

psychoactivity in humans [162]. The antinociceptive

effect of FAAH inhibitors, likely mediated through

increases in AEA and PEA levels that activate CB1/2,

peroxisome proliferator-activated receptor a and/or

TRPV1 [163], was investigated in acute and chronic

rodent models of pain [164]. Most of the initial results

were based on using URB597, which irreversibly inhib-

its FAAH both in the CNS and periphery [164].

Recent studies with a peripherally-restricted FAAH

inhibitor, URB937, showed efficacy in neuropathic

and inflammatory pain [165], confirming that the anal-

gesic effects of AEA are initiated at the peripheral sites

[107]. However, similar to direct-acting peripheral CB1/2

agonists, URB597 has both hypotensive [166] and

diabetogenic effects [167] mediated by CB1 receptors,

and FAAH knockout mice are also prone to diet-

induced obesity and diabetes [168]. The diabetogenic

effect of URB597 has been attributed to blocking

FAAH in the liver, and the novel FAAH inhibitor

AM3506, which does not block FAAH in the liver as a

result of its rapid uptake and metabolism by hepato-

cytes, was found to be devoid of glycaemic side effects

in rodents [167]. FAAH antagonism may also promote

fat accumulation and insulin resistance through

centrally-mediated hypothyroidism [169].

The analgesic effects of FAAH inhibition in preclini-

cal models prompted the development of PF-04457845,

an irreversible FAAH inhibitor with excellent analgesic

efficacy in animal models [29,170], which was selected

for clinical development. In a randomized, placebo-

controlled, phase II clinical trial PF-04457845 was

recently evaluated in patients with osteoarthritic pain

of the knee [30]. The results clearly demonstrated that

PF-04457845 inhibited FAAH activity in white blood

cells and raised the concentrations of various fatty acid

amides 3.5-10 fold, which persisted for up to 2 weeks

after discontinuation of the drug, and did not affect

cognitive function in test subjects. However, the study

failed to show any analgesic efficacy of PF-04457845,

whereas the nonsteroidal anti-inflammatory drug nap-

roxen, used as a positive control, was effective [30].

These results were also highlighted and discussed in a

recent editorial [171].

A promising alternative indication for the therapeu-

tic use of FAAH antagonists is post-traumatic stress

syndrome. The FAAH inhibitor AM3506 was recently

found to be effective in increasing fear extinction in a

CB1 receptor-dependent manner in a mouse model of

post-traumatic stress syndrome, and human carriers of

a low-expressing FAAH variant displayed quicker

habituation of amygdala reactivity to threat, as

detected by brain imaging [172].

The main rationale for the development of MAGL

inhibitors, which metabolize 2-AG, is similar to the

rationale for FAAH inhibitors. Numerous recent stud-

ies have demonstrated that MAGL inhibition or

genetic deletion exerts anti-emetic [173], antineoplastic

[174], and anxiolytic and antinociceptive effects in

rodents [175], and also protects against brain injury

[176,177], acute liver injury/inflammation [138] and

colitis either via enhancing CB1/2 signalling or by

attenuating eicosanoid synthesis in specific tissues,

such as the brain and liver [178], or by a combination

of both. In the case of cancer, MAGL inhibition mod-

ulates fatty acid release for the synthesis of protumo-

urigenic signalling lipids [174], as reviewed recently

[179,180].

Although the above preclinical findings are indeed

exciting, they also highlight important limitations. (a)

Raising the tissue levels of ECs may promote the

formation of cyclooxygenase-, lipoxygenase- and
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cytochrome P450-derived pro-inflammatory metabo-

lites [47,181]. (b) Some of the prostaglandins that were

attenuated by MAGL inhibitors have well documented

tissue protective functions. (c) Although the dual effect

of MAGL inhibition on attenuating eicosanoid and

enhancing EC signalling can be beneficial in certain

tissues (e.g. the brain and liver) where MAGL links

the EC and eicosanoid systems through the hydrolysis

of 2-AG, in other tissues, it can promote inflammation

and injury (e.g. in the myocardium) through the non-

CB mechanisms described above (the cardiotoxicity of

COX-2 inhibitors is well documented in humans). (d)

Chronic MAGL inhibition leads to functional antago-

nism of the ECS [175]. (e) As previously discussed,

very strong preclinical and clinical evidence suggests

that, in cardiovascular disease and diabetes/diabetic

complications, endocannabinoids (through CB1 and

most likely through the first two mechanisms described

above) promote cardiovascular injury. (f) There is

growing evidence that ECs exert pro-inflammatory

effects in various disease models through both CB1-

dependent and -independent mechanisms [6]. This is

supported by a recent study demonstrating that the

inhibition of EC synthesis is anti-inflammatory in mac-

rophages [182]. (g) Various isoforms of metabolizing

enzymes (e.g. FAAH) may have distinct functions [52],

and the functional properties of rodent and human

FAAH may also be different [183]. (h) Most of the

benefits observed with inhibitors of FAAH or MAGL

were reported in acute models; the safety of chronic

inhibition of these enzymes has not yet been deter-

mined, particularly in pathological situations. (i) The

use of irreversible inhibitors of FAAH and MAGL

could be a disadvantage for accurate dose titration

and would make it difficult to treat toxicity [164].

Conclusions and future directions

Recent clinical studies show that cannabinoid-based

medicines with controlled doses of plant-derived cann-

abinoids can provide symptomatic relief in a subset of

patients suffering from pain and spasticity associated

with MS and certain other types of pain, and there is

hope (based on preclinical studies) that these medica-

tions would also positively modulate disease progres-

sion. Synthetic cannabinoids are also useful in subset

of patients with wasting disorders and chemotherapy-

induced nausea and vomiting. There are numerous

promising new targets (plant-derived cannabinoids,

peripherally-restricted CB1 antagonists, selective CB2

agonists, inhibitors of endocannabinoid metabolism/

transport) ‘in waiting’, as discussed in the present

CB1 stimulation

CB1 inhibition
Peripheral 

CB2 stimulation

Undesirable effects 

Inhibition of the EC
metabolism/transport

Psychoactive, cardiovascular
obesity, diabetes, inflammation

Fertility   ?
gastrointestinal motility

gastrointestinal motility

Immunosupression?,fertility?

Psychoactive, cardiovascular
metabolic, inflammation ?

Modulation of the endocannabinoid (EC) 
            system in human disease

Desirable effects

Pain, nausea/vomiting
appetite (in cachexia)

Insulin resistance, inflammation  
lipogenesis, cardiometabolic risk

Inflammation, tissue injury

lipolysis, glucose tolerance 

Pain, anxiety   , inflammation?

Fig. 1. Cannabinoid therapeutics: finding the right balance.
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Table 2. Potential approaches/directions for future success.

Therapeutic approach

(target) Possible directions/approaches for success

Possibly therapeutic indications in

humans (realistic)

Potential/expected adverse

effects

THC based

medicines,

cannabinoid based

extracts (CB1, CB2

and unrelated

antioxidant

anti-inflammatory

mechanisms)

Optimization of route of administration, dosing

and indication

Better selection criteria for trials,

identification of potential positive responders

by initial titration

Placebo-controlled trials to establish short-

and long-term efficacy in given indications

Long-term controlled studies to determine

possible disease-modifying effects (e.g. in

multiple sclerosis) and adverse consequences

(e.g. immune and/or cardiovascular effects,

etc.)

Combination approaches in pain to achieve

better efficacy and fewer side effects (e.g.

with opioids, nonsteroid anti-inflammatory

drugs, etc.)

Optimization of the extract composition for

improved benefit/risk profile

Symptomatic relief in certain forms

of pain and spasticity (as in

neurodegenerative disorders such

as multiple sclerosis)

Stimulation of appetite in patients

with wasting disorders

Attenuation of chemotherapy-

induced nausea and vomiting

Topical administration in certain

skin disorders?

Nonpsychoactive constituents of

marijuana, such as CBD or their

analogues, may have therapeutic

utility in certain forms of acute

tissue injury, inflammatory

disorders, diabetes and diabetic

complications

In the case of

THC-containing

formulations, effects

related to CB1 stimulation

at higher doses

(e.g. psychoactive,

cardiovascular, metabolic

side effects) and potential

modulation of immune

responses

Peripherally

restricted CB1

agonists

(peripheral CB1)

Evaluation of the feasibility of the topical/local

use of peripherally restricted CB1 agonists in

certain forms of pain and skin conditions

(e.g. pruritus)

Topical/local use in certain forms of

pain and skin conditions/

diseases? (the systematic

administration/use is not likely

because of the established

adverse cardiovascular and

metabolic consequences of

this approach)

Cardiovascular

Metabolic

Kidney

Gastrointestinal

(decreased motility)

Pro-inflammatory?

Peripherally

restricted or global

CB2 agonists

(peripheral CB2)

Re-evaluation of human indications based on

previous failures of trials with mixed

peripherally restricted CB1/2 agonists

Search for new indications

More preclinical and clinical research to

understand the significance of tissue and

time specific changes in CB2 receptor

expression in pathological conditions

Development of novel, specific and orally

available ligands for proof of the principle

studies; evaluation of toxicology and

pharmacokinetics

Various forms of acute tissue

injuries associated with

inflammation (stroke, myocardial

infarction, traumatic injury, organ

transplantation, etc.)

Various forms of inflammatory

diseases if the anti-inflammatory

effects are confirmed in humans

Most likely related to

effects on immune and

haematopoietic system

Effects on fertility?

Peripherally

restricted CB1

antagonists, inverse

agonists

(peripheral CB1)

Development and testing of new ligands,

toxicology and safety studies in rodents, large

animals, and humans

Proof of the principle studies in large animals

and humans

Diabetes and diabetic

complications, Cardiometabolic

syndrome

Kidney disease?

Gastrointestinal (increased

motility)

Effects on fertility?

Inhibition of EC

metabolism, cellular

uptake or

biosynthesis (CB1/2,

TRPV1 and nuclear

receptors,

prostaglandin and

leukotriene

signalling)

Preclinical research to identify the putative

endocannabinoid transporter(s), and to better

understand the tissue, time, and disease-

specific metabolism of endocannabinoids to

various other bioactive mediators

(e.g. prostaglandins, leukotriens, etc.)

Re-evaluation of human indications based on

previous failures of trials with FAAH inhibitors

in pain

Search for new indications, better and more

selective ligands

Pain?

Certain disorders associated with

anxiety?

Certain forms of acute tissue

injury?

Similar, but acutely less

pronounced than with

CB1 agonists. However,

long-term use may be

associated with adverse

effects similar to

cyclooxygenase 2

inhibitors

(e.g. cardiovascular).

Pro-inflammatory effects

in certain cases?
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minireview. However, it is clear that, for the successful

translation of preclinical findings to clinical practice, a

better understanding of the pathological role of the

ECS in various diseases, of the potential side effects of

targeting this system, and of endocannabinoid phar-

macology is required, coupled with the development of

improved research tools to dissect these processes

(Fig. 1 and Table 2).

Future studies should focus on a rigorous evaluation

of the CB receptor dependent/independent and hypo-

thermia-independent effects of THC in preclinical mod-

els (e.g. in tissue injury, cancer, inflammation, etc.)

using global and tissue/cell specific knockout mice and

also aim to identify potential novel targets/mechanisms

of action of THC and other plant-derived cannabinoids,

coupled with the identification of nonpsychoactive con-

stituents in cannabis extracts with potential therapeutic

effects. Novel highly selective, orally available nontoxic

cannabinoid ligands should be developed and evaluated

in preclinical disease models. Large animal studies (e.g.

canine, pig, primate) should confirm the efficacy of can-

nabinoid ligands obtained in rodent disease models

before initiating human trials. The development of

specific novel antibodies for CB1/2 receptors and endoc-

annabinoid metabolic enzymes (FAAH, MAGL, diacyl-

glycerol lipase a/b) validated by using positive and

negative controls is essential for accurately assessing the

time-dependent changes in CB1/2 receptors and meta-

bolic enzyme expression in diseased animal and human

tissues, with the aim of understanding the human rele-

vance of these changes. Our limited knowledge should

be expanded to enable an understanding of CB1/2 recep-

tor trafficking, signalling and their interspecies differ-

ences. The development of reliable radioligands suitable

for human imaging studies and research could contrib-

ute to a better understanding of the role of ECS in

human health and disease.
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The discovery of the endocannabinoid system, comprising the G-protein

coupled cannabinoid 1 and 2 receptors (CB1/2), their endogenous lipid

ligands or endocannabinoids, and synthetic and metabolizing enzymes, has

triggered an avalanche of experimental studies implicating the endocanna-

binoid system in a growing number of physiological/pathological functions.

These studies have also suggested that modulating the activity of the en-

docannabinoid system holds therapeutic promise for a broad range of dis-

eases, including neurodegenerative, cardiovascular and inflammatory

disorders; obesity/metabolic syndrome; cachexia; chemotherapy-induced

nausea and vomiting; and tissue injury and pain, amongst others. However,

clinical trials with globally acting CB1 antagonists in obesity/metabolic syn-

drome, and other studies with peripherally-restricted CB1/2 agonists and

inhibitors of the endocannabinoid metabolizing enzyme in pain, have intro-

duced unexpected complexities, suggesting that a better understanding of

the pathophysiological role of the endocannabinoid system is required to

devise clinically successful treatment strategies.

Introduction

Although Cannabis sativa (the marijuana plant) is one

of the most ancient medicinal plants in the history of

medicine [1], the clinical use of synthetic cannabinoids

or medicinal plant extracts has been largely empirical

and limited to a few specific indications related to pain,

wasting disorders, and chemotherapy-induced nausea

and vomiting, as a result of their socially undesirable

psychoactive properties [2]. The discovery of endocann-

abinoids (ECs), which mimic some of the effects of syn-

thetic cannabinoids in vivo, their G-protein coupled

receptors, as well as their synthetic and metabolizing

enzymes, has prompted preclinical studies aiming to

explore the role of the endocannabinoid system (ECS)

in health and disease [2–4]. These studies have been

greatly facilitated by the introduction of mice deficient

in cannabinoid receptors or EC degrading enzymes, as

well as selective cannabinoid receptor ligands and inhib-

itors of EC metabolism. The results of these studies

have implicated the ECS in a variety of physiopatholog-

ical processes, both in the peripheral and central ner-

vous systems and in various peripheral organs [2]. Such

studies have further suggested that modulating ECS

activity may have therapeutic potential in almost all dis-

eases affecting humans, including obesity/metabolic

syndrome [5]; diabetes and diabetic complications [6];

neurodegenerative [7,8], inflammatory [9], cardiovascu-

lar [10–12], liver [13,14], gastrointestinal [15] and skin

[16] diseases; pain [17,18]; psychiatric disorders [19,20];

cachexia [2]; cancer [21,22]; and chemotherapy-induced

nausea and vomiting [23], amongst many others [2].

Abbreviations

2-AG, 2-arachidonoylglycerol; AEA, anandamide or arachidonoyl ethanolamide; CB1/2, cannabinoid receptor 1 or 2; CBD, cannabidiol; CNS,

central nervous system; EC, endocannabinoid; ECS, endocannabinoid system; FAAH, fatty acid amide hydrolase; MAGL, monoacylglycerol

lipase; MS, multiple sclerosis; THC, D9-tetrahydrocannabinol; TRPV1, transient receptor potential cation channel subfamily V member 1.
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These investigations have also uncovered the

remarkable complexity of the ECS, as exemplified by

differences in the therapeutic profile of activating/

inhibiting the same receptor in the central nervous

system (CNS) or in peripheral tissues, by the intrigu-

ing overlap between EC and eicosanoid signalling, or

by the often opposite effects mediated by cannabinoid

1 and 2 receptors (CB1/2) receptors in disease models

[2–4,6,24]. Similar complexities have emerged in clini-

cal trials targeting the ECS. Although globally acting

(i.e. brain-penetrant) CB1 antagonists/inverse agonists

were shown to have therapeutic efficacy in obesity/

metabolic syndrome, they elicited anxiety/depression

in a small proportion of subjects, which has led to

their withdrawal from the market worldwide and

halted their further therapeutic development [5,25,26].

The first human trial with peripherally-restricted

mixed CB1/2 agonist(s) for pain failed as a result of

cardiovascular and metabolic side effects and hepato-

toxicity [27,28]. Amplifying the ECS tone by inhibit-

ing EC metabolism was ineffective in alleviating

osteoarthritic pain in human subjects [29,30]. Thus,

we need to better understand the pathophysiological

function of the ECS in humans, as well as refine the

indications and design of clinical trials, so that it is

possible to successfully translate recent progress in

cannabinoid biology into clinically effective treatment

strategies.

The present minireview discusses preclinical evidence

implicating the ECS in human disease, and reviews the

treatment strategies that target the ECS for therapeutic

gain in humans. Because of limitations of space, refer-

ence is also made to recent overviews on specific sub-

jects, rather than to original papers.

The ECS

D9-Tetrahydrocannabinol (THC), the putative psycho-

active ingredient of marijuana, and its endogenous

counterparts, anandamide (arachidonoyl ethanola-

mide) (AEA) and 2-arachidonoylglycerol (2-AG), exert

their primary effects through CB1/2 receptors; 2-AG

favours CB2, whereas AEA binds with higher affinity

to CB1 [2], although, at higher concentrations, it may

also modulate transient receptor potential cation chan-

nel subfamily V member 1 (TRPV1) and other recep-

tors. Signalling by cannabinoid receptors is complex

because it may involve both G protein-dependent

pathways, such as inhibition of adenyl cyclase or the

modulation of ion channel function, and G protein-

independent mechanisms, including the activation of

various mitogen-activated protein kinases (p44/42

mitogen-activated protein kinases, p38, extracellular

signal-regulated kinase and c-Jun N-terminal kinase)

or ceramide signalling [2,31,32].

CB1 receptors, the most abundant G-protein cou-

pled receptor in the mammalian brain, mediate the

socially undesirable psychoactive effects of cannabis.

Although their expression was initially considered to

be restricted to the brain, more recent studies have

identified CB1 receptors in almost all peripheral tissues

and cell types, albeit at much lower densities than in

the brain, and documented their important regulatory

functions [2,3,5]. CB2 receptors are largely restricted to

immune and haematopoetic cells, although function-

ally relevant expression has been found in specific

regions of the brain and in the myocardium, gut,

endothelial, vascular smooth muscle and Kupffer cells,

exocrine and endocrine pancreas, bone, and reproduc-

tive organs/cells, as well as in various tumours [4].

Both cannabinoid receptors may undergo rapid inter-

nalization and intracellular trafficking upon agonist

exposure [33,34].

In the CNS, AEA and 2-AG are synthesized ‘on

demand’ and released to act as retrograde transmit-

ters on CB1 receptors [35–37]. They are not stored and

are rapidly degraded after exerting a transient and local-

ized effect [38]. The synthesis of ECs largely depends on

the intracellular Ca2+-concentration. AEA is mainly

formed via a two step-pathway, involving a Ca2+-

dependent N-acyltranferase and N-acylphosphatidy-

lethanolamine-hydrolyzing phospholipase D, whereas

diacylglycerol lipase and phospholipase Cb are mainly

responsible for the biosynthesis of 2-AG [3,37]. The

existence of additional, parallel biosynthetic pathways

for AEA has also been proposed [39,40].

AEA and 2-AG are removed from the extracellular

space by a process of cellular uptake and metabolism;

however, the putative transporter(s) involved have not

yet been cloned, and are the subject of much contro-

versy [41–43]. AEA is degraded primarily by fatty acid

amide hydrolase (FAAH) and 2-AG is degraded by

monoacylglycerol lipase (MAGL) [3,44], although

additional enzymes have also been implicated in the

degradation of both AEA and 2-AG [45,46]. Endoc-

annabinoids may also be metabolized by cyclooxygen-

ases, lipooxygenases and cytochrome P450, leading to

the formation of bioactive metabolites that may acti-

vate CB receptor-independent mechanisms [24,47]. It is

also important to note that FAAH and MAGL are

also responsible for the degradation of numerous

potentially bioactive lipids. Thus, the biological conse-

quences of the inhibition of these enzymes are not nec-

essarily a result of enhanced EC levels. Some of the

enzymes involved in EC synthesis/degradation may

exist in several forms and their activity may vary in
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different tissues or even in different regions of the

same tissue [3,37,48–52].
In addition to AEA and 2-AG, several other EC-like

molecules have been discovered, although their activi-

ties have not been studied in sufficient detail [53,54].

Interestingly, recent studies have identified novel pep-

tide allosteric negative modulators of CB1 receptors

[55], the biological significance of which is yet to be

determined. Additionally, the anti-inflammatory lipid

lipoxin A4 may be an endogenous allosteric enhancer

of CB1 receptors [56]. A comprehensive overview of

the ECS is beyond the scope of the present minireview;

instead, several detailed reviews are available on this

subject [3,24,37,57].

The ECS in health and disease

Despite the ubiquitous expression of the various com-

ponents of the ECS, their genetic ablation or pharma-

cological blockade in normal, healthy animals has

minimal functional consequences, which suggests that

the ECS has minimal or no tonic activity under normal

physiological conditions [2,4]. On the other hand, an

increase or decrease in ECS tone is associated with var-

ious pathological states, as a result of the altered

expression of CB receptors, endocannabinoid metabo-

lizing enzymes and/or synthetic pathways, in a tissue-

specific and time-dependent manner. Examples of

selected pathologies in which dysregulation of the ECS

was reported (in most cases, up-regulation of CB1/2

and/or an increase in tissue levels of ECs) are shown in

Table 1, and have been summarized in more detail else-

where [2–4,58,59]. In some cases, altered ECS activity

is transient and forms part of the body’s compensatory

response to a particular insult, thus reducing symptoms

and/or slowing progression of the disease (e.g. in neu-

ropathic pain); in other cases, activation of the ECS

may be pathogenic (e.g. in various forms of shock or

diabetic complications) or may reflect a deficiency (e.g.

in various tumours) of unknown significance [2].

From a therapeutic standpoint, the identification of

regional or tissue-specific changes in CB receptors is

important because their possible selective targeting

may mitigate unwanted side effects [59,60]. However,

these changes can serve as a basis for successful drug

development only as long as they are determined using

appropriate tools (e.g. specific antibodies), the specific-

ity of which needs to be carefully validated [4,61]. It is

also very important to understand the underlying

mechanisms of these alterations; for example, is the

increase in the tissue level of an EC the result of its

increased biosynthesis or a decrease in its enzymatic

degradation?

Cardiovascular consequences of
targeting the ECS in health and
disease

Because many promising drugs fail in clinical develop-

ment as a result of cardiovascular side effects, it is

important to briefly overview the cardiovascular conse-

quences of modulating the ECS. ECs exert complex

cardiovascular effects that are dominated by a decrease

in blood pressure and myocardial contractility, medi-

ated primarily by CB1 receptors located in the myocar-

dium, vasculature and neurones in the central and

autonomic nervous systems [2,62]. In cultured human

coronary artery endothelial cells [63] and cardiomyo-

cytes [64], CB1 activation promotes stress signalling

and cell death, and decreases contractility [10,12]. By

contrast, activation of cardiovascular CB2 receptors

does not have adverse haemodynamic consequences

[11]. CB1, CB2 or FAAH knockout mice have normal

blood pressure, myocardial contractility and/or barore-

flex sensitivity, indicating the minimal role of the ECS

in normal cardiovascular regulation [2]. However, in

several pathological conditions (e.g. shock, heart fail-

ure, cardiomyopathies, advanced liver cirrhosis), the

ECS may become activated to promote hypotension/

cardiodepression through cardiovascular CB1 receptors

[2,10]. CB1 receptor signalling may also promote dis-

ease progression in preclinical models of heart failure

[64–66] and atherosclerosis [67,68], and contributes to

increased cardiovascular risk (e.g. plasma lipid altera-

tions, abdominal obesity, hepatic steatosis, insulin and

leptin resistance) in obesity/metabolic syndrome and

diabetes, both in rodents and humans [5,69–71]. By

contrast, CB2 signalling in the heart and vasculature

may activate cardioprotective mechanisms and limit

inflammation [11].

Acute or chronic use of marijuana may decrease or

increase the heart rate and decrease blood pressure

depending on the duration of the use, dose and route

of administration [2,10]. An elevated resting heart rate

is a known independent risk factor for cardiovascular

disease in healthy men and women [72]. A recent con-

trolled study at the National Institute on Drug Abuse

evaluated the development of tolerance to the effects

of oral synthetic THC in 13 healthy male daily canna-

bis smokers who were residing on a secure research

unit over a period of 6 days [73]. Despite the develop-

ment of tolerance to the subjective intoxicating effect

of THC, no tolerance was observed to its hypotensive

and tachycardic effects [73]. Another recent study of

72 young male cannabis users and 72 matched controls

reported an increased heart rate variability in cannabis

users [74]. Surinabant, a selective CB1 antagonist, has
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recently been reported to inhibit THC-induced central

nervous system and heart rate effects in humans, pro-

viding proof of principle that those effects were indeed

mediated by CB1 receptor activation [75]. At the 20th

International Cannabinoid Research Society meeting

in Sweden, AstraZeneca presented data from the first

clinical studies investigating two novel, peripherally-

restricted, orally active mixed CB1/2 agonists

(AZD1940 and AZD1704). The study was terminated

as a result of adverse cardiovascular effects, weight

gain and mild hepatotoxicity [27,28].

An increasing number of case reports associates mar-

ijuana smoking with the precipitation of acute coronary

syndrome [76]. Alarmingly, this occurs mostly in young

healthy subjects without any previous cardiovascular

disease [77,78]. A retrospective study assessed the risk

of acute coronary syndrome after exposure to mari-

juana smoke. It was found that the risk of myocardial

infarction was highest during the first hour of exposure

[79]. The effect of marijuana use on mortality after

acute myocardial infarction was assessed in a prospec-

tive study involving 1913 adults who were hospitalized

with myocardial infarction at 45 US hospitals between

1989 and 1994, with a median follow-up of 3.8 years.

The results indicated that marijuana use may pose an

increased risk of infarction in susceptible individuals

with coronary heart disease [80]. A more recent study

evaluated the consequences of marijuana use and long-

term mortality among survivors of acute myocardial

infarction, and found that habitual marijuana use

among patients presenting with acute myocardial

infarction was associated with an apparent increase in

mortality rate (29% higher) over the subsequent

18 years, although this did not reach statistical signifi-

cance because of the limited sample size [81]. In the

absence of large-scale, long-term controlled studies with

repeated measures of marijuana use, a firm conclusion

on the long-term impact of cannabis use on cardiovas-

cular mortality cannot be drawn. Nevertheless, the

above findings are of concern. Because THC is a rela-

tively weak CB1 agonist compared to many synthetic

ligands, and also activates cardioprotective CB2 recep-

tors and is a potent antioxidant, it may be predicted

that the uncontrolled spread and use of mixtures of

potent synthetic CB1 agonists (spice, K2, etc.)

employed as recreational drugs would lead to signifi-

cantly greater cardiovascular morbidity. Indeed, in a

recent case series in healthy children, myocardial infarc-

tion was precipitated by synthetic cannabinoid use [82],

and another study reported tachycardia, loss of con-

sciousness and diffuse pain in two adolescents [83].

What is the situation regarding the ECS and cardio-

vascular pathology? As noted previously, EC/CB1

receptor signalling has been implicated as a patho-

genic factor in rodent models of cardiovascular dis-

eases, including atherosclerosis, shock and various

forms of cardiomyopathy. However, ECs were also

reported to exert protective effects, based mostly on

ex vivo and indirect studies, via CB2 and CB-receptor

independent mechanisms. Clearly, selective CB2 agon-

ists exert beneficial effects in rodent models of myo-

cardial infarction by limiting inflammatory cell

infiltration (in cardiomyocytes, the expression of CB2

is very low, if any) [11]. To analyze the role of the

ECS more directly, a recent study employed FAAH

knockout mice with a 2.5- to three-fold increase in

myocardial AEA content. When such mice were used

to induce various experimental models of cardiomyop-

athy, they displayed increased mortality, tissue injury

and neutrophil infiltration in the heart, which could

be partially rescued by CB1 antagonists [66]. Consis-

tent with this report, a recent study showed that

FAAH deficiency enhanced intraplaque neutrophil

recruitment in atherosclerotic mice and increased a

pro-inflammatory immune response [84]. These find-

ings indicate that the primary cardiovascular effects of

elevated EC tone are deletorious and are mediated by

CB1 receptors.

In obese human subjects, increased plasma levels of

AEA and 2-AG were strongly associated with coro-

nary circulatory dysfunction, suggesting that plasma

EC levels may be used as biomarkers of cardiovascular

risk in obesity [85]. In another study, increased plasma

AEA and 2-AG levels positively correlated with

impaired coronary endothelial function in obese sub-

jects [86]. In samples of epicardial fat from ischaemic

human hearts, the up-regulation of CB1 was accompa-

nied by down-regulation of CB2 and FAAH compared

to non-ischaemic hearts [87]. CB1 receptor density was

significantly higher in atherosclerotic coronary artery

sections from patients with unstable angina compared

to those with stable angina [67]. A G1359A polymor-

phism in the CB1 receptor gene was also associated

with coronary artery disease in the Chinese Han popu-

lation, although the effect of this polymorphism on

receptor function is unknown [88]. Both ECs were

reported to inhibit human cardiac Kv4.3 channels at

fairly low concentrations in ovary cells expressing

Kv4.3 or in human cardiomyocytes in a receptor-inde-

pendent manner [89], a harbinger of pro-arrhythmic

risk.

Thus, it is clear that the activation of CB1 receptors

by synthetic ligands or ECs is associated with adverse

cardiovascular consequences, which must be given very

careful consideration during the preclinical/clinical

development of new drugs targeting the ECS.
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Activation of CB1/2 receptors: THC,
synthetic agonists and cannabinoid
extracts

THC (dronabinol; Marinol; Solvay Pharmaceuticals,

Brussels, Belgium) and its synthetic analogue nabilone

(Cesamet; Valeant Pharmaceuticals, Irvine, CA, USA)

have been approved by the Food and Drug Adminis-

tration for treatment of chemotherapy-induced nausea

and vomiting and for stimulating appetite in wasting

disorders (e.g. AIDS, tumour cachexia, etc). Sativex

(GW Pharmaceuticals, Salisbury, Wiltshire, UK), an

oromucosal spray containing THC and the nonpsycho-

active plant cannabinoid, cannabidiol (CBD), has

recently been approved in Canada, the UK and several

other European countries for the symptomatic relief of

neuropathic pain and spasticity associated with multi-

ple sclerosis, and as an adjunctive analgesic treatment

for adults with advanced cancer. However, the thera-

peutic utility of THC and its synthetic analogues are

limited because of their unwanted psychotropic effects

mediated by central CB1 receptors. The present minire-

view summarizes only the clinically most relevant

indications.

Earlier preclinical studies suggested that ECs or

plant-derived cannabinoids exert neuroprotective

effects in the CNS by: (a) modulating excitability and

calcium homeostasis via effects on various ion chan-

nels (Ca2+, Na+, K+), intracellular Ca2+ stores and

gap junctions and N-methyl-D-aspartate receptors; (b)

attenuating excitatory glutamatergic transmissions

and modulating synaptic plasticity via presynaptic

CB1 receptors; (c) inducing CB1 receptor-mediated

hypothermia; (d) exerting antioxidant effects; and (e)

modulating immune responses and the release of pro-

inflammatory mediators by CB1, CB2 and non-CB1/

CB2 receptors on microglia, astrocytes, macrophages,

neutrophils, lymphocytes and neurones [2]. Numerous

recent studies have suggested that many of the previ-

ously described protective effects of synthetic CB1

ligands were attributable to centrally-mediated hypo-

thermia and/or receptor-independent antioxidant/

anti-inflammatory effects of the compounds, and that

ECs through the activation of CB1 receptors may also

promote tissue injury and neurodegeneration (e.g. in

stroke and other forms of I/R injury) [6,90–92].
Historical documents reveal that one of the earliest

uses of cannabis was to treat pain [93]. Studies in mod-

ern times initially focused on CB1 receptors and dem-

onstrated beneficial effects of cannabinoids in rodent

models of acute and chronic pain. The results sug-

gested that the observed antinociceptive effects have

complex mechanisms involving actions in the CNS,

spinal cord and peripheral sensory nerves [2,94].

Recent evidence also implicates CB2 receptors in the

antihyperalgesic activity of cannabinoids [95,96]; how-

ever, the exact mechanisms and cellular targets are elu-

sive because of a lack of reliable antibodies for CB2 [4].

In humans, the analgesic activity of THC and other

cannabinoids is less clear-cut because cannabinoids are

relatively weak analgesics compared to opiates, even

when they do show efficacy [2]. The clinical data on

THC, CBD and their combinations have been compre-

hensively reviewed elsewhere [97,98]. The primary

focus of these studies has been the safety/efficacy and

symptom relief (e.g. bladder incontinence, limb spastic-

ity, pain and sleep quality) in multiple sclerosis (MS)

or other pain-related conditions. Three studies have

demonstrated that cannabis extract in MS patients

improved urinary incontinence [98]. A number of con-

trolled and blinded trials evaluating the efficacy of oral

or sublingual cannabis/Sativex on spasticity in MS

found that, at doses lacking overt psychoactivity, these

drugs show no or minimal efficacy, as assessed by the

objective outcomes using the Ashworth scale. How-

ever, the treatment consistently improved subjective,

patient-assessed endpoints (spasms, pain, spasticity,

sleep quality). Follow-up studies using a patient

assessed numeric rating scale for spasticity showed sig-

nificant benefits of Sativex compared to placebo [98].

It could be argued that some of the benefits observed

were a result of mood improvement (patients feel sub-

jective improvement) but, because only some of the

symptoms were improved (spasticity, pain and sleep

quality), this may not be the case. In patients treated

with THC for 1 year, improvements using the Ash-

worth scale were reported [98]. Zhornitsky and Potvin

[97] performed a meta-analyses of the data from 33

studies with CBD alone or in various combinations

with THC, with the rationale for combining THC and

CBD being to attenuate the psychoactive effects of

THC by CBD, based on empirical evidence obtained

in some studies. Among these studies, 16 had been

conducted in healthy subjects and 17 in clinical popu-

lations, including four in MS, three in neuropathic and

cancer pain, four in schizophrenia and bipolar mania,

two in social anxiety disorder, and one each in cancer-

related anorexia, Huntington’s disease, insomnia and

epilepsy [97]. It was concluded that, depending on the

study and on the THC/CBD ratio, CBD may prolong/

intensify or inhibit THC-induced effects. In some of

these studies, THC or CBD+THC was more effective

at reducing pain, although, in other studies, CBD

alone also exerted (or completely lacked) analgesic

properties. Notably, several of these studies used
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multiple pain assessment scores, and the treatments

were effective when evaluated by some but not by

other scales [97]. In one of the studies in which the

oral administration of CBD+THC in MS was not

effective in improving symptoms, immunological anal-

ysis unexpectedly revealed a certain pro-inflammatory

effect of the drug [97]. The preliminary clinical evi-

dence was concluded to suggest that high-dose oral

CBD may have therapeutic benefits in social anxiety

disorder, insomnia and epilepsy, although it may also

cause mental sedation [97].

Taken together, the above studies in MS show con-

sistent improvements in subjective rather than quanti-

tative symptomatic outcome measures (including pain),

which supports the beneficial effects of cannabinoid-

based medicines in neuropathic pain associated with

MS. The relatively poor efficacy observed in some clini-

cal studies may be attributable to pharmacokinetic

problems such as first-pass effects via the liver and slow

absorption via the oral route of administration, which

may also limit the success of self-titration [98]. In most

of these studies, formulations containing THC fre-

quently caused generally mild to moderate side effects.

However, with individual dose-titration, which can be

better achieved by using the oromucosal Sativex spray,

side effects can be further attenuated. Initial dose-titra-

tion may also help in the early selection of responders

and exclusion of nonresponders. Future clinical studies

should explore how cannabinoid-based medicines affect

MS progression. In light of the preclinical data, the

combination of THC with CBD appears to be the most

promising, given the neuroprotective effects of CBD

observed in numerous preclinical studies [99].

There is considerable interest in developing THC-

based medicines for other forms of pain, such as pain

associated with cancer or diabetic neuropathy. How-

ever, under these conditions, we should also carefully

weigh the potential effect of the treatment on cancer

and/or diabetes progression. Regarding cancer,

although numerous studies suggest that THC may

slow down the growth/progression of certain types of

cancers in preclinical models, others suggest that THC

may in fact promote cancer growth, and cannabinoid

receptor deletion or inhibition is beneficial [2,4,22]. In

addition, the results of a clinical study evaluating the

association between ECS activity and survival and

pain in pancreatic cancer indicate that, although

patients with high CB1 receptor expression in enlarged

nerves in pancreatic ductal adenocarcinoma had a

lower combined pain score (intensity, frequency, dura-

tion), they had significantly shorter survival [100]. For

CBD, the evidence more clearly suggests potential ben-

efits in multiple preclinical tumour models [99]. In the

case of diabetes and diabetic complications, there is

strong evidence (both preclinical and clinical) indicat-

ing that CB1 activation promotes primary diabetes and

also contributes to all diabetic complications (includ-

ing neuropathy), and that CB1 antagonists can prevent

or reverse these changes, as well as insulin resistance

[6,69,101].

Interestingly, analysis of cross-sectional data from

the National Health and Nutrition Examination Sur-

vey (NHANES III, 1988–1994) indicated that mari-

juana use was independently associated with a lower

prevalence of diabetes mellitus [102], and glucose toler-

ance and insulin sensitivity were found to be unchaged

in chronic marijuana smokers [103]. In view of the

demonstrated ability of acute marijuana smoking to

induce insulin resistance [104], these findings may

reflect desensitization of peripheral CB1 receptors in

chronic users. Further clinical studies are needed to

analyze the differential mechanisms involved in the

acute and chronic effects of marijuana use on glycae-

mic control.

Nevertheless, in light of the overwhelming preclinical

and clinical evidence suggesting that CB1 receptor acti-

vation contributes to diabetes development and its

complications (cardiovascular, neuropathy, retinopa-

thy, and nephropathy) [6], and a recent study by the

Centers for Disease Control and Prevention associat-

ing cases of acute kidney injury with synthetic cannab-

inoid use [105], the use of THC would be risky from a

clinical point of view in patients with established

diabetes. Diabetic patients also have impaired immune

functions and wound healing, which could be

adversely affected by immunosuppressive/immuno-

modulatory drugs such as THC. By contrast, CBD

demonstrated beneficial effects as a result of its

anti-inflammatory and antioxidant properties both in

preclinical models of primary diabetes and in models

of all major diabetic complications, which is encourag-

ing for its potential testing in diabetic patients [6].

As noted above, THC and its synthetic analogue

Nabilone are used to treat chemotherapy-induced nau-

sea and vomiting, as well as to stimulate appetite in

cachexia associated with AIDS or terminal tumours

[2]. In the case of AIDS, recent controlled studies in

nonhuman primates showed unexpectedly that chronic

THC administration before and during simian immu-

nodeficiency virus infection ameliorates disease

progression, and also attenuates viral load and tissue

inflammation, significantly reducing the morbidity and

mortality of virus-infected macaques [106], which is

very encouraging.

There is considerable preclinical and clinical

evidence showing that the combination of THC with
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opioids or nonsteroidal anti-inflammatory drugs may

enhance their efficacy in pain and also limit their side

effects [2,95,96]. It has become clear that cannabinoid

analgesia is predominantly mediated via peripheral

CB1 receptors in nociceptors [107], providing the ratio-

nale for selectively targeting peripheral CB1 receptors

by peripherally-restricted (brain impermeable) agonists,

thereby eliminating the undesirable CNS consequences

of CB1 stimulation [71]. Astra Zeneca (London, UK)

has developed two novel peripherally-restricted, orally

bioavailable CB1/2 agonists (AZD1940 and AZD1704).

Despite their mixed agonist activity at CB1 and CB2

receptors, the analgesic efficacy in rodent models was

mainly driven by CB1 receptors, as validated through

the use of CB1 selective antagonist and knockout mice

[27]. The clinical efficacy of AZD1940 as a pain relie-

ver was tested in two single-dose, phase II studies

(human capsaicin and third molar extraction models)

and in a multiple ascending doses study performed in

subjects with chronic low-back pain. The two single-

dose, phase II studies showed no efficacy at the pri-

mary endpoints (pain intensity and heat pain threshold

for capsaicin study) [28]. In the multiple ascending

dose study where AZD1940 was administered for

12 days, repeated dosing led to slow compound accu-

mulation, significant weight gain and elevation of

hepatic transaminases. AZD1704 also induced pro-

found hypotensive effects [28]. Thus, the analgesic effi-

cacy of peripherally-restricted CB1 agonists remains to

be established in humans. Although their cardiovascu-

lar and metabolic side effects confirm the role of CB1

receptors in these functions in humans, they further

limit their usefulness as therapeutic agents. The above

studies of Astra Zeneca with novel, peripherally-

restricted, orally bioavailable CB1/2 agonists did not

indicate CB2 involvement in preclinical models of

analgesia, whereas other studies suggest that CB2 acti-

vation may attenuate certain types of pain [95,96].

CB2-selective peripherally-restricted agonists (instead

of mixed CB1/2 agonists) may offer the better optimi-

zation of dosing in humans because metabolic and

cardiovascular side effects are less likely to occur.

Inhibition of the CB1 receptors: global
and peripherally-restricted CB1

antagonists

Recent preclinical studies have provided compelling

evidence that ECs modulate food intake, energy bal-

ance, glucose and lipid metabolism through CB1 recep-

tors expressed in the brain and various peripheral

tissues, such as fat, liver and skeletal muscle

[5,70,108,109]. Treatment with brain-penetrant CB1

receptor antagonists/inverse agonists resulted in

improvements of multiple cardiovascular risk factors

both in preclinical studies and in clinical trials in

obese/overweight subjects [110–116]. Parallel preclini-

cal studies clearly demonstrated that reduced food

intake was not the primary mechanism responsible for

the weight-reducing effect of CB1 antagonists, and sug-

gested that peripheral energy metabolism might be

directly under EC control [5]. These studies demon-

strated that ECs promote lipogenesis in adipose tissue

and liver but inhibit fatty acid oxidation and mito-

chondrial biogenesis, whereas CB1 antagonists exert

the opposite effects [5]. Meanwhile, clinical trials have

revealed that a small but statistically significant frac-

tion of subjects treated with the CB1 inverse agonist

rimonabant exhibited anxiety, depression and/or

suicidal ideations, eventually leading to the withdrawal

of rimonabant from the market in over 50 countries

and discontinuation of the therapeutic development of

this class of compounds [117].

By that time, there were several lines of evidence

strongly suggesting that selective inhibition of periph-

eral CB1 receptors may preserve much of the metabolic

benefit of global CB1 blockade at the same time as

minimizing side effects as a result of the blockade of

CB1 receptors in the CNS [5]. A proof of principle

study by Tam et al. [118] demonstrated that chronic

treatment of DIO mice with AM6545 (the first high-

affinity, selective, peripherally-restricted neutral CB1

antagonist) improved glucose tolerance, insulin sensi-

tivity and the plasma lipid profile, and also reversed

fatty liver, although it was less effective than its parent

compound rimonabant in reducing body weight

because it did not affect caloric intake. The same study

also provided evidence for the importance of CB1

receptors in hepatocytes in the development of diet-

induced insulin resistance. A subsequent study pro-

vided additional mechanistic insight by demonstrating

that CB1-mediated hepatic insulin resistance involves

ER stress-dependent impairment of insulin signalling,

as well as reduced insulin clearance [119]. In a follow-

up study, a highly potent, selective and brain imperme-

able CB1 receptor inverse agonist, JD5037, was even

more effective in improving metabolic parameters in

mouse models of obesity, and it not only improved

cardiometabolic risk, but also had antiobesity and

hypophagic effects by reversing leptin resistance [101].

This compound is currently undergoing toxicology

screening as a prelude to its clinical testing.

As discussed above, we have learned important les-

sons from the first clinical trials aiming to attenuate

pain with the peripherally-restricted mixed CB1/2 agon-

ists, which were terminated because of excessive weight
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gain, hepatotoxicity and cardiovascular adverse effects.

Interestingly, this side-effect profile strongly supports

the rationale for the development and therapeutic use

of peripherally-restricted CB1 antagonists in humans

[27,28].

Activation of CB2 receptors by
selective agonists

Overwhelming evidence for the therapeutic potential of

EC/CB2 receptor signalling in some of the major

pathologies affecting humans has been reviewed

recently [4]. An important consideration for the thera-

peutic development of selective CB2 receptor agonists

is the absence of psychoactive effects, coupled with the

anti-inflammatory and tissue protective activity of these

ligands in numerous preclinical disease models [4].

CB2 receptors are predominantly expressed in

peripheral blood immune cells where the level of their

expression is strongly modulated by pro-inflammatory

and other stimuli, largely depending on the experimen-

tal conditions [120]. Initial studies focusing on the

immunomodulatory effects of THC and other cannabi-

noid ligands in vivo in rodents and in vitro in human

immune cell cultures demonstrated immunosuppressive

effects in T and B lymphocytes, natural killer cells and

macrophages, which most likely involved both CB1

and CB2 receptors, as well as CB receptor-independent

mechanisms [9,120,121]. ECs were also found to mod-

ulate T and B cell proliferation and apoptosis, immune

cell activation and inflammatory cytokine production,

chemotaxis and inflammatory cell migration, and mac-

rophage-mediated killing of sensitized cells [9,120,122].

These generally inhibitory effects were ligand- and cell

type-dependent and were also influenced by the experi-

mental conditions used [9,120,123,124]. A complicating

factor is the agonist-induced rapid internalization and

trafficking of CB2 receptors in vitro, which can con-

found any interpretation of the results [33,34]. The

effects of ECs or synthetic analogues on microglia acti-

vation/migration also appear to be largely experimen-

tal condition-dependent [123].

One important recent development has been the

identification of low levels of CB2 receptor expression

in tissues previously considered to be devoid of these

receptors. These include specific regions of the brain

[125–127], spinal cord and dorsal root ganglia

[17,95,128], neurones in the myenteric and submucosal

plexus of the enteric nervous system [129–131], myo-

cardium or cardiomyocytes [64,65,132], human vascu-

lar smooth muscle and endothelium [25,133–135],
activated hepatic stellate cells [136,137], Kupffer

cells [138], reproductive organs/cells [139,140], colonic

epithelial cells [141], bone [142–144], mouse and

human exocrine and endocrine pancreas [145–148],
and various human tumours [149]. Further studies are

needed to fully explore the function of CB2 receptors

at these sites.

More importantly, disease-induced changes (usually

increases) in CB2 receptor expression have been

reported (Table 1), and synthetic CB2 receptor agon-

ists exerted protective effects in a variety of preclinical

disease models and pathological conditions [4], ranging

from cardiovascular disorders [11], various forms of is-

chaemic-reperfusion injury [90], gastrointestinal and

liver inflammation [13,150,151], autoimmune and neu-

rodegenerative disorders [7,152–154], kidney disorders

[4], bone disorders [143,144], cancer [149,155–157], and
pain [17,95].

As for the therapeutic potential of CB2 agonists, it

is important to note that, although, under conditions

of a sterile inflammatory response, CB2 agonists may

limit injury, in pathogen-induced inflammation, the

immunosuppressive effects of the CB2 receptor activa-

tion may enhance or even inflict tissue damage, and

may also lead to accelerated cancer growth in certain

types of tumours [4]. To successfully target CB2 in

selected human diseases, it is imperative to identify the

exact cellular location and disease-induced, time-

dependent changes in the expression of CB2 receptors.

This will necessitate the development of improved

research tools, such as more reliable and specific anti-

bodies. This is particularly important because, in many

injury models, CB2 agonists appear to be most effec-

tive when given before the initiation of the insult, and

may lose their efficacy or even promote inflammation

when given at later time [4]. Thus, a better understand-

ing of the underlying pathology and its effects on CB2

expression is required for the development of meaning-

ful therapeutic approaches. Before going to clinical

development for a particular indication, it is also

important to confirm previous preclinical findings with

novel and more selective CB2 agonists, because cur-

rently available ligands may not be entirely specific.

Better knowledge of the pharmacokinetics and metab-

olism of ligands is also essential, particularly given the

bell-shaped dose–response often seen with recently

available CB2 agonists in various disease models [4].

The reason for the latter may be that, when used at

higher doses, currently used CB2 agonists may also

activate CB1 receptors, particularly when the relative

expression of CB1 over CB2 is high. Our understand-

ing of the complexities of CB2 receptor signalling is

still limited, and important interspecies differences in

CB2 receptor signalling and in the pharmacology of

CB2 ligands must also be considered [158].
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Problems with the use of peripherally-restricted

CB1/2 agonists for pain relief as a result of cardiovas-

cular and metabolic side effects have been discussed

above. A plausible alternative could be the testing of

peripherally-restricted selective CB2 agonists for anal-

gesia in humans because such compounds would be

expected to be devoid of cardiometabolic liabilities.

However, the preclinical data with AZD1940 and

AZD1704 indicate that the analgesic efficacy of this

class of compounds was mainly driven by the CB1

receptor [27] which, if confirmed in humans, would

limit the promise of this approach. Nevertheless, the

therapeutic development of selective CB2 receptor

ligands (agonists or inverse agonists/antagonists

depending on the pathology and its stage) is still a

promising strategy for a number of disease conditions,

provided that the issues discussed above are success-

fully resolved [4].

Inhibition of EC metabolism, cellular
uptake or biosyntheses

The hypothesis behind the therapeutic inhibition of

EC degradation was that increasing EC tissue levels

would be less likely to cause psychoactive effects than

would the use of synthetic CB1 ligands (endocannabi-

noids are biosynthesized and degraded in a site and

time-dependent manner), whereas the beneficial effects

of CB1/2 activation, such as analgesia, would be main-

tained [159]. In support of this, FAAH knockout mice

or mice treated with a FAAH inhibitor have elevated

AEA levels in the brain and other tissues, are super-

sensitive to exogenous AEA, and exhibit CB1 receptor-

mediated hypoalgesia [160,161] and reduced anxiety,

although they do not display catalepsy, an indicator of

psychoactivity in humans [162]. The antinociceptive

effect of FAAH inhibitors, likely mediated through

increases in AEA and PEA levels that activate CB1/2,

peroxisome proliferator-activated receptor a and/or

TRPV1 [163], was investigated in acute and chronic

rodent models of pain [164]. Most of the initial results

were based on using URB597, which irreversibly inhib-

its FAAH both in the CNS and periphery [164].

Recent studies with a peripherally-restricted FAAH

inhibitor, URB937, showed efficacy in neuropathic

and inflammatory pain [165], confirming that the anal-

gesic effects of AEA are initiated at the peripheral sites

[107]. However, similar to direct-acting peripheral CB1/2

agonists, URB597 has both hypotensive [166] and

diabetogenic effects [167] mediated by CB1 receptors,

and FAAH knockout mice are also prone to diet-

induced obesity and diabetes [168]. The diabetogenic

effect of URB597 has been attributed to blocking

FAAH in the liver, and the novel FAAH inhibitor

AM3506, which does not block FAAH in the liver as a

result of its rapid uptake and metabolism by hepato-

cytes, was found to be devoid of glycaemic side effects

in rodents [167]. FAAH antagonism may also promote

fat accumulation and insulin resistance through

centrally-mediated hypothyroidism [169].

The analgesic effects of FAAH inhibition in preclini-

cal models prompted the development of PF-04457845,

an irreversible FAAH inhibitor with excellent analgesic

efficacy in animal models [29,170], which was selected

for clinical development. In a randomized, placebo-

controlled, phase II clinical trial PF-04457845 was

recently evaluated in patients with osteoarthritic pain

of the knee [30]. The results clearly demonstrated that

PF-04457845 inhibited FAAH activity in white blood

cells and raised the concentrations of various fatty acid

amides 3.5-10 fold, which persisted for up to 2 weeks

after discontinuation of the drug, and did not affect

cognitive function in test subjects. However, the study

failed to show any analgesic efficacy of PF-04457845,

whereas the nonsteroidal anti-inflammatory drug nap-

roxen, used as a positive control, was effective [30].

These results were also highlighted and discussed in a

recent editorial [171].

A promising alternative indication for the therapeu-

tic use of FAAH antagonists is post-traumatic stress

syndrome. The FAAH inhibitor AM3506 was recently

found to be effective in increasing fear extinction in a

CB1 receptor-dependent manner in a mouse model of

post-traumatic stress syndrome, and human carriers of

a low-expressing FAAH variant displayed quicker

habituation of amygdala reactivity to threat, as

detected by brain imaging [172].

The main rationale for the development of MAGL

inhibitors, which metabolize 2-AG, is similar to the

rationale for FAAH inhibitors. Numerous recent stud-

ies have demonstrated that MAGL inhibition or

genetic deletion exerts anti-emetic [173], antineoplastic

[174], and anxiolytic and antinociceptive effects in

rodents [175], and also protects against brain injury

[176,177], acute liver injury/inflammation [138] and

colitis either via enhancing CB1/2 signalling or by

attenuating eicosanoid synthesis in specific tissues,

such as the brain and liver [178], or by a combination

of both. In the case of cancer, MAGL inhibition mod-

ulates fatty acid release for the synthesis of protumo-

urigenic signalling lipids [174], as reviewed recently

[179,180].

Although the above preclinical findings are indeed

exciting, they also highlight important limitations. (a)

Raising the tissue levels of ECs may promote the

formation of cyclooxygenase-, lipoxygenase- and
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cytochrome P450-derived pro-inflammatory metabo-

lites [47,181]. (b) Some of the prostaglandins that were

attenuated by MAGL inhibitors have well documented

tissue protective functions. (c) Although the dual effect

of MAGL inhibition on attenuating eicosanoid and

enhancing EC signalling can be beneficial in certain

tissues (e.g. the brain and liver) where MAGL links

the EC and eicosanoid systems through the hydrolysis

of 2-AG, in other tissues, it can promote inflammation

and injury (e.g. in the myocardium) through the non-

CB mechanisms described above (the cardiotoxicity of

COX-2 inhibitors is well documented in humans). (d)

Chronic MAGL inhibition leads to functional antago-

nism of the ECS [175]. (e) As previously discussed,

very strong preclinical and clinical evidence suggests

that, in cardiovascular disease and diabetes/diabetic

complications, endocannabinoids (through CB1 and

most likely through the first two mechanisms described

above) promote cardiovascular injury. (f) There is

growing evidence that ECs exert pro-inflammatory

effects in various disease models through both CB1-

dependent and -independent mechanisms [6]. This is

supported by a recent study demonstrating that the

inhibition of EC synthesis is anti-inflammatory in mac-

rophages [182]. (g) Various isoforms of metabolizing

enzymes (e.g. FAAH) may have distinct functions [52],

and the functional properties of rodent and human

FAAH may also be different [183]. (h) Most of the

benefits observed with inhibitors of FAAH or MAGL

were reported in acute models; the safety of chronic

inhibition of these enzymes has not yet been deter-

mined, particularly in pathological situations. (i) The

use of irreversible inhibitors of FAAH and MAGL

could be a disadvantage for accurate dose titration

and would make it difficult to treat toxicity [164].

Conclusions and future directions

Recent clinical studies show that cannabinoid-based

medicines with controlled doses of plant-derived cann-

abinoids can provide symptomatic relief in a subset of

patients suffering from pain and spasticity associated

with MS and certain other types of pain, and there is

hope (based on preclinical studies) that these medica-

tions would also positively modulate disease progres-

sion. Synthetic cannabinoids are also useful in subset

of patients with wasting disorders and chemotherapy-

induced nausea and vomiting. There are numerous

promising new targets (plant-derived cannabinoids,

peripherally-restricted CB1 antagonists, selective CB2

agonists, inhibitors of endocannabinoid metabolism/

transport) ‘in waiting’, as discussed in the present

CB1 stimulation

CB1 inhibition
Peripheral 

CB2 stimulation

Undesirable effects 

Inhibition of the EC
metabolism/transport

Psychoactive, cardiovascular
obesity, diabetes, inflammation

Fertility   ?
gastrointestinal motility

gastrointestinal motility

Immunosupression?,fertility?

Psychoactive, cardiovascular
metabolic, inflammation ?

Modulation of the endocannabinoid (EC) 
            system in human disease

Desirable effects

Pain, nausea/vomiting
appetite (in cachexia)

Insulin resistance, inflammation  
lipogenesis, cardiometabolic risk

Inflammation, tissue injury

lipolysis, glucose tolerance 

Pain, anxiety   , inflammation?

Fig. 1. Cannabinoid therapeutics: finding the right balance.
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Table 2. Potential approaches/directions for future success.

Therapeutic approach

(target) Possible directions/approaches for success

Possibly therapeutic indications in

humans (realistic)

Potential/expected adverse

effects

THC based

medicines,

cannabinoid based

extracts (CB1, CB2

and unrelated

antioxidant

anti-inflammatory

mechanisms)

Optimization of route of administration, dosing

and indication

Better selection criteria for trials,

identification of potential positive responders

by initial titration

Placebo-controlled trials to establish short-

and long-term efficacy in given indications

Long-term controlled studies to determine

possible disease-modifying effects (e.g. in

multiple sclerosis) and adverse consequences

(e.g. immune and/or cardiovascular effects,

etc.)

Combination approaches in pain to achieve

better efficacy and fewer side effects (e.g.

with opioids, nonsteroid anti-inflammatory

drugs, etc.)

Optimization of the extract composition for

improved benefit/risk profile

Symptomatic relief in certain forms

of pain and spasticity (as in

neurodegenerative disorders such

as multiple sclerosis)

Stimulation of appetite in patients

with wasting disorders

Attenuation of chemotherapy-

induced nausea and vomiting

Topical administration in certain

skin disorders?

Nonpsychoactive constituents of

marijuana, such as CBD or their

analogues, may have therapeutic

utility in certain forms of acute

tissue injury, inflammatory

disorders, diabetes and diabetic

complications

In the case of

THC-containing

formulations, effects

related to CB1 stimulation

at higher doses

(e.g. psychoactive,

cardiovascular, metabolic

side effects) and potential

modulation of immune

responses

Peripherally

restricted CB1

agonists

(peripheral CB1)

Evaluation of the feasibility of the topical/local

use of peripherally restricted CB1 agonists in

certain forms of pain and skin conditions

(e.g. pruritus)

Topical/local use in certain forms of

pain and skin conditions/

diseases? (the systematic

administration/use is not likely

because of the established

adverse cardiovascular and

metabolic consequences of

this approach)

Cardiovascular

Metabolic

Kidney

Gastrointestinal

(decreased motility)

Pro-inflammatory?

Peripherally

restricted or global

CB2 agonists

(peripheral CB2)

Re-evaluation of human indications based on

previous failures of trials with mixed

peripherally restricted CB1/2 agonists

Search for new indications

More preclinical and clinical research to

understand the significance of tissue and

time specific changes in CB2 receptor

expression in pathological conditions

Development of novel, specific and orally

available ligands for proof of the principle

studies; evaluation of toxicology and

pharmacokinetics

Various forms of acute tissue

injuries associated with

inflammation (stroke, myocardial

infarction, traumatic injury, organ

transplantation, etc.)

Various forms of inflammatory

diseases if the anti-inflammatory

effects are confirmed in humans

Most likely related to

effects on immune and

haematopoietic system

Effects on fertility?

Peripherally

restricted CB1

antagonists, inverse

agonists

(peripheral CB1)

Development and testing of new ligands,

toxicology and safety studies in rodents, large

animals, and humans

Proof of the principle studies in large animals

and humans

Diabetes and diabetic

complications, Cardiometabolic

syndrome

Kidney disease?

Gastrointestinal (increased

motility)

Effects on fertility?

Inhibition of EC

metabolism, cellular

uptake or

biosynthesis (CB1/2,

TRPV1 and nuclear

receptors,

prostaglandin and

leukotriene

signalling)

Preclinical research to identify the putative

endocannabinoid transporter(s), and to better

understand the tissue, time, and disease-

specific metabolism of endocannabinoids to

various other bioactive mediators

(e.g. prostaglandins, leukotriens, etc.)

Re-evaluation of human indications based on

previous failures of trials with FAAH inhibitors

in pain

Search for new indications, better and more

selective ligands

Pain?

Certain disorders associated with

anxiety?

Certain forms of acute tissue

injury?

Similar, but acutely less

pronounced than with

CB1 agonists. However,

long-term use may be

associated with adverse

effects similar to

cyclooxygenase 2

inhibitors

(e.g. cardiovascular).

Pro-inflammatory effects

in certain cases?
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minireview. However, it is clear that, for the successful

translation of preclinical findings to clinical practice, a

better understanding of the pathological role of the

ECS in various diseases, of the potential side effects of

targeting this system, and of endocannabinoid phar-

macology is required, coupled with the development of

improved research tools to dissect these processes

(Fig. 1 and Table 2).

Future studies should focus on a rigorous evaluation

of the CB receptor dependent/independent and hypo-

thermia-independent effects of THC in preclinical mod-

els (e.g. in tissue injury, cancer, inflammation, etc.)

using global and tissue/cell specific knockout mice and

also aim to identify potential novel targets/mechanisms

of action of THC and other plant-derived cannabinoids,

coupled with the identification of nonpsychoactive con-

stituents in cannabis extracts with potential therapeutic

effects. Novel highly selective, orally available nontoxic

cannabinoid ligands should be developed and evaluated

in preclinical disease models. Large animal studies (e.g.

canine, pig, primate) should confirm the efficacy of can-

nabinoid ligands obtained in rodent disease models

before initiating human trials. The development of

specific novel antibodies for CB1/2 receptors and endoc-

annabinoid metabolic enzymes (FAAH, MAGL, diacyl-

glycerol lipase a/b) validated by using positive and

negative controls is essential for accurately assessing the

time-dependent changes in CB1/2 receptors and meta-

bolic enzyme expression in diseased animal and human

tissues, with the aim of understanding the human rele-

vance of these changes. Our limited knowledge should

be expanded to enable an understanding of CB1/2 recep-

tor trafficking, signalling and their interspecies differ-

ences. The development of reliable radioligands suitable

for human imaging studies and research could contrib-

ute to a better understanding of the role of ECS in

human health and disease.
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Abstract
U.S. national and state population-based estimates of adults living with autism spectrum disorder (ASD) are nonexistent due 
to the lack of existing surveillance systems funded to address this need. Therefore, we estimated national and state preva-
lence of adults 18–84 years living with ASD using simulation in conjunction with Bayesian hierarchal models. In 2017, 
we estimated that approximately 2.21% (95% simulation interval (SI) 1.95%, 2.45%) or 5,437,988 U.S. adults aged 18 and 
older have ASD, with state prevalence ranging from 1.97% (95% SI 1.55%, 2.45%) in Louisiana to 2.42% (95% SI 1.93%, 
2.99%) in Massachusetts. Prevalence and case estimates of adults living with ASD (diagnosed and undiagnosed) can help 
states estimate the need for diagnosing and providing services to those unidentified.

Keywords Autism spectrum disorder · Developmental disabilities · Intellectual disability · Prevalence estimates · Modeling

Introduction

In the U.S. approximately 1.5 million children ages 
3–17 years have been diagnosed with Autisms Spectrum 
Disorder (ASD), a developmental disability characterized 
by deficits in social communication and interaction, as well 
as restricted, repetitive behaviors (Kogan et al. 2018; Ameri-
can Psychiatric Association 2013). Prevalence estimates for 
adults are unknown due to a lack of existing surveillance 
systems to monitor the prevalence. ASD is a life-long dis-
ability that can require intensive support throughout life for 
some but not all with the condition (Roux et al. 2015; Croen 

et al 2015; Nicolaidis et al. 2014; Murphy et al. 2016). Based 
on data from 11 surveillance sites, 1.67% of 8-year-old chil-
dren have ASD (Baio et al. 2018). As children with diag-
nosed ASD mature into adolescence and early adulthood, 
parents, service providers, and policy makers can support 
them by ensuring necessary services for adults with ASD 
are available to meet the demand.

National and state-based estimates of adults living with 
ASD could inform planning for programs and services; how-
ever, no U.S. estimates currently exist. Without data on ASD 
in adults, estimates of ASD prevalence among adults can be 
derived from applying existing data to models. Modeling 
of estimates has been done for national prevalence of con-
genital heart disease (Gilboa et al. 2016) and state-based 
prevalence of hepatitis C virus (Rosenberg et al. 2018). We 
estimated national and state prevalence of adults living with 
ASD using existing state-based data for children and adjust-
ing for higher mortality rates among persons with ASD.

Methods

We used unpublished ASD prevalence data from NSCH 
(2016–2018), published ASD population mortality rates, 
1999–2017 U.S. mortality rates by state, age, and sex, and 
2017 population to develop an estimator of ASD preva-
lence and cases by state and sex, and nationally for 2017. 
For the unpublished ASD prevalence data, we calculated 
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ASD prevalence for the age group 3–17 years, consistent 
with NSCH reports (Kogan et al 2018). In that study the 
age group 3–5 years had a prevalence of 1.97%, (95% CI 
1.41–2.74) compared with 2.61 (95% CI 2.15–3.15) for ages 
6–11 years and 2.65 (95% CI 2.27–3.10) for ages 12–17. A 
sensitivity analysis was run using data for ages 6–17 years to 
assess the effect of the choice of age group on the estimated 
number of adults with ASD.

Our estimator of the prevalence and cases of ASD for the 
ith state, jth age (year), and kth sex used the following equa-
tions and begins with the ages 3–17 prevalence estimate (see 
Supplemental material for derivation).

where γadj is the number of ASD cases adjusted for the sur-
vival ratio of the ASD to population, N is the population, 
ρ is the ASD prevalence, survival rates for the adults with 
ASD and population are defined by S, and ρadj is the adjusted 
state, sex, and age (> 17) ASD prevalence rate. National and 
state estimates are obtained by summing over all ASD cases 
for ages 18–84 and then calculating the national and state 
ASD prevalence estimates. Estimates went up to age 84, 
reflecting the availability of general population mortality 
data. Our ASD prevalence estimator assumes that given the 
age 3–17 prevalence estimate, the prevalence decreases over 
time as a function of the ASD-to-population survival ratio.

Inputs into the models (Eqs.  1, 2) are presented in 
Table 1. Inputs assumed to be known are the population 
and mortality rates whereas the ages 3–17 prevalence and 
survival ratio are estimated. Using simulation, we incor-
porate the uncertainty of the ages 3–17 prevalence and 
survival ratio estimates into the model. Our inputs include 
2016–18 state-based ASD numbers by sex for children 
ages 3–17 years from the National Survey of Children’s 
Health (NSCH). NSCH is an annual, cross-sectional, com-
plex design, address-based survey that collects information 
on the health and well-being of children ages 0–17 years 
using both web-based and paper and pencil methodolo-
gies. Children whose parents responded “yes” on two 
ASD questions were included: (1) “Has a doctor or other 
health care provider ever told you that your child has 
Autism or Autism Spectrum Disorder? Include diagnoses 
of Asperger’s Disorder or Pervasive Developmental Dis-
order (PDD)”; (2) “If yes, does this child currently have 
the condition?” We used a two-step process to estimate 
the ages 3–17 ASD prevalence by state and sex. First, we 

(1)�
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used the NSCH ages 3–17 data and study design weights 
to estimate the logistic regression model regression coef-
ficients and standard errors (SE) by state and sex. Our sec-
ond stage used the NSCH logistic regression coefficients 
and SE in a Bayesian hierarchical meta-analysis model to 
estimate the partially pooled effects for each state and sex. 
Partial pooling assumes each state and sex has a different 
prevalence, but the data for all states and sex informs the 
prevalence estimate of each state and sex. We used partial 
pooling to reduce the influence of outliers and estimates 
from states with small numbers of observations, resulting 
in more statistically robust estimates (Gelman 2013). The 
2017 state populations, by sex, were obtained from the 
National Center for Health Statistics (US DHHS 2018a, 
b). We estimated ASD prevalence separately for males and 
females as males are known to have higher rates of ASD 
diagnoses than females (Kogan et al. 2018; Baio et al. 
2018).

Standardized mortality ratio (SMR) is a relative measure 
of excess mortality for one group compared to the general 
population. The SMR by sex was estimated using a meta-
analysis method based on five studies (Supplement Table 1). 
We used a Bayesian hierarchical Poisson model with the 
observed mortality as the outcome and the expected mor-
tality as the offset (Supplemental Methods) to estimate the 
partially pooled overall SMR by sex. We assumed that the 
SMR was the same across states because we had no informa-
tion on state-specific mortality rates. We also assumed the 
SMR did not change across age groups, although the major-
ity of the mortality studies followed persons with ASD only 
through middle age.

We used simulation to estimate the 2017 national and 
state prevalence and 95% simulation interval (SI) of men and 
women ages 18–84 living with ASD. First, we obtained the 
mortality rate by state and sex for ages 3–17, and 18–84 by 
year and strata (state, sex, and age). Second, we obtained the 
U.S. 2017 population data by state, sex, and age. Next, we 
estimated ages 3–17 meta-analysis prevalence and associ-
ated SE by state and sex and randomly drew 10,000 samples 
from a normal distribution using our estimated mean and SE 
meta-analysis estimates by sex for the SMRs (see Supple-
mental Table 1). Next, we randomly drew 10,000 prevalence 
samples using our meta-analysis estimates by state and sex. 
Lastly, we estimate the prevalence and ASD cases by state, 
sex, and age using Eqs. 1 and 2. Our simulation resulted in 
10,000 estimates for the prevalence and ASD cases for age 
class 18–84 by state and sex, and we summarize these results 
using the mean and 95% SI.

The male-to-female ASD prevalence ratio (PR) was cal-
culated by state for each simulation and then summarized 
for all 10,000 simulations with the mean and 95% SI (see 
Supplement Fig. 1).
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Results

In 2017, we estimated that 2.21% (95% SI 1.95%, 2.45%) 
or 5,437,988 (95% SI 4,798,561; 6,025,184) U.S. adults 
aged 18–84 years were living with ASD. State prevalence 
estimates ranged from 1.97% (95% SI 1.55%, 2.45%) in 
Louisiana to 2.42% (95% SI 1.93%, 2.99%) in Massachu-
setts (Table 2). The states with the greatest number of 
adults estimated to be living with ASD included California 
(701,669 cases), Texas (449,631), New York (342,280) 
and Florida (329,131). No obvious geographic pattern for 
prevalence was found (Fig. 1).

The estimated U.S. ASD prevalence for females was 
0.86% (95% SI 0.60, 1.09), and by state ranged from 
0.72% (95% SI 0.41, 1.11) in Arkansas to 0.97% (95% SI 
0.50, 1.45) in Virginia (Table 3, Fig. 2). The estimated 
U.S. ASD prevalence among adult males was higher than 
females, at 3.62%, (95% SI 3.14, 4.04), and state estimates 
ranged from 3.17% (95% SI 2.33, 4.19) in South Dakota 
to 4.01% (95% SI 3.07, 5.14) in Massachusetts (Table 4, 
Fig.  2). State PRs for males versus females estimates 

ranged from 3.94 (95% SI 2.29, 6.48) in South Dakota to 
5.08 (95% SI 2.84, 8.78) in Arkansas (see Supplemental 
Table 2). The male-to-female prevalence difference ranged 
from 2.32% points (95% SI 1.40, 3.39) for South Dakota 
to 3.16% points (95% SI 2.16, 4.35) for Connecticut (see 
Supplemental Table 2).

We conducted a sensitivity analysis to assess the esti-
mated number of adults with ASD using the ASD estimated 
prevalence for the age group 6–17 years in the model com-
pared with the age group 3–17 years. The estimated U.S. 
ASD prevalence was 2.38% (95% SI 2.10, 2.64) using data 
for the age group 6–17 years in the model compared with 
2.21% (95% SI 1.95, 2.45) using data for the age group 
3–17 years in the model (see Supplement for state estimates).

Discussion

Using existing data and adjusting for elevated mortality 
among persons living with ASD, we estimated national 
and state prevalence of adults 18–84 years of age living 
with ASD. Our estimate of 2.21% is higher than a study 

Table 1  Data inputs used to estimate ASD prevalence among adults 18–84 years by state and sex

Input Data source for estimates Link

2016–2018 estimated state prevalence of 
male and female children ages 3–17 years 
with diagnosed ASD reported by a parent

National survey of children’s health, 2016–2018 https ://mchb.hrsa.gov/data/natio nal-surve ys/
quest ionna ires-datas ets-suppo rting -docum ents

A meta-analysis of mortality studies used to 
estimate male and female mortality rates 
among persons with diagnosed ASD

Picket et al. (2006)
All ages included among those receiving 

services in the California Department of 
Developmental Services 1/83–12/1997, 
1/1998–12/2002 with autism diagnoses and 
died during the study time period. Compari-
son group adjusted for age

PMID:16565885

Mouridsen et al. (2008)
ASD was a clinical cohort, average age 

43 years. Comparison group adjusted for age

PMID:18,579,647
https ://doi.org/10.1177/13623 61308 09165 3

Gillberg et al. (2010)
Population-based group of persons with ASD 

followed up to average age of 33 years. Com-
parison group adjusted for age

PMID:19838782
https ://doi.org/10.1007/s1080 3-009-0883-4

Hirvikoski et al. (2016)
All ages included: median age of death for 

persons with ASD = 55 years, control popula-
tion = 70 years

PMID: 26541693
https ://doi.org/10.1192/bjp.bp.114.16019 2

2017 estimate of the state populations by sex United States Department of Health and 
Human Services, Centers for Disease Control 
and Prevention, National Center for Health 
Statistics, Bridged-Race Population Esti-
mates, United States. postcensal population 
estimates, released by NCHS on 6/27/2018

https ://wonde r.cdc.gov/bridg ed-race-v2017 .html

1999–2017 state mortality rates Multiple Cause of Death Files, 1999–2017, as 
compiled from data provided by the 57 vital 
statistics jurisdictions through the Vital Statis-
tics Cooperative Program

https ://wonde r.cdc.gov/ucd-icd10 .html

https://mchb.hrsa.gov/data/national-surveys/questionnaires-datasets-supporting-documents
https://mchb.hrsa.gov/data/national-surveys/questionnaires-datasets-supporting-documents
https://doi.org/10.1177/1362361308091653
https://doi.org/10.1007/s10803-009-0883-4
https://doi.org/10.1192/bjp.bp.114.160192
https://wonder.cdc.gov/bridged-race-v2017.html
https://wonder.cdc.gov/ucd-icd10.html
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Table 2  State estimated autism spectrum disorder prevalence among adults ages 18–84 years, cases, and associated 95% simulation interval

State Cases 95% SI Prevalence 95% SI

Alabama 78,072 61,527, 96,435 2.12 1.67, 2.61
Alaska 12,000 9559, 14,849 2.19 1.74, 2.71
Arizona 119,924 95,618, 147,485 2.29 1.82, 2.81
Arkansas 45,569 35,644, 56,735 2.03 1.59, 2.53
California 701,669 563,358, 863,471 2.36 1.89, 2.90
Colorado 96,917 78,736, 117,790 2.28 1.85, 2.77
Connecticut 65,337 51,985, 81,354 2.37 1.89, 2.96
Delaware 16,683 13,191, 20,742 2.26 1.79, 2.81
District of Columbia 11,700 9281, 14,425 2.10 1.67, 2.59
Florida 329,131 259,573, 407,473 2.03 1.60, 2.51
Georgia 174,612 139,616, 213,983 2.25 1.80, 2.75
Hawaii 22,797 18,103, 28,324 2.11 1.67, 2.62
Idaho 27,094 21,741, 33,212 2.18 1.75, 2.67
Illinois 223,353 178,832, 274,414 2.32 1.86, 2.85
Indiana 111,067 88,717, 136,349 2.24 1.79, 2.75
Iowa 53,243 43,024, 64,598 2.28 1.84, 2.77
Kansas 46,863 37,387, 57,849 2.19 1.75, 2.71
Kentucky 71,791 56,959, 88,657 2.13 1.69, 2.64
Louisiana 68,819 54,071, 85,662 1.97 1.55, 2.45
Maine 23,910 19,244, 29,167 2.28 1.83, 2.78
Maryland 98,200 78,844, 118,940 2.14 1.72, 2.59
Massachusetts 129,168 103,105, 159,372 2.42 1.93, 2.99
Michigan 164,360 130,831, 201,349 2.17 1.73, 2.66
Minnesota 97,881 80,695, 117,401 2.35 1.94, 2.82
Mississippi 45,911 35,708, 57,883 2.07 1.61, 2.61
Missouri 97,377 77,500, 119,708 2.12 1.68, 2.60
Montana 16,969 13,404, 21,053 2.12 1.68, 2.63
Nebraska 31,417 25,045, 38,775 2.24 1.79, 2.77
Nevada 51,799 41,333, 63,725 2.28 1.82, 2.81
New Hampshire 23,442 19,085, 28,268 2.22 1.81, 2.68
New Jersey 157,245 127,036, 191,192 2.30 1.86, 2.80
New Mexico 31,207 24,166, 39,369 2.00 1.55, 2.52
New York 342,280 276,658, 417,725 2.25 1.82, 2.74
North Carolina 155,953 123,603, 192,285 2.00 1.59, 2.47
North Dakota 11,501 8967, 14,435 2.05 1.60, 2.57
Ohio 185,315 145,971, 228,939 2.11 1.66, 2.60
Oklahoma 61,672 49,304, 75,780 2.13 1.70, 2.61
Oregon 72,727 58,308, 89,294 2.28 1.83, 2.80
Pennsylvania 228,572 180,929, 284,166 2.33 1.85, 2.90
Rhode Island 18,472 15,116, 22,343 2.24 1.83, 2.71
South Carolina 75,985 58,887, 95,248 1.98 1.54, 2.48
South Dakota 12,830 9881, 16,286 2.02 1.56, 2.57
Tennessee 106,083 84,068, 131,132 2.08 1.65, 2.58
Texas 449,631 358,411, 556,627 2.19 1.74, 2.71
Utah 48,818 40,003, 58,452 2.28 1.87, 2.73
Vermont 10,435 8367, 12,764 2.12 1.70, 2.59
Virginia 155,557 125,110, 189,742 2.41 1.94, 2.94
Washington 119,815 95,514, 149,233 2.13 1.70, 2.65
West Virginia 29,083 22,748, 36,322 2.07 1.62, 2.58
Wisconsin 97,977 78,734, 119,841 2.23 1.80, 2.73
Wyoming 9758 7755, 12,036 2.26 1.79, 2.78
Total 5,437,988 4,798,561, 6,025,184 2.21 1.95, 2.45
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estimating ASD among adults in a community in England 
(1.0%) (Brugha et al. 2011). Our estimate may be higher 
because Brugha et al. was an empirical surveillance study 
conducted in one community in England among adults 
whereas the present analysis is a modeling study based 
on projecting prevalence from parent-report of children 
diagnosed with ASD in U.S. states to adults.

National and state ASD estimates in this analysis pro-
vide a general magnitude of the population of adults living 
with autism, but they have some important limitations. 
The prevalence of ASD among children, which was used 
to estimate prevalence among adults in our analysis, is 
based on parent report, which may under- or overestimate 
prevalence. For example, the estimates of ASD prevalence 
among children ages 3–17 years does not include children 
with ASD who have not been diagnosed, leading to an 
underestimate of prevalence. Conversely, it may overesti-
mate prevalence, as parents may falsely report that their 
child was diagnosed if ASD was suspected or if the child 
failed a screener but did not receive a diagnosis.

Our assumption that the ASD prevalence among children 
ages 3–17 years during 2016–2018 (born during 1999–2015) 
and adults (born before 1999) is similar does not account for 
the possibility of environmental or gene-environment inter-
actions associated with ASD that may have changed over 

time. Exposure to some risk factors may have varied among 
birth cohorts. However, few risk factors have consistently 
been associated with ASD and those that have been identi-
fied have accounted for a very small percent of increases in 
diagnosed ASD (Schieve et al. 2011; Quinlan et al. 2015). 
One study found that changes in preterm delivery, small-
for-gestational age, multiple births, cesarean delivery, and 
assisted reproductive technology use contributed to less than 
1% of the 57% increase in ASD among 8-year-old children 
born in 1994 compared to 1998 (Schieve et al. 2011). A 
study conducted among children in New York City found 
that changes in maternal and paternal age accounted for only 
2.7% of the 143% increase in ASD among children ages 0–3 
from 0.03% in 1994 to 0.43% in 2001 (Quinlan et al. 2015). 
The prevalence of ASD among adults may be equivalent 
to that among children in that at least one study by Brugha 
et al. 2011 showed the adult prevalence was comparable to 
the estimated ASD prevalence among children at the time 
the study was conducted.

Limited information is available on mortality among 
adults with ASD. However, studies have shown consist-
ently that adults with ASD have higher mortality rates than 
those without (Picket et al. 2006; Mouridsen et al. 2008; 
Gillberg et al. 2010; Hirvikoski et al. 2016). Most of the 
mortality studies followed persons to an average age of 

Fig. 1  Estimated autism spectrum disorder prevalence among adults 18–84 years by state, 2017
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Table 3  Estimated autism spectrum disorder prevalence among females ages 18–84 years, cases, and associated 95% simulation interval

State Cases 95% SI Prevalence 95% SI

Alabama 15,072 8617, 22,982 0.79 0.45, 1.20
Alaska 2275 1399, 3291 0.88 0.54, 1.27
Arizona 22,274 13,559, 32,654 0.84 0.51, 1.23
Arkansas 8230 4690, 12,697 0.72 0.41, 1.11
California 137,645 89,272, 195,797 0.92 0.60, 1.31
Colorado 19,454 12,731, 27,303 0.92 0.60, 1.29
Connecticut 11,799 7494, 16,905 0.84 0.53, 1.20
Delaware 3212 1887, 4743 0.84 0.49, 1.24
District of Columbia 2470 1570, 3634 0.84 0.53, 1.23
Florida 69,038 40,683, 101,477 0.83 0.49, 1.22
Georgia 35,043 21,353, 51,568 0.87 0.53, 1.28
Hawaii 4592 2864, 6629 0.86 0.53, 1.24
Idaho 5241 3278, 7601 0.84 0.53, 1.22
Illinois 44,364 28,116, 63,603 0.90 0.57, 1.29
Indiana 22,492 13,811, 32,950 0.89 0.55, 1.30
Iowa 9822 6255, 14,075 0.84 0.53, 1.20
Kansas 8848 5478, 12,832 0.83 0.51, 1.20
Kentucky 13,109 7528, 19,922 0.77 0.44, 1.16
Louisiana 13,979 8248, 21,019 0.78 0.46, 1.17
Maine 4685 2909, 6775 0.87 0.54, 1.26
Maryland 21,097 12,870, 31,034 0.89 0.54, 1.30
Massachusetts 25,678 16,523, 37,094 0.93 0.60, 1.35
Michigan 32,847 19,687, 49,002 0.85 0.51, 1.27
Minnesota 19,328 12,650, 27,220 0.93 0.61, 1.30
Mississippi 8842 4986, 13,560 0.77 0.43, 1.18
Missouri 19,177 11,751, 28,060 0.82 0.50, 1.19
Montana 3430 1984, 5146 0.87 0.50, 1.30
Nebraska 5774 3615, 8476 0.82 0.52, 1.21
Nevada 9863 6058, 14,443 0.87 0.53, 1.27
New Hampshire 4722 2960, 6732 0.89 0.56, 1.27
New Jersey 30,829 19,381, 44,681 0.88 0.55, 1.27
New Mexico 6215 3548, 9505 0.79 0.45, 1.20
New York 72,438 46,913, 103,195 0.92 0.60, 1.31
North Carolina 33,070 20,403, 47,816 0.82 0.51, 1.19
North Dakota 2129 1308, 3177 0.79 0.48, 1.18
Ohio 37,205 22,486, 54,560 0.83 0.50, 1.21
Oklahoma 11,752 7023, 17,555 0.80 0.48, 1.20
Oregon 13,170 8255, 19,271 0.82 0.51, 1.20
Pennsylvania 43,191 26,449, 62,380 0.86 0.53, 1.25
Rhode Island 3628 2333, 5220 0.85 0.55, 1.23
South Carolina 16,609 9750, 24,644 0.84 0.49, 1.24
South Dakota 2645 1620, 3885 0.85 0.52, 1.24
Tennessee 20,306 12,014, 30,315 0.77 0.46, 1.16
Texas 90,422 57,760, 129,614 0.87 0.56, 1.25
Utah 9968 6557, 13,971 0.93 0.61, 1.31
Vermont 2087 1293, 3040 0.84 0.52, 1.22
Virginia 32,011 19,580, 47,823 0.97 0.59, 1.45
Washington 22,146 13,537, 33,310 0.79 0.48, 1.18
West Virginia 5910 3328, 9096 0.83 0.47, 1.28
Wisconsin 18,244 11,342, 26,895 0.83 0.52, 1.22
Wyoming 1943 1157, 2893 0.92 0.55, 1.37
Total 1,080,322 752,142, 1,359,152 0.86 0.60, 1.09
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Table 4  Estimated autism spectrum disorder prevalence among males ages 18–84 years, cases, and associated 95% simulation interval

State Cases 95% SI Prevalence 95% SI

Alabama 63,000 48,122, 79,991 3.55 2.71, 4.51
Alaska 9725 7481, 12,391 3.36 2.59, 4.28
Arizona 97,650 75,258, 123,694 3.76 2.89, 4.76
Arkansas 37,339 28,428, 47,714 3.41 2.60, 4.36
California 564,024 436,565, 712,719 3.82 2.96, 4.83
Colorado 77,463 60,754, 96,994 3.61 2.83, 4.52
Connecticut 53,538 41,196, 69,048 3.99 3.07, 5.15
Delaware 13,471 10,262, 17,304 3.80 2.89, 4.88
District of Columbia 9230 7052, 11,767 3.52 2.69, 4.48
Florida 260,093 197,052, 333,489 3.30 2.50, 4.23
Georgia 139,569 107,666, 175,620 3.72 2.87, 4.69
Hawaii 18,205 13,855, 23,302 3.34 2.54, 4.28
Idaho 21,853 16,906, 27,494 3.51 2.71, 4.41
Illinois 178,988 138,499, 226,962 3.79 2.93, 4.80
Indiana 88,575 68,532, 111,810 3.63 2.81, 4.59
Iowa 43,421 33,901, 54,102 3.73 2.91, 4.65
Kansas 38,015 29,328, 48,321 3.57 2.75, 4.54
Kentucky 58,682 44,945, 74,249 3.56 2.72, 4.50
Louisiana 54,840 41,315, 70,670 3.23 2.43, 4.16
Maine 19,225 14,960, 24,183 3.75 2.91, 4.71
Maryland 77,103 60,286, 96,019 3.49 2.73, 4.35
Massachusetts 103,490 79,250, 132,425 4.01 3.07, 5.14
Michigan 131,513 101,753, 166,068 3.54 2.74, 4.47
Minnesota 78,554 62,673, 96,695 3.79 3.03, 4.67
Mississippi 37,069 27,818, 48,132 3.48 2.61, 4.52
Missouri 78,200 60,239, 98,988 3.48 2.68, 4.40
Montana 13,538 10,318, 17,252 3.36 2.56, 4.28
Nebraska 25,642 19,722, 32,701 3.67 2.82, 4.68
Nevada 41,935 32,438, 53,010 3.69 2.86, 4.67
New Hampshire 18,720 14,879, 23,148 3.58 2.85, 4.43
New Jersey 126,416 99,304, 158,245 3.81 2.99, 4.77
New Mexico 24,992 18,581, 32,421 3.25 2.41, 4.21
New York 269,842 210,546, 338,482 3.67 2.86, 4.60
North Carolina 122,883 93,683, 157,051 3.26 2.49, 4.17
North Dakota 9372 7026, 12,121 3.22 2.41, 4.16
Ohio 148,110 111,942, 188,693 3.45 2.61, 4.39
Oklahoma 49,920 38,731, 63,029 3.49 2.71, 4.40
Oregon 59,557 46,065, 75,500 3.78 2.92, 4.79
Pennsylvania 185,382 140,420, 238,656 3.87 2.93, 4.98
Rhode Island 14,844 11,772, 18,395 3.71 2.94, 4.60
South Carolina 59,376 43,786, 77,343 3.22 2.37, 4.19
South Dakota 10,185 7500, 13,455 3.17 2.33, 4.19
Tennessee 85,777 66,069, 108,994 3.48 2.68, 4.42
Texas 359,209 274,707, 459,695 3.53 2.70, 4.52
Utah 38,850 30,928, 47,667 3.63 2.89, 4.46
Vermont 8348 6457, 10,507 3.44 2.66, 4.32
Virginia 123,546 96,564, 154,991 3.91 3.05, 4.90
Washington 97,669 75,180, 125,363 3.47 2.67, 4.45
West Virginia 23,173 17,458, 29,832 3.33 2.51, 4.29
Wisconsin 79,733 62,161, 99,939 3.65 2.85, 4.58
Wyoming 7815 6017, 9936 3.53 2.72, 4.49
Total 4,357,667 3,788,037, 4,867,213 3.62 3.14, 4.04
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30–55 years. We assumed the SMR remained the same for 
ages above 50 years; however, additional mortality studies 
that include older persons with ASD are needed to validate 
this assumption.

There was some variation in the prevalence of ASD by 
state, with the prevalence ranging from 1.97 to 2.42%. The 
prevalence estimates were estimated using a partial-pooling 
hierarchical model that naturally pulls the raw state preva-
lence estimates towards the mean U.S. estimate and pulls 
those with less data more towards the mean. Currently, there 
is no evidence that the prevalence of ASD should vary by 
geographic location; however, there is evidence that greater 
availability of screening and diagnostic services will increase 
the number of persons diagnosed with ASD (Rolthlz et al. 
2017; Janvier et al. 2016). Male and female ASD prevalence 
estimates were substantially different, which is consistent 
with existing studies (Kogan et al. 2018; Baio et al. 2018). 
The reason for this difference is unknown but it may reflect, 

in part, differences in how ASD manifests in boys and girls 
leading to differential diagnosis by gender.

To date, an empirical study of adult ASD prevalence in 
the U.S. has not been accomplished, perhaps because any 
single approach to ascertain adult ASD has challenges. There 
are no psychometrically validated tests of ASD for adults, 
which leads to uncertainty for studies using tests designed 
for children, such as the Autism Diagnostic Observation 
Schedule. In addition, mixed methods are likely needed 
in order to reach populations living independently and in 
group settings. A subset of persons might only be identi-
fied through the review of service records of those being 
served in group settings. Individuals with ASD who live 
independently may be disinclined to participate in a survey 
if recruited via phone or in person. Adults with ASD may 
be more difficult to recruit because they may not be enrolled 
in services or may not receive services in a wide variety of 
settings (e.g., schools, health care providers, community-
based entities) resulting in challenges to comprehensive 

Fig. 2  Estimated state autism spectrum disorder prevalence among adults 18–84 years by sex
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recruitment efforts. Once a validated tool to identify adults 
with ASD is created, a study could incorporate information 
from public school classifications or publicly-funded pro-
grams that serve individuals with ASD and population-based 
telephone or community surveys of adults with adjustments 
to address greater non-response among adults with ASD.

Overall, we estimated that 1 in 45 adults (95% SI, 41, 
51), ages 18–84 years, are living with ASD. While these 
numbers are estimates, they do provide a place for states to 
think about available services for adults with ASD. We used 
the most current data available for all states to estimate the 
ASD prevalence among adults. This analysis may motivate 
some states to explore state-based data sources that may be 
more informative than data available for all states, and refine 
the estimates based on their existing local data.
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Background & Aims: The endocannabinoids anandamide
and 2-arachidonoylglycerol (2-AG) inhibit cancer cell prolif-
eration by acting at cannabinoid receptors (CBRs). We
studied (1) the levels of endocannabinoids, cannabinoid
CB1 and CB2 receptors, and fatty acid amide hydrolase
(FAAH, which catalyzes endocannabinoid hydrolysis) in
colorectal carcinomas (CRC), adenomatous polyps, and
neighboring healthy mucosa; and (2) the effects of endo-
cannabinoids, and of inhibitors of their inactivation, on
human CRC cell proliferation. Methods: Tissues were ob-
tained from 21 patients by biopsy during colonoscopy.
Endocannabinoids were measured by liquid chromatogra-
phy-mass spectrometry (LC-MS). CB1, CB2, and FAAH ex-
pression were analyzed by RT-PCR and Western immuno-
blotting. CRC cell lines (CaCo-2 and DLD-1) were used to
test antiproliferative effects. Results: All tissues and cells
analyzed contain anandamide, 2-AG, CBRs, and FAAH. The
levels of the endocannabinoids are 3- and 2-fold higher in
adenomas and CRCs than normal mucosa. Anandamide,
2-AG, and the CBR agonist HU-210 potently inhibit CaCo-2
cell proliferation. This effect is blocked by the CB1 antago-
nist SR141716A, but not by the CB2 antagonist
SR144528, and is mimicked by CB1-selective, but not
CB2-selective, agonists. In DLD-1 cells, both CB1 and CB2

receptors mediate inhibition of proliferation. Inhibitors of
endocannabinoid inactivation enhance CaCo-2 cell endo-
cannabinoid levels and block cell proliferation, this effect
being antagonized by SR141716A. CaCo-2 cell differenti-
ation into noninvasive cells results in increased FAAH ex-
pression, lower endocannabinoid levels, and no respon-
siveness to cannabinoids. Conclusions: Endocannabinoid
levels are enhanced in transformed colon mucosa cells
possibly to counteract proliferation via CBRs. Inhibitors of
endocannabinoid inactivation may prove useful anticancer
agents.

Numerous experimental data indicate that the acti-
vation of the endogenous cannabinoid system

might represent a potential strategy for the development

of new anticancer drugs.1,2 First, the psychoactive prin-
ciple of Cannabis sativa and marijuana, �9-tetrahydrocan-
nabinol,3 is known to act mostly by stimulating 2 spe-
cific receptors subtypes, the cannabinoid CB1 and CB2

receptors4, and was reported in the past5 and more re-
cently6 to have antineoplastic activity in vivo and in
vitro.1,2 Second, endogenous agonists of the cannabinoid
receptors (CBRs), i.e., N-arachidonoyl-ethanolamine
(AEA; anandamide),7 2-arachidonoyl-glycerol (2-AG),8,9

and noladin ether,10 or their metabolically stable syn-
thetic analogs, were found to inhibit, mostly via CB1

receptors, the proliferation of breast and prostate cancer
cells in vitro11,12 and of rat thyroid cells transformed by
the product of the K-ras oncogene in vivo.13 Finally,
stimulation of the 2 CBR subtypes has been found to
influence the expression of various genes involved in cell
survival, proliferation, and apoptosis via interference
with cAMP- and ceramide-mediated signalling, mito-
gen-activated protein kinases and phosphatidyl-inositol-
3-kinase (see Guzman et al.14 for review).

Apart from the proposed role of CBRs in the control
of cancer cell growth, transformation, and death,2,14 there
are at least 3 reasons why the endocannabinoids might be
involved in the control of colorectal cancer cell prolifer-
ation. First, both AEA and 2-AG are good substrates for
cyclooxygenase 2 (COX-2), which seems to play a major
role in the development of colorectal carcinoma
(CRC).15,16 Because no molecular target has been re-
ported to date for endocannabinoid COX-2 metabolites,
it is possible that AEA, and particularly the more abun-
dant 2-AG, might exert some of their biologic effects,
including inhibition of CRC growth, via inhibition, by

Abbreviations used in this paper: AEA, arachidonoylethanolamide
(anandamide); 2-AG, 2-arachidonoylglycerol; CBR, cannabinoid recep-
tors; CRC, colorectal carcinoma; COX-2, cyclooxygenase 2; FAAH, fatty
acid amide hydrolase; LC-MS, liquid chromatography-mass spectrometry.
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substrate competition, of COX-2–mediated formation of
prostaglandins.16 Second, it has been reported recently17

that a particular class of lysophosphatidic acids, mole-
cules known to play a major role in the development of
cancer and to be overproduced in several types of tumors,
including CRC,18,19 might serve as biosynthetic precur-
sors for 2-AG. Therefore, this possibly antiproliferative
compound11,12 is likely to be overproduced in CRC as
compared with normal colon tissue. Finally, the ras
family of oncogenes plays a crucial role in the onset and
growth of CRC,20 and we have recently reported that an
endocannabinoid analogue inhibits the proliferation of
v-K-ras–transformed thyroid cells by blocking the activ-
ity of p21ras, the protein encoded by ras.13

Based on this background, we have decided to inves-
tigate whether endocannabinoids, their receptors, and
one of the enzymes deputed to their inactivation, the
fatty acid amide hydrolase (FAAH), are present, and with
what possible biologic function, in CRCs as well as in
colorectal adenomatous polyps that are known to
progress into CRC. We compared the levels of AEA,
2-AG, CB1, CB2, and FAAH in normal colon mucosa to
those in transformed mucosa (adenomas and carcinomas).
Furthermore, we studied the effect of the endocannabi-
noids, of selective CB1 and CB2 receptor stimulation, and
of selective inhibitors of endocannabinoid inactivation
(to augment AEA and 2-AG endogenous levels) on the
proliferation of two human CRC cell lines: (1) the
CaCo-2 cells, which are widely used for studies on this
type of cancer and undergo differentiation when in cul-
ture; and (2) DLD-1 cells, which, unlike CaCo-2 cells, do
not differentiate in culture. We report data pointing to a
tonic limiting action by endocannabinoids and CBRs on
the growth of CRC.

Materials and Methods
Drugs

AEA and 2-AG were purchased from Cayman Chem-
icals, and ACEA, Met-Fluoro-anandamide, and BML-190 from
Tocris. HU-210 was a kind gift from Prof. R. Mechoulam,
Hebrew University of Jerusalem, and SR14176A and
SR144528 were donated by Sanofi Recherche. Indomethacin
N-methyl-ester was obtained from Sigma. VDM-11, VDM-
13, and arachidonoyl-serotonin were synthesized from the
corresponding amines and arachidonoyl-chloride, as described
previously.21

Biopsy

Biopsy specimens were obtained in agreement with
current Italian health care rules, by means of biopsy forceps
during colonoscopy on both healthy and cancer tissue in 9
patients affected with left-sided colon carcinoma (average age

64.5 � 10 years, 3 males, 6 females; mitosis � 1.35 � 0.33;
grading � 2.44 � 0.52; nuclear pleiomorphism 2.55 � 0.52;
means � SD) and on healthy tissue and adenomatous polyps in
12 patients affected with colonic adenomas (average age
59.9 � 14 years, 10 males, 2 females). A small piece (15–20
mg wet weight) from the head of each polyp removed by snare
polipectomy and aliquots of each biopsy sample were kept at
�80°C until processing. Adenomatous polyps and aliquots of
all samples were stored in formalin for histology to evaluate
tumor grading, mitoses for high-power field, and nuclear
pleiomorphism.

Cell Culture and Proliferation and
Differentiation Assays

Caco-2 cells were grown in Dulbecco’s modified Eagle
medium supplemented with 2 mmol/L L-glutamine, 1% non-
essential amino acids, and 10% fetal calf serum (FCS). DLD-1
cells were grown in RPMI-1640 medium supplemented with
2 mmol/L L-glutamine and 10% FCS. Sucrase activity was
assessed by the method of Dahlquist22 by measuring the
glucose released from saccharose by the enzyme under stan-
dardized condition. The sucrase activity was expressed as 1
unit � 1 �mol of glucose released/min at 37°C at pH 7. Cell
proliferation assays were carried out in 6-well dishes contain-
ing subconfluent cells (5 � 104 cells). Three hours after cell
seeding, test substances were added in medium and then daily
at each change of medium. After 4 days, cells were treated with
trypsin and counted by a hemocytometer. Cell viability was
assessed by trypan blue, and no significant decrease was ob-
served with up to 10 �mol/L anandamide. DNA fragmenta-
tion of CaCo-2 cells treated for 72 hours with met-fluoro-
anandamide (Tocris) was analyzed by flow cytometry using
FACScan (Becton Dickinson).11

Endocannabinoid Measurement

Tissues or cells were dounce-homogenized with chlo-
roform/methanol/Tris-HCl 50 mmol/L, pH 7.4 (1/1/1 by vol-
ume), containing 5 pmol of d8-anandamide and 50 pmol of
d8-2-AG (Cayman Chemicals) as internal standards. Lipid-
containing organic phase was dried down, weighed, and pre-
purified by open-bed chromatography on silica gel and ana-
lyzed by liquid chromatography (LC)-atmospheric pressure
chemical ionization (APCI)-mass spectrometry (MS) (LC-
APCI-MS) using a Shimadzu HPLC apparatus (LC-10ADVP)
coupled to a Shimadzu (LCMS-2010) quadrupole MS via a
Shimadzu APCI interface. MS analyses were carried out in the
selected ion-monitoring (SIM) mode as described previously.23

Anandamide and 2-AG quasimolecular ions were quantified by
isotope dilution with the above-mentioned deuterated stan-
dards and their amounts in pmols normalized per milligram of
lipid extract.23 Data were statistically evaluated by ANOVA
followed by the Bonferroni’s test (as per StatMost).
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Reverse-Transcriptase Polymerase Chain
Reaction

The expression of messenger RNA (mRNA) for glyc-
eraldehyde-3-phosphate dehydrogenase (GAPDH), COX-2,
FAAH, CB1, and CB2 receptors was examined by reverse
transcription coupled to the polymerase chain reaction (RT-
PCR). The procedures have been widely described in our
previous studies.11–13 The PCR cycles were 35 for CB1, CB2,
FAAH, and COX-2 and 28 for GAPDH, which were observed
to be optimal and in the linear portion of the amplification
curve. The specific human oligonucleotides were synthesized
on the basis of cloned human cDNA sequences of GAPDH,
COX-2, FAAH, CB1, and CB2. For GAPDH, the primer
sequences were 5�-CCCTTCATTGACCTCAACTACAT-
GGT-3� (nt 208-233; sense) and 5�-GAGGGCCATCCA-
CAGTCTTCTG-3� (nt 655-677; antisense). The COX-2 sense
and antisense primers were 5�-TGGGAAGCCTTCTCTAAC-
CTCTCCT-3� (nt 125-132) and 5�-CTTTGACTGTGGGAG-
GATACATCTC-3� (nt 246-254), respectively. The FAAH
sense and antisense primers were 5�-GTGGTGCT(G/A)-
ACCCCCATGCTGG-3� (nt 469-475) and 5�-TCCACCTC-
CCGCATGAACCGCAGACA-3� (nt 561-569), respectively.
The CB1 sense and antisense primers were 5�-GATGTC-
TTTGGGAAGATGAACAAGC-3� (nt 365-373) and 5�-
AGACGTGTCTGTGGACACAGACATGG-3� (nt 460-468),
respectively. For CB2, the primer sequences were 5�-TTTC-
CCACTGATCCCCAATG-3� (nt 182-188; sense) and 5�-
AGTTGATGAGGCACAGCATG-3� (nt 285-291; antisense).
The expected sizes of the amplicons were 470 bp for GAPDH,
388 bp for COX-2, 300 bp for FAAH, 309 bp for CB1, and
329 bp for CB2. In the presence of contaminant genomic
DNA, the expected size of the amplicons would be 1062 bp for
GAPDH, 1668 bp for COX-2, and 1335 bp for FAAH,
respectively. The GAPDH housekeeping gene expression was
used to evaluate any variation in the RNA content and cDNA
synthesis in the different preparations. No PCR products were
detected when the reverse transcriptase step was omitted (data
not shown).

Western Immunoblotting

Western immunoblotting analysis was used to deter-
mine the presence of the CB1 and CB2 proteins and carried out
as described in detail previously.11–13 Antibodies (both from
Cayman Chemicals, Ann Arbor, MI) were used at a dilution of
1:333 for CB1 and 1:250 for CB2. Control of specificity was
performed by preadsorbing the antibody with the homologous
antigen at a concentration of 8 �g/mL of antibody solution.

Anandamide Uptake Assays

Confluent Caco-2 cells (plated in 6-well dishes,
150,000 cells per dish) take up [14C]AEA (5.0 �mol/L, 20,000
cpm) from serum-free medium in a time- and temperature-
dependent manner (t1/2 � 3.5 minutes, uptake at 37°C �
uptake at 4°C � 48.3 � 4.1% of total uptake). The effect of
compounds on [14C]AEA uptake was studied as described

previously.21 Cells were incubated with [14C]AEA for 5 min-
utes at 37°C, in the presence or absence of varying concentra-
tions of the inhibitors. Residual [14C]AEA in the incubation
media after extraction with CHCl3/CH3OH 2:1 (by volume),
determined by scintillation counting of the lyophilized organic
phase, was used as a measure of the AEA that was taken up by
cells.

Anandamide Hydrolysis Assays

The effect of compounds on the enzymatic hydrolysis
of AEA was studied as described previously,21 using mem-
branes prepared from cells incubated with the test compounds
and [14C]AEA (10 �mol/L, 40,000 cpm) in 50 mmol/L Tris-
HCl, pH 9, for 30 minutes at 37°C. [14C]Ethanolamine pro-
duced from [14C]AEA hydrolysis was measured by scintillation
counting of the aqueous phase after extraction of the incuba-
tion mixture with 2 volumes of CHCl3/CH3OH 2:1 (by vol-
ume).

Binding Assays

Displacement assays for CB1 receptors were carried out
by using [3H]SR141716A (0.4 nmol/L, 55 Ci/mmol; Amer-
sham) as the high-affinity ligand on membrane preparations
(0.4 mg/tube) from frozen male CD rat brains (Charles River,
Wilmington, MA) and in the presence of 100 �mol/L PMSF.21

Specific binding was calculated with 1 �mol/L SR141716A
and was 84%. Data are expressed as the Ki, calculated using
the Cheng-Prusoff equation from the concentration exerting
50% inhibition of AEA uptake (IC50).

Results
Endocannabinoid Levels and CB1, CB2, and
FAAH Expression in Human Colorectal
Tissues

We found that human colon mucosa tissues con-
tain both AEA and 2-AG (Figure 1A ), as determined by
using an ultrasensitive LC-MS technique, and express
mRNA transcripts of the size expected for CB1 and CB2

receptors as well as FAAH (Figure 1B), as determined by
RT-PCR. The finding of CB1 receptors was also con-
firmed by Western immunoblot of proteins from biopsy
specimens of normal colon mucosa (not shown). The
levels of both AEA and 2-AG increased when passing
from normal mucosa to transformed mucosa (Figure 1A ).
Although the levels of endocannabinoids in colorectal
adenomas and carcinomas could not be determined in the
same set of patients, it was possible to observe a stronger
increase of the amounts of 2-AG and, particularly, AEA
(3-fold vs. 2-fold, respectively) in adenomatous polyps
than in CRC tissue as compared with healthy mucosa.
Tissues from both normal and transformed mucosa
yielded similar amounts of extracted lipids per gram of
wet weight, with normal mucosa, adenomas, and CRC
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tissue containing 130 � 7, 124 � 5, and 119 � 4 mg
lipids/g wet tissue weight (means � SEM, n � 21, 12,
and 9, respectively), respectively. Therefore, the ranking
of endocannabinoid content in the 3 types of tissues
(adenomas�CRC�normal mucosa) did not change when
the amounts were expressed as pmol/g wet tissue weight
(Figure 1A, inset). No consistent differences between the
levels of the expression of CB1, CB2, and FAAH (the

former as assessed by both RT-PCR and immunoblot)
were found between normal and CRC tissue (Figure 1B
and data not shown).

CRC Cell Differentiation and/or
Proliferation In Vitro

CaCo-2 cells reached confluence after about 7 days
from cell seeding and, starting from the 12th day in
culture, started differentiating as assessed by the progres-
sive synthesis of sucrase (Figure 2A ). Both AEA and
2-AG significantly inhibited the growth of undifferenti-
ated CaCo-2 cells with IC50 in the submicromolar range
(Figure 2B). No toxicity to cells, as assessed by the
trypan blue method, and no effect on apoptosis, as as-
sessed by FACScan, was observed up to 5 �mol/L AEA
(not shown). The CBR agonist HU-210 inhibited
CaCo-2 cell proliferation more potently than the 2 en-
docannabinoids. Two agonists selective for CB1 vs. CB2

receptors, i.e., arachidonoyl-chloro-anandamide (ACEA)
and N-arachidonoyl-dopamine (NADA), also inhibited
CaCo-2 cell proliferation, whereas the CB2-selective ag-
onist BML-190 was inactive (Figure 2C ). Importantly,
the effect of AEA, HU-210, and NADA was antagonized
by the selective CB1 receptor antagonist SR141716A
(0.2 �mol/L) but not by the selective CB2 receptor
antagonist SR144528 (0.2 �mol/L, Figure 2D and data
not shown). During the course of differentiation, the
responsiveness of CaCo-2 cells to AEA and HU-210
changed dramatically, the proliferation of differentiated
cells being almost insensitive to treatment with these 2
compounds (Table 1).

We also assessed the effect of AEA, 2-AG, HU-210,
and BML-190 on the nondifferentiating DLD-1 cells. In
this case, stimulation of both CB1 and CB2 receptors led
to inhibition of cell growth, although with lower efficacy
as compared with CaCo-2 cells (Table 1). The effect of
HU-210 was counteracted by both SR141716A and
SR144528 (0.2 �mol/L, Table 1).

The selective COX-2 inhibitor indomethacin N-methyl
ester (0.1-25 �mol/L) inhibited undifferentiated CaCo-2
cell proliferation (Table 1). This effect of was not addi-
tive with that exerted by 2-AG, which instead occluded
the antiproliferative effect indomethacin N-methyl ester
(Table 1). The COX-2 inhibitor also blocked the prolif-
eration of DLD-1 cells, and this effect was antagonized
by SR141716A (Table 1).

Presence of CBRs in CRC Cells in Culture

By using RT-PCR, we found that CaCo-2 cells
express the CB1 receptor, whereas no evidence for the
presence of CB2 mRNA transcripts was found (Figure 3A
and data not shown). Western immunoblotting con-

Figure 1. Endocannabinoid levels (A) and CB1, CB2, and FAAH mRNA
expression (B) in human colorectal normal mucosa, adenomatous
polyps, and carcinomas. (A) Anandamide and 2-arachidonoylglycerol
(2-AG) levels are expressed as pmol or nmol per mg extracted lipids,
respectively, and are means � SEM of n � 12 samples for adenomas
and n � 9 samples for tumors. Data for control mucosa were pooled
from the 21 samples. Means were compared by 1-way ANOVA fol-
lowed by the Bonferroni’s test, and the level of significant difference
from the respective controls is shown for each histogram. Inset shows
the same data expressed as pmol or nmol/g wet tissue weight. (B)
Expression of mRNA transcripts for CB1 (upper panel), CB2 (second
panel), FAAH (third panel), and the housekeeping gene (GAPDH; lower
panel) in samples from colorectal carcinomas (lanes 1 and 2) and
healthy mucosa (lanes 3 and 4) from representative patients A (lanes
1 and 4) and B (lanes 2 and 3). RT-PCR was performed on tissues
from 4 more patients with similar results. Amplicons were of the size
expected from the type of oligoprimers used (see Materials and
Methods section).
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firmed that CB1 is expressed in these cells, in that 3
immunoreactive bands, sensitive to saturation with the
blocking peptide, were found with molecular weight
very similar to those found in rat brain homogenates
(Figure 3C ) and corresponding to the truncated, native,
and glycosylated forms of the CB1 receptor. Overall, the
levels of CB1 receptors in CaCo-2 cells appeared to
remain constant upon differentiation of the cells, al-
though the amounts of the native form (	53 kilodaltons)
of the receptor were significantly lower than in undiffer-
entiated cells (Figure 3C ). DLD-1 cells were found to
express both CB1 and CB2 mRNA and protein, although
CB1 receptors appeared to be less abundant in these cells
than in CaCo-2 cells (Figure 3A and C ).

Endocannabinoids and Their Inactivation in
CRC Cells

By using again our sensitive LC-MS analytical
method, we found that undifferentiated CaCo-2 cells
contain measurable levels of both AEA (Table 2). We
also found that these cells exhibit FAAH activity

(93.6 � 11.4 pmol mg protein�1 minute�1, mean � SD,
n � 3) and, like DLD-1 cells, express FAAH mRNA
(Figure 3B). Intact, undifferentiated CaCo-2 cells also
clear [14C]AEA from the incubation medium in a tem-
perature-dependent manner (67.0 � 3.2 pmol min-
utes�1 per 106 cells, corresponding to 111.7 � 5.3 pmol
minutes�1 mg protein�1, means � SD, n � 3). The level
of expression of FAAH mRNA in CaCo-2 cells appeared
to increase upon differentiation of the cells (Figure 3B),
thus explaining why the amounts of endocannabinoids in
differentiated cells were significantly lower than in un-
differentiated cells (Table 2).

The effect of the 2 selective AEA uptake inhibitors
VDM11 and VDM13 and of the selective FAAH inhib-
itor arachidonoyl-serotonin were examined on the uptake
and hydrolysis, respectively, of [14C]AEA by CaCo-2
cells. VDM11 and VDM13 efficiently inhibited
[14C]AEA uptake with similar IC50 values around 3
�mol/L (Figure 4A and data not shown). Arachidonoyl-
serotonin instead inhibited [14C]AEA hydrolysis with a
IC50 	9 �mol/L (Figure 4B).

Figure 2. CaCo-2 cell proliferation and differentiation and the effect of cannabimimetics. (A) Growth of CaCo-2 cells in culture and sucrase
production as an index of differentiation. (B) Effect of anandamide, 2-arachidonoyl-glycerol (2-AG), and the potent CB1/CB2 agonist HU-210 on
the proliferation of undifferentiated (days 0–5) CaCo-2 cells. (C) Effect of the selective CB1 agonists arachidonoylchloroethanolamide (ACEA) and
N-arachidonoyl-dopamine (NADA) and of the selective CB2 agonist BML-190 on the proliferation of undifferentiated (days 0–5) CaCo-2 cells. (D)
Effect of the selective CB1 antagonist SR141716A on the antiproliferative action of HU-210, anandamide, and NADA. *P 
 0.01 vs. control, by
ANOVA. In B–D, data are expressed as percentage of control cell proliferation (100� final treated cell number � initial cell number/final control
cell number) and are means of n � 3 experiments carried out in duplicate. In B and C, SEM bars are not shown for the sake of clarity and were
never higher than 5% of the means.
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Effect of Selective Inhibitors of
Endocannabinoid Inactivation on CaCo-2
Cell Proliferation

VDM11, VDM13, and arachidonoyl-serotonin
were also evaluated for their effect on undifferentiated
CaCo-2 cell proliferation. We found that the 3 com-
pounds inhibited proliferation with IC50 values almost
identical to those observed for the inhibition of
[14C]AEA uptake and hydrolysis, respectively (Figure
4A and B and data not shown). Importantly, the effect on
cell proliferation of a 10 �mol/L concentration of the 3
inhibitors was antagonized by SR141716A (0.2 �mol/L;
Figure 4A and B). Accordingly, we found that 24-hour
incubation of undifferentiated CaCo-2 cells with either
VDM-11 (10 �mol/L) or arachidonoyl-serotonin (10
�mol/L) led to a significant increase of endocannabinoid
levels (Table 2).

COX-2 Expression in CRC Cell Lines

A messenger RNA transcript for COX-2 was
detected both in undifferentiated CaCo-2 cells and, to a
much smaller extent, DLD-1 cells (Figure 5). The level of
expression of COX-2 decreased significantly when
CaCo-2 cells underwent differentiation (Figure 5).

Discussion
We found that human colon mucosa tissues con-

tain both AEA and 2-AG and express CB1 and CB2

receptors as well as FAAH. The endocannabinoids and

FAAH previously have been described to occur in mouse
and rat whole colon,24,25 but we found here that the
levels of both AEA and 2-AG increase dramatically when
passing from normal mucosa to adenomatous polyps and
then slightly decrease in CRC tissue. These changes are
likely to result in corresponding changes in endocannabi-
noid tissue concentrations. In fact, considering that, on
average, 1 g (and, hence, 	1 mL) of wet tissue weight
yields 	125 mg of extracted lipids, it can be calculated
that AEA concentrations augment from around 75
pmol/g (i.e., 	75 nmol/L) to 143 and 236 pmol/g (i.e.,
	143 nmol/L and 	236 nmol/L) when passing from
healthy mucosa to CRC and adenomatous polyps, respec-
tively. Therefore, AEA concentrations are increased to
concentrations well above the threshold of CB1 activation
by this lipid (the reported Ki values of AEA for CB1

receptors are in the 40–200 nmol/L range4). Regarding
2-AG, the concentration of this compound augments
from about 32 �mol/L, in normal tissue, to 71 and 93
�mol/L, respectively, in CRC and adenomas. Although
the levels of 2-AG in healthy mucosa appear to be already
sufficient to tonically activate CB1 receptors (the reported
Ki values of 2-AG for CB1 receptors are in the 250–1200
nmol/L range4), it must be kept in account that only a
part of 2-AG found in tissues might be used as an
endocannabinoid. In fact, this compound, unlike AEA, is
also an intracellular intermediate of (phospho)glyceride
metabolism and is released outside cells only in part to
activate CBRs.29

Table 1. Effect of Various Cannabimimetic Agents and of Indomethacin N-Methyl Ester on the Proliferation of CRC
Cells in Culture

DLD-1
CaCo-2

(days 1–5)
CaCo-2

(days 14–16)

AEA (2.5 �mol/L) 59.8 � 5.4 27.0 � 3.1 96.0 � 2.2
2-AG (1 �mol/L) 75.0 � 3.1 41.6 � 1.5 NT
2-AG (2.5 �mol/L) 59.3 � 3.8 23.8 � 0.1 NT
HU-210 (0.1 �mol/L) 100.2 � 1.5 18.3 � 1.9 90.6 � 2.8
HU-210 (1 �mol/L) 57.1 � 3.5 NT NT
HU-210 (1 �mol/L) � SR141716A (0.2 �mol/L) 79.8 � 2.2a NT NT
HU-210 (1 �mol/L) � SR144528 (0.2 �mol/L) 88.7 � 4.2a NT NT
BML-190 (1 �mol/L) 66.5 � 3.1 90.7 � 4.5 NT
BML-190 (1 �mol/L) � SR144528 (0.2 �mol/L) 90.5 � 4.1b NT NT
INDO (0.1 �mol/L) 100.0 � 5.2 74.0 � 0.1 NT
INDO (1 �mol/L) 99.0 � 3.5 74.2 � 1.5 NT
INDO (10 �mol/L) 63.0 � 4.2 62.6 � 3.3 NT
INDO (25 �mol/L) 22.0 � 0.9 10.3 � 2.8 NT
INDO (25 �mol/L) � 2-AG (1 �mol/L) NT 29.6 � 3.8c NT
INDO (25 �mol/L) � 2-AG (2.5 �mol/L) NT 17.7 � 2.1c NT
INDO (25 �mol/L) � SR141716A (0.2 �mol/L) 61.5 � 3.1c NT NT

NOTE. Data are expressed as percentage of control cell proliferation (100�; final treated cell number � initial cell number/final control cell
number) and are means of n � 3 experiments carried out in duplicates. Both undifferentiated (days 1–5) and differentiated (days 14–16) CaCo-2
cells were used.
a,b,cP 
 0.05 vs. agonist only (i.e., HU-210, BML-190, or INDO), by ANOVA followed by the Bonferroni test.
AEA, anandamide; 2-AG, 2-aracidonoylglycerol; NT, not tested; INDO, indomethacin N-methyl ester.
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Several biochemical mechanisms might explain the
enhancement of endocannabinoid levels in transformed
human colon mucosa. First, an up-regulation of 1 of the
enzymes responsible for arachidonate mobilization and
phospholipid remodelling, the secretory phospholipase
A2 , has been described to occur in colorectal adenomas
from familial adenomatous polyposis patients.26 Second,
elevated levels of lysophosphatidic acids, possibly also

including the sn-2-arachidonate-containing species that
serve as biosynthetic precursors for 2-AG,17 have been
reported in patients with CRC.19 These 2 events, albeit
suggested to play a causative role in the onset and growth
of tumors, via enhanced formation of the precursor for
COX-2-catalyzed production of prostaglandins15 or
stimulation of LPA receptors,18 respectively, might lead
at the same time to elevated levels of endocannabinoids
with tumor-inhibitory activity.

To test the above hypothesis, we undertook a series of
experiments aimed at investigating whether (1) endocan-
nabinoids do inhibit colon cancer cell growth in vitro; (2)
substances that inhibit endocannabinoid inactivation,
and hence enhance the amounts of endocannabinoids
produced by CRC cells in culture, also inhibit the pro-
liferation of these cells; and (3) changes in endocannabi-
noid signaling occur in CRC cells also during their
differentiation in culture. We used a widely employed
cell line for the study of CRC, the CaCo-2 cells, which
have the special feature of being capable of differentiat-
ing in culture after having reached confluence, thus
becoming more similar to enterocytes.27 We found that

Figure 3. CB1, CB2, and FAAH expression in DLD-1 and CRC cells. (A) Expression in DLD-1 and CaCo-2 (growing phase, days 0–7) cells of mRNA
transcripts with the expected sizes for CB1 (309 bp) and CB2 (329 bp). (B) Fatty acid amide hydrolase (FAAH) mRNA expression in CaCo-2 (growing
phase, G, days 0–7; confluent phase, C, days 7–12; differentiated phase, D, days 14–16) and DLD-1 cells. The expected size of the amplicon
was 300 bp. In both A and B, GAPDH (amplicon size 470 bp) was used as the housekeeping gene. (C) Western immunoblotting of protein
homogenates from DLD-1 and CaCo-2 cells. Proteins (50 �g/lane) from lysates of rat brain (used as positive control), DLD-1 cells, and CaCo-2
cells (growing phase, G, days 0–7; confluent phase, C, days 7–12; differentiated phase, D, days 14–16), reacted with anti-CB1 antibody,
exhibited 3 immunoreactive bands at 	42 kilodaltons, 	53 kilodaltons, and 	63 kilodaltons, corresponding to the truncated, the native, and
the glycosylated forms of the CB1 receptor. In DLD-1 cells, 2 faint bands at 	83 kilodaltons and 	123 kilodaltons, corresponding to a further
glycosylated and dimeric CB1 receptor protein, respectively, were observed. Proteins (50 �g/lane) from lysates of rat spleen (used as positive
control) and DLD-1 cells, reacted with the anti-CB2 antibody, show 2 immunoreactive bands at 	46 kilodaltons and 	39 kilodaltons,
corresponding to the glycosylated and the native forms of the CB2 receptor, respectively. None of the immunoreactive bands was observed when
the antibodies were preadsorbed with the immunizing peptide.

Table 2. Amounts of Endocannabinoids in Undifferentiated
and Differentiated CaCo-2 Cells in Culture

Anandamide
2-arachidonoyl-

glycerol

Differentiated cells � vehicle 10.8 � 3.0a 107.1 � 3.5a

Undifferentiated cells � vehicle 41.0 � 7.6 208.0 � 45.1
�VDM11 70.0 � 2.6a 400.0 � 121.0a

�arachidonoyl-serotonin 107.6 � 36.9a 405.0 � 130.5a

NOTE. Table shows the effect of 24-hour cell treatment with vehicle
(methanol, 0.1%) and VDM11 (10 �mol/L), and arachidonoyl-seroto-
nin (10 �mol/L) of undifferentiated cells. Data are expressed as
pmol/g wet cell weight and are means � SD of n � 3 determinations.
aP 
 0.05 vs. undifferentiated cells � vehicle, as assessed by the
Student t test.
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AEA, 2-AG, and the ultra-potent CBR agonist HU-210
inhibited CaCo-2 cell proliferation with IC50 values in
the submicromolar range and with relative potencies
(HU-210��AEA�2-AG) that reflect their relative po-
tencies at cannabinoid CB1 receptors.4 Three further
observations strongly supported the involvement of this
receptor subtype in endocannabinoid antiproliferative ef-
fects. First, 2 agonists selective for CB1 vs. CB2 receptors,

i.e., arachidonoyl-chloro-anandamide (ACEA) and
N-arachidonoyl-dopamine (NADA), the latter of which
is much more stable to enzymatic hydrolysis than AEA,
but less potent on CB1 receptors than AEA,28 inhibited
CaCo-2 cell proliferation with the rank of potency ex-
pected from their relative affinity for CB1 receptors
(ACEA�NADA), whereas the CB2-selective agonist
BML-190 was inactive. Second, the effect of AEA, HU-
210, and NADA (which is also an agonist for the VR1
receptor for capsaicin28) was entirely antagonized by the
selective CB1 receptor antagonist SR141716A but not by
the selective CB2 receptor antagonist SR144528. Finally,
we found that CaCo-2 cells express the CB1 receptor,
whereas no evidence for the presence of CB2 was found.
We also assessed the effect of the endocannabinoids and
of HU-210 and BML-190 in another CRC cell line, the
nondifferentiating DLD-1 cells. In this case, stimulation
of both CB1 and CB2 receptors led to inhibition of cell
growth, in agreement with the presence of both receptor
subtypes in these cells. However, CB1 receptors appeared
to be less expressed in DLD-1 cells than in CaCo-2 cells,
and this finding, together with the observation that
DLD-1 cells were clearly less responsive to cannabimi-
metics than CaCo-2 cells, might suggest that CB1 recep-
tors are more important than CB2 receptors in causing
blockade of CRC cell proliferation. In summary, we
found that, depending on the CRC cell line, either
selective CB1 receptor stimulation (as previously found
for breast and prostate cancer cells11,12) or activation of
both CB1 and CB2 receptors causes inhibition of prolif-
eration. These findings are in agreement with the pres-
ence of both CBR subtypes in colon normal mucosa and
CRC (Figure 1B) and suggest that endocannabinoids,
present in high amounts in CRCs and, particularly,
colorectal adenomas, might function as endogenous in-
hibitors of cancer growth.

To further challenge this hypothesis, we started a
series of experiments aimed at manipulating pharmaco-
logically the endogenous levels of endocannabinoids in
CRC cells without directly activating the CBRs and at
evaluating whether these treatments lead to inhibition of

Figure 4. Effect of inhibitors of endocannabinoid metabolism on
anandamide uptake and hydrolysis, and on proliferation, in undiffer-
entiated (days 0–4) CaCo-2 cells. (A) Effect of the anandamide
cellular uptake inhibitor VDM11 on the uptake of [14C]anandamide by
intact cells (E) and on cell proliferation (●). Similar data were obtained
with VDM13, another anandamide cellular uptake inhibitor. (B) Effect
of the anandamide enzymatic hydrolysis inhibitor arachidonoyl-sero-
tonin on the hydrolysis of [14C]anandamide by cell membranes (E),
and on cell proliferation (●). Data for the effect on cell proliferation are
expressed as percentage of control cell proliferation (see Figure 2
legend) and are means of n � 3 experiments carried out in duplicate.
The effect of SR141716A (0.2 �mol/L) on the antiproliferative effect
of VDM-11 (10 �mol/L) and arachidonoyl-serotonin (10 �mol/L) is
shown with a cross and was statistically significant (P 
 0.01 by
ANOVA). Data for the inhibition of [14C]anandamide uptake and hy-
drolysis are means of n � 3 experiments carried out in duplicate. SEM
bars are not shown for the sake of clarity and were never higher than
5% of the means.

Figure 5. Cyclooxygenase 2 (COX-2) mRNA expression in CaCo-2 cells
(growing phase, days 2, 3, and 4; confluent phase, days 7–12) and in
DLD-1 cells. The expected sizes of the amplicons were 388 bp for
COX-2 and 470 bp for GAPDH, used as the housekeeping gene.
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CRC cell proliferation. We found that undifferentiated
CaCo-2 cells contain AEA and 2-AG in concentrations
(	40 and 	200 nmol/L, respectively) that, although
smaller than those found in CRC tissue, are still com-
patible with a possible tonic submaximal activation of
CBRs. Unlike CRC tissue, the amounts of 2-AG in these
cells were only about 5-fold higher than those of AEA, in
agreement with the hypothesis (see above) that only a
part of the 2-AG detected in CRC tissue might derive
from cancer cells and be used to activate their CBRs and
to inhibit their proliferation. However, if the endocan-
nabinoids do exert a tonic submaximal inhibition of
cancer cell growth, agents that inhibit their inactivation
should inhibit cancer cell proliferation. Endocannabi-
noids are inactivated through a 2-step process including
cellular reuptake, which is facilitated by the AEA mem-
brane transporter (AMT, a yet-to-be characterized pro-
tein facilitating the cellular reuptake not only of AEA
but also of 2-AG and other endocannabinoids28,29), and
intracellular hydrolysis by FAAH, an amidase that, in
cell cultures, can also catalyze the hydrolysis of fatty acid
esters such as 2-AG (see Di Marzo et al.29 for a review).
We found that undifferentiated CaCo-2 cells express
FAAH mRNA and exhibit FAAH activity and that they
take up anandamide in a temperature-dependent man-
ner. We, therefore, could examine the effect of 2 selective
AMT inhibitors, VDM11 and VDM13,21 and of a selec-
tive FAAH inhibitor, arachidonoyl-serotonin,30 on the
uptake and hydrolysis, respectively, of [14C]AEA by
CaCo-2 cells and on CaCo-2 cell proliferation. We found
that the 3 compounds inhibited with the same potency
the 2 inactivation processes and CaCo-2 cell proliferation
and that their antiproliferative effect was antagonized by
SR141716A. Because none of these compounds is capa-
ble of directly stimulating CB1 receptors at concentra-
tions lower than 10 �mol/L,21,30 this finding suggests
that VDM-11, VDM-13, and arachidonoyl-serotonin in-
hibit CaCo-2 cell proliferation by enhancing the endog-
enous amounts of AEA and/or 2-AG available for CB1

stimulation. This suggestion was strongly supported by
our finding that 24-hour incubation of undifferentiated
CaCo-2 cells with either VDM-11 or arachidonoyl-sero-
tonin leads to a significant increase of endocannabinoid
levels up to concentrations likely to cause a full activa-
tion of CB1 receptors. These findings strengthen our
hypothesis that endocannabinoids tonically inhibit CRC
cell proliferation and suggest that inhibitors of endocan-
nabinoid inactivation might represent useful anticancer
drugs, although FAAH inhibitors might be less effica-
cious in vivo than was shown here in vitro, because of the
presence of more than 1 hydrolyzing enzyme for 2-AG.29

Another approach that we used to gain further support
to this hypothesis was to see whether, in CRC cells,
responsiveness to (endo)cannabinoids and the extent of
endocannabinoid signalling change during cell differen-
tiation. To this purpose, we exploited the capability of
CaCo-2 cells to differentiate in culture into enterocytes
with a much lower degree of malignancy and invasive-
ness.27,31,32 First, we observed that AEA was only effica-
cious against undifferentiated cells. This finding might
have been caused by the fact that cell differentiation was
accompanied by an increase of FAAH expression, which
is likely to lead to an enhanced AEA degradation in
differentiated cells. However, because HU-210, which is
not a substrate for FAAH, was inactive on differentiated
cells, the increase of FAAH expression might not be the
sole cause of the lack of activity of AEA on differentiated
cells. We also analyzed the expression of CB1 receptors in
differentiated CaCo-2 cells and found overall CB1 levels
similar to those observed in undifferentiated cells. How-
ever, the amounts of the native form (	53 kilodaltons) of
the receptor appeared to be significantly lower than in
undifferentiated cells. It is, therefore, possible that the
smaller antiproliferative effect of HU-210 in differenti-
ated cells is due to a decrease of the levels of functionally
active CB1 or, alternatively, to changes in CB1-coupled
intracellular signalling events during CaCo-2 cell differ-
entiation. We also measured the endocannabinoids in
differentiated cells and found significantly lower
amounts of both AEA and 2-AG, in agreement with the
higher FAAH expression in differentiated cells and with
our data obtained with arachidonoyl-serotonin (Table 2).
These findings, as well as preliminary data obtained in
our laboratory, indicating no significant change in the
expression of monoacylglycerol lipase (another 2-AG me-
tobolizing enzyme29) during CaCo-2 cell proliferation,
suggest that FAAH plays an important role in limiting
the levels of both AEA and 2-AG in CaCo-2 cells. It is
worthwhile noting that, in agreement with our findings,
in human breast cancer cells, whose proliferation is
blocked by endocannabinoids via CB1 receptors,11 FAAH
has been shown very recently to be expressed in up to
30-fold higher levels in those cell lines with a lower
degree of invasiveness and malignancy.33 At any rate, the
overall reduction of both the levels and the antiprolif-
erative effects of endocannabinoids in differentiated (and
less malignant) vs. undifferentiated (and more malig-
nant) CaCo-2 cells suggests that, also in vitro, endocan-
nabinoid signalling is regulated depending on colorectal
cell differentiation and supports our hypothesis that AEA
and 2-AG might act as endogenous CRC growth inhib-
itors.
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The higher sensitivity to AEA and 2-AG of undiffer-
entiated CaCo-2 cells as compared with DLD-1 and
differentiated CaCo-2 cells might be also explained by
the additional action of the 2 endocannabinoids, only in
the former cells, on a target different from CB1. This
target might be COX-2 because (1) AEA and 2-AG
compete efficaciously with arachidonic acid as COX-2
substrates16 and might occlude the formation of protu-
moral prostaglandins, and (2) COX-2 is virtually absent
in differentiated CaCo-2 and DLD-1 cells (Figure 5).27,34

We found that the selective COX-2 inhibitor indometh-
acin N-methyl ester35 inhibited undifferentiated CaCo-2
cell proliferation at concentrations (IC50	14 �mol/L)
much higher than those required to inhibit the enzyme
in vitro (IC50 � 0.04 �mol/L35). This antiproliferative
effect was occluded by 2-AG, thus suggesting that the 2
substances share, at least in part, a similar mechanism of
action. However, the COX-2 inhibitor (1) was also active
on DLD-1 cells (which express little COX-2) where its
effect was antagonized by SR141716A and (2) acted as a
CB1 receptor ligand in binding assays carried out with
rat brain membranes (Ki � 2.8 � 0.3 �mol/L, mean �
SD, n � 3). This indicates that, like 2-AG, indometh-
acin N-methyl ester inhibits CRC cell proliferation by
stimulating CBRs. Hence, the reason why (endo)can-
nabinoids are less potent in DLD-1 cells is not because
they cannot act by inhibiting COX-2 expression, as
suggested by the observation that HU-210, which does
not inhibit COX-2, is also much less efficacious in the
same cells (Table 1).

In conclusion, we have shown that endocannabinoids
(1) are overproduced in cancerous and, particularly, pre-
cancerous (i.e., adenomas) colon tissue and (2) exert a
growth-inhibitory effect on CRC cells in culture, in
which the extent of their action and levels seems to
depend on the degree of differentiation (and malignancy/
invasiveness) of these cells. The antiproliferative effects of
the endocannabinoids are exerted in a large part by
stimulation of CBRs, which are expressed in both colo-
rectal mucosa and CRC cells. However, these compounds
might act also by inhibiting COX-2, a possibility that,
although not supported by our present data, deserves
further investigation. Whatever their mechanism of ac-
tion, endocannabinoids can be regarded as potential en-
dogenous tumor growth inhibitors as well as possible
markers for cancer cells. This hypothesis is strengthened
by a recent preliminary study36 showing that AEA levels
are increased in other tumors, including those whose
growth was previously shown to be inhibited by endo-
cannabinoids.11,12 Metabolically stable substances that
act by stimulating CBRs directly might exert anticancer

actions in this as well as other type of tumors.1,2 How-
ever, in view of (1) the possible multiple mechanisms of
action of endocannabinoids, (2) the potential undesired
psychotropic effect of CB1 receptor agonists, and (3) the
tonic inhibition on cancer growth suggested here for
endocannabinoids, substances that act selectively by en-
hancing further the tumor levels of AEA and 2-AG, such
as inhibitors of their cellular uptake and enzymatic hy-
drolysis, might provide for a more efficacious and toler-
able therapeutic strategy against not only CRC but also
other types of cancer.2,36 In support of this possibility, we
have found in a separate study (V. Di Marzo, G. Portella
and M. Bifulco, manuscript in preparation) that the
growth of transformed thyroid cells in athymic mice13 is
inhibited efficaciously by the AMT inhibitor VDM11
and by the FAAH inhibitor arachidonyl-serotonin via
enhancement of tumoral endocannabinoid levels.

References
1. De Petrocellis L, Melck D, Bisogno T, Di Marzo V. Endocannabi-

noids and fatty acid amides in cancer, inflammation and related
disorders. Chem Phys Lipids 2000;108:191–209.

2. Bifulco M, Di Marzo V. Targeting the endocannabinoid system in
cancer therapy: a call for further research. Nat Med 2002;8:547–
550.

3. Gaoni Y, Mechoulam R. Isolation, structure and partial synthesis
of an active constituent of hashish. J Am Chem Soc 1964;86:
1646–1656.

4. Pertwee RG. Pharmacology of cannabinoid CB1 and CB2 recep-
tors. Pharmacol Ther 1997;74:129–180.

5. Munson AE, Harris LS, Friedman MA, Dewey WL, Carchman RA.
Antineoplastic activity of cannabinoids. J Natl Cancer Inst 1975;
55:597–602.

6. Galve-Roperh I, Sanchez C, Cortes ML, del Pulgar TG, Izquierdo
M, Guzman M. Anti-tumoral action of cannabinoids: involvement
of sustained ceramide accumulation and extracellular signal-reg-
ulated kinase activation. Nat Med 2000;6:313–319.

7. Devane WA, Hanus L, Breuer A, Pertwee RG, Sevenson LA, Griffin
G, Gibson D, Mandelbaum A, Etinger A, Mechoulam R. Isolation
and structure of a brain constituent that binds to the cannabinoid
receptor. Science 1992;258:1946–1949.

8. Mechoulam R, Ben-Shabat S, Hanus L, Ligunsky M, Kaninski NE,
Schatz AR, Gopher A, Almog S, Martin BR, Compton DR, Pertwee
RG, Griffin G, Bayewitch M, Barg J, Vogel Z. Identification of an
endogenous 2-monoglyceride, present in canine gut, that binds to
cannabinnoid receptors. Biochem Pharmacol 1995;50:83–90.

9. Sugiura T, Kondo S, Sukagawa A, Nakane S, Shinoda A, Itoh K,
Yamashita A, Waku K. 2-arachidonoylglycerol: a possible endog-
enous cannabinoid receptor ligand in brain. Biochem Biophys Res
Commun 1995;215:89–97.

10. Hanus L, Abu-Lafi S, Fride E, Breuer A, Vogel Z, Shalev DE,
Kustanovich I, Mechoulam R. 2-Arachidonyl glyceryl ether, an
endogenous agonist of the cannabinoid CB1 receptor. Proc Natl
Acad Sci U S A 2001;98:3662–3665.

11. De Petrocellis L, Melck D, Palmisano A, Bisogno T, Laezza C,
Bifulco M, Di Marzo V. The endogenous cannabinoid anandamide
inhibits human breast cancer cell proliferation. Proc Natl Acad Sci
U S A 1998;95:8375–8380.

12. Melck D, De Petrocellis L, Orlando P, Bisogno T, Laezza C, Bifulco
M, Di Marzo V. Suppression of nerve growth factor Trk receptors
and prolactin receptors by endocannabinoids leads to inhibition

686 LIGRESTI ET AL. GASTROENTEROLOGY Vol. 125, No. 3



of human breast and prostate cancer cell proliferation. Endocri-
nology 2000;141:118–126.

13. Bifulco M, Laezza C, Portella G, Vitale M, Orlando P, De Petro-
cellis L, Di Marzo V. Control by the endogenous cannabinoid
system of ras oncogene-dependent tumor growth. FASEB J 2001;
15:2745–2747.

14. Guzman M, Sanchez C, Galve-Roperh I. Control of the cell sur-
vival/death decision by cannabinoids. J Mol Med 2001;78:613–
625.

15. Dempke W, Rie C, Grothey A, Schmoll HJ. Cyclooxygenase-2: a
novel target for cancer chemotherapy? J Cancer Res Clin Oncol
2001;127:411–417.

16. Marnett LJ. Recent developments in cyclooxygenase inhibition.
Prostaglandins Other Lipid Mediat 2002;68-69:153–164.

17. Nakane S, Oka S, Arai S, Waku K, Ishima Y, Tokumura A, Sugiura
T. Arachidonoyl-sn-glycero-3-phosphate, an arachidonic acid-con-
taining lysophosphatidic acid: occurrence and rapid enzymatic
conversion to 2-arachidonoyl-sn-glycerol, a cannabinoid receptor
ligand, in rat brain. Arch Biochem Biophys 2002;402:51–58.

18. Huang MC, Graeler M, Shankar G, Spencer J, Goetzl EJ. Lyso-
phospholipid mediators of immunity and neoplasia. Biochim Bio-
phys Acta 2002;1582:161–167.

19. Merchant TE, Kasimos JN, de Graaf PW, Minsky BD, Guerke LW,
Glonek T. Phospholipid profiles of human colon cancer using 31P
magnetic resonance spectroscopy. Int J Colorectal Dis 1991;6:
121–126.

20. Smith G, Carey FA, Beattie J, Wilkie MJ, Lightfoot TJ, Coxhead J,
Garner RC, Steele RJ, Wolf CR. Mutations in APC, Kirsten-ras,
and p53—alternative genetic pathways to colorectal cancer. Proc
Natl Acad Sci U S A 2002;99:9433–9438.

21. De Petrocellis L, Bisogno T, Davis JB, Pertwee RG, Di Marzo V.
Overlap between the ligand recognition properties of the anand-
amide transporter and the VR1 vanilloid receptor: inhibitors of
anandamide uptake with negligible capsaicin-like activity. FEBS
Lett 2000;483:52–56.

22. Dahlquist A. Method of assay of intestinal disaccharidases. Anal
Biochem 1964;7:18–25.

23. Marsicano G, Wotjak CT, Azad SC, Bisogno T, Rammes G, Cascio
MG, Hermann H, Tang J, Hofmann C, Zieglgansberger W, Di
Marzo V, Lutz B. The endogenous cannabinoid system controls
extinction of aversive memories. Nature 2002;418:530–534.

24. Izzo AA, Fezza F, Capasso R, Bisogno T, Pinto L, Iuvone T,
Esposito G, Mascolo N, Di Marzo V, Capasso F. Cannabinoid
CB1-receptor mediated regulation of gastrointestinal motility in
mice in a model of intestinal inflammation. Br J Pharmacol 2001;
134:563–570.

25. Katayama K, Ueda N, Kurahashi Y, Suzuki H, Yamamoto S, Kato
I. Distribution of anandamide amidohydrolase in rat tissues with
special reference to small intestine. Biochim Biophys Acta 1997;
1347:212–218.

26. Kennedy BP, Soravia C, Moffat J, Xia L, Hiruki T, Collins S,
Gallinger S, Bapat B. Overexpression of the nonpancreatic secre-
tory group II PLA2 messenger RNA and protein in colorectal
adenomas from familial adenomatous polyposis patients. Can-
cer Res 1998;58:500–503.

27. Di Popolo A, Memoli A, Apicella A, Tuccillo C, di Palma A, Ricchi
P, Acquaviva AM, Zarrilli R. IGF-II/IGF-I receptor pathway up-regu-
lates COX-2 mRNA expression and PGE2 synthesis in Caco-2
human colon carcinoma cells. Oncogene 2000;19:5517–5524.

28. Huang SM, Bisogno T, Trevisani M, Al-Hayani A, De Petrocellis L,
Fezza F, Tognetto M, Petros TJ, Krey JF, Chu CJ, Miller JD, Davies
SN, Geppetti P, Walker JM, Di Marzo V. An endogenous capsaicin-
like substance with high potency at recombinant and native
vanilloid VR1 receptors. Proc Natl Acad Sci U S A 2002;99:
8400–8405.

29. Di Marzo V, De Petrocellis L, Bisogno T. Endocannabinoids 1.
Molecular basis of endocannabinoid formation, action and inac-
tivation, and development of selective inhibitors. Emerg Ther
Targets 2001;5:241–266.

30. Bisogno T, Melck D, De Petrocellis L, Bobrov MY, Gretskaya NM,
Bezuglov VV, Sitachitta N, Gerwick WH, Di Marzo V. Arachidonoyl-
serotonin and other novel inhibitors of fatty acid amide hydro-
lase. Biochem Biophys Res Commun 1998;248:515–522.

31. Tsujii M, Kawano S, DuBois RN. Cyclooxygenase-2 expression in
human colon cancer cells increases metastatic potential. Proc
Natl Acad Sci U S A 1997;94:3336–3340.

32. Steinert M, Wobus M, Boltze C, Schutz A, Wahlbuhl M, Hamann
J, Aust G. Expression and regulation of CD97 in colorectal carci-
noma cell lines and tumor tissues. Am J Pathol 2002;161:1657–
1667.

33. Jessani N, Liu Y, Humphrey M, Cravatt BF. Enzyme activity pro-
files of the secreted and membrane proteome that depict cancer
cell invasiveness. Proc Natl Acad Sci U S A 2002;99:10335–
10340.

34. Tsuji S, Kawano S, Sawaoka H, Takei Y, Kobayashi I, Nagano K,
Fusamoto H, Kamada T. Evidences for involvement of cyclooxy-
genase-2 in proliferation of two gastrointestinal cancer cell lines.
Prostaglandins Leukot Essent Fatty Acids 1996;55:179–183.

35. Kalgutkar AS, Crews BC, Rowlinson SW, Marnett AB, Kozak KR,
Remmel RP, Marnett LJ. Biochemically based design of cycloox-
ygenase-2 (COX-2) inhibitors: facile conversion of nonsteroidal
antiinflammatory drugs to potent and highly selective COX-2 in-
hibitors. Proc Natl Acad Sci U S A 2000;97:925–930.

36. Schmid PC, Wold LE, Krebsbach RJ, Berdyshev EV, Schmid HH.
Anandamide and other N-acylethanolamines in human tumors.
Lipids 2002;37:907–912.

Received January 8, 2003. Accepted April 24, 2003.
Address requests for reprints to: V. Di Marzo, Endocannabinoid

Research Group, Institute of Biomolecular Chemistry, C.N.R., Via
Campi Flegrei 34, Comprensorio Olivetti, Bldg. 70, Pozzuoli, (NA), Italy.
e-mail: vdimarzo@icmib.na.cnr.it; fax: (39) 081-804-1770.

Supported by funds from the Italian National Research Council,
MURST (3933 to V.D.M.) and the Associazione Italiana per la Ricerca
sul Cancro (to M.B.).

The authors thank Drs. Filomena Fezza and Pierangelo Orlando for
valuable assistance and Dr. Gabriella Caruso (I.R.C.C.S. “S. de Bellis,”
Bari, Italy) for the kind gift of DLD-1 cells.

A.L. and T.B. contributed equally to this work.

September 2003 ENDOCANNABINOID SYSTEM AND COLORECTAL CANCER 687



NEW RESEARCH
JOURNAL

VOLUM
Postsecondary Employment Experiences
Among Young Adults With an Autism

Spectrum Disorder
Anne M. Roux, M.P.H., Paul T. Shattuck, M.S.S.W., Ph.D., Benjamin P. Cooper, M.P.H.,
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Objective: We examined postsecondary employment experiences of young adults with an
autism spectrum disorder (ASD) and compared these outcomes with those of young adults
with different disabilities. Method: Data were from Wave 5 of the National Longitudinal
Transition Study–2 (NLTS2), a nationally representative survey of young adults who
had received special education services during high school. We examined the prevalence of
ever having had, and currently having, a paid job at 21 to 25 years of age. We analyzed
rates of full-time employment, wages earned, number of jobs held since high school, and job
types. Results: Approximately one-half (53.4%) of young adults with an ASD had ever
worked for pay outside the home since leaving high school, the lowest rate among disability
groups. Young adults with an ASD earned an average of $8.10 per hour, significantly lower
than average wages for young adults in the comparison groups, and held jobs that clustered
within fewer occupational types. Odds of ever having had a paid job were higher for those who
were older, from higher-income households, and with better conversational abilities or func-
tional skills. Conclusions: Findings of worse employment outcomes for young adults with
an ASD suggest that this population is experiencing particular difficulty in successfully tran-
sitioning into employment. Research is needed to determine strategies for improving outcomes
as these young adults transition into adulthood. J. Am. Acad. Child Adolesc. Psychiatry,
2013;52(9):931–939. Key Words: adolescent, autism, employment, outcomes, young adult
growing population of adolescents diag-
nosed with an autism spectrum disorder
A (ASD) is aging toward adulthood. An

estimated 50,000 youth with an ASD turn
18 years of age each year in the United States.1

However, research about the adult stage of life
for those with an ASD remains extremely un-
derdeveloped relative to research on young
children with an ASD.2,3 The 2011 Strategic Plan
for Autism Spectrum Disorder Research of the
Interagency Autism Coordinating Committee
emphasized the critical need for longitudinal
studies of adult outcomes, such as employment,
as a basis for policy recommendations.4
This article is discussed in an editorial by Dr. Patricia Howlin
on page 897.

Clinical guidance is available at the end of this article.
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Parents of youth with an ASD need information
about employment prospects and often turn to
medical providers for anticipatory guidance
regarding the transition to adulthood.5 The Society
for Adolescent Medicine affirms the importance of
family–professional partnerships in planning for
the transitional care needs of youth, and specifies
“vocational progress” as a developmental area
that must be addressed.6 For psychiatrists and
mental health practitioners, participation in tran-
sition planning is especially important, given that
the onset of many commonly co-occurring psy-
chiatric disorders occurs during adolescence and
persists into early adulthood.7,8

Employment is a socially normative activity
that often occupies the majority of adult lives and
is a key component of passage into adulthood.9

Employment for wages contributes to individual
economic and social well-being, is linked to pos-
itive health outcomes, is a gateway to health
insurance, and is a factor in quality of life. For
Y
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youth with disabilities, achieving employment
through an effective transition process is a pri-
mary intended outcome of special education per
federal law.10 Yet, historically, employment has
not been easily achieved or maintained for young
adults with developmental disabilities.11 There
are few nationally representative findings char-
acterizing the employment experiences of young
adults with an ASD.

A cross-sectional study of young adults 18 to
24 years of age conducted in the United States
found that 54% were employed in 2011.12 A sep-
arate national survey of adults 26 to 31 years of
age asked participants if they ever had at least 1
job between age 18 and 25 years; of the partici-
pants, 98.6% replied that they had.13 Similarly, the
vast majority (91%) of young adults with disabil-
ities find some form of paid employment outside
the homewithin thefirst 8 years after high school.14

Young adults with an ASD appear to fare
worse in employment outcomes when compared
with young adults with other types of disabilities.
Shattuck et al. (2012) found that 55% of young
adults with an ASD had ever worked outside the
home for pay at least once in the first 6 years after
high school—the lowest rate across comparison
disability groups.1

Very few details about the characteristics of
employment experiences of young adults with an
ASD have been published.15,16 Prior research
suggests that few who are employed work inde-
pendently or in competitive employment, and
most are employed in sheltered workshop set-
tings.17 Difficulty securing and maintaining
employment also extends to individuals with
autism who have average or above-average in-
tellectual ability.18,19 Factors related to employ-
ment and other outcomes in adults with an
ASD include intelligence, communication abili-
ties, adaptive functioning level, co-occurring
mental health and medical issues, and family so-
cioeconomic status.2,3 Evidence about employ-
ment of young adults with an ASD is largely
derived from samples that are small or not pop-
ulation based, and studies of those who are
already engaged with the U.S. Vocational Reha-
bilitation (VR) system, thereby limiting the
generalizability of findings.

This study characterizes employment experi-
ences among postsecondary young adults with
an ASD using data collected in 2009 as part of a
nationally representative, cohort study of young
adults with disabilities who had been receiving
special education services when in high school at
JOURN
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the start of the study in 2000. We describe rates of
employment, wages earned, types of jobs held,
and covariate-adjusted group comparisons. Our
study compares findings for the ASD group with
those of young adults who had previously been
served in the special education enrollment cate-
gories of mental retardation (MR), learning
disability (LD), emotional disturbance (ED), and
speech/language impairment (SLI).
METHOD
Study Participants
We used secondary data from wave 5 (collected in
2009) of the National Longitudinal Transition Study–2
(NLTS2), a 10-year prospective study of youth who
were receiving special education services at the start of
the study. NLTS2 has ended, and it is not possible to
contact study participants to collect additional data.
Use of these data is governed by an agreement with the
U.S. Department of Education (USDE) and was
deemed exempt by the Washington University Insti-
tutional Review Board. Unweighted sample sizes were
rounded to the nearest 10 as required by the USDE.
Sampling and Generalizability
This study used special education classifications for
determining groups. Determination of special educa-
tion eligibility and specific classification within the
autism category was made by each student’s school
district as per federal law.10 Independent, clinical
validation of ASD diagnosis by our team was not an
option. The USDE does not require use of diagnostic
criteria from the DSM-IV-TR in special education
eligibility determination. Each state is allowed to
operationalize its own eligibility criteria for the special
educational category of autism within broad bound-
aries established in federal law.20 The federal definition
of autism in special education law is consistent with
DSM-IV-TR criteria, but is much less detailed. Prior
research has indicated that 99% of students eligible for
special education under the category of autism also
meet DSM-IV–derived case criteria for an ASD.21,22 The
autism special education category tends to be highly
specific and moderately sensitive. Some youth with an
ASD might receive special education services under a
disability category other than autism, and some might
not receive special education. We excluded youth from
comparison groups if parents reported that their chil-
dren had ever received an autism spectrum diagnosis.
Youth with an ASD who are not receiving special
education services would also not be included in this
study’s estimates.

NLTS2 findings generalize to the population of
youth who were ages 13 through 16 years as of
December 1, 2000, and receiving special education
services. A multistage process was used to sample by
AL OF THE AMERICAN ACADEMY OF CHILD & ADOLESCENT PSYCHIATRY
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school district and then by students within the districts,
stratified by disability category. A total of 500 districts
provided student rosters from which the student
sample was selected; approximately 11,280 students
were sampled, and 81.9% participated in the first wave
of data collection. Large national surveys often use a
weighting strategy to ensure that point estimates
generalize to the population from which the sample
was drawn. NLTS2 survey weights were rigorously
calculated at each wave of data collection to ensure that
point estimates were representative of the target pop-
ulation. Furthermore, each of the 4 follow-up waves
of NLTS2 data was subject to bias analysis to ascertain
the extent of difference between the weighted respon-
dent sample for a given wave and both the wave 1
weighted sample and extant data from other sources
on the characteristics of the population that NLTS2 was
designed to represent.23,24

The U.S. Office of Management and Budget ap-
proved release of the data after rigorous review of the
sampling and adjustment procedures. Detailed infor-
mation on the NLTS2 sampling strategy, survey
weighting, and questionnaire design has been previ-
ously published.25
FIGURE 1 Marginal estimates of the rate of ever
having employment since high school among youth with
an autism spectrum disorder, stratified by high and low
levels of income and functional skills.
Data Collection
The NLTS2 survey instruments incorporated items
from several other national, long-standing longitudinal
surveys of youth (e.g., The National Longitudinal
Study of Adolescent Health, the National Longitudinal
Survey of Youth) and involved field testing with par-
ents of youth in several disability categories and with
youth themselves.26 NLTS2 telephone interviews were
conducted by a professional contract research firm
whose telephone interview staff were rigorously
trained and continually monitored. If the parent or
guardian had earlier reported that the young adult was
capable of answering questions independently,
repeated attempts were made to interview both the
young adult and the parent or guardian who was most
knowledgeable about the young adult.

The focus of this study was 620 young adults who
had previously received special education services in
secondary school under the autism eligibility category.
The retention rate at wave 5 was 67% of the 920 who
had participated in wave 1. This response rate excee-
ded the estimated sample size (n ¼ 452) required to
provide data that would achieve an acceptable level of
statistical precision.27

Young adults previously served in the special edu-
cation enrollment categories of mental retardation
(MR), learning disability (LD), emotional disturbance
(ED), or speech/language impairment (SLI) were cho-
sen for comparison because they often share some, but
not all, disability features with those who have an ASD
and might reasonably be expected to encounter similar
challenges with employment. Group labels reported in
this study, such as “mental retardation,” reflect the
JOURNAL OF THE AMERICAN ACADEMY OF CHILD & ADOLESCENT PSYCHIATR
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NLTS2 survey terminology and federally designated
category labels in use at the time of the study. We wish
to emphasize that the term “intellectual disability”
is currently the preferred term recommended for
practice.28

Measures
Employment Outcomes. Data on employment were
gathered through a sequence of survey questions that
first asked, “At any time since high school did
[YOUTH] work for pay other than work around the
house?” Participants were also asked “Does [YOUTH]
have a paid job now, other than work around the
house?” Job type was coded using the U.S. Bureau of
Labor’s Standardized Occupational Classification
(SOC) system for classifying work for pay or profit,
excluding volunteer work. The SOC codes use 23 major
occupational categories further classified by specific
(minor) job types.29

Covariates. Demographic variables included age,
sex, race, ethnicity, and household income. Overall
health status was reported using a 4-point scale ranging
from fair/poor to excellent. Conversational impairment
was assessed with a question asked of parents: “How
well does [YOUTH] carry on a conversation?” Ordinal
responses included “Has no trouble,” “Has a little
trouble,” “Has a lot of trouble,” or “Doesn’t carry on a
conversation at all,” in which a higher score indicated
greater conversational impairment.

A functional skills scale was constructed by sum-
ming responses to 8 questions (each with 4-point re-
sponses ranging from “not at all well” to “very well”),
measured at wave 4 in 2006 to 2007, which assessed the
ability to tell time, read and understand common signs,
count change, find telephone numbers and use a tele-
phone, navigate to places outside home, use public
transportation, purchase clothing at a store, and
Y
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TABLE 1 Percentages and 95% CI for Covariates and
Employment Outcomes Among Young Adults With an
Autism Spectrum Disorder

Variable Percentage (95% CI)

Male sex 85.0 (79.6e89.2)
Hispanic ethnicity 10.0 (5.9e16.3)
Race
White 70.0 (62.9e76.2)
African American 18.7 (13.5e25.3)
Mixed/other 11.3 (7.9e16.0)

Household income, $
�25,000 16.5 (11.3e23.3)
25,001e50,000 31.5 (25.0e38.8)
50,001e75,000 34.1 (27.3e41.5)
>75,000 17.9 (12.9e24.3)

Conversational ability

ROUX et al.
arrange out-of-town travel. The range of possible
scores was 8 to 32, with higher scores indicating greater
functional skills. This scale was used as a continuous
variable in regressions. Categories representing the
upper and lower quartiles of the scale scores were used
to create Figure 1. Of note, this functional skills scale
was not intended to be a proxy for IQ. There was no
assessment of IQ in the NLTS2. Functional skills and IQ
are distinct constructs.

The rate of missing data for covariates ranged from
0% to 21%. Two variables had more than 10% missing:
household income (21%), and the functional skills scale
(20%). We used IVEware (version 0.1) to impute 50
implicates through sequential regression for all cova-
riates to prevent bias associated with listwise dele-
tion.30 We did not impute the employment-dependent
variables.
No trouble 12.0 (8.5e16.6)
Little trouble 41.3 (33.7e49.4)
Lots of trouble 29.9 (24.3e36.1)
Not able to converse at all 16.9 (11.7e23.6)

Ever worked for pay since
high school

53.4 (44.2e62.5)

Currently employed 33.6 (25.4e41.9)
Employed full-time at current
or most recent job

20.9 (13.3e28.6)

Note: National Longitudinal Transition Studye2 (NLTS2), wave 5,
2009. Covariate data (sex, race, ethnicity, income, and con-
versational ability) are imputed. Number of multiply imputed data
sets ¼ 50. Weighted to population levels. Variances adjusted for
sampling method.
Data Analyses
All analyses were conducted with Stata 12, using sur-
vey weighting and appropriate variance adjustment
for the complex survey design.31 Descriptive statistics
were estimated for covariates and select employment
outcomes for the ASD group (Table 1). We then tested
for significant differences in the odds of employment
between each group and the ASD group using logistic
regression and adjusting for covariates (Table 2).
The highest-frequency job types for each disability
group were tabulated and rank ordered (Table 3). We
used logistic regression to examine the odds of ever
having paid employment for the ASD group only
(Table 4).

To visually depict the impact of both socioeconomic
status and functional abilities, we calculated the esti-
mated percentage of ever having a job for 4 subgroups
of youth with an ASD defined by parental household
income of less than $25,000 or more than $75,000 and
the highest or lowest quartiles of functional skills
(Figure 1). This was done using the margins post-
estimation procedure in Stata after fitting a logistic
regression model.32
RESULTS
Youth with an ASD were primarily male (85.0%)
and white (70.0%), with a mean age of 23.2 years
(range ¼ 21–25 years) (Table 1). The majority
(87.1%) had been out of high school for more than
2 years. According to parent report, 16.9% could
not converse at all.

The probability of employment was indepen-
dently associated with both higher household
income and better functional skills (Figure 1). The
majority of young adults (85%) in the highest
income/highest skill group had worked for pay
since leaving high school, compared with 12% of
those in the lowest income/lowest skill group.
JOURN

934 www.jaacap.org
Of the young adults with an ASD, approxi-
mately one-half (53.4%, 95% CI ¼ 44.2–62.5) had
ever worked for pay outside the home since
leaving high school. A significantly higher
(p < .001) percentage of young adults in the ED
(88.2%, 95% CI ¼ 83.7–92.7), LD (89.8%, 95% CI ¼
84.8–94.7), and SLI (88.2%, 95% CI ¼ 80.8–95.6)
disability categories had ever been employed
over the same time span (data not shown). There
was no significant difference in ever having
worked between the ASD and the MR (62.8%,
95% CI ¼ 56.7–69.0) groups. The stratified rate of
employment among those with no trouble
conversing was 81.9% (95% CI ¼ 68.2–90.6) and
was 18.8% (94% CI ¼ 8.6–36.2) for those with no
conversation ability.

Approximately one-third (33.6%, 95% CI ¼
25.4–41.9) of young adults with an ASD were
currently employed at the time of the interview.
Among young adults with an ASD who had ever
worked for pay since high school, the average
number of jobs held was 2.5 (95% CI ¼ 2.1–3.0),
significantly fewer (p < .001) than for young
adults with ED (mean ¼ 4.1, 95% CI ¼ 3.7–4.6),
AL OF THE AMERICAN ACADEMY OF CHILD & ADOLESCENT PSYCHIATRY
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TABLE 2 Adjusted Odds Ratios (95% CI) of Employment Experiences Among Young Adults With Other Disabilities
Compared to Those With Autism, Controlling for Covariates

Special Education Classification During High School

MR ED LD SLI

Employment outcomes
Ever worked for pay since high school 2.0* (1.1e3.6) 5.2*** (2.7e10.2) 5.4*** (3.0e9.7) 4.8*** (2.6e8.9)
Currently employed 1.5 (0.8e2.6) 1 (0.5e1.7) 2.4** (1.3e4.3) 1.8* (1.1e3.2)
Full-time employee status at current

or most recent job
3.8*** (2.0e7.2) 6.9*** (3.5e13.4) 12.0*** (6.1e23.4) 6.7*** (3.5e12.8)

Note: Covariates: sex, age, race, ethnicity, income, overall health, how well youth converses, functional skills. National Longitudinal Transition Studye2
(NLTS2), wave 5, 2009. Weighted to population levels. Variances adjusted for sampling method. ASD ¼ autism spectrum disorder; ED ¼ emotional
disturbance; LD ¼ learning disability; MR ¼ mental retardation; SLI ¼ speech/language impairment.
*p < .05, **p < .01, ***p < .001.

EMPLOYMENT IN YOUNG ADULTS WITH AUTISM
LD (mean ¼ 4.0, 95% CI ¼ 3.6–4.4), or SLI
(mean ¼ 3.6, 95% CI ¼ 3.2–4.0) (p < .001). There
was no significant difference in the average
number of jobs between the ASD and the MR
(mean ¼ 2.8, 95% CI ¼ 2.4–3.1) groups.

Approximately one-fifth of youth with an
ASD (20.9%, 95% CI ¼ 13.3–28.6) worked full-
time (>35 hours per week) at their current or
most recent job, which was about one-half the
rate of the MR group (39.7%, 95% CI ¼ 32.0–
47.4, p < .01) and about one-third of the rate of
the ED (61.3%, 95% CI ¼ 54.3–68.2, p < .001), LD
(73.3%, 95% CI ¼ 67.5–79.0, p < .001), and SLI
(62.8%, 95% CI ¼ 56.4–69.2, p < .001) disability
groups. Young adults with an ASD earned a
mean wage of $8.10 U.S. dollars per hour
(95% CI ¼ 6.20–9.90) at their full-time jobs,
which was significantly lower (p < .01) than
members of the ED ($11.90, 95% CI ¼ 10.60–
13.10), LD ($11.20, 95% CI ¼ 10.40–12.00), and
SLI ($12.00, 95% CI ¼ 10.70–13.20) groups.
There was no significant difference in mean
wages between the ASD and the MR ($9.20, 95%
CI ¼ 8.10–10.30) groups. Additional analysis
revealed no significant differences across dis-
ability groups in receipt of job-related health
insurance benefits.

After adjusting for covariates (including func-
tional skills and conversational ability) the odds
of ever having worked for pay since high school
were significantly higher for each group
compared with the ASD group (Table 2). The
adjusted odds of having full-time employment at
a current or most recent job were nearly 4 times
higher for young adults with MR (p < .001), and 6
to 12 times higher for young adults with ED, LD,
and SLI (p < .001).
JOURNAL OF THE AMERICAN ACADEMY OF CHILD & ADOLESCENT PSYCHIATR
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The top 5 occupational classifications for
young adults with an ASD or MR accounted for
approximately 70% to 80% of all employment at
the current or most recent job (Table 3). Young
adults with an ASD were most frequently
employed in office and administrative support
occupations, which most often involved material
recording, scheduling, dispatching, and distrib-
uting. Transportation and materials moving
jobs also were common, as was production work
involving assembly, food processing, or work in
factories. Other frequent job types included
food preparation and serving, and building or
grounds cleaning and maintenance. Job types
within the ED, LD, and SLI groups were more
variable and were less clustered within each
group’s top 5 occupational classifications.

Young adults with an ASD had higher odds
of ever having had a paid job if they were
older (odds ratio [OR] ¼ 1.3, 95% CI ¼ 1.0–1.6;
p < .05), were from higher-income households
(OR ¼ 1.1, 95% CI ¼ 1.0–1.3; p < .05), or had
higher functional skills (OR ¼ 1.1, 95% CI ¼ 1.0–
1.1; p < .01) (Table 4). Greater conversational
impairment was associated with lower odds
of ever having had a paid job (OR ¼ 0.5, 95%
CI ¼ 0.3–0.7; p < .001).
DISCUSSION
We examined key characteristics of postsecondary
employment for young adults with an ASD dur-
ing the first decade after high school, and
compared these outcomes with those of young
adults with different disabilities. A little more
than one-half of young adults with an ASD had
ever had a paid job outside the home since high
Y

www.jaacap.org 935

http://www.jaacap.org


TA
BL
E
3

Ra
nk
-O

rd
er
ed

M
aj
or

St
an

da
rd

O
cc
up

at
io
na

lC
la
ss
ifi
ca
tio

ns
A
m
on

g
Po

st
se
co
nd

ar
y
Yo

un
g
A
du

lts
at

Th
ei
r
C
ur
re
nt

or
M
os
tR

ec
en

t
Jo
b
by

D
is
ab

ili
ty

G
ro
up

,
Pe
rc
en

ta
ge

(9
5
%

C
I)

Ra
nk

A
SD

M
R

ED
LD

SL
I

1
O
ffi
ce
,1

8.
5
(1
1.
3e

25
.8
)

Fo
od

pr
ep

,2
5.
3
(1
7.
3e

33
.3
)

Fo
od

pr
ep

,1
9.
9
(1
3.
0e

26
.8
)

Sa
le
s,

13
.1

(8
.0
e
18

.2
)

Sa
le
s,

12
.1

(7
.6
e
16

.7
)

2
Tr
an

sp
or
t,
13

.8
(3
.6
e
24

.0
)

Pr
od

uc
tio

n,
19

.1
(1
0.
9e

27
.2
)

C
on

str
uc
tio

n,
11

.5
(5
.1
e
17

.8
)

Fo
od

pr
ep

,1
0.
8
(6
.2
e
15

.4
)

Fo
od

pr
ep

,1
0.
5
(6
.2
e
14

.9
)

3
Pr
od

uc
tio

n,
13

.4
(7
.3
e
19

.4
)

C
le
an

in
g,

14
.3

(8
.2
e
20

.5
)

C
le
an

in
g,

9.
8
(4
.5
e
15

.1
)

Se
rv
ic
e,

9.
4
(4
.4
e
14

.3
)

O
ffi
ce
,1

0.
3
(6
.0
e
14

.6
)

4
Fo

od
pr
ep

,1
2.
1
(6
.4
e
17

.7
)

O
ffi
ce
,1

0.
0
(3
.7
e
16

.3
)

Sa
le
s,

9.
0
(4
.2
e
13

.9
)

C
on

str
uc
tio

n,
9.
4
(4
.9
e
13

.8
)

Tr
an

sp
or
t,
8.
5
(4
.4
e
12

.5
)

5
C
le
an

in
g,

11
.6

(5
.2
e
18

.1
)

Tr
an

sp
or
t,
9.
4
(3
.3
e
15

.4
)

In
sta

lla
tio

n,
7.
7
(2
.4
e
12

.9
)

Tr
an

sp
or
t,
8.
1
(4
.5
e
11

.7
)

Se
rv
ic
e,

8.
2
(4
.7
e
11

.7
)

6
O
th
er

30
.6

(2
0.
6e

40
.6
)

O
th
er

22
.0

(1
5.
0e

29
.0
)

O
th
er

42
.1

(3
3.
4e

50
.8
)

O
th
er

49
.3

(4
1.
0e

57
.6
)

O
th
er

50
.4

(4
4.
3e

56
.4
)

N
ot
e:

N
at
io
na

lL
on

gi
tu
di
na

lT
ra
ns
iti
on

St
ud

ye
2
(N

LT
S2

),
w
av
e
5
,2

0
0
9
.U

ni
m
pu

te
d
da

ta
.A

SD
¼

au
tis
m
sp
ec
tru
m
di
so
rd
er
;C

le
an

in
g
¼
bu

ild
in
g
an

d
gr
ou

nd
s
m
ai
nt
en
an

ce
;E

D
¼

em
ot
io
na

ld
is
tu
rb
an

ce
;F

oo
d
pr
ep
¼

fo
od

pr
ep

ar
at
io
n
an

d
se
rv
in
g;

In
st
al
la
tio
n
¼

in
st
al
la
tio
n
an

d
m
ai
nt
en
an

ce
;L
D
¼

le
ar
ni
ng

di
sa
bi
lit
y;

M
R
¼

m
en
ta
lr
et
ar
da

tio
n;

O
ffi
ce
¼

of
fic
e
an

d
ad

m
in
is
tra

tiv
e;

Pr
od

uc
tio
n
¼

pr
od

uc
tio
n
an

d
fa
ct
or
y;

Se
rv
ic
e
¼

pe
rs
on

al
ca

re
an

d
se
rv
ic
e;

SL
I¼

sp
ee

ch
/
la
ng

ua
ge

im
pa

irm
en
t;
Tr
an

sp
or
t¼

tra
ns
po

rta
tio

n
an

d
m
at
er
ia
lm

ov
in
g.

JOURN

936 www.jaacap.org

ROUX et al.
school, roughly equivalent to recently published
rates.1,3 However, the covariate-adjusted odds of
ever having worked for pay since high school
were significantly higher for young adults in the
MR, ED, LD, and SLI comparison groups. Better
outcomes for young adults from comparison
disability types with similar demographic and
disability characteristics highlight the achieve-
ment gap facing youth with ASDs.

In their current or most recent jobs, the vast
majority of young adults with an ASD were
working less than full-time, with average earn-
ings of about $8.10 per hour, significantly lower
than average wages for young adults in the
comparison groups. Our findings also suggested
that young adults with an ASD had fewer jobs
and less variation in types of jobs than young
adults in comparison groups.

Young adults with an ASD who had higher
functional skills, better conversational abilities,
and higher household incomes were more
likely to achieve employment. Higher household
income in this population also corresponds to
higher rates of service use,33 and is a marker for
social capital—a construct that entails resources
to which an individual has access through a
network of social relations.34,35 Social capital is
associated with higher rates of employment in the
general population.36

Even among individuals with an ASD who
had the most impaired conversational abilities,
approximately one-fifth did become employed.
This highlights that employment is potentially
feasible even among those with high levels of
impairment.

This study had some notable limitations. The
age range of participants creates variation in the
length of time that young adults had been out of
school. Thus, data on variables such as “number
of jobs held,” which is partly a function of time
since high school, need to be interpreted with
caution. An additional limitation was the
absence of measures of IQ or psychiatric symp-
toms in the NLTS2. This made it impossible to
identify comorbid conditions or to establish their
influence on outcomes. The functional skills
and conversation impairment survey questions
provided some measure of disability severity
with high face validity, but have not been
validated with the rigor of normed clinical
measures.

The results of this study generalize to young
adults who were 13 to 16 years of age and were
receiving special education under the autism
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TABLE 4 Logistic Regression Model of Having Ever
Worked for Pay Since High School Among Young Adults
With an Autism Spectrum Disorder

Covariate
Odds Ratio
(95% CI)

Sex (female) 1.6 (0.8e3.1)
Age 1.3* (1.0e1.6)
Hispanic ethnicity 0.5 (0.2e1.1)
Race (vs. white)

African American 0.6 (0.3e1.4)
Mixed/other 1 (0.4e2.6)

Parent or guardian household
income, $10,000 increments

1.1* (1.0e1.3)

Overall health 1 (0.7e1.4)
Conversational impairment 0.5*** (0.3e0.7)
Functional skills 1.1** (1.0e1.1)

Note: National Longitudinal Transition Studye2 (NLTS2), Wave 5,
2009. Variances adjusted for sampling method. Number of multiply
imputed data sets ¼ 50.
*p < .05, **p < .01, ***p < .001.

EMPLOYMENT IN YOUNG ADULTS WITH AUTISM
category in 2000. It is impossible to estimate
precisely the degree to which results generalize to
the entire population of young adults with an
ASD. To the best of our knowledge, there have
been no U.S. studies of young adults with an
ASD that are perfectly representative of the entire
ASD population. Indeed, devising a sampling
procedure that would result in a perfectly repre-
sentative sample of the entire autism spectrum
in young adulthood is difficult to conceive.
However, the characteristics of the population
represented by our sample approximated the
male:female ratio, race, and ethnicity distribu-
tions of other recent population-based research
on autism.37,38 The wide range of conversational
and functional skills impairments in the NLTS2
ASD population is consistent with the spectrum
of diagnostic features that characterize ASD
diagnosis.39

We excluded cases from comparison groups
if a parent reported that the youth had ever
received an ASD diagnosis. However, it is still
possible that some youth in comparison groups
would also meet diagnostic criteria for an ASD
if clinically assessed. If this were the case, then it
is possible that observed group differences might
actually underestimate the true magnitude of
group differences. As this study was based on
secondary survey data, we had no way to go
back and contact participants for additional
JOURNAL OF THE AMERICAN ACADEMY OF CHILD & ADOLESCENT PSYCHIATR
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data collection using more rigorous clinical
measures.

This study also has several strengths. First, it
used nationally representative estimates from a
large and recent sample of young adults with an
ASD at 21 to 25 years of age. Second, comparison
with young adults with other types of disabilities
helps to contextualize the findings for ASDs.
Third, this study provided results stratified by
income and functional skills, providing baseline
data on employment in vulnerable subpopula-
tions of young adults with an ASD. Awareness
and monitoring of these vulnerable subgroups
is critical, as they may be in need of additional
services and support to successfully transition
into postsecondary employment. Finally, NLTS2
incorporated rigorous methods for developing,
field testing, and administering survey protocols,
and extensively analyzed and adjusted for non-
response bias in the sample at each wave of data
collection.

Our findings of consistently poorer outcomes
for young adults with an ASD relative to other
disability groups suggest that this population
is experiencing particular difficulty in success-
fully transitioning to employment in the first
years after high school. Overall, patterns of low
employment rates, hours worked, and wages, in
conjunction with limited job types, appear to be
insufficient for supporting independent living
for young adults with an ASD. Thus, families
likely are bearing increased financial burden for
continued dependent support.

This study confirms that employment can
occur for many young adults with an ASD over
the initial years after school, even for those with
severe levels of impairment. Strategies for im-
proving employment outcomes might include
providing work experiences during high school,40

deliberate matching of capabilities to job types
during transition planning,41 attention to the
vulnerabilities of disadvantaged youth with ASD
during and beyond transition,2 and increased
flexibility of institutional supports provided
over the occupational life course.19 Given expec-
tations for continued growth in the number of
young adults with an ASD entering adulthood,
urgent consideration should be given to em-
ployment preparation that is consistent with
the current labor market, to facilitate employ-
ment and to minimize costs to society. Future
research is needed to determine how training
Y
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provided during secondary school, in addition
to postsecondary vocational education and reha-
bilitation services, may contribute to future
employment. &
Clinical Guidance

� About one-half of young adults with an autism
spectrum disorder (ASD) work for pay within the first
8 years after high school.
� The postsecondary employment rate for young adults
with an ASD is lower than the rate seen in other
disability groups, even after controlling for
household income, severity, and other factors.
� The odds of ever having worked for pay were
higher for young adults with an ASD who were from
higher-income households, and who had better
conversational abilities or functional skills.
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Abstract

Problem/Condition: Autism spectrum disorder (ASD).
Period Covered: 2020.
Description of System: The Autism and Developmental Disabilities Monitoring (ADDM) Network is an active surveillance 
program that provides estimates of the prevalence of ASD among children aged 8 years. In 2020, there were 11 ADDM Network 
sites across the United States (Arizona, Arkansas, California, Georgia, Maryland, Minnesota, Missouri, New Jersey, Tennessee, 
Utah, and Wisconsin). To ascertain ASD among children aged 8 years, ADDM Network staff review and abstract developmental 
evaluations and records from community medical and educational service providers. A child met the case definition if their record 
documented 1) an ASD diagnostic statement in an evaluation, 2) a classification of ASD in special education, or 3) an ASD 
International Classification of Diseases (ICD) code.
Results: For 2020, across all 11 ADDM sites, ASD prevalence per 1,000 children aged 8 years ranged from 23.1 in Maryland 
to 44.9 in California. The overall ASD prevalence was 27.6 per 1,000 (one in 36) children aged 8 years and was 3.8 times as 
prevalent among boys as among girls (43.0 versus 11.4). Overall, ASD prevalence was lower among non-Hispanic White children 
(24.3) and children of two or more races (22.9) than among non-Hispanic Black or African American (Black), Hispanic, and 
non-Hispanic Asian or Pacific Islander (A/PI) children (29.3, 31.6, and 33.4 respectively). ASD prevalence among non-Hispanic 
American Indian or Alaska Native (AI/AN) children (26.5) was similar to that of other racial and ethnic groups. ASD prevalence 
was associated with lower household income at three sites, with no association at the other sites.
Across sites, the ASD prevalence per 1,000 children aged 8 years based exclusively on documented ASD diagnostic statements 
was 20.6 (range = 17.1 in Wisconsin to 35.4 in California). Of the 6,245 children who met the ASD case definition, 74.7% 
had a documented diagnostic statement of ASD, 65.2% had a documented ASD special education classification, 71.6% had a 
documented ASD ICD code, and 37.4% had all three types of ASD indicators. The median age of earliest known ASD diagnosis 
was 49 months and ranged from 36 months in California to 59 months in Minnesota.
Among the 4,165 (66.7%) children with ASD with information on cognitive ability, 37.9% were classified as having an intellectual 
disability. Intellectual disability was present among 50.8% of Black, 41.5% of A/PI, 37.8% of two or more races, 34.9% of 
Hispanic, 34.8% of AI/AN, and 31.8% of White children with ASD. Overall, children with intellectual disability had earlier 
median ages of ASD diagnosis (43 months) than those without intellectual disability (53 months).

Interpretation: For 2020, one in 36 children aged 8 years 
(approximately 4% of boys and 1% of girls) was estimated to 
have ASD. These estimates are higher than previous ADDM 
Network estimates during 2000–2018. For the first time 
among children aged 8 years, the prevalence of ASD was 
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lower among White children than among other racial and ethnic groups, reversing the direction of racial and ethnic differences 
in ASD prevalence observed in the past. Black children with ASD were still more likely than White children with ASD to have a 
co-occurring intellectual disability.
Public Health Action: The continued increase among children identified with ASD, particularly among non-White children 
and girls, highlights the need for enhanced infrastructure to provide equitable diagnostic, treatment, and support services for all 
children with ASD. Similar to previous reporting periods, findings varied considerably across network sites, indicating the need for 
additional research to understand the nature of such differences and potentially apply successful identification strategies across states.

Introduction
Autism spectrum disorder (ASD) is a developmental 

disability characterized by persistent impairments in social 
interaction and the presence of restricted, repetitive patterns 
of behaviors, interests, or activities (1) that can cause a wide 
array of difficulties in social interaction, communication, and 
participation in daily activities. CDC began monitoring the 
prevalence of ASD in metropolitan Atlanta, Georgia, in 1996 
as part of its Metropolitan Atlanta Developmental Disabilities 
Surveillance Program (2). CDC established the Autism and 
Developmental Disabilities Monitoring (ADDM) Network in 
2000 and used the model developed in metropolitan Atlanta 
to track ASD prevalence in additional areas of the country. 
Starting with the 2000 surveillance year, the ADDM Network 
has reported ASD prevalence for even-numbered years (3–12). 
This is the 11th surveillance summary published in MMWR 
and marks a period of 20 years of monitoring ASD in multiple 
U.S. communities.

During the past two decades, ASD prevalence estimates of 
children aged 8 years from the ADDM Network have increased 
markedly, from 6.7 (one in 150) per 1,000 in 2000 to 23.0 
(one in 44) in 2018 (3,12). In addition, overall ASD prevalence 
among White children was 50% higher than among Black 
or African American (Black) or Hispanic children in earlier 
years. (Persons of Hispanic origin might be of any race but are 
categorized as Hispanic; all racial groups are non-Hispanic). 
These gaps narrowed over time until ASD prevalence among 
Black and Hispanic matched prevalence among White children 
for the first time in 2016 and 2018, respectively (11,12). 
Similarly, robust associations between autism prevalence and 
higher socioeconomic status were observed in ADDM Network 
sites during 2002–2010 (13); however, this association 
was much more variable in 2018 (12). These patterns have 
largely been interpreted as improvements in more equitable 
identification of ASD, particularly for children in groups that 
have less access or face greater barriers in obtaining services 
(including diagnostic evaluations). However, consistent 
disparities for co-occurring intellectual disability exist because 
among all children with ASD, Black children have the largest 
proportion identified with intellectual disability (10–12).

This report describes ASD prevalence and characteristics 
among children aged 8 years from 11 ADDM Network 
sites in 2020, including prevalence by site and demographic 
characteristics, median ages when children with ASD were first 
evaluated or identified, and the co-occurrence of intellectual 
disability. These data can be used by service providers, 
educators, communities, researchers, and policymakers to track 
trends and support efforts to ensure the equitable allocation of 
needed services and support for all children with ASD.

Methods
Surveillance Sites and Procedures

For 2020, the ADDM Network included 11 sites (Arizona, 
Arkansas, California, Georgia, Maryland, Minnesota, 
Missouri, New Jersey, Tennessee, Utah, and Wisconsin) that 
monitored ASD prevalence. Each site selected a geographic 
area of its state to monitor ASD among children aged 8 years 
(Table 1). Children included in this report were born in 2012 
and lived in surveillance areas of the 11 sites during 2020. 
Sites were competitively funded and functioned as public 
health authorities under the Health Insurance Portability and 
Accountability Act of 1996 Privacy Rule and met applicable 
local institutional review board, privacy, and confidentiality 
requirements under 45 CFR 46 (14).

Case Ascertainment and Surveillance 
Case Definition

The ADDM Network conducts active surveillance of ASD 
by using multiple sources of information within a community 
(Table 1). The methods for collecting information and the 
case definition were unchanged from the 2018 surveillance 
year (12) and were modeled after those developed by CDC’s 
Metropolitan Atlanta Developmental Disabilities Surveillance 
Program (3). Sites request records from community medical, 
education, and service providers containing specific billing 
codes from the International Classification of Diseases, Ninth 
Revision (ICD-9) or International Classification of Diseases, 
Tenth Revision (ICD-10) or special education classification. 
The protocol allowed each site to select the ICD codes that 
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necessitate record review if those codes closely aligned with 
program-recommended ICD codes (11). All ADDM Network 
sites used records from medical service providers that evaluated 
children with developmental disabilities and, for the first time, 
all sites had at least partial access to public school education 
records (Table 1). ADDM Network sites received information 
(including demographic data and ICD codes or special 
education classifications) for children with one or more of the 
requested codes or classifications, and ADDM staff manually 
reviewed the contents of associated (electronic and paper-
based) records when available. If any part of the child’s record 
contained information meeting the case definition, ADDM 
staff abstracted information from the child’s developmental 
evaluations, special education plans, and other documents (e.g., 
cognitive or IQ tests) from all data sources. At certain sites, full 
record review could not be completed for all records because of 
the COVID-19 pandemic or other restrictions on physically 
accessing the location where records were stored (Table 1).

Children met the ASD case definition if they were aged 
8 years in 2020 (born in 2012), lived in the surveillance area 
for at least 1 day during 2020, and had documentation in their 
records that they ever received 1) a written ASD diagnostic 
statement from a qualified professional, 2) a special education 
classification of autism (either primary exceptionality of ASD 
or an evaluation reporting criterion for autism eligibility was 
met) in public school, or 3) an ASD ICD code (ICD-9 codes 
between 299.00 and 299.99 or ICD-10 codes in the F84 range 
except for F84.2, Rett syndrome) obtained from administrative 
or billing information. Five children had an ICD code for 
Rett syndrome (F84.2) and no other indicators of ASD and 
did not meet the ASD case definition. ASD-related diagnostic 
conclusions (including suspected ASD or ruled out ASD) 
were collected verbatim from evaluations and were reviewed 
and classified by ADDM Network staff with clinical expertise 
at each site.

Additional Data Sources and 
Variable Definitions

Population denominators were obtained from the U.S. Census 
vintage 2021 county-level single-year-of-age postcensal 
population estimates for 2020 (15). In this report, the Asian 
and Native Hawaiian or other Pacific Islander categories 
were combined into Asian or Pacific Islander because current 
systems often combine these categories or are not explicit 
whether “Asian” at a given data source includes “Native 
Hawaiian or other Pacific Islander.” Population denominators 
include categories for American Indian or Alaska Native 
(AI/AN), Asian or Pacific Islander (A/PI), Black, White, two 
or more races, and Hispanic ethnicity. In previous ADDM 

Network reports, the denominator data were based on the 
National Center for Health Statistics postcensal bridged race 
estimates (also produced by the Census Bureau) (16); the 
bridged race data set did not include a category for two or 
more races, which increased counts in the other categories.

Surveillance areas at three sites (Arizona, California, and 
Minnesota) comprised subcounty school districts. For these 
sites, county population estimates were adjusted using the 
National Center for Education Statistics public school 
enrollment counts and the American Community Survey tract-
level ages 5–9 years population estimates described previously 
(12). The primary race and ethnicity and sex information came 
from medical or education records and, when missing, was 
augmented by birth certificate linkages (among children born 
in the state of their residence at age 8 years), administrative, 
or billing information. Children with missing or unknown 
race or ethnicity information were excluded from race- and 
ethnicity-specific prevalence estimates.

Census tract-level median household income (MHI) was 
measured using the 2020 American Community Survey 5-year 
estimates (17). Population counts of children aged 8 years were 
estimated by dividing the number of children aged 5–9 years by 
five for each census tract. The tracts included in the surveillance 
areas were classified into three approximately equal-sized 
population groups (i.e., tertiles) of low, medium, and high 
MHI by using data from all sites. Children meeting the 
ADDM Network case definition for ASD were geocoded and 
assigned to a socioeconomic status (SES) group corresponding 
to their 2020 address. Census tract information was available 
for 96.0% of children; the remainder could not be linked to a 
census tract but had service receipt or school attendance that 
indicated study area residence.

A child was classified as having intellectual disability if 
they had an IQ score ≤70 on their most recent cognitive 
test or intellectual disability was indicated in a statement in 
a developmental evaluation from a qualified professional. 
Children were classified in the borderline range for IQ if the 
score on their most recent test was 71–85, and in the average or 
higher range with most recent IQ score >85 or with a statement 
their IQ was in the average range without a specific score. Age 
at first developmental evaluation was limited to children with 
information on the earliest collected or historically reported 
evaluation. Age at first ASD diagnosis was based on the earliest 
documented age when a qualified professional diagnosed ASD.

Analytic Methods
Prevalence was calculated as the number of children with 

ASD per 1,000 children in the defined population or group. 
Overall ASD prevalence estimates included all children with 
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ASD from all 11 sites. Prevalence also was stratified by sex and 
by race and ethnicity using both the U.S. Census postcensal 
population estimates as well as the National Center for Health 
Statistics postcensal bridged race denominators. The Wilson 
score method was used to calculate 95% CIs. Pearson chi-square 
tests were used to compare proportions, and the Mantel-Haenszel 
(Woolf ) test of homogeneity compared prevalence ratios across 
sites. Permutation tests were conducted to test differences in 
medians. Cochran Armitage tests were used to detect trends 
in prevalence across SES tertiles. Prevalence estimates with a 
relative SE >30% (and ratios calculated from those estimates) 
were considered to have limited statistical precision and were 
suppressed. Statistical tests with p values <0.05 and prevalence 
ratio 95% CIs that excluded 1.0 were considered statistically 
significant. R software (version 4.2; R Foundation) and 
additional packages were used to conduct analyses (12).

Results
ASD Prevalence

The overall ASD prevalence per 1,000 children aged 8 years 
was 27.6 (one in 36) and ranged from 23.1 in Maryland to 
44.9 in California (Table 2). The overall male-to-female 
prevalence ratio was 3.8, with overall ASD prevalence of 43.0 
among boys and 11.4 among girls. The same sites conducted 
ASD surveillance in 2018 and reported a combined prevalence 
of 23.0; however, certain sites changed their geographic 
areas or access to data sources for the current reporting 
period (Supplementary Table 1, https://stacks.cdc.gov/view/
cdc/124397). The two sites with the largest relative changes 
(Missouri [48.5%] and Wisconsin [49.5%]) from 2018 to 
2020 had increased access to education records in 2020 but 
no change in the geographic areas.

Overall, ASD prevalence per 1,000 children aged 8 years 
differed by racial and ethnic groups (Table 3); prevalence 
among White children (24.3) was lower than prevalence 
among Black, Hispanic, or A/PI children (29.3, 31.6, and 
33.4, respectively). Among AI/AN children, ASD prevalence 
was 26.5 overall and was similar to other groups, but estimates 
met the 30% relative SE threshold for statistical precision in 
just one site (Arizona). ASD prevalence among children of two 
or more races was 22.9, which was not different than among 
White children but was lower than prevalence among AP/I, 
Black, and Hispanic children. Missouri was the only site in 
which White children had higher ASD prevalence than another 
racial or ethnic group (White compared with two or more 
races). Additional prevalence ratios comparing racial and ethnic 

groups are available (Supplementary Table 2, https://stacks.
cdc.gov/view/cdc/124397). Prevalence calculations using the 
bridged-race denominator racial and ethnic categories used in 
previous reports (Supplementary Table 3, https://stacks.cdc.
gov/view/cdc/124397) yielded similar findings of lower ASD 
prevalence among White children compared with that among 
Asian, Black, and Hispanic children.

In eight sites, ASD prevalence was not associated with census 
tract-level MHI, but in three sites (Arizona, New Jersey, and 
Utah), lower ASD prevalence was observed among children 
living in census tracts with higher MHI (Figure 1). When all 
sites were combined, prevalence of ASD was lower among census 
tracts with higher MHI; however, ASD prevalences for the low, 
medium, and high SES tertiles were all between 23.0–27.2.

ASD Identification
The percentage of children with diagnostic statements, 

special education classifications, and ICD codes varied by 
site (Table 4). Across sites, the percentage of children with 
ASD who had a documented ASD diagnostic statement 
was 74.7% overall (range = 60.9% in Wisconsin to 94.7% 
in New Jersey). ASD prevalence per 1,000 children aged 
8 years based exclusively on documented ASD diagnostic 
statements was 20.6 overall (range  =  17.1 in Wisconsin to 
35.4 in California) (Figure 2). The overall percentage of 
children with ASD who had a documented ASD special 
education classification was 65.2% (range = 44.9% in Utah 
to 84.9% in Minnesota) (Table 4). The percentage of children 
with ASD who had a documented ICD code was 71.6% 
(range  =  51.9% in Minnesota to 82.7% in California). A 
majority of (74.2%) children with ASD had at least two of 
the three types of ASD identification documented in their 
records (i.e., ASD diagnostic statement, special education 
classification, and ASD ICD code) and 37.4% had all three 
(Figure 3). A majority of children with an ICD code (89.5% 
of 4,472 children) also had a documented ASD diagnostic 
statement or ASD special education classification; among all 
children with ASD, few (7.5% of 6,245 children) met the case 
definition through having an ICD code only. A majority of 
children with documents indicating an ASD diagnosis or ASD 
special education classification had these mentioned multiple 
times in their records (overall median number of diagnoses 
documented: two; range: one in Tennessee to six in New Jersey; 
overall median special education classifications documented: 
four, site-specific medians ranging from two in Wisconsin and 
Tennessee to six in California) (Supplementary Table 4, https://
stacks.cdc.gov/view/cdc/124397).

https://stacks.cdc.gov/view/cdc/124397
https://stacks.cdc.gov/view/cdc/124397
https://stacks.cdc.gov/view/cdc/124397
https://stacks.cdc.gov/view/cdc/124397
https://stacks.cdc.gov/view/cdc/124397
https://stacks.cdc.gov/view/cdc/124397
https://stacks.cdc.gov/view/cdc/124397
https://stacks.cdc.gov/view/cdc/124397
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FIGURE 1. Prevalence* of autism spectrum disorder among children aged 8 years, by median household income tertile and site — Autism and 
Developmental Disabilities Monitoring Network, 11 sites, United States, 2020†
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* Per 1,000 children aged 8 years. Dots are the point estimates and horizontal lines are the 95% CIs.
† Cochran Armitage test of trend for association between socioeconomic status tertile and ASD prevalence, by site and overall: Arizona p = 0.03; Arkansas p = 0.3; 

California p = 0.5; Georgia p = 0.08; Maryland p = 0.9; Minnesota p = 0.8; Missouri p = 0.3; New Jersey p<0.01; Tennessee p = 0.1; Utah p<0.01; Wisconsin p = 0.08; 
Total p<0.01.

Among children with ASD, 37.4% ever had an evaluation 
report noting that ASD was suspected but not confirmed 
(Table 4). Overall, 11.6% of children with ASD had an ASD 
diagnosis or special education eligibility ruled out (range = 4.3% 
in Georgia to 29.3% in California). For a majority of children, 
ASD was confirmed after ASD had previously been ruled 
out; however, 3.9% (range = 0.2% in New Jersey to 12.8% in 
California) of all children with ASD had an evaluation ruling 
out ASD more recently than one confirming ASD.

Cognitive Ability Among Children 
with ASD

Data on cognitive ability were available for 4,165 (66.7%) 
children aged 8 years with ASD (range: 39.7% in Wisconsin 
to 91.2% in Arkansas) (Table 5). Among children with data on 
cognitive ability, the median age of the most recent cognitive 
test or examiner impression was 67 months (interquartile 
range: 51–81 months) (Supplementary Table 5, https://
stacks.cdc.gov/view/cdc/124397). Girls with ASD were less 
likely than boys with ASD to have data on cognitive ability 
(64.4% versus 67.3%). Similar percentages of Black and White 

https://stacks.cdc.gov/view/cdc/124397
https://stacks.cdc.gov/view/cdc/124397
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FIGURE 2. Prevalence* of autism spectrum disorder among 
children aged 8 years, by identification type and site — Autism 
and Developmental Disabilities Monitoring Network, 11 sites, 
United States, 2020†
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† Horizontal line is the overall Autism and Developmental Disabilities Monitoring 
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documented autism spectrum disorder (ASD) statements could also have 
ASD classifications in special education or ASD ICD codes.

FIGURE 3. Euler diagram of different types of autism spectrum 
disorder identification among children aged 8 years with autism 
spectrum disorder* — Autism and Developmental Disabilities 
Monitoring Network, 11 sites, United States, 2020
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Abbreviations: ASD = autism spectrum disorder; ICD = International 
Classification of Diseases.
* N = 6,245.

children had data on cognitive ability (66.8% and 65.0%, 
respectively), but Hispanic children (68.8%) were more 
likely to have cognitive data than White children. AI/AN 
(79.3%) and A/PI (71.2%) children and those of two or 
more races (73.9%) all had cognitive data at least as often 
as the other groups.

Among children aged 8 years with ASD who had data on 
cognitive ability, 37.9% were classified as having intellectual 
disability at their most recent test or examination, 23.5% were 
classified in the borderline range (IQ 71–85), and 38.6% were 
classified in the average or higher range (IQ >85) (Table 5). The 
percentage of children classified as having intellectual disability 
varied widely among sites (range = 21.7% in California to 
51.0% in Tennessee). The median age of most recent test also 
varied by site (range = 55 months in Wisconsin to 79 months 
in Arizona) (Supplementary Table 5, https://stacks.cdc.gov/
view/cdc/124397). Overall, girls with ASD were more likely 
to be classified as having an intellectual disability than boys 
with ASD (42.1% versus 36.9%), and Black children were 
more likely than Hispanic and White children to be classified 
as having intellectual disability (50.8%, 34.9%, and 31.8%, 
respectively). The percentage of children with ASD and 
intellectual disability among A/PI, two or more races, or AI/AN 
children was 41.3%, 37.8%, and 34.8%, respectively.

Age at First Evaluation and ASD Diagnosis
Among 5,744 children aged 8 years with ASD and 

recorded evaluations, 49% were evaluated by age 36 months 
(range = 38.5% in Utah to 59.5% in Maryland) (Table 6). The 
median age at first recorded evaluation ranged from 32 months 
in California to 44 months in Utah. Children with ASD with 
an intellectual disability were more likely to be evaluated by 
age 36 months compared with children with ASD without an 
intellectual disability (61.8% versus 46.0%).

Among the 4,663 children aged 8 years with ASD who 
had an evaluation containing an ASD diagnostic statement, 
the median age at earliest known diagnosis was 49 months 
(range = 36 months in California to 59 months in Minnesota) 
(Table 7). Children with ASD and intellectual disability had a 
lower median age at diagnosis (43 months) than children without 
an intellectual disability (53 months). When special education 
classifications of autism were considered with ASD diagnoses 
for earliest identification, 5,579 children with ASD were 
identified with a median age of 52 months (range = 39 months 
in California and New Jersey to 60 months in Arizona).

https://stacks.cdc.gov/view/cdc/124397
https://stacks.cdc.gov/view/cdc/124397
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Discussion
For 2020, the prevalence estimate of ASD per 1,000 children 

aged 8 years was 27.6 (range: 23.1 in Maryland to 44.9 in 
California), which is higher than previous estimates from 
the ADDM Network. For the first time, the overall ASD 
prevalence for girls was >1% (11.4); in contrast, the prevalence 
among boys had already been noted to be higher (11.5) in 
the first ADDM Network report in 2002 (4). The continued 
variability in prevalence across ADDM sites, as well as the 
shifting in differences between demographic groups, highlight 
an ongoing need to better understand the systems and practices 
that contribute to this variability.

In its earliest years, the ADDM Network consistently 
reported lower overall ASD prevalence among Black and 
Hispanic versus White children aged 8 years. The White-Black 
gap in ASD prevalence narrowed in 2014, and there was 
no overall difference in ASD prevalence in 2016 or 2018 
(Supplementary Figure 1, https://stacks.cdc.gov/view/
cdc/124397). ASD prevalence among Asian, Black, and 
Hispanic children was at least 30% higher in 2020 than 2018, 
and ASD prevalence among White children was 14.6% higher 
than in 2018. Although this was the first time the ADDM 
Network reported lower ASD prevalence among White 
children than among other groups for children aged 8 years, 
a similar pattern was observed among children aged 4 years 
in 2018 (18). In addition, similar patterns were reported in 
analyses of national special education data and of California 
Developmental Services data, illustrating the prevalence of ASD 
classifications among Black and Hispanic children catching 
up and eclipsing that of White children over time (19,20). 
These patterns might reflect improved screening, awareness, 
and access to services among historically underserved groups. 
ASD prevalence in 2020 also was associated with lower SES, 
the opposite of what was observed previously (13), further 
supporting progress in identifying children regardless of race 
and ethnic group. As evidence grows of increased access to 
identification, attention might shift to what factors, such as 
social determinants of health, could lead to higher rates of 
disability among certain populations.

Even with higher ASD prevalence among Black compared 
with White children, Black children with ASD remained 
more likely to have co-occurring intellectual disability 
than White children, a finding that has been observed over 
multiple ADDM Network surveillance reports and among 
Black compared with White children without ASD in the 
United States (21). If Black children with ASD have less 
access to services than White children with ASD, as has been 
previously reported, the disproportionality in co-occurring 
intellectual disability might indicate an underascertainment 

of ASD among Black children without intellectual disability. 
Continued monitoring of trends is warranted, and it might 
be appropriate to re-examine potential risk or protective 
factors that were previously studied when the demographic 
composition of ASD was different.

During this period of changing demographic differences 
in ASD prevalence, the ADDM Network implemented two 
methodological changes. First, a new ASD case definition 
was adopted for the 2018 surveillance year. The previous 
case definition relied on reviewing written descriptions of 
ASD symptoms that were documented in comprehensive 
developmental evaluations. It could classify children without 
any formal ASD identification as ASD cases and could exclude 
children who had ASD diagnosed but lacked sufficient 
corroborating details in their records. An analysis found that 
non-White children were more likely to have incomplete 
records, which could lead to underascertainment of ASD 
compared with White children (22). However, a retroactive 
application of the current case definition to the 2014 and 
2016 surveillance years indicates similar prevalence ratios by 
race and ethnicity as the previous case definition (23). The 
second change, implemented in 2020, is using population 
denominators with standardized racial and ethnic categories. 
The most important difference from the previous (bridged-race) 
denominators is the inclusion of a category for two or more 
races, which reduces the size of the denominators among the 
other racial groups. Nevertheless, prevalence estimates based 
on the previous bridged-race denominators produced a similar 
pattern of lower ASD prevalence among White children 
compared with the other groups (Supplementary Table 3, 
https://stacks.cdc.gov/view/cdc/124397). Thus, there were 
qualitatively similar patterns when consistent case definitions 
and denominator data sets were applied during 2014–2020.

Although ASD can be identified by age 1 year in certain 
cases (24,25), as described in this report, a majority of children 
aged 8 years living in ADDM communities were not identified 
until they were several years older. The reported median age of 
identification has not changed much over the years of ADDM 
Network surveillance, but it does not necessarily indicate a 
lack of progress in community early identification efforts. In 
a recent analysis of ADDM Network data during 2002–2016, 
the median age of diagnosis might mask progress in early 
detection if more children are identified (i.e., prevalence 
increases) at all ages and does not include children who might 
have ASD diagnosed after age 8 years (26,27). Therefore, the 
ADDM Network now reports the cumulative incidence of 
ASD by age 48 months as a measure of early identification 
and compares children aged 4 years and 8 years living in the 
same communities as a measure of progress (28,29). The 2020 
report on early identification of ASD found more children were 

https://stacks.cdc.gov/view/cdc/124397
https://stacks.cdc.gov/view/cdc/124397
https://stacks.cdc.gov/view/cdc/124397
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identified at early ages than in the past, but many are still not 
identified until they are school-aged (30).

CDC maintains a list of peer-reviewed autism prevalence studies 
with similar metrics to ADDM surveillance reports (https://
www.cdc.gov/ncbddd/autism/data/autism-data-table.html). 
Other federal programs reporting ASD prevalence information 
in the United States include the National Survey for Children’s 
Health (NSCH) and the National Health Interview Survey. 
The ASD prevalence estimate based on the 2020 and 2021 
NSCH was 2.9% and the 95% CI (2.7%–3.1%) included the 
2020 ADDM Network ASD prevalence estimate (2.76%) (31). 
These surveys aim to produce nationally representative 
estimates among children aged 3–17 years old and ascertain 
information about ASD through parental report, whereas the 
ADDM Network estimates are not intended to be nationally 
representative and are generated from empirical data collected 
from multiple sources among participating communities. The 
active surveillance approach used by the ADDM Network 
allows reporting of when and where children are identified 
with ASD and affords comparisons between and within diverse 
U.S. communities and is not dependent on parental survey 
participation and ASD reporting. To facilitate comparisons 
between different data sources, CDC maintains an interactive 
website that presents U.S. state-based ASD prevalence data 
from four data systems (ADDM Network, NSCH, Medicaid, 
and special education) (https://www.cdc.gov/ncbddd/autism/
data/index.html).

Limitations
The findings in this report are subject to at least seven 

limitations. First, the methods rely on the availability, quality, 
and completeness of existing information and records to 
ascertain ASD cases and other indicators. Although all sites had 
access to special education classification data, certain sites did 
not have access to education records for their entire population, 
limiting the ability to identify children with ASD exclusively 
identified and served through their schools. Sites requested 
records from public school special education programs but 
did not review private school education records. Incomplete 
information could lead to misclassifying children’s cognitive 
ability, overestimating the age when they were first evaluated 
or when ASD was diagnosed, or failing to ascertain that the 
children were identified as having ASD. Sex information 
reflects what is represented in children’s records and might 
not reflect their gender identity. Second, the case definition 
for intellectual disability was measured using a child’s latest 
cognitive test or examiner statement of a child’s cognitive 
ability. Diagnostic and special education eligibility criteria for 

intellectual disability requires concurrent adaptive functioning 
deficits (32). IQ scores are not necessarily stable measures of 
intellectual ability over time, can increase among children with 
ASD in response to intensive early therapeutic interventions 
(33), and might be unstable during early childhood (34). The 
age at which children had their most recent test or examiner 
impression of cognitive ability varied by site. Third, the 
ADDM Network sites are not intended to be representative 
of the states in which the sites are located. ADDM Network 
sites are selected through an objective and competitive process, 
and findings do not necessarily generalize to all children aged 
8 years in the United States. Interpretations of temporal 
trends can be complicated by changing surveillance areas, case 
definitions, data source access, and diagnostic practices. Fourth, 
small numbers result in imprecise estimates for certain sites and 
subgroups, and estimates falling below the selected threshold 
for statistical precision were suppressed. Fifth, the surveillance 
data system does not collect the number of ASD ICD codes 
a child received at a specific source, limiting comparability to 
analyses of claims/billing databases that consider number of 
ICD codes received. Sixth, the COVID–19 pandemic resulted 
in reduced access to records from some sources at certain 
sites; it was often possible to electronically obtain some data 
elements from these sources but not manually review the full 
contents of records. Disruptions in services and school closures 
during 2020 might have resulted in less documentation of 
ASD in records, which could decrease ASD ascertainment by 
ADDM sites. Finally, the prevalence of undetected ASD in 
each community as well as false-positive ASD diagnoses and 
classifications are unknown.

Future Directions
For the 2022 and 2024 surveillance years, the ADDM 

Network will continue to monitor ASD prevalence among 
children aged 8 years; progress in early ASD identification 
among children aged 4 years; and the health status of, needs 
of, and planning for adolescents with ASD as they prepare 
to transition to adulthood. The 2020 early identification 
ADDM Network report documents the impact of the 
COVID-19 pandemic on early evaluation and detection 
of ASD; the effects of the pandemic on ASD identification 
also will be examined among children aged 4 and 8 years in 
future years of surveillance. Additional analyses are needed to 
better understand changing patterns in ASD prevalence and 
differences between groups; for example, changes between 
2010 (when higher income was associated with higher ASD 
prevalence) to the present findings of higher prevalence among 
lower-SES neighborhoods are comparable to studies from 

https://www.cdc.gov/ncbddd/autism/data/autism-data-table.html
https://www.cdc.gov/ncbddd/autism/data/autism-data-table.html
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France and Sweden (35,36). In the future, it might be possible 
to link the Social Vulnerability Index to children ascertained 
through the ADDM Network to better describe disparities 
within communities.

Conclusion
Findings from the ADDM Network 2020 surveillance year 

indicate higher ASD prevalence than previous estimates from 
the ADDM Network and continuing evidence of a marked 
shift in the demographic composition of children identified 
with ASD compared with previous years. Although earlier 
ADDM Network reports have shown higher prevalence among 
higher-SES White children compared with other groups, the 
latest data indicate consistently higher prevalence among Black 
and Hispanic children compared with White children, and no 
consistent association between ASD and SES. Furthermore, 
this is the first ADDM Network report in which the prevalence 
of ASD among girls has exceeded 1%. Since 2000, the 
prevalence of ASD has increased steadily among all groups, 
but during 2018–2020, the increases were greater for Black 
and Hispanic children than for White children. These data 
indicate that ASD is common across all groups of children and 
underscore the considerable need for equitable and accessible 
screening, services, and supports for all children.
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TABLE 1. Surveillance sites and data sources used for surveillance in each site — Autism and Developmental Disabilities Monitoring Network, 
11 sites, United States, 2020

Site
Surveillance area 

description

Total 
population 
aged 8 yrs

% 
American 
Indian or 

Alaska 
Native*

%  
Asian or 
Pacific 

Islander
%  

Black
% 

Hispanic
%  

White

%  
Two or 
more 
races

Types of  
data sources  

used†

Education 
data sources 

(% 
population 
coverage)§

% 
of requested 
records fully 

accessible for 
chart review

Arizona Part of one county 
in metropolitan 
Phoenix

13,118¶ 3.1 2.9 6.8 41.8 40.3 5.1 Health, education, 
Medicaid

100 100

Arkansas 21 counties in 
central Arkansas

15,432 0.3 1.3 24.2 9.1 60.8 4.2 Health, education 100 100

California Part of one county 
in metropolitan 
San Diego

15,828¶ 0.3 11.9 7.1 49.4 23.1 8.3 Health, education, 
state developmental 
disability services

100 100

Georgia Two counties in 
metropolitan 
Atlanta

21,921 0.1 7.4 51.1 11.8 25.7 3.9 Health, education 97.6 85.9

Maryland Five counties in 
suburban 
Baltimore

21,278 0.2 9.5 23.9 9.0 51.2 6.1 Health, education, 
early intervention

100 71.5

Minnesota Parts of three 
counties in the 
Twin Cities 
metropolitan area

16,150¶ 1.1 16.3 23.3 10.9 41.8 6.6 Health, education 100 100

Missouri Five counties in 
metropolitan 
St. Louis

24,561 0.1 3.4 23.8 4.8 63.0 4.8 Health, education 50.3 99.9

New Jersey Two counties in 
New York 
metropolitan area

18,940 0.2 6.3 30.5 33.6 26.6 2.8 Health, education 100 95.8

Tennessee 11 counties in 
middle Tennessee

25,588 0.2 3.4 17.2 13.5 60.4 5.3 Health, education 100 66.3

Utah Three counties in 
northern Utah

24,734 0.6 4.2 1.8 20.7 68.4 4.2 Health, education, 
early intervention

100 87.6

Wisconsin Eight counties in 
southeastern 
Wisconsin

28,789 0.3 5.5 17.0 17.4 54.8 5.0 Health, education, 
early intervention, 
Medicaid claims, 
state-funded 
long-term care 
program

100 100

Total 226,339 0.5 6.3 20.8 18.5 48.7 5.1 — 99.9 91.8

* Persons of Hispanic origin might be of any race but are categorized as Hispanic; all racial groups are non-Hispanic.
† Health sources include records from medical and service providers that evaluate children with developmental disabilities.
§ For public schools in the surveillance area. In the absence of direct access to education sources, education data could be collected if they were included in a child’s 

medical or service records.
¶ 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 2020–21 school year.
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TABLE 2. Prevalence* of autism spectrum disorder among children aged 8 years, overall and by sex — Autism and Developmental Disabilities 
Monitoring Network, 11 sites, United States, 2020

Site

Overall†

Male prevalence  
(95% CI)

Female prevalence  
(95% CI)

Male-to-female 
prevalence ratio  

(95% CI)§No. with ASD Total population Prevalence (95% CI)

Arizona 360 13,118 27.4 (24.8–30.4) 43.8 (39.2–49.0) 10.3 (8.1–13.1) 4.3 (3.3–5.5)
Arkansas 362 15,432 23.5 (21.2–26.0) 36.3 (32.4–40.6) 9.6 (7.6–12.1) 3.8 (2.9–4.9)
California 710 15,828 44.9 (41.7–48.2) 69.4 (64.1–75.1) 19.1 (16.3–22.4) 3.6 (3.0–4.3)
Georgia 553 21,921 25.2 (23.2–27.4) 40.2 (36.7–44.0) 9.7 (8.0–11.7) 4.2 (3.4–5.1)
Maryland 491 21,278 23.1 (21.1–25.2) 36.9 (33.5–40.6) 8.6 (7.0–10.6) 4.3 (3.4–5.4)
Minnesota 482 16,150 29.8 (27.3–32.6) 47.8 (43.4–52.6) 11.0 (9.0–13.6) 4.3 (3.4–5.4)
Missouri 601 24,561 24.5 (22.6–26.5) 38.7 (35.4–42.2) 9.3 (7.8–11.2) 4.1 (3.4–5.1)
New Jersey 544 18,940 28.7 (26.4–31.2) 44.5 (40.5–48.7) 12.2 (10.2–14.7) 3.6 (3.0–4.5)
Tennessee 713 25,588 27.9 (25.9–30.0) 43.9 (40.5–47.5) 11.1 (9.4–13.1) 4.0 (3.3–4.8)
Utah 621 24,734 25.1 (23.2–27.1) 37.6 (34.4–41.1) 11.8 (10.0–13.9) 3.2 (2.6–3.8)
Wisconsin 808 28,789 28.1 (26.2–30.0) 42.6 (39.4–45.9) 13.0 (11.2–15.0) 3.3 (2.8–3.9)
Total 6,245 226,339 27.6 (26.9–28.3) 43.0 (41.9–44.2) 11.4 (10.7–12.0) 3.8 (3.6–4.0)

Abbreviation: ASD = autism spectrum disorder.
* Per 1,000 children aged 8 years.
† All children are included in the total regardless of sex or race and ethnicity.
§ Wilson score 95% CIs exclude 1.0 in all sites, indicating significantly higher prevalence among males than among females; Mantel Haenszel (Woolf ) test of homogeneity 

of prevalence ratios across sites, p value = 0.15, indicating little heterogeneity in prevalence ratios across sites.

TABLE 3. Prevalence* of autism spectrum disorder among children aged 8 years, by race and ethnicity† — Autism and Developmental Disabilities 
Monitoring Network, 11 sites, United States, 2020

Site

Prevalence (95% CI) Prevalence Ratio (95% CI)

A/PI Black Hispanic White
Two or more 

races Black to White
Hispanic to 

White A/PI to White
Two or more 

races to White

Arizona —§ 25.9 (17.3–38.6) 26.6 (22.7–31.2) 29.7 (25.5–34.7) 20.9 (12.5–34.8) 0.9 (0.6–1.3) 0.9 (0.7–1.1) — 0.7 (0.4–1.2)
Arkansas 58.8 (34.0–100.0) 23.9 (19.4–29.3) 31.0 (23.2–41.4) 22.5 (19.7–25.7) — 1.1 (0.8–1.4) 1.4 (1.0–1.9)¶ 2.6 (1.5–4.6)¶ —
California 56.5 (46.9–67.9) 44.4 (33.8–58.1) 45.3 (40.9–50.1) 38.3 (32.6–45.1) 39.7 (30.4–51.7) 1.2 (0.8–1.6) 1.2 (1.0–1.4) 1.5 (1.2–1.9)¶ 1.0 (0.8–1.4)
Georgia 25.3 (18.7–34.1) 28.6 (25.7–31.8) 25.2 (19.8–32.0) 19.0 (15.7–22.9) 17.6 (10.7–28.9) 1.5 (1.2–1.9)¶ 1.3 (1.0–1.8) 1.3 (0.9–1.9) 0.9 (0.5–1.6)
Maryland 36.5 (29.2–45.6) 33.6 (29.0–39.0) 17.2 (12.2–24.0) 16.8 (14.5–19.4) 19.1 (13.0–28.1) 2.0 (1.6–2.5)¶ 1.0 (0.7–1.5) 2.2 (1.7–2.8)¶ 1.1 (0.8–1.7)
Minnesota 24.3 (19.1–30.9) 27.9 (23.1–33.7) 40.4 (32.2–50.7) 30.0 (26.2–34.4) 31.0 (22.1–43.2) 0.9 (0.7–1.2) 1.3 (1.0–1.8)¶ 0.8 (0.6–1.1) 1.0 (0.7–1.5)
Missouri 34.3 (24.0–48.9) 28.1 (24.2–32.7) 16.8 (10.9–25.8) 23.4 (21.1–25.9) 10.2 (5.8–7.7) 1.2 (1.0–1.4)¶ 0.7 (0.5–1.1) 1.5 (1.0–2.1)¶ 0.4 (0.2–0.8)¶

New Jersey 27.5 (19.6–38.3) 32.9 (28.6–37.8) 32.7 (28.6–37.3) 19.7 (16.2–23.9) — 1.7 (1.3–2.1)¶ 1.7 (1.3–2.1)¶ 1.4 (0.9–2.1) —
Tennessee 38.3 (27.4–53.3) 32.9 (28.0–38.6) 26.3 (21.5–32.2) 25.2 (22.9–27.8) 25.7 (18.5–35.6) 1.3 (1.1–1.6)¶ 1.0 (0.8–1.3) 1.5 (1.1–2.2)¶ 1.0 (0.7–1.4)
Utah 27.9 (19.5–39.8) — 23.6 (19.8–28.1) 24.8 (22.5–27.2) 18.2 (11.7–28.3) — 1.0 (0.8–1.2) 1.1 (0.8–1.6) 0.7 (0.5–1.2)
Wisconsin 29.2 (22.0–38.7) 23.8 (19.9–28.5) 35.6 (30.8–41.1) 25.9 (23.5–28.5) 30.0 (22.4–40.2) 0.9 (0.8–1.1) 1.4 (1.2–1.6)¶ 1.1 (0.8–1.5) 1.2 (0.9–1.6)

Total 33.4 (30.5–36.4) 29.3 (27.9–30.9) 31.6 (30.0–33.3) 24.3 (23.4–25.2) 22.9 (20.3–25.8) 1.2 (1.1–1.3)¶ 1.3 (1.2–1.4)¶ 1.4 (1.2–1.5)¶ 0.9 (0.8–1.1)

Abbreviation: A/PI = Asian or Pacific Islander.
* Per 1,000 children aged 8 years. Overall American Indian/Alaska Native autism spectrum disorder prevalence per 1,000 was 26.5 (95% CI = 18.5–37.8). Arizona was 

the only Autism and Developmental Disabilities Monitoring Network site meeting the threshold for statistical precision for American Indian/Alaska Native autism 
spectrum disorder prevalence; the site-specific prevalence per 1,000 was 26.8 (95% CI = 15.0–47.3). None of ratios with AI/AN children that met the threshold for 
suppression were statistically significant.

† Persons of Hispanic origin might be of any race but are categorized as Hispanic; all racial groups are non-Hispanic.
§ Dash indicates estimate was suppressed because SE for prevalence was ≥30% of estimate, or prevalence ratio was based on an estimate that was suppressed.
¶ 95% CI does not include 1.0.
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TABLE 4. Autism spectrum disorder identification information among children aged 8 years meeting case definition, by site — Autism and 
Developmental Disabilities Monitoring Network, 11 sites, United States, 2020

Site
No.  

with ASD

Part of ASD case definition* Evaluation in addition to meeting ASD case definition

%  
with ASD  

with an evaluation  
summary diagnosis  

of suspected ASD

%  
with ASD  

with an evaluation  
summary ever ruling out ASD 

(diagnosis or special  
education classification)†

%  
with ASD ruled out (diagnosis 

or special education)  
more recently than 
 documented ASD  

diagnosis or classification†

%  
with ASD 
ICD code

%  
with ASD 

special 
education 

classification

%  
with ASD 

diagnostic 
statement

Arizona 360 60.8 70.8 70.8 62.8 16.4 5.8
Arkansas 362 63.0 75.7 87.8 59.7 13.0 2.5
California 710 82.7 74.5 78.9 24.5 29.3 12.8
Georgia 553 61.1 64.2 70.9 51.4 4.3 1.1
Maryland 491 60.7 74.3 83.9 70.1 13.4 2.2
Minnesota 482 51.9 84.9 63.7 8.5 6.4 1.9
Missouri 601 72.2 54.4 80.5 23.0 11.0 3.0
New Jersey 544 73.2 70.0 94.7 32.9 5.0 0.2
Tennessee 713 79.1 59.5 64.5 37.0 10.4 4.3
Utah 621 80.2 44.9 75.8 39.3 6.0 2.7
Wisconsin 808 81.4 58.4 60.9 28.0 10.5 3.3
Total 6,245 71.6 65.2 74.7 37.4 11.6 3.9

Abbreviations: ASD = autism spectrum disorder; ICD = International Classification of Diseases.
* ICD code, special education, and diagnosis can be interpreted as the individual sensitivity of each component related to the entire case definition.
† Includes children who had ASD ruled out and never had either a documented ASD diagnosis or special education classification (i.e., had an ASD ICD code only).

TABLE 5. Availability and distribution of IQ scores among children aged 8 years with autism spectrum disorder, by site, sex, and race and 
ethnicity — Autism and Developmental Disabilities Monitoring Network, 11 sites, United States, 2020

Site/Characteristic
Total no. 

 with ASD

With IQ information Cognitive level

No. (%) IQ ≤70 (%) IQ 71–85 (%) IQ >85* (%)

Site
Arizona 360 291 (80.8) 30.9 29.2 39.9
Arkansas 362 330 (91.2) 48.2 22.4 29.4
California 710 617 (86.9) 21.7 26.9 51.4
Georgia 553 398 (72.0) 46.2 23.6 30.2
Maryland 491 295 (60.1) 46.8 21.0 32.2
Minnesota 482 414 (85.9) 31.6 15.0 53.4
Missouri 601 364 (60.6) 31.9 23.6 44.5
New Jersey 544 342 (62.9) 38.9 30.4 30.7
Tennessee 713 478 (67.0) 51.0 22.0 27.0
Utah 621 315 (50.7) 29.2 25.4 45.4
Wisconsin 808 321 (39.7) 48.9 19.3 31.8
Total 6,245 4,165 (66.7) 37.9 23.5 38.6

Sex
Female 1,255 808 (64.4)† 42.1§ 21.2 36.8
Male 4,984  3,357 (67.3) 36.9 24.1 39.0
Race/Ethnicity¶,**
AI/AN 29 23 (79.3) 34.8 39.1 26.1
A/PI 476 340 (71.4) 41.5 21.8 36.8
Black 1,384 925 (66.8) 50.8 25.1 24.1
Hispanic 1,331 916 (68.8) 34.9 27.5 37.6
White 2,680 1,743 (65.0)†† 31.8 20.7 47.5
Two or more races 261 193 (73.9) 37.8 24.9 37.3

Abbreviations: AI/AN = American Indian or Alaska Native; A/PI = Asian or Pacific Islander; ASD = autism spectrum disorder.
 * Includes three children stated to have an IQ score in the average range but specific score was not given.
 † Pearson chi-square test for proportion of males versus females with ASD and IQ information (p = 0.049).
 § Pearson chi-square test for proportion of males versus females with IQ ≤70 among children with ASD (p = 0.007).
 ¶ Statistically significant differences for Pearson chi-square tests for proportion of non-Hispanic Black versus non-Hispanic White children with IQ ≤70 among children 

with ASD (p<0.001); proportion of non-Hispanic Black versus Hispanic children with IQ ≤70 among children with ASD (p<0.001); proportion of non-Hispanic White 
versus non-Hispanic A/PI children with IQ ≤70 among children with ASD (p = 0.001); proportion of non-Hispanic Black versus non-Hispanic A/PI children with 
IQ ≤70 among children with ASD (p = 0.007).

 ** Persons of Hispanic origin might be of any race but are categorized as Hispanic; all racial groups are non-Hispanic.
 †† Pearson chi-squared tests for proportion of non-Hispanic Black versus non-Hispanic White children with ASD and IQ information (p = 0.27); proportion of 

non–Hispanic Black versus Hispanic children with IQ information (p = 0.17); proportion of non-Hispanic White versus Hispanic children with IQ information (p = 0.03).
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TABLE 6. Number and percentage of children aged 8 years with autism spectrum disorder who received a developmental evaluation by a 
qualified professional at age ≤36 months,* by site and intellectual disability status — Autism and Developmental Disabilities Monitoring 
Network, 11 sites, United States, 2020

Site
Total no. 
with ASD

Total with recorded evaluation IQ ≤70 IQ >70 IQ unknown

No. with 
recorded 

evaluation

%  
evaluated 

by age 
36 mos

Median 
age at 

earliest 
recorded 

evaluation 
(mos)

No. with 
recorded 

evaluation

%  
evaluated 

by age 
36 mos

Median 
age at 

earliest 
recorded 

evaluation 
(mos)

No. with 
recorded 

evaluation

%  
evaluated 

by age 
36 mos

Median 
age at 

earliest 
recorded 

evaluation 
(mos)

No. with 
recorded 

evaluation

% 
evaluated 

by age 
36 mos

Median age 
at earliest 
recorded 

evaluation 
(mos)

Arizona 360 349 49.0 37 90 64.4 29 201 44.3 38 58 41.4 57
Arkansas 362 359 42.6 39 159 56.6 34 171 31.0 45 29 34.5 41
California 710 701 58.2 32 134 61.2 30 483 61.1 31 84 36.9 44
Georgia 553 488 46.7 39 182 51.1 36 213 46.5 40 93 38.7 42
Maryland 491 474 59.5 33 138 74.6 28.5 157 65.0 31 179 43.0 40
Minnesota 482 474 42.2 40 131 61.1 34 283 38.5 43 60 18.3 52
Missouri 601 591 39.8 43 116 55.2 36 245 27.3 53 230 45.2 39.5
New Jersey 544 537 58.3 34 133 60.9 34 208 60.6 34 196 54.1 35
Tennessee 713 611 43.9 41 225 61.8 31 202 41.1 43.5 184 25.0 58.5
Utah 621 579 38.5 44 87 48.3 39 214 30.8 49 278 41.4 42
Wisconsin 808 581 57.5 34 152 82.2 27 158 49.4 37.5 271 48.3 37
Total 6,245 5,744 49.0 37 1,547 61.9 33.0 2,535 46.0 39 1,662 41.6 41

Abbreviation: ASD = autism spectrum disorder.
* Permutation test comparing median age of earliest known evaluation for children with known IQ score ≤70 versus known IQ score >70 (p<0.001).

TABLE 7. Median age at earliest known autism spectrum disorder diagnosis among children aged 8 years, by intellectual disability status — 
Autism and Developmental Disabilities Monitoring Network, 11 sites, United States, 2020

Site

Total no.  
with  
ASD

All children with 
an ASD diagnostic statement

Children with 
an ASD diagnostic statement 

and IQ score ≤70

Children with 
an ASD diagnostic statement 

and IQ score >70

Children with either 
an ASD diagnostic statement 

or ASD special education 
classification

No. with 
documented 

ASD 
diagnosis

Prevalence  
of ASD  

with 
documented 

diagnosis

Median age 
at earliest 

known 
diagnosis 

(mos)

No. with 
documented 

ASD 
diagnosis

Median age 
at earliest 

known 
diagnosis 

(mos)

No.  
with 

documented 
ASD 

diagnosis

Median age 
at earliest 

known 
diagnosis 

(mos)

No. with  
documented 

ASD diagnosis 
or ASD special 

education 
classification

Median age 
at earliest 

known ASD 
identification 

(mos)

Arizona 360 255 19.4 57 66 50.5 139 58 333 60
Arkansas 362 318 20.6 56 144 49.5 147 63 350 58
California 710 560 35.4 36 121 39 384 35.5 673 39
Georgia 553 392 17.9 50 147 48 166 52.5 476 51
Maryland 491 412 19.4 49 127 38.0 138 49 477 53
Minnesota 482 307 19.0 59 105 44 171 65 467 56
Missouri 601 484 19.7 51.5 99 50 194 65 556 56
New Jersey 544 514 27.1 38 131 37 197 39 538 39
Tennessee 713 458 17.9 48 192 36.5 161 56 611 58
Utah 621 471 19.0 56 73 52 168 65 528 58
Wisconsin 808 492 17.1 43 140 35.5 140 50 570 46
Total 6,245 4,663 20.6 49 1,345 43* 2,005 53* 5,579 52

Abbreviation: ASD = autism spectrum disorder.
* Permutation test comparing median age of earliest known diagnosis for children with known IQ score ≤70 versus known IQ score >70 (p<0.001).
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Background: There is increased caregiver burden, depressive and anxiety symptoms associated 
with the care of mentally ill children. This may be influenced by child or caregiver factors such as 
socio-demographic and clinical factors and has not been explored in the South African context.

Aim: To describe the prevalence of depression, anxiety symptoms and caregiver burden in 
caregivers of children treated at psychiatric outpatient services at two public sector hospitals. 

Methods: A cross-sectional questionnaire study of 121 adult primary caregivers of children 
aged 1–17 years with mental illness using a socio-demographic questionnaire, Patient Health 
Questionnaire (PHQ-9), Generalised Anxiety Disorder-7 Questionnaire (GAD-7), and the Child 
and Adolescent Impact Assessment (CAIA) to assess caregiver burden. 

Results: The caregivers were predominantly female (n = 96, 79.5%) and married (n = 72, 59.5%), 
with a mean age of¬34.99 years (SD 10.38), and 74% were mothers. Among the children, there 
was a predominance of boys with a 1:4 ratio of girls to boys. The most common diagnoses in the 
children were attention deficit hyperactivity disorder (ADHD) (n = 56, 59.6%) and autism 
spectrum disorder (n = 22, 23.4%). Fifty-four (44%) caregivers were depressed with a mean 
PHQ9 score of 5.75 (SD 5.98), and 65 (54 %) reported anxiety symptoms with a mean GAD7 
score of 5.71 (SD 5.03). Mothers reported significantly higher levels of anxiety (p = 0.045) and 
experienced higher impact on feelings of personal well-being on the CAIA (p = 0.004) in 
comparison with fathers. Caregiver burden was predominantly reported in the domains of 
restrictions in activities (n = 40, 32.8%), feelings of personal well-being (n = 37, 30.7%) and 
economic impact (n = 21, 17.4%).

The caregivers of children with ADHD reported higher anxiety levels (p = 0.023) than for autistic 
children. A diagnosis of autistic spectrum disorder was associated with higher income impact 
(p = 0.004) and restrictions impact (p = 0.001) than for children with ADHD diagnosis in terms of 
caregiver burden.

Conclusion: The high prevalence of depression and anxiety symptoms reported amongst 
caregivers suggests the need for improved mental health screening and psycho-social support 
programmes for caregivers, particularly mothers. Programmes should consider the impact of 
caregiving, particularly on mental health, income and social restrictions of caregivers.
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Summary Endocannabinoid (eCB) signaling has been identified as a modulator of adaptation to
stress, and is integral to basal and stress-induced glucocorticoid regulation. Furthermore, inter-
actions between eCBs and glucocorticoids have been shown to be necessary for the regulation of
emotional memories, suggesting that eCB function may relate to the development of post-traumatic
stress disorder (PTSD). To examine this, plasma eCBs were measured in a sample (n = 46) drawn from
a population-based cohort selected for physical proximity to the World Trade Center (WTC) at the
time of the 9/11 attacks. Participants received a structured diagnostic interview and were grouped
according to whether they met diagnostic criteria for PTSD (no PTSD, n = 22; lifetime diagnosis of
PTSD = 24). eCB content (2-arachidonoylglycerol (2-AG) and anandamide (AEA)) and cortisol were
measured from 8 a.m. plasma samples. Circulating 2-AG content was significantly reduced among
individuals meeting diagnostic criteria for PTSD. The effect of reduced 2-AG content in PTSD
remained significant after controlling for the stress of exposure to the WTC collapse, gender,
depression and alcohol abuse. There were no significant group differences for AEA or cortisol levels;
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however, across the whole sample AEA levels positively correlated with circulating cortisol, and
AEA levels exhibited a negative relationship with the degree of intrusive symptoms within the PTSD
sample. This report shows that PTSD is associated with a reduction in circulating levels of the eCB 2-
AG. Given the role of 2-AG in the regulation of the stress response, these data support the
hypothesis that deficient eCB signaling may be a component of the glucocorticoid dysregulation
associated with PTSD. The negative association between AEA levels and intrusive symptoms is
consistent with animal data indicating that reductions in AEA promote retention of aversive
emotional memories. Future work will aim to replicate these findings and extend their relevance to
clinical pathophysiology, as well as to neuroendocrine and molecular markers of PTSD.
# 2013 Elsevier Ltd. All rights reserved.
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1. Introduction

The development of post-traumatic stress disorder (PTSD) is
related to abnormalities in the regulation of biological stress
response systems, specifically the hypothalamic—pituitary—
adrenal (HPA) axis and sympathetic nervous system (Krystal
and Neumeister, 2009; Yehuda, 2009). Current theories sug-
gest that increased responsivity of glucocorticoid receptors
resulting in reduced cortisol levels at the time of a traumatic
exposure, or immediately thereafter, will result in increased
noradrenergic transmission associated with a prolonged state
of distress (Pervanidou and Chrousos, 2010). This state of
arousal will result in the ‘hyperconsolidation’ of emotional
memories, and ultimately, could lead to the development of
PTSD. However, since not all persons exposed to trauma
develop PTSD, it has also been of interest to identify hor-
mones or signaling molecules that could be responsible for
either increasing the probability of PTSD or for promoting
resistance to PTSD development. By examining a population-
based cohort of individuals exposed to the World Trade
Center (WTC) collapse, we have recently identified genetic
markers related to glucocorticoid signaling in individuals who
developed PTSD (Yehuda et al., 2009; Sarapas et al., 2011).
Accordingly, further investigation of systems involved in the
regulation and actions of glucocorticoid hormones was under-
taken to explore the underlying biological mechanisms spe-
cific to the development of PTSD.

The endocannabinoid (eCB) system represents an ideal
candidate system to investigate with respect to the patho-
physiology of PTSD (Hill and Gorzalka, 2009; Neumeister,
2013). The eCB system is primarily composed of a central
CB1 receptor and two endogenous ligands (N-arachidonyletha-
nolamine [anandamide; AEA] and 2-arachidonoylglycerol [2-
AG]). In addition, there are also CB2 receptors, whose expres-
sion is primarily restricted to immune cells of macrophage
lineage but may also be expressed in the CNS, as well as a
family of fatty acid ethanolamides, such as palmitoylethano-
lamide and oleoylethanolamide, which share biosynthetic and
catabolic pathways with AEA, but are not ligands for the CB
receptors. The eCB system is known to constrain activation of
the stress response through distributed actions in limbic and
hypothalamic circuits in the brain (Riebe and Wotjak, 2011;
Hill and Tasker, 2012). More so, eCB signaling is responsive to
glucocorticoid hormones (Di et al., 2003; Hill et al., 2010a),
and the recruitment of eCB signaling by glucocorticoids has
been found to mediate many of the physiological actions of
these hormones, including negative feedback termination of
HPA axis activity (Evanson et al., 2010; Hill et al., 2011) and
Downloaded for Anonymous User (n/a) at OHIOHEALTH
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modulation of emotionally salient cognitive processes (Cam-
polongo et al., 2009; Atsak et al., 2012). In addition to the role
of eCBs in mediating the actions of glucocorticoids, eCB
signaling is involved in many processes which are dysregulated
in PTSD, such as the extinction of emotionally aversive mem-
ories (Marsicano et al., 2002; Plendl and Wotjak, 2010; Gun-
duz-Cinar et al., 2013), habituation and adaptation to stress
(Patel et al., 2005b; Hill et al., 2010b) and release of cate-
cholamines from sympathetic nerve terminals (Ishac et al.,
1996; Bellocchio et al., 2013).

Based on these converging lines of evidence and the neu-
robiology of PTSD, we hypothesize that reductions in circulat-
ing concentrations of eCB represent a biomarker of stress
vulnerability, and that deficient eCB signaling is involved in
the biological processes related to PTSD. To examine these
hypotheses, we evaluated circulating concentrations of the
eCBs AEA and 2-AG in a sample derived from a population-
based cohort selected for physical proximity to the WTC at the
time of the 9/11 attacks. A sub-sample of this cohort was
previously selected for a genome-wide association study of
PTSD (Yehuda et al., 2009). This is an ideal cohort in which to
search for biological identifiers of PTSD, as risk for exposure
was based on proximity to the WTC, and was uncomplicated by
the confound that exposure often introduces to genetic asso-
ciation studies (e.g., familial risk for exposure to interpersonal
violence). Furthermore, circulating eCB concentrations are
elevated in response to acute stress (Hill et al., 2009b; Dlugos
et al., 2012), whereas deficient recruitment of eCB signaling in
response to acute stress, or low basal eCB contents in the
circulation, have been related to excessive stress-induced
activation of the HPA axis (Chouker et al., 2010; Dlugos
et al., 2012) and negative long-term outcomes following
exposure to stressful events, such as cardiac surgery (Hauer
et al., 2012). Our data indicate that PTSD is associated with
reduced concentrations of 2-AG in the circulation and that
both 2-AG and AEA concentrations associate with specific
symptom clusters within PTSD.

2. Methods

2.1. Participants

Subjects were 46 participants who comprised a subset of a
population based sample (n = 109) evaluated at the Mount
Sinai School of Medicine (MSSM) four to six years following the
9/11 attacks (Yehuda et al., 2009). The subjects studied at
the MSSM were those who responded positively to a mailing
asking participants to have an in-person diagnostic
 from ClinicalKey.com by Elsevier on January 02, 2025. 
. Copyright ©2025. Elsevier Inc. All rights reserved.
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evaluation, complete self-report questionnaires and permit
an 8 am blood draw. The study was approved by the Institu-
tional Review Board (IRB) at the Mount Sinai School of
Medicine; all subjects provided written informed consent
and were subsequently screened to establish eligibility. Sub-
jects were excluded if they met criteria for primary psychotic
disorder, bipolar illness, alcohol or substance dependence, or
major endocrine, neurological, or other medical illness,
including diabetes. Although subjects with PTSD showed
greater number of lifetime psychiatric diagnoses than those
without PTSD (Table 1), as has been previously described
(Breslau et al., 2000), none were receiving psychiatric treat-
ment or taking psychotropic medications at the time of
participation. The 46 subjects included in this report were
those with remaining frozen samples available for endocan-
nabinoid assay who had previously provided consent for
analyses of compounds unrelated to the goals of the initial
investigation, i.e., associations with genotype. Selection was
based purely on availability of biological sample in conjunc-
tion with appropriate consent, and not on any other inclusion
or exclusion criteria, clinical or otherwise. Subjects with
endocannabinoid determinations (n = 46) were similar in
age, gender distribution, and lifetime trauma exposure his-
tories to the remaining members of the original cohort
(n = 63). Of 46 subjects, 22 were deemed to have suffered
direct, high magnitude exposure to the events of 9/11 (direct
exposure to the events of 9/11), whereas 24 reported indir-
ect exposure. ‘Direct exposure’ was assigned to participants
who were in the vicinity of the World Trade Towers at the time
of the attacks with immediate threat to their safety or
survival, or had suffered the loss of family members or
intimate friends on 9/11. ‘Indirect exposure’ was attributed
to those who witnessed collapse of the Towers from a safe
distance, were informed of the attacks while out of town, or
observed the events on TV, without enduring direct threat to
self or family members.
Table 1 Demographic characteristics of sample population (n = 4

Demographics and clinical characteristics No PTSD 

(n = 22) 

Mean � SD or n 

Age (years) 57.09 � 13.44 

Gender (M/F) 10 M/12 F 

Race: White 21 (45.7%) 

African-American 3 (0%) 

Latino 1 (2.2%) 

Asian/Pacific Islander 0 (0%) 

Education (years) 15.3 � 3.3 

Childhood trauma questionnaire (total) 7.33 � 2.00 

Directly affected by WTC 8 (36.4%) 

PTSD severity (CAPSa total score) 14.67 � 11.85 

CAPS intrusive subscale 7.22 � 6.59 

CAPS avoidance subscale 2.22 � 3.77 

CAPS hyperarousal subscale 5.22 � 4.63 

Current MDD 2 (11.1%) 

Past MDD 4 (22.2%) 

Past alcohol abuse 0 (0%) 

Past drug abuse 2 (11.1%) 

a Clinician Administered PTSD Scale.
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2.2. Clinical evaluation

Psychologists with established interrater reliability adminis-
tered the Clinician Administered PTSD Scale (CAPS; Blake
et al., 1995) and the Structured Clinical Interview for the
DSM-IV (Spitzer et al., 1995) to determine the presence of
PTSD and other psychiatric disorders. 24 of the 46 subjects
interviewed reached threshold criterion for PTSD in their
lifetime, 22 cases did not meet criteria for lifetime presence
of this disorder. Participants also completed the self-report
Posttraumatic Stress Diagnostic Scale (Foa et al., 1993).

2.2.1. Blood drawing and processing
Fasting blood samples were obtained between 08:00 and
08:30 h, into EDTA containing tubes (BD Vacutainer, K2 EDTA
(K2E) Plus Blood Collection Tubes), placed on ice, spun within
40 min of collection, and frozen at �70 8C until analysis.
Plasma cortisol levels were determined using commercially
available RIA kits (DiaSorin Inc., Stillwater, MN). The intra-
and inter-assay coefficients of variation were 2.3% and 6.1%
for cortisol, respectively.

Determination of the plasma concentrations of the eCBs 2-
AG and AEA, as well as two other fatty acid ethanolamides,
palmitoylethanolamide (PEA) and oleoylethanolamide (OEA)
was performed using a previously published method (Hill
et al., 2008). PEA and OEA are non-cannabinoid fatty acid
ethanolamides which share biosynthetic and metabolic path-
ways with AEA, but do not activate cannabinoid receptors. In
brief, all extractions were performed using Bond Elut C18
solid-phase extraction columns (1 ml; Varian Inc, Lake For-
est, CA). Plasma samples (0.5 ml each) were thawed and
made up to 15% ethanol, to which the internal standards
[2H8]-AEA (16.9 pmol) and [2H8]-2-AG (46.5 pmol) (Cayman
Chemicals, Ann Arbor, MI) were added. Samples were vor-
texed and centrifuged at 1000 � g for 4 min. The supernatant
was loaded on C18 columns, which have been conditioned
6).

Lifetime PTSD Group comparisons
(n = 24) F1,44, p- or x2, df = 1, p

(%) Mean � SD or n (%)

51.92 � 15.54 F = 1.44, ns
12 M/12 F x2 = .11, ns
21 (45.7%)
2 (4.3%)
0 (0%)
1 (2.2%) x2 = 3.92, df = 3, ns
15.6 � 3.7 F = 0.58, ns
8.71 � 3.53 F = 2.38, ns
14 (58.3%) x = 2.22, ns
59.95 � 27.57 F = 41.28, p < .0005
19.68 � 9.11 F = 22.50, p < .0005
20.58 � 13.28 F = 31.93, p = 0.001
19.74 � 10.55 F = 28.77, p = 0.001
3 (20.0%) x2 = .503, ns
8 (53.3%) x2 = 3.42 ( p = .064)
4 (25.0%) x2 = 5.10, .024
1 (6.2%) x2 = .244, ns

m ClinicalKey.com by Elsevier on January 02, 2025. 
opyright ©2025. Elsevier Inc. All rights reserved.
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with 1 ml redistilled ethanol and 3 ml of double distilled
water (ddH2O). The remaining pellet was washed with
100 ml of 15% ethanol and centrifuged again for 3 min. The
resulting supernatant was also loaded onto the C18 column.
Columns were washed with 5 ml ddH2O and eluted with 1 ml
of ethyl acetate. The ethyl acetate layer in the resulting
elute was removed and dried under N2. Lipids in the residual
ddH2O phase were extracted by mixing with an additional
1 ml of ethyl acetate, which was added to the original ethyl
acetate solution. Once dried, samples were resuspended in
20 ml of methanol and stored at �80 8C. AEA and 2-AG were
quantified using isotope-dilution, atmospheric pressure, che-
mical ionization liquid chromatography/mass spectrometry
(LC-APCI-MS) as described previously (Patel et al., 2005a).
For analysis, the m/z transitions for each molecule were as
follows: AEA 348.3, AEA-d8 356.3, 2-AG 379.3, 2-AG-d8
387.3, OEA 326.3 and PEA 300.3. For analysis of 2-AG, given
that it isomerizes to 1,3-AG during the extraction process
(and since there is virtually no naturally occurring 1,3-AG),
both 2-AG and 1,3-AG peaks were integrated and added
together to determine levels of 2-AG.

2.3. Statistical analysis

Eight am plasma 2-AG, AEA, OEA and PEA, and cortisol
concentrations were compared between subjects with and
without PTSD, using univariate analysis of variance (ANOVA),
and co-variance (ANCOVA), with PTSD diagnosis as the fixed
factor, and gender as the covariate. Severity of exposure
(‘direct’ versus ‘indirect’ exposure) to WTC related events
was compared for both PTSD and non-PTSD groups using chi-
square tests, and used as a covariate in comparisons of
endocannabinoids between subjects with and without PTSD.
There were no significant differences between the PTSD and
no-PTSD groups in age, and none of the outcome variables
were themselves related to age. Despite this, comparisons
Figure 1 Plasma 2-arachidonoylglycerol (2-AG), anandamide (AEA
concentrations in individuals who were diagnosed with post-traum
controls (No PTSD). Plasma levels of 2-AG, but not AEA, PEA or O
mean � SEM. Significant diferences ( p < 0.05) are denoted by *.
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were performed with and without covariation for age. Ana-
lyses of covariance were additionally conducted for lifetime
alcohol abuse and depression diagnoses to evaluate the
extent to which results were influenced by these variables.
Bivariate correlations were performed to examine relation-
ships of plasma eCBs with cortisol, as well as with CAPS and
PDS ratings for overall PTSD symptom severity, and with PTSD
symptom clusters (avoidance, hyperarousal, intrusive).
Finally intercorrelations among the eCBs and ethanolamides
were evaluated for the entire sample, and within the PTSD
and no-PTSD groups separately.

3. Results

Table 1 shows the clinical characteristics of the sample.
There were no differences in any variables except for CAPS
scores of PTSD severity, lifetime diagnosis of major depres-
sion and past alcohol abuse, all of which were higher in the
PTSD compared to the no-PTSD sample. Interestingly, despite
differences in CAPS scores, there were no differences
between the PTSD and no-PTSD groups in actual exposures
to traumatic events, including childhood adversity or sexual
abuse. Single time point analysis of 8am cortisol demon-
strated no significant differences in basal cortisol between
individuals who did or did not have a diagnosis of PTSD [F(1,
43) = .001, ns. PTSD, 14.95 � 4.64 mg/dL; no PTSD,
14.91 � 5.41 mg/dL (M � SD); cortisol by PTSD, covaried
for gender [F(1, 42) = .004, ns. PTSD, 14.87 � 1.04 mg/dL;
no PTSD, 15.01 � 1.11 mg/dL (M � SE).

Examination of 2-AG concentrations in the circulation,
comparing individuals with and without lifetime PTSD,
revealed a significant main effect for PTSD diagnosis [F(1,
43) = 6.94, p = 0.012; 2-AG by PTSD, covaried for gender F(1,
43) = 7.42, p = .009; Fig. 1], such that PTSD was associated
with significantly lower circulating concentrations of 2-AG.
There was no significant difference in AEA [F(1, 43) = 0.16,
), palmitoylethanolamide (PEA) and oleoylethanolamide (OEA)
atic stress disorder (PTSD) or healthy age and gender matched
EA, are found to be reduced in PTSD. Data are presented as
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ns; Fig. 1], OEA [F(1, 43) = 0.44, ns; Fig. 1] or PEA [F(1,
43) = 0.27, ns; Fig. 1] between subjects with and without
PTSD. Since individuals with PTSD reported significantly
greater lifetime alcohol abuse, we covaried for this diagno-
sis, which did not affect the significance of the difference in
2-AG levels between subjects with and without PTSD [F(1,
33) = 4.72, p = 0.037]. Similarly, as a greater proportion of
subjects with PTSD also reported lifetime depressive diag-
noses (major depression or dysthymia), we covaried for
depression [F(1, 34) = 7.95, p = 0.008] which likewise did
not influence the significant reduction in 2-AG seen for those
with PTSD.

To further explore the apparent relationship of low con-
centrations of circulating 2-AG to lifetime PTSD diagnosis, we
examined whether severity of exposure to the WTC collapse
alone was sufficient to influence circulating 2-AG. A signifi-
cant effect of intensity of exposure was noted for 2-AG
[indirect exposure (9.81 � 1.01), direct exposure, (4.85 �
1.08); F(1, 43) = 11.20, p = .005]. Similar to the result for
PTSD, there was no effect of exposure to the WTC collapse on
plasma levels of AEA [indirect exposure (0.82 � 0.09), direct
exposure (0.87 � 0.10); F(1, 43) = 0.14, ns], PEA [indirect
exposure (8.41 � 0.67), direct exposure (8.66 � 0.72); F(1,
43) = 0.07, ns] or OEA [indirect exposure (3.03 � 0.32),
direct exposure (3.73 � 0.34); F(1, 43) = 2.23, ns]. Given
that the extent of exposure to the WTC collapse was related
to reduced levels of 2-AG, an analysis of covariance was
performed to determine if the relationship between PTSD
and 2-AG was mediated by the exposure. Controlling for
intensity of WTC exposure revealed significant effects for
both exposure [F(1, 43) = 6.25, p = .016] and PTSD [F(1,
43) = 4.71, p = .036]. Thus, even after controlling for expo-
sure to the WTC collapse, the reduction in circulating 2-AG
levels in individuals with lifetime PTSD remained significant.
These data do suggest, however, that exposure to a traumatic
Figure 2 Correlations between plasma cortisol and 2-arachidonoylg
or oleoylethanolamide (OEA). All of AEA, PEA and OEA, but not 2-AG,
healthy control and those with post-traumatic stress disorder). Sign
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stressor alone may have residual effects to diminish circulat-
ing 2-AG levels.

A series of correlation analyses were undertaken to assess
associations among the eCBs and ethanolamides, as well as
the relationships of these measures to circulating cortisol,
and to symptom profiles of the participants. For the entire
sample, there was no significant relationship of 2-AG with
AEA, PEA or OEA (r’s between .05 and .18). However, there
were significant intercorrelations among AEA, PEA and OEA
(r’s between .59 and .80, all p’s < 0005), suggesting that 2-
AG is regulated independently from AEA, PEA and OEA, which
are regulated in concert. These intercorrelation results were
similar for the no-PTSD and PTSD subgroups.

We also examined correlations between cortisol and eCB,
OEA and PEA concentrations (see Fig. 2). For the entire
sample, there was a significant positive relationship between
cortisol and OEA (r = 0.373, n = 45, p = 0.012) and AEA
(r = 0.345, n = 45, p = 0.02) and positive relationships of
cortisol at trend levels of significance with PEA (r = 0.284,
n = 45, p = 0.059), indicating that all of the fatty acid etha-
nolamides exhibit some degree of positive association with
circulating cortisol concentrations. In the entire sample,
there was no relationship between cortisol and 2-AG con-
centrations (r = 0.07, n = 45, ns). Interestingly, when data
from the PTSD group alone are analyzed, the correlation
between AEA and cortisol concentrations is lost, while a
positive and significant correlation between 2-AG and corti-
sol emerges (r = 0.434, n = 24, p = 0.034). This suggests that
relationships between eCB concentrations and glucocorti-
coids could differ depending on the presence or history of
PTSD.

For analysis of how the eCBs and ethanolamides corre-
lated to PTSD symptom clusters, correlations were per-
formed only within the PTSD group. 2-AG concentration
was significantly associated with current CAPS subscale
lycerol (2-AG), anandamide (AEA), palmitoylethanolamide (PEA)
 were found to correlate with cortisol in the entire sample (both
ificant correlations ( p < 0.05) are denoted by *.
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scores for avoidance (r = .553, n = 19, p = .019) and with
number of CAPS avoidance symptoms (r = .618, n = 19,
p = .005). 2-AG was also related to the current PTSD symptom
total score, but only at a trend level of significance (r = .424,
n = 19, p = .070), and with total number of current PTSD
symptoms (r = .530, n = 19, p = .020). AEA concentrations
were negatively associated with current CAPS intrusive sub-
scale scores (r = �.532, n = 19, p = .019), and with number of
intrusive symptoms (r = �.527, n = 19, p = .020), but was not
significantly associated with the current PTSD symptom total
score or number. Lifetime CAPS scores were associated with
AEA concentration showing a marginally significant associa-
tion with lifetime intrusive subscale scores (r = �.455, n = 19,
p = .050), and with lifetime number of intrusive symptoms
(r = �.472, n = 19, p = .041). Thus, among subjects with
PTSD, clinician rated CAPS subscale scores for avoidance
and intrusions were differentially associated with 2-AG and
AEA, respectively.

4. Discussion

These data demonstrate that individuals recruited following
the WTC collapse, who met criteria for PTSD in their lifetime,
exhibit lower concentrations of the endocannabinoid 2-AG,
but not AEA, in the circulation. The relationship between 2-
AG and PTSD was also related to the trauma of being exposed
to the WTC collapse as even individuals who did not develop
PTSD, but had a high degree of exposure to the WTC collapse
also exhibited reductions in plasma concentrations of 2-AG.
Importantly, despite the fact that individuals with PTSD
exhibited higher rates of lifetime depression and alcohol
abuse, covariance analyses for each of these comorbidities
demonstrated that they did not mediate the significant
relationship between PTSD and 2-AG levels. Cigarette smok-
ing was not accounted for in the current study, and might
have influenced the results, since smoking rates tend to be
elevated among individuals with PTSD (Fu et al., 2007). The
recent observation, however, of no significant difference in
circulating 2-AG between smokers and non-smokers argues
against this possibility (Hauer et al., 2013). Collectively,
these data indicate that a complex relationship between
stress exposure, PTSD and circulating levels of 2-AG exists.

The reduction in plasma 2-AG concentrations seen in
individuals with PTSD is similar in magnitude to that pre-
viously reported for individuals with major depression (Hill
et al., 2008, 2009b). That both PTSD and depression are
stress-related mental illnesses suggests that reduced con-
centrations of 2-AG could represent a peripheral biomarker
of vulnerability to stress-related mood and anxiety disorders.
Preclinical research has found that 2-AG signaling is recruited
within the brain during acute stress, which contributes to
termination of the stress response (Evanson et al., 2010; Hill
et al., 2011). Under conditions of repeated stress, an up-
regulation of 2-AG signaling is required to facilitate adapta-
tion or habituation to stress exposure (Patel et al., 2005b; Hill
et al., 2010b). Similarly, in humans, exposure to an acute
social stress has been found to increase circulating levels of
2-AG (Hill et al., 2009b; however, it should be noted that a
subsequent study found circulating concentrations of AEA,
but not 2-AG, were elevated in response to acute stress;
Dlugos et al., 2012), suggesting the possibility of an
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evolutionarily conserved role for 2-AG signaling in buffering
the effects of stress. For instance, exaggerated stress
responses were described in humans who did not show eleva-
tions in 2-AG following exposure to parabolic flight stress
(Chouker et al., 2010). These data suggest that stress-
induced increases in 2-AG are an adaptive response that
functions to buffer the potential deleterious effects of stress
(Hill and Tasker, 2012). Accordingly, one possibility is that a
trait deficit in 2-AG signaling might represent a vulnerability
factor predisposing an individual to an adverse response
following stressful or traumatic exposure. As such, an inte-
gral role for 2-AG in stress regulation may explain the finding
of reduced 2-AG levels in subjects with PTSD. However,
detailed prospective studies will be required to determine
if reduced 2-AG is predisposing, or a consequence of PTSD.

It is interesting that despite significant differences in 2-AG
levels between those with and without PTSD, analyses of the
entire sample did not detect significant relationships
between 2-AG and any clinical variable. However, within
the PTSD group, 2-AG correlates positively with avoidance
and total CAPS scores, as well as with cortisol levels. These
associations would suggest that for individuals with PTSD,
both higher basal cortisol and greater degree of symptom
expression are related to higher levels of circulating 2-AG. As
peripheral 2-AG is known to be responsive to stress exposure,
this would suggest that elevation in 2-AG within individuals
most afflicted by PTSD symptoms may reflect augmented
levels of stress. Thus, despite the observation of diminished
mean levels of 2-AG in a cohort characterized by lifetime
PTSD, 2-AG may be relatively elevated among substantially
stressed individuals in a direction to constrain the stress
response. Consistent with this formulation for the behavior
of the eCB system in PTSD, individuals with major depression
exhibit reductions in basal levels of circulating 2-AG but still
possess the capacity to mount a 2-AG response following
exposure to stress (Hill et al., 2009b). This model is analogous
to the results of a recent study that demonstrated sustained
elevations of 2-AG (and AEA) levels in a trauma exposed
population with PTSD, in which it was suggested that the
magnitude of stress was associated with parallel activation of
the eCB system (Hauer et al., 2013). While Hauer et al. (2013)
found a main effect of elevated, rather than reduced, 2-AG in
PTSD, their suggestion that eCBs are engaged to counter the
effects of stress is consistent with the current formulation.
Future research will be required to understand which factors
may be most relevant in determining whether mean 2-AG is
elevated or reduced for PTSD subjects; these variables could
include duration of stress exposure, acuity of stress exposure
relative to measurement of eCB levels and nature of the
traumatic stressor. It should be noted though, that while the
findings in the study of Hauer et al. (2013) are inconsistent
with the current data, our findings of reduced eCB content in
PTSD are relatively consistent with another recent report by
Neumeister et al. (2013), which found reduced circulating
levels of AEA (but not 2-AG) in PTSD.

There were no differences in AEA concentrations between
the PTSD and no-PTSD groups, but a robust negative relation-
ship between AEA levels and expression of intrusive symp-
toms was demonstrated; that is, individuals with lower levels
of plasma AEA exhibited the highest rates of intrusive symp-
toms. Both clinical and preclinical studies suggest an integral
role for AEA signaling in the regulation of amygdala reactivity
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and the suppression of emotionally aversive memories (Hariri
et al., 2009; Hill et al., 2009a; Gunduz-Cinar et al., 2013),
which may explain this relationship. Rodent studies indicate
that during extinction of aversive memories, there is a
recruitment of AEA signaling within the amygdala and that
facilitation of this response augments extinction, while
blockade of AEA/CB1 receptor signaling may result in the
perseveration of the aversive memory (Marsicano et al.,
2002; Chhatwal et al., 2005; Gunduz-Cinar et al., 2013).
Further, increased AEA signaling is known to dampen stress
responses in rodents (Patel et al., 2004; Hill et al., 2009a),
and, in humans, to result in lower levels of trait anxiety and
accelerated habituation of the amygdala in response to
threat cues (Gunduz-Cinar et al., 2013). More so, it has been
demonstrated in both healthy individuals (Dlugos et al.,
2012), and those with major depression (Hill et al., 2008),
that circulating AEA concentrations negatively correlate with
anxiety levels. Since impairment in fear extinction may result
in the emergence of intrusive symptoms, the negative asso-
ciation between AEA signaling and aversive memories sug-
gests that reduced AEA signaling may likewise be associated
with impaired extinction of aversive memories in the current
sample, with an associated increase in intrusive symptoms.
Given these findings, we propose that while AEA concentra-
tions are not significantly reduced in association with PTSD in
the current cohort, individuals who possess lower concentra-
tions of AEA could be more susceptible to intrusive symp-
toms.

The relationship between cortisol and concentrations of
the NAEs is of interest given the context of an ever-growing
body of research demonstrating a functional relationship
between glucocorticoids and the eCB system (Hill and McE-
wen, 2010). Interestingly, we have previously demonstrated
in rodents that the administration of glucocorticoids causes a
rapid elevation in AEA throughout the limbic system (Hill
et al., 2010a). Given the overlap between the biosynthetic
and metabolic pathways of AEA, PEA and OEA (Ahn et al.,
2008), it is not surprising that circulating concentrations of
these molecules correlate with each other. Accordingly, the
possibility exists that cortisol positively correlates with con-
centrations of these molecules through an ability of cortisol
either to increase their shared biosynthesis or reduce their
metabolism. An earlier study found that PEA concentrations
in the circulation positively correlate with cortisol in healthy
subjects following exposure to the Trier social stress test
(Dlugos et al., 2012). More importantly, a recent study found
that circulating AEA concentrations correlated with cortisol
levels, and that individuals with PTSD exhibited reductions in
both AEA and cortisol concentrations in blood, relative to
healthy and trauma exposed controls (Neumeister et al.,
2013). As the current PTSD sample did not exhibit reduced
levels of cortisol on the basis of a single 8am blood draw, it is
perhaps not surprising that we did not detect reduced levels
of AEA. Taken together, these data suggest that reduced eCB
signaling could be a feature of PTSD, and that relative
reductions in AEA or 2-AG may be related to alterations in
glucocorticoid signaling. Future studies based on larger sam-
ples will be required to examine relationships between eCB
levels and cortisol to determine which biological factors
predict alterations in AEA versus 2-AG.

One major limitation of this study is that it is based a single
time point analysis, both with regard to time of day for
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biological sampling and the time course of PTSD. However,
four studies based on data derived from a single time point
have revealed reduced circulating levels of eCB molecules in
individuals diagnosed with depression or PTSD (Hill et al.,
2008, 2009b; Neumeister et al., 2013; current data; however,
see Hauer et al., 2013 discussed above for opposite findings).
Second, the current study is based exclusively on peripheral
measures, which have been used to support hypotheses that
relate to central nervous system function. While it is unlikely
that circulating concentrations of eCBs are from the same
signaling pool as eCBs in the CNS, there is an interesting
functional correlation between stimulae that modulate cen-
tral and peripheral eCB signaling (Hillard et al., 2012).
Studies examining the effects of stress on circulating eCBs
in humans have generally reached the same conclusions as
those performed in animals (Hill et al., 2009b, 2011; Chouker
et al., 2010; Evanson et al., 2010). Further, multiple studies
have revealed significant relationships between circulating
eCB levels and distinct neurobehavioral domains and/or
symptom clusters, particularly those related to anxiety
(McPartland et al., 2005; Hill et al., 2008; Mangieri et al.,
2009; Gunduz-Cinar et al., 2013). While it is possible that a
third variable could contribute to these relationships, the
fact that similar associations have held across studies and
species suggests that peripheral eCB content is related to eCB
signaling in the CNS. The recent finding that low concentra-
tions of circulating AEA in PTSD are significantly correlated
with an up-regulation of CB1 receptor binding sites within
forebrain regions associated with stress regulation and emo-
tional processing supports this relationship (Neumeister
et al., 2013), suggesting that a deficit in eCB signaling
detected at the peripheral level may be associated with a
compensatory up-regulation of central CB1 receptors.

In conclusion, the finding of reduced concentrations of
circulating 2-AG in PTSD is consistent with current biological
formulations of PTSD. For example, in addition to the rela-
tionship between eCBs (AEA and 2-AG), cortisol and the stress
response (Hill and Tasker, 2012), there are substantial inter-
actions between eCBs and other systems found to be dysfunc-
tional in PTSD. CB1 receptors on sympathetic terminals, for
instance, regulate noradrenaline release (Ishac et al., 1996),
and decrements in eCB signaling at noradrenergic terminals
have been shown to result in elevated sympathetic outflow
(Srivastava and Lutz, 2012), as is seen in PTSD (Pervanidou
and Chrousos, 2010). Furthermore, eCBs (as well as PEA and
OEA) possess anti-inflammatory actions (Hansen, 2010), such
that reduced eCB signaling could contribute to a basal pro-
inflammatory state (Beyer et al., 2010), as has also been
documented for PTSD (Spivak et al., 1997; Baker et al., 2001;
Plantinga et al., 2013). Finally, eCB signaling promotes the
release of NPY (Gamber et al., 2005), which has been demon-
strated in association with stress resiliency (Morgan et al.,
2000; Yehuda et al., 2006; Sajdyk et al., 2008; Cohen et al.,
2012). Reductions in NPY have been found in PTSD (Rasmus-
son et al., 2000; Sah et al., 2009), which have increased in
association with PTSD recovery (Yehuda et al., 2006). Thus,
diminished eCB function may additionally result in a deficit in
the recruitment of NPY. These biological findings, in the
context of known involvement of the eCB system in emotional
memory extinction and recall, stress buffering and adapta-
tion, as well as HPA function, suggest the possibility of a
pivotal role for the eCB system in PTSD. A deficit in eCB
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function is consistent with all of the major symptom dimen-
sions of PTSD, and represents a novel candidate system for
further investigation in the pathophysiology and treatment of
the disorder. Trials examining the effect of agents that
potentiate eCB signaling in PTSD, either alone or in conjunc-
tion with treatments that modulate glucocorticoid signaling,
will provide proof of principal for the contribution of eCB
signaling to PTSD, and will help to elucidate more precisely
the respective functional roles of 2-AG and AEA in PTSD
development and expression.
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Autism spectrum disorder (ASD) is a complex neurodevelopmental disorder that begins in infancy. Although the

etiology and pathogenesis are poorly understood, many studies have shown that ASD is closely related to

structural and functional defects in the nervous system, especially synaptic transmission. The endocannabinoid

(eCB) system is an important regulatory system of the central nervous system that regulates neurotransmission

and synaptic plasticity and plays an important role in emotional and social responses and cognitive function. The

relationship between eCB system and ASD has attracted increasing attention from scholars. In this review, we

discuss the complex lipid signaling network of the eCB system, intracellular transport pathways, abnormal ex-

pression and association with various neurological diseases, and direct and indirect evidence for the link be-

tween eCB and ASD. Collectively, the findings to date indicate that the eCB system plays a key role in the

pathophysiology of ASD and can provide new insights into potential interventions and rehabilitation strategies

for ASD.

1. The eCB system

The eCB system, a unique biological system, affects a wide range of

biological processes including brain development and function. It

consists of eCB ligands (eCBs), cannabinoid receptors (CBRs), and me-

tabolic enzymes. The main pharmacological component of cannabis,

Δ9-tetrahydrocannabinol (Δ9-THC), was identified and isolated in 1964

(Mechoulam and Gaoni, 1965); CB1R was cloned in 1991, and CB2R

was identified 2 years later. The two G protein-coupled receptors share

44% homology (Mailleux and Vanderhaeghen, 1992), with a similarity

of 68% in the transmembrane domain (Cabral and Griffin-Thomas,

2009); however, their distributions and functions in the body differ.

CB1R is located in lipid rafts in the microdomains of the cell membrane

mainly in the brain, spinal cord, and peripheral nervous system. The

eCBs play a regulatory role in the proliferation, differentiation and

migration of neural progenitor (NP) cells by participating in the CB1R

(Carr et al., 2013). CB1R activation is important for cognition and

memory and modulates other physiological activities by regulating

neurohormone levels and signal transduction. CB2R, which mainly has

an immunomodulatory role in the body, is distributed in peripheral

immune organs or tissues such as the spleen margin and thymus

(Pertwee et al., 2010). Although CB2R is usually absent in mature

neurons, CB2R combined with CB1R, has functional activity in un-

differentiated neurons and may be involved in the regulation of pro-

liferation, cell cycle maintenance and neural differentiation of NP cells

fate (Palazuelos et al., 2012). There may also be other CBRs in the brain

aside from CB1R and CB2R (Elphick and Egertova, 2001). With the

synthesis and application of exogenous cannabinoids, receptor agonists,

and antagonists, prior studies have been discovered that N-arachido-

nylethanolamide (AEA) and 2-arachidonylglycerol (2-AG), are the most

active eCBs (Shanker and Aschner, 2003; Sugiura and Waku, 2000).

Palmitoylethanolamide (PEA) and oleoylethanolamide (OEA) are also

eCBs that share the same ethanolamine group as AEA, but are non-

canonical due to their low affinity for CB1R and CB2R (O’Sullivan and
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Kendall, 2010). AEA, PEA, and OEA are collectively referred to as N-

acylethanolamine (NAE). The relevant metabolic enzymes are N-acyl-

phosphatidylethanolamine-specific phospholipase D (NAPE-PLD) and

fatty acid amide hydrolase (FAAH), which are involved in the synthesis

and decomposition of AEA. 2-AG synthetase and catabolic enzymes

were diacylglycerol lipas (DAGL) and monoacylglycerol lipase (MAGL),

respectively. The former has two isoforms, DAGLα and DAGLβ, that

shared 33% sequence identity (Bisogno, 2016). DAGLα appears to be

the major 2-AG synthetase and plays a key role in regulating retrograde

synaptic plasticity in the nervous system (Gao et al., 2010).

2. Metabolic pathways and intracellular regulation of eCBs

2.1. Biosynthesis and biodegradation of eCBs

Both neurons and glial cells on the surface of spinal dorsal horn can

synthesize and release 2-AG and AEA (Hegyi et al., 2012). Both mole-

cules are generated from membrane phospholipid precursors such as 2-

arachidonoyl-phosphatidylinositol (PtdIns), 2-arachiclonoyl-phospha-

tidic acid (PA), 2-arachiclonoyl-phosphatidylcholine (PtdCho), and 2-

arachiclonoyl-phosphatidylethanolamine (PtdEtn) on the cell mem-

brane in a stimulus-dependent manner (Muccioli, 2010). The acid-

containing 2-AG precursor diacylglycerol (DAG) is mainly synthesized

from PtdIns (Fukami et al., 2010), partly by hydrolysis of 2-arachiclo-

noyl-PA or 2-arachiclonoyl-PtdCho (Ueda et al., 2013). Morever, 2-

position hydroxyl group is often esterified with n-3 PUFAs. PLCβ acting

on PtdIns generates inositol 3-phosphate and DAG, which is converted

to 2-AG by two sn-1-selective DAGLs (Bisogno et al., 2003). Regardless

of the synthetic pathway, DAG is produced by neural activity (Stella

et al., 1997) or through occupation of membrane receptors (Mechoulam

et al., 1998). NAPE, a NAE precursor, is synthesized from PtdCho or

PtdEtn derived from the transfer of an acyl chain of glyceropho-

spholipids, which is catalyzed by Ca2+-dependent N-acyltransferase,

PLA2, or lecithin retinol acyltransferase. Arachidonic acid (AA) then

generates AEA through the action of NAPE-PLD (Okamoto et al., 2007).

FAAH, the main catabolic enzyme of AEA, also plays the reverse role by

providing a synthetic route for AEA (Fig. 1).

Excess eCBs are hydrolyzed by the relevant catabolic enzymes and

are thus inactivated. Intracellular 2-AG and AEA can be mainly hy-

drolyzed by FAAH to AA. Other uncharacterized esterases include

MAGL (Parkkari et al., 2014), α/β-hydrolase domain-containing pro-

tein (ABHD) 6, ABHD12, and NAE-hydrolyzing acid amidase

(Blankman et al., 2007). In neurons, ABHD6 accounts for approxi-

mately 4% of brain 2-AG hydrolase activity and is similar to MAGL

(Savinainen et al., 2012), while FAAH more efficiently hydrolyzes 2-AG

(Goparaju et al., 1998). Oxygenation of the eCB moiety of anandamide

appears to be another pathway for degradation. These eCBs areox-

ygenated by cyclooxygenase (COX)-2 and hydroperoxy derivatives

produced by lipoxygenases, resultingin the formation of glyceryl pros-

taglandins and 12-hydroperoxyeicosa-5, 8, 10, 14-tetraenoic acid gly-

cerylester.

2.2. Transport of eCBs and corresponding receptors

In the mature nervous system, neuron produces eCBs on demand. In

turn eCBs exert neuromodulation in differentiated neurons (Castillo

et al., 2012). CB1R plays an acute/short-term regulation of the growth

cone signal at the neurite tip and has a long-term effect on neural gene

expression that affect neuronal wiring and overall connectivity (Wu

et al., 2010). Activated postsynaptic neurons release eCBs into the sy-

naptic cleft; these eCBs serve as retrograde messengers by acting on

presynaptic CB1R and inhibit neurotransmission by one of two me-

chanisms: by blocking calcium influx in the case of glutamate, gamma-

aminobutyric acid (GABA), monoamine, and acetylcholine (Oudin

et al., 2011a); and by targeting cyclic (c)AMP-protein kinase A sig-

naling associated with long-term depression (LTD) through inhibition

of adenylate cyclase-mediated control of cAMP levels. These processes

in turn affect the activation of synapses and the transmission of ex-

citatory and inhibitory signals (Freund et al., 2003), which are closely

related to synaptic plasticity (Oudin et al., 2011b). AEA and 2-AG show

functional selectivity through activation of a specific receptor—i.e.,

CB1R and CB2R, thus different receptors are activated resulting in

distinct biological effects (Sugiura et al., 2000). AEA is a high-affinity

partial agonist of CB1R and is mostly inactive when bound to CB2R,

whereas 2-AG is a full agonist of both CBRs (Zou and Kumar, 2018)

whose structure is strictly recognized by CB2R. The change in 2-AG

affects the distance and rotation frequency among NP cells, which de-

termines the number of contacts between neurons and neurons

(Turunen et al., 2018). And by activating CB1R and phosphorylating

ERK1/2, 2-AG not only regulates synapse formation, axonal growth, but

also controls the fate, migration, and proliferation of NP cells

(Keimpema et al., 2013). In addition to the effects exerted through CBR

binding, eCBs can directly enter cells to produce the effects of reg-

ulating biological activity and balance by three routes. Firstly, eCBs

released into the synaptic cleft passively diffuse through the plasma

membrane, interact with receptors such as orphan G protein-coupled

receptor (GPR) 55 and the transient receptor potential cation channel

subfamily V member (TRPV) 1, a nonselective cation channel activated

by capsaicin that functions as an amide receptor and is widely ex-

pressed in the peripheral and central nervous systems (Toth et al., 2009;

Zygmunt et al., 1999). Secondly, extracellular eCB can cross the phos-

pholipid bilayer by active transport through eCB membrane transpor-

ters. Lastly, eCBs can be internalized by endocytosis and then targeted

to various subcellular locations to influence metabolic and signaling

pathways. After entering the cell, eCBs are transported to their target by

eCB intracellular transporters such as FAAH-1 cannabinoid transporter,

fatty acid-binding protein, and heat shock protein 70, among others. In

addition, peroxisome proliferator-activated receptors (PPARs) on the

nuclear membrane belonging to the ligand-activated nuclear hormone

receptor family can bind eCBs, resulting in conformational changes in

the receptor that ultimately lead to repression of eCB-related genes and

increased production of intracellular reactive oxygen species such as

O2
− (Iannotti et al., 2016).

3. ECBs and neuropsychiatric disorders

Given its important functions in the development of the nervous

system, it is not surprising that the eCB system is associated with a

variety of neuropsychiatric diseases such as schizophrenia, depression,

anxiety disorder, and epilepsy, which are discussed in the following

sections.

3.1. Schizophrenia

Plasma and cerebrospinal fluid AEA levels are higher in patients

with schizophrenia than in normal control (Reuter et al., 2017; Potvin

et al., 2008). It was reported that AEA concentration in cerebrospinal

fluid is negatively correlated with the administered dose of anti-schi-

zophrenia drug (Leweke et al., 2007). The combination of anti-

psychotics and CB1R antagonists reduced the binding density of CBRs

in the prefrontal and cingulate cortices and improved schizophrenia-

like symptoms in adolescent rats (Lian and Deng, 2018). Additionally,

increased 2-AG metabolism as well as low mRNA and protein levels of

CB1 have been detected in the prefrontal cortex of patients with schi-

zophrenia (Volk and Lewis, 2016). These lines of evidence suggest that

up regulation of eCBs can exacerbate schizophrenia. However, other

studies have arrived at the opposite conclusion: one study suggested

that eCBs can be used to treat schizophrenia by alleviating white matter

deficits in glial cells as well as damage resulting from glutamate toxicity

(de Almeida and Martins-de-Souza, 2018). In addition, in monozygotic

twins discordant for schizophrenia, whole-body eCB level was lower in

the diseased as compared to the unaffected twin, and a high level of
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eCBs was closely related to the reduction of schizophrenia symptoms

(Koethe et al., 2018).

3.2. Emotion-related disorders

Circulating plasma levels of eCBs are reduced in patients with mild

depression and chronic post-traumatic stress syndrome (Green et al.,

2013; Coccaro et al., 2018). Supplementation with eCBs has been

shown to mitigate anxiety-like behavior associated with chronic stress;

moreover, pharmacological CB1 receptor blockade and eCB in vivo

transmission have demonstrated antidepressant effects (Hill and

Gorzalka, 2005; Witkin et al., 2005). Hyperactivation of the hypotha-

lamic–pituitary–adrenal (HPA)-axis has been implicated in the patho-

physiology of depression. Blockers of FAAH and TRPV1 that increase

AEA levels were shown to normalize HPA axis function and improve

depression symptoms in Wistar rat (Navarria et al., 2014). These find-

ings provide evidence that eCBs drugs are effective for the treatment of

emotion-related disorders.

3.3. Epilepsy

Alterations in epilepsy symptoms via enhanced eCB signaling was

demonstrated through administration acute and long-term CBR agonists

to epileptic model rats (Vinogradova and van Rijn, 2015), while re-

peated administration treatment with MAGL inhibitors delayed the

onset of epilepsy in a mouse model (Griebel et al., 2015). The combi-

nation of ACEA—a highly selective CB1R agonist—and the antiepileptic

drug valproic acid (VPA) stimulated the generation of new neurons in

Fig. 1. Metabolic pathways of eCBs. Shadow indicate the enzymes included in the canonical pathway. PtdCho, phosphatidylcholine; PtdEtn, phosphatidylethano-

lamine; PtdIns, phosphatidylinositol; PA, phosphatidic acid; PLCβ, phospholipaseC β; PLA2, phospholipase A2; ABHD, α/β-hydrolase domain-containing protein; 2-

AG, 2-arachidonoylglycerol; COX-2, cyclooxygenase-2; DAG, diacylglycerol; DAGL, diacylglycerol lipase; FAAH, fatty acid amide hydrolase; GDE1, glyceropho-

sphodiester phosphodiesterase 1; GP-NAE, glycerophospho-N-acylethanolamine; MAGL, monoacylglycerol lipase; NAAA, N-acyl-phosphatidylethanolamine;

pNAPE,N-acyl-plasmenylethanolamine; NAPE-PLD, N-acyl-phosphatidylethanolamine-hydrolyzingphospholipase D; PLA/AT, phospholipase A/acyltransferase; AA,

arachidonic acid; Ca-NAT, Ca2+-dependent N-acyltransferase.

Table 1

Molecular markers of the eCB system in autism-related models.

First author Year Moldel Case(n) Control(n) Biological sample eCB alterations

Jung KM (Jung et al., 2012) 2012 fmr1–/– mouse 11 11 Frontal cortex MAGL activity ↑

Striatum

Denner LA (Denner et al., 2012) 2012 Rat valproic acid 9 9 Hippocampus PPAR-γmRNA↓ GPR55 mRNA↓

Kerr DM (Kerr et al., 2013) 2013 Rat valproic acid 14 16 Hippocampus DAGL mRNA↓

Frontal cortex

Siniscalco D (Siniscalco et al., 2013) 2013 Human 17 22 PBMCs CB2R mRNA and protein↑ NAPE–PLD mRNA↓

Siniscalco D (Siniscalco et al., 2014) 2014 Human 22 20 BMDMs FAAH mRNA↑ NAPE-PLD mRNA↓ CB2R protein↑

Karhson DS (Karhson et al., 2018) 2018 Human 59 53 Plasma AEA↓

PBMCs=peripheral blood mononuclear cells;BMDMs=bone marrow-derived macrophages; MAGL=monacylglycerol lipase;PPAR:peroxisome proliferator acti-

vated receptors; GPR: G protein-coupled receptor; DAGL:Diacylglycerol lipase; CBR:Cannabinoid receptors; NAPE-PLD: N-acylphosphatidylethanolamine-specific

phospholipase D; FAAH:Fatty acid amide hydrolase; AEA: N-arachidonylethanolamide.
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mouse hippocampus and influenced the proliferation and differentia-

tion of neural precursor cells; however, VPA alone had no effect on the

occurrence and proliferation of neurons. These data indicate that eCBs

protect neurons and stimulate neurogenesis (Andres-Mach et al., 2015;

Luszczki et al., 2006). Similarly, in a maximal electroshock seizure trial,

WIN—a non-selective CB1R and CB2R antagonist—enhanced the an-

ticonvulsant effects of four different drugs (Luszczki et al., 2011). These

results provide preliminary evidence that eCBs are an effective auxiliary

treatment for epilepsy.

3.4. Fragile X syndrome

The eCBs signaling system in the hippocampus of Fragile X

Syndrome model (fragile X mental retardation 1 knockout [Fmr1-KO])

mice has obvious defects; enhancing the 2-AG signal normalized glu-

taminergic synapses and improved cognitive function and learning and

memory (Wang et al., 2017). In Fmr1-KO mice, MAGL activity was

increased in the frontal cortex and striatum; administration of the

MAGL inhibitor JZL184 enhanced 2-AG signaling and restored synaptic

plasticity by modulation of glutamatergic neurotransmission (Jung

et al., 2012). Moreover, different CB1R antagonists alleviate behavioral

and cognitive abnormalities in Fmr1-KO mice (Busquets-Garcia et al.,

2013; Gomis-Gonzalez et al., 2016), and the CB1R blocker rimonabant

improved cognitive deficits in Fmr1-KO mice (Servadio et al., 2016).

After treatment with FAAH antagonists, which increased AEA level in a

mouse model of Fragile X Syndrome, learning and memory perfor-

mance was significantly improved (Qin et al., 2015). These findings

demonstrate that the eCB system is associated with Fragile X Syndrome

and can is a promising therapeutic target.

3.5. Alzheimer’s disease (AD)

Generally known that the most famous explanation for AD is the

dopamine hypothesis (Howes and Kapur, 2009). A recent study re-

ported an interaction between dopamine and eCBs (Kreitzer and

Malenka, 2005). Prior to the manifestation of psychiatric symptoms,

Δ9-THC has been shown to induce dopaminergic neuron excitation and

increase dopamine levels along the margin of the midbrain region, in-

cluding the ventral tegmentum, nucleus accumbens, and striatum

(Ginovart et al., 2012). Similarly, the reduction in eCB levels as a result

of CB2R agonists has also been shown to improve AD symptoms (Paez

and Campillo, 2018). Interestingly, increased expression of CB1-CB2

was observed in microglia in the hippocampus of a transgenic AD

mouse model (Navarro et al., 2018). In mice lacking CNR1 (which

encodes CB1R), amyloid β protein and lipofuscin were not be degraded,

leading to autophagy dysfunction, which then affects acceleration of

brain aging in AD patients (Piyanova et al., 2013).

In summary, although some of the findings are inconsistent, it is

generally acknowledged that eCBs are involved in the development of

neuropsychiatric disorders. It is therefore likely that ASD, which has

phenotypic similarities to the above neuropsychiatric diseases, may be

caused by abnormalities in the eCB system.

4. ECBs and ASD

4.1. Autism spectrum disorder (ASD): an increasingly common disorder of

unclear etiology

ASD is a complex neurodevelopmental disorder in children with an

onset that is typically before the age of 3 years. According to the fifth

edition of the American Psychiatric Association Handbook of Diagnosis

and Statistics of Mental Disorders-5, ASD mainly involves abnormalities

in two areas: social communication and interaction, and limited and

repetitive behaviors, interests, or activities (American Psychiatric

Association, 2013; RdM and Autism, 2015). In the U.S. in 2018, the

prevalence of ASD was 1:59 (Baio et al., 2018), which is nearly 1.1T
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times higher than the rate of 1:125 data reported in 2008 (Baio et al.,

2018). However, the etiology and molecular mechanisms underlying

ASD are not fully understood. Hundreds of genes to date have been

linked to ASD, most of which are closely related to the development of

the nervous system, especially synaptogenesis (Lin et al., 2016). For

example, neuroligin (NLGN) family members are postsynaptic adhesion

molecules that can affect inhibitory neurotransmission in the brain

(Nguyen et al., 2016); SHANK3 reduces synaptic plasticity and further

affects triggering abnormal synaptic function (Harony-Nicolas et al.,

2017), ZNF804A promotes synapse formation and maintains the mor-

phology of synaptic spines (Deans et al., 2017), and UNC13A affects the

fusion of synaptic vesicles to the presynaptic membrane and blocks

synaptic transmission (Lipstein et al., 2017). Thus, abnormalities in

synaptic transmission are of particular importance in the etiology of

ASD. To this end, the endocannabinoid (eCB) system, which can affect

synaptic function, has attracted considerable attention for its potential

involvement in the development of ASD. ECB ligands are derived from

polyunsaturated fatty acids (PUFAs) in neuronal cell membranes and

act on presynaptic membrane receptors to inhibit neurotransmitter re-

lease from presynaptic neurons, thereby modulating synaptic plasticity.

In the following sections, we present the evidence for the relationship

between abnormalities in the eCB system and the pathophysiology of

ASD, which can provide valuable insight into possible treatment stra-

tegies.

4.2. ECB system possible a hub for ASD onset

The eCB system may be one of the hubs for the association of PUFA

metabolism with neuronal development. Recent studies have revealed

that defects in n-3 PUFAs inhibit eCB-associated synaptic plasticity in

vivo. Mice fed a diet lacking n-3 PUFAs showed a complete absence of

LTD induced by eCBs (eCB-LTD) in the prefrontal cortex and nucleus

accumbens, while synaptic plasticity induced by other neuro-

transmitters was unaffected (Lafourcade et al., 2011). At the same time,

the deficiency of n-3 PUFAs also decreased the synaptic regulation

function of CB1R in mice. The behavior of n-3 PUFAs deficient mice was

similar to that of CB1R knockout mice. In the opening experiment, the

contact behavior increased and the social behavior decreased

(Lafourcade et al., 2011). Moreover, the enhancement of eCB signal

could promote the formation of LTD, and the recovery of LTD was

found in both brittle X syndrome and mental retardation mice. When

female rats were given a diet deficient in n-3 PUFAs from the first ge-

stational day, eCB-LTP was lost in the hippocampus of the offspring

(Thomazeau et al., 2017). It is suggested that the lack of n-3 PUFAs diet

may lead to synaptic plasticity damage and learning and memory im-

pairment in neurons, which may be due to the decrease in the in-

hibitory effect of the eCB system on neurotransmitter release. Thus, n-3

PUFAs are required for synaptic plasticity, which could be defective

when inhibition of neurotransmitter release is abolished by eCBs. It has

been mentioned and speculated that the abnormality of synaptic con-

duction in the nervous system may be related to the pathogenesis of

ASD. Therefore, the low intake of n-3 PUFAs may affect the synthesis of

eCBs, or affect the sensitivity of CB1R, resulting in abnormal eCB

system, and then damage the synaptic plasticity of neurons. This may

be the cause of social and cognitive impairment in children with ASD.

Metabolic abnormalities in PUFAs are common in children with ASD

(El-Ansary and Al-Ayadhi, 2014). Some population experiments showed

that the decrease of eicosapentaenoic acid (EPA), docosahexaenoic acid

(DHA) and AA was related to cognitive impairment, which affected

social function (Jiang et al., 2018; Lassek and Gaulin, 2014). A case-

control study of a large population showed that AA, DHA, and EPA

levels were lower in children with ASD than in normal children; n-3

PUFA supplementation improved social interaction and repetitive, re-

stricted interests and behaviors (Mazahery et al., 2017). Our group

previously showed that serum levels of AA, DHA, and docosapentaenoic

acid were lower in autistic children than in controls (Zhao et al., 2015).

In animal experiments where diet strictly controlled in order to reduce

the influence of dietary factors, serum n-3 and n-6 PUFAs levels were

still lower in ASD model as compared to control rats. We also observed

that the expression of rate-limiting PUFA metabolic enzymes was

downregulated in the ASD group (Zhao et al., 2015). The cognitive

ability and learning and memory of model mice were significantly

improved by PUFA intervention (Gao et al., 2016; Fortunato et al.,

2017), and increasing DHA intake during pregnancy promoted the

neural development of offspring and alleviated ASD-related behaviors

in mice (Weiser et al., 2016). Thus, abnormalities in the eCB system

resulting from a lack of n-3 PUFAs possibly can lead to dysregulation of

synaptic function and maybe ultimately to ASD cognitive and social

function defects.

The NLGN3 gene encodes a post-synaptic adhesion molecule that

inhibits synaptic transmission in the brain (Nguyen et al., 2016); two

mutations in this gene are the potential cause of ASD. One is the de-

letion of the NLGN3 gene (Jamain et al., 2003), which was found to be a

susceptibility gene of ASD by chromosome sequencing, affecting func-

tional synapse formation. The other is the substitution of R451C. The

R451C mutation arising from a C→T transition in the parental NLGN3

gene resulted in the substitution of the highly conserved arginine re-

sidue to cysteine (Jamain et al., 2003). NLGN3R451C knock-in (KI) and

NLGN3 KO mice showed ASD-related behavioral phenotypes

(Radyushkin et al., 2009; Tabuchi et al., 2007) and impaired eCB sig-

naling (Foldy et al., 2013). Previous studies have reported that eCBs

signaling is blocked in the hippocampus of NLGN3R451C KI and NLGN3

KO mouse models, as determined by measuring GABAergic synaptic

transmission (Foldy et al., 2013). This is consistent with the observed

dysregulation of eCBs in the hippocampus of these two models by in-

hibitory synaptic transmission between basket cells and pyramidal

neurons (Krueger and Brose, 2013). It was recently demonstrate that

synaptic plasticity defects in the dorsal striatum of the NLGN3R451C

model could be alleviated by exogenously activating CB1R or increasing

eCB levels (Martella et al., 2018). The link between NLGN3 and eCBs

supports the possibility that changes in eCB signaling contributes to

ASD pathophysiology.

It is well known that p21-activated kinase (PAK) 1 inhibitors can

significantly improve social and cognitive functioning in animal models

of ASD (Dolan et al., 2013). PAK1 is a potent regulator of GABAergic

neurotransmission, and its loss leads to impairment of the inhibitory

postsynaptic current, which is manifested as a decrease in presynaptic

GABA release. PAK1 limits AEA levels by promoting synaptic expression

of COX-2 (Xia et al., 2018), and AEA levels are higher in PAK1 KO than

in wild-type mice (Xia et al., 2016). It can be speculated that eCBs plays

an intermediate role and there is ample evidence that ankylosing AEA

signals have been shown to improve social interaction (Trezza et al.,

2012).

4.3. Direct evidence for the relationship between eCBs and ASD

ECBs not only serve as a bridge for the onset of ASD; significant

changes in the components of the eCB system have been detected in

ASD animal models and patients. When BTBR mice—which are fre-

quently used as an ASD model—were given selective FAAH inhibitor to

increase the activity of AEA, social deficits associated with ASD were

abolished (Wei et al., 2016). Additionally, social engagement was

shown to increase AEA levels in the cortex (Gould et al., 2012),

amygdala, nucleus accumbens (Trezza et al., 2012), and striatum in

BTBR mice (Marco et al., 2011). Prenatal valproic acid (VPA) exposure

induced ASD-like symptoms in offspring; this is therefore considered as

a preclinical model of ASD that has good construct validity (Servadio

et al., 2015). Moreover, social interaction defects in VPA rats were al-

leviated by AEA treatment (Servadio et al., 2016). Dysfunction of the

eCB system may be the basis for some of the ASD-like behavioral

changes in mouse models (Kerr et al., 2013). A rat model of VPA-in-

duced ASD, time and frequency in social tests were reduced and DAGL
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levels in the hippocampus and frontal cortex were lower than those in

normal mice (Kerr et al., 2013). AEA signaling is enhanced by blocking

AEA degradation, which reversed ASD-like behavioral deficits in VPA

rats (Melancia et al., 2018). Down regulation of PPAR and GRP55 has

also been reported in VPA rats. Although it is unclear how this relates to

social behavior, recent data suggest that activation of hippocampal

PPAR can improve cognitive performance (Denner et al., 2012).

Therefore, the down regulation of PPAR may lead to decreased cogni-

tive ability and impaired social behavioral responses in ASD.

Functional magnetic resonance imaging studies have shown that

brain connectivity abnormalities in children with ASD may be caused

by a lack of CB1 axon guidance (McFadden and Minshew, 2013). Since

it has been shown that during brain development, CB1R can drive axon

guidance and is responsible for synapse formation (Fride et al., 2009).

There are also many case-control studies have revealed abnormal eCB

levels in children with ASD from the peripheral immunological level.

Plasma concentration of AEA in 59 ASD cases and 53 controls was

determined by optimized liquid chromatography-tandem mass spec-

trometry. The results showed that the AEA concentration in children

with ASD was lower than controls (Karhson et al., 2018); mean-

while,CB2 mRNA and protein expression in peripheral blood mono-

nuclear cells was upregulated whereas NAPE-PLD mRNA expression

was downregulated in children with ASD relative to normal children

(Siniscalco et al., 2013). Some studies have also shown that NAPE-PLD

and CB2R levels in the peripheral blood are increased and that FAAH

expression is decreased in autistic children (Siniscalco et al., 2014).

Although these findings are somewhat contradictory, they suggest that

abnormalities in the eCB system are associated with the occurrence of

ASD. Table 1 summarizes the major changes in the eCB system in

human patients and autistic animal models.

Glutamate excitotoxicity and inflammation are thought to be in-

volved in the development of ASD, and PEA has been shown to si-

multaneously prevent glutamate toxicity and inhibit inflammatory re-

sponses. When a combination of risperidone and PEA was given to

children with ASD aged 4–12 years in a double-blind placebo-controlled

trial, the combination therapy improved compliance and hyperactivity

in patients as compared to co-administration of risperidone and pla-

cebos (Khalaj et al., 2018). In the original report of two ASD cases, it

was shown that PEA improved language expression, cognition, and

behavior through regulation of mast cells and immune chemistry

(Antonucci et al., 2015). The emotional problems associated with ASD

and the degree of hyporesponsiveness to social stimulation vary with

changes in the CNR1 genotype (Chakrabarti et al., 2006, 2009). Several

atypical phenotypic features of ASD such as sleep disorder, anxiety, and

non-normal responses to social rewards are due to the fact that eCB

assemble them collectively (Chakrabarti et al., 2015). Table 2 sum-

marizes the application of eCB intervention in ASD.

5. Conclusion

The eCB system is an important regulatory system of the central

nervous system that regulates neurotransmission and synaptic plasticity

and is not only involved in many aspects of human health and disease,

but also plays a key role in emotion, social responses, and cognitive

functions. The association between eCB system abnormalities and var-

ious neurological diseases such as schizophrenia, depression, anxiety,

and epilepsy has been demonstrated, and changes in eCB levels have

been observed in these mental illnesses. As such, it is no surprise that

ASD also involves the eCB system. In recent years, studies have also

suggested that eCB system is associated with important functions in the

development of the ASD-related nervous system (learning and memory,

cognitive function, etc.). Evidence from human and animal models

demonstrates that the main components of the eCB system are per-

turbed in the brain of ASD patients. Despite these inconsistencies, re-

searchers generally agree that eCB are an important tache in the pa-

thophysiology of various neuropsychiatric disorders. The role of eCB

metabolic pathway regulation is complex, eCB can function either di-

rectly or through a large amount of metabolites, but our understanding

of the eCB's signaling mechanism in ASD is still in its infancy. To date,

most of what has been described pertains to AEA and 2-AG and rela-

tively little is known about the roles of PEA and OEA. Further research

on eCB signaling and eCB clinical intervention should be conducted in

the future. The metabolic enzymes of the eCB system as well as key

enzymes in oxidative pathways such as COX appear to be promising

targets for ASD therapy. This review not only provides a scientific basis

for further targeted nutrition interventions of ASD. Based on this, it also

opened the way for the treatment of mental illness by eCB-oriented

drugs.
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Abstract
Autism is associated with a range of costs. This paper reviews the literature on estimating the economic costs of autism 
spectrum disorder (ASD). More or less 50 papers covering multiple countries (US, UK, Australia, Canada, Sweden, the 
Netherlands, etc.) were analysed. Six types of costs are discussed in depth: (i) medical and healthcare service costs, (ii) 
therapeutic costs, (iii) (special) education costs, (iv) costs of production loss for adults with ASD, (v) costs of informal care 
and lost productivity for family/caregivers, and (vi) costs of accommodation, respite care, and out-of-pocket expenses. A 
general finding is that individuals with ASD and families with children with ASD have higher costs. Education costs appear 
to be a major cost component for parents with children with ASD.

Keywords Autism · Autism spectrum disorder · Direct costs · Indirect costs · Financial burden

Introduction

Autism spectrum disorder (ASD) is a range of neurodevelop-
mental disorders that are characterized by the following core 
deficits: impairments in social interaction and communica-
tion, and restricted, repetitive behaviours (DSM-5, American 
Psychiatric Association 2013). ASD affects people world-
wide, irrespective of race, ethnicity or socio-economic status 
(Sharpe and Baker 2011; Durkin et al. 2010). Studies and 
empirical evidence also show ASD is related to many poten-
tial comorbidities such as epilepsy, attention problems, gas-
tro-intestinal problems, oppositional behaviour, anxiety and 
depression, sleeping disorder and feeding disorders (Hodg-
etts et al. 2015; Kogan et al., 2008; Vohra et al. 2017). As 
to the population prevalence of ASD, estimated figures vary 
depending on the country of study, the period studied, and 
the estimation method used. Recent estimates range from 
1 per 160, 1 per 100, to 2 per 100 (Baird et al. 2006; Baio 
et al. 2018; Cidav et al. 2012; Hughes 2009; Knapp et al. 
2009). Most recent estimates for the US as collected by the 

Autism and Developmental Disabilities Monitoring Network 
(Centers for Disease Control and Prevention, US Depart-
ment of Health and Human Services), for instance, yielded 
overall ASD prevalence estimates varying from 13.1 to 29.3 
per 1000 children aged 8 years with an average prevalence 
estimate of 16.8 per 1000 children aged 8 years (Baio et al. 
2018). Based on the prevalence estimates of several stud-
ies across multiple countries, Lyall et al. (2017) estimated 
the population prevalence to be around 1.5% in developed 
countries around the world. As possible reasons for the dis-
crepancy in estimated prevalence figures, studies point out, 
among other things, that for several countries (e.g., Belgium, 
Scotland, most of the Arabic countries, etc.) there are no 
reliable and/or only limited statistics available regarding the 
prevalence of ASD and that diagnosis in ASD can be dif-
ficult or complicated due to no or ineffective screening, and 
the interactions that occur between development and ASD 
symptoms. Studies on the prevalence of ASD also show that 
there is an increasing trend in the percentage of the popula-
tion that is diagnosed with ASD (Lyall et al. 2017; Jacob 
et al. 2015; Sharpe and Baker 2007), with more recent stud-
ies showing higher estimates of prevalence rates compared 
to older studies. However, it is unclear whether this increase 
is due to an actual increase in prevalence of ASD, more 
broadly defined diagnostic criteria, better public and medical 
awareness, improved possibilities of diagnosing children at a 
young age, or a combination of all these factors (Jacob et al. 
2015; Kogan et al. 2008; Leslie and Martin 2007). Studies 
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also showed that a considerable share of the people with 
ASD have intellectual disabilities. Estimates of individuals 
with ASD having intellectual disabilities reported by recent 
studies vary between 30 and 50% (Baio et al. 2018; Bue-
scher et al. 2014; Atladóttir et al. 2007; Baird et al. 2006). 
For instance, recent estimates for the US show that 31% of 
children with ASD were classified in the range of intellectual 
disability, i.e. IQ < 70) (Baio et al. 2018; Centers for Disease 
Control and Prevention). In a study of the costs of ASD in 
the US and the UK, based on findings of previous studies, 
Buescher et al. (2014) reported a 40–60% split (i.e., 40% of 
individuals with ASD having intellectual disabilities).

The rising number of people being diagnosed with ASD, 
in combination with the life-long care and support that most 
individuals with ASD require across multiple domains such 
as education, healthcare and community services (the need 
for support depending on the severity of the disorder), makes 
it a major societal concern involving significant costs for 
the individual diagnosed with ASD, his/her family, private 
and/or public health insurance systems, state financial aid 
programmes, and society, more generally. Having a better 
understanding of the ASD-related costs is beneficial and 
informative for several reasons. Firstly, a study of the costs 
could yield a detailed picture of the size of the costs, the 
different types of costs, the distribution of the cost burden 
for the different parties involved, as well as unintended or 
negative consequences of policies. For example, information 
about what costs are borne by families and to what extend 
costs related to ASD are covered by health insurance, the 
education system or state financial aid programs can reveal 
the financial burden for families of individuals with ASD. If 
financial costs are not sufficiently funded by public resources 
or health insurance programs this might negatively affect the 
access to certain services for ASD-individuals (or their fami-
lies) with limited personal financial resources. Secondly, in 
responding to this challenge of a larger number of people 
being diagnosed with ASD, those responsible for developing 
and implementing policies and deciding on resource alloca-
tions need to have good knowledge of the consequences of 
their decisions. A clear overview of the total cost of ASD 
and all its individual components can help policy makers 
make informed decisions about public resource allocation 
and the organization of public services for individuals with 
ASD. Thirdly, costs related to ASD are not limited to service 
and healthcare costs. A comprehensive overview of indirect 
costs, such as informal care and parental lost productivity, 
might assist policy makers in finding ways to help families 
through family support systems.

The aim of this paper is to review the literature dealing 
with estimating the economic costs of ASD. Around 50 
papers covering multiple countries (US, UK, Australia, 

Canada, Sweden, the Netherlands, Egypt and China) are 
analysed. Six types of ASD-related costs are discussed in 
depth: (i) medical and healthcare related service costs, 
(ii) therapeutic costs, (iii) (special) education costs, (iv) 
costs of production loss for adults with ASD, (v) costs of 
informal care and lost productivity for family/caregivers, 
and (vi) costs of accommodation, respite care, and out-of-
pocket expenses.

The paper adds to the literature in that it provides a 
comprehensive overview of the recent literature on ASD 
costs. To our knowledge, only two studies have actually 
provided a review of the cost estimation studies on ASD: 
Amendah et  al. (2011) and Sharpe and Baker (2011). 
Amendah et al. (2011) conducted a literature review on 
ASD costs thereby following an approach similar to the 
one used in the present review paper, i.e., screening data-
bases for peer-reviewed literature and additional sources of 
information on the costs of care for individuals with ASD 
thereby using a set of key words. However, Amendah et al. 
(2011) focused primarily on US-based studies (however, 
due to scarcity of data/studies for the US, also (a limited 
number of) non-US studies were included for non-medical 
ASD costs). Though there is some overlap between Amen-
dah et al. (2011) and the present review study (Amen-
dah et al. 2011 reviewed a selection of 40 studies, 13 of 
which are also reviewed in the present review study), we 
believe that our paper does add to the literature in that it 
complements the review study of Amendah et al. (2011) 
by reviewing the recent literature on ASD costs (period 
2011–2017) and also non-US studies on medical costs or 
expenditures of ASD. Sharpe and Baker (2011) conducted 
a brief review of a 10 studies on autism-related costs, 5 
studies on the US and 5 studies abroad. All 10 studies are 
also included in our review study.

Literature Review Search Strategy 
and Structure

The literature search was conducted using multiple data-
bases (Medline, Web of Science, Scopus and ScienceO-
pen). In the search for studies to include in the litera-
ture review, the key terms ‘autism’, ‘ASD’, and ‘autism 
spectrum disorder’ were combined with the following 
keywords: ‘costs’, ‘economic costs’, ‘economic burden’, 
and ‘expenditures’. Only papers from 2000 onwards were 
considered in the search process (i.e., the search period 
covered January 2000–January 2018). The general terms 
‘autism spectrum disorder’ and ‘ASD’ were used as an 
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inclusion criterion. Given the broadness of the ASD-spec-
trum this implies that different types of pervasive develop-
mental disorders (PDDs), such as autistic disorder, child-
hood disintegrative disorder, PDD-not otherwise specified 
(PDD-NOS), and Asperger syndrome were considered 
(DSM-5, American Psychiatric Association 2013).1 As a 
selection criterion, it was decided that studies focusing 
on costs and cost calculations for both children and adults 
with ASD were to be included. No language barriers were 
added to the inclusion criteria, although a large majority 
of the papers were in English. A first screening of the 
titles and the abstracts (thereby focusing on whether the 
key terms appeared in the title and/or abstract) reduced 
the selection with slightly more than two-thirds. During 
the readings and reviews, it was decided that some papers 
should not be further considered in the literature review. 
It concerned mainly studies that didn’t list any cost figures 
or estimations of ASD costs and/or that didn’t elaborate on 
the costs of ASD. Papers that didn’t explicitly calculate/
estimate ASD-related costs were retained in the selection 
if they discussed the concept of costs related to ASD at a 
more general level as these papers are relevant to papers 
that do explicitly perform cost calculations, for instance, 
by identifying the cost categories that should be taken 
into account in such calculations/estimations (e.g., Mur-
phy et al. 2011). This resulted in a selection of 39 papers 
remaining. To further expand the literature search, refer-
ence lists from selected papers were screened for poten-
tially interesting papers. This resulted in some papers and 
book chapters (nine in total) being added to the selection 
(e.g., Amendah et al. 2011; Sharpe and Baker 2011).

The final selection of papers thus includes 48 papers, with 
most papers from peer-reviewed journals. Over half of the 
studies were conducted in the US. Other studies were car-
ried out in the UK (e.g. Barrett et al. 2015), Australia (Hor-
lin et al. 2014), Sweden (Järbrink 2007), Canada (Hodgetts 
et al. 2015), The Netherlands (Peters-Scheffer 2015; Peters-
Scheffer et al. 2012), China (Xiong et al. 2011) and Egypt 
(Mendoza 2010). Note that in the screening of the papers, 
no strong methodological considerations were imposed as to 
how cost data were collected, used in cost estimations (i.e. 
which cost estimation technique was used) and/or reported. 
As to the sample scale, for instance, there are papers in the 
final selection which collected national-level data from one 
or multiple national data sources (e.g., Liptak et al. 2006; 
Ganz 2007; Leslie and Martin 2007), whereas other papers 
used data from lower-level (e.g. county-level) administrative 

sources (e.g., Mandell et al. 2006; Croen et al. 2006), and 
some papers even used data as collected from small-sample 
interviews/questionnaires (e.g., Barrett et al. 2012; Järbrink 
2007). Data were abstracted from the papers using a stand-
ard checks list designating what type of information was to 
be collected and reported into review tables. In particular, 
for each paper the following information was abstracted: the 
author(s) of the study, the year of article publication, the 
country of study, the data source(s) used, ASD cost compo-
nents per category, reported/estimated cost figures (eventu-
ally with ranges). If available, also the following types of 
information were to be collected: the share(s) of the cost 
components to the overall ASD-related costs (or, in case of 
lifetime costs, the cost share for each age period), the base at 
which costs were assessed/estimated (annual costs, lifetime 
costs, etc.), and the currency and year in which cost figures 
are reported. Depending on the article, costs for individuals 
with the ASD-diagnosis are compared to typically develop-
ing children and adults, or to individuals with other mental 
disorders or physical impairments. Other papers compare the 
costs for individuals with ASD across age groups, the costs 
and benefits of different therapies, or the costs for people 
with ASD with or without intellectual disabilities. If such 
comparisons were made, both cost figures were provided in 
the overview tables.

The literature review is organized into sections that cor-
respond to categories/components of ASD-related costs. 
Different categorizations of the ASD-related costs have 
been proposed in the literature. Lavelle et al. (2014), for 
instance, estimated ASD-related costs in three categories: 
direct medical, direct non-medical costs (especially special 
education services and behavioural therapies), and caregiver 
productivity costs (average wage times increased hours of 
caregiving). Amendah et al. (2011) distinguished between 
four domains of ASD costs: medical, nonmedical, produc-
tivity, and caregiver time. Buescher et al. (2014) assessed 
seven ASD-related cost categories: accommodation (resi-
dential care), medical services, nonmedical services, spe-
cial education, employer support, lost parental productivity, 
and lost individual productivity, with employer support and 
lost individual productivity cost categories only applying to 
adults with ASD aged 18 and over. Looking for a balance 
between cost categories that are too broad or narrow, this 
paper distinguishes between six types of ASD-related costs: 
(i) medical and healthcare related service costs, (ii) thera-
peutic costs, (iii) (special) education costs, (iv) costs of pro-
duction loss for adults with ASD, (v) costs of informal care 
and lost productivity for family/caregivers, and (vi) costs of 
accommodation, respite care, and out-of-pocket expenses. 
In the review of the cost estimation studies, detailed cost 
figures are reported in Tables 1, 2, 3, 4, 5 and 6 and general 
findings are discussed in the text. Note that Tables 1, 2, 3, 4, 
5 and 6 list cost figures in the monetary unit and base year 

1 Alternatively, one could opt to include the individual diagnostic 
labels [autistic disorder, childhood disintegrative disorder, pervasive 
developmental disorder-not otherwise specified (PDD-NOS), and 
Asperger syndrome] in the search process.
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as reported in the reviewed papers as well as in 2018 US$ 
(in italics). The reason for updating the cost figures to the 
same base year (i.e., 2018) and the same currency (i.e., US 
$) is to facilitate comparisons of cost figures.2

A Classification of ASD‑Related Costs

Medical and Healthcare Related Service Costs

The cost category that is mostly examined in the literature 
is the ASD-related medical or healthcare costs. It concerns 
costs that are caused by inpatient and outpatient expenses 
as well as pharmaceutical expenses. Some studies also con-
sider costs related to emergency care, the use of physicians 
or other healthcare professionals, and home healthcare ser-
vices. Table 1 gives an overview of the studies and their 
cost estimates.

Most of the studies listed in Table 1 calculated and com-
pared the use and costs of medical and healthcare related 
services for individuals with and without ASD to obtain an 
idea of how ASD affects the use and costs of such services. 
Examples include Croen et al. (2006), Liptak et al. (2006), 
Ganz (2007) and Shimabukuro et al. (2008). Other stud-
ies also estimated and compared the medical and healthcare 
costs of children and/or adults with ASD with intellectual 
disabilities with the costs of children and/or adults with ASD 
without intellectual disabilities or children and/or adults with 
other types of disabilities (e.g., physically disabled children/
adults, mentally disabled children/adults, etc.). Examples of 
such studies are Järbrink and Knapp (2001) and Knapp et al. 
(2009), with both studies using the IQ score of 70 as a cut-
off to distinguish ASD children with and without additional 
learning disabilities.

Although the studies very likely do not provide a com-
plete identification of the cost differentials, they do reveal 
several general insights. One general finding is that the med-
ical and healthcare costs are significantly higher for indi-
viduals with ASD than for the general population. Croen 
et al. (2006), for instance, reported that the average annual 
cost of healthcare for children with ASD was three to two 
times as large as the healthcare costs for children without 
ASD (depending on whether there was an adjustment for 
age and gender or for age, gender and psychiatric comor-
bidities in the cost computations). A similar cost ratio for 
medical and healthcare costs for children with ASD versus 
children without ASD was also found by Ganz (2007). Ganz 
(2007) reported that, in the US, a person with ASD spends, 
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2 In the transformation of the cost figures, reported cost figures were 
first inflated to the year 2018. Subsequently, inflated cost figures were 
all converted to US $ thereby adopting the conversion rate as on 1 
January 2018 (£1.00 = $1.3491 US, €1.00 = $1.20 US, $1.00 Cana-
dian = $0.800961 US, $1.00 Australian = $0.788955 US).



2880 Journal of Autism and Developmental Disorders (2019) 49:2873–2900

1 3

Ta
bl

e 
2 

 O
ve

rv
ie

w
 o

f c
os

t (
–b

en
efi

t) 
es

tim
at

es
 o

f d
iff

er
en

t t
yp

es
 o

f A
SD

 b
eh

av
io

ur
al

 th
er

ap
y

Re
fe

re
nc

es
C

ou
nt

rie
s

D
at

a
Ty

pe
 o

f b
eh

av
io

ur
al

 in
te

rv
en

tio
n

C
os

t e
sti

m
at

es

B
ut

te
r e

t a
l. 

(2
00

3)
U

S
– 

St
ud

ie
s a

bo
ut

 th
e 

eff
ec

ts
 o

f E
IB

I o
r b

eh
av

-
io

ur
al

 in
te

rv
en

tio
n

– 
Ex

pe
rie

nc
es

 w
ith

 th
e 

C
om

pr
eh

en
si

ve
 

A
ut

is
m

 C
en

te
r a

t C
ol

um
bu

s C
hi

ld
re

n’
s 

H
os

pi
ta

l i
n 

C
ol

um
bu

s, 
O

hi
o

Lo
va

as
 th

er
ap

y
– 

A
nn

ua
l m

ea
n 

co
st 

ex
ce

ed
s $

 6
0,

00
0 

(in
 2

00
3 

U
S$

) (
$ 

82
,0

00
)

– 
C

os
t–

be
ne

fit
 m

od
el

s e
sti

m
at

e 
po

ss
ib

le
 si

g-
ni

fic
an

t c
os

t s
av

in
gs

 d
ur

in
g 

th
e 

lif
e 

sp
an

 o
f a

 
pe

rs
on

 w
ith

 A
SD

Sa
llo

w
s a

nd
 G

ra
up

ne
r (

20
05

)
U

S
– 

24
 C

hi
ld

re
n 

w
ith

 A
SD

 ra
nd

om
ly

 a
ss

ig
ne

d 
to

 tw
o 

gr
ou

ps
– 

Fo
ur

-y
ea

r c
lin

ic
al

 tr
ia

l (
tre

at
m

en
t g

ro
up

: 
cl

in
ic

-d
ire

ct
ed

 tr
ea

tm
en

t s
er

vi
ce

s, 
co

nt
ro

l 
gr

ou
p:

 p
ar

en
t-d

ire
ct

ed
 g

ro
up

 w
ith

 c
on

su
lta

-
tio

n 
tre

at
m

en
t s

er
vi

ce
s)

Lo
va

as
 th

er
ap

y
– 

A
nn

ua
l m

ea
n 

co
st 

ex
ce

ed
s $

 5
0,

00
0 

(in
 2

00
3 

U
S$

) (
$ 

68
,0

00
)

– 
Si

m
ila

r o
ut

co
m

es
 a

fte
r 4

 y
ea

rs
 o

f t
re

at
m

en
t 

(c
og

ni
tiv

e,
 la

ng
ua

ge
, a

da
pt

iv
e,

 so
ci

al
, a

nd
 

ac
ad

em
ic

 m
ea

su
re

s)

C
ha

ss
on

 e
t a

l. 
(2

00
7)

U
S

– 
Pr

ev
io

us
ly

 p
ub

lis
he

d 
pa

pe
rs

 to
 m

ak
e 

as
su

m
pt

io
ns

 o
n 

th
er

ap
y 

ou
tc

om
es

 a
nd

 c
os

t 
fig

ur
es

– 
D

is
cr

et
e 

Tr
ia

l T
ra

in
in

g 
(D

TT
) a

s a
 p

ro
xy

 
fo

r E
IB

I
– 

Pa
re

nt
-d

ire
ct

ed
 m

od
el

 o
f D

TT

– 
D

is
cr

et
e 

Tr
ia

l T
ra

in
in

g:
 a

ve
ra

ge
 y

ea
rly

 
co

st 
of

 $
 4

0,
00

0 
pe

r c
hi

ld
 (i

n 
20

05
 U

S$
) (

$ 
51

,4
30

)
– 

Pa
re

nt
-d

ire
ct

ed
 m

od
el

: a
ve

ra
ge

 y
ea

rly
 c

os
t o

f 
$ 

22
,5

00
 p

er
 c

hi
ld

 ($
 2

8,
92

9)
– 

3 
ye

ar
s o

f E
IB

I d
ur

in
g 

th
e 

fir
st 

ye
ar

s o
f l

ife
 

m
or

e 
co

st-
effi

ci
en

t t
ha

n 
sp

ec
ia

l e
du

ca
tio

n 
ov

er
 a

n 
18

-y
ea

r p
er

io
d 

(a
ge

 p
er

io
d 

4–
22

)
– 

C
os

t s
av

in
gs

 o
f $

 8
4,

30
0–

$ 
20

8,
50

0 
pe

r 
ch

ild
 o

ve
r a

n 
18

-y
ea

r p
er

io
d 

(a
ge

 4
–2

2)
 

($
10

8,
38

9–
$2

68
,0

79
)

A
m

en
da

h 
et

 a
l. 

(2
01

1)
U

S
– 

Pe
er

-r
ev

ie
w

ed
 li

te
ra

tu
re

 a
nd

 a
dd

iti
on

al
 

so
ur

ce
s w

ith
 c

os
t i

nf
or

m
at

io
n 

of
 c

ar
e 

fo
r 

in
di

vi
du

al
s w

ith
 A

SD
, w

ith
 a

 fo
cu

s o
n 

U
S

In
te

ns
iv

e 
be

ha
vi

ou
ra

l i
nt

er
ve

nt
io

ns
A

nn
ua

l c
os

t e
sti

m
at

e 
of

 $
 4

0,
00

0–
$ 

60
,0

00
 (i

n 
20

03
 U

S$
) (

$ 
55

,0
00

–$
 8

2,
00

0)
 fo

r i
nt

en
si

ve
 

be
ha

vi
ou

ra
l i

nt
er

ve
nt

io
ns

 fo
r c

hi
ld

re
n 

w
ith

 
A

SD
 p

rio
r t

o 
sc

ho
ol

 a
ge

La
ve

lle
 e

t a
l. 

(2
01

4)
U

S
– 

N
at

io
na

l d
at

a 
fro

m
 th

e 
M

ed
ic

al
 E

xp
en

di
tu

re
 

Pa
ne

l S
ur

ve
y 

lin
ke

d 
to

 th
e 

N
at

io
na

l H
ea

lth
 

In
te

rv
ie

w
 S

ur
ve

y 
an

d 
a 

stu
dy

-s
pe

ci
fic

 
su

rv
ey

A
SD

-r
el

at
ed

 th
er

ap
ie

s (
A

BA
/D

TT
 a

nd
 

TE
A

C
H

H
 m

et
ho

d)
 a

nd
 o

th
er

 fa
m

ily
-c

oo
rd

i-
na

te
d 

se
rv

ic
es

– 
Po

in
t e

sti
m

at
e 

of
 a

nn
ua

l m
ea

n 
co

st 
(it

 c
on

-
ce

rn
s n

on
-m

ed
ic

al
 b

eh
av

io
ur

al
 th

er
ap

ie
s n

ot
 

in
cl

ud
ed

 u
nd

er
 e

ith
er

 m
ed

ic
al

 c
ar

e 
or

 sp
ec

ia
l 

ed
uc

at
io

n 
se

rv
ic

es
) o

f $
 3

50
 (i

n 
20

11
 U

S$
) (

$ 
39

1)
, w

ith
 c

os
t e

sti
m

at
io

ns
 ra

ng
in

g 
fro

m
 $

 6
 

to
 $

 2
14

3 
($

6.
7 

to
 $

23
92

), 
de

pe
nd

in
g 

on
 th

e 
di

ffe
re

nt
 A

SD
-s

ub
gr

ou
ps

 (A
sp

er
ge

r’s
, P

D
D

-
N

O
S,

 a
nd

 m
ild

, m
od

er
at

e 
an

d 
se

ve
re

 a
ut

is
m

)
C

id
av

 e
t a

l. 
(2

01
7)

U
S

– 
Tw

o-
ye

ar
 c

lin
ic

al
 tr

ia
l (

tre
at

m
en

t g
ro

up
: 

ES
D

M
, c

on
tro

l g
ro

up
: u

su
al

 c
om

m
un

ity
 

ca
re

)
– 

Pa
re

nt
 in

te
rv

ie
w

s c
ol

le
ct

ed
 e

ve
ry

 6
 m

on
th

s 
on

 th
e 

se
rv

ic
e 

us
e 

of
 th

ei
r A

SD
 c

hi
ld

– 
Lo

ng
-te

rm
 fo

llo
w

-u
p 

as
se

ss
m

en
ts

 c
on

-
du

ct
ed

 w
he

n 
th

e 
ch

ild
 w

ith
 A

SD
 w

as
 

6 
ye

ar
s o

f a
ge

Ea
rly

 S
ta

rt 
D

en
ve

r M
od

el
 (E

SD
M

)
– 

Th
e 

av
er

ag
e 

an
nu

al
 c

os
t o

f E
SD

M
 w

as
 e

sti
-

m
at

ed
 a

t $
 4

5,
58

0 
(in

 2
01

5 
U

S$
) (

$ 
48

,6
11

)
– 

H
ig

he
r i

ni
tia

l c
os

ts
 in

 th
e 

ES
D

M
-g

ro
up

 fu
lly

 
off

se
t w

ith
in

 a
 fe

w
 y

ea
rs

 a
fte

r t
he

 in
te

rv
en

-
tio

n 
be

ca
us

e 
of

 re
du

ct
io

ns
 in

 o
th

er
 se

rv
ic

e 
us

e 
an

d 
as

so
ci

at
ed

 c
os

ts



2881Journal of Autism and Developmental Disorders (2019) 49:2873–2900 

1 3

C
os

t fi
gu

re
s i

n 
ita

lic
s c

on
ce

rn
 th

e 
co

st 
fig

ur
es

 in
fla

te
d 

to
 th

e 
ye

ar
 2

01
8 

an
d 

co
nv

er
se

d 
in

to
 U

S 
$ 

(u
si

ng
 c

on
ve

rs
io

n 
ra

te
s a

s o
n 

1 
Ja

nu
ar

y 
20

18
)

Ta
bl

e 
2 

 (c
on

tin
ue

d)

Re
fe

re
nc

es
C

ou
nt

rie
s

D
at

a
Ty

pe
 o

f b
eh

av
io

ur
al

 in
te

rv
en

tio
n

C
os

t e
sti

m
at

es

Jä
rb

rin
k 

et
 a

l. 
(2

00
3)

U
K

– 
Pe

rs
on

al
 S

oc
ia

l S
er

vi
ce

 R
es

ea
rc

h 
U

ni
t

– 
Pr

ev
io

us
ly

 p
ub

lis
he

d 
pa

pe
rs

– 
Q

ue
sti

on
na

ire
 a

nd
 d

ia
ry

 fi
lle

d 
ou

t b
y 

pa
r-

en
ts

 o
f 1

7 
ch

ild
re

n 
w

ith
 A

SD

Ea
rly

 in
te

rv
en

tio
n 

th
er

ap
y

– 
A

nn
ua

l m
ea

n 
co

st 
of

 £
 7

50
8 

(in
 1

99
9–

20
00

 
£)

 ($
16

,7
48

)
– 

O
n 

av
er

ag
e 

33
%

 o
f t

he
 c

os
ts

 o
f e

ar
ly

 in
te

r-
ve

nt
io

n 
th

er
ap

y 
pa

id
 b

y 
pa

re
nt

s
Jä

rb
rin

k 
(2

00
7)

Sw
ed

en
– 

Po
st

al
 q

ue
sti

on
na

ire
 fi

lle
d 

ou
t b

y 
pa

re
nt

s t
o 

ga
th

er
 in

fo
rm

at
io

n 
on

 th
e 

se
rv

ic
e 

us
e 

of
 3

3 
ch

ild
re

n 
w

ith
 A

SD
 li

vi
ng

 in
 th

e 
Sw

ed
is

h 
m

un
ic

ip
al

ity
 H

är
ry

da
– 

U
ni

t c
os

t d
at

a 
as

 o
bt

ai
ne

d 
fro

m
 se

rv
ic

e 
pr

ov
id

er
s i

n 
th

e 
m

un
ic

ip
al

ity

Pe
rs

on
al

 a
ss

ist
an

ce
 o

r s
up

po
rt 

w
or

ke
r o

ut
si

de
 

sc
ho

ol
– 

A
nn

ua
l a

ve
ra

ge
 c

os
t o

f €
 4

08
8 

(in
 2

00
5 

€)
 

($
60

06
) (

it 
co

nc
er

ns
 th

e 
co

st 
of

 p
er

so
na

l 
as

si
st

an
t o

r s
up

po
rt 

w
or

ke
r)

– 
M

os
t o

f t
he

 c
hi

ld
re

n 
w

ith
 A

SD
 th

e 
sa

m
pl

e 
w

er
e 

in
 sp

ec
ia

l e
du

ca
tio

n

Pe
te

rs
-S

ch
eff

er
 e

t a
l. 

(2
01

2)
Th

e 
N

et
he

rla
nd

s
– 

D
at

a 
ob

ta
in

ed
 fr

om
 re

po
rts

, w
eb

si
te

s a
nd

 
stu

di
es

 b
y 

D
ut

ch
 G

ov
er

nm
en

t a
nd

 S
ta

tis
tic

s 
O

ffi
ce

– 
R

at
es

 p
ro

vi
de

d 
by

 th
e 

D
ut

ch
 A

ss
oc

ia
tio

n 
fo

r 
A

ut
is

m
 a

nd
 o

bt
ai

ne
d

EI
B

I
– 

To
ta

l c
os

t o
f €

 9
9,

96
7 

($
14

0,
88

1)
 fo

r 3
3 

h 
pe

r w
ee

k 
fo

r 2
7 

m
on

th
s o

f E
IB

I
– 

Lo
ng

 te
rm

 sa
vi

ng
s o

f ±
 € 

1,
10

3,
06

7 
($

1,
55

4,
53

2)
 fr

om
 a

ge
 3

 to
 6

5 
ye

ar
s p

er
 

in
di

vi
du

al
 w

ith
 A

SD
– 

Fo
r t

he
 to

ta
l D

ut
ch

 A
SD

 p
op

ul
at

io
n,

 c
os

t 
sa

vi
ng

s o
f E

IB
I a

re
 e

sti
m

at
ed

 a
t €

 1
09

.2
–€

 
18

2 
bi

lli
on

 ($
12

8–
$2

14
 m

ill
io

n)
Pe

te
rs

-S
ch

eff
er

 (2
01

5)
Th

e 
N

et
he

rla
nd

s
– 

D
at

a 
ob

ta
in

ed
 fr

om
 re

po
rts

, w
eb

si
te

s a
nd

 
stu

di
es

 b
y 

D
ut

ch
 G

ov
er

nm
en

t a
nd

 S
ta

tis
tic

s 
O

ffi
ce

– 
D

at
a 

on
 in

te
ns

ity
, d

ur
at

io
n,

 e
tc

. a
s d

er
iv

ed
 

fro
m

 m
et

a-
an

al
yt

ic
 st

ud
ie

s

EI
B

I
– 

To
ta

l c
os

t o
f €

 1
01

,3
76

 ($
 1

42
,8

67
) f

or
 3

3 
h 

pe
r w

ee
k 

fo
r 2

7 
m

on
th

s o
f E

IB
I

– 
Lo

ng
 te

rm
 sa

vi
ng

s r
an

gi
ng

 fr
om

 €
 2

11
,8

21
 

($
29

8,
51

6)
 to

 €
 9

80
,6

50
 ($

1,
38

2,
01

2)
 p

er
 

pe
rs

on
 w

ith
 A

SD
 (d

ur
in

g 
th

e 
ag

e 
pe

rio
d 

3–
65

 y
ea

rs
), 

w
ith

 th
e 

co
st 

es
tim

at
e 

va
ry

in
g 

de
pe

nd
in

g 
on

 th
e 

ou
tc

om
e 

pa
ra

m
et

er
s

M
ot

iw
al

a 
et

 a
l. 

(2
00

6)
C

an
ad

a
– 

G
ov

er
nm

en
t d

at
a 

on
 th

e 
ho

ur
s a

nd
 c

os
ts

 
of

 IB
I, 

an
d 

co
sts

 o
f e

du
ca

tio
na

l a
nd

 re
sp

ite
 

se
rv

ic
es

– 
D

at
a 

on
 p

ro
gr

am
m

e 
effi

ca
cy

 w
er

e 
ob

ta
in

ed
 

fro
m

 th
e 

lit
er

at
ur

e

(E
)I

B
I

– 
Ec

on
om

ic
 e

va
lu

at
io

n 
of

 e
xp

an
si

on
 o

f I
B

I 
pr

og
ra

m
m

e 
fro

m
 c

ur
re

nt
 c

ov
er

ag
e 

of
 1

/3
 

A
SD

 c
hi

ld
re

n 
to

 a
ll 

A
SD

 c
hi

ld
re

n 
ag

ed
 2

–5
 

in
 O

nt
ar

io
, C

an
ad

a
– 

To
ta

l c
os

t s
av

in
gs

 fr
om

 e
xp

an
si

on
 w

er
e 

$4
5,

13
3,

01
1 

(in
 2

00
3 

C
an

ad
ia

n 
do

lla
rs

) 
($

46
,6

75
,7

57
)

– 
Se

ns
iti

vi
ty

 a
na

ly
se

s s
ho

w
ed

 m
ix

ed
 re

su
lts

 
de

pe
nd

in
g 

on
 e

sti
m

at
io

n 
m

od
el

lin
g 

pa
ra

m
-

et
er

s



2882 Journal of Autism and Developmental Disorders (2019) 49:2873–2900

1 3

Ta
bl

e 
3 

 O
ve

rv
ie

w
 o

f c
os

t e
sti

m
at

es
 o

f A
SD

-r
el

at
ed

 e
du

ca
tio

n 
co

sts

Re
fe

re
nc

es
C

ou
nt

rie
s

D
at

a
C

os
t e

sti
m

at
es

G
an

z 
(2

00
7)

U
S

– 
C

os
ts

 o
f m

ed
ic

al
 a

nd
 n

on
m

ed
ic

al
 c

ar
e 

re
la

te
d 

to
 A

SD
 a

s o
bt

ai
ne

d 
fro

m
 M

ed
ic

al
 E

xp
en

di
tu

re
 P

an
el

 S
ur

ve
y 

(M
EP

S)
 a

nd
 th

e 
N

at
io

na
l 

H
ea

lth
 In

te
rv

ie
w

 S
ur

ve
y 

(N
H

IS
)

– 
Sp

ec
ia

l e
du

ca
tio

n 
co

sts
 fo

r c
hi

ld
re

n 
w

ith
 A

SD
 d

ec
lin

ed
 w

ith
 a

ge
 fr

om
 

ro
ug

hl
y 

$ 
12

,0
00

 ($
 1

6,
37

7)
 p

er
 y

ea
r a

t a
ge

 6
, t

o 
ar

ou
nd

 $
 6

20
0 

($
 

84
61

) p
er

 y
ea

r a
t a

ge
s 1

8–
22

 (i
n 

20
03

 U
S$

)
C

ha
ss

on
 e

t a
l. 

(2
00

7)
U

S
– 

D
at

a 
fo

r t
he

 c
os

t e
sti

m
at

io
ns

 a
s o

bt
ai

ne
d 

th
ro

ug
h 

pe
rs

on
al

 c
om

m
u-

ni
ca

tio
n 

w
ith

 th
e 

H
ou

sto
n 

In
de

pe
nd

en
t S

ch
oo

l D
ist

ric
t

– 
D

ist
in

gu
is

h 
be

tw
ee

n 
ac

tu
al

 a
nd

 st
at

e-
bu

dg
et

ed
 c

os
ts

 fo
r s

pe
ci

al
 

ed
uc

at
io

n
– 

A
nn

ua
l s

ta
te

-b
ud

ge
te

d 
co

sts
 fo

r s
pe

ci
al

 e
du

ca
tio

n 
fo

r t
he

 S
ta

te
 o

f 
Te

xa
s o

f $
 1

1,
00

0 
($

 1
4,

14
3)

 p
er

 c
hi

ld
 w

ith
 A

SD
 (i

n 
20

05
 U

S$
)

– 
Fo

r t
he

 S
ta

te
 o

f T
ex

as
, t

he
 a

ct
ua

l a
nn

ua
l c

os
ts

 fo
r s

pe
ci

al
 e

du
ca

tio
n 

m
or

e 
or

 le
ss

 $
 2

0,
00

0 
($

 2
5,

71
5)

 p
er

 c
hi

ld
 w

ith
 A

SD
La

ve
lle

 e
t a

l. 
(2

01
4)

U
S

– 
N

at
io

na
l d

at
a 

fro
m

 th
e 

M
ed

ic
al

 E
xp

en
di

tu
re

 P
an

el
 S

ur
ve

y 
lin

ke
d 

to
 

th
e 

N
at

io
na

l H
ea

lth
 In

te
rv

ie
w

 S
ur

ve
y 

an
d 

a 
stu

dy
-s

pe
ci

fic
 su

rv
ey

– 
A

nn
ua

l e
du

ca
tio

n 
co

sts
 ra

ng
ed

 fr
om

 $
 6

7,
81

9 
($

 7
5,

70
9)

 fo
r a

 c
hi

ld
 

w
ith

 A
SD

 in
 sp

ec
ia

l e
du

ca
tio

n 
in

 a
 re

si
de

nt
ia

l s
ch

oo
l t

o 
$ 

82
59

 ($
 

92
20

) f
or

 p
ub

lic
 re

gu
la

r e
du

ca
tio

n 
fo

r a
 p

re
sc

ho
ol

-a
ge

d 
ch

ild
 w

ith
 

A
SD

 (i
n 

20
11

 U
S$

)
– 

Re
gr

es
si

on
-a

dj
us

te
d 

ad
di

tio
na

l e
du

ca
tio

n 
co

st 
fo

r c
hi

ld
re

n 
w

ith
 A

SD
 

co
m

pa
re

d 
to

 c
hi

ld
re

n 
w

ith
ou

t A
SD

 e
sti

m
at

ed
 a

t $
 8

61
0 

(in
 2

01
1 

U
S$

) 
($

 9
61

2)
 p

er
 c

hi
ld

 p
er

 y
ea

r (
co

nt
ro

lli
ng

 fo
r m

ul
tip

le
 c

on
tro

l v
ar

ia
bl

es
 

su
ch

 a
s g

en
de

r, 
ag

e,
 h

ou
se

ho
ld

 in
co

m
e,

 p
re

se
nc

e 
of

 a
 c

om
or

bi
di

ty
 n

ot
 

re
la

te
d 

to
 A

SD
, e

tc
.)

K
na

pp
 e

t a
l. 

(2
00

9)
U

K
– 

M
ul

tip
le

 so
ur

ce
s s

er
vi

ce
 u

se
 a

nd
 c

os
t d

at
a 

(e
.g

., 
C

lie
nt

 S
er

vi
ce

 
Re

ce
ip

t I
nv

en
to

ry
, a

nn
ua

l P
SS

RU
 c

om
pe

nd
iu

m
 o

f u
ni

t c
os

ts
) a

s 
co

lle
ct

ed
 fr

om
 p

re
vi

ou
sly

 p
ub

lis
he

d 
pa

pe
rs

 a
s w

el
l a

s o
w

n 
re

ce
nt

 
stu

di
es

– 
A

nn
ua

l c
os

t e
du

ca
tio

n 
fo

r c
hi

ld
 w

ith
 A

SD
 a

nd
 in

te
lle

ct
ua

l d
is

ab
ili

-
tie

s:
 £

 1
0,

32
6 

($
 1

9,
80

1)
 fo

r c
hi

ld
re

n 
ag

ed
 4

–1
1 

an
d 

£ 
28

,6
06

 ($
 

54
,8

54
) f

or
 c

hi
ld

re
n 

ag
ed

 1
2–

17
 (i

n 
20

05
–2

00
6 

£)
– 

A
nn

ua
l c

os
t e

du
ca

tio
n 

fo
r c

hi
ld

 w
ith

 A
SD

 w
ith

ou
t i

nt
el

le
ct

ua
l d

is
-

ab
ili

tie
s:

 £
 1

2,
22

5 
($

 2
3,

44
2)

 fo
r c

hi
ld

re
n 

ag
ed

 4
–1

7 
(in

 2
00

5–
20

06
 £

)
– 

A
nn

ua
l c

os
t e

du
ca

tio
n 

fo
r a

du
lt 

w
ith

 A
SD

 a
nd

 in
te

lle
ct

ua
l d

is
ab

ili
-

tie
s:

 £
 2

28
6 

(in
 2

00
5–

20
06

 £
) (

$4
38

3)
– 

A
nn

ua
l c

os
t e

du
ca

tio
n 

fo
r a

du
lt 

w
ith

 A
SD

 w
ith

ou
t i

nt
el

le
ct

ua
l d

is
-

ab
ili

tie
s:

 £
 2

88
6 

(in
 2

00
5–

20
06

 £
) (

$5
53

4)
B

ar
re

tt 
et

 a
l. 

(2
01

5)
U

K
– 

D
at

a 
of

 S
pe

ci
al

 N
ee

ds
 a

nd
 A

ut
is

m
 P

ro
je

ct
 (S

N
A

P)
 b

y 
B

ai
rd

 e
t a

l. 
(2

00
6)

– 
SN

A
P-

pr
oj

ec
t s

tu
di

ed
 (e

.g
., 

in
te

rv
ie

w
s)

 la
rg

e 
co

ho
rt 

of
 a

do
le

sc
en

ts
 

w
ith

 A
SD

 a
nd

 o
th

er
 sp

ec
ia

l n
ee

ds
 a

s w
el

l a
s t

yp
ic

al
ly

 d
ev

el
op

in
g 

ad
ol

es
ce

nt
s

– 
SN

A
P-

da
ta

ba
se

: A
SD

-g
ro

up
 sp

lit
 in

to
 c

hi
ld

ho
od

/c
or

e 
A

SD
 g

ro
up

 
an

d 
br

oa
de

r A
SD

 g
ro

up

– 
A

do
le

sc
en

ts
 w

ith
 b

ro
ad

er
 A

SD
 re

qu
iri

ng
 le

ss
 sp

ec
ia

l e
du

ca
tio

n 
or

 
re

si
de

nt
ia

l s
ch

oo
ls

: £
 8

12
1 

($
 1

4,
36

0)
 o

ve
r 6

 m
on

th
s (

in
 2

00
7–

20
08

 
£)

– 
A

do
le

sc
en

ts
 w

ith
 c

hi
ld

ho
od

/c
or

e 
A

SD
 re

qu
iri

ng
 m

or
e 

sp
ec

ia
l e

du
ca

-
tio

n 
or

 re
si

de
nt

ia
l s

ch
oo

ls
: £

 1
0,

50
7 

($
18

,5
78

) o
ve

r 6
 m

on
th

s (
in

 
20

07
–2

00
8 

£)
– 

Ed
uc

at
io

n 
co

sts
 a

cc
ou

nt
 fo

r n
ea

rly
 9

0%
 o

f t
he

 to
ta

l c
os

ts
B

ar
re

tt 
et

 a
l. 

(2
01

2)
U

K
– 

Se
rv

ic
e 

us
e 

da
ta

 a
s o

bt
ai

ne
d 

fro
m

 in
te

rv
ie

w
s (

us
in

g 
CA

-S
U

S)
 w

ith
 

pa
re

nt
s o

f 1
52

 y
ou

ng
 c

hi
ld

re
n 

w
ith

 A
SD

 o
n 

th
ei

r s
er

vi
ce

 u
til

iz
at

io
n

– 
Se

rv
ic

e 
co

st 
da

ta
 a

s c
ol

le
ct

ed
 fr

om
 v

ar
io

us
 so

ur
ce

s s
uc

h 
as

 p
er

so
na

l 
co

m
m

un
ic

at
io

n 
w

ith
 g

ov
er

nm
en

t d
ep

ar
tm

en
ts

 a
nd

 n
at

io
na

l s
ur

ve
ys

, 
N

H
S 

re
fe

re
nc

e 
co

sts
 a

nd
 m

ai
ns

tre
am

 re
ta

ile
rs

– 
Ed

uc
at

io
n 

an
d 

ch
ild

ca
re

 c
os

ts
 ro

ug
hl

y 
45

%
 o

f t
ot

al
 se

rv
ic

e 
co

sts
 fo

r 
ch

ild
re

n 
w

ith
 A

SD
 a

ge
d 

2–
4 

(£
 1

15
2 

ov
er

 6
 m

on
th

s i
n 

20
06

–2
00

7 
£)

 
($

21
18

)



2883Journal of Autism and Developmental Disorders (2019) 49:2873–2900 

1 3

C
os

t fi
gu

re
s i

n 
ita

lic
s c

on
ce

rn
 th

e 
co

st 
fig

ur
es

 in
fla

te
d 

to
 th

e 
ye

ar
 2

01
8 

an
d 

co
nv

er
se

d 
in

to
 U

S 
$ 

(u
si

ng
 c

on
ve

rs
io

n 
ra

te
s a

s o
n 

1 
Ja

nu
ar

y 
20

18
)

Ta
bl

e 
3 

 (c
on

tin
ue

d)

Re
fe

re
nc

es
C

ou
nt

rie
s

D
at

a
C

os
t e

sti
m

at
es

Jä
rb

rin
k 

an
d 

K
na

pp
 (2

00
1)

U
K

– 
Se

le
ct

io
n 

of
 e

ar
lie

r s
tu

di
es

– 
Pe

rs
on

al
 c

om
m

un
ic

at
io

n 
w

ith
 N

at
io

na
l A

ut
ist

ic
 S

oc
ie

ty
– 

A
ve

ra
ge

 y
ea

rly
 c

os
t o

f s
pe

ci
al

 e
du

ca
tio

n 
fo

r c
hi

ld
re

n 
ag

ed
 5

–1
9 

w
ith

 
A

SD
 a

nd
 a

dd
iti

on
al

 le
ar

ni
ng

 d
is

ab
ili

tie
s:

 £
 1

0,
77

8 
(in

 1
99

7–
19

98
 £

) 
($

25
,1

35
)

– 
Sp

ec
ia

l e
du

ca
tio

n 
co

sts
 6

.1
%

 o
f t

he
 li

fe
tim

e 
co

st 
of

 a
n 

in
di

vi
du

al
 w

ith
 

A
SD

 a
nd

 a
dd

iti
on

al
 le

ar
ni

ng
 d

is
ab

ili
tie

s
– 

A
ve

ra
ge

 y
ea

rly
 c

os
t o

f s
pe

ci
al

 e
du

ca
tio

n 
fo

r c
hi

ld
re

n 
w

ith
 h

ig
h 

fu
nc

-
tio

ni
ng

 A
SD

: £
 7

21
6 

(in
 1

99
7–

19
98

 £
) (

$1
6,

82
9)

– 
Sp

ec
ia

l e
du

ca
tio

n 
co

sts
 1

3.
8%

 o
f t

he
 li

fe
tim

e 
co

st 
of

 a
n 

in
di

vi
du

al
 

w
ith

 h
ig

h 
fu

nc
tio

ni
ng

 A
SD

Jä
rb

rin
k 

et
 a

l. 
(2

00
3)

U
K

– 
Pe

rs
on

al
 S

oc
ia

l S
er

vi
ce

 R
es

ea
rc

h 
U

ni
t

– 
Pr

ev
io

us
ly

 p
ub

lis
he

d 
pa

pe
rs

– 
Q

ue
sti

on
na

ire
 a

nd
 d

ia
ry

 fi
lle

d 
ou

t b
y 

pa
re

nt
s o

f c
hi

ld
re

n 
w

ith
 A

SD
, 

[r
ec

ru
ite

d 
fro

m
 a

n 
ac

tiv
e 

pa
re

nt
al

 o
rg

an
iz

at
io

n 
(P

ar
en

ts’
 A

ut
is

m
 

C
am

pa
ig

n 
fo

r E
du

ca
tio

n)
]

– 
C

os
ts

 o
f e

ar
ly

 in
te

rv
en

tio
n 

pr
og

ra
m

m
es

, c
la

ss
ro

om
 a

ss
ist

an
ce

, e
du

ca
-

tio
na

l p
sy

ch
ol

og
ist

s a
nd

 a
dd

iti
on

al
 sc

ho
ol

 fe
es

 w
er

e 
in

cl
ud

ed
– 

A
ve

ra
ge

 w
ee

kl
y 

ed
uc

at
io

n 
co

sts
 o

f £
 4

41
 (i

n 
19

99
–2

00
0 

£)
 ($

 9
83

) 
fo

r c
hi

ld
re

n 
w

ith
 A

SD
 a

nd
 le

ar
ni

ng
 d

is
ab

ili
ty

– 
A

ve
ra

ge
 w

ee
kl

y 
ed

uc
at

io
n 

co
sts

 o
f £

 7
1 

(in
 1

99
9–

20
00

 £
) (

$ 
15

8)
 fo

r 
ch

ild
re

n 
w

ith
 A

SD
 w

ith
ou

t l
ea

rn
in

g 
di

sa
bi

lit
y

Jä
rb

rin
k 

(2
00

7)
Sw

ed
en

– 
Po

st
al

 q
ue

sti
on

na
ire

 fi
lle

d 
ou

t b
y 

pa
re

nt
s t

o 
ga

th
er

 in
fo

rm
at

io
n 

on
 th

e 
se

rv
ic

e 
us

e 
of

 3
3 

ch
ild

re
n 

w
ith

 A
SD

 li
vi

ng
 in

 th
e 

Sw
ed

is
h 

m
un

ic
ip

al
ity

 H
är

ry
da

– 
U

ni
t c

os
t d

at
a 

as
 o

bt
ai

ne
d 

fro
m

 se
rv

ic
e 

pr
ov

id
er

s i
n 

th
e 

m
un

ic
ip

al
ity

– 
50

%
 S

ur
ve

ye
d 

sa
m

pl
e 

of
 c

hi
ld

re
n 

w
ith

 A
SD

 in
 so

m
e 

fo
rm

 o
f s

pe
ci

al
 

ed
uc

at
io

n
– 

A
ve

ra
ge

 a
nn

ua
l e

du
ca

tio
n 

co
st 

fo
r a

 c
hi

ld
 w

ith
 A

SD
 o

f €
 2

6,
26

3 
(in

 
20

05
 €

) (
$ 

43
,3

75
) (

co
st 

of
 re

gu
la

r e
du

ca
tio

n 
ex

cl
ud

ed
)

– 
Sp

ec
ia

l t
ra

in
in

g 
sc

ho
ol

s, 
re

si
de

nt
ia

l s
ch

oo
ls

 a
nd

 sc
ho

ol
in

g 
at

 tr
ea

t-
m

en
t h

om
e 

m
os

t e
xp

en
si

ve
 c

at
eg

or
ie

s o
f s

pe
ci

al
 e

du
ca

tio
n 

(m
or

e 
th

an
 

75
%

 o
f e

du
ca

tio
n 

co
sts

)
Pe

te
rs

-S
ch

eff
er

 e
t a

l. 
(2

01
2)

Pe
te

rs
-S

ch
eff

er
 (2

01
5)

Th
e 

N
et

he
rla

nd
s

– 
Ed

uc
at

io
n 

co
st 

da
ta

 fo
r 2

00
7,

 2
00

8 
an

d 
20

09
 c

ol
le

ct
ed

 fr
om

 w
eb

-
si

te
s, 

re
po

rts
 a

nd
 st

ud
ie

s b
y 

D
ut

ch
 G

ov
er

nm
en

t a
nd

 S
ta

tis
tic

s O
ffi

ce
– 

Th
re

e 
ty

pe
s o

f e
du

ca
tio

n 
fo

r c
hi

ld
re

n 
w

ith
 A

SD
– 

Re
gu

la
r e

du
ca

tio
n 

(2
9%

 o
f c

hi
ld

re
n 

w
ith

 A
SD

), 
le

ss
 in

te
ns

iv
e 

sp
ec

ia
l 

ed
uc

at
io

n 
(3

4%
), 

in
te

ns
iv

e 
sp

ec
ia

l e
du

ca
tio

n 
(3

7%
)

– 
To

ta
l e

du
ca

tio
n 

co
sts

: r
eg

ul
ar

 e
du

ca
tio

n 
(€

 1
14

,5
00

) (
$1

61
,3

63
), 

le
ss

 
in

te
ns

iv
e 

sp
ec

ia
l e

du
ca

tio
n 

(€
 1

93
,2

00
) (

$2
72

,2
73

), 
in

te
ns

iv
e 

sp
ec

ia
l 

ed
uc

at
io

n 
(€

 3
15

,6
00

) (
$4

44
,7

69
)



2884 Journal of Autism and Developmental Disorders (2019) 49:2873–2900

1 3

over the course of his/her lifetime, almost twice as much on 
direct medical costs as a typical person (without an ASD 
diagnosis). Croen et al. (2006) also reported that children 
with ASD and psychiatric comorbidities had higher total 
healthcare costs than children with just an ASD diagnosis. In 
their US nationwide study, Shimabukuro et al. (2008) found 
that total medical expenditures were 4.1–6.2 times higher for 
privately insured children with ASD when compared to their 
peers without ASD.

Studies highlight multiple factors for these cost dif-
ferences of medical and healthcare related services for 
children with and without ASD. One such factor is that 
ASD using medical and healthcare services more fre-
quently as compared to the general population. Croen 
et al. (2006), for instance, found that children with ASD 
more frequently consulted pediatricians, psychiatrists 
and neurologists as compared to children without ASD. 
Children with the ASD diagnosis also had significantly 
more inpatient hospital days and outpatient (same-day) 
hospitalisations as compared to children without ASD 

(the difference between both groups being most signifi-
cant in the group of 15–18 years old). In their calculations 
of the medical costs related to ASD in the UK, Järbrink 
and Knapp (2001) reported similar differences in the use 
of inpatient psychiatric services, with people with high 
functioning ASD using inpatient psychiatric services at 
least four times more frequently as compared to the gen-
eral population. Croen et al. (2006) also found that more 
children with ASD (40% more) used prescribed medica-
tion (especially psychotherapeutic and gastro-intestinal 
agents) as compared to children without ASD. These find-
ings correspond to the those of Liptak et al. (2006) and 
Lavelle et al. (2014), who found that the cost of outpatient 
visits, physician visits and prescription medications were 
significantly higher for children with ASD as compared to 
children without an ASD diagnosis.

A second interesting finding is that most studies showed 
that the overall medical and healthcare costs for people with 
ASD steadily increase over the lifetime. For children up to 
20 years, Cidav et al. (2013) found that expenditures for 

Table 4  Overview of cost estimates of production loss for individual with ASD

Cost figures in italics concern the cost figures inflated to the year 2018 and conversed into US $ (using conversion rates as on 1 January 2018)

References Countries Data Cost estimates

Ganz (2007) US – Previously published studies
– Statistical data from the US Department of 

Commerce

– Lifetime cost (age period 3–66) due to lost 
productivity for an average individual with ASD 
of $ 971,072 (in 2003 US$) ($ 1,325,234)

Buescher et al. (2014) US, UK – Literature review – For the US: annual cost for lost productivity of 
$ 10,718 (in 2011 US$) ($ 11,965) for average 
adults with ASD

– For the UK: annual cost for lost productivity of 
£ 25,644 (in 2011 £) ($ 41,420) for average ASD 
adult with intellectual disabilities

– For the UK: annual cost for lost productivity of 
£ 21,797 (in 2011 £) ($ 35,206) for average ASD 
adult without intellectual disabilities

Knapp et al. (2009) UK – Empirical evidence of previous studies as well as 
own recent studies

– Average annual cost for lost productivity for 
individuals with ASD and with intellectual dis-
abilities £ 22,383 (in 2005–2006 £) ($ 42,922)

– Average annual cost for lost productivity for 
individuals with ASD and without intellec-
tual disabilities £ 19,785 (in 2005–2006 £) ($ 
37,939)

Järbrink and Knapp (2001) UK – Findings of previous studies
– UK national figures on average gross wages and 

indirect taxes and subsidies as collected from 
Office for National Statistics

– Average annual loss in productivity due to early 
retirement of £1671 ($ 3896) between ages of 35 
and 65 for people with high functioning ASD (in 
1997–1998 £)

– Average annual lost earnings due to being 
employed in unskilled and low-paid work 
(despite high level of education) of £1932 ($ 
4506) between ages of 20 and 65 for people with 
high functioning ASD (in 1997–1998 £, exclud-
ing indirect taxes and subsidies)

– Average lifetime cost due to lost productivity 
for individuals with high functioning ASD of 
approximately £ 137,100 (in 1997–1998 £) ($ 
319,725)
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inpatient care (2%), long-term care (4.4%) and psychotropic 
medication (9%) increased with each year of age for chil-
dren during the ages of 3–20. The largest increase occurred 
between the ages of 3–6 and 7–11. Outpatient expenditures 
were found to increase between the age period 7–11 and 
12–16 and decline in the age period 17–20. Shimabukuro 
et al. (2008) reported a similar result, i.e. as children with 
ASD get older, inpatient and medications costs make up a 
bigger part of the total medical cost and the share of outpa-
tient costs decreases. Buescher et al. (2014) compared the 
medical and healthcare costs of people with ASD in the UK 
to those in the US and found that the medical costs were 
much higher for adults with ASD than for children with ASD 
in both countries. An opposite trend was reported by Ganz 
(2007), who found that the total direct medical costs for the 
average person with ASD in the US were decreasing with 
age. A decreasing trend was also found for most of the dif-
ferent individual components of direct medical costs (excep-
tions being the physician and dental costs). Note, however, 
that Ganz (2007) included the expensive cost of behavioural 
therapies for children in the medical cost category (the cost 
of behavioural therapies were only included for individuals 
19 years of age and younger), whereas most other studies, 
like Buescher et al. (2014), categorized therapy costs as a 
nonmedical service cost. This probably explains the finding 
of an opposite trend.

A third finding is that some studies found that the medi-
cal and healthcare expenditures for individuals with ASD 
are generally higher than for individuals with other mental 
health conditions. Leslie and Martin (2007), for instance, 
found that the average annual healthcare cost figure for chil-
dren with ASD was higher than the average annual health-
care cost figures of children with different diagnoses. Only 
the average annual healthcare cost for children with mental 
retardation was found to be higher. Leslie and Martin (2007), 
however, noted that, considering the lower prevalence rates 
of ASD as compared to the other mental health conditions 
examined, total healthcare expenditures for ASD were lower 
than total healthcare expenditures made for other (more 
prevalent) mental health conditions. However, it is difficult 
to say whether this last finding of Leslie and Martin (2007) 
still holds today, given the increasing trend in the number 
of people being officially diagnosed with ASD, better public 
and medical awareness for ASD, and improved possibilities 
to diagnose children at a young age (or a combination of 
those factors).

A fourth interesting finding is that several studies indi-
cated that the medical and healthcare costs make up only 
a small part of the overall cost encountered by individuals 
with ASD. For instance, for the UK and Sweden, Järbrink 
and Knapp (2001), Järbrink et al. (2003), Ganz (2007), Jär-
brink (2007) and Lavelle et al. (2014) concluded that the 
costs of medication, hospital services and other health and Ta
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social services taken together only account for a small frac-
tion of the total incremental cost for individuals with ASD. 
Järbrink (2007) estimated that the total medical and health-
care cost constitutes only a very small part, less than 5%, 
of the total societal cost for children with ASD in Sweden.

However, it is important to point out some reasons to 
be cautious about comparing the ASD-related medical and 
healthcare cost estimates of the different studies. One reason 
is that cost estimations are typically limited by data availabil-
ity and/or imperfections in data sources and analyses. Another 
reason is that studies utilize different research designs and/
or data sources in the cost estimations. As noted by Amen-
dah et al. (2011), differences in ASD-related medical cost 
estimates across studies are linked to methodological choices 
made by the authors (using parental surveys vs. administra-
tive data, using a medically diagnosed ASD population vs. a 
study population that was diagnosed with ASD outside the 
medical system, the type of insurance plan included in the 
study, etc.). While some studies use service use and cost data 
as collected from official databases, other studies use survey 
data to estimate the user frequency and costs (e.g., Ganz 2007; 
Liptak et al. 2006). Some studies also include more cost com-
ponents than others. For instance, in the estimation of the 
ASD-related medical and healthcare service costs, Liptak 
et al. (2006) considered the costs of in- and outpatient ser-
vices, emergency care, physician/general practitioner, other 
healthcare professionals, pharmacy, and home healthcare in 
the cost computations, whereas Leslie and Martin (2007) only 
included costs of in- and outpatient services and pharmacy. 
Other complicating issues are the different healthcare systems 
and financial aid programmes in countries and the fact that 
costs and prices can vary both between countries and within a 
country (e.g. across states in the US) as well as over time. As 
an illustration, Mendoza (2010) estimated direct medical costs 
of ASD in Egypt to be comparatively low as compared to the 
costs for their American counterparts (controlling for income 
and lifestyle differences between Egyptians and Americans). 
To explain this large difference, Mendoza referred to the 
trade-offs between household care and institutional sources 
of healthcare in Egypt. Mendoza also pointed to the restricted 
provision and financing of healthcare by the Egyptian state 
which results in a large part of the care for family members 
with ASD taking place within the household. All the above 
probably explains the recurrent finding of remarkable variance 
in the cost estimations across studies.

Before concluding the review of the studies about the 
ASD-related medical or healthcare costs, mention should be 
made of some other medical and healthcare expenses which 
were less discussed (or less explicitly so) in previous stud-
ies. One such expenditure is the cost of the ASD diagnosis. 
Anecdotical evidence obtained from families or individuals 
with ASD shows that the diagnosis process can be a real 
struggle, with, among other things, long waiting lists and 

high upfront costs. Murphy et al. (2011) explained that the 
length of the diagnostic process, the need for expert clini-
cians and the high involvement of caregivers make ASD 
diagnosis a costly matter. This is nicely illustrated by Shima-
bukuro et al. (2008), who found higher levels of healthcare 
utilization and healthcare costs in the year in which children 
receive their medical ASD diagnosis. For Australia, Taylor 
et al. (2016) reported that the median cost of an ASD assess-
ment for families was $580 (SD = $599.47), as computed 
across all services. However, data revealed considerable 
variability in the assessment costs across states and service 
settings, with the cost of ASD assessment to families rang-
ing from $ 0 in the public sector to $ 200–$ 2750 in the 
private sector. Another example of an ASD-related medical 
and healthcare cost which was not included in most of the 
previous studies (notable exception is Järbrink 2007) is the 
expenses of healthcare services for relatives, such as coun-
selling and medication costs, which are caused by the child 
or family member with ASD. Sharpe and Baker (2007), for 
instance, noted that the increase in stress due to having a 
child or family member with ASD can result in higher medi-
cal costs for relatives and/or other family members.

Therapeutic Costs

With more people being diagnosed with ASD and the sub-
sequent expansion of (public and private) resources that are 
directed to research on ASD and treatment and care for ASD 
individuals, there has been an increasing interest in study-
ing the use, the outcomes and/or the cost(-effectiveness) of 
behavioural treatments/therapies for individuals with ASD. 
Currently, (early) intensive behavioural intervention/treat-
ment (EIBI) based on applied behaviour analysis principles 
is considered the treatment of choice for children with ASD. 
Despite a plethora of research projects and studies having 
examined the use and the effectiveness of such interventions 
and treatments (with the focus on the clinical outcomes such 
as behavioural improvements, increased cognitive skills, lan-
guage and speech improvements, better social and emotional 
development, and improved fine and gross motor develop-
ment, see e.g. Eldevik et al. 2009; Cidav et al. 2017; Peters-
Scheffer et al. 2012; Reichow 2012), only a limited number 
of studies have estimated and evaluated the costs of ASD-
related behavioural interventions and therapies (although, 
this number has been building up over the past years). Of 
the studies that did examine the costs of treatment services 
for ASD, the large majority were performed in the US.3 The 

3 For North America, Payakachat et  al. (2018) found an increase 
in the use of treatment services for individuals with ASD, with the 
top three of the most frequently received services including speech 
therapy (67%), occupational therapy (50%) and behavioural therapies/
services (28%) such as ABA, Lovaas therapy, (Early Start) Denver 
Model, and Discrete Trial Training (DTT).
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detailed estimates of the ASD-related therapeutic costs made 
by previous studies are listed in Table 2. In what follows, we 
discuss some general findings obtained from the review of 
these studies.

A first general finding is that the costs of EIBI-pro-
grammes for ASD are substantial. Most US studies indicate 
that the annual cost for such programmes range between 
$40,000 and $60,000. Similar estimates were reported by 
Peters-Scheffer et al. (2012, 2015) for the Netherlands. 
However, there are some studies such as Lavelle et al. 
(2014) for the US, Järbrink et al. (2003) for the UK and 
Järbrink (2007) for Sweden, which reported cost estimates 
for EIBI-programmes for ASD that are considerably lower. 
One possible explanation for these lower cost estimates 
are the differences in how studies define and classify costs 
of ASD-related therapy programmes. Some studies clas-
sify costs related to the organization and implementation 
of ASD therapies as medical costs (Cidav et  al. 2013, 
2017; Ganz 2007; Horlin et al. 2014; Liptak et al. 2006), 
whereas other studies categorize these costs as non-medi-
cal costs or under community support (Barrett et al. 2012; 
Järbrink 2007). Other studies categorize therapy-related 
costs as (special) education costs (Järbrink 2007; Järbrink 
et al. 2003; Lavelle et al. 2014). In their estimations of 
the ASD-related costs, Lavelle et al. (2014), for instance, 
considered costs for speech/language therapy and physical/
occupational therapy to be education costs. One possible 
explanation for the classification of ASD therapy costs as 
(special) education costs could be that, in some countries, 
legislation incorporates ASD therapy into education. In 
the US, for instance, the federal Individuals with Disa-
bilities Education Act (IDEA) guarantees free appropriate 
public education (FAPE) for every child with a disability. 
Note, however, that this explanation is not conclusive as 
even under IDEA, ABA services are not always offered in 
the school context due to economic considerations and/or 
because the IDEA only requires schools to provide disa-
bled children with the tools to achieve a minimum level of 
accomplishment (Holland 2010, p. 1270). As such, speech 
and language therapy are most often offered to children 
with ASD in the public-school system (Sharpe and Baker 
2007, 2011). However, additional therapy for children with 
ASD to help them achieve their maximum (or at least a 
higher) level of personal accomplishment may well be 
organized in a non-school context.

A second main finding is that cost-effectiveness studies 
of EIBI-programmes (Jacobson and Mulick 2000; Butter 
et al. 2003; Chasson et al. 2007; Cidav et al. 2017; Peters-
Scheffer et al. 2012; Peters-Scheffer 2015; Motiwala et al. 
2006) reported possibly significant cost savings that can be 
generated by such programmes for individuals with ASD, 
although with the exact estimate for cost savings differing 
across studies. To draw conclusions, however, regarding 

these cost-saving estimates, the review indicates some fac-
tors that have to be kept in mind. A first factor is that stud-
ies differ remarkably in the model parameters set in the 
cost–benefit computations (e.g., the intensity of the therapy, 
the success rate of the therapy, the duration of the therapy, 
the hourly cost of therapy, etc.) which makes comparing 
cost–benefit estimates across studies difficult. As an illus-
tration, in cost–benefit analysis of EIBI-therapy, Chasson 
et al. (2007) and Peters-Scheffer (2015) set different dura-
tion periods (after 36 months vs. after 27 months of EIBI 
therapy) and different rates of children with ASD stream 
into regular or less intensive special education after such 
therapy (72% vs. 63%). Marcus et al. (2000) illustrated 
the importance of the method and the parameters set in 
the cost–benefit calculations. In particular, in a study of 
the parameters set by Jacobson and Mulick (2000), they 
raised several questions about the assumptions made by 
Jacobson and Mulick (2000) and discussed how Jacobson 
and Mulick’s modelling choices may have impacted the 
results of their study. A second factor is that, as indicated 
by Peters-Scheffer et al. (2012 p. 1764), most studies used 
high effectiveness rates in the modelling of the outcomes/
effectiveness of the EIBI-programmes. Peters-Scheffer et al. 
(2012) give as an example the study of Chasson et al. (2007) 
which estimated costs and benefits for the State of Texas 
across 18 years of education with EIBI, using effectiveness 
rates for EIBI as obtained from studies with the most posi-
tive EIBI outcomes (i.e., 72% of children who receive EIBI 
eventually mainstreaming into regular education). Peters-
Scheffer et al. (2012) discussed that the study of Motiwala 
et al. (2006) is an exception as it used somewhat more 
conservative effectiveness rates in the cost-effectiveness 
analysis (CEA) of IBI to all autistic children in Ontario 
(respectively 30, 50 and 20% streaming into regular edu-
cation, less intensive special education, intensive special 
education after intensive behavioral intervention vs. 25, 25 
and 50% after receiving no such treatment).4 Notwithstand-
ing this exception, Peters-Scheffer et al. (2012) noted that 
the effectiveness rates used by most studies are probably 
too positive. Therefore, in order to obtain more realistic 
cost–benefit estimates of EIBI programmes, they noted that 
it would be interesting for future studies to consider both 
optimistic and pessimistic effectiveness rates of such pro-
grammes in the computation models.

4 In a sensitivity analysis carried out to address uncertainty and lack 
of good evidence for IBI efficacy, Motiwala et al. (2006) also tested 
more optimistic and pessimistic efficacy rates for IBI. Based on 
these parameter settings, Motiwala et  al. (2006) obtained estimates 
of savings that are lower than the figures reported by Chasson et al. 
(2007) (i.e., between 34.479 and 53.720 Canadian $ per individual vs. 
208,500 US $ per child as in Chasson et al. 2007).
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A third key finding relates to the variation in the use and 
costs of treatment and therapy services across the lifetime 
of individuals with ASD. Generally, studies showed that the 
ASD therapy costs are high during early childhood, with the 
costs gradually decreasing as the child with ASD gets older. 
For the US, for instance, Cidav et al. (2013) estimated that 
the expenditures, measured as Medicaid reimbursements 
(Medicaid being a US government funded programme that 
helps people with low income and resources with medical 
costs), for mental health, social skills and behaviour modi-
fication services for people with ASD increased with age, 
whereas expenditures for occupational, physical, speech 
and family therapy tended to decrease with age. A more 
detailed picture of the evolution of the expenditures/costs 
demonstrated that the largest changes in expenditures and 
use of these ASD-related services occurred between the age 
groups 3–6 and the age group 7–11. As noted before, one 
possible explanation for this change could be that, in the US, 
the education system organizes and finances some therapies 
for disabled children (and, thus, also children with ASD). 
This would mean that the costs for these therapies and ser-
vices are no longer funded by Medicaid but by the educa-
tion system or “other public or private programmes” (Cidav 
et al. 2013, p. 929). Similar results for the US were found 
by Ganz (2007), who estimated that behavioural therapies 
are a large cost component within the incremental costs of 
individuals with ASD, with costs for behavioural therapies 
being significantly higher for the children with ASD aged 
3–6. As an explanation for the high therapy costs during 
early childhood, Ganz (2007) referred to the growing body 
of evidence in the literature showing that the initiation of 
behavioural therapies at a young age is associated with 
positive outcomes for children with ASD, which has led to 
EIBI becoming often the therapy of choice, with in several 
countries an increasing number of young children with ASD 
receiving EIBI-therapies.5

We conclude this section with an important general 
remark about the cost–benefit studies on EIBI-programmes 
for ASD. Several of these studies performed a CEA to exam-
ine the cost-effectiveness of such programmes (e.g., Penner 
et al. 2015; Motiwala et al. 2006). In CEA-studies, typically, 
an incremental cost-effectiveness ratio (ICER) is used as 
a summary measure representing the cost-effectiveness of 
the respective ASD intervention or therapy programme(s). 
It concerns a ratio of the difference in costs (incremental 
cost) between the evaluated intervention programme and the 
comparison intervention programme, divided by the differ-
ence in the effect (incremental effect) of both intervention 
programmes. As such, it indicates the average incremental 

cost for each additional unit of the measure of effect.6 Per 
definition, ICERs depend on several parameters such as the 
time horizon that is selected for measuring the costs and 
the effects of the intervention programmes, the effective-
ness rates for the assessed intervention programmes and 
the costs categories that are included in the computation 
of the incremental cost difference between the respective 
programmes (Garber and Phelps 1997). As to the time hori-
zon, Cohen and Reynolds (2008) and Meltzer (1997) dis-
cussed that the outcomes of CEA-studies can be sensitive 
to the time horizon of the analysis. Ideally, the time horizon 
should be defined such that it covers the entire period in 
which intervention-related costs and/or effects can occur. 
Studies with too short or too long time horizons may very 
well misestimate ICERs. For ASD intervention programmes, 
in particular, it is not always clear-cut about what is a proper 
time horizon to compute the costs and effects of such pro-
grammes. Motiwala et al. (2006) and Penner et al. (2015), 
for instance, set an upper age limit of 65 in their CEA-stud-
ies of EIBI, the reasoning being that after the age of 65, costs 
typically increase for all individuals (ASD and non-ASD) 
making it difficult to attribute costs solely to the effects of 
ASD. The definition of the effectiveness rates of the assessed 
intervention programmes is a second intricate matter (see 
also above). As indicated above, typically, effectiveness 
rates are defined based on rates reported in previous litera-
ture, with most CEA-studies adopting the more optimistic 
effectiveness rates in the evaluation of EIBI-programmes. 
Moreover, it is not always straightforward to compare effec-
tiveness rates as intervention programmes can differ in 
terms of intensity, duration, format, etc. A third important 
parameter is the selection of cost categories that are to be 
considered in the computation of the incremental cost dif-
ferences. ICERs can differ depending on whether costs and 
effects are considered from government perspective, societal 
perspective, or both (Bambha and Kim 2004). In addition, 
ICERs of ASD intervention programmes as computed by 
CEA-studies always depend on the comparison intervention/
scenario. By result, it makes little sense for other ASD cost 
studies to use ICERs of previous studies if examined ASD 
intervention programmes (and comparison programmes) are 
not sufficiently similar. Given all the intricacies involved 
in the assessment and the measurement of the incremental 
costs and the incremental effects, it is clear that both the 
adopted ICERs as well as the outcomes of the CEA-studies 

5 Several cost-effectiveness analysis studies showed that offering 
EIBI during the first years of childhood results, on average, in cost 
savings during a lifetime (e.g., Butter et al. 2003; Chasson et al. 2007; 
Cidav et al. 2017; Peters-Scheffer et al. 2012).

6 It is discussed in the literature (e.g., Garber and Phelps 1997) that 
ICERs can be useful as a decision rule in resource allocation par-
ticularly for making decision about (relatively new) intervention and/
or therapy programmes that are costly but generate improved effects 
over time. ICERs can be compared with an a priori established cost-
effectiveness threshold (i.e., willingness-to-pay value per unit of 
effect) in order to decide whether the new intervention is an efficient 
use of resources.
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of ASD intervention programmes should be interpreted with 
caution (and expertise).

Education Costs

Whilst some children with ASD can attend regular educa-
tion without much further assistance, most children with 
ASD require special education or at least extra special edu-
cation services in regular education. A minority of chil-
dren with ASD attend residential schools.7 Several studies 
have estimated the annual and/or the total education costs 
for children or adolescents with ASD. Most of the studies 
focused on the US and the UK. Only a few studies have 
estimated education costs in other countries. Exceptions 
include Järbrink (2007) for Sweden and Peters-Scheffer 
et al. (2012) and Peters-Scheffer (2015) for the Nether-
lands. The details on the data sources and the education 
costs estimates for the reviewed studies can be found in 
Table 3. Below we focus on key findings and (dis)similari-
ties between the different studies.

A first observation is that it is difficult to compare the 
calculations and estimations of ASD-related education 
costs that are done by US studies (i.e., Ganz 2007; Chas-
son et al. 2007; Lavelle et al. 2014), the main reasons being 
the differences between these papers about what costs are 
considered as ASD-related education costs as well as the 
level of detail in the provided cost estimates. Studies like 
Lavelle et al. (2014) included a very broad set of services 
and activities in the education services category, such as 
speech/language therapy, physical/occupational therapy, 
vision therapy, social worker services, personal health aid 
support, community-based training services and summer 
school services. Similarly, Chasson et al. (2007) estimated 
the special education costs of ASD, thereby accounting for 
the costs of a large assortment of educational and thera-
peutic techniques for children with ASD that are used in 
various ways across school districts in the US. In the esti-
mations, the authors distinguished between actual and state-
budgeted costs for special education. The actual costs of 
special education include both the state-budgeted costs as 
well as local, federal and private funds for special educa-
tion. Ganz (2007), on the other hand, estimated the educa-
tion costs for children with ASD by averaging multiple cost 
estimates found in the literature. As to the second reason, 
Lavelle et al. (2014) reported estimates for ASD-related 
education costs for different types of special education for 
children with ASD whereas other studies like Ganz (2007) 

estimated the education costs for children with ASD more 
generally.8

A second observation is that it is more straightforward to 
compare the estimates of ASD-related education costs that 
are provided by UK studies such as Knapp et al. (2009), 
Järbrink and Knapp (2001), Järbrink et al. (2003), and Bar-
rett et al. (2015), the reason being that these studies focus 
on the education costs that are directly related to ASD, thus, 
ignoring non-direct costs such as the costs of regular educa-
tion (which is also used by typically developing children 
and, thus, cannot be attributed to ASD directly). Notable 
exception is the study of Barrett et al. (2012) which included 
both the costs of regular and specialised education as well 
as childcare costs in their calculations of education costs 
for very young children with ASD (ages 2–4). Most of the 
UK-studies also focused on calculating the ASD-related 
education costs for children with ASD (only Barrett et al. 
2015 examined the ASD-related education cost for adoles-
cents with ASD). A general finding for the UK-studies is that 
education costs that are directly related to ASD are higher 
for children with ASD and intellectual disabilities as com-
pared to children with ASD without intellectual disabilities 
and adolescents/adults with ASD. Estimation results also 
showed that for children with ASD, both with and with-
out intellectual disabilities, special education cost was the 
highest cost element analysed in the study. As a possible 
explanation, Järbrink et al. (2003) pointed out that (young) 
children with ASD are more frequently enrolled in EIBI-
programmes (which are often intensive and, thus, expensive 
programmes, see previous section). For adults with ASD 
living in a private household, day care and respite services 
were amongst the highest cost elements. Another interesting 
finding was that education costs account for roughly 90% 
of the total service costs for adults with ASD (Barrett et al. 
2015) whereas this cost share is only 45% for children with 
ASD. As discussed by Barrett et al. (2015), the reason for 
this difference in estimated cost share is that young children 
with ASD require much more community health and social/
community services (e.g., general practitioner visits, com-
munity pediatrician visits, speech and language therapy and 
social worker visits) as compared to adults with ASD.

For Sweden, Järbrink (2007) included different types 
of special education, speech therapy, personal assistance 

7 Amendah et al. (2011) found that residential schools are more com-
mon for children with ASD in Sweden compared to children with 
ASD in the US.

8 Lavelle et al. (2014) provided detailed estimations of ASD-related 
education costs by distinguishing between eleven mutually exclusive 
school placement categories for children with ASD based on type 
of school (public, private day, residential, home and other), type of 
classroom (special or general education) and age [preschool age (3- 
to 4-year olds) or school age (5- to 17-year olds)]. The (regression-
based) analysis revealed large different estimates of education costs 
for children with ASD depending on the type of school placement 
category the child with ASD attended. Based on the cost estimates, 
Lavelle et  al. (2014) concluded that education was the biggest cost 
category in the total cost for children with ASD.
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within the school, school transport, aid and special diet in 
the estimates of the estimates of ASD-related education 
costs. This study found that education costs as well as com-
munity support costs contributed most to the total addi-
tional cost for children with ASD. Peters-Scheffer (2015) 
and Peters-Scheffer et al. (2012) estimated the education 
costs for the three types of education provided to children 
with ASD (depending on the severity of the ASD) in the 
Netherlands: regular education, less intensive special educa-
tion, and intensive special education. Total education costs 
for less intensive special and intensive special education 
for children with ASD were estimated to be approximately 
70% and 175% more expensive respectively in comparison 
to regular education.

Costs of Production Loss for Individuals with ASD

In 2015, the United Nations estimated that more than 80% 
of adults with ASD are underemployed or not employed at 
all (United Nations Department of Public Information 2015). 
Jacob et al. (2015) stated that 50–75% of adults with ASD 
are unemployed. As the main reason for this high number, 
the authors pointed out that individuals with ASD experi-
ence difficulties in obtaining and maintaining competitive 
employment due to, among other things, issues of social 
interaction and communication with supervisors and col-
leagues. Jacob et al. (2015) discussed several costs of peo-
ple with ASD being unemployed. This involves costs for 
the government, society, employers as well as individuals 
with ASD themselves. Examples include societal cost of 
adult care for unemployed adults with ASD and a lower life 
quality of individuals with ASD as a result of being less 
independent, not having a sense of purpose and decreased 
cognitive performance.

The few studies that have focused on estimating the costs 
of having a high number of individuals with ASD being 
unemployed, focused predominantly on the cost of produc-
tion loss. Ganz (2007) estimated the economic value of lost 
or impaired wages, benefits and household services for indi-
viduals with ASD in the US. Järbrink and Knapp (2001) and 
Knapp et al. (2009) estimated the costs of lost productivity 
due to ASD for the UK. Buescher et al. (2014) estimated 
the cost of lost productivity for people with ASD in both 
the US and the UK. For the US, the assumption was made 
that 40% of adults with ASD were either in full- or part-time 
employment. For the UK, in line with Knapp et al. (2009), 
Buescher et al. (2014) assumed that 15% of the individuals 
with ASD without intellectual disabilities were employed 
full-time. As for adults with ASDs and intellectual dis-
abilities, the assumption was made that no adults were in 
open employment. A general finding in all these studies was 
that the cost of lost employment/productivity is one of the 
highest cost elements for an adult with ASD. Ganz (2007) 

computed that this cost component accounts for 30.7% of 
the total discounted lifetime costs for adults with ASD.9 For 
individuals with high functioning ASD, Järbrink and Knapp 
(2001) computed that the cost of lost productivity accounts 
for 17.5% of the total lifetime cost, a cost share that is lower 
than the one found for the average adult with ASD, yet that 
is still substantial.10

Costs of Informal Care and Lost Productivity 
for Family/Caregivers

Several studies have shown that parents, family members and 
caregivers of individuals with ASD sustain several financial 
consequences and income-related losses. Using data col-
lected from a national telephone survey in the US, Kogan 
et al. (2008) showed that most of the American families of 
children with ASD were impacted by their child’s disorder, 
with 57.1% of these families stating that “family members 
had to reduce or stop employment because of the child’s 
condition”. The survey data also revealed that 34.9% of the 
families with children with ASD said that they “needed addi-
tional income to cover the child’s medical expenses” (Kogan 
et al. 2008, p. e1153). While some papers tried to estimate 
the cost of the lost employment for parents and caregivers, 
other papers focused more on the estimation of the costs of 
informal care that was provided to individuals with ASD. As 
with the previous cost components, most of the studies were 
conducted for the UK and the US. Table 5 gives an overview 
of the studies and the detailed cost estimates.

Most of the studies found that the costs of informal care 
and lost productivity for family/caregivers are substantial 
and that this cost component makes up a large part of the 
overall (lifetime) costs related to ASD. For instance, for both 
the UK and the US, Buescher et al. (2014) found that the 
cost of lost productivity for parents of children with ASD 
was one of the biggest contributors to total costs for children 
with ASD. For Australia, Horlin et al. (2014) even estimated 
that this cost component made up 89% of the total family 
cost of ASD. For the US, Ganz (2007) concluded that the 
costs of the productivity loss of parents of a child with ASD 
were 28.6% of the total discounted lifetime costs of ASD. A 
few studies, like Järbrink and Knapp (2001), Barrett et al. 

9 It is important to note that Ganz (2007) assumed that the cost of 
lost productivity for individuals with ASD and additional learning 
disabilities was assumed to be zero. The authors emphasized that this 
cost figure of zero did not correspond to the real cost figure but was 
merely due to a lack of available information.
10 Based on findings of previous studies, Järbrink and Knapp (2001) 
assumed that individuals with high functioning ASD work in low-
skilled, low-paid jobs, often despite a high level of education. For 
this group, the cost of lost productivity was estimated based on gross 
wages according to the human capital method (Järbrink and Knapp 
2001, p. 9).
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(2012) and Järbrink (2007), found relatively small cost esti-
mations for lost productivity and informal care and con-
cluded that these costs constitute only a small portion of the 
overall total lifetime cost for ASD. Barrett et al. (2012), for 
example, calculated that this cost made up only 8.92% of 
the total costs related to ASD. However, both Järbrink and 
Knapp (2001) and Järbrink (2007) pointed out that their cost 
estimates for productivity loss and/or loss of leisure time are 
probably underestimating the real costs of these losses, the 
reasons being the use of conservative parameters for time 
losses and the exclusion of other types of productivity losses 
(e.g. diminished promotion opportunities, early retirement, 
etc.) in the cost estimations

The figures in Table 5, however, also show large variation 
in the estimated costs across studies. A review of the papers 
pointed out a number of reasons which explain for this vari-
ation. Firstly, no doubt some of this variation is explained by 
the different dates on which the studies were conducted as 
well as by the fact that studies have been performed in dif-
ferent countries. Secondly, it is very likely that some of this 
variation is due to different cost estimation method being 
used across studies. As to the former, different methods were 
used in the literature to estimate the costs of income losses 
due to lost productivity for the parents, family members or 
caregivers of children with ASD. Some studies (Montes and 
Halterman 2008; Cidav et al. 2012) used regression-type 
analyses to estimate these costs. As an example, Montes 
and Halterman (2008) employed ordinal logistic regression 
analysis to estimate the expected household income of fami-
lies with children with ASD and families without a child 
with ASD, thereby controlling for a set of independent vari-
ables such as average parent age, type of family (2-parent 
family or other type), race, level of parental education, urban 
or rural living area, ASD status, and other disability status. 
The logistic regression results were used to estimate the loss 
of income associated with having a child with ASD. Cidav 
et al. (2012) combined logit and Tobit models to estimate 
the effect of having children with ASD on parental labour 
force participation and parental earnings. Other studies such 
as Barrett et al. (2012), Horlin et al. (2014), Järbrink et al. 
(2003) and Järbrink (2007) used questionnaire and/or inter-
view data as collected among parents or families with ASD 
children to estimate the time they had lost on paid work, 
unpaid work and leisure due to their child’s ASD diagnosis, 
etc. In such questionnaires/interviews parents, family mem-
bers or caregivers were asked whether their employment sta-
tus was affected by their child’s ASD diagnosis. Although 
the use of questionnaires and interviews surely has some 
advantages (e.g., collection of quantitative and/or qualita-
tive data among the target group), Järbrink et al. (2003), for 
instance, noted that generally parents of children with ASD 
found it difficult to give an accurate indication of time spent 
on different informal care activities or to identify the number 

of hours spent on informal care activities due to the ASD of 
their child. Illustrative of this was the large standard devia-
tion for time lost on unpaid work as indicated by parents. 
Obviously, the use of less accurate time loss data will lower 
the accuracy of the cost estimates. A third factor is that the 
modelling parameters being set in the cost estimations, differ 
across studies. The review showed that studies used different 
parameters for the labour force participation rate of parents 
of children with ASD, for the time loss incurred by the par-
ents due to the ASD-condition of their child, the value of 1 h 
of paid work and 1 h of unpaid work and leisure, etc. As an 
illustration, using questionnaire and diary data as collected 
among parents with a child with ASD in the UK, Järbrink 
et al. (2003) found that parents estimated time loss due to 
their child’s ASD-condition on paid work to be on average 
22 h per week and on leisure activities to be on average 17 h 
per week.11 However, much lower time loss figures were 
reported by Buescher et al. (2014) who, following insights 
of Cidav et al., (2012), assumed that parents of children with 
ASD (≤ 18 years) in the UK worked on average 7 h less per 
week as compared to parents of children without ASD.

In sum, although the resulting costs estimates vary among 
the studies, overall cost estimations show that parents, family 
members and caregivers of individuals with ASD sustain 
high costs due to productivity loss, loss of labour income 
and loss of leisure time related to ASD of their child. In 
addition, a general finding is that these costs are one of the 
biggest contributors to total ASD-related costs for families 
with children with ASD. Studies highlighted multiple rea-
sons for the high income loss and productivity loss suffered 
by parents, family or caregivers with an ASD child. Montes 
and Halterman (2008), for instance, referred to the following 
three issues: (1) poorer-than-expected labour market perfor-
mance, (2) lower-than-expected labour participation, and (3) 
lower-than-expected savings and investment (Montes and 
Halterman 2008, p. e824). Cidav et al. (2012) identified the 
diversity of care that children with ASD require and how 
this makes it difficult for parents and particularly mothers of 
children with ASD to balance the management of this care 
and their professional career.

Costs of Accommodation, Respite Care, 
and Out‑of‑Pocket Expenses

The cost of accommodation and residential care for indi-
viduals with ASD is rarely estimated in the literature. None-
theless, for individuals with ASD who do not live at home 

11 Similar time loss figures were found by Järbrink (2007) for Swe-
den, with parents reporting that they spend on average 977 h per year 
on caring for their child with ASD.
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with their family, the accommodation cost can represent a 
large element in the total costs related to ASD. In this sec-
tion, we look at the few studies that have estimated the ASD-
related accommodation and residential care costs. We also 
briefly look at estimates given for some other costs related 
to ASD. This concerns, among other things, costs for respite 
care and out-of-pocket expenses made by parents (families/
caregivers) for children/adults with ASD. Table 6 presents 
a summary overview of the studies, their data sources and 
cost estimates for accommodation, respite care, and out-of-
pocket expenses related to ASD.

A first general finding is that the cost estimates vary 
depending on whether it concerns accommodation and resi-
dential care for children with ASD or adults with ASD, and 
whether it concerns accommodation and residential care for 
individuals with ASD and intellectual disabilities or indi-
viduals with ASD without intellectual disabilities. Overall 
cost estimates show that the costs for accommodation and 
residential care are higher for adults with ASD as compared 
to children with ASD, the reason being that a large majority 
of the children with ASD are living at home. Buescher et al. 
(2014), for instance, assumed that only 1% of the American 
children with ASD aged 0–5, and 5% of the American chil-
dren with ASD aged 6–17 used residential care (Buescher 
et al. 2014, p. 723). For Sweden, Järbrink (2007) found simi-
lar low percentages, with only 6% of the children with ASD 
in their sample living in home placement settings. In addi-
tion, cost estimates for accommodation and residential care 
are higher for individuals with more severe ASD, the main 
reason being that these individuals have a higher need to live 
in supported accommodation and residential care. For adults 
with ASD in the UK, for instance, based on findings of pre-
vious studies, Buescher et al. (2014) modelled that of the 
adults with ASD without intellectual disabilities, 16% lived 
in residential care, 5% in supported accommodation and 79% 
at home, whereas for adults with ASD and intellectual dis-
abilities, these percentages were respectively 24% (residen-
tial care), 27% (supported accommodation), 1% (hospital), 
and 48% (at home) (Buescher et al. 2014, p. 723).12

As for the cost estimations of respite care and out-of-
pocket expenses related to ASD, it is not straightforward to 
compare and interpret the cost estimates of previous studies 
due to differences in the selections of cost elements. For 
the estimation of the family out-of-pocket expenses related 
to ASD, for instance, Järbrink and Knapp (2001) included 
home improvements or adaptations, consumer durables, 
special nursing equipment, extra household items, cleaning, 

repairs, and transports (Järbrink and Knapp 2001, p. 16). In 
another study, Järbrink et al. (2003) included, amongst other 
things, damage, special dietary requirements, clothes, extra 
laundry, extra help, transport, special activities, additional 
costs for therapy/education, extra costs for siblings, and 
court cases/solicitor (Järbrink et al. 2003, p. 399). In their 
study of parents’ out-of-pocket expenses related to ASD, 
Barrett et al. (2012) included adaptations and security for 
the home and garden, replacement and repair of damage 
to house and contents, specialist equipment such as push-
chairs and toys, attendance at seminars and training courses, 
travel to receive health services and assessments abroad, and 
smaller items such as nappies, bedding, education materials, 
additional clothing and specialist diets (Barrett et al. 2012, 
p. 800). Another issue is that cost estimates of ASD-related 
out-of-pocket expenses may not always be accurate, the rea-
son being that parents forget certain expenses when estimat-
ing the expenses retrospectively. As an illustration, Järbrink 
et al. (2003) found that when parents were asked to estimate 
the cost of these expenses on a weekly basis in a question-
naire, the average cost was £ 65.91. However, when looking 
at the out-of-pocket expenses filled out by parents in a diary, 
the average weekly out-of-pocket expenses turned out to be 
£ 100.15 (both in 1999–2000 £).

To summarize, only a few studies have estimated the costs 
of (supported) accommodation and residential care and other 
out-of-pocket expenses. Despite the difficulties in estimat-
ing these costs (as reported by some of these studies) and 
the limited comparability of these cost estimates, studies 
do show that, generally, for individuals with ASD who do 
not live at home or with family, the cost of accommodation 
or residential care can represent a large cost element in the 
total costs related to ASD. As an example, for the UK, Jär-
brink and Knapp (2001) concluded that for individuals with 
ASD and intellectual disabilities as well as for individuals 
with high functioning ASD, the cost of (supported) accom-
modation and/or residential care was the biggest cost ele-
ment in the total lifetime costs for an individual with ASD, 
accounting for 72.6% and 39.8%, respectively. As for the 
cost estimates of ASD-related out-of-pocket expenses, stud-
ies show that these expenses can become a financial burden 
for individuals with ASD and their family and, therefore, 
should not be ignored when reviewing costs related to ASD.

Conclusions

About 50 papers were reviewed in this literature review 
about costs related to ASD. Even though most papers 
regarding ASD-related costs originated in the US and the 
UK, this literature review tried to take a broader view, by 
including papers from The Netherlands, Sweden, Australia, 
Canada, Egypt, and China. The review was organized into 

12 In another cost estimation study for the UK, Knapp et  al. (2009) 
reported similar percentages, i.e. a higher percentage of adults with 
ASD and intellectual disabilities living in supported living accommo-
dation (7% vs. 5%), in residential care (52% vs. 16%), and in a hospi-
tal (6% vs. 0%) as compared to adults with ASD, yet, without intel-
lectual disabilities (Knapp et al. 2009, p. 320).
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six categories of ASD-related costs: (i) medical and health-
care related service costs, (ii) therapeutic costs, (iii) (special) 
education costs, (iv) costs of production loss for adults with 
ASD, (v) costs of informal care and lost productivity for 
family/caregivers, and (vi) costs of accommodation, respite 
care, and out-of-pocket expenses.

A recurrent finding was that it is not straightforward to 
compare the cost estimates across studies. No doubt, one of 
the reasons for this is that the cost estimation studies differ 
in the use of data sources, the categorization of cost compo-
nents, the inclusion and/or exclusion of cost elements, the 
research method and/or modelling parameters, the period 
of study, etc. In the selection of the papers for this review, 
only limited selection criteria were imposed as to how cost 
data were collected, which cost estimation technique was 
used, and/or how cost estimates or figures were reported. 
The advantage of imposing limited selection criteria is that 
the selection of papers presented in the paper is broad and 
comprehensively covering the literature on costs of ASD. 
The disadvantage is that it is not always straightforward to 
compare findings across papers and/or countries. However, 
a second and very likely more important reason for why it is 
difficult and complex to compare and interpret estimations of 
ASD-related costs across studies, are the differences in how 
countries organize (or, have organized, given that changes 
may have occurred during the period 2000–2018) the health 
care system as well as the financing of that system.13 These 
organizational differences typically translate into different 
ASD policy plans and intervention programmes being pro-
vided, different financial support mechanisms being avail-
able for ASD individuals, etc. Illustrative is the US where 
typically a higher percentage of GDP is spend on health care 
as compared to any other country, which of course influ-
ences the national absolute ASD cost values. In a study of 
the aggregated national costs for ASD for the UK and the 
US, Buescher et al. (2014) nicely illustrated the impact of 
the different approaches to organizing and financing the 
health care system and the education system on the esti-
mates of total ASD costs as well as the contribution of the 
different cost components. Even though the lifetime cost of 
supporting an individual with ASD for the US and the UK 
were largely similar (i.e., $2.4 million and $2.2 million for 
an individual with ASD and intellectual disability in the 
US and the UK, and $1.4 million and $1.4 million for an 
individual with ASD without intellectual disability), it was 
found that the relative contributions of the costs components 
to the total lifetime cost of supporting an individual with 

ASD differed considerably across both countries, with, for 
the US, 79% of the ASD costs being accounted for by ser-
vices, 12% by the productivity costs for the ASD-individual, 
and 9% by caregiver time costs and, for the UK, 56% of the 
total ASD-costs being accounted for by services, followed 
by lost employment for the individual with ASD (42%) and 
caregiver time costs (2%).

The observation that countries differ in the organization 
of the health care and education system as well as the financ-
ing of those systems, and that such differences complicates 
comparisons of ASD cost figures across countries, also holds 
for the EU. In a recent study, Roleska et al. (2018) found 
that in the EU, under the subsidiarity principle, education 
and disability policies remain within the competence of EU 
Member States, with educational standards and provisions 
for individuals with ASD being determined and imple-
mented at the national level (and, in several countries, even 
at the sub-national, regional level). Looking at the country 
policies in the field of education, special education needs 
and disability, they found that Poland, for example, does 
not have an autism specific strategy whereas other countries 
such as the UK and Spain have tailored policies and plans for 
ASD individuals to promote, among other things, inclusive 
education for ASD children. But also within countries, at 
the local level, systems can vary considerably in policies 
regarding services for which children with ASD are eligible, 
the efficiency and the effectiveness of these services, and 
hence the ASD-related costs.14 As an example, Mandell and 
Palmer (2005) explored the variation among the 50 US states 
in the administrative prevalence of ASD and factors associ-
ated with that variation. Using data for the year 2000–2001, 
they found that the proportion of children being diagnosed 
with ASD ranged significantly across the US states (from 
0.6 per 1000 to 4.6 per 1000).15

The comparison issues notwithstanding, this review study 
revealed some interesting and important insights. Firstly, one 
key finding was that ASD is associated with a high financial 
burden in a multitude of domains, resulting in overall life-
time costs of ASD for the average individual with ASD (or 

13 Another possible reason for the cross-country differences in ASD-
related costs are the differences in ethno-racial and demographical 
diversity across countries. For instance, Shattuck et  al. (2012) pro-
vided empirical evidence which suggests the presence of racial and/or 
demographical disparities in access to health services across a wide 
range of health conditions and service systems.

14 With efficiency we refer to the link between inputs and outputs of 
ASD services (e.g., how do the resources invested in the organiza-
tion and implementation of EIBI programmes relate to the number of 
young children with ASD effectively being able to enter in such pro-
grammes), whereas with effectiveness we refer to the link between the 
outputs and the outcomes of ASD services [e.g., how does the num-
ber of people being provided with the organized EIBI programme 
relate to the total number of dependency-free life years (DFLYs) gen-
erated by this programme].
15 A linear regression analysis revealed that the cross-state variation 
in the administrative prevalence of ASD relate to characteristics of 
the education and health system with the administrative prevalence of 
ASD being positively associated with education-related spending as 
well as the number of paediatricians and the number of school-based 
health centers in the state.
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family with a child with ASD) that are substantial. Based on 
the studies reviewed, the overall lifetime costs for individuals 
with ASD are estimated to be situated somewhere between 
$ 2.4 million (in 2011 US$) (Buescher et al. 2014) to $ 3.2 
million (in 2003 US$) (Ganz 2007) for the US and from £ 
1.5 million (in 2011 £) (Buescher et al. 2014) to £ 2.4 million 
(in 1997–1998 £) (Järbrink and Knapp 2001) for the UK. As 
a total figure for the US, Leigh and Du (2015) estimated 
annual direct medical, direct non-medical, and productivity 
costs combined to be $268 billion (range $162–$367 billion; 
0.884–2.009% of GDP) for 2015 and forecast this cost to be 
$461 billion (range $276–$1011 billion; 0.982–3.600% of 
GDP) for 2025. Moreover, as pointed out by some studies, 
reported cost estimation figures are likely to underestimate 
true ASD-related costs due to omitted health impacts, omit-
ted economic impacts, omitted impact on social life, and the 
costs of health actions in other sectors.

A second key finding is that, for the six cost categories 
studied in the review, estimated costs are higher for indi-
viduals with ASD and/or families with children with ASD 
than other individuals/families. In addition, the estimates 
of ASD-related costs generally show that costs are higher 
for individuals with more severe ASD. For instance, costs 
across the different categories have been found to be higher 
for individuals with ASD and intellectual disabilities than 
individuals with ASD without intellectual disabilities (or 
for families or caregivers with such individuals). Related to 
this, a recent EU-wide survey of the costs of ASD (ASDEU 
2018) found that type of ASD, age, and comorbidities—
intellectual disability especially—are important drivers of 
the costs of ASD. One reason for this is that individuals 
with more severe ASD require more medical and health-
care, intensive (early) behavioural treatment, therapy and 
special education during their childhood. Another reason is 
that individuals with more severe ASD have a higher need to 
live in supported accommodation and residential care during 
adulthood. Parents of children or adults with more severe 
ASD also sustain higher costs due to productivity loss, loss 
of labour income and loss of leisure time related to the ASD 
of their child.

A third general finding was that the cost of (special) 
education, EIBI and therapy, individual productivity loss, 
parental productivity loss, and (supported) accommodation 
and residential care are among the largest contributors to 
total lifetime costs for an individual with ASD. The recent 
anonymous online survey for children and adults with ASD 
organized across multiple EU-countries in a large-scale pro-
ject (ASDEU 2018), found similar results, with the cost of 
special education services being the highest cost compo-
nent, followed by the costs of tutorial support, especially 
among younger people with ASD. Medical and healthcare 
costs related to ASD have been found to constitute only a 
small part of the total costs for individuals with ASD, with 

medical costs being higher for adults with ASD than for 
children with ASD. Estimates also show that smaller out-
of-pocket expenses related to ASD, such as travel costs, cost 
related to making the house more ASD-friendly, purchase of 
specialised tools or equipment, etc., cannot be ignored when 
analysing the costs related to ASD. Summed together, all 
these out-of-pocket expenses can place a significant financial 
burden on the family budget. As to the costs of ASD-related 
therapies, due to the differences in therapy categorization 
and widely divergent cost estimates for ASD therapies, it is 
difficult to get a clear picture of the costs of therapy and/or 
EIBI programmes for individuals with ASD. Nevertheless, 
the studies that assessed the cost-effectiveness of EIBI for 
(young) children with ASD found that such therapy pro-
grammes are cost-effective and can result in cost savings 
throughout the lifetime of individuals with ASD.

We conclude the paper with three important remarks. 
A first important remark is that the present review paper 
does not discuss all cost elements of ASD. Other ASD-
related costs include the costs of vocational rehabilitation 
programmes (Cimera and Cowan 2009, 2011), the costs of 
universal or high-risk screening for ASD (Yuen et al. 2018) 
and private insurance premiums for individuals with ASD. 
For instance, Cimera and Cowan (2009) estimated the costs 
of vocational rehabilitation programmes for individuals with 
ASD as well as for non-ASD individuals with similar dis-
abilities using data collected from the federal US Rehabilita-
tion Services Administration “911” database for the period 
2002–2006. Estimates showed that compared to all other 
disability groups in the study, individuals with ASD were 
among the most expensive in terms of cost per capita for 
vocational rehabilitation ($ 2992 per capita, in 2006 US$). 
In fact, only the per capita cost for individuals with sensory 
impairments was higher. Among the individuals with ASD, 
individuals with ASD and learning disabilities or sensory 
impairments had higher costs for vocational rehabilitation 
services.16 In a related study, Cimera and Burgess (2011) 
found that individuals with ASD who had their cases closed 
by government-operated vocational rehabilitation agencies 
and worked in the community, generated more monetary 
benefits than monetary costs (i.e. average benefit–cost ratio 
of 5.28 and monthly net benefit of $643.20). Another cost 
element is the impact of ASD coverage on private insur-
ance premiums. Using the Pennsylvania legislation as an 
example, Bouder et al. (2009) estimated this impact to be 

16 As a possible explanation for this higher cost figure, Cimera and 
Cowan (2009) pointed out that the proportion of individuals with 
ASD is small (0.55% in 2006) in the overall vocational rehabilitation 
population. Vocational rehabilitation counsellors might thus be unfa-
miliar with the ASD population and their unique needs. This could 
result in a ‘trial and error’ method of providing services” (Cimera and 
Cowan 2009, p. 298), which increases the cost of vocational rehabili-
tation.



2898 Journal of Autism and Developmental Disorders (2019) 49:2873–2900

1 3

approximately 1%, with a lower bound of 0.19% and an 
upper bound of 2.31%. Also interesting is the link between 
insurance type (private vs. public funded) and costs, accessi-
bility, and use of health care services, medication costs, and 
therapy services for children/adolescents/adults with ASD 
(e.g., Young et al. 2009; Wang et al. 2013).

A second remark concerns how costing estimates changed 
over the years and what has driven these changes. We note 
that it is difficult to say whether estimates of ASD costs 
made by studies in first decade of the twenty first century 
(even when the cost figures are inflated to the present) are 
still comparable with and/or representative for the ASD 
costs today, given the increasing trend in the number of 
people being officially diagnosed with ASD, better public 
and medical awareness for ASD, improved possibilities to 
diagnose children at a young age, changes in the organiza-
tion and the financing of the health care system and the edu-
cation system (with, e.g., in a lot of countries more provision 
of (special) education and EIBI for (young) children with 
ASD), or a combination of those factors. In that perspective, 
the literature would benefit from longitudinal study designs 
that investigate how costs of ASD (as well as the relative 
contributions of the different cost elements) have evolved 
over time and look at (and explain) how changes in national 
and/or local policies for services for ASD have affected these 
cost estimates, etc.

As a final remark, even though the between- and within-
country differences as well as changes over time in the 
organization of insurance policy, education system, health-
care system, etc., make it difficult to give general policy 
advice in terms of funding for ASD-related costs, two 
categories of costs related to ASD are worth mentioning 
when discussing policy recommendations. Firstly, gener-
ally, cost-effectiveness studies of EIBI suggests that such 
programmes are cost-effective and might reduce certain 
costs that would occur in the future without these pro-
grammes. However, the up-front cost of such programmes 
is very large and, as demonstrated by multiple articles, 
this might result in parents not being able to offer their 
child with ASD such a treatment or might result in using 
EIBI programmes only for a limited number of hours per 
week. Making EIBI programmes available for as many 
children with ASD as possible might save governments 
and society at large other costs. Further research on dif-
ferent types of EIBI programmes and how to best deliver 
these programmes in order to make them as effective as 
possible can guide policy makers in resource allocation 
decisions. Another cost category that is worth mentioning 
is the cost of lost employment for individuals with ASD. 
Unemployed individuals with ASD incur high costs, such 
as costs for day activities and day care provision. Find-
ing suitable employment and providing long-term sup-
port for employed individuals with ASD might reduce or 

eliminate other costs. However, further studies concerning 
vocational rehabilitation programmes for individuals with 
ASD might be useful in order to make these services more 
efficient and effective.
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Abstract
Parents of children with autism spectrum disorder (ASD) and other chronic health
conditions often face exceptional caregiving demands that can lead to challenges
related to maintaining and succeeding in employment. Detailed information on
the specific ways in which these health conditions impact parent employment
could aid in designing equitable, effective policies to support families. The r-Kids
study used electronic health records to identify three groups of children: those
with ASD, asthma, or neither condition (control), from several health care sys-
tems. We oversampled racial and ethnic minorities and matched the asthma and
control groups to the age and sex distribution of the ASD group. Parents com-
pleted three online surveys over the course of a year to measure annual employ-
ment outcomes. Surveys included the Family Economic Impact Inventory
(measuring employment impacts) and measures of quality of life and symptom
severity. All materials were provided in English and Spanish. The study enrolled
1461 families (564 ASD, 468 asthma, 429 control). Youth were 3–16.5 years old
and predominantly male (79%). The sample was diverse (43% non-Hispanic
White; 35% non-Hispanic Asian, Black, Native Hawaiian, or Other; and 21%
Hispanic ethnicity). Parents of children with ASD were significantly less likely to
be employed than parents of youth with asthma and control combined (OR: 14.2,
p < 0.001), and were more likely to have other difficulties with employment and
productivity while at work. Public and employer policies to help mitigate these
impacts could aid families in managing care for youth with ASD.

Lay Summary
Caring for a child with a chronic health condition such as autism spectrum disor-
der (ASD) can interfere with parental employment in a number of ways. We
found that parents of children with ASD are less likely to be employed, and when
they are employed, many face challenges in managing productivity and caregiv-
ing. A detailed understanding of these impacts can guide clinical and employment
policies to help families navigate the financial implications of a child’s health
condition.

KEYWORDS
asthma, autism, employment, special health care needs

INTRODUCTION

Autism spectrum disorder (ASD) is a lifelong develop-
mental condition that affects social interaction and

communication skills and may impact cognitive function
(APA, 2013). Early intervention and treatment can signif-
icantly improve symptoms and functioning in youth with
ASD. In recent studies, 1 in 44 youth were identified with
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ASD in the USA (Maenner et al., 2021). ASD is about
4.2 times more common in boys than girls and has been
reported in all racial, ethnic, and socioeconomic groups.

ASD can have a significant effect on parents and fam-
ilies across multiple domains. Because ASD is a lifelong
neurodevelopmental disorder, the caregiving burden for
parents is often very high with increased parental stress
and decreased parenting efficacy for both mothers and
fathers (Baker-Ericzén et al., 2005; Bonis, 2016;
Dabrowska & Pisula, 2010; Karst & Van Hecke, 2012;
Picardi et al., 2018). In addition, the severity of a child’s
ASD has been shown to be a significant predictor of
parental stress (Pastor-Cerezuela et al., 2016). Children
with ASD typically need significant services related to
health, education, and the acquisition of communication
and social interaction skills, and many of these services
are not provided through insurance or at school. Thus,
the care of a child with ASD requires substantial time,
effort, and persistence on the part of parents. Exceptional
caregiving responsibilities (Brennan & Brannan, 2005;
Stewart et al., 2018) also affect parents of children with
other physical and mental health conditions (Ambler
et al., 2018; Everhart et al., 2018; Ketelaar et al., 2008;
Silva et al., 2015), although the level and areas of caregiv-
ing needed for different conditions vary considerably. In
addition, caregiving, and other parental responsibilities
for youth with ASD and some other health conditions,
can continue longer into childhood and young adulthood
and can entail significant ongoing physical, emotional,
and financial demands on families that are not experi-
enced by families of youth who do not have a chronic
health condition.

One important area of impact for families caring for
a youth with ASD is parental employment. The com-
bined burden of exceptional caregiving and caregiver
strain can negatively impact parents’ work life in multiple
ways. Recent studies have documented that demands
related to exceptional care can lead to parents working
reduced hours, bringing in less income, or leaving the
workforce altogether (Brennan & Brannan, 2005; Cidav
et al., 2012; Porterfield, 2002). The demands can also
have a dramatic impact on parents’ career paths, espe-
cially since parents are often responding to their chil-
dren’s needs during a formative time in their working
lives (Leiter et al., 2004)—thus affecting not only current
income but future employability or career progression.

This report provides an update on and extension of
the literature on the employment challenges of parents
with children with ASD by providing greater detail and
specificity about the issue. We used data from the r-Kids
study to examine whether having a child with ASD
affects labor force participation, changes in employment,
missed time from work, and work productivity. Further-
more, we estimated the incremental employment-related
impact of having a child with ASD compared with hav-
ing a child with asthma or with no significant chronic
health condition. We also examined whether these effects

change as a child gets older. Our findings may help
employers and government policymakers in developing
programs and policies to ease employment challenges for
parents of youth with ASD.

METHODS

The focus of this analysis was to examine how employ-
ment outcomes for parents of children with ASD are
impacted relative to parents of children with another
chronic health condition, asthma, or no significant
chronic condition. The conceptual framework for the
analysis combines insights from two economic models.
The first model, labor supply theory (McCall &
Starr, 2016; Richard et al., 2014), describes an individ-
ual’s employment choices, including hours of work, and
suggests these employment choices are shaped by a multi-
tude of factors, including age, education level, sex, race/
ethnicity, cultural norms, and family characteristics
(e.g., marital status). The second model, household pro-
duction theory (Becker, 1981; Bergstrom, 1996; Berman
et al., 1994; Harkness & Super, 1994; Snow Jones
et al., 1999), describes how families use available
resources within the household. Families may have sev-
eral resources—money, availability of family members’
time, and access to services such as health care
(e.g., employment-based health insurance)—that families
utilize to meet the needs of family members, such as pro-
vision of meals or helping children with schoolwork.
However, families are also subject to limitations. In par-
ticular, parents have a limited amount of time to provide
for the different needs of family members and most fami-
lies have limited financial resources based on parent
income.

By bringing these two models together, we intend to
explicitly acknowledge how a child’s health impacts par-
ents employment decisions. Specifically, when a house-
hold includes a child with a chronic health condition,
parents will meet medical and nonhousehold needs
related to the child’s condition, as constrained by avail-
able resources (e.g., income, time). Prior studies have sug-
gested several implications of the combined models
(labor supply and household production). The amount of
household resources needed to ensure children’s well-
being (e.g., parent time, medical care, other services) will
be greater for families whose children have chronic health
conditions such as ASD, and as severity increases, more
resources are needed (Croen et al., 2006; Lavelle
et al., 2014). An additional implication is that parents of
children with ASD might choose to increase paid work
time for added income to pay for services (Cidav
et al., 2012). However, parents might also decrease paid
work in order to have time to provide care for the child
at home (Brannan et al., 2018; Cidav et al., 2012). If par-
ents are better able to provide caregiving related to the
child’s chronic condition (e.g., parent is knowledgeable
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about the child’s specific needs) compared with available
alternative childcare providers, parents may reduce their
work time to provide caregiving (Houser et al., 2014). In
addition, if childcare providers who have the ability to
care for a child with a chronic condition are not avail-
able, parents may have no choice but to care for their
children at home (Brannan et al., 2018). Thus, the impact
of having a child with ASD or another health condition
on employment choices may result in increased paid
work time or decreased paid work time depending on the
family’s available resources (money, parent time), avail-
able community resources (e.g., health, childcare), and
parental knowledge and skill in caregiving related to the
child’s condition.

Several studies have found that the likelihood of
parents being employed is less when they have children
with ASD or another health condition (Cidav
et al., 2012; McCall & Starr, 2016; Powers, 2003), and
that when employed, they work fewer hours. However,
some studies have found that after controlling for
important demographic characteristics, there is no sig-
nificant impact on parental employment in such house-
holds (Loprest & Davidoff, 2004). In addition, most
prior research regarding the impact of child disability
on parental employment has focused on the decision to
work outside the home (Cidav et al., 2012; Loprest &
Davidoff, 2004; Powers, 2003) or on hours of employ-
ment (Cidav et al., 2012; Loprest & Davidoff, 2004).
However, there may be other ways that a child’s health
could impact parental employment, including missing
time from work, a shift from full-time to part-time
employment, choosing a less-demanding job, or
reduced productivity while on the job, all of which
likely have a long-term impact on a parents’ employ-
ment opportunities and on family income (Brannan
et al., 2018; Brennan & Brannan, 2005). To date, few
studies have included these additional outcomes. The
current analysis addresses these gaps in the literature
by examining whether ASD impacts employment on
five levels: (1) the choice to work at all, (2) total hours
worked, (3) missed time from work, (4) job changes to
accommodate the child’s health needs, and (5) produc-
tivity while at work.

Participants and setting

The Understanding Family Economic Impact of Chronic
Child Health Conditions study (r-Kids) was a prospective
observational study to assess family financial, time, and
employment costs for three groups of children: those with
ASD, asthma, or neither condition. The study included
families of children between 3 and 16.5 years of age from
three Kaiser Permanente regions (Northwest [Oregon
and southwest Washington State], Hawaii, and Northern
California) and health clinics in the OCHIN, Inc., com-
munity health center network.

We searched the electronic health records (EHRs) of
all children from 3 to16.5 years of age at each site, with
at least one face-to-face encounter (inpatient or outpa-
tient visit) during a 2-year lookback period, for clinical
diagnoses made at >1 year of age. To be eligible for the
ASD group the child must have met one of the following
criteria: (1) two or more diagnoses of ASD (ICD-9 code
299.0) separated by >30 days in the EHR; (2) an active
diagnosis on the EHR “ongoing problem list”; or (3) one
diagnosis of ASD from a specialty ASD clinic/provider
identified by each site separately. Children in the asthma
group were required to have two or more encounter- or
medication-based diagnoses of asthma (ICD-9 code
493.0, 493.1, 493.9) in the previous 2 years (separated by
>30 days). Children who fit the criteria for both ASD
and asthma were included in the ASD group. Children
eligible for the control group had no diagnosis of ASD or
asthma in the EHR. We excluded children with a cancer
diagnosis within the previous 36 months, and families
were ineligible at screening if the participant was a foster
parent or if the child did not live with the parent ≥50% of
the time. We oversampled children from historically
underrepresented racial/ethnic groups. Within each group
of children who were eligible as described above, we iden-
tified children who were from racial and/or ethnic minor-
ity groups as self-reported to their health system, we
prioritized recruiting these children. The Kaiser Perma-
nente Northwest Institutional Review Board (IRB) was
the single IRB for all collaborating sites and approved
this study.

Parents were sent a letter inviting them to participate
in the r-Kids study. The letter included the study web
address and a child-specific enrollment code. Parents
could go to the website and consent and join the study on
their own. We followed up with nonresponders by reach-
ing out by phone and/or email up to three times. Partici-
pants could complete a survey online or over the phone
with a trained interviewer. All recruitment and survey
materials, including letters and patient phone contacts,
were provided in English and Spanish.

Participants were invited three times, 4 months apart,
to complete three surveys. Data were collected between
November 2017 and January 2020. Gift cards were pro-
vided for participation: $30 for the first survey, $40 for
the second, $50 for the third. Participants who completed
all three surveys were provided an additional $15.

Survey content

The r-Kids survey comprised the Family Economic
Impact Inventory (FEII; Lynch & Dickerson, 2012;
Lynch et al., 2007), which measures financial, time, and
employment costs of caring for a child’s health, addi-
tional information on this measure is available in the sup-
plemental material provided. In addition the survey
included existing validated instruments measuring the
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child’s quality of life (PEDSQL; Varni et al., 2001),
behavior (SDQ; Goodman, 2001), and symptom severity
of those with ASD using the Social Responsiveness Scale
(SRS; Constantino et al., 2003) or asthma using the Pedi-
atric Asthma Impact Scale (Yeatts et al., 2010). We also
assessed parenting stress (PSS; Berry & Jones, 1995) in
addition to collecting family and household demographic
variables. Measures included in the analyses presented
here are a subset of the r-Kids study survey. Additional
information on outcome measures used in these analyses
are provided in Table S7 and additional details of the r-
Kids study and survey are presented elsewhere (Bulkley
et al., 2022).

Employment outcomes included the impact of a
child’s health on the following employment outcomes:
the decision to work at all, hours worked per week, any
type of job change, number of job changes, any missed
time from work, number of hours missed from work per
week, and whether the child’s health ever impacted how
the parent spent their time or how well they focused or
performed tasks during the workday (any impact on pro-
ductivity while at work) and how frequently the parent
experienced an impact on productivity while at work (fre-
quency of impact on work productivity).

STATISTICAL ANALYSIS

We included study participants who completed one or
more items of the FEII component of the survey at any
time during the study (N = 1420). We imputed missing
data via multiple imputation methods, using employment
information spanning all assessment waves in addition to
information on the parent or guardian (race, family com-
position, education) and the child (study site, age, health
condition, and sex). In developing the imputation model
we considered measures outside the scope of employment
(e.g., parenting stress) that were collected at the first
assessment as potential additional auxiliary variables
(parent or guardian’s age, sex, self-reported mental
health, and parental stress summary score; and child’s
SDQ and PedsQL scores) if those measures were strongly
correlated (r > 0.4) with employment outcomes (Enders,
2010). The social function subscale of the PedsQL met
this standard for labor market participation outcomes.
We imputed 10 datasets and used the combination rules
developed by Rubin to appropriately adjust coefficients
and standard errors of all estimates. In addition, we esti-
mated models using only study participants with com-
plete data to evaluate any influence of the imputation
process. In all cases significant results are similar in both
imputed data and complete data samples. We also exam-
ined whether missing data was related to our oversam-
pling of children from historically underrepresented
racial/ethnic groups. Neither child’s race/ethnicity or par-
ent race/ethnicity was a significant predictor of
missing data.

We compared demographic characteristics for the
ASD, asthma, and control groups using Chi-squared
tests. We calculated employment outcomes as annual
measures and compared them among groups using a vari-
ety of multivariable regression methods. Dichotomous
outcomes were modeled via logistic regression, and
results were calculated as odds ratios (OR). We modeled
number or hours worked, number of employment
changes, and number of hours missed from work using
count regression methods; specifically, we considered
both Poisson and negative binomial regression and chose
the specification with optimal fit. Estimates from these
models were presented as incidence rate ratios (IRR).
Finally, we fit an ordered logistic model to the ordinal
scale measuring frequency of impact on productivity to
estimate an ordered OR. All study participants for whom
we imputed data were included in analyses of labor mar-
ket outcomes, whereas only those who reported employ-
ment at any point during the study were included in
analyses of work productivity outcomes. Models were fit
separately for each outcome. We applied a two-sided
α = 0.05 for all inferential tests, and analyses were con-
ducted using Stata version 16.1. We examined whether
our results would change if we adjusted for multiple com-
parisons using Holm–Bonferroni adjustments, in all cases
interpretation of results remained the same. Full results
of the regression models for our primary analyses are
reported in the supplemental materials (see Tables S3 and
S4). We also conducted exploratory analyses for each
outcome by age group, sex of child, and within the ASD
group only, by severity of ASD.

RESULTS

Participant characteristics

Of the 1461 families enrolled in the study (n = 564
ASD, 468 asthma, 429 control), children in the study
were predominantly male (78.9%). The sample was well
distributed across age groups: 3- to 5-year-olds com-
prised 22.3%, 6- to 11-year-olds comprised 45.6%, and
12- to 17-year-olds comprised 32.1% of the sample. The
sample was racially and ethnically diverse, with 43% of
children categorized as non-Hispanic White. There were
no differences among health groups by sex or age group
(Table 1). Children in the asthma group were less likely
to be white (38.8%) than those in the ASD and control
groups (44.3% and 45.9%, respectively; p = 0.002).
Families of children in the ASD and asthma groups
were less likely to be privately insured (65.4% and
64.8%, respectively) than those in the control group
(73.1%; p ≤ 0.001). Along similar lines, families of chil-
dren in the ASD and asthma groups were less likely to
report high incomes (24.4% and 25.8%, respectively)
than families in the control group (34.6%; p = 0.006).
Analyses of employment outcomes include all
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respondents who provided data on employment out-
comes (n = 1420).

Workforce participation

Parents of youth with ASD were significantly more likely
to report not working because of their children’s health
compared with parents of youth in the asthma or control
groups. The percent not working was ASD: 8.9%;

asthma: 1.4%, control: 0%. Odds of not working: ASD
vs. asthma/control combined: (OR = 14.2, 95%
CI = 5.95–34.03, p < 0.001). Because no members of the
control group reported not working due to their child’s
health, we compared the ASD group to the combined
asthma and control group. For all other employment
outcomes we compare the ASD group to each compari-
son group (asthma, control) separately.

Employed parents of youth with ASD also reported
working significantly fewer hours per week than those

TABLE 1 Demographic characteristics at baseline by health group

Health group

p-valued
Overall ASDa,b Asthma Control

N (%) N (%) N (%) N (%)

Consented and eligible 1420 544 457 419

Child characteristicsc

Sex: Male (yes) 1116 (78.6%) 413 (75.9%) 366 (80.1%) 337 (80.4%) 0.153

Age 0.175

Early childhood (3–5 years) 314 (22.1%) 120 (22.1%) 87 (19.0%) 107 (25.5%)

Middle childhood (6–11 years) 651 (45.8%) 242 (44.5%) 220 (48.1%) 189 (45.1%)

Adolescent (12–17 years) 455 (32.0%) 182 (33.5%) 150 (32.8%) 123 (29.4%)

Race/Ethnicity 0.004

Non-Hispanic White 607 (43%) 238 (44.6%) 178 (39.1%) 191 (46.0%)

Non-Hispanic Native Hawaiian or other Pacific Islander 122 (8.9%) 20 (5.1%) 54 (11.9%) 41 (9.9%)

Non-Hispanic Asian 134 (9.8%) 51 (9.6%) 45 (9.9%) 39 (9.2%)

Non-Hispanic Black 55 (3.9%) 20 (3.7%) 24 (5.3%) 11 (2.7%)

Other or multiple race/ethnicity 183 (12.7%) 69 (12.9%) 55 (12.1%) 59 (14.2%)

Hispanic 303 (21.7%) 129 (24.2%) 99 (21.8%) 75 (18.1%)

Insurance type <0.001

Private 883 (67.6) 322 (65.4) 273 (64.8) 288 (73.1)

Public 340 (26.0) 154 (31.3) 123 (29.2) 63 (16.0)

Uninsured 84 (6.4) 16 (3.3) 25 (5.9) 43 (10.9)

Respondent characteristics

Sex: Female 1086 (86.0) 398 (85.2) 360 (88.0) 328 (84.8) 0.341

Biological parent 1207 (95.6) 438 (93.8) 393 (96.1) 376 (97.2) 0.048

Education level 0.555

High school or less 171 (13.6) 56 (12.1) 62 (15.3) 53 (13.7)

Some college 301 (24.0) 116 (25.1) 101 (25.0) 84 (21.8)

College degree 436 (34.8) 170 (36.7) 131 (32.4) 135 (35.0)

Graduate degree 345 (27.5) 121 (26.1) 110 (27.2) 114 (29.5)

Married or living with partner 988 (78.5) 375 (80.6) 311 (76.2) 302 (78.2) 0.282

Household characteristics

Household monthly income 0.006

≤$4000 448 (36.8) 169 (37.5) 163 (40.8) 116 (31.6)

$4001–$8000 430 (35.3) 172 (38.1) 134 (33.5) 124 (33.8)

>$8000 340 (27.9) 110 (24.4) 103 (25.8) 127 (34.6)

aASD is autism spectrum disorders.
bThe ASD group includes 50 children with both ASD and Asthma.
cDemographic data for this table come primarily from respondent-reported survey responses. Missing data was supplemented for some characteristics using data from
each health systems EHR data.
dAll comparisons of demographic characteristics (categorical) were analyzed using Chi-square tests.
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with youth in the asthma or control group. Parents of
youth with ASD also reported significantly greater likeli-
hood of job changes due to their children’s health.
Table 2 presents the means and related OR or IRR for
these outcomes. Parents of youth with ASD worked
fewer hours per week (IRR ASD vs. control: 0.94;
p < 0.001; ASD vs. asthma: 0.94; p= 0.001) and were sig-
nificantly more likely to have at least one job change
related to their child’s health (ASD vs. control OR: 4.01;
p < 0.001; ASD vs. asthma OR: 2.23; p < 0.001) and
multiple job impacts (ASD vs. control OR: 3.25;
p < 0.001; ASD vs. asthma OR: 2.28; p < 0.001).
Figure 1 describes the types of job changes experienced
by families during the study period.

Work productivity

We examined the impact of children’s health conditions
on the productivity of parents during the time they were

working. Table 3 presents the means and related OR or
IRR for the following outcomes related to child health:
hours missed from work, any negative impact on work
productivity (e.g., interruptions while working), and fre-
quency of negative impact on work productivity. Par-
ents of youth with ASD were significantly more likely to
ever miss time from work due to their children’s health
(OR: ASD vs. control: 2.11; p < 0.001; ASD vs. asthma:
1.59; p < 0.001) and to miss work for a greater number
of hours (IRR: ASD vs. control: 1.89; p < 0.001; ASD
vs. asthma: 1.50; p < 0.001). Parents of youth with ASD
were also significantly more likely to report any nega-
tive impact on their productivity due to their children’s
health (ASD vs. control OR: 7.43; p < 0.001; ASD
vs. asthma OR: 4.10; p < 0.001) and they also reported
having more frequent negative productivity impacts
(ASD vs. control OR: 7.69; p < 0.001; ASD vs. asthma
OR: 4.12; p < 0.001). Figure 2 describes the types of
productivity impacts experienced by families during the
study period.

TABLE 2 Labor market participation and changes to employment over 1 year (N = 1420)

Not working
due to Child’s
health

Average number of hours
worked per week

At least one change to
employment

Average number of changes to
employment

Study group % (n)a Mean (standard error)a % (n)a Mean (standard error)a

ASD 8.8% (48) 24.9 (0.77) 41.0% (223) 1.1 (0.07)

Asthma 1.3% (6) 27.0 (0.78) 24.9% (114) 0.5 (0.05)

Control 0% (0) 27.3 (0.82) 16.0% (67) 0.4 (0.05)

Study group comparisons IRR p-value IRR p-value OR p-value IRR p-value

ASD vs. Control NE NE 0.94 (0.90–0.97) <0.001*** 4.01 (2.83–5.68) <0.001*** 3.25 (2.67–3.97) <0.001***

ASD vs. Asthma NE NE 0.94 (0.90–0.97) 0.001** 2.23 (1.66–3.00) <0.001*** 2.28 (1.91–2.73) <0.001***

Asthma vs. Control NE NE 1.00 (0.96–1.03) 0.929 1.80 (1.23–2.62) 0.002** 1.43 (1.10–1.85) 0.009**

Abbreviations: ASD, autism spectrum disorder; IRR, incident rate ratio; NE, model not estimable due to zero cell size; OR, odds ratio.
aMean (standard error [SE]) or % (n) calculated using imputed data.
**p < 0.01; ***p < 0.001.
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F I GURE 1 Type of job
changes due to child’s health by
group over 1 year
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Supplemental analyses

We examined whether our results were moderated
according to age group (3–5 years, 6–11 years, 12–
17 years) or sex (see Tables S1, S2, S5, S6). In most cases
we did not find moderation of our results. For one out-
come, mean hours that parents were working, we found
moderation by age group with increased hours worked
for all three health groups as the children got older. Par-
ents of youth with ASD in the two youngest age catego-
ries worked fewer hours than those with children in the
other two health groups. In the age 12–17 category there
were no statistically significant differences in the number
of hours parents worked. We found that the analysis of
mean hours of work for parents of male children was
very similar to the overall analysis, with parents of youth
with ASD working less than parents in either of the other
groups. For female children, the pattern was different,
with no difference between ASD and control groups and
significantly lower hours worked for ASD compared with
asthma groups. Analyses of the ASD group only found
that in almost all analyses parents of children with more
severe ASD (based on SRS score) experienced signifi-
cantly greater impact on employment outcomes than par-
ents of children with less severe ASD (see Tables S5
and S6).

DISCUSSION

Previous research has documented that having a child
with ASD is associated with lower likelihood of parents
being in the workforce (Cidav et al., 2012; McCall &
Starr, 2016), reduced hours of work (Cidav et al., 2012;
McCall & Starr, 2016), and decreased income compared
with parents of children without ASD (Cidav et al., 2012;
McCall & Starr, 2016). However, few studies have had
data to directly link these differences with children’s
health or to provide detailed information on the specific
ways in which ASD creates employment difficulties for
parents. The r-Kids study was designed to add to this lit-
erature through prospectively collected data on a large
sample of families during the same time period and the
provision of additional detail about the specific ways in
which employment is impacted over a 1-year period.

Similar to previous work, we found that parents of
youth with ASD were less likely to work at all (Cidav
et al., 2012; McCall & Starr, 2016) and tended to work
fewer hours (Cidav et al., 2012; McCall & Starr, 2016)
than parents of children with other health conditions or
those without significant health concerns. We report a
similar pattern of results to previous research, but our
marginal estimates are modestly larger. Leaving the
workforce or reducing work hours can impact families
significantly. In the short run, dropping out of the work-
force reduces income for families (Cidav et al., 2012;
Earle & Heymann, 2014; McCall & Starr, 2016;T
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Montes & Halterman, 2008), while at the same time fam-
ilies of children with ASD or other chronic health condi-
tions face higher than normal medical and other costs
(Croen et al., 2006; Cummings et al., 2016; Kogan
et al., 2008; Lavelle et al., 2014; Liptak et al., 2006), a
combination that can increase the risk of financial diffi-
culties for families. In the longer run, parents of children
with ASD or other chronic conditions who remain out of
the workforce for long periods due to heavy caregiving
burdens risk a more limited career trajectory because this
often occurs while the parent is in early adulthood, a crit-
ical time for career development and advancement. Thus,
leaving the workforce and/or reducing hours of work can
affect parents’ future employability or career advance-
ment, impacting family’s long-term financial well-being.

In addition to leaving the workforce or reducing work
hours, parents of children with special health care needs
report other impacts on work such as missed time from
work, interruptions while at work, or reduced ability to
focus due to caregiving-related stress (Brannan
et al., 2018; Brennan & Brannan, 2005). A few studies
have documented the process by which parents may exit
the labor force, in particular showing that parents of chil-
dren with special needs are more likely to quit their jobs
due to caregiving responsibilities or to have lost their jobs
because of these responsibilities (Brannan et al., 2018;
Houser et al., 2014; Rosenzweig et al., 2008). In the cur-
rent study, we estimated the impact of parenting a child
with ASD on job changes, missed time from work, and
productivity while working, finding that across all out-
comes there are greater negative impacts on employment
for parents of children with ASD than for parents of chil-
dren with asthma or controls.

These specific impacts could indicate places where
workplace or public policy could help to support families
of youth with ASD. Improving employment outcomes
for parents of children with ASD, or other health condi-
tions, will likely require policy changes at multiple levels.
Some private employers are beginning to craft benefits
programs that support parents with children with special
needs, such as offering flexible time off or paid childcare
(Adams, 2021; Schomer, 2021). Encouraging expansion

of these programs could help parents of children with
ASD or other special needs to cope with additional care
demands. However, these types of private policies typi-
cally support higher income or professional employees
which companies have a strong incentive to retain. Pri-
vate employer policies are much less likely to improve
outcomes for lower wage workers, as employers are less
concerned with their recruitment and retention
(Winston, 2014). Thus it is critical to also support and
expand broad public policies such as mandatory paid
time off, expansion of health insurance coverage and
minimum benefits, greater access to inclusive childcare,
and ASD responsive programs in education
(Chau, 2010). These types of policies could provide sup-
port for a broader range of families by helping children
to function better and could help parents of children with
ASD function more easily at work and experience less
work-related stress, potentially helping them to maintain
employment and advance their careers.

In addition to examining whether employment
impacts were significantly different for parents of youth
with ASD compared with parents of youth who did not
have ASD, we also wanted to determine whether these
impacts were different for families of youth with another
common chronic health condition, asthma. Among
almost all outcomes analyzed, there was a significantly
greater negative impact on employment outcomes for
parents of youth with ASD. Furthermore, while the
impacts were greater for families of children with asthma
than for families in the control group, results were more
closely aligned for these two groups. Thus, it is important
to consider the impact of specific conditions as different
health conditions may lead to very different parental
employment outcomes.

All data for the r-Kids study were collected prior to
the onset of the COVID-19 pandemic. Early reports indi-
cate that families of children with ASD and other devel-
opmental disabilities have been particularly stressed
during the pandemic (Friesen et al., 2021; Kalb
et al., 2021). Working at home and managing education
for children with ASD has been especially arduous for
families (Friesen et al., 2021; Kalb et al., 2021), and these
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F I GURE 2 Types of
productivity impacts related to
child’s health over 1 year
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difficulties likely also affected employment outcomes for
working parents. Understanding a broad range of
employment impacts during such crises is critical to
development of equitable policies.

We followed families for 1 year to obtain employment
outcomes for multiple seasons, across which these outcomes
might differ due to seasonal issues (e.g., school related con-
straints). Most previous studies have depended on parent
report of ASD, which could lead to misclassification of chil-
dren. By contrast, we recruited r-Kids participants through
health care systems, so we were able to confirm clinical
diagnoses of ASD. We used an instrument, the FEII, that
was specifically developed to measure the impact of a
child’s health on employment and other family costs; as a
result, the survey focused more specifically on the ways in
which child health impacts employment outcomes than
measurements used in previous studies.

The r-Kids study has several limitations. We recruited
participants from health care systems in five states and
we oversampled children from historically underrepre-
sented racial/ethnic groups. Because of these design fea-
tures the sample may not be generalizable beyond these
populations. Our study includes some employment out-
comes not included in previous studies (e.g., impact of
child health on parent work productivity) and more
research is needed on the measurement of these out-
comes. Because of the study design, we cannot demon-
strate causation. Although we confirmed youth health
conditions through clinical diagnoses and parental
report, employment outcomes were based on parents’
self-reports only.

CONCLUSIONS

Parents of children with ASD are vulnerable to multiple
negative impacts on employment. Without intervention,
these negative impacts likely place families of children
with ASD at risk for financial strain, long-term loss of
income, poorer career development, and difficulty balan-
cing work and family. Understanding in greater detail
how having a child with ASD impacts parental employ-
ment could aid in crafting more effective public and
workplace policy. These findings underscore the need to
design both health care and workplace policies that
address the comprehensive burden of ASD.
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This cost of illness analysis computes a baseline and future estimate of lifetime social costs as-

sociated with autism spectrum disorder (ASD) for the 50 states in the United States (US). The

number of cases of ASD are estimated, then multiplied by annual direct and indirect medical and

non-medical costs identified in the peer-reviewed literature. This amount is then extrapolated

across the number of years each cost type is expected to be incurred to calculate a total lifetime

cost for each state in the US from 1990–2019, and to project future cost for 2020–2029. From
1990–2019, there have been an estimated 2 million new cases of (ASD), with social costs of more

than $7 trillion. If the future prevalence of ASD remains unchanged over the next decade, there

will be an estimated additional 1 million new cases, resulting in an additional $4 trillion to the

United States in social costs, however if the rate of increase in prevalence continues, costs could

reach nearly $15 trillion by 2029. The financial burden of ASD is significant and identifying the

modifiable causes of ASD has the potential to provide tangible benefits.

1. Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental disorder that is behaviorally defined and includes impairments in social

communication as well as stereotypical and/or repetitive and/or restrictive behaviors. Standard of care therapy for ASD commonly

involves intensive (full-time) behavioral and educational therapy, with many children requiring life-long care, resulting in what

others have characterized as substantial costs (e.g. Buescher, Cidav, & Knapp, 2014; Ganz, 2007; Horlin, Falkmer, Parsons, Albrecht,

& Falkmer, 2014; Lavelle et al., 2014; Leigh & Du, 2015). There have been some attempts to estimate the social cost of ASD, and

typically a standard method of ‘average per capita cost’ is the focus (Leigh & Du, 2015). Others like Buescher et al. (2014); Ganz

(2007), and Leigh and Du (2015) have calculated the national social costs of ASD as a function of (a) the estimated number of affected

individuals, (b) severity, (c) the age at diagnosis, and (d) associated expenses for treatment and care.

The present study, by carefully reviewing the prior published methods used to estimate the social cost of ASD, presents an applied

national cost analysis at the individual state level utilizing methods found in earlier analyses. This new model, designed to be

geographically specific (i.e., accounting for cost differences from state-to-state), provides a baseline estimate for incurred past, and a

projected future estimate of the lifetime social costs of ASD for each state in the United States, and for the nation, beginning in 1990

and projecting out to 2029.
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1.1. Per capita annual and lifetime costs associated with autism

Having a diagnosis of ASD carries with it a lifetime of direct and indirect costs (de la Cuesta, 2009; Ganz, 2007; Horlin et al., 2014;

Knapp, Romeo, & Beecham, 2009). Recently, a review by Rogge and Janssen (2019) distinguished between six types of ASD-related

costs: medical and healthcare related service costs, therapeutic costs, (special) education costs, costs of production loss for adults with

ASD, costs of informal care and lost productivity for family/caregivers, and costs of accommodation, respite care, and out-of-pocket

expenses. Most models used to estimate the cost of ASD attempt to either (1) characterize the lifetime social costs (Buescher et al.,

2014; Ganz, 2006, 2007; Ganz, 2008; Knapp et al., 2009; Leigh & Du, 2015) or (2) illustrate the cost savings or benefits of a particular

intervention associated with avoided expenses from reduced needs and improved outcomes (Chasson, Harris, & Neely, 2007; Horlin

et al., 2014; Jacobson, Mulick, & Green, 1998).

It is difficult to assess if there is general agreement regarding the social cost of ASD because the earlier published studies do not

have a uniform method (unit of measure) for reporting costs and, most importantly, each study has its own inherent assumptions that

influence the final cost estimate. We explored methods used to calculate social costs of ASD in a variety of international studies;

however, estimated costs for other nations have less relevance to the United States due to worldwide social, cultural, and regional

differences in expenses that can influence the per capita lifetime social cost associated with ASD. For example, in contrast to studies of

western societies that identify the largest source of cost as special education for children (Järbrink, 2007; Leigh & Du, 2015), and lost

productivity (Horlin et al., 2014) or care for adults (Buescher et al., 2014; Ganz, 2007; Knapp et al., 2009; Nydén, Myrén, & Gillberg,

2008); a study conducted in China found the largest cost associated with an ASD is early intervention and behavioral therapy, which

can exceed the per capita income of as many as 20 % of urban and 38 % of rural Chinese families (Wang et al., 2012).

Despite the heterogeneity, previously conducted studies have several key methodological strengths, such as the identification of

costs dependent on the age of the individual (Buescher et al., 2014; Ganz, 2007; Jacobson et al., 1998; Leigh and Du, 2015), an

average annual per capita cost (Horlin et al., 2014; Järbrink, 2007; Nydén et al., 2008) or lifetime per capita cost (Ganz, 2007;

Järbrink & Knapp, 2001; Knapp et al., 2009), extrapolation to a population based on prevalence of the disorder (Buescher et al., 2014;

Ganz, 2007; Jacobson et al., 1998; Järbrink & Knapp, 2001; Knapp et al., 2009; Leigh & Du, 2015), apportionment of costs based on

severity or ID (Buescher et al., 2014; Ganz, 2007; Horlin et al., 2014; Knapp et al., 2009; Leigh & Du, 2015), and analysis of alternate

future scenarios (Leigh & Du, 2015). This study borrows these methodological strengths and applies them to United States popu-

lation-based estimates of individuals with ASD.

1.2. Number of autism cases

Because national per capita cost is multiplied by the number of cases in a society to derive total social cost, the estimated

prevalence of existing, and incidence of new cases of affected individuals is a key determining factor in aggregated social cost for a

specific nation or state. Most studies of the social cost of ASD estimate the total number of cases of ASD by calculating the number of

individuals expressed as the percentage of population affected, or prevalence (Buescher et al., 2014; Knapp et al., 2009; Leigh & Du,

2015). The most recent studies by Buescher et al. (2014) and Leigh and Du (2015) both applied the prevalence or rate of ASD

reported by the Centers for Disease Control (CDC), which Buescher et al. (2014) considered the most reliable and accepted estimates.

Others have constructed cohorts, allowing for the approximation of lifetime costs for age groups (Buescher et al., 2014; Ganz, 2007;

Knapp et al., 2009; Leigh & Du, 2015), which is important when there is changing rate over time, as has been reported by Van

Naarden Braun et al. (2015).

There has been some disagreement concerning whether the rate of ASD is static or changing over time. Fombonne (2005) ex-

amined studies from 14 countries and found that the best estimate for the rate of ASD is 0.6 %, and Baxter et al. (2015) explored

studies with samples up to 27 years of age and identified a global rate of 7.6 per 1000 (0.8 %); neither of these global studies was able

to definitively reveal a change in prevalence of ASD over time. In the United States in 2007, surveys of parents reporting a diagnosis

indicated the prevalence of ASD was 110 / 10,000 (1.1 %) (Kogan et al., 2009). This is within the range of a national surveillance

program for 8-year-old children in metropolitan Atlanta that showed a rate of 4.2 per 1000 (0.4 %) in 1996, and 15.5 per 1000 (1.6

%) in 2010 (Van Naarden Braun et al., 2015). The ADDM network reported a prevalence of 14.7 per 1000 (1.47 %) of children aged 8

in reporting year 2010 (ADDM Network Principal Investigators, 2014) and 16.8 per 1000 (1.68 %) for reporting year 2014 among 8-

year-old children (Baio, Wiggins, & Christensen, 2018). The most recent estimates of the prevalence of ASD from the National Health

Interview Survey (NHIS), which was conducted by the National Center for Health Statistics and designed to yield a nationally

representative sample, were reported as 2.76 % (27.6 in 1000) in 2016 (Zablotsky, Black, & Blumberg, 2017). Recently, Nevison,

Blaxill, and Zahorodny, (2018) analyzed temporal trends of ASD prevalence using constant age tracking and age-resolved snapshots

and found a strong, statistically significant upward trend over time in the State of California, which realized an increase of 1,000 %

between 1931 and 2012. This study also reported statistically significant increases in ASD prevalence over time in one-half of the

states in the ADDM network.

In the United States, each state reports to the United States Department of Education, which reports to Congress the number of

students served under the Individuals with Disabilities Education Act of 2004 (IDEA), including students served under the classifi-

cation of an ASD. Mandell and Palmer (2005) found that these state-reported cases of ASD were associated with education related

spending and the unique education system characteristics of each state. These state- reported numbers do not capture those in private

and home schools, but to the extent the education system in each state remains the same, the change in ASD reported over time may

be able to shed light on changes in prevalence.
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2. Methods

This study has two essential components: 1. Estimation of the number of cases of ASD for each state for each decade 1990–2019,
and 2020–2029. 2. Estimation of the lifetime cost of ASD per person. To estimate the number of cases for each state, we computed an

average national prevalence of ASD for each decade 1990–2019 using prevalence reported in CDC (2018) and Zablotsky et al. (2017)

(also shown in Fig. 1), and applied it as a percentage to the total state-by-state, decade by decade population of children to estimate a

number of individuals with ASD for each decade for each state. State decade estimates of the number of individuals with ASD were

then multiplied by a lifetime per capita cost of the disorder based on reported annual average costs for additional medical and

education needs, lowered productivity, and lower rates of independent living associated with an ASD. Like Leigh and Du (2015), we

used scenario analysis to explore a base case of future percentage incidence identical to the prior decade, and an alternate scenario of

increase in percentage incidence equal to the increase of past prevalence over the prior two decades using two separate data sources.

2.1. Total estimated cases of ASD

To calculate an estimated number of American children carrying an ASD diagnosis, we averaged the prevalence of ASD from

federal monitoring programs, expressed it as a percentage, and applied it to the federal 2010 Census (United States Census Bureau,

2019a), and CDC WONDER population projections for the decades of 1990–2019 and 2020–2029 (CDC WONDER Online Database,

2005). CDC ADDM reported ASD prevalence per 1,000 for birth years between 1990 and 1999 are as follows: 6.7 (1992), 6.6 (1994),

8.0 (1996), and 9.0 (1998) for an average of 7.6 in 1,000 for United States children born in years 1990 – 1999. For the 2000s,

reported prevalence by birth year was 11.3 (2000), 14.7 (2002), 14.6 (2004), and 16.8 (2006) (CDC, 2018) for an average prevalence

of 14.4 in 1000 for birth years 2000 – 2009. The ADDM Network does not cover birth years 2010–2019 yet, so instead we applied the

National Center for Health Statistics survey of ASD in children aged 3–17, which documented a prevalence of 22.4 (2014), 24.1

(2015), and 27.6 (2016) (Zablotsky et al., 2017), averaging to 24.7 for birth years 2010 – 2019. Fig. 1 graphs the United States

estimates based on the ADDM (CDC, 2018) and NHIS (Zablotsky et al., 2017).

For our base case future scenario 2020–2029, we assumed the future incidence of ASD will remain unchanged from the average

prevalence of the prior decade 2010–2019, and as an alternate scenario, we projected a future incidence of ASD based on the average

rate of prevalence increase for each study decade, 1990–2019, (i.e. 180.77 % increase per decade). As a third scenario, we apply the

Fig. 1. Prevalence of ASD Over Time.

Fig. 2. Average prevalence of ASD per 1000 calculated from data from CDC (2018) and (Zablotsky et al., 2017).
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state-by-state rate of change between 2008 and 2015 from the United States Department of Education’s 39th annual report to

Congress on the implementation of IDEA, 2017 (United States Department of Education, 2017). Fig. 2 displays the decadal average

prevalence of ASD and the projected future scenarios of incidence for the 2020′s (24.7 per 1000 for a baseline of no change, and 44.6

per 1000, assuming the historical rate of increase continues). Fig. 3 shows our state-by-state change in ASD scenario based on

2008–2015 change as reported by states for IDEA (United States Department of Education, 2017). The change for Iowa was less than

.05 % and not reported, and Vermont did not provide data, so a 0 % change from 2010 to 2019 is applied for these states for this

scenario so that a conservative and reasonable national aggregate can be computed. Table 1 lists the total population of children from

the Census and CDC population projections and provides our estimated number of children with ASD for each state for each study

decade 1990–2019. Table 2 provides the three alternate future scenarios for 2020–2029, reported as whole numbers.

2.2. Application of estimates for lifetime per capita cost

Estimating the social cost of ASD is a complex undertaking because the treatment and care of affected individuals is fragmented,

taking place in medical, educational, and residential settings (Leslie & Martin, 2007). Others like Järbrink (2007) and Lavelle et al.

(2014) have focused on the cost for children, or the cost of a specific need for either an adult or child (e.g. Liptak, Stuart, & Auinger,

2006; Shimabukuro, Grosse, & Rice, 2008; Vohra, Madhavan, & Sambamoorthi, 2017). Some of the cost for children or adults with an

ASD can be found in government and non-profit organization reports related to a specific cost parameter (e.g. Chambers, Parrish, &

Fig. 3. Percent change in ASD 2008–2015 (United States Department of Education, 2017).
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Harr, 2002). Recently, Rogge and Janssen (2019) developed a literature review of the economic costs of ASD, however no previous

studies have developed a state-by-state estimate of the lifetime per capita cost, which is the goal of this study. Similar to others, we

identified previously-published annual average per-capita incremental needs and costs above that of typical individuals conducted

from 2000 to present, then multiplied each type of cost (medical, education, care, and productivity) by the number of appropriate

years in childhood or adulthood similar to Buescher et al. (2014) and Knapp et al. (2009), to develop a per capita lifetime total cost on

a state-by-state level.

To develop a state level estimate, we reviewed the literature for prior studies that estimated the cost of ASD associated needs, then

inflated reported costs to 2019 dollars using the United States Department of Labor, Bureau of Labor Statistics Consumer Price Index

Inflation Calculator, January to January adjustment. The calculator can be found at https://www.bls.gov/data/inflation_calculator.

Table 1

Estimated Number of ASD Cases Based on Population and Average Prevalence for Each Decade 1990–2019.

State Children Born Estimated Autism Diagnoses

1990-1999 2000-2009 2010–2019 2020–2029 1990-1999 2000-2009 2010–2019

AL 663,126 613,186 594,849 618,790 5,040 8,830 14,693

AK 102,957 104,883 132,659 145,156 782 1510 3,277

AZ 910,246 909,395 1,229,605 1,487,522 6,918 13,095 30,371

AR 401,364 394,566 405,430 439,732 3,050 5,682 10,014

CA 5,414,870 5,037,172 6,096,218 6,206,327 41,153 72,535 150,577

CO 672,129 692,563 761,831 839,160 5,108 9,973 18,817

CT 491,099 424,677 466,796 455,493 3,732 6,115 11,530

DE 121,431 112,372 121,750 121,957 923 1,618 3,007

DC 64,960 58,760 65,276 58,145 494 846 1,612

FL 2,359,229 2,153,761 2,751,410 3,230,947 17,930 31,014 67,960

GA 1,399,683 1,381,946 1,603,712 1,801,993 10,638 19,900 39,612

HI 167,533 170,768 193,434 181,751 1,273 2,459 4,778

ID 232,314 242,967 250,213 269,901 1,766 3,499 6,180

IL 1,801,540 1,694,982 1,858,071 1,841,184 13,692 24,408 45,894

IN 927,686 878,896 907,911 949,875 7,050 12,656 22,425

IA 417,741 402,769 379,413 359,033 3,175 5,800 9,372

KS 402,705 407,939 399,047 392,373 3,061 5,874 9,856

KY 580,949 565,255 549,206 576,143 4,415 8,140 13,565

LA 633,615 620,622 641,217 645,405 4,815 8,937 15,838

ME 167,323 143,636 149,703 136,146 1,272 2,068 3,698

MD 785,270 731,356 924,920 968,761 5,968 10,532 22,846

MA 868,369 752,774 827,840 856,265 6,600 10,840 20,448

MI 1,414,815 1,234,070 1,390,491 1,332,435 10,753 17,771 34,345

MN 720,171 711,040 815,408 836,858 5,473 10,239 20,141

MS 432,867 416,628 395,721 393,531 3,290 5,999 9,774

MO 820,711 780,700 809,635 831,172 6,237 11,242 19,998

MT 127,848 123,188 120,147 113,272 972 1,774 2,968

NE 251,636 260,836 254,164 253,436 1,912 3,756 6,278

NV 365,773 370,555 503,795 618,599 2,780 5,336 12,444

NH 178,240 147,562 187,070 193,913 1,355 2,125 4,621

NJ 1,185,434 1,105,770 1,222,533 1,233,084 9,009 15,923 30,197

NM 291,552 288,289 279,372 252,816 2,216 4,151 6,900

NY 2,577,734 2,319,777 2,487,470 2,409,578 19,591 33,405 61,441

NC 1,290,695 1,267,985 1,476,349 1,750,081 9,809 18,259 36,466

ND 87,264 84,671 74,167 68,122 663 1,219 1,832

OH 1,598,381 1,468,745 1,504,189 1,462,851 12,148 21,150 37,153

OK 518,148 523,462 511,177 545,425 3,938 7,538 12,626

OR 497,413 474,770 564,057 628,944 3,780 6,837 13,932

PA 1,696,217 1,483,173 1,542,709 1,485,967 12,891 21,358 38,105

RI 143,870 117,888 140,482 133,381 1,093 1,698 3,470

SC 626,275 598,150 594,547 633,251 4,760 8,613 14,685

SD 111,588 115,152 108,756 108,589 848 1,658 2,686

TN 856,127 819,994 895,989 1,013,628 6,507 11,808 22,131

TX 3,765,007 3,856,707 4,547,455 5,130,534 28,614 55,537 112,322

UT 449,041 513,496 512,219 606,742 3,413 7,394 12,652

VT 83,649 66,606 75,378 71,773 636 959 1,862

VA 1,062,211 1,021,474 1,180,363 1,299,862 8,073 14,709 29,155

WA 900,361 869,534 977,872 1,099,440 6,843 12,521 24,153

WV 229,137 210,076 186,577 176,570 1,741 3,025 4,608

WI 775,136 727,060 767,196 742,678 5,891 10,470 18,950

WY 74,097 77,416 59,983 53,266 563 1,115 1,482

United States 42,717,537 40,550,019 45,495,782 48,061,857 324,653 583,920 1,123,746

Note. Population data from the 2010 United States Census (United States Census Bureau, 2019a) and CDC WONDER Online Database (CDC

WONDER Online Database, 2005).
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htm. We discuss the literature and data sources available to make transparent informed decisions on the average per-capita annual

cost each of medical care, special education, adult care, and productivity loss, then multiply across number of years of need for a

lifetime per-capita cost per affected individual. This is then multiplied by the number of estimated cases of ASD in each state and

aggregated for a national estimate. Where possible, we applied the most up to date state-by-state cost data aggregated and reported

by federal programs or public-private partnerships, non-profits, and foundations to produce an estimate of costs from needs that are

being met.

2.2.1. Direct medical costs
The additional cost of medical care for individuals with an ASD has been reported in numerous studies that have documented the

incremental cost reflective of a core set of medical needs. Vohra et al. (2017); Lavelle et al. (2014); Shimabukuro et al. (2008); Ganz

Table 2

Estimated Number of ASD Cases for Each of Three Future Scenarios for 2020–2029.

State Scenarios of Future Incidence

2020–2029 no increase in rate 2020–2029 consistent rate of

increase

IDEA percent increase reported to congress compared to 2010–2019
estimates

AL 15,284 27,598 30,385

AK 3,585 6,474 6,645

AZ 36,742 66,343 58,131

AR 10,861 19,612 18,736

CA 153,296 276,802 263,660

CO 20,727 37,427 40,137

CT 11,251 20,315 18,655

DE 3,012 5,439 5,305

DC 1,436 2,593 3,683

FL 79,804 144,100 175,608

GA 44,509 80,369 65,637

HI 4,489 8,106 7,133

ID 6,667 12,038 10,099

IL 45,477 82,117 87,612

IN 23,462 42,364 34,894

IA 8,868 16,013 9,372

KS 9,692 17,500 17,781

KY 14,231 25,696 29,288

LA 15,942 28,785 30,472

ME 3,363 6,072 5,650

MD 23,928 43,207 33,126

MA 21,150 38,189 40,302

MI 32,911 59,427 55,433

MN 20,670 37,324 27,472

MS 9,720 17,551 27,915

MO 20,530 37,070 39,036

MT 2,798 5,052 4,514

NE 6,260 11,303 12,254

NV 15,279 27,590 25,460

NH 4,790 8,649 9,671

NJ 30,457 54,996 56,105

NM 6,245 11,276 15,982

NY 59,517 107,467 97,383

NC 43,227 78,054 63,888

ND 1,683 3,038 3,510

OH 36,132 65,243 68,437

OK 13,472 24,326 26,325

OR 15,535 28,051 17,443

PA 36,703 66,274 74,305

RI 3,295 5,949 6,707

SC 15,641 28,243 35,847

SD 2,682 4,843 4,282

TN 25,037 45,208 41,761

TX 126,724 228,822 233,518

UT 14,987 27,061 19,800

VT 1,773 3,201 1,862

VA 32,107 57,974 61,838

WA 27,156 49,035 40,674

WV 4,361 7,875 8,991

WI 18,344 33,123 33,086

WY 1,316 2,376 2,904

United States 1,187,128 2,143,559 $2,108,713
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(2007), and Liptak et al. (2006) all reported costs for inpatient and outpatient care, physician visits, hospitalizations, emergency

medicine, and pharmacy costs. Leslie and Martin (2007) examined in and out-patient visits and pharmacy usage, however their

reported costs are in total, not incremental to typically developing individuals. Other medical needs like medical supplies, therapy,

laboratory and diagnostic services, facility fees, dental services, and other unspecified needs were included inconsistently across

studies (detailed in Table 3).

Most studies reporting on the incremental cost of medical care for individuals with an ASD rely on surveys about private health

insurance usage like the Medical Expenditure Panel Survey (MEPS), or surveys of health care providers, which include the National

Ambulatory Medical Care Survey (NAMCS) and National Hospital Ambulatory Medical Care Survey (NHAMCS). Liptak et al. (2006)

studied the MEPS, NAMCS and NHAMCS. Lavelle et al. (2014) and Ganz (2007) used the MEPS and National Health Interview Survey

(NHIS), a survey of households. Shimabukuro et al. (2008) analyzed the MarketScan database of health insurance claims. Vohra et al.

(2017) studied Medicaid claims.

Ganz (2007) provides a unique cost for each year of life, and when those are averaged by childhood (under 18) and adulthood (18

and older) the average is the highest reported. Ganz’s estimate is also unique in reflecting the cost of medical need, as opposed to the

cost of medical spending, or needs that have been met. Additionally, Ganz includes Early Intensive Behavioral Intervention (EIBI) in

early childhood, while others do not.

There is some confusion between therapy and EIBI. Services that help you keep, learn, or improve skills and functioning for daily

living, including speech-language pathology, physical, and occupational therapy, are called “habilitative services” (Healthcare.gov.,

Table 3

Direct Medical Costs.

Incremental annual average per

capita cost (2019 dollars)

Calculated expenses Study dollars: Annual

average per capita cost

Study dollar

year

Adult /

child

Author Reference

$8,077 In and Outpatient Hospital

Pharmacy

Physician

Non-physician

Emergency care

Other health care

Home healthcare

$6,132 (ASD)

$860 (typical)

$5,272 difference

1999 child Liptak et al. (2006)

$21,425

(excluded)

Physician

Dental

Pharmacy

CAM Therapy

Hospital/Emergency

Home Health and Supplies

Early Intensive Behavioral

Intervention

$15,466 2003 child Ganz (2007)

$6,497 In and Outpatient Hospitals

Pharmacy

Physician

Non-physician

Medical equipment

Facility fees

Diagnostic services

Laboratory services

Speech and Occupational Therapy

when covered by insurance

$4,110 low

$6,200 high

$4,690 (average amount

above typical)

2003 Child (to

age 21)

Shimabukuro et al.

(2008)

$3,852 In and Outpatient hospital services

Physician

Nonphysician

Home health care

Pharmacy

Vision

Equipment and supplies

Therapy

$3,020 (health care above

typical)

$350 (therapies)

$3,370 total

2011 child Lavelle et al. (2014)

$2,092 Physician

Dental

Pharmacy

CAM Therapy

Hospital/Emergency

Home Health and Supplies

$1,510 (average of years

18+)

(average amount above

typical)

2003 adult Ganz (2007)

$6,129 In and Outpatient hospitalizations

Physician

Emergency

Pharmacy

Other associated healthcare

expenses

$13,700 (ASD)

$8,560 (typical)

$5,140 difference

2008 adult Vohra et al. (2017)
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2019) and are covered as an essential benefit under the Affordable Care Act (Centers for Medicare & Medicaid Services, 2019),

however health insurance usually caps the number of therapy visits. Liptak et al. (2006), may have captured habilitative services

under the category of “other” or non-physician services, Shimabukuro et al. (2008) included speech and occupational therapy in their

estimate, Vohra et al. (2017) captured “all-cause” usage of insurance, and would have included habilitative services where covered,

and Lavelle et al. (2014) provides an estimate for therapy as separate from health care, which we included in our analysis of direct

medical costs for consistency. The childhood average calculated from Ganz’s (2007) is an outlier, highlighting an important issue: the

possibility of a treatment gap between costs that are being met, and the needs of individuals with ASD; and the difference between

habilitative services which can include therapy, and EIBI, which is sometimes thought of as a therapy, and sometimes thought of as an

educational approach. For this study, we exclude the Ganz (2007) childhood average estimate, but provide it as a reference in

Table 3, maintaining the focus of this study on direct medical costs for the portion of needs that are being met, as opposed to unmet

needs.

Future studies using similar approaches to those listed in Table 3 may reflect the higher EIBI costs due to changes that are now

slowly unfolding in the insurance industry regarding coverage for ASD and EIBI. For example, the Blue Cross Blue Shield’s standard
benefit plan for Federal Employees covers, with pre-approval, Applied Behavioral Analysis (ABA), a form of EIBI, but denies coverage

for ABA when offered as part of a school or educational program (Blue Cross Blue Shield, 2019). Another large health insurance

provider, Cigna, covers ABA for autism, but denies coverage for other EIBIs, like Lovaas therapy (Cigna, 2019).

Early intensive behavioral interventions such as Lovaas Therapy, Discreet Trial Training, the Early Start Denver Model, and ABA,

range in annual per-capita cost from $20,000 when there is parent involvement ($24,871 in 2019 dollars) (Chasson et al., 2007;

Rogge & Janssen, 2019) to $60,000 in 2003 dollars ($83,119 in 2019 dollars) (Butter, Wynn, & Mulick, 2003; Rogge & Janssen,

2019). Though the cost of EIBI is high, studies show the costs are later offset with benefits in lower special education costs (Chasson

et al., 2007; Rogge & Janssen, 2019). Further comprehensive studies similar to Jacobson et al. (1998), which measure how other later

health, productivity, and care costs are impacted by EIBI could work toward incentivizing its coverage under health plans or the

development of publicly available opportunities to make the treatment more accessible to children with an ASD.

To develop an incremental annual average per capita medical cost for this study, we took the adjusted 2019-dollar average of

studies of children and multiplied by 15, assuming a diagnosis age of 3, and the average of adult studies and multiplied by 49,

assuming a life expectancy of 67 years. Like Buescher et al. (2014), we apply life expectancy based on Shavelle and Strauss (1998)

who projected that at the age of 5, ASD males would live, on average, another 62.0 years, and females another 62.5 years for an

average life expectancy of 67 years. This means an adult will require another 49 years of medical care beyond the age of 18. Our

review results indicate that for children with an ASD, an average of about $6,142 more is spent on medical care each year, and for

adults the annual incremental average is $4,110.5. Across the individual’s lifetime, this adds up to about $293,545 added cost for

medical care associated with ASD.

2.2.2. Direct non-medical costs (education)
In the United States, the current average per pupil spending to educate a K-12 student is $12,201 for fiscal year 2017 ($12,647 in

2019 dollars) (United States Census Bureau, 2019b). Under IDEA, children with disabilities are legally entitled to a free and ap-

propriate public education in the least restrictive setting. This means that a child with an ASD qualifies for special education in-

struction, which can be provided in a typical classroom with typically developing peers, or other setting as needed to meet minimal

education needs (National Council on Disability, 2018). These costs are in addition to the typical cost of education.

The cost of special education would naturally be higher if a student has greater need, for example in children with multiple

disabilities, as can be the case with individuals with an ASD. Buescher et al. (2014) reported a figure for education costs for children

with an ASD both with, and without, an intellectual disability (ID), splitting the population in a 40/60 ratio. The rate of 40 % of

individuals with a co-occurring intellectual disability is further supported by Van Naarden Braun et al.’s (2015) study of data from

Atlanta Georgia. Others, however, report a rate as low as 31 % (Baio et al., 2018). For this study, we include a 40/60 (ID / No ID)

weighted average to replicate Buescher et al. (2014) and apply Baio et al.’s 31/69 (ID / No ID) as a sensitivity analysis. Table 4

summarizes the literature concerning the cost of special education for children with an ASD.

The cost of special education for children with an ASD is less well studied than the cost of medical care, with greater variability

Table 4

Direct Non-Medical Costs (Education).

Incremental annual average per capita cost

(2019 dollars)

Calculated Expenses Study dollars: Annual

average per capita cost

Study dollar

year

Adult /

child

Author Reference

$17,213 Special education cost in

general

$11,543 2000 child Chambers et al.

(2002)

$11,031 Special Education cost $7,963 (child) 2003 child Ganz (2007)

$31,959 (child with ID)

$15,980 (child without ID)

$22,372 (weighted average 40/60)

$20,932.80 (weighted 31/69)

Special education cost $27,961 (child with ID 6–17)
$13,980 (child without ID

6–17)

2011 child Buescher et al. (2014)

$9,841 Additional total school

cost

$8,610 2011 child Lavelle et al. (2014)
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across the estimates of cost. For our estimate, we averaged across the available studies. We apply a 40/60 split between ID/No ID, and

a 31/69 split as a sensitivity analysis for the estimate calculated from Buescher et al. (2014). In our final average across estimates, we

use the more generally accepted 40/60 split producing an annual per-capita special education cost of $15,114.25 per year. Across an

assumed 13 years of special education need (K-12), the total estimated incremental per-capita education cost is $196,485. Applying a

31/69 ID/No ID ratio for Buescher et al. (2014) decreases the overall lifetime figure slightly by about 2 %.

2.2.3. Indirect costs (loss of productivity of individual and family members)
Indirect costs can include the loss of productivity of individuals with an ASD from unemployment, and loss of productivity of

family members through decreased hours worked, lower wages, and shifted household duties. Ganz (2007) provided an annual

average per capita estimate of $27,745 ($38,436 in 2019 dollars) for the lost work productivity across the population of affected

individuals, assuming 45 % would be employed. Buescher et al. (2014) provides an estimate of $10,718 productivity loss of the

individual with an ASD, however it is not reflective of only United States studies. More recent studies on rates of employment for the

ASD population are 61.42 % (Ohl et al., 2017), 53.4 % (Roux et al., 2013), 55.1 % (Shattuck, Nerendorf, Cooper, Sterzing, & Wagner,

2012).

For lost productivity of caregivers due to lower household income, the lowest reported estimate of loss was based on a survey of

children enrolled in afterschool programs collected as part of the National Household Education Survey of After School Programs and

Activities in 2005 (Montes & Halterman, 2008). It is possible that the population of children with an ASD able to attend afterschool

programs could be less severely affected overall, thus producing a lower estimate.

The highest estimate of lost productivity of family members is by Ganz (2007). The Ganz estimate is more complete and was

developed based on the average income and benefits of the United States labor force, adjusted by age and sex, then applying

assumptions regarding reduced employment dependent on level of disability, resulting in a metric that declines over time as the

individual with an ASD ages. The estimate eventually turns to zero as the average work life expectancy of the parents is assumed to

end when the individual with ASD reaches about 30 years old.

Lavelle et al. (2014) estimated the value of shifted household activities for parents of children with an ASD, however they did not

estimate loss of family income, therefore we focused on other studies for a more complete estimate of indirect costs due to lost

productivity. To assess the impact this may have on our final estimate, we performed a sensitivity analysis by adding Lavelle’s value
of shifted household activity to the two lost family income figures by Montes and Halterman (2008), and Cidav, Marcus, and Mandell

(2012), then re-average the indirect costs for childhood years to estimate the impact the cost of shifted household activity has on the

overall estimate of lifetime indirect costs. Table 5 summarizes the literature concerning the loss of productivity associated with an

ASD.

For this study, we averaged estimates 2019 inflated estimates from Ganz (2007); Montes and Halterman (2008), and Cidav et al.

(2012) ($28,668.67), and multiplied by 15 childhood years assuming diagnosis at age 3 for a childhood years family productivity loss

of $430,030. Like Ganz (2007), we assumed retirement by caregivers of adults after an additional 12 more work years during the

affected individual’s adulthood, each year bringing losses valued at $31,042 for a total productivity loss for families of $372,504

during the affected individuals adulthood. For the loss of productivity of affected individuals with ASD, we adopt Ganz’s estimate of

34 years of lost employment by each valued, on average, at $27,745 ($38,436 in 2019 dollars) for a total of $1,306,824 in 2019

dollars. Together, all these forms of lost productivity lead to an estimated total lifetime per capita indirect cost of $2,109,358.

In our sensitivity analysis, if we add the cost of shift in household activity as reported by Lavelle et al. (2014), which is $5089

($5,817 in 2019 dollars) to Montes and Halterman (2008) and Cidav et al. (2012) which focused on lost income only, then re-

calculate average annual per capita figures across the studies for childhood years, the lifetime total increases by 3 % to $2,167,528.

The minimal effect on the overall figure indicates that shifts in household services are a minor factor in an overall large monetary loss

due to lower wages, lost work hours, and lost employment for individuals with an ASD and their families. This does not mean,

however, that this shift in household services has a minimal impact on the families for other, non-monetary reasons.

2.2.4. Direct non-medical costs (residential living supports: general care and accommodation)
In addition to the cost of medical care, individuals with an ASD and/or their families are faced with the cost of general care and

accommodation for the individual with an ASD. In the United States, the Medicaid home and community-based services (HCBS)

waiver program provides reimbursement for services to enable home-based care and accommodation when the individual would

otherwise require institutional placement. HCBS waivers can fund supports such as home health, personal care, day care, habilitation,

and respite care to enable family members to continue to provide in-home care for qualifying children and adults if the cost is less

than institutional care (Medicaid & CHIP Payment & Access Commission, 2019).

In comparison to adults with other types of disabilities, a higher percentage of individuals with an ASD continue to live with a

family member (Anderson, Shattuck, Cooper, Rou, & Wagner, 2014; Hewitt et al., 2017; Newman et al., 2011), and the percentage

that live independently as young adults is as low as 17 % (Newman et al., 2011). In studies on the cost of ASD, Buescher et al. (2014)

estimated that 1 % age five and below, 5 % under the age of 18, and 19 % of adults with an ASD are cared for in an intermediate care

facility. Ganz (2007) and Buescher et al. (2014) based estimates for the cost of care on earlier studies that included Medicaid data,

however more recent studies of the HCBS Waiver program enable an analysis of actual expenditures.

In the United States, as of 2009, there were 562,067 persons with a developmental and intellectual disability receiving HCBS

waiver services (Lakin, Larson, Salmi, & Webster, 2010), and by 2017, HCBS 1915 (c) waiver spending for this population reached

$34 billion. For this study, we assume that all adults with ASD and combined ID will need and qualify for an HCBS waiver through

Medicaid, and we adopt the most recently documented per capita cost for HCBS waivers for the developmentally and intellectually
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disabled to reflect current spending associated with the current administration of the HCBS waiver program policies. We assume

those with a combined ASD and ID will need care across their adult life, and apply the same 40/60 ID/No ID ratio, with a 31/69 ID/

No ID ratio as a sensitivity analysis. Life expectancy is assumed to be an average of 67 years, meaning 49 total per-capita years of

needed adult care for those with both an ASD and ID. Table 6 shows each state’s average per person HCBS waiver cost for accom-

modation associated care in 2009 (Lakin et al., 2010) and 2017 (Musumeci, Chidambaram, & Watts, 2019). We calculated the per

capita lifetime cost of care for individuals with both an ASD and intellectual disability by inflating the most recent data on the cost of

HCBS waivers to 2019 dollars.

HCBS waiver cost varies from state to state due to differences in services provided and cost of living. In addition to inter-state

variability in cost and services covered, HCBS waiver spending has changed over time. A detailed description of the variability in

Medicaid coverage is beyond the scope of this study, however we provide two separate estimates of state-by-state HCBS waiver cost

Table 6

HCBS Waiver Cost Per Enrollee With a Developmental and Intellectual Disability (Lakin et al., 2010; Musumeci et al., 2019).

State HCBS spending per

enrollee in 2009 dollars

(Lakin et al. (2010)

HCBS spending per

enrollee adjusted to 2019

dollars (Lakin et al. (2010)

HCBS spending per

enrollee (2017 dollars)

Musumeci et al. (2019)

HCBS spending per enrollee

adjusted to 2019 dollars

Musumeci et al. (2019)

Lifetime Per Capita

Cost (2019 dollars)

AL $49,859 $59,439 $63,600 $65,924 $3,230,273

AK $64,017 $76,318 $78,700 $81,576 $3,997,209

AZ $26,805 $31,956 no data no data no data

AR $34,469 $41,092 $48,300 $50,065 $2,453,179

CA $26,794 $31,943 $26,200 $27,157 $1,330,710

CO $41,472 $49,441 $36,600 $37,937 $1,858,931

CT $63,394 $75,574 $87,400 $90,594 $4,439,086

DE $107,453 $128,099 $110,800 $114,849 $5,627,583

DC $92,190 $109,903 $69,000 $71,521 $3,504,542

FL $29,215 $34,828 $28,400 $29,438 $1,442,449

GA $28,901 $34,454 $43,700 $45,297 $2,219,543

HI $41,441 $49,403 $40,600 $42,084 $2,062,093

ID $30,196 $35,997 $29,300 $30,371 $1,488,160

IL $32,264 $38,463 $3,100 $3,213 $157,450

IN $45,389 $54,110 $32,600 $33,791 $1,655,769

IA $23,147 $27,595 $35,300 $36,590 $1,792,903

KS $36,224 $43,184 $45,100 $46,748 $2,290,650

KY $48,831 $58,214 $43,700 $45,297 $2,219,543

LA $50,665 $60,399 $39,200 $40,632 $1,990,986

ME $72,821 $86,813 $68,900 $71,418 $3,499,463

MD $48,305 $57,586 $58,800 $60,949 $2,986,479

MA $56,241 $67,048 $82,300 $85,307 $4,180,055

MI $44,865 $53,486 $66,500 $68,930 $3,377,566

MN $66,158 $78,869 $69,600 $72,143 $3,535,016

MS $21,789 $25,975 $35,800 $37,108 $1,818,298

MO $48,765 $58,135 $60,600 $62,814 $3,077,902

MT $36,022 $42,944 $40,300 $41,773 $2,046,856

NE $44,304 $52,817 $35,400 $36,694 $1,797,982

NV $45,941 $54,769 $47,700 $49,443 $2,422,705

NH $40,370 $48,126 $44,400 $46,022 $2,255,096

NJ $54,142 $64,545 $56,500 $58,565 $2,869,661

NM $71,517 $85,258 $70,300 $72,869 $3,570,569

NY $69,752 $83,155 $70,300 $72,869 $3,570,569

NC $45,697 $54,477 $52,300 $54,211 $2,656,341

ND $22,467 $26,784 $38,200 $39,596 $1,940,196

OH $44,208 $52,702 $45,300 $46,955 $2,300,808

OK $52,099 $62,109 $55,200 $57,217 $2,803,633

OR $40,295 $48,037 $4,400 $4,561 $223,478

PA $44,062 $52,528 $44,900 $46,541 $2,280,492

RI $74,206 $88,463 no data no data no data

SC $38,228 $45,573 $30,400 $31,511 $1,544,030

SD $31,297 $37,311 $31,800 $32,962 $1,615,137

TN $75,411 $89,900 $82,400 $85,411 $4,185,134

TX $39,125 $46,643 $37,700 $39,078 $1,914,800

UT $33,329 $39,733 $47,500 $49,236 $2,412,547

VT $54,151 $64,556 no data no data no data

VA $57,570 $68,632 $67,000 $69,448 $3,402,961

WA $35,822 $42,705 $35,400 $36,694 $1,797,982

WV $60,839 $72,529 $66,400 $68,826 $3,372,487

WI $39,989 $47,672 $21,800 $22,597 $1,107,232

WY $46,002 $54,840 $47,600 $49,339 $2,417,626

National Average

(2019)

$56,767 $51,337 $2,515,503
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for developmentally and intellectually disabled individuals (Lakin et al., 2010; Musumeci et al., 2019) to show that the HCBS waiver

program changes over time. For more information about exactly what is offered in each state, a point-in-time description of each

state’s HCBS Medicaid waiver program can be accessed at https://www.medicaid.gov/medicaid/ltss/downloads/asd-state-of-the-

states-report.pdf.

To reflect the current state of HCBS service, our study applied the most recent data available on a state-by-state basis, and our

final state-level calculations reflect the Lifetime Per Capita Cost in 2019 dollars shown in Table 6. On average nationally, a year of

service under a Medicaid HCBS waiver for the developmentally and intellectually disabled costs $51,337 in 2017, down by 11 % from

2009 when adjusted to 2019 dollars. Applying the 2019 adjusted national annual average from fiscal year 2017 to 49 years of adult

care results in a lifetime per capita average cost for an HCBS waiver (general care and accommodation) of $2,515,503. For the three

states with no data in Musumeci et al. (2019), we applied Lakin et al. (2010) adjusted to 2019 dollars, which decreased the national

average to $2,418,732. Not all adults with an ASD living at home will qualify for an HCBS waiver, therefore we assume that 40 % will

qualify based on a combined developmental (ASD) and intellectual disability (ID), decreasing the average lifetime per capita cost of

care across the entire ASD population by 60 % to $967,493. Under a scenario of only 31 % with a co-occurring ID requiring an HCBS

waiver, the average national lifetime per capita cost of care could be as low as $749,807. For state-level analysis, we weight by 40%

and round to the nearest whole, or integer number.

3. Results

Using the previously described methods, the average per capita lifetime cost of ASD in the United States is $3,566,881 in 2019

dollars. The total population level lifetime cost varies on a state-by-state basis, largely based on the size of the population and cost of

Medicaid HCBS waivers, which vary in cost due to the amount and cost of services eligible for reimbursement under the State-defined

programs. Applying what is known about the prevalence of ASD to the United States population of children since 1990, we estimate

that there are approximately 2 million diagnoses 1990–2019, and the associated lifetime social costs of the disorder have reached

more than $7 trillion in 2019 dollars. Even if the future incidence of ASD remains the same as the current prevalence, that total is

projected to increase to over 3 million affected, with associated lifetime social costs of $11.5 trillion by 2029. If, however, the

incidence of ASD increases at the same average rate per decade as the past increase in prevalence, or continues to increase at the

United States Department of Education reported rate, we project that the number affected will increase to over 4 million individuals

with an ASD, and a lifetime social cost of $14.5 to $14.9 trillion for cases of ASD 1990–2029. Table 7 provides the state-by-state

results of our analysis for 1990–2019 and Table 8 provides the results of our three scenario analyses.

4. Discussion & implications

Our estimate of approximately $3.6 million in lifetime social cost for an individual with an ASD is within the range of existing

studies. Buescher et al. (2014) estimated the cost of ASD at $1.4 million for individuals without, and $2.4 million for individuals with

a co-occurring ID ($1.6 and $2.7 million in 2019 dollars), and Ganz (2007) estimated $3.2 million ($4.4 million in 2019 dollars). To

the best of our ability, we based our cost estimate on studies of actual expenditures, or productivity losses. Ganz’s higher estimate

includes EIBI, a need that is currently not met by any existing public programs and may be beyond the ability of most families to

afford, naturally increasing his estimate substantially. Our estimate is higher than Buescher et al. (2014), however, their estimate of

productivity loss for individuals with an ASD for adults is only $10,718 ($12,251 in 2019 dollars). We base our productivity loss

estimate on Ganz (2007) which is $27,745 ($38,436 in 2019 dollars), who’s estimate is more complete and includes the average

earnings in the United States and earnings of those in supported employment. Fig. 4 provides a comparison of estimates of the lifetime

per capita cost of ASD. Like Ganz (2007), we found the largest cost to society is from lost productivity and adult care for the affected

individuals (Fig. 5).

On a state-by-state basis, the lifetime per capita cost of ASD varies considerably depending largely on the cost of an HCBS waiver,

which depends on the cost of living and covered services. Fig. 6 shows the geographic distribution of the per capita lifetime cost,

illustrating that there is no clear geographic pattern to the cost of ASD on a per-capita basis.

The analyses presented here represent an estimate of the lifetime social cost of ASD to states and to the country. To our

knowledge, this is the first time the cost of ASD has been estimated at the level of the individual state. While we readily acknowledge

that these are imperfect calculations and that there is uncertainty inherent in the estimates of population, existing prevalence, and

future incidence of autism, and even incremental cost, we point out that the analyses have been conducted using well-accepted data

from the most current studies on ASD rates and cost to produce a reasonable, baseline and projected future estimate of the cost of ASD

to society.

Most importantly, our findings show that the largest proportion of cost rests with lost productivity for families and the individual,

and the cost of care for affected adults. The lack of accessibility of EIBI points to an area where cost savings could be potentially

gained with the development of publicly funded EIBI school programs. A maximum cost of $83,119 in 2019 dollars for about four

years (Butter et al., 2003; Rogge & Janssen, 2019), may result in cost savings that could span the remainder of the individual’s life in

the areas of special education, medical care, less productivity loss, and lower adult care costs, but more studies on the benefits of EIBI

are needed to draw a definitive conclusion. EIBI typically takes place during the preschool years, which makes early diagnosis

imperative. Even though the cost of ASD can decrease with early intervention (Jacobson et al., 1998), it can increase with delays in

diagnosis (Horlin et al., 2014) and any lifetime social cost estimates of ASD would be affected if a portion of the population recovered

from the disorder. For example, a survey of 673,000 children revealed that 40 % of parents with children age 3–17 stated that their
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child was once diagnosed with an ASD and no longer had the disorder at the time of the survey (Kogan et al., 2009). This contrasts

with others that indicate for social cost analysis, the disorder results in lifelong impairment and social costs (Buescher et al., 2014;

Ganz, 2007; Järbrink & Knapp, 2001; Knapp et al., 2009; Newschaffer & Curran, 2003).

This is a lifetime social cost analysis that does not incorporate the personal cost of ASD, and it in no way represents what families

pay to treat the disorder. Individual family costs can be quite high and will vary depending on health insurance, symptom severity,

and the presence of a variety of co-occurring disorders. Examples of personal costs not included in the social cost estimates are (1)

uncovered medications; (2) supplements; (3) privately funded EIBI, speech, occupational, physical, vision, and applied behavior

analysis therapy; (4) dietary interventions; (5) transportation to and from medical appointments.

These calculations reflect the lifelong costs associated with ASD based on estimated cases of ASD. The social cost of a lifetime will

be spread over 72 years, however due to the lack of a known cure for ASD, it is assumed that each new case will incur lifetime costs.

Table 7

State-by-State Results 1990–2019.

Estimated Population Level Lifetime Cost of Autism Per Decade in 2019 Dollars

State 1990-1999 2000-2009 2010–2019

AL $19,613,144,880 $34,361,918,510 $57,177,765,421

AK $3,283,048,704 $6,339,390,720 $13,757,737,344

AZ $18,070,992,060 $34,206,366,150 $79,334,215,070

AR $10,921,013,000 $20,345,310,120 $35,856,729,240

CA $128,877,697,816 $227,155,828,520 $471,557,774,744

CO $17,075,839,680 $33,339,340,080 $62,904,478,320

CT $16,327,582,104 $26,753,259,530 $50,444,003,660

DE $4,476,938,583 $7,847,981,178 $14,585,215,947

DC $1,976,595,270 $3,385,019,430 $6,449,942,460

FL $56,952,278,240 $98,511,877,152 $215,865,969,280

GA $37,096,886,790 $69,395,379,500 $138,135,164,460

HI $4,359,038,425 $8,420,169,275 $16,360,947,050

ID $5,641,755,432 $11,178,087,348 $19,742,949,360

IL $36,453,142,656 $64,983,078,144 $122,186,716,992

IN $22,994,956,800 $41,280,024,576 $73,143,532,800

IA $10,530,043,075 $19,235,984,200 $31,082,697,228

KS $10,761,398,528 $20,650,916,352 $34,650,226,688

KY $15,396,010,075 $28,385,848,700 $47,303,935,825

LA $16,350,690,330 $30,348,103,734 $53,782,395,316

ME $5,086,948,056 $8,270,289,764 $14,788,941,754

MD $22,642,472,640 $39,958,197,360 $86,677,267,080

MA $28,191,306,000 $46,302,084,400 $87,341,791,680

MI $42,478,801,742 $70,202,807,194 $135,676,968,830

MN $21,965,305,362 $41,093,141,166 $80,833,768,554

MS $10,944,866,030 $19,956,915,293 $32,515,234,218

MO $23,891,134,113 $43,063,031,858 $76,603,318,902

MT $3,322,422,360 $6,063,762,620 $10,145,009,840

NE $6,345,126,872 $12,464,590,236 $20,834,051,518

NV $9,920,346,600 $19,041,355,920 $44,406,040,680

NH $4,744,433,585 $7,440,532,375 $16,180,094,167

NJ $33,758,993,268 $59,667,493,596 $113,155,768,644

NM $8,925,197,056 $16,718,634,016 $27,790,550,400

NY $78,905,025,056 $134,542,512,480 $247,460,754,656

NC $35,919,812,516 $66,863,070,316 $133,535,720,584

ND $2,237,933,958 $4,114,693,054 $6,183,853,712

OH $42,757,449,228 $74,441,887,650 $130,767,822,783

OK $14,652,671,858 $28,047,699,458 $46,979,338,466

OR $10,163,584,620 $18,383,182,023 $37,460,069,028

PA $45,267,842,235 $75,000,432,430 $133,808,946,425

RI $3,940,536,064 $6,121,711,104 $12,510,210,560

SC $15,312,920,000 $27,708,021,000 $47,241,645,000

SD $2,752,135,664 $5,380,944,494 $8,717,259,898

TN $27,807,287,094 $50,460,803,136 $94,575,544,902

TX $96,294,923,112 $186,899,110,396 $377,998,125,176

UT $12,165,321,091 $26,355,225,358 $45,096,877,364

VT $1,669,633,560 $2,517,576,390 $4,888,141,020

VA $31,973,697,756 $58,256,053,548 $115,470,476,660

WA $22,709,049,783 $41,551,952,701 $80,153,686,893

WV $6,874,134,803 $11,943,858,575 $18,194,148,864

WI $17,922,077,371 $31,852,682,070 $57,651,224,950

WY $2,007,904,594 $3,976,578,370 $5,285,461,116

United States Total $1,157,998,515,441 $2,082,772,970,329 $4,008,267,903,678

J. Cakir, et al. Research in Autism Spectrum Disorders 72 (2020) 101502

13



The lifespan reported for ASD is shorter than the typical life span due to premature mortality from increased suicidality (Cassidy

et al., 2014; Croen et al., 2015; Demirkaya, Tutkunkardaş, & Mukaddes, 2016; Paquette-Smith, Weiss, & Lunsky, 2014), which is

particularly true for high-functioning individuals (Hirvikoski et al., 2016), as well as shortened life expectancy due to epilepsy in low-

functioning individuals (Hirvikoski et al., 2016; Pickett, Xiu, Tuchman, Dawson, & Lajonchere, 2011).

To keep the calculations simple and understandable, the costs applied in this analysis are based on studies conducted in the

current decade. In some other studies, sometimes costs incurred over decades in the future are subjected to future-year discounting

based on the idea that current generations value less the costs that must be paid by future generations. There is no evidence that

current generations value less the cost of ASD to future generations, thus we did not apply a future year cost discount.

Such large numbers are not typically dealt with by most people. For perspective, the average household income in the United

States is $61,937 (United States Census Bureau, 2018). United States wage earners earned a total of $10.4 trillion in 2017 (United

Table 8

Projected Cost of ASD Based on Three Scenarios of Future Incidence.

Projected Population Level Lifetime Cost of Autism Per Decade in 2019 Dollars

State 2020–2029 no increase in rate 2020–2029 consistent rate of increase IDEA percent increase reported to congress compared to

2010–2019 estimates

AL $59,477,640,148 $107,397,534,206 $118,243,136,345

AK $15,050,805,120 $27,179,612,928 $27,897,517,440

AZ $95,976,350,140 $173,299,194,310 $151,848,054,270

AR $38,889,548,260 $70,223,903,920 $67,087,245,760

CA $480,072,790,912 $866,853,072,944 $825,696,639,520

CO $69,289,531,920 $125,116,963,920 $134,176,385,520

CT $49,223,372,522 $88,878,571,930 $81,616,035,410

DE $14,609,468,052 $26,381,439,819 $25,731,483,405

DC $5,745,730,380 $10,375,124,565 $14,736,438,015

FL $253,486,871,872 $457,714,628,800 $557,795,631,744

GA $155,212,007,345 $280,263,178,645 $228,889,674,585

HI $15,371,346,025 $27,756,767,850 $24,424,996,925

ID $21,298,744,884 $38,457,220,776 $32,262,790,548

IL $121,076,509,536 $218,625,673,056 $233,255,385,216

IN $76,525,911,552 $138,178,489,344 $113,813,620,224

IA $29,411,156,532 $53,107,899,137 $31,082,697,228

KS $34,073,660,416 $61,523,840,000 $62,511,737,088

KY $49,626,414,355 $89,607,219,680 $102,133,260,040

LA $54,135,556,644 $97,747,584,870 $103,476,269,104

ME $13,449,218,799 $24,282,978,456 $22,595,327,450

MD $90,782,353,440 $163,926,493,860 $125,679,381,480

MA $90,340,321,500 $163,120,876,490 $172,146,365,820

MI $130,012,075,154 $234,761,252,778 $218,983,299,262

MN $82,956,853,980 $149,795,917,656 $110,255,959,968

MS $32,335,592,040 $58,387,034,557 $92,865,025,905

MO $78,641,170,970 $141,998,451,430 $149,529,310,764

MT $9,563,927,740 $17,268,392,760 $15,429,438,820

NE $20,774,317,060 $37,509,921,043 $40,665,891,574

NV $54,522,653,130 $98,454,087,300 $90,853,246,200

NH $16,771,835,330 $30,283,842,123 $33,862,300,517

NJ $114,130,054,164 $206,083,870,992 $210,239,573,460

NM $25,152,461,920 $45,415,398,016 $64,369,358,912

NY $239,711,621,472 $432,835,808,672 $392,221,328,928

NC $158,293,988,748 $285,827,815,896 $233,953,000,512

ND $5,680,909,278 $10,254,665,708 $11,847,885,660

OH $127,174,197,852 $229,636,504,773 $240,878,461,707

OK $50,127,169,952 $90,513,178,166 $97,951,139,325

OR $41,770,181,765 $75,422,939,729 $46,900,372,097

PA $128,885,704,255 $232,726,784,290 $260,928,323,425

RI $11,879,292,160 $21,447,620,352 $24,180,398,336

SC $50,317,097,000 $90,857,731,000 $115,319,799,000

SD $8,704,278,126 $15,717,680,449 $13,896,986,926

TN $106,994,167,354 $193,193,765,936 $178,463,211,362

TX $426,465,290,992 $770,056,507,176 $785,859,993,544

UT $53,419,767,709 $96,456,417,827 $70,575,258,600

VT $4,654,497,330 $8,403,297,210 $4,888,141,020

VA $127,162,085,204 $229,610,201,128 $244,913,851,336

WA $90,119,385,636 $162,726,619,335 $134,979,963,594

WV $17,218,898,263 $31,093,516,125 $35,499,911,553

WI $55,807,602,664 $100,769,473,563 $100,656,909,166

WY $4,693,432,408 $8,473,856,688 $10,356,935,952

United States Total $4,234,343,935,336 $7,645,819,196,990 $7,288,425,350,562
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States Bureau of Economic Analysis, 2019). The total annual revenue of the United States government is $3.4 trillion (United States

Department of the Treasury, 2018). Federal minimum wage is $7.25 per hour (United States Department of Labor, 2019). If we use

these data to translate the social cost of autism into something meaningful to everyday people, the total lifetime cost of ASD in the

United States for the estimated cases to date (1990–2019) is the equivalent of 8 months of wages for all workers in the United States,

or the total United States revenue from taxes and other sources for more than two years, or 1 trillion hours of minimum wage work.

Most of the funding for research in ASD comes from federal sources through agencies like the National Institute of Health (NIH),

and in 2016, the United States spent about $272 million (Interagency Autism Coordinating Committee, 2016), or one one-hundredth

of a percent (0.01 %) of total annual federal revenue on research to understand the biology of individuals affected by ASD, what

causes the disorder, and ways to prevent it.

5. Conclusion

For all of the individuals with ASD identified in the 3 decades from 1990–2019, the lifetime social cost for the US is estimated to

be more than $7 trillion in 2019 dollars. Even if one assumes that the rate of increase in prevalence of ASD is static for the next decade

(2020–2029), the projected cost estimate for ASD in the US will increase to $11.5 trillion in 2019 dollars. If, however, the prevalence

of ASD continues at the current average rate of increase per decade, those costs are projected to reach nearly $15 trillion by 2029

(accounting for an estimated 4 million affected individuals). These numbers serve to reinforce the conclusions of Leigh and Du

(2015), who stated that the burden is significant and alarming, and the national policy response should be to focus the bulk of funding

Fig. 4. Comparison of estimates of Lifetime per capita social costs associated with ASD in millions of 2019 dollars.

Fig. 5. Percentage distribution of the types of cost associated with an ASD in 2019 dollars.
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and resources on understanding the modifiable causes of ASD and then avoid those risk factors because prevention is far less ex-

pensive than treatment and management. A variety of approaches in the field of vulnerability assessment and risk management could

be used to identify known modifiable risk factors that could potentially reduce rates, thereby reducing costs. Due to the high cost of

care for affected adults, focusing on understanding risks associated with the severe forms of ASD, where there is co-occurring ID,

holds the greatest potential benefit to society.
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We compared the occurrence and timing of divorce in 391 parents of children with an autism
spectrum disorder (ASD) and a matched representative sample of parents of children without
disabilities using a survival analysis. Parents of children with an ASD had a higher rate of
divorce than the comparison group (23.5% vs. 13.8%). The rate of divorce remained high
throughout the son’s or daughter’s childhood, adolescence, and early adulthood for parents of
children with an ASD, whereas it decreased following the son’s or daughter’s childhood (after
about age 8 years) in the comparison group. Younger maternal age when the child with ASD
was born and having the child born later in the birth order were positively predictive of
divorce for parents of children with an ASD. Findings have implications for interventions
focused on ameliorating ongoing and long-term marital strains for parents of children with an
ASD.
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Autism spectrum disorders (ASDs) are lifelong neurode-
velopmental disorders involving a triad of impairments in
communication and social reciprocity and increases in
repetitive/restricted interests and behaviors (American Psy-
chiatric Association, 2000). Parenting a son or daughter
with an ASD poses several unique challenges (e.g., Seltzer,
Krauss, Orsmond, & Vestal, 2000), which may take a toll on
marriages. The extent of this toll in terms of divorce has
been the topic of wide speculation in the media, with
divorce rates of 80% and higher mentioned (Doherty, 2008;
Solomon & Thierry, 2006), but the issue has not yet been
addressed by empirical research. In this study, we compared
the occurrence and timing of divorce among parents with an
adolescent or adult with an ASD with a closely matched

sample of parents of adolescents and adults without a dis-
ability drawn from a nationally representative sample. Fam-
ily characteristics predictive of divorce are also identified.

Several studies have examined parental divorce in heter-
ogeneous samples of children with a variety of disabilities
or specific populations of children with disabilities other
than ASD. Some of these studies indicate that parents of
children with a disability have an increased risk of divorce
as compared with parents of children without a disability
(Breslau & Davis, 1986; Witt, Riley, & Coiro, 2003;
Wymbs et al., 2008). Other studies, however, have not
shown an adverse impact of having a child with a disability
on divorce (Joesch & Smith, 1997; Urbano & Hodapp,
2007), possibly suggesting that some disabilities exact a
heavy toll on marriages, but others have little impact (Joe-
sch & Smith, 1997; Risdal & Singer, 2004).

Few disabilities appear to be more taxing on parents than
ASDs (Seltzer et al., 2001). Parents of children with an ASD
fare worse on a variety of measures of well-being than
parents of children without disabilities as well as parents of
children with other types of disabilities (e.g., Abbeduto et
al., 2004; Eisenhower, Baker, & Blacher, 2005). Several
factors have been proposed to account for the poorer well-
being of parents of children with an ASD, including the
uncertainty surrounding ASD diagnosis and the long-term
prognosis of individuals with an ASD, the stressful nature of
autistic symptoms and associated behavior problems, and
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the lack of public understanding of and tolerance for the
behaviors of children with an ASD (Gray & Holden, 1992).
Moreover, because of familial linkages, these parents may
be caring for multiple children with special needs (Orsmond,
Lin, & Seltzer, 2007), and are themselves at risk for evi-
dencing a broader autism phenotype, which includes subtle
impairments in social reciprocity and communication and
increases in restricted/repetitive interests and behaviors
(e.g., Piven, 2001) and psychiatric symptoms (e.g., Szatmari
et al., 1995). Thus, in addition to the challenging nature of
ASD, some parents may have more limited resources to
cope with these demands, which may elevate their risk of
family disruption, including marital dissolution.

In addition to examining the rate of divorce, it is impor-
tant to understand the timing of divorce in families of
children with an ASD to detect when couples may be most
vulnerable to marital dissolution. Parents in the general
population have the greatest risk of divorce prior to the
child’s teenage years (Bramlett & Mosher, 2002; Cherlin,
1992; Shiono & Quinn, 1994). This vulnerability to divorce
is believed to be related to the high level of parenting
demands and stress of having children and the subsequent
reduction in responsiveness to the needs of one’s spouse
during these years (e.g., Shapiro, Gottman, & Carrere, 2000;
Shiono & Quinn, 1994). If couples can survive these early
years, however, their risk of divorce decreases, although
there may be another smaller increase in risk of divorce
during midlife (Furstenberg & Kiernan, 2001; Cherlin,
1992). In contrast to this typical pattern, parents of sons and
daughters with an ASD continue to experience a high level
of parenting demands and report elevated levels of stress
into their child’s adolescence and adulthood (Abbeduto et
al., 2004; Smith et al., 2010). Thus, these parents may
experience a prolonged period of vulnerability to divorce
that starts in their son’s or daughter’s childhood and persists
into their adolescence and adulthood.

It is also important to explore the family characteristics
that place parents of children with an ASD at risk for
divorce. In families of children without a disability, mater-
nal ethnicity/race has been shown to be related to divorce,
with some minority groups (e.g., African Americans) evi-
dencing an increased risk of divorce (Bramlett & Mosher,
2002; Tzeng & Mare, 1995). Risk of divorce is also higher
if the parents are less educated, marry younger, and have
children early in the marriage (Bramlett & Mosher, 2002;
Karney & Bradbury, 1995; Ono, 2009). Younger maternal
age and lower maternal education were also risk factors for
divorce in parents of children with Down syndrome and
other types of congenital disabilities (Urbano & Hodapp,
2007), and thus may have similar effects in families of
children with an ASD.

Characteristics related to the child with an ASD may also
be important predictors of parental divorce. Studies of chil-
dren with disabilities indicate that parental stress and mar-
ital satisfaction are more strongly associated with the child’s
behavior problems than his or her intellectual delay (e.g.,
Baker, Blacher, Crnic, & Edelbrock, 2002). Thus, whereas
the presence of intellectual disability (ID) in addition to an
ASD may not increase the risk of divorce, severity of

aberrant behaviors may be related to marital dissolution.
Having multiple children with an ASD in the family may
also increase divorce, as parenting resources may be partic-
ularly taxed (Orsmond et al., 2007). Birth order of the child
with an ASD may also play a role in parental divorce.
Urbano and Hodapp (2007) found that divorce was less
likely in families of children with Down syndrome when the
child was born later (i.e., second vs. first born) in the birth
order. It is unknown whether birth order is similarly pre-
dictive of divorce in families of children with an ASD.

In this study, we examined the occurrence and timing of
divorce in 391 parents who have an adolescent or adult with an
ASD, collected as part of an ongoing longitudinal study, as
compared with a closely matched sample of 391 parents of
adolescents and adults without a disability, drawn from a
nationally representative sample, using a survival analysis. We
also examined whether correlates of divorce reported in the
literature for parents in the general population and with chil-
dren with other types of disabilities also predicted divorce in
parents of children with an ASD. We hypothesized that parents
of children with an ASD would evidence more divorce than
parents of children without a disability, and that the risk of
divorce would remain high as their son or daughter moved
through childhood, adolescence, and into adulthood. Mothers
who were younger when they had their child and less educated
were predicted to have a higher rate of divorce. The severity of
the child’s aberrant behaviors and having multiple children
with ASD in the family were also expected to be associated
with an increased risk of divorce.

Method

Adolescents and Adults With Autism Study (AAA)

AAA is an ongoing longitudinal study of families of 406
adolescents and adults with an ASD in Massachusetts and
Wisconsin (Lounds, Seltzer, Greenberg, & Shattuck, 2007;
Seltzer et al., 2003). The present study used data from the
first (collected in 1998–1999) through fourth (collected in
2003–2004) waves of data collection because data from the
normative comparison group were also available for this
same time period. Criteria for inclusion in the AAA study
were that the son or daughter was age 10 or older at the
beginning of the study, had received an ASD diagnosis
(autistic disorder, Asperger disorder, or pervasive develop-
ment disorders–not otherwise specified [PDD-NOS]) from
an educational or health professional, and had a research-
administered Autism Diagnostic Interview—Revised
(ADI–R; Lord, Rutter, & Le Couteur, 1994) profile consis-
tent with an ASD diagnosis. Almost all (94.6%) of the sons
and daughters met the ADI–R lifetime criteria for a diag-
nosis of autistic disorder, and the remainder met criteria for
Asperger disorder or PDD-NOS. Approximately half of the
participants lived in Wisconsin (n � 202) and half in
Massachusetts (n � 204), and were recruited through ser-
vice agencies, schools, and clinics.

The 406 adolescents and adults with an ASD included
11 children from families with more than one child with
an ASD. In such families, one son or daughter with an
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ASD was selected to be the target child for the present
analysis according to the following criteria: (a) the child
who lived in the family home, (b) the older child if both
children were living at home, and (c) a child was ran-
domly selected in the case of triplets, all of whom lived
at home. In an additional four families, mothers had
never married the biological father of the son or daughter
with an ASD, and these families were excluded from the
present analyses, resulting in a sample for the present
analysis of 391 families.

National Survey of Midlife in the United States
(MIDUS)

The normative comparison group came from the MIDUS
national survey of 7,108 English-speaking adults 25 to 74
years of age, which was first completed in 1994–1996
(MIDUS I; Brim, Ryff, & Kessler, 2004). A national ran-
dom digit dialing sampling procedure was used. For each
household contacted, a household member between 25
and 74 years of age was randomly selected and invited to
participate in the study. In addition, subsamples of sib-
lings of these individuals and twin pairs and oversamples
from metropolitan areas were included (additional infor-
mation can be found at http://www.midus.wisc.edu/).
Follow-up data were collected in 2004 –2006 (MIDUS II)
from 4,963 (70%) of the MIDUS I participants. MIDUS
II data were used to construct the comparison group for
the present study because they coincided with the timing
of the fourth wave of data collection in the AAA sample.
Compared with the U.S. Census Bureau, the MIDUS
sample was similar in demographics, with the exception
of being slightly underrepresentative of adults with a
high school education or less and African Americans
(Brim et al., 2004).

Of the MIDUS II participants, 4,316 (87.0%) were
parents, but 433 (10.03%) reported that they had at least
one child with a disability or mental health condition and
were excluded, leaving 3,883 MIDUS participants as
potential members of the comparison group for the
present analysis. The following procedure was used to
create a matched comparison group with the AAA sam-
ple. First, because we were interested in examining di-
vorce related to a particular child (i.e., the child with an
ASD), we randomly selected a target child within each
MIDUS II family. Then, the MIDUS II sample was
stratified on the basis of the mother’s ethnicity (Cauca-
sian vs. non-Caucasian) and education level (less than
high school, high school, some college, and more than
college). Within each stratum, we created a random num-
ber associated with each case and ordered the cases
according to their random number. Using this new ran-
dom order of cases, we selected the first case that
matched an AAA family on the basis of mother’s ethnic-
ity, education level, mother’s age (within 4 years) and
index child’s sex, child’s age (within 3 years), and birth
order (first vs. later born) until all of the AAA families
were matched. Table 1 displays the participant charac-

teristics of the 391 families in the MIDUS II comparison
group.

There was not a significant difference on any of the
matched variables between the AAA and MIDUS II com-
parison groups. Although not used in matching, there also
was not a significant difference in total number of children
between the AAA and MIDUS II comparison groups. There
was not a significant difference in the average length of
marriages (in years) of the biological or adoptive parents of
the target child for couples who did not divorce between the
AAA (M � 26.56, SD � 9.50) and MIDUS II (M � 27.54,
SD � 9.47) groups.

Procedure and Measures

Mothers in the AAA sample participated in 2- to 3-hr,
in-home interviews and completed self-administered mea-
sures. Parents in the MIDUS II sample participated in an
hour-long telephone interview and completed self-
administered measures.

Divorce. Information on divorce was collected through
self-reported questionnaires in the AAA sample and tele-
phone interviews in the MIDUS II sample. Only divorce
involving the biological or adoptive parents of the target
child was examined. The month and year the divorce was
finalized were used in analyses. Of the 391 AAA families,
84 dropped out of the study prior to the fourth wave of data
collection. Dropouts occurred because the family decided to
no longer participate in the study (n � 64) or the family
could not be located (n � 20). In an additional six families,

Table 1
Characteristics of Families

Characteristic ASD (n � 391)
No disability

(n � 391)

Mother
Mean (SD) age (years) 56.1 (10.5) 57.4 (10.0)
Range 37.6–86.2 38.0–84.9
White, non-Hispanic, n (%) 364 (93.1) 364 (93.1)
High school education, n (%) 11 (2.8) 11 (2.8)
High school graduate, n (%) 95 (24.3) 95 (24.3)
Some college/bachelor’s

degree, n (%) 110 (28.1) 110 (28.1)
Postbachelor’s/graduate

degree, n (%) 175 (44.8) 175 (44.8)
Child

Biological, n (%) 382 (97.7) 382 (97.7)
Adoptive, n (%) 9 (2.3) 9 (2.3)
Male, n (%) 287 (73.4) 287 (73.4)
Female, n (%) 104 (26.6) 104 (26.6)
Mean (SD) age (years) 26.9 (9.5) 27.8 (9.7)
Range 14.6–56.9 13.88–58.12
First born (n, %) 184 (47.1) 184 (47.1)
Mean (SD) total children 2.8 (1.3) 2.8 (1.5)
Range 1–8 1–11

Note. ASD � autism spectrum disorder. Race/ethnicity break-
down for ASD: African American (8), Hispanic (7), American
Indian (2), Asian or Pacific Islander (6), and other (4). Race/
ethnicity breakdown for no disability: African American (10),
Hispanic (7), American Indian (2), Asian or Pacific Islander (2),
and other (6).
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either the mother or child with an ASD died. Information on
divorce in these 90 cases was obtained through searching
the publicly accessible divorce records using the online
Wisconsin Circuit Court Access system and the Massachu-
setts county court records. Records were searched using
mothers’ first and last names and then verified using moth-
ers’ date of birth, address, and husbands’ first and last
names.

There were 10 cases in the AAA sample for which
mothers reported being divorced, but the date of divorce
could not be obtained by searching the Massachusetts or
Wisconsin divorce records. It is likely that these families
divorced in another state. Similarly, there were six cases in
the MIDUS II comparison group for which mothers re-
ported being divorced but did not report the date of divorce.
These cases were not included in analyses regarding the
timing of divorce.

Characteristics of families. We examined characteristics
of the family as predictors of divorce, including mother’s
age, race/ethnicity (White, non-Hispanic vs. other), educa-
tion (less than a high school degree, high school degree or
some college, college graduate, and more than college de-
gree), and age when the target child was born. We also
examined the target child’s age, sex, and birth order (first vs.
later born) and family size (single child vs. multiple chil-
dren).

For families of children with an ASD, the presence of ID
was determined by assessing cognitive functioning on the
Wide Range Intelligence Test (Glutting, Adams, &
Sheslow, 2000) and adaptive behavior on the Vineland
Screener (Sparrow, Carter, & Cicchetti, 1993). These as-
sessments were administered in 2004. Children with scores
above 75 on both measures were classified as not having ID
and those with scores below 75 on both measures were
classified as having ID. For children with scores below 75
on only one of the two measures or for whom there were
missing data, a review of available records (historical as-
sessments, parent report of prior diagnoses, clinical and
school records) combined with a clinical consensus proce-
dure were used to determine ID status.

Aberrant behaviors were assessed through two measures
of the child’s autism symptoms: report of their child’s age
when problems were first noticed and the ADI–R (Lord et
al., 1994) lifetime rating or rating of autism symptoms at
their most severe manifestation (mainly rated at age 4–5
years). These measures were chosen because they capture
the child’s aberrant behavior preceding the divorce in most
cases. The ADI–R has good test–retest reliability and diag-
nostic and convergent validity (Hill, Bolte, Petrova,
Beltcheva, Tacheva, & Poustka, 2001; Lord et al., 1994).
The average interrater agreement between interviewers and
two supervising psychologists in the present study was
88%. Items on the ADI–R are coded as 0 (symptom not
present), 1 (symptom present but not severe/frequent
enough to meet criterion), and 2 (symptom present and
meets criterion). A score of 3 is recoded as a 2 in the
algorithm. To include nonverbal children with ASD as well

as verbal children, we excluded verbal items from this
summary score.

Data Analysis Plan

The prevalence of divorce in the 391 parents of children
with an ASD was statistically compared against the matched
sample of 391 parents of children without a disability using
Pearson’s chi-square test. A Kaplan–Meier survival analysis
was conducted to evaluate differences in the marriage sur-
vival distributions of parents of children with an ASD and
parents of children without a disability. This is a method for
modeling time to event data; in this context, divorce is the
event and years of marriage following the birth of the target
child (i.e., latency to divorce following the birth of the
child) is the time variable. The Kaplan–Meier survival anal-
ysis has the advantage of accounting for “censored” data
(i.e., likelihood that divorce occurs subsequent to the end of
data collection). The 381 families of children with an ASD
and 385 families of children without a disability for whom
years married following the birth of the target child could be
determined were included in the survival analysis. The
Breslow (1979) statistic was used to test for differences in
latency to divorce between parents of children with an ASD
and parents of children without a disability.

Binary logistic regression analyses were conducted to
examine the impact of family characteristics on divorce in
parents of children with an ASD and parents of children
without a disability. This analysis provides the relative risk
ratios (i.e., likelihood of divorce) given the presence of a
specific risk factor, controlling other risk factors. Mother’s
education (0 � less than college degree, 1 � college degree
of more), race/ethnicity (0 � White, non-Hispanic, 1 �
other), maternal age when the target child was born (in
years), target child sex (0 � female, 1 � male), family size
(0 � single child, 1 � multiple children), and birth order
(0 � first born, 1 � later born) were entered into the
regression model for both parents of children with and
without an ASD. The following ASD-specific variables
were also entered into the model for parents of children with
an ASD: age when problems were first noticed (in months),
ADI–R lifetime score, and presence of other children with
an ASD in the family (0 � no, 1 � yes).

Results

Prevalence and Timing of Divorce

The prevalence of divorce was significantly higher
among the parents of children with an ASD (n � 92,
23.53%) than the parents of children without a disability
(n � 54, 13.81%), Pearson’s �2(1, N � 781) � 12.16, p �
.001. As shown in Figure 1, there was a significant differ-
ence in the survival distributions of parents of children with
an ASD and parents of children without a disability,
Breslow �2(1) � 8.55, p � .003. The rate of decline in the
remaining marriages for parents of children without a dis-
ability tapers off in the target child’s late childhood (i.e.,
about age 8 years), and continues to flatten out until the
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target child has reached age 26 years, when the rate of
divorce is virtually nonexistent. In other words, the risk of
divorce begins to decrease in the child’s late childhood for
parents of children without a disability, and is extremely
low by the time the son or daughter is a young adult. In
contrast, the risk of divorce for parents of children with an
ASD remains steep throughout the child’s adolescence and
early adulthood and does not decrease until the target child
has reached age 30 years. Thus, parents of children with an
ASD continue to have a high risk of divorce through the
son’s or daughter’s childhood, adolescence, and early adult-
hood.

Follow-up Analyses

Follow-up analyses were conducted to ensure that results
were robust against possible selection differences between
the two samples. First, we examined the impact of parent
death on the prevalence of divorce. Of the couples who did
not experience a divorce, a parent death occurred in 33
(8.43%) AAA families and 37 (9.46%) MIDUS II families,
which is not a significant difference. Because divorce is no
longer an option for these families, we reran the survival
analysis excluding these cases. Parents of children with an
ASD continued to have a shorter latency to divorce than
parents of children without a disability, Breslow �2(1) �
9.24, p � .002. The pattern of decline in marriages did not
change.

Second, we performed a series of calculations to estimate
the impact of differences in the way that dropouts were
handled within our two samples. To obtain complete di-
vorce information through 2004 for both groups, we se-
lected our comparison group of families of children without
a disability from the second wave of MIDUS data collection
(MIDUS II); thus, families who dropped out of the study
prior to 2004 were not included. In contrast, all families of
children with an ASD originally enrolled in the AAA study
were included in this sample by searching divorce records
for the 84 families who dropped out of the study prior to
2004. We recalculated the Pearson chi-square statistic for
the overall likelihood of divorce using the smaller sample of
307 AAA families who remained in the study through 2004
and 307 matched MIDUS II families. The prevalence of
divorce continued to be significantly higher among the
parents of children with an ASD (n � 72, 23.92%) than the
parents of children without a disability (n � 47, 15.60%),
Pearson’s �2(1, N � 601) � 6.03, p � .01. Results from the
Kaplan–Meier survival analysis for this smaller sample con-
tinued to indicate that parents of children with an ASD had
a shorter latency to divorce than parents of children without
a disability, Breslow �2(1) � 4.90, p � .03. The pattern of
decline in marriages was also similar.

Third, we examined whether the prevalence of divorce
differed within the states from which the two samples were
drawn. The MIDUS II comparison group included families
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Figure 1. Survival plot for divorce in parents of children with an autism spectrum disorder (ASD)
and parents of children without a disability.
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living in 45 states, whereas the AAA families resided in
Wisconsin or Massachusetts. The averaged divorce rate (per
1,000 total population residing in the state) reported by the
Division of Vital Statistics, National Center for Health
Statistics, Centers for Disease Control and Prevention
(2007) for Wisconsin and Massachusetts, is lower than the
national average divorce rate by a magnitude of 0.38. Thus,
the heightened prevalence of divorce in parents of children
with an ASD as compared with parents of children without
a disability may be more pronounced than what was cap-
tured in our study. However, by closely matching our sam-
ples on maternal characteristics, regional differences in di-
vorce rates may have been accounted for in our analyses.

Family Characteristic Predictors of Divorce

Table 2 presents the binary logistic regression results for
the impact of family characteristics on divorce in parents of
children with an ASD and without a disability. For parents
of children with an ASD, maternal age at which she had the
target child and birth order significantly predicted divorce.
The rate of divorce was greater when mothers were younger
when they had the child with an ASD and when the child
with an ASD was born later in the birth order. The effect
size is reported with respect to the odds ratio (i.e., exp(B),

indicating how the odds of divorce change for each unit
change in the predictor). For example, the odds ratio effect
size of 0.90 for maternal age at childbirth implies that the
odds ratio of divorce decreases by multiples of 0.90 for each
year increase in maternal age, assuming all other variables
are equal. There were no significant family characteristic
predictors of divorce in the comparison group.

Discussion

This study is the first systematic examination of the
relative risk and timing of divorce in a large sample of
parents of children with an ASD. The present study also
constitutes the first step toward identifying family charac-
teristic predictors of divorce within families of children with
an ASD. Fully three fourths of the marriages of parents of
children with an ASD in our sample remained intact, at least
through the time of the present analysis, indicating that most
marriages survive despite having a child with an ASD.
Nevertheless, the rate of divorce was nearly twice the rate of
the comparison group, which was closely matched on key
characteristics and drawn from a nationally representative
sample. The heightened risk of divorce in parents of chil-
dren with an ASD is consistent with findings that these
families experience an extraordinary level of stress (e.g.,

Table 2
Statistics for Binary Logistic Regression Assessing Prospective Prediction of Divorce

Variable B SE Wald OR Exp(B) 95% CI

ASD
Constant 2.69 1.71 2.49 14.76
Mother

Education �0.06 0.27 0.05 1.06 [0.63, 1.80]
Race/ethnicity �0.07 0.52 0.02 0.93 [0.33, 2.56]
Age had child �0.11 0.03 12.94�� 0.90 [0.85, 0.95]

Child
Sex 0.58 0.31 3.41 1.78 [0.97, 3.27]
Birth order 0.82 0.31 7.19�� 0.44 [0.24, 0.80]
Family size �0.49 0.45 1.15 1.63 [0.67, 3.95]
ID 0.33 0.30 1.19 0.72 [0.40, 1.30]
Age first noticed problems �0.01 0.01 0.90 0.99 [0.97, 1.01]
ADI–R lifetime 0.02 0.02 0.80 0.98 [0.94, 1.02]
Siblings with an ASD 0.17 0.85 0.04 1.18 [0.23, 6.19]

No disability
Constant �1.50 1.20 1.57 0.22
Mother

Education �0.56 0.34 2.68 1.74 [0.84, 3.08]
Race/ethnicity �0.93 0.49 3.63 2.53 [0.97, 6.55]
Age had child �0.04 0.03 1.64 0.96 [0.89, 1.01]

Child
Sex 0.71 0.41 2.99 2.03 [0.91, 4.52]
Birth order �0.06 0.36 0.02 0.95 [0.47, 1.90]
Family size 0.31 0.60 0.27 0.73 [0.23, 2.38]

Note. OR � odds ratio; CI � confidence interval; ASD � autism spectrum disorder; ID �
intellectual disability; ADI–R � Autism Diagnostic Interview—Revised. ASD: overall �2(8, N �
382) � 23.90, p � .01, Nagelkerke R2 � .09, p � .01. No ASD: �2 (5, N � 385) � 15.46, p � .02,
Nagelkerke R2 � .07. Education: less than a college degree � 0, college degree or more � 1.
Race/ethnicity: White, non-Hispanic � 0, other � 1. Child sex: girl � 0, boy � 1. Birth order: first
born � 0, later born � 1. Family size: single child � 0, multiple children � 1. ID: no ID � 0, ID �
1. Siblings with ASD: no � 0, yes � 1.
� p � .05. �� p � .01.
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Seltzer et al., 2000; Smith et al., 2010). This finding is
similar to the heightened rate of divorce found in parents of
children with attention-deficit/hyperactivity disorder, who
were also twice as likely to divorce as parents of typically
developing children (Wymbs et al., 2008).

As expected, parents of children with an ASD had a
prolonged period of vulnerability to divorce. Specifically,
there was a relatively high, and equivalent, risk of divorce
for both the comparison group and families of children with
an ASD during the son’s or daughter’s early childhood
(until age 8 years). However, the risk of divorce markedly
decreased in the son’s or daughter’s late childhood for our
comparison group. A similar pattern has been found in the
general population; the risk of divorce has been shown to be
highest during the first several years of marriage, when
children are young (e.g., Bramlett & Mosher, 2002; Shiono
& Quinn, 1994), and in part, is attributed to the high level
of parenting demands and stress and subsequent lack of
attention devoted to one’s spouse during these years (Sha-
piro et al., 2000). As children without a disability age, they
launch into their own independent lives and parenting de-
mands and stress often decrease, affording a renewed focus
on the marital relationship. In contrast to this normative
pattern, the risk of divorce remained high into the son’s or
daughter’s early adulthood (age 30 years) for parents of
children with an ASD. Parents of children with an ASD
often continue to have a “full nest” (i.e., children living at
home; Seltzer et al., 2000) and high levels of parenting
demands and stress (e.g., Smith et al., 2010); subsequently,
they may continue to experience marital strain into their
son’s or daughter’s early adulthood. In our sample, nearly
all (94.6%) of the parents who divorced coresided with their
child with ASD at the time of their divorce. Moreover,
parents are faced with a unique set of challenges as their
child with an ASD ages into adolescence and adulthood,
including assisting their son or daughter in transitioning out
of school and into job and community settings and planning
for long-term care, which may add new strains on parents’
marriages. It is interesting that there was not a significant
difference in the prevalence of divorce between parents of
children with an ASD and our comparison group during the
son’s or daughter’s early childhood (prior to age 8 years).
Although different in nature, the challenges of having a
young child with an ASD may not place more strain on
marriages than the challenges of having a young child
without a disability, given that parenting demands and stress
are high in both cases.

There were significant family characteristic predictors of
divorce. As expected, mothers of children with an ASD who
were younger when they had their child were at greater risk
of divorce. This finding has also been shown in studies of
parents of children without a disability (e.g., Bramlett &
Mosher, 2002) as well as parents of children with Down
syndrome (Urbano & Hodapp, 2007), although it was not
significantly associated with divorce in our comparison
group. An elevated rate of divorce was also related to
having a child with an ASD later in the birth order (i.e.,
second or later born). This finding is in contrast to findings
of an increased risk of divorce being related to earlier birth

order in families of children with Down syndrome (Urbano
& Hodapp, 2007). The mechanisms driving this syndrome
difference are not clear and should be examined in future
studies. Birth order of the target child was not significantly
related to divorce in families of children without a disabil-
ity. Unexpectedly, there was not a significant relation be-
tween having multiple children with an ASD and divorce,
which may be due to the small number of families (n � 10)
with more than one child with an ASD in our sample.

In contrast to our prediction, onset and severity of early
autism symptoms were also not significantly predictive of
divorce. This finding may be related to several factors. First,
dimensions of autism symptoms (e.g., predictability and
course over time) other than onset and severity of early
autism symptoms may take a greater toll on marriages.
Moreover, among parents of children with an ASD, parent-
ing stress is often more related to co-occurring behavior
problems (e.g., aggression and hyperactivity) than autism
symptoms (e.g., Lecavalier, Leone, & Wiltz, 2006). Thus, it
may be that these co-occurring behavior problems are also
more predictive of divorce within families of children with
an ASD than autism symptoms. Second, parents’ coping
strategies or their own presence of a broader autism pheno-
type (i.e., milder autism features and impairments) and
psychiatric problems may greatly moderate the degree to
which their child’s autism symptoms affect marriages. The
mechanisms leading to divorce likely involve cascading
effects of the interplay of these and other family character-
istics with spousal behaviors and life experiences over time
and should be the focus of future studies with larger samples
and a longer follow-up period.

There are several other limitations to this study. Our
comparison group, which was selected from a large study
of adults in their midlife (MIDUS), has the advantage of
offering a normative sample of families of children with-
out a disability. A disadvantage of this comparison group
is that the sampling procedures differed from those used
in the AAA study. However, several follow-up analyses
were conducted, and these sampling differences were
estimated to have little impact on the overall pattern of
findings in the survival analysis. The prevalence of di-
vorce may have been slightly underestimated in our sam-
ple of parents of children with an ASD. Our sample of
families of children with an ASD resided in Wisconsin
and Massachusetts, states with relatively low rates of
divorce, whereas our comparison group was located
throughout the United States. The heightened risk of
divorce in parents of children with an ASD may be more
pronounced when controlling for this regional difference.
However, by closely matching on several maternal char-
acteristics, we likely accounted for some of the regional
differences between our groups. It is also possible that
divorced parents were less likely to volunteer for the
study. Also, parents who dropped out of the study may
have gotten a divorce in a state other than Wisconsin and
Massachusetts and were thus falsely counted as not di-
vorced. Moreover, the prevalence of divorces occurring
at later stages (i.e., during the child’s middle to late
adulthood) may not have been fully captured in this
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study. Generalizations of findings from this study should
be made cautiously. The rate, timing, and correlates of
divorce in families who do not participate in research
studies may differ from those of families who do partic-
ipate. Families in this study were also predominately
White, non-Hispanic and college-educated, and thus find-
ings may not generalize to less educated and minority
families of children with an ASD. Finally, family char-
acteristics, including the onset and severity of the child’s
autism symptoms, were reported by mothers and may be
open to bias and not representative of fathers’ perspec-
tives. However, the likelihood that maternal perceptions
biased ratings of autism symptoms is low given that the
ADI–R has a standardized interview procedure and
trained coding system.

Even given these limitations, this study provides the first
large-scale examination of divorce in parents of children
with an ASD using a closely matched comparison group.
Findings have important implications for enhancing ser-
vices for families of children with an ASD. Service provid-
ers should be educated about the heightened risk and timing
of divorce in families of children an ASD. Parents should be
guided in identifying strategies to enhance their marital
relationship in an ongoing way, such as learning how to best
communicate with and support their spouse and carving out
“couple time.” Given their prolonged period of vulnerability
to divorce, couples may need to remain vigilant to recurring
and compounding marital strains throughout the course of
their child’s development, including into adulthood. Finally,
it may be reassuring for parents to know that most marriages
survive and thus their marriage is not destined for divorce,
as is often incorrectly presented in the media.
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Trends in the Prevalence of Developmental
Disabilities in US Children, 1997–2008

WHAT’S KNOWN ON THIS SUBJECT: US data on the changes in
the prevalence of developmental disabilities are scarce. Although
there are a few studies on individual disabilities, data examining
the impact of the full range of developmental disabilities are
unavailable.

WHAT THIS STUDY ADDS: Developmental disabilities make a
significant contribution to overall childhood health. We show the
health disparities that exist for specific populations and how
selected conditions have increased over the past 10 years.

abstract
OBJECTIVE: To fill gaps in crucial data needed for health and educa-
tional planning, we determined the prevalence of developmental dis-
abilities in US children and in selected populations for a recent 12-year
period.

PARTICIPANTS AND METHODS: We used data on children aged 3 to 17
years from the 1997–2008 National Health Interview Surveys, which are
ongoing nationally representative samples of US households. Parent-
reported diagnoses of the following were included: attention deficit
hyperactivity disorder; intellectual disability; cerebral palsy; autism;
seizures; stuttering or stammering; moderate to profound hearing
loss; blindness; learning disorders; and/or other developmental
delays.

RESULTS: Boys had a higher prevalence overall and for a number of
select disabilities compared with girls. Hispanic children had the low-
est prevalence for a number of disabilities compared with non-
Hispanic white and black children. Low income and public health insur-
ance were associated with a higher prevalence of many disabilities.
Prevalence of any developmental disability increased from 12.84% to
15.04% over 12 years. Autism, attention deficit hyperactivity disorder,
and other developmental delays increased, whereas hearing loss
showed a significant decline. These trends were found in all of the
sociodemographic subgroups, except for autism in non-Hispanic black
children.

CONCLUSIONS: Developmental disabilities are common and were re-
ported in �1 in 6 children in the United States in 2006–2008. The
number of children with select developmental disabilities (autism, at-
tention deficit hyperactivity disorder, and other developmental delays)
has increased, requiring more health and education services. Additional
study of the influence of risk-factor shifts, changes in acceptance, and
benefits of early services is needed. Pediatrics 2011;127:1034–1042
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Data on the prevalence of developmen-
tal disabilities have been used to de-
scribe the importance of these health
problems and to assess the educa-
tional, medical, and social support
needs for children with developmental
disabilities and their families. Esti-
mates of the prevalence of develop-
mental disabilities in US children on
the basis of the 1988 National Health
Interview Survey (NHIS) indicated that
16.8% of children younger than 18
years of age had lifelong conditions
arising in early childhood as a result of
cognitive or physical impairment or a
combination of the 2.1 Findings from
more recent surveys that used a more
restrictive definition of developmental
disabilities suggested that 13.2% of
children had 1 or more developmental
disabilities during 1997–2005 and 1.6%
had 3 or more developmental disabili-
ties.2 These studies also documented the
considerable impact of the disorders as
measured by higher rates of health and
special-education service use for chil-
dren with developmental disabilities
compared with children without devel-
opmental disabilities.

Anumberof factorsmayhave influenced
the prevalence of developmental disabil-
ities over the past 10 to 15 years, includ-
ing improved survival of the growing
number of children born preterm or
with birth defects or genetic disorders,
such as spina bifida and Down syn-
drome,3 whose improved survival may
beoffsetbyadisproportionateburdenof
neurologic and other impairments.4,5

Other trends and medical practice
changes that might contribute to a re-
duction of developmental disabilities in
the population include increases in pre-
natal diagnosis and therapeutic abor-
tion, older maternal age, new infant vac-
cines, and the expansion of newborn
screening.6,7 Finally, increased aware-
ness and improved diagnosis, particu-
larly for conditions with a behavioral
phenotype, such as autism or attention

deficit hyperactivity disorder (ADHD),
may have contributed to changes over
time.

Since 1997, the NHIS has routinely in-
cluded questions on a broad array of
developmental disabilities among chil-
dren younger than 18 years of age. This
survey, with population-based annual
samples and consistent verbiage in in-
dividual disability condition questions,
is ideal for monitoring trends in prev-
alence over time. We used data for a
12-year time period (1997–2008) to ex-
amine (1) the national prevalence of
developmental disabilities according
to major demographic and socioeco-
nomic characteristics and (2) changes
in the prevalence of developmental
disabilities over time.

PARTICIPANTS AND METHODS

We used the Family Core and Sample
Child Components of the NHIS from
1997 to 2008. The NHIS is an ongoing
annual survey, conducted by the Cen-
ters for Disease Control and Preven-
tion, National Center for Health Statis-
tics, that uses a multistage probability
sample to estimate the prevalence of a
number of health conditions in the ci-
vilian noninstitutionalized population
of the United States.8,9 Demographic
and health data on family members

are obtained through an in-person in-
terview with a knowledgeable adult
family member. For the Sample Child
component, more detailed data are ob-
tained for 1 randomly selected child
younger than 18 years of age. Formore
than 90% of the children included in
the NHIS Sample Child component, the
knowledgeable adult interviewed was
a parent or legal guardian.

The current analysis was limited to
children aged 3 to 17 years (total
1997–2008 unweighted sample size:
119 367). Children younger than 3
years of age were excluded because
many developmental disabilities are
not recognized or diagnosed before
that age. The average household re-
sponse rate for the NHIS was 88.3%
(range of annual rates: 84.9–91.8%);
the average conditional response rate
for the sample child component was
91.2% (range: 85.6–93.7%).

The specific conditions assessed were
as follows: ADHD; cerebral palsy; autism;
seizures; stammering or stuttering;
mental retardation; moderate to pro-
found hearing loss; blindness; learning
disorders; and other developmental de-
lays (see Table 1 for the survey ques-
tions). The same set of questions were
asked over the 11 survey years; the ex-

TABLE 1 The NHIS Questions on Developmental Disabilities, 1997–2008

Condition Survey Question

ADHD/attention deficit disorder (ADD),a

autism, cerebral palsy, mental
retardation,b and other
developmental delay

“Has a doctor or health professional ever told you that
[survey child] had any of the following conditions?”

Seizures and stuttering or stammering “During the past 12 months, has [survey child] had
any of the following conditions?”

Moderate to profound hearing loss “Which statement best describes [survey child’s]
hearing without a hearing aid: good, a little trouble,
a lot of trouble, or deaf?”c

Blindness “Is [survey child] blind or unable to see at all?”
Learning disability “Has a representative from the school of a health

professional ever told you that [survey child] has a
learning disability?”

a NHIS shifted from asking about ADD in 1997–1999 to asking about ADD and ADHD in 2000 and later.
b Referred to as intellectual disability in the text and tables.
c Categories were revised in 2008 to the following: excellent; good; a little trouble; moderate trouble; a lot of trouble; and
deaf. Moderate to profound hearing loss included the categories of deaf and a lot of trouble hearing for 1997–2007 and
moderate trouble, a lot of trouble, and deaf for 2008.
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ception was an expansion of the
hearing-loss categories in 2008 (see
Table 1 for details). Although the NHIS
questionnaire used the term “mental
retardation,” to be more closely
aligned to currently accepted termi-
nology, we refer to this condition as
“intellectual disability.”10 The time
frame for the majority of the questions
refers to whether the child was “ever”
diagnosed with the condition; for sei-
zures and stuttering or stammering
the reference period was the “past 12
months,” and moderate to profound
hearing loss and blindness referred to
the current status of the child. A child
was considered to currently have a
condition if there was an affirmative
response, regardless of the time
frame of the questions. There was sub-
stantial collinearity between learning
disabilities and intellectual disabili-
ties, and we therefore report learning
disabilities as a consequence of the in-
tellectual disability rather than a co-
occurring condition. That is, children
with reported intellectual disabili-
ties and learning disabilities were
only included in the intellectual dis-
ability category.

We examined the prevalence of any
parent-reported developmental dis-
abilities and of each individual devel-
opmental disability for the 12-year pe-
riod combined and assessed how the
estimates varied by a number of demo-
graphic and socioeconomic character-
istics, including the child’s age; gender
and race/ethnicity; mother’s educa-
tion; total family income level from all
sources, including supplemental secu-
rity income (with income defined rela-
tive to the federal poverty level); and
health insurance status (any public,
private-only, no health insurance re-
ported). Children covered by both pri-
vate insurance and the state’s Medic-
aid programs are included under “any
public.” We also assessed secular
trends for each disability over 4 3-year

time intervals (1997–1999; 2000–2002;
2003–2005; and 2006–2008). For the
disabilities with statistically signifi-
cant temporal trends, we conducted
additional analyses to determine
whether trends were uniform within
the demographic and socioeconomic
subgroups. Income stratification in
this report is based on both reported
and imputed income.11

Prevalence estimates were weighted
using NHIS weights to represent the US
noninstitutionalized population of chil-
dren. Variance estimates were pro-
duced using Sudaan software to ac-
count for the complex NHIS sample
design. �2 Tests were used to deter-
mine whether the prevalence esti-
mates differed among the various
groups being compared. Wald-F tests
were used to assess linear trends over
the 4-calendar-year time periods. All
associations and differences de-
scribed in the text were statistically
significant at the P� .05 level. Human
subject review was not required for
this analysis of publicly available data.

RESULTS

Prevalence and Demographic
Characteristics

The prevalence of any developmental
disability in 1997–2008 was 13.87%
and ranged from 0.13% for blindness
to 6.69% for ADHD and 7.66% for learn-
ing disabilities (Table 2). In general,
there was higher prevalence in older
children for conditions likely to be first
recognized or confirmed in the school
years, including ADHD and learning
disabilities. Little change across age
groups was noted for cerebral palsy,
moderate to profound hearing loss,
and other developmental delays. There
was a lower prevalence in older chil-
dren for stuttering or stammering.
Hispanic children had a lower preva-
lence of several disorders relative to
non-Hispanic white and black chil-
dren, including ADHD and learning

disabilities; the prevalence of other
developmental delays was higher
only in comparison to non-Hispanic
white children. Stuttering or stammer-
ing was reported more often in non-
Hispanic black children than non-
Hispanic white children. Boys had twice
the prevalence of any developmental dis-
ability and excess prevalence for ADHD,
autism, learning disabilities, stuttering
or stammering, and other developmen-
tal delays, specifically.

There was a nearly twofold higher
prevalence of any reported develop-
mental disability among children in-
sured by Medicaid relative to those in-
sured by private insurance, and this
pattern was statistically significant for
ADHD, learning disabilities, intellec-
tual disabilities, seizures, stuttering
or stammering, and other develop-
mental delays. Family incomes below
the federal poverty level were associ-
ated with a higher prevalence of
parent-reported developmental dis-
abilities overall and learning disabili-
ties, intellectual disabilities, stuttering
or stammering, and other develop-
mental delays, specifically. Lower ma-
ternal education (ie, any attainment
less than a college degree) was associ-
ated with a higher prevalence of any de-
velopmental disabilities, learning dis-
abilities, and stuttering or stammering.

Time Trends

For all developmental disabilities com-
bined, there was a small, but statisti-
cally significant, linear increase in the
prevalence over the 4 time periods,
from 12.84% in 1997–1999 to 15.04% in
2006–2008 (Table 3). Of the individual
disorders, ADHD and autism showed
significant and successive increases
over time. Other developmental delays,
a catch-all category, also showed sig-
nificant increases over the time pe-
riod, but the increase was observed
only between the most recent 2 inter-
vals (from 2003–2005 to 2006–2008).
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ADHD, because of its considerably
higher prevalence, was chiefly respon-
sible for the upward trend in the over-
all prevalence of developmental dis-
abilities, with a 33% increase in
prevalence from 1997–1999 to 2006–
2008. Autism, however, showed, by far,
the largest relative increase, with nearly
a fourfold change from a prevalence of
0.19% in 1997–1999 to 0.74% in 2006–
2008.Moderate to profoundhearing loss
was the only disorder to decline in prev-
alence, showing a 31% decrease from
1997–1999 to 2006–2008.

Although the magnitude of the change
varied somewhat among the various
descriptive factors (Table 4), in gen-
eral, we observed upward trends in
the parent-reported prevalence of
ADHD and autism and a decrease for
moderate to profound hearing loss.
One exception was race/ethnicity and
autism, with a lack of a significant in-
crease in non-Hispanic black children.

DISCUSSION

Developmental disabilities affect a sig-
nificant proportion of children in the
United States. We found that 15% of
children aged 3 to 17 years, or nearly
10million children in 2006–2008, had a
developmental disability on the basis
of parent report. The 17% increase in
prevalence over the 12-year period
represents�1.8millionmore children
with developmental disabilities in
2006–2008 than a decade earlier.

It is difficult to corroborate the overall
prevalence reported in this study be-
cause of the lack of comparable stud-
ies using a similar grouping of condi-
tions. In comparing the prevalence for
individual disorders, however, we find
good agreement for some of the prev-
alence estimates. A comparable high
prevalence of ADHD recently was re-
ported from the 2003–2007 National
Survey of Children’s Health, using a
similar set of parent-reported survey
questions.12 Prevalence rates for au- TA
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tism, cerebral palsy, seizures, blindness,
and stuttering or stammering are com-
parable with those from several
population-based prevalence studies us-
ing varied study methods.13–18 This is
particularly relevant for seizures,
where the nomenclature, as en-
dorsed by the International League
Against Epilepsy, for recurrent sei-
zures is epilepsy and not seizures or
seizure disorder.18 The prevalence of
moderate to profound hearing loss
was considerably higher, whereas
the prevalence of intellectual disabil-
ities was �50% lower than findings
from a population-based surveil-
lance program that requires audi-
tory test results for moderate to pro-
found hearing loss and cognitive test
results for intellectual disabilities.17

A number of factors may have influ-
enced these discordant findings, in-
cluding a more restrictive case defi-
nition in the records-based
surveillance program for moderate
to profound hearing loss (ie, bilat-
eral measured loss of 40 dB or
greater) than that used in the NHIS
analysis. In the case of intellectual
disabilities, and particularly mild in-
tellectual disabilities, because test-
ing often is done in the context of
educational placement, the parent or

guardian may never have been told
that their child’s test results sug-
gested functioning in the intellectual
disabilities range. Also, since 1997, fed-
eral law has allowed for state and local
education agencies to extend the use
of the less-specific “developmental de-
lay” category up to 9 years of age, en-
abling many children to not require
a more specific education classifica-
tion, such as intellectual disability.19

Some of these children may have been
identified in the NHIS by the question
“other developmental delay,” as sug-
gested by the high and increasing
prevalence for this category.20 Al-
though it is not clear what specific
functional problems children with
other developmental delays have, Bou-
let et al2 showed that 76% have a co-
occurring developmental disability
and that learning disabilities and ADHD
were the most frequent co-occurring
conditions.

The 17% increase in all developmental
disabilities over the 12 years was
caused in large part by shifts in the
prevalence of ADHD and autism. In-
creases in autism during the mid-
1990s to late 1990s and continuing
through the late 2000s have been
noted in a number of studies14,19,21–23

using varying definitions of autism and
study designs, ranging from adminis-
trative educational and service system
data to retrospective studies of suc-
cessive birth cohorts of children. Al-
though data on trends in ADHD are less
available, they support a similar in-
crease.23,24 A Danish study23 reported
that trends in the birth cohort prev-
alence of several neuropsychiatric
disorders, including autism and hy-
perkinetic disorder (International
Classification of Diseases 10 Revi-
sion classification that is closely
aligned with the hyperactivity com-
ponent of ADHD) increased signifi-
cantly for children born in 1990
through 1999. A US-based study24 re-
ported significant increases in the
prevalence of office-based visits for
ADHD during 1991–1998. Finally, an
upward trend in prevalence, using US
education data, was found for the
“other health impaired” education cat-
egory, which, since 1991, is the educa-
tion category used for children with
ADHD.19,25 Decreases in the prevalence
of moderate to profound hearing loss
over the 12-year period have not been
reported previously. Trend data from
service records over a shorter time
frame showed little to no change.17 Na-
tionally, the number of infants identi-

TABLE 3 Trends in Prevalence of Specific Developmental Disabilities in Children Aged 3 to 17 Years, NHIS, 1997–2008

Disability n
(Unweighted)

All Years, % 1997–1999, % 2000–2002, % 2003–2005, % 2006–2008, % Percent Change
1997–1999
versus
2006–2008c

Any developmental disability 15956 13.87 12.84 13.70 13.88 15.04 17.1d

ADHD 7652 6.69 5.69 6.71 6.77 7.57 33.0d

Autism 537 0.47 0.19 0.35 0.59 0.74 289.5d

Blind/unable to see at all 160 0.13 0.11 0.15 0.12 0.13 18.2
Cerebral palsy 305 0.39 0.39 0.43 b b b

Moderate to profound hearing loss 533 0.45 0.55 0.44 0.42 0.38 30.9
Learning disability 8154 7.04 6.86 7.24 6.82 7.24 5.5
Intellectual disabilitya 868 0.71 0.68 0.73 0.75 0.67 �1.5
Seizures, past 12 months 792 0.67 0.66 0.65 0.66 0.72 9.1
Stuttered or stammered, past 12 months 1924 1.60 1.63 1.40 1.69 1.68 3.1
Other developmental delay 3978 3.65 3.40 3.28 3.67 4.24 24.7d

Source: Centers for Disease Control and Prevention, National Center for Health Statistics, NHIS.
a Survey question asked about mental retardation, but we refer to the condition as intellectual disability.
b We excluded cerebral palsy from the analysis for 2004–2007 because of the high likelihood of interviewer error arising from a questionnaire change in 2004.
c Percent change between 1997–1999 and 2006–2008.
d Test of linear trend over 4 time periods, P� .05.
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fied with congenital moderate to pro-
found hearing loss from state
newborn-screening programs has in-
creased dramatically with the expan-
sion of universal screening26; however,
it is unlikely that this program would
have impacted the prevalence for this
survey. The lower prevalence of mod-
erate to profound hearing loss from
the NHIS was limited to 2006–2008; in
2008, there was a modification in the
moderate to profound hearing loss
categories, which makes it difficult
to determine whether this lower
trend continues. More data are
needed to better understand this
finding.

Factors responsible for increases in
autism and ADHD are numerous. Avail-
ability of services and in how the ser-
vice system classifies children with be-
havioral disorders has progressed as
we learnmore about the advantages of
earlier interventions. Improvements in
clinical, parental, and societal recogni-
tion of and screening for these disor-
ders have occurred. For example, we
have national campaigns to increase
awareness of autism,27 and the
American Academy of Pediatrics has
incorporated ongoing monitoring of
a child’s development as a practice
recommendation for pediatricians in
2007.28 Another contributing factor
may be the efficacy of medications and
behavioral treatments for ADHD.29

There also has been an increase in the
prevalence of known prenatal risk fac-
tors for these conditions. Examples in-
clude increases in the prevalence of
preterm birth and the recognition of
the full range of potential adverse
developmental consequences of late
preterm birth,4,5 shifts toward older
parental age, and increases in the
prevalence of assisted reproductive
technologies and possibly other hor-
monal infertility treatments and the
consequent increase in multiple
births, each of which is associated TA
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with adverse developmental out-
comes.30 Finally, given that the shift in
developmental disability prevalence
over time seems to be focused on con-
ditions that are based on an emotional
or behavioral phenotype, a societal
shift in the acceptance and destigma-
tization of such conditions in young
children also may play a role.31

Several of our findings regarding the
descriptive characteristics of children
with developmental disabilities were
noteworthy. Others studies have re-
ported lower prevalence estimates for
autism and ADHD in Hispanics,12,14,32,33

although findings from more recent
studies suggest that the gaps may be
closing.13 Rather than these patterns
reflecting true differences, they are
more likely the result of language bar-
riers, lack of access to services, and
health insurance coverage. The pre-
dominance of boys with developmental
disabilities also was remarkable. Al-
though the increased gender ratio for
selected developmental disabilities is
well described, this study showed the
pattern present for nearly all develop-
mental disabilities. Some of this is cer-
tainly biological, such as X-linked genetic
disorders that result in intellectual dis-
abilities and other functional limitations.
Others have described a cultural fac-
tor related to greater incentive for
case finding in boys compared with
girls.34 Alternatively, there may be
gender-specific presentations of some
of the disorders, particularly for condi-
tionswith anexclusively behavior pheno-
type (ADHD and autism) that favor the
identificationofboysovergirls. ADHD isa
goodexample, in that girls tend toexhibit
less of the impulsivity associated with
the disorder and therefore maybe be
less likely to come to clinical attention.35

Regarding socioeconomic inequities,
public health insurance coverage

seemed to be associated with a higher
prevalence of developmental disabili-
ties; low family incomeand lowmaternal
education had similar but less signifi-
cant impacts. Larson and Halfon36

showeda similar inverse socioeconomic
gradient with family income and the
prevalenceof ADHD, learningdisabilities,
and speech problems but not autism.
Some of the impact with public insur-
ance is likely reflecting eligibility for
Medicaid for children with disabilities.

The strengths of the NHIS are impor-
tant to highlight. The survey has a na-
tionally representative sample that al-
lows for generalizability to the US
population of 3- to 17-year-old chil-
dren. The same set of questions was
asked of parents in each survey year.
As a consequence, this is the only study
able to examine, in detail, trends in
these disorders. The response rate
for the NHIS remained at exemplary
high levels over the 11 years, despite
the challenges of door-to-door sur-
veys, limiting our concerns about the
bias resulting from selectivity and
nonresponse.

Limitations also are important to con-
sider. Parent report of medical condi-
tions is not without error. Inaccurate
reporting can result from parental dis-
tress and the stigma associated with
some of the conditions; the questions
may be misunderstood or there may
be variations in professional terminol-
ogy used for developmental disabili-
ties; for example, autism can be re-
ferred to by more broad or umbrella
terms, such as autism spectrum disor-
ders. Also, specific terms fall out of ac-
cepted use (mental retardation versus
intellectual disability and seizure dis-
order versus epilepsy). A few stud-
ies33,37,38 have examined the validity of
parent report for selected develop-
mental disabilities. Some, but not all,

of the conditions seem to have high va-
lidity (see Boulet et al2 formore detail.)
Ongoing survey research is needed to
maintain the validity of the survey
questions, while balancing the benefits
of historical information to compare
overtime. Finally, although we as-
sumed that many of these conditions
are chronic, in fact, a condition may
resolve to the point where parents or
health care providers may no longer
consider the child as having the disor-
der. Recent evidence13,39 of this was
found for autism, and a longitudinal
study showed considerable changes in
diagnoses over time for children with
physical and emotional or behavior di-
agnoses. Finally, some children in-
cluded in the stuttering or stammering
or seizures categories may have had
transient conditions, resulting in an
overestimation of the prevalence of
these conditions.

CONCLUSIONS

We found that the number of children
with developmental disabilities has in-
creased over the decade. These find-
ings have a direct bearing on the need
for health, education, and social ser-
vices, including the need for more spe-
cialized health services (mental health
services, medical specialists, thera-
pists, and allied health professionals).
Also, the consequent burden on fami-
lies and caregivers will need to be con-
sidered. Finally, more detailed study of
the influence of risk factor shifts,
changes in acceptance, and benefits of
early services is needed to better un-
derstand why these shifts have
occurred.
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Use of Medical Cannabis in Patients with Gilles de la
Tourette’s Syndrome in a Real-World Setting
Dana Barchel,1,* Orit Stolar,2 Tomer Ziv-Baran,3 Itai Gueta,4 Matitiahu Berkovitch,1

Elkana Kohn,1 and Lihi Bar-Lev Schleider5

Abstract
Objective: Tourette’s syndrome (TS) is a neurodevelopmental disorder characterized by vocal and motor tics and
other comorbidities. Clinical recommendations for the use of medical cannabis are established, yet further guid-
ance is needed. The aim of this study was to describe the experience of patients with TS with medical cannabis.
Materials and Methods: TS patients were recruited from a registry of patients (‘‘Tikun Olam’’ company). Ques-
tionnaires were answered before and after 6 months of treatment. Patients were divided into two groups: (A)
patients who responded and (B) patients who did not respond to the follow-up questionnaire. In group A, an
analysis was made to evaluate the presence and frequency of motor and vocal tics. The patients’ general
mood, employment status, quality of life, and comorbidities were also included in the analysis.
Results: Seventy patients were identified. The tetrahydrocannabinol and cannabidiol mean daily dose was 123
and 50.5 mg, respectively. In group A, a statistically significant improvement was identified in quality of life
( p < 0.005), employment status ( p = 0.027), and in the reduction of the number of medications ( p < 0.005).
Sixty-seven percent and 89% of patients with obsessive-compulsive disorder and anxiety comorbidities, respec-
tively, reported an improvement. No statistically significant improvement was identified in motor tics ( p = 0.375),
vocal tics ( p > 0.999), tics frequency ( p = 0.062), or general mood ( p = 0.129). The most frequent adverse effects
were dizziness (n = 4) and increased appetite (n = 3).
Conclusion: Subjective reports from TS patients suggest that medical cannabis may improve their quality of life
and comorbidities. More studies are needed to evaluate the efficacy and safety of medical cannabis.
Registry in the MOH: https://www.moh.gov.sg/ (Trial number: 0185-19-ASF)

Keywords: Tourette’s syndrome; medical cannabis; quality of life; obsessive compulsive disorder; motor and
vocal tics

Introduction
Gilles de la Tourette’s syndrome (Tourette’s syndrome
[TS]) is a neurodevelopmental disorder characterized
by vocal and motor tics that cause distress and func-
tional impairment.1 Based upon the Diagnostic and
Statistical Manual of Mental Disorders (DSM-5), TS
can be diagnosed by the presence of two or more

motor tics and at least one vocal tic, occurring multiple
times a day, nearly every day, for longer than a year,
with onset before the age of 18.2 Tics are described as
sudden movements or vocalizations, which are repeti-
tive and stereotypical, and may include eye blinking,
jerks of the head, shoulders and torso, facial grimaces,
humming noises, throat clearing, sniffing, grunting or
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Tel-Aviv University, Israel.
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squealing and calling out a word or phrase.1 Dysfunc-
tional neurobiological and psychological processes con-
tribute to the development and continuance of tics;
however, emotional status (i.e., anxiety, frustration)
and behavioral principles play a role in tic exacerbation.3

Tics can be associated with a poorer quality of life
and up to 88% of patients reported that tics have a neg-
ative effect on their social skills, relationships and dif-
ficulties at school.4 Comorbid disorders, in particular
obsessive–compulsive disorder (OCD), attention defi-
cit and hyperactivity disorder (ADHD), and depression
and anxiety disorders are reported in most patients.5

These comorbidities compound to worsen social diffi-
culties and quality of life measures in TS patients.5

The pathophysiology of TS is still incompletely un-
derstood. Studies demonstrated a loss of inhibition
resulting from abnormalities in brain, specifically the
GABA and dopaminergic pathways.6 Based on the
fact that the endocannabinoid system plays a para-
mount role in basal ganglia function by modulating
the activity of key neurotransmitters, including dopa-
mine, glutamate, and GABA and thereby, influences
different motor responses,7 a ‘‘cannabinoid hypothesis’’
has been suggested in TS.8

Dopamine plays an important role in TS. Dopamine-
blocking drugs are used to reduce tics, dopamine ago-
nists are known to enhance tics, and the level of the
dopamine metabolite, homovanillic acid, has been
found to be reduced in the cerebrospinal fluid of TS
patients.8 Neuroimaging studies using various methods
of single-photon emission computed tomography
(SPECT) have demonstrated increased dopamine trans-
porter binding and different dopamine D receptor bind-
ing in monozygotic twins discordant for TS.9,10 Specific
binding of [123I]AM281 to CB1 receptors using SPECT
was also detected in TS patients when evaluating the
treatment of tetrahydrocannabinol (THC).11 Berding
et al conducted a pilot [123I]AM281 SPECT study of
CB1 receptor binding in TS patients before and during
9-THC therapy, imaging the central cannabinoid CB1
receptors in vivo, but found no significant difference in
tracer binding to CB1 receptor values.11

On the other hand, in a recent study, elevated endo-
cannabinoid levels in TS patients were found, possibly
reflecting secondary changes to compensate for alter-
ations in other neurotransmitter systems such as the
dopaminergic system or possibly representing the pri-
mary cause of TS.12

The treatment of TS includes both behavioral inter-
ventions and pharmacological treatments. Some of the

conventional drugs, including nondopaminergic agents
and typical and atypical antipsychotics, are associated
with intolerable adverse effects.13 Clinical recommen-
dations were published in 2019, which included treat-
ment with cannabis-based medication in otherwise
treatment-resistant adults with TS as an official recom-
mendation.14 In 2021, the treatment guidelines of the
European Society for the Study of Tourette’s syndrome
were updated with similar recommendations.15

As of today, the experiences with medical cannabis
in TS patients is limited and further research is need-
ed.14,15 In a literature review we found that the first re-
ports of the beneficial effects of cannabis for TS were
published in the late 80s and 90s and described TS pa-
tients who reported previous use of marijuana with im-
provements in TS symptoms.13,16 Treatment of TS
patients with THC was first described by Müller-Vahl
et al in the late 90s, followed by two studies: a random-
ized crossover trial and a 6-week randomized trial,
demonstrating a reduction in both tics and OCD be-
haviors.17–19 More recent publications include a case
report of a successful treatment with vaporized canna-
bis20 and two publications of a single center’s experi-
ence with TS patients that describe results from a
telephone interview21 and an online survey.22

The use of medical cannabis in children is rapidly
growing. The current knowledge on the longterm side-
effects of cannabinoids is based mainly on follow-up
data from cannabis users.23 Exposing children and
young adults to medical cannabis early in life is inadvis-
able, because it may cause chronic adverse effects on
brain development that increases the risk of psychosis.24

There are case reports in children with TS who were
treated successfully with medical cannabis as a last-resort
therapy in which no adverse events were reported.20,25,26

Hasan et al described a 15-year-old boy with refractory
TS and ADHD that was successfully treated with D9-
THC.23,25 Szejko et al published a case report of a 7-
year-old boy diagnosed with TS and ADHD who failed
on conventional treatment but had significant improve-
ments in tic reduction, ADHD symptoms, mood, stress,
and quality of life when treatment was augmented with
oral THC.26 In another publication, Szejko et al describe
a case of a 12-year-old boy diagnosed with TS who was
successfully treated with a combination of vaporized
medicinal cannabis and oral pure THC.20

In this study, we aimed to describe the real-life expe-
riences and to assess the long-term effects of patients
with TS using medical cannabis by collecting data
from reports from a single medical center.

2 BARCHEL ET AL.
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Materials and Methods
TS patients were identified from a medical cannabis
clinic’s patient registry. Diagnosis was made by a neu-
rologist, according to the DSM-5 criteria.2 Patients
received a license for the use of medical cannabis
under the indication of TS from the Israeli Ministry
of Health. Before dispensing cannabis to patients,
they were instructed by an experienced nurse practi-
tioner on proper administration. The cannabis prep-
aration (oil solution or inflorescence) was made by
an approved supplier in Israel (Tikun Olam, Inc., Is-
rael). Each patient completed a questionnaire before
treatment and 6 months after treatment according
to the standard treatment process at the clinic. Inclu-
sion criteria included patients diagnosed with TS
who were treated with medical cannabis for the TS
indication.

Patients under 9 years of age were excluded. In most
studies, TS starts at a mean age of around 6.7 years
(range 1–17), beginning first with motor tics, followed
by vocal tics at around age 9. This is why the age thresh-
old chosen in our study was 9 years old.27 Patients were
divided in two groups: group A patients answered the
questionnaire before treatment and after 6 months of
active treatment and group B patients answered the
questionnaire before treatment but did not respond to
the 6-month follow-up questionnaire.

We analyzed and compared the baseline characteris-
tics of patients with and without the follow-up ques-
tionnaire, the presence of vocal and motor tics, tics
frequency, quality of life, general mood, employment
status, and number of medications of conventional
treatment. The number of medications was analyzed
as a continuous variable. All other variables were cate-
gorical. Information about the types of conventional
drugs used and the drugs that were discontinued was
not fully reported and, therefore, was not included in
the analysis. Vocal and motor tics were categorized as
either present or absent based on the reports of partic-
ipants. Tic frequency was scaled as daily or weekly.
Quality of life was measured on a 5-point Likert scale
from very low to very high. This was rated by the pa-
tient as part of a self-assessment.28 General mood was
categorized as positive, neutral, or negative.

In group A, a subanalysis of the changes after 6
months was made for all seven parameters and the
comorbidities, OCD and ADHD. Reports of adverse
events were recorded from the questionnaires and
coded using the Medical Dictionary for Regulatory
Activities.29 The study was approved by the local

Research Ethics Committee. The need for informed
consent form was removed, due to the retrospective na-
ture of the data analysis.

Statistical analysis
Categorical variables were described as frequency and
percentage. Continuous variables were evaluated for
normal distributions using histogram and Q-Q plot.
They were reported as median and interquartile
range. Chi-square test and Fishers’ exact test or
Mann–Whitney tests were applied to compare categor-
ical and continuous variables, respectively, between
those who continued the treatment at 6 months and
those who stopped and between those who participated
in the follow-up study and those who did not. The
McNemar and Wilcoxon signed-rank tests were used
to compare categorical and continuous variables be-
tween the two time points. All statistical tests were
two sided and p < 0.05 was considered statistically sig-
nificant. SPSS (IBM SPSS Statistics for Windows, ver-
sion 25; IBM corp., Armonk, NY, USA, 2017).

Results
Eighty patients with the diagnosis of TS were included
in the study. Of them, 70 patients met inclusion crite-
ria. Ten patients did not meet inclusion criteria due to
medical cannabis treatment for other indications and
were excluded from the study. Out of 70 patients, 57
were males (81.4%) and 13 were females (18.6%).
Median age was 31 years (range 9–64); seven patients
were under 18 years of age. The use of conventional
drug therapies for TS was reported by 28 patients.
The most common drug groups were selective seroto-
nin reuptake inhibitors (SSRI’s), atypical antipsychot-
ics, and monoamine depletors. Group A included 57
patients who completed the 6-month questionnaire,
three of which were under 18 years of age (two patients
were 16 and one patient was 15). Group B included 13
patients who did not complete the 6-month question-
naire. In the comparison of baseline characteristics
and categorical variables between groups A and B, no
significant differences were found (Table 1).

In group A (n = 57) there were 47 males (82%) and
10 females (18%). Of them, 46 patients answered the
sections on cannabis consumption, product type, and
daily dose. THC and cannabidiol average daily doses
were 123 and 50.5 mg, respectively. Sixty-nine percent
of participants used products with a high THC dose
(Table 2). Forty patients (70%) used more than one
cannabis product.
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Six months after initiation of the medical cannabis
treatment, patients responded to the same question-
naire again (group A; Table 3).

Vocal tics
Information on 48 (84%) patients who had vocal tics
was available. Twenty-six (54.2%) patients reported
no change after 6 months of treatment. Five (10.4%)
patients reported an improvement, and four (8.3%) pa-
tients reported worsening. Thirteen (27%) patients
reported no presence of vocal tics before or after treat-
ment. The improvements were not statistically signifi-
cant ( p > 0.999).

Motor tics
Information on 49 (86%) patients who had motor tics
was available. Forty-four (89.8%) patients reported no
change after 6 months of treatment. Four (8.7%) pa-
tients reported an improvement and one (2.2%)
reported worsening. The improvements were not sta-
tistically significant ( p = 0.375).

Tics frequency
Information on 45 (79%) patients was available.
Thirty-seven (82%) patients reported no change after
6 months of treatment. Six (13.3%) patients reported
an improvement and two (4.4%) patients reported
worsening. The improvement was not statistically sig-
nificant ( p = 0.062).

OCD and anxiety disorder in group A
Of the 57 patients, 9 (15.7%) patients reported OCD as
a comorbidity. Of those nine, six (67%) patients
reported an improvement, two (22%) patients reported
no change, and one (11%) patient reported worsening
of OCD. Nineteen of 57 (33.3%) patients reported an
anxiety disorder. Of those 19, 17 (89%) patients
reported an improvement, and 2 (11%) patients
reported no change.

Quality of life
Information on 43 patients was available. Thirty (69.8%)
patients reported an improvement, 11 (25.6%) patients
reported no change, and 2 (4.6%) patients reported
worsening. The improvement was statistically signifi-
cant ( p < 0.005).

General mood
Information on 44 patients was available. Twenty-five
(56.8%) patients reported no change. Thirteen (29.3%)
patients reported an improvement, and six (13.7%) pa-
tients reported worsening. The improvement was not
statistically significant ( p = 0.129).

Employment status
Information on 43 patients was available. Twenty-nine
(67.5%) reported no change. Eight (18.6%) patients
reported a change of status, from unemployed to
employed or student. The change was statistically sig-
nificant ( p < 0.05).

Table 1. A Comparison of Baseline Characteristics
Between Groups A (Responded to Follow-Up)
and B (Lost to Follow-Up)

Baseline characteristics
at time zero

Group A
(n = 57)

Group B
(n = 13) p-Value

Gender (male), n (%) 47 (82.5) 10 (77) 0.697
Median age (years) 31 30.5
Presence of motor tics (%) 51 (96.2) 12 (92.3) 0.740
Presence of vocal tics (%) 37 (67) 10 (77) 0.634
Tics frequency (daily) 49 12 0.488
General mood (positive, %) 22 (42.3) 4 (33.3) 0.195
Employment status

(employed, %)
27 (48.2) 8 (61.5) 0.236

On current medication (%) 38 (69) 6 (46.2) > 0.999

Table 2. List of Medical Cannabis Products Used
and Description of THC and Cannabidiol Concentrations
for Each Product

Product name
No. of

patients

Daily
average

consumption
(in grams)

Daily
average

mg of THC

Daily
average

mg of CBD

Erez flowers 35 0.41 74.52 –
Alaska flowers 23 0.47 84.26 –
Midnight flowers 14 0.54 65.25 58.50
Avidekel flowers 4 0.41 4.13 74.25
Avidekel oil

15% CBD
12 0.32 3.16 47.45

Erez oil 15% THC 11 0.37 55.64 –

CBD, cannabidiol; THC, delta-9 tetrahydrocannabinol.

Table 3. The p Values for 6 Months Improvement
Evaluation of Group A (Patients in Follow-Up)

Categorical variables p-Value

Quality of life < 0.005
General mood (positive) 0.129
Employment status 0.027
Presence of motor tics 0.375
Presence of vocal tics 0.999
Tics frequency (daily) 0.062
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Number of medications
Twenty-eight patients reported the use of conventional
drugs for TS during the study period, using medical
cannabis as a supplemental treatment. The average
number of medications was 2 (range 0–7) before treat-
ment and 0.5 (0–1) after 6 months of treatment. The
decrease in medications was statistically significant
( p < 0.005).

Adverse events were relatively minor. The most fre-
quent adverse events reported (Table 4) were dizziness
(n = 4), increased appetite (n = 3), fatigue (n = 3), and
dry mouth (n = 3).

Discussion
A statistically significant improvement in quality of life
( p < 0.005), employment status ( p = 0.027), and reduc-
tion in the number of medications ( p < 0.005) was
found, with a statistically significant number of patients
reporting improvements in OCD and anxiety symp-
toms after 6 months of treatment (group A). No statis-
tically significant improvement was observed in motor
( p = 0.375) and vocal ( p > 0.999) tics.

The majority of TS patients experience poor quality
of life and social and relationship difficulties. School
performance and employment status are also reported
to be affected by TS.5 In 2008, Cavanna et al published
a health-related measure specifically for TS cohorts,
called the Gilles de la Tourette Syndrome-Quality of
Life Scale.30 In 2013, Cavanna et al conducted a survey
to evaluate TS patients’ quality of life, reviewing 13
studies that investigated health-related quality of life
in adults and/or young people with TS.31 They con-
cluded that the severity of tics and the presence of
comorbidities, particularly OCD and anxiety disorder,
are associated with a poorer quality of life31,32; how-

ever, conventional treatment typically only slightly re-
duces these TS symptoms.25

Our study showed a statistically significant improve-
ment in patients’ quality of life ( p < 0.005), measured
from 1 to 5 on a 5-point Likert scale (very low to
very high) reported by the patient. These findings coin-
cide with the improvements in OCD and anxiety disor-
der comorbidities.

A statistically significant reduction in the number of
conventional medications used was observed in our
study ( p < 0.005). Patients reported that this reduction
was made in consultation with their primary care phy-
sician. This may suggest that medical cannabis contrib-
utes to an overall improvement in TS symptoms with
less potential side effects.

Müller-Vahl et al studied the efficacy of THC treat-
ment for TS patients, focusing on how the treatment
improved motor and vocal tics.18,19 Tic severity was
measured according to the Shapiro Tourette’s Syn-
drome Severity Scale, The Tourette’s Syndrome Global
Scale, and the Yale Global Tic Severity Scale
(YGTSS).33 OCD was assessed using a self-rating
scale (Tourette’s syndrome symptom list [TSSL]).
Patients reported improvements in OCD; however,
TSSL scores were only collected after administration
of a daily single dose of THC for 2 days, at the first
24 h postadministration.18 In a follow-up 6-week ran-
domized study, Müller-Vahl et al found an improve-
ment in motor and vocal tics.19 In that study, TS
patients were treated for over 6 weeks with up to
10 mg/day of THC and tics were rated at six visits
according to the same scales.

Results showed an improvement in motor and vocal
tic severity.19 Our study did not find a statistically sig-
nificant improvement in motor or vocal tics or in tic
frequency; however, these results are limited in that
the method of evaluation we utilized lacks the sensitiv-
ity of the scales used in other literature (i.e., YGTSS).34

In other scales, the assessment is performed by rating
tic severity according to number, frequency, intensity,
complexity, and interference of tics.

The information collected from this cohort of pa-
tients sheds light on the impact of prolonged cannabis
treatment’s role in improving TS comorbidities, quality
of life, social integration, and employment status of TS
patients. Our study has some limitations. The sample
size was small with no control group, the tics assess-
ments were not performed using objective measures,
and the information on conventional medications
used or stopped was missing.

Table 4. Adverse Events Reported in the Study

Adverse events Number of reports

Dizziness 4
Increased appetite 3
Fatigue 3
Dry mouth 3
Decreased memory and concentration 2
Fear 2
Illuminations 1
Headache 1
Lightheadedness 1
Restlessness 1
Nausea 1
Itching 1

Dizziness, increased appetite, fatigue, and dry mouth were the most
frequently reported.
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While the use of medical cannabis for the TS indica-
tion is increasing, the effect of medical cannabis on TS
patients needs to be further studied. Most TS patient’s
reports on quality-of-life improvements are docu-
mented in social media networks and were not able
to be appropriately quantified in this study. We did
show that quality of life was improved in two-thirds
of participants, likely due to the reduced anxiety and
OCD symptoms. Our findings suggest that medical
cannabis may be an effective and safe option to im-
prove comorbidities and quality of life in TS patients.
Medical cannabis effectiveness should be further evalu-
ated in large-scale randomized clinical trials.
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Abstract
The challenge of sustainably integrating highly educated individuals with ASD
without intellectual disabilities in the first labor market is repeatedly described in
literature. In a retrospective study, a group of 197 clinically late-diagnosed adults
with ASD without intellectual disabilities was compared to a closely matched
group of 501 individuals who did not meet the criteria for the diagnosis of ASD
within a utilization population of the Cologne Autism Outpatient Clinic. Results
indicated that the pronounced demand for reduction of social and interpersonal
requirements at the workplace (including planned or limited contact with col-
leagues and customers) as well as the experience of difficulties following unex-
pected changes in the daily routine were specific for ASD. In addition, individuals
with ASD reported greater difficulties in finding a suitable job and being able to
live on their wages, taking age and educational qualification into account. Sup-
ported employment measures were provided significantly more frequently to indi-
viduals in the ASD group. In conclusion, impairments in social skills emerged as
one of the main obstacles of workplace performance for individuals with ASD
emphasizing the necessity to develop and apply ASD-specific support services.

Lay Summary
Individuals with autism spectrum disorder (ASD) without intellectual disabilities
show high unemployment rates despite high level of education. In order to achieve
a cooperative interaction between people with and without autism, barriers that
people with autism face in their working life should be spelled out. We studied
698 persons who visited the Adult Autism Outpatient Clinic, in 197 the diagnosis
was confirmed, in 501 cases the diagnosis was not confirmed. Results indicated
that, while all individuals in the sample had requirements for adjustment of the
working environment, individuals with ASD reported a specific need for reduc-
tion of social and interpersonal requirements and for structured daily routines at
work. Further, individuals with ASD reported difficulties in finding a suitable
employment with sufficient salary also influenced by age and school education. In
addition, individuals with ASD in the tested sample were more often supported
by sheltered training measures (‘supported employment’). In conclusion, difficul-
ties in dealing with social skills demands were one of the main factors challenging
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workplace performance for individuals with ASD, which requires ASD-specific
support services.

KEYWORDS
adults, autism, employment, experiences, workplace requirements

INTRODUCTION

The clinical diagnosis of an Autism spectrum disorder
(ASD) is characterized according to ICD-10 by impair-
ments in social interaction and communication as well as
restrictive, inflexible behavior patterns (American Psychi-
atric Association, 2013). Behavioral, cognitive, social,
and sensory characteristics occur in varying degrees of
severity, and the diversity and classification of the differ-
ent manifestations is becoming increasingly important
(Bottema-Beutel et al., 2020; Buijsman et al., 2023; Bury
et al., 2020; Happé, 1999; Kapp et al., 2013; Johnson &
Joshi, 2016; Monk et al., 2022; Sarrett, 2017;
Tepest, 2021). Despite growing public awareness of
autism, the psychosocial outcomes of people with ASD
lag behind those of non-disabled adults and people with
other disabilities (Shattuck et al., 2012). Unemployment
rates are alarmingly high in autism (Espelöer et al., 2022)
and it is time to draw society’s attention to the needs of
people with autism in the working environment in order
to enable them to join the labor market, from which all
parties could benefit, considering special strengths people
with autism could bring to the workforce (Johnson &
Joshi, 2016; Sarrett, 2017). However, in the labor market,
social skills are often required, which presents a major
challenge for individuals with ASD (Arora, 2017;
Fazekas, 2020; Riggio, 2020). Already the job applica-
tion process is a challenge for individuals with ASD,
requiring flexibility and adaptation to new routines, over-
coming miscommunication as well as social interaction
deficits (Baldwin et al., 2014; Hurlbutt &
Chalmers, 2004; Müller et al., 2003; Sarrett, 2017).
Accordingly, asking about challenges in working life,
individuals with ASD report difficulties in understanding
expectations of employers or colleagues, recognizing
implicit as well as explicit statements, and completing
work assignments to the correct degree and period. Diffi-
culties are reported in dealing with customer contact and
in adapting quickly to unfamiliar situations and
demands. Social requirements in particular represent a
barrier that often cannot be overcome and interpersonal
difficulties are more likely to cause termination than pro-
fessional problems (Espelöer et al., 2022; Hurlbutt &
Chalmers, 2004; Müller et al., 2003; Proft et al., 2016).

When asking people with ASD about their specific
requirements for their work environments, the needs for
limited social interaction, clear communication, reduced
sensory input, support in prioritization and sufficient
time to learn new tasks were expressed (Kirchner &
Dziobek, 2014; Müller et al., 2003; Proft et al., 2016).

Furthermore, the possibility of flexibly structuring their
daily working schedule according to individual needs as
well as consistent, predictable and clearly defined work
assignments appear to be important. Nevertheless, intel-
lectual demands must not lose relevance (Baldwin
et al., 2014; Müller et al., 2003). Hence, alarmingly
increased unemployment rates of up to five-fold higher
compared to the general population (Espelöer
et al., 2022; Maslahati et al., 2022) or underemployment
paired with over-education in individuals with ASD with-
out intellectual disabilities are the results (Baldwin
et al., 2014; Frank et al., 2018; Hurlbutt &
Chalmers, 2004; Maslahati et al., 2022; Riedel
et al., 2016). Roux et al. (2013) described lower wages for
individuals with ASD compared to individuals with
learning or language difficulties or other mental health
problems. Additionally, individuals with ASD without
intellectual disabilities often need specific support, but
are at the same time at higher risk of being overlooked in
support services compared to individuals with other dis-
abilities because of preserved intellectual abilities
(Baldwin et al., 2014; Chen et al., 2015; Espelöer
et al., 2022; Kirchner & Dziobek, 2014; Lehnhardt
et al., 2012; Roux et al., 2013; Shattuck et al., 2012;
Vogeley et al., 2013). Especially in the transition period
of the first two years after leaving school, support seems
to be of great importance so that individuals with ASD
can enter working life successfully (Chen et al., 2015;
Shattuck et al., 2012).

The importance of social competences in the work-
place poses a challenge for people with mental disorders,
as various disorders are associated with impairments in
social interaction and communication, which might cause
challenges in finding and maintaining suitable work-
places (Arora, 2017; Brunello & Schlotter, 2011;
Fazekas, 2020; Olesen et al., 2013; Riggio, 2020).
Autism-specific social characteristics should receive spe-
cial scrutiny because, in particular, the psychosocial out-
comes of young adults with ASD lag behind compared to
persons with other mental disorders or disabilities and
comparable demographics (Chen et al., 2015;
Howlin, 2013; Howlin & Moss, 2012; Roux et al., 2013;
Shattuck et al., 2012).

To gain a better understanding of specific needs of
late-diagnosed individuals with ASD, the current study
includes a clinical comparison group of individuals
referred for diagnostic assessment to our autism outpa-
tient clinic, for whom a diagnosis of ASD was ruled out
(see Bloch et al., 2021; Falter-Wagner et al., 2022). This
group of persons, who share many features with persons
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with ASD, represents a particularly informative compari-
son group, as a comparison allows differentiation of
autism-specific needs for the working environment over
and above needs across F-diagnoses with social interac-
tion challenges. Indeed, our results show that comparing
these two groups of patients with social interaction chal-
lenges, either with or without ASD, there were very spe-
cific needs reported by study participants with ASD.
Only a thorough understanding of these specificities can
lead to alignment of therapeutic support services and
development of specific employment services for individ-
uals with ASD different from those for individuals with
social interaction difficulties without ASD. The current
study sought to approach an autism-specific profile in
working life. The (i) first aim was to present the educa-
tional, vocational, and employment situation of individ-
uals with ASD in comparison with those of a close
clinical comparison group in order to identify indications
of specific differences of persons with ASD. To investi-
gate this research question, the first part of a vocational
questionnaire (Proft et al., 2016; see section Instrument)
was used referred to as ‘professional development’. The
(ii) second aim was to identify specific characteristics
regarding workplace experiences and needs of the ASD
group by investigating differences between these two
groups. Here, the second part of the vocational question-
naire ‘specific workplace characteristics’ was used.

METHOD

Participants

Data were obtained retrospectively from the clinical
database of the Adult Autism Outpatient Clinic, Depart-
ment of Psychiatry, of the University Hospital of
Cologne, Germany, partially overlapping with the sam-
ple of a previous study that focused on unemployment
rates (see Espelöer et al., 2022). 3520 individuals were
referred for diagnostic assessment during the period of
2014 to 2021 and received a vocational questionnaire
(Proft et al., 2016) before their first interview to assess
their employment situation. 1877 questionnaires were
returned corresponding to a response rate of 53.3%.
852 of 1877 individuals completed the diagnostic process.
Data of persons presenting with questionnaires with more
than five missing values were excluded from the current
analysis. Further, we excluded data of individuals with-
out completed school education, mentally disabled per-
sons, and individuals diagnosed with other pervasive
developmental disorders (F84.8, F84.9). In total, 698 indi-
viduals were included in the current analysis. The sample
consists of two groups, 197 individuals were clinically
diagnosed with ASD according to ICD-10 (WHO, 1992)
criteria (ASD+ group), whereas in 501 individuals a
diagnosis of ASD was ruled out (ASD- group). In the
ASD group, 85.3% of individuals were diagnosed with

F84.5 (n = 168), 9.6% with F84.0 (n = 19), and 5.1%
with F84.1 (n = 10).

Individuals attended the outpatient clinic for diagnos-
tic clarification, usually based on suspected ASD due to
social emotional symptoms. Registration for diagnosis in
the outpatient clinic is subject to referral and thus based
on a prior assessment by a psychiatrist or clinical psy-
chologist. All individuals included in the current study
showed Autism-Spectrum Quotient (AQ, Baron-Cohen
et al., 2001) values above the clinical cut-off of 32. Diag-
nostic procedures complied with the German guidelines
on ASD (Association of the Scientific Medical
Societies, 2016) and were based on consensus diagnoses,
which involves the independent assessment of at least two
experienced clinicians. The exclusive aim is to verify or
reject the diagnosis of ASD, possible differential diagno-
ses cannot be systematically investigated in detail because
of time limitations. Individuals in both groups reported
social difficulties, individuals in the ASD- group, how-
ever, did not fulfill criteria for any diagnosis within the
classification of pervasive developmental disorders (ICD-
10 F84). IQ testing is not standard in the diagnostic pro-
cess. Due to a high educational qualification level in our
sample (see Table 2), we assume that cognitive disabilities
did not influence our results (Ritchies et al. 2018).

The average age of the ASD+ sample was 36.5 years
(19–67), of which 62 (31.5%) individuals identified as
female, 135 (68.5%) identified as male. In the ASD-
group, the average age was 39.5 (18–70), 188 (37.5%)
individuals identified as female and 313 (62.5%) identi-
fied as male. Groups did not significantly differ in gender
(Χ 2(1) = 2.25, p = 0.133, N = 698). A significant differ-
ence was found for age, individuals in the ASD- group
were older than individuals in the ASD+ group
(U = 42,070, p = 0.002) (see Table 1).

Instrument

The vocational questionnaire (Proft et al., 2016) was com-
pleted before starting the diagnostic procedure and before
communicating diagnostic results. The questionnaire was
designed based on statements regarding personal workplace
experiences and wishes for an ideal workplace of individuals
with ASD in a prior qualitative study (Proft et al., 2016).
The vocational questionnaire (Proft et al., 2016) consists of
the two parts ‘professional development’ and ‘specific
workplace characteristics’. The second part again comprises
the two categories ‘Wishes and requirements for an ideal
workplace’ (W) and ‘Workplace experiences’ (E).

‘Professional development’

The first part is referred to as ‘professional development’
and captures descriptive data about formal education
level, occupational skill level, employment status,
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psychosocial situation, periods of unemployment, and
frequency and reasons of terminations (The German
translation of levels of formal qualification attached as
Supplementary material and Espelöer et al., 2022).

‘Specific workplace characteristics’

The second part ‘specific workplace characteristics is
composed of the two categories ‘Wishes and require-
ments for an ideal workplace’ (W) and ‘Workplace expe-
riences’ (E). Items were reversely coded where required
prior to calculations.

‘Wishes and requirements for an ideal workplace’ (W).
Ratings were performed using a 5-point Likert scale (“very
important”, “important”, “moderately important”, slightly
important”, and “unimportant”). This category of the ques-
tionnaire originally consists of 44 items (e.g. “W_02 Few
people in the working environment”; “W_35 Retreat possi-
bilities during breaks and/or when overstrained in the daily
work routine”). Initially, the questionnaire was designed to
examine individuals with ASD. Two items that required an
existing ASD diagnosis were excluded from the analyses
(“Informing people in the working environment about the
autistic condition”; “Increasing awareness of autistic disor-
ders”). Forty-two items were included in the present
analyses.

‘Workplace experiences’ (E). Ratings were per-
formed using a 5-point Likert scale (“strongly agree”,
“agree”, “undecided”, “disagree”, and “strongly dis-
agree”). The category of the questionnaire originally con-
sists of 39 items (e.g. “E_04 I do not have common topics
of conversation with colleagues”; “E_13 Shifting appoint-
ments and changes in the daily schedule at short notice
(e.g. due to unforeseen meetings) are problematic for
me”). Initially, the questionnaire was designed to examine
individuals with ASD. Seven items that required an exist-
ing ASD diagnosis were excluded from the analyses
(e.g. “My employer mainly tries to meet my autistic needs
through concrete interventions (e.g. individual office)”).
Thirty-two items were included in the present analyses.

Basic statistics

‘Professional development’

For group comparisons, Chi square tests of association
and Mann Whitney U tests were used.

‘Specific workplace characteristics’

The distribution of the dataset was checked using Little’s
Missing Completely at Random Test (Little, 1988). For
both parts of the questionnaire (‘Wishes and requirements
for an ideal workplace’ (W) and ‘Workplace experiences’
(E)), we expected that values were missing by chance.
Missing values were replaced by the procedure of multi-
ple imputation if not more than five values were missing.
Data did not meet the assumption of normality and thus
non-parametric tests were used.

An exploratory factor analysis was performed in order
to reduce the complexity of the data. The exploratory
approach has to be taken into account when describing and
interpreting results (Bender & Lange, 2001). The required
assumptions for factor analysis were met: The Kaiser-
Meyer-Olkin coefficient (Kaiser & Rice, 1974) showed high
values greater than 0.8, respectively (E: KMO = 0.831, W:
KMO = 0.883), all MSA-coefficients showed values greater
0.5, and results of the Bartlett’s tests of sphericity
(Bartlett, 1951) were significant (E: Χ 2(496) = 6997,
p < 0.001, W: Χ 2(861) = 8914, p < 0.001). After generating
factors, post hoc comparisons were performed using reli-
ability analyses and non-parametric Mann–Whitney
U tests. To account for influences of age and school educa-
tion on the results we employed linear regressions.

The number of factors to be extracted was determined
using Horn’s parallel analysis. Here, the eigenvalue pro-
gression and the scree plot were examined (see Supple-
mentary material). In addition to the statistical analysis,
the practical content-related importance of the respective
items were taken into account as well. Items with a main
factor loading of at least 0.4 (Gaskin & Happell, 2014)

TABLE 1 Group descriptive

ASD + N % ASD-N % Χ 2 Df p

Male 135 68.5 313 62.5

Female 62 31.5 188 37.5 2.25 1 0.133

M (Mdn) SD Range M (Mdn) SD Range U

Age 36.5 (36.0) 11.7 19–67 39.5 (39.0) 11.6 18–70 42,070 0.002

School educationa 2.24 (2.00) 1.18 1.97 (2.00) 1.06 42,914 0.009

Note: Descriptive statistics by group.
Group: ASD+ = diagnosed with autism spectrum disorder, ASD- = diagnosis of autism spectrum disorder ruled out; Χ 2 = Chi square test of association; U = Mann
Whitney U test; N = sample size; M = mean value; Mdn = Median; SD = standard deviation.
*p < 0.05.
aLow values indicate higher educational qualifications (scored 1 to 5).
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were included in the analysis. An item-rest correlation of
≥0.3 is suggested for an item to be included in a factor.

RESULTS1

‘Professional development’

Education. Group comparisons show that individuals in
the ASD- group were more highly educated compared to
individuals in the ASD+ group (U = 42,914, p = 0.009).
Significantly more individuals without ASD (ASD-) have
achieved university entrance-level qualification (Χ 2(1)
= 8.84, p = 0.003, φ = 0.113). In contrast, a significantly

lower proportion of individuals without ASD (ASD-)
reached basic secondary education (Χ 2(1) = 9.66,
p = 0.002, φ = 0.118) (Table 2).

Vocational qualification, (Un)Employment, and Ter-
mination. Vocational qualifications following school
education, comprising successfully completed academic
degree and vocational training, did not significantly dif-
fer between groups, (Χ 2(1) = 3.51, p = 0.061,
φ = 0.072). Supported employment measures2 were pro-
vided significantly more frequently to individuals in the
ASD+ group, (Χ 2(1) = 9.78, p = 0.002, φ = 0.120)
(Figure 1). In the ASD- group an increased employment
status was found, but differences were not significant,

TABLE 2 School education

School education

Group

ASD+ % ASD- % Χ 2
(1) p φ

University entrance-level qualification 53.3 65.5 8.84 0.003* 0.113

General certificate of secondary education 27.9 24.4 0.897 0.344 0.036

Basic secondary education 18.8 10.1 9.66 0.002* 0.118

Note: Values in % by group.
Group: ASD+ = diagnosed with autism spectrum disorder, ASD- = diagnosis of autism spectrum disorder ruled out; Χ 2 = Chi square test of association; φ = effect size.
*p < 0.05; low values indicate greater impairments.

69.0 24.9 44.2
2.0

11.2

6.1

11.7 43.4
24.5 14.3

4.1

8.2

76.0 30.2 45.8
3.3

11.1

1.6

10.5 51.6
19.9 11.4

6.3

4.9

%

VOCATIONAL QUALIFICATION

VOCATIONAL QUALIFICATION AND EMPLOYMENT
STATUS

ASD+ ASD-

EMPLOYMENT

F I GURE 1 Vocational qualification and employment status by group, values in %. Group: ASD+ = diagnosed with autism spectrum disorder,
ASD- = diagnosis of autism spectrum disorder ruled out. *p < 0.05; low values indicate greater impairments.

1It is important to emphasize that exploratory results are reported herein
(Bender & Lange, 2001).

2Supported employment measures describe a program of supportive vocational
qualification aiming at integration into the labor market, e.g. through assistance
in job search, job preparation, or communication with employers (Vogeley
et al., 2013).

ESPELÖER ET AL. 1393

 19393806, 2023, 7, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/aur.2958 by R

iverside M
ethodist H

ospital, W
iley O

nline L
ibrary on [18/11/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



(Χ 2(1) = 3.82, p = 0.051, φ = 0.075). Accordingly, a
higher tendency was found for unemployment rates in
the ASD+ group (Χ 2(1) = 1.75, p = 0.186., φ = 0.051)
(Figure 1).

The similarity of the groups is also evident in the
duration of unemployment (U = 41,085, p = 0.929) as
well as the frequency (U = 39,303, p = 0.722) and reason
of termination. The reasons given for termination by
both groups were mostly interpersonal followed by pro-
fessional difficulties. No group differences were found
with respect to proportion of termination initiated by the
employer versus the employee.

‘Specific workplace characteristics’

First, factor analyses of the categories ‘Workplace experi-
ences’ and ‘Wishes and requirements for an ideal work-
place’ were performed. In the following, group
comparisons were presented for both categories, respec-
tively (see section Group comparisons of the categories
‘Workplace experiences’ and ‘Wishes and requirements
for an ideal workplace’).

‘Workplace experiences’. Taking into account the
result of the factor extraction by Horn’s parallel analy-
sis, the eigenvalue analysis, the scree plot, the content
interpretation as well as the assumption of a minimum
loading of 0.4 and a minimum number of three items
per factor, a three-factor structure appeared to be most
appropriate. A reduction from 32 to 20 items could be
achieved by eliminating items with low main loadings.
No relevant cross-loadings (>0.3) were obtained, so
that the following three factors with a simple structure
pattern were generated (see Supplementary material).
E_Factor 1 ‘Social challenges’ comprises difficulties in
interpersonal interaction and communication, in
understanding social rules, with teamwork, customer
contact, flexibility, or lack of structure. E_Factor
2 ‘Job fit’ comprises sufficiency of salary as well as dif-
ficulties in finding a suitable job. E_Factor 3 ‘Specific
needs’ refers to options to bring in one’s own specific,
individual interests, strengths, and requirements at the
workplace.

Item E_03 was included in E_Factor 3 ‘Specific
needs’ despite a low item-rest correlation of 0.178.
However, the item shows an acceptable factor loading
of 0.406 and contributes content-related to the factor.
The internal consistency of factors 1 and 2 were in the
acceptable range of >0.7. Factor 3 did not meet suffi-
cient but acceptable internal consistency with Cron-
bach’s α of 0.576. The average inter-item correlation
was in the acceptable range of 0.2 to 0.4 for factor
1 and factor 3. An increased value for factor
2 (r = 0.45) indicates a homogeneous factor containing
items that measure the same characteristic (Table 3).
For a factor with a low item count of three items, it is
reasonable to tolerate mean inter-item correlations
>0.4 in order to measure a specific domain
(Bühner, 2011).

‘Wishes and requirements for an ideal workplace’.
When including the factor extraction by Horn’s parallel
analysis, the analysis of the eigenvalues, the scree plot,
content related interpretations, the assumption of a min-
imum loading of 0.4 as well as a minimum number of
three items per factor, a four-factor structure is sug-
gested containing factors with a clear content based dif-
ferentiation. A reduction from 42 to 25 items could be
achieved by eliminating items with low main loadings so
that the following four factors with a simple structure
pattern were generated (see Supplementary material).
W_Factor 1 ‘Social challenges’ comprises specific
requirements for social interaction and communication
in the workplace such as reduced, specific, professional
personal contact with colleagues, supervisors, and cus-
tomers as well as structured daily schedules. W_Factor
2 ‘Job fit’ comprises the need for sufficient salary as well
as permanent employment. W_Factor 3 ‘Specific needs’
comprises the need for individual support, strategies for
dealing with excessive demands, and recognition of indi-
vidual abilities. W_Factor 4 ‘Individual work setting’
comprises the need for specific working conditions such
as home office, individual office, or flexible work
scheduling.

Only one relevant cross-loading (>0.3) was obtained
for item W_27 on factor 1 (0.438) and factor 4 (0.502).
With regard to content-related and statistical fit, the item

TABLE 3 ‘Workplace experiences’

Factor N Number of items S E α r M (SD)

E_Factor 1: Social challenges 698 13 0.559 0.660 0.826 0.27 2.36 (0.642)

E_Factor 2: Job fit 698 4 �0.137 �1.02 0.768 0.45 3.03 (1.13)

E_Factor 3: Specific needs 698 3 �0.506 �0.197 0.576 0.30 3.81 (0.838)

Note: Descriptive statistics of factors of the questionnaire ‘Workplace experiences’.
E = questionnaire ‘Workplace experiences’; N = sample size; S = skewness; E = kurtosis; α = Cronbach’s alpha (internal consistency); r = average inter-item correlation;
M = mean value; SD = standard deviation.
Low values indicate greater impairments.
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was assigned to factor 4. Item W_08 was eliminated
despite a factor loading >0.4 (0.416) due to a low item-
rest correlation of <0.3 (0.249) as well as an increased
internal consistency of the factor when the item is
dropped (Cronbach’s α = 0.598 vs. Cronbach’s α ‘if item
dropped’ = 0.646). Item W_20 was included in factor
4 despite a low item-rest correlation of 0.274. However,
the item shows an acceptable factor loading of 0.448 and
contributes content-related to the factor (see Supplemen-
tary material). The internal consistency of factor 1 and
3 were in the acceptable range of >0.7. Factor 2 with
Cronbach’s α = 0.646 and factor 4 with Cronbach’s
α = 0.557 did not meet sufficient internal consistency
probably due to the small number of items. Both factors
include only three items, which, however, show accept-
able factor loadings >0.4 as well as content-related fit.
The homogeneity of all factors was in the acceptable
range of 0.2 to 0.4 (Table 4).

Group comparisons of the categories ‘Workplace
experiences’ and ‘Wishes and requirements for
an ideal workplace’

‘Workplace experiences’. Although individuals in the
ASD+ group indicated worse experiences related to
social requirements (E_Factor 1 ‘Social challenges’) than
individuals in the ASD- group this difference was rele-
vant only at a trend level: U = 44,734, p = 0.054,
r = 0.094 (Table 5). Single item comparisons indicated
greater impairment for individuals with ASD referred to
item E_13 (Shifting appointments and changes in the daily
schedule at short notice (e.g., due to unforeseen meetings)
are problematic for me, U = 44,089, p = 0.021,
r = 0.107), E_04 (I do not have common topics of conver-
sation with colleagues, U = 43,927, p = 0.018, r = 0.110),
and E_11 (I have problems with contacts to customers,
U = 40,389, p < 0.001, r = 0.182) (Table 6). The ASD+

TABLE 5 Group comparisons of factors of the questionnaire ‘Workplace experiences’

ASD+(N = 197) ASD-(N = 501)

Factor M SD Mdn M SD Mdn U p r

E_Factor 1: Social challenges 2.29 0.632 2.23 2.39 0.645 2.38 44,734 0.054 0.094

E_Factor 2: Job fit 2.85 1.07 3.00 3.10 1.14 3.25 42,795 0.006* 0.133

E_Factor 3: Specific needs 3.74 0.917 3.67 3.83 0.804 4.00 47,116 0.348 0.045

Note: Group comparisons of factors of the questionnaire ‘Workplace experiences’.
Group: ASD+ = diagnosed with autism spectrum disorder, ASD- = diagnosis of autism spectrum disorder ruled out; E = questionnaire ‘Workplace experiences’;
M = mean value; SD = standard deviation; Mdn = median; U = Mann Whitney U test; r = effect size.
*p < 0.05; low values indicate greater impairments.

TABLE 6 Single item comparisons for E_Factor 1 ‘Social challenges’ of the questionnaire ‘Workplace experiences’

ASD+(N = 197) ASD-(N = 501)

Items M Mdn M Mdn U P r

E_13 Shifting appointments and changes in the daily
schedule at short notice (e.g. due to unforeseen
meetings) are problematic for me

1.92 2.00 2.11 2.00 44,089 0.021* 0.107

E_04 I do not have common topics of conversation with
colleagues

2.45 2.00 2.65 3.00 43,927 0.018* 0.110

E_11 I have problems with contacts to customers 2.25 2.00 2.65 3.00 40,389 < 0.001* 0.182

Note: Single item comparisons for E_Factor 1 ‘Social challenges’ of the questionnaire ‘Workplace experiences’.
Group: ASD+ = diagnosed with autism spectrum disorder, ASD- = diagnosis of autism spectrum disorder ruled out; E = questionnaire ‘Workplace experiences’;
M = mean value; Mdn = median; U = Mann Whitney U test value; r = effect size.
(Only significant results are presented here; for the complete Table see Supplementary material).
*p < 0.05; low values indicate greater impairments.

TABLE 4 ‘Wishes and requirements for an ideal workplace’

Factor N Number of items S E α r M (SD)

W_Factor 1: Social challenges 698 12 0.498 �0.062 0.863 0.35 2.35 (0.767)

W_Factor 2: Job fit 698 3 1.74 2.62 0.646 0.29 1.33 (0.516)

W_Factor 3: Specific needs 698 7 0.893 1.03 0.733 0.29 1.77 (0.606)

W_Factor 4: individual work setting 698 3 0.418 �0.358 0.557 0.29 2.38 (0.944)

Note: Descriptive statistics of factors of the questionnaire ‘Wishes and requirements for an ideal workplace’.
W = questionnaire ‘Wishes and requirements for an ideal workplace’; N = sample size; S = skewness; E = kurtosis; α = Cronbach’s alpha (internal consistency);
r = average inter-item correlation; M = mean value; SD = standard deviation.
Low values indicate greater impairments.
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sample specified significantly greater impairments with
general conditions in the working environment
(E_Factor 2 ‘Job fit’, U = 42,795, p = 0.006, r = 0.133)
(Table 5), such as salary (E_38: I can cover my living
expenses with my salary, U = 42,214, p = 0.002,
r = 0.145) and finding a suitable job (E_21: I have diffi-
culties finding a suitable job, U = 42,885, p = 0.004,
r = 0.013) (Table 7). Including age and school education
as covariates, an influence on the group effect was
revealed (R2 = 0.0728, F(3,688) = 18.0, p < 0.001). No
interaction effect was found. A marginal group difference
remains (B = 0.159, t = 1.71, p = 0.087), but age
(B = 0.017, t = 4.59, p < 0.001) and school education
(B = �0.164, t = �4.30, p < 0.001) needed to be
included in the interpretation of the group effect. Results
did not show group differences for E_Factor 3 ‘Specific
needs’ (Table 5).

‘Wishes and requirements for an ideal workplace’.
Individuals with ASD show significantly higher specific
requirements for social interaction and communication
on the factor level (W_Factor 1), attributing higher
importance to the reduction of communication and inter-
action at work than individuals in the ASD- group,
U = 42,651, p = 0.005, r = 0.136 (Table 8). The ASD+
sample attributes significantly higher importance to the
following requirements than individuals in the ASD-
group: W_15: Personal contact with colleagues only for a
short time window during the day for factual communica-
tion, U = 43,408, p = 0.011, r = 0.120, W_02: Few people
in the working environment, U = 41,450, p < 0.001,

r = 160, W_12: No contact with customers, U = 41,073,
p < 0.001, r = 0.168, W_34, No business trips and/or field
assignments, U = 41,547, p < 0.001, r = 0.158, and
W_10, As few contacts as possible in the company,
U = 43,949, p = 0.018, r = 0.109 (Table 9).

Results did not show group differences for factor
W_Factor 2 ‘Job fit’, W_Factor 3 ‘Specific needs’, and
W_Factor 4 ‘Individual work setting’ (Table 8). Only one
single item comparison shows differences. Individuals
with ASD indicated a greater importance for the follow-
ing item: W_35 (item of W_Factor 3), Retreat possibilities
during breaks and/or when overstrained in the daily work
routine, U = 45,245, p = 0.049, r = 0.083 (Table 10).

DISCUSSION

Aim of the current study was to study both experiences
on the one hand and requirements on the other hand con-
cerning working life and employment status that are spe-
cific for individuals diagnosed with autism (ASD+) in
comparison to individuals suffering from social difficul-
ties to whom a diagnosis of ASD does not apply (ASD-).
Presumably because of the shared social difficulties moti-
vating referral for diagnostic evaluation of the whole
population examined, we found in both groups compara-
ble ‘professional developments’, including employment
status, durations of unemployment, frequency of termi-
nations including reasons thereof and vocational qualifi-
cations. Answering the first research aim, as an exception

TABLE 8 Group comparisons of factors of the questionnaire ‘Wishes and requirements for an ideal workplace’

ASD+(N = 197) ASD-(N = 501)

Factor M SD Mdn M SD Mdn U p r

W_Factor 1: Social challenges 2.22 0.753 2.17 2.40 0.767 2.33 42,651 0.005* 0.136

W_Factor 2: Job fit 1.32 0.538 1.00 1.33 0.507 1.00 48,186 0.584 0.024

W_Factor 3: Specific needs 1.72 0.603 1.57 1.79 0.606 1.71 45,667 0.123 0.075

W_Factor 4: individual fit 2.38 0.967 2.33 2.38 0.936 2.33 49,026 0.893 0.007

Note: Group comparisons of factors of the questionnaire ‘Wishes and requirements for an ideal workplace’.
Group: ASD+ = diagnosed with autism spectrum disorder, ASD- = diagnosis of autism spectrum disorder ruled out; W = questionnaire ‘Wishes and requirements for an
ideal workplace’; M = mean value; SD = standard deviation; Mdn = median; U = Mann Whitney U test; r = effect size.
*p < 0.05; low values indicate greater impairments.

TABLE 7 Single item comparisons for E_Factor 2 ‘Job fit’ of the questionnaire ‘Workplace experiences’

ASD (N = 197) CON (N = 501)

Items M Mdn M Mdn U P r

E_38a I can cover my living expenses with my salary 3.01 3.00 3.42 4.00 42,214 0.002* 0.145

E_21 I have difficulties finding a suitable job 1.92 1.00 2.25 2.00 42,885 0.004* 0.013

Note: Single item comparisons for E_factor 2 ‘Job fit’ of the questionnaire ‘Workplace experiences’.
Group: ASD+ = diagnosed with autism spectrum disorder, ASD- = diagnosis of autism spectrum disorder ruled out; E = questionnaire ‘Workplace experiences’;
M = mean value; Mdn = median; U = Mann Whitney U test value; r = effect size.
(Only significant results are presented here; for the complete Table see Supplementary material).
aReverse coding.
*p < 0.05; low values indicate greater impairments.
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of these many similarities, supported employment mea-
sures were utilized significantly more frequently by indi-
viduals with ASD. Specific differences were hypothesized
for the increased requirement for reduced interpersonal
interactions and communication at work and the ten-
dency toward greater difficulties in dealing with social
demands in the ASD group, representing the second aim
related to ‘specific workplace characteristics’. Greater
difficulty in finding a suitable workplace with sufficient
salary was found in persons with ASD, especially among
younger individuals and persons with lower level of
education.

‘Specific workplace characteristics’

‘Workplace experiences’. Difficulties in dealing with
social requirements became evident in both groups on the
factor level, with a tendency toward greater impairments
for individuals with ASD (E_Factor 1 ‘Social chal-
lenges’). However, evidence indicated that challenges
with flexible scheduling, customer contact, and identify-
ing shared interests and conversation topics with col-
leagues were specifically pronounced among individuals
with ASD. Here, the so-called hygiene factors become
apparent (Herzberg, 1972) as one key component of his
two-factor motivation theory. The theory includes two
independent, non-complementary factors and states that
so-called motivators (e.g., achievement, recognition,

responsibility) might increase job satisfaction, while dis-
satisfaction might be increased by a lack of so-called
hygiene factors (e.g., salary, job security, supervision,
relationships at work). Hence, autism-specific impair-
ments in social skills as well as inflexible routines and rit-
ualized behaviors significantly affect the successful
integration and maintenance of employment and accord-
ing to Herzberg (1972) as a lack of hygiene factors might
increase dissatisfaction in working life.

Reports of workplace experiences indicate that indi-
viduals with ASD were more likely struggling to live on
their wages than individuals with a ruled out ASD diag-
nosis. People in the ASD group also reported greater dif-
ficulties in finding suitable employment (E_Factor 2 ‘Job
fit’). It turned out that age and educational qualifications
were found to have an impact on salary and job fit with
greater difficulties at younger ages and lower educational
levels. It could be assumed that the level of school-leaving
qualifications and thus the advanced age could affect the
amount of salary and thus job security (Whittenburg
et al. 2019). However, we find a lack of sufficient salary
and job security as a dissatisfaction of hygiene factors
might increase dissatisfaction in working life.

‘Wishes and requirements for an ideal workplace’.
Autism-specific qualitative impairments in processing
social information intuitively as well as reduced compe-
tences in flexible planning and prioritization seem to
require specific working conditions. In accordance with
qualitative studies of Müller et al. (2003) as well as

TABLE 1 0 Single item comparisons for W_Factor 3 ‘Specific needs’ of the questionnaire ‘Wishes and requirements for an ideal workplace’

ASD (N = 197) CON (N = 501)

Items M Mdn M Mdn U P r

W_35 Retreat possibilities during breaks and/or when
overstrained in the daily work routine

1.50 1.00 1.62 1.00 45,245 0.049* 0.083

Note: Single item comparisons for W_Factor 3 ‘Specific needs’ of the questionnaire ‘Wishes and requirements for an ideal workplace’.
Group: ASD+ = diagnosed with autism spectrum disorder, ASD- = diagnosis of autism spectrum disorder ruled out; W = questionnaire `Wishes and requirements for an
ideal workplace`; M = mean value; Mdn = median; U = Mann Whitney U test value; r = effect size.
(Only significant results are presented here; for the complete Table see Supplementary material).
*p < 0.05; low values indicate greater impairments.

TABLE 9 Single item comparisons for W_Factor 1 ‘Social challenges’ of the questionnaire ‘Wishes and requirements for an ideal workplace’

ASD+(N = 197) ASD-(N = 501)

Items M Mdn M Mdn U p r

W_15 Personal contact with colleagues only for a short
time window during the day for factual communication

2.55 3.0 2.82 3.0 43,408 0.011* 0.120

W_02 Few people in the working environment 1.65 1.00 1.92 2.00 41,450 < 0.001* 0.160

W_12 No contact with customers 2.36 2.00 2.75 3.00 41,073 < 0.001* 0.168

W_34 No business trips and/or field assignments 2.18 2.00 2.55 3.00 41,547 < 0.001* 0.158

W_10 As few contacts as possible in the company 2.04 2.00 2.23 2.00 43,949 0.018* 0.109

Note: Single item comparisons for W_Factor 1 ‘Social challenges’ of the questionnaire ‘Wishes and requirements for an ideal workplace’.
Group: ASD+ = diagnosed with autism spectrum disorder, ASD- = diagnosis of autism spectrum disorder ruled out; W = questionnaire ‘Wishes and requirements for an
ideal workplace’; M = mean value; Mdn = median; U = Mann Whitney U test value; r = effect size.
(Only significant results are presented here; for the complete Table see Supplementary material).
*p < 0.05; low values indicate greater impairments.
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Hurlbutt and Chalmers (2004), results of the current
study suggested that the wish to reduce interpersonal
demands for communication and interaction in the work-
place represents a specific characteristic for individuals
with ASD (W_Factor 1 ‘Social challenges’). More pre-
cisely, people with ASD, in contrast to non-autistic per-
sons, attribute significantly greater importance on
interactions that are brief and focus purely on content
and on interactions with only a limited number of col-
leagues or preferably, if possible, only one specific con-
tact person as well as not having customer contact.
Again, it might be assumed that job dissatisfaction
becomes apparent by the lack of hygiene factors.

The wish of individuals in the ASD group for reduc-
tion of social and sensory stimulation becomes evident in
a variety of areas. The ASD group appears to place a
higher importance on not traveling or doing fieldwork as
part of their job duties than individuals with a ruled out
ASD diagnosis (W_Factor 1 ‘Social challenges’). Over-
loads due to sensory overstimulation were frequently
reported in individuals with ASD and have now been
included as a diagnostic criterion for ASD in DSM-5
(American Psychiatric Association, 2013). This becomes
also evident in the current study. The need for a retreat
during breaks and in situations of excessive demands is
suggested to be specific for people with ASD compared
to people without ASD (W_Factor 3 ‘Specific needs’).
The recognition of individual needs at the workplace, the
importance of financial security, and the possibility of
flexibly adapting framework conditions (home office,
individual office, flexible work scheduling; comparable to
hygiene factors) to one’s own needs were similarly pro-
nounced in both groups (W_Factor 2 ‘Job fit’). Both
groups attribute similar importance to the general condi-
tions of a secure job and a salary that is appropriate to
the professional activity and ensures economic security.
However, confirming previous research (Roux
et al., 2013), individuals with ASD show greater difficul-
ties in obtaining adequate salary and a suitable work-
place, which was even aggravated with younger age and
lower educational qualification.

It turns out that, in both groups, there is a marked
discrepancy between individual wishes and require-
ments at work and experienced workplace conditions.
Comparable to previous results (Hurlbutt &
Chalmers, 2004; Müller et al., 2003), autism-specific
needs and impairments in social competences and flexi-
ble behavior become apparent. Difficulties in dealing
with customers and colleagues, the need for profes-
sional rather than personal exchange, and for minimiz-
ing continuously interactions with superiors and
colleagues were found to be more pronounced in both
factors (‘Workplace experiences’ and ‘Wishes and
requirements for an ideal workplace’) in individuals
with ASD than in individuals without ASD. Consistent
with a qualitative study by Müller et al. (2003), both
factors indicate that the opportunity to work alone and

autonomously accommodates the need for stimulus
reduction and retreat.

A more recent, empirically supported theoretical con-
cept extending the two-factor motivation theory by Herz-
berg (1972) is the job demands-resources model
(Demerouti et al., 2001;Demerouti & Bakker, 2011 ;
Schaufeli, 2017), which differentiates the two components
of job demands and job resources in order to understand
the emergence of health impairments such as stress, and
motivational processes such as work engagement, and
the effect on job performance. Job demands refer to phys-
ical, psychological, social as well as organizational
aspects of work (e.g., workload, conflicts with colleagues,
financial insecurity) and may affect the employee’s stress
level, which in combination with reduced job resources
may have a negative impact on mental health and job
performance. Job resources (e.g., support from others,
team climate, feedback, financial security, job control)
have motivational qualities by enhancing job engagement
and may protect against stress. It becomes apparent that
the reduction of job demands (pronounced difficulties
with social demands, need for reduced social and sensory
stimulation, lack of financial security and job fit) does
not automatically increase job engagement (Demerouti &
Bakker, 2011; Schaufeli, 2017). Following the job
demands-resources model, the current results suggest
autism-specific employment support structures with
attention to individual resources. Awareness of ASD-
specific requirements at the workplace seems to be cru-
cial. Employers may also benefit in this way if job perfor-
mance can be increased by paying attention to the
respective job resources and reducing job demands.

‘Professional development’

Vocational qualification. What differentiates between
groups is that individuals in the ASD group are sup-
ported significantly more often by supported employment
programs suggesting a higher need of support services
(Shattuck et al., 2012; Vogeley et al., 2013). Results
might also indicate difficulties for individuals with ASD
to successfully transit from school into vocational qualifi-
cation (Müller et al. 2003). It can be assumed that the
more structured environment of education, where social
difficulties are met with higher acceptance and tolerance
compared to the context of employment could be benefi-
cial for people with ASD (Frank et al., 2018; Maslahati
et al., 2022; Müller et al., 2008). Socially insecure or with-
drawn behavior may lead to irritation in the workplace
(Vogeley et al., 2013). Demands for social skills, adapt-
ability, and flexible behavior seem to be increasing in
working life. The likelihood of finding employment
decreases due to impaired conversational skills (Roux
et al., 2013). However, unfortunately there is a distinct
lack of appropriate support services especially for indi-
viduals with ASD without intellectual disabilities
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(Shattuck et al., 2012) resulting in the need for ongoing
parental engagement (Baldwin et al., 2014).

In contrast to the differences described above, both
groups were comparable in terms of their employment
status and vocational qualifications. Individuals in both
groups are comparatively often in process of graduation
or without completed vocational qualification at the time
of data collection. Individuals with ASD show decreased
employment rates and, respectively, increased unemploy-
ment rates compared to individuals without ASD, how-
ever, results did not differ significantly.

Gap between educational level and employment sta-
tus. Unemployment rates of 24.5% in the ASD group
and 19.9% in the group of individuals without ASD are
alarmingly high in both groups compared to those of
the general German population (5.2%, Federal
Employment Agency, 2022; see Espelöer et al., 2022
for a full discussion). Increased unemployment rates
are frequently described in international as well as
national literature, with rates ranging from 24% to
73% (Baldwin et al., 2014; Howlin, 2013; Howlin &
Moss, 2012; Taylor & Seltzer, 2011; Vogeley
et al., 2013) even in above-average educated individ-
uals with ASD (Espelöer et al., 2022; Frank
et al., 2018; Maslahati et al., 2022; Riedel et al., 2016).
Although over half of the ASD group achieved a uni-
versity entrance-level qualification (53.3%), this num-
ber was even higher in the comparison group of
individuals without ASD (65.5%). Complementary to
these results, higher rates of basic secondary education
were achieved by the ASD group (18.8%) compared to
the group of individuals without ASD (10.1%). Com-
pared to the general German population with univer-
sity entrance-level qualifications of 32.5%, an over-
qualification in individuals with ASD without intellec-
tual disability becomes evident (see Espelöer
et al., 2022 for a full discussion). However, an
increased need for supported employment among indi-
viduals with ASD is reported. The risk of unemploy-
ment persists in both groups despite high levels of
educational and vocational qualifications (Baldwin
et al., 2014; Frank et al., 2018; Riedel et al., 2016).
This discrepancy could be associated with Herzberg’s
(1972) intrinsic motivators, which might lead to
decreased job satisfaction due to reduced recognition,
responsibility, and development opportunities.

Termination and periods of unemployment. Difficulties
in successfully participating in the working life are also
reflected in repeated terminations (Espelöer et al., 2022;
Frank et al., 2018). Limited abilities in soft skills and
inflexible and rigid adherence to ritualistic and stereo-
typed behaviors could arguably hinder successful job
retention. The majority of individuals in both groups had
already experienced unemployment (ASD+: 68.5%,
ASD-: 70.4%), with nearly half of individuals in the ASD
group (47.5%) and 43.6% in the group of individuals with
a ruled out ASD diagnosis experiencing long-term

unemployment. In the general German population,
39.3% of unemployed persons were affected by long-term
unemployment (Federal Employment Agency, 2022).
Comparable to previous research (Frank et al., 2018),
average periods of unemployment of 24.9 months in both
groups were reported in the current study, too. Likewise,
both groups similarly reported to have experienced job
termination most common due to interpersonal difficul-
ties rather than professional difficulties.

Strengths and limitations

We present data of a new and comprehensive question-
naire based on statements of individuals with ASD,
which were collected in a prior qualitative study (Proft
et al., 2016). Limiting the study, our convenience samples
happen to differ in age and educational qualification
given the posthoc database analysis. We did not adjust
groups with respect to age and educational qualifications,
but included both factors as covariates to avoid an artifi-
cial distortion of the population that visited the autism
outpatient clinic in Cologne. This is also recommended
for future studies. In the present study, we focused on
persons with late-diagnosed ASD without intellectual dis-
ability. It is important to emphasize that the results can-
not be generalized to all people within the autism
spectrum. A large sample size as well as a sufficient
response rate of 53.3% were achieved based on data from
people who were motivated and able to fully complete
the questionnaire.

We did not ask about the level of income and there-
fore could not include this point in the discussion of the
results that people with ASD report greater difficulties in
being able to make a living on their wages than individ-
uals without ASD. This point should be included in
future studies in order to be able to make precise objec-
tive statements. Differential diagnoses and comorbid dis-
orders are common in adults with ASD (Strunz et al.
2014; Chen et al., 2015; Hudson et al. 2019) and have
been discussed as relevant factors in research on the
employment situation and level of functioning in individ-
uals with ASD (Chen et al., 2015; Croen et al., 2015;
Fombonne et al., 2021; Riedel et al., 2016). In the current
study, self-reported diagnoses during lifetime provided by
patients themselves were collected (see table in Supple-
mentary material). A detailed clinical examination of dif-
ferential diagnoses or comorbidities was not performed
in the present study because the aim of the autism outpa-
tient clinic is exclusively to confirm or reject the diagnosis
of ASD. Level of functioning of individuals with ASD
was not explicitly recorded but a relatively high level of
functioning could be assumed on the basis of high educa-
tional qualification levels and late diagnoses of mainly
F84.5 (85.3%). A more specific characterization of sam-
ples should be investigated as an important further aspect
in future prospective studies.
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CONCLUSION

The results of the current analyses described an autism-
specific profile of a mismatch between social skills and
social requirements in the workplace both with respect
to past experiences as well as future requirements. Our
results show that there are very high unemployment
rates and sometimes unsurmountable challenges by the
workplace posed on individuals with social interaction
difficulties. There is no doubt that there is a marked
need for improved support structures across these indi-
viduals. The current results suggest though that support
structures should not rely on one-fits-all approaches.
Instead, the results demonstrate an autism-specific pro-
file characterized by pronounced need for reduction of
social and interpersonal demands at work, for struc-
tured working conditions as well as the autism-specific
difficulties with finding a suitable job ensuring economic
security. Future studies should consider the effects of
age and educational qualification on employment out-
comes. As aspects could be described based on the
exploratory approach that may influence successful inte-
gration into working life for people with interactional
difficulties and specifically with ASD, these characteris-
tics should be further investigated and corroborated in
future prospective studies. Autism-specific employment
support is urgently needed and awareness and knowl-
edge about the specific requirements of individuals with
ASD without intellectual disability at the workplace is
potentially very helpful. Employers in turn can poten-
tially benefit from the diverse skills set people with ASD
can bring to the workplace if challenges for them are
minimized.
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