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Foreword

Autism Spectrum Disorders (ASD) are complex, brain-based disorders that affect a person’s 
behavior. The Centers for Disease Control describes ASDs as:  “developmental disabilities that 
cause substantial impairments in social interaction and communication and the presence of 
unusual behaviors and interests.  People with ASDs have unusual ways of conducting them-
selves: they learn differently, may not pay attention and react unusually to different sensations.  
Thinking and learning abilities of people with ASDs can range from gifted or savant to severe-
ly challenged. ASD is noticeable since early childhood – usually before the age of 3 and lasts 
throughout a person’s life.” 

Autism is four times more likely to affect boys than girls, and is prevalent across all racial, eth-
nic, and social groups, and affects all nations in the world. There is no known single cause for 
autism, although the best available science points to important genetics and in interaction with 
the environment (epigenetics). 

ASD symptoms are difficult for families due to significant impairments in social interaction 
and communication skills, and by the presence of extremely challenging behaviors including 
aggression, property destruction and self-injury.  In addition, socially inappropriate actions 
make these children stand out: repetitive motor behaviors (hand flapping, body rocking).  
They often insist on sameness and are ritualistic to the point of disruption to family routines.  
Many individuals with ASD have significant cognitive impairments making learning a chal-
lenge, although some have typical or even above average IQs.  Among the ASD population, as 
many as 30-50% have seizures.

Dr. Leo Kanner first described autism in 1943.  At first, autism was thought to be an early form 
of schizophrenia, which led to the belief that its onset could be caused by negative experience 
or bad parenting. We now know that this is not the case.  ASD can be debilitating and is rising 
in prevalence.  On March 27, 2014, the Centers for Disease Control and Prevention (CDC) re-
ported that 1 in 68 children (1 in 42 boys and 1 in 189 girls) as having autism spectrum disorder 
(ASD) for the United States.  This figure is an increased from the 2004 census of 1 in 166.

Even though the incidence of autism is rising, there is a lack of research writings concerning 
treatment.  Most of the scientific research centers around biochemistry, neurology, and ge-
netics.  The important subject of treatment, the concerns of parents and caregivers who have 
children on the ASD spectrum, are often left to the private investigations of the families who 
often had to turn to ad hoc Google searches.  

This book attempts to introduce some available approaches in the treatment domain.  Beyond 
enduring the daily onslaught of the symptoms, parents are challenged to treat, live with, face 
other family members, and prepare a future for their special needs children within a social-cul-



tural context.  The quality of life for the individual affected is not separate from the quality of 
life for the family.  Understanding these social context makes possible the process of treatment 
that is located both in clinics and in society.  ASD is primarily a social disorder, and hence 
the diagnosis has to be approached more than nosologically, or merely as a medical con-
dition to be treated.  The neuro-diversity of people who are different from mainstream 
has to be integrated into society.  Certain strengths and abilities of ASD individuals can 
be beneficial.  It is up to society to be proactive in setting aside space for the neuro-diverse 
individual; a failure to do so will result in a social impasse as large numbers ASD individ-
uals will likely face a fate in institutions or at homes idle.  

The attempt to treat means to carefully analyze the cognitive processing of the ASD mind.  
Joint attention, sensory processing, and theory of mind are discussed.  In considering the 
common struggles of ASD individuals with anxiety, some authors wrote about mindful-
ness training and physical activities as conjunctive therapy.  The use of robotics and ani-
mal-assisted therapies are raised as a tool to foster communication.  

Perhaps the most important by-product of this book is a closer interaction between a 
variety of approaches. Each discipline understands a certain aspect of ASD and its im-
plication to treatment, but they often fail to address the full function of the person as a 
whole.  A book that provides a smorgasbord of approaches on the treatment of autism is 
a much-needed supplement.  For the parent and/or caregiver, it should aid in clarifying 
what could have looked like a confusing array of possibilities in treatment. For the profes-
sionals, this book should ideally function as an encouragement towards work as a team, as 
each discipline complements each other for the benefit of the patient. For this teamwork to 
occur, each specialist must comprehend the other’s language. To this end, the authors in 
this book have made their respective language understandable; their effort is applauded.  

Autism is not a disease with recovery as an endpoint. Unlike other disease states, the jour-
ney does not end at a certain point but continues. The more treatment one embarks on, the 
more one becomes gracious, optimistic, and informative.  

Most of all, this book is an expression that there is hope in the development of ever better 
treatment.

Jane Yip, PhD
Autism Parent Care, USA 
Purdue University, USA



tural context. The quality of life for the individual affected is not separate from the quality of
life for the family.  Understanding these social context makes possible the process of treatment
that is located both in clinics and in society.  ASD is primarily a social disorder, and hence 
the diagnosis has to be approached more than nosologically, or merely as a medical con-
dition to be treated. The neuro-diversity of people who are different from mainstream 
has to be integrated into society.  Certain strengths and abilities of ASD individuals can 
be beneficial. It is up to society to be proactive in setting aside space for the neuro-diverse 
individual; a failure to do so will result in a social impasse as large numbers ASD individ-
uals will likely face a fate in institutions or at homes idle.  

The attempt to treat means to carefully analyze the cognitive processing of the ASD mind. 
Joint attention, sensory processing, and theory of mind are discussed. In considering the 
common struggles of ASD individuals with anxiety, some authors wrote about mindful-
ness training and physical activities as conjunctive therapy.  The use of robotics and ani-
mal-assisted therapies are raised as a tool to foster communication.  

Perhaps the most important by-product of this book is a closer interaction between a 
variety of approaches. Each discipline understands a certain aspect of ASD and its im-
plication to treatment, but they often fail to address the full function of the person as a 
whole.  A book that provides a smorgasbord of approaches on the treatment of autism is 
a much-needed supplement.  For the parent and/or caregiver, it should aid in clarifying 
what could have looked like a confusing array of possibilities in treatment. For the profes-
sionals, this book should ideally function as an encouragement towards work as a team, as 
each discipline complements each other for the benefit of the patient. For this teamwork to 
occur, each specialist must comprehend the other’s language. To this end, the authors in 
this book have made their respective language understandable; their effort is applauded. 

Autism is not a disease with recovery as an endpoint. Unlike other disease states, the jour-
ney does not end at a certain point but continues. The more treatment one embarks on, the 
more one becomes gracious, optimistic, and informative.  

Most of all, this book is an expression that there is hope in the development of ever better 
treatment.

Jane Yip, PhD
Autism Parent Care, USA 
Purdue University, USA

Preface

Autism is one of the most important conditions for psychiatrists, psychologists, teachers,
speech therapists and occupational therapists today. It is a common disorder at 1/68 accord‐
ing to the Centre for Diseases and Control. It is probably the most commonly missed diag‐
nosis in psychology/psychiatry and in children in education, as well as adults attending
occupational health settings. It is a clinical diagnosis as pointed out by the National Institute
for Clinical Excellence. Unfortunately, a commonly used instrument called The Autism Di‐
agnostic Instrument, (ADI/R), as reported by Feinstein, (2010) in his book, “Autism in Histo‐
ry", that many of the critics at an International Meeting for Autism Research in London,
“lambasted the tool, (ADI/R) for missing many cases of Autism", and that this instrument
was an expensive and, “ineffective instrument". This problem has now become a serious
public health problem. It is critical that children are diagnosed as early as possible, to have
the best outcome.

Autism is probably one of the most complex phenomena that exists and this is so whether
one considers it a disorder, (DSM V/ICD X), or a point of diversity on a neurodiversity spec‐
trum. Both points of view are described in this book. Many persons with high functioning
autism are part of this neurodiversity spectrum, when they have no need or contact with
professionals in psychiatry/psychology, etc. When they become seriously anxious or de‐
pressed, they have a need for professional intervention. It’s only then that their condition
becomes a disorder.

The profile of autism is far wider and more complex than described in DSM V, as described
in the chapter in this book called “The Clinical Gestalts of Autism: Over 40 years of Clinical
Experience with Autism“.

The chapters on interventions in this book range from pioneering and complex, for example
robots in ASD therapy, to the simple physical activity with persons with ASD, with other
chapters focusing on mindfulness and animal assisted activities with persons with autism.

Joint attention problems are central to understanding autism and this chapter will be very
well worth reading, as is the chapter on proprioception and kinematic profiles.

Other correlations with autism have individual chapters including sex bias, month of birth
and migration.

The neurobiology of autism is well covered in the chapters on epigenetics and intracellular
pathways. Interventions are also dealt with by the chapters on socio-cultural perspectives,
feeding issues and quality of life also have individual chapters.

The book is focused on recent advances in Autism Spectrum Disorders and will give the
reader a unique up to date perspective on the topic of autism. The pace of new work on



autism is now so fast that there is a need for a new book like this at relatively short intervals
to keep professionals up to date and these professionals will include psychologists, psychia‐
trists, speech therapists, occupational therapists, teachers and all professionals including re‐
searchers working in the area of autism.
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Chapter 1

A Different Point of View: The Neurodiversity

Approach to Autism and Work

Timo Lorenz, Nomi Reznik and Kathrin Heinitz

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/65409

Provisional chapter

A Different Point of View: The Neurodiversity Approach
to Autism and Work

Timo Lorenz, Nomi Reznik and Kathrin Heinitz

Additional information is available at the end of the chapter

Abstract

With this chapter, we want to open up the debate whether neurodiversity might be the
next step of diversity. The term neurodiversity was first established in the online autism
community in the 1990s and has since spread both off‐ and online. It describes the idea
that, throughout the human population, different brain developments and structures
exist. Neuronal variances such as Autism are therefore not to be seen as disorders but
as variations different from the neurotypical brain. Instead of being considered ill and
cure‐worthy, neurodiverse people should be included and integrated into society. In our
current research, we follow the neurodiversity approach and focus on the subject of
autism in the work context. We found that certain strengths and abilities are most
prominent in autistic people (such as logical reasoning, visual perception) and that
autistic people are able to find different effective solutions to overcome the barriers
detaining  them  from  entering  the  job  market.  Furthermore,  while  many  autistic
individuals are employed in regular competitive jobs, more focus on autism‐specific job
environments  is  needed.  These  findings  lead  us  to  the  conclusion  that  autistic
individuals have potential that is beneficial for society.

Keywords: autism, neurodiversity, employment

1. Introduction: color, gender, brain?

Neurodiversity is a much‐discussed topic in today's Autism Spectrum Condition research (e.g.,
[1]). In this chapter, we will shed some light on the relationship of individuals with Autism with
the Autism community, the workplace, and the scientific community.

The term neurodiversity originated from the autism online community in the late 1990s with
sociologist Judy Singer commonly referred to as the creator of the word [2]. It is important to

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



note that even now, about twenty years since its first use, there is still no proper scientific
definition of neurodiversity. In this chapter, we define the neurodiversity concept simply as
the fact that there are differences in brain structures among the population [2, 3] just as there
are different skin colors and genders between people—a diverse neurology.

Of course, there is more to the topic than the fact that peoples’ brains are physically different,
that their amygdalae may or may not differ in size [4]. The neurodiversity movement (NDM)
focuses on a positive, strengths‐based approach. It has two major claims [3]: firstly, deviations
from the standard neurotypical brain that result in differing behavioral patterns are natural
variations, not disorders or illnesses. Therefore, autism is seen as a different nuance of human
behavior with its very own set of strengths [5]. Many individuals with autism see their
condition as a crucial part of their individual identity, not as a mere illness they happen to
suffer from [6].

The NDM's second claim follows logically from this mindset: If neurological differences are
not disorders or illnesses, but merely variations, neurodiverse people are to be treated equally
to neurotypical individuals [3]. This, of course, is related to all kinds of human interaction,
including the workplace. We therefore argue that neurodiversity should be the logical next
step in diversity. There are many conditions that fall into the neurodiverse category—e.g.,
Tourette's syndrome or ADHD [2]. The debate on which conditions have to be included and
which don't is still going on [2]. In this chapter, we, however, decided to focus solely on autism.

2. From the inside: the autism community and neurodiversity

As stated above, the NDM is no scientific invention, but stems from the 1990s autism online
community [2]. Since then, the Internet as a whole and online communication specifically has
changed, become more accessible and part of everyday life [7]. To paint a picture of the current
situation, we will introduce some of the bigger networks, how they operate, and their opinion
on the neurodiversity concept.

2.1. Autistic Self Advocacy Network (ASAN)

The probably most popular and best‐known autism‐related website is the Autistic Self
Advocacy Network (ASAN) with its slogan “nothing about us without us”. ASAN is a
nonprofit organization “by and for autistic people” (autisticadvocacy.org) founded in 2006.
They give advice on public policy advocacy, provide information about Autism to fight the
public misconceptions on the condition, develop cultural activities for autistic people, and
actively take part in advancing autism‐related disability rights. They also work for a better
employment situation for autistic people, as well as for a fairer, more equal approach to
accepting autistic people in Academia. ASAN has a very inclusive point of view: Co‐Founder
and current president of ASAN, Ari Ne’eman, who himself is on the spectrum, serves on the
National Council on Disability since 2010 and supports the neurodiversity concept.

Autism - Paradigms, Recent Research and Clinical Applications4
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2.1.1. Autism Asperger's Digest

Autism Asperger's Digest (AAD), a division of Future Horizons Inc., is a magazine about all
autism‐related topics. They reach out to autistic individuals, their parents, and their therapists
to spread information and provide a network.

Various other online platforms, such as Art of Autism, also provide insights on Autism for
neurodiverse people and everyone who takes an interest in the condition. Considering this
broad base of neurodiversity‐based autism resources, it is noteworthy that the autism online
community does not wholeheartedly agree about the concept and its political implications. A
rather controversial topic is the genetic cause of autism. Current research seems to agree that
autism is, in fact, highly genetic [3]. Those who consider autism a variation rather than a
disorder have voiced their concern about how this information is handled—fearing the rise of
a eugenic approach [6] based on cause‐oriented research.

Additionally, the mere concept of neurodiversity encounters resistance in the Autism com‐
munity. Blogger and student Jake Crosby, who writes for Autisminvestigated.com, is an anti‐
neurodiversity activist. Being reportedly diagnosed with Asperger's himself, Crosby considers
the NDM a movement for people who are not truly impaired (i.e., high functioning autism).

He and many of his followers view autism as a disability, an impairment that is in need of a
cure. They also reject the political implications of the NDM: After Ari Ne’eman's nomination
into the National Council of Disability, he wrote a blog entry called “Keeping Autism Neuro‐
diversity out of the White House” [8] in which he harshly criticized the concept of neurodi‐
versity, ASAN, and the whole NDM for being not representative of autistic individuals as
himself who struggle with their disability in everyday situations.

While the NDM has a great support base and has already made quite some change in how
autism is regarded in our society, the autism community remains divided. This is also apparent
in the workplace problem: a disabled individual is going to face different barriers compared
to an individual that is just considered different—but there will also be less lenience for
mistakes or special needs and necessities.

3. From between sides: autism, neurodiversity and the workplace

One of the most relevant and challenging problems in the everyday life of individuals with
Autism is finding and keeping work [9]. According to UN General Secretary Ban Ki‐moon's
message regarding the World Autism Awareness Day, around 80% of adults with autism are
unemployed [10], in spite of existing evidence that the desire to work is just the same as in
neurotypicals [11]. Individuals with autism, however, have to face different, and probably
more challenges in the process of finding, and later maintaining, employment [12].

The NDM calls for employers to be open minded and more approachable [13]. Still, for
individuals with autism who want to work, there are two options: try to gain employment in
a nonspecific workplace that might not be accommodating enough, or find work in an autism‐
specific job environment [11].
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For those who take the first route, even entering the job market is still rather difficult. Barriers
such as various communication problems or confusing application processes have to be
overcome before employment is possible [12]. When those barriers are mastered, numerous
others usually follow: Of course, due to the misinformation on the topic of autism as well as
to communication issues, workplace discrimination and, in the worst case, workplace bullying
are common [14]. Literature targeted at adult employees with autism and their employers
usually mention how to counteract bullying in the office [14]. It should also be noted that
disclosure of a diagnosis to superiors, and colleagues is often avoided. Autistic individuals
fear negative reactions, being stereotyped or held up to old prejudices [15, 16], which is exactly
what autism advocates such as ASAN are fighting against.

This problem is amplified by the fact that autistic individuals react differently to leading styles
than neurotypical individuals: Parr, Hunter, and Ligon [17] report that while neurotypicals are
inspired and motivated by transformational leadership measures, autistic individuals reported
increased anxiety and overall distress, thereby worsening both their job experience and their
productivity.

Those difficulties in understanding verbal nuances or implicit subtext in team meetings or
casual conversations, coupled with a certain rule affinity that many autistic individuals are
prone to, make for a less than optimal relationship with colleagues, subordinates, and
superiors alike [16].

On top of this, not all challenges that autistic individuals have to face in the workplace are
interpersonal: the work environment also plays an important role [16]. The common open plan
cubicle offices offer various distractions (noises from other people or electronic devices,
flickering lights, air circulation, etc.). Neurotypicals usually are able to block them out, but for
autistic individuals they can easily become overwhelming [9]. To cope with the sensory
overload, autistic individuals develop strategies like wearing headphones and listening to
music while working or avoiding the perceived superabundance of social interaction by taking
breaks alone [9]. Of course, those are behaviors that seem weird to many neurotypical people,
thus increasing the social difficulties in regular office settings.

Autistic individuals who take the second route, that is choosing to work in an autism‐specific,
supported work setting, usually report less communication and environmental problems than
those who work in regular jobs [16]. Autism‐specific job environments usually feature support
in form of job coaches, specific training programs, and matching the employee's skills to the
job requirements [18]. The following list provides an overview of companies that currently
offer supported job environments.

Danish company Specialisterne (“The Specialists”) does business consulting, for example,
programming, software testing, and data entry. The IT firm strongly supports the NDM: Their
logo is a Dandelion seed, paired with the slogan “Weed or herb? You decide. The value of what
you see depends on who you are”, which reflects the NDM's idea that society's point of view
has to shift in order to recognize the value of neurodiverse individuals.

Specialisterne claim on their website that a majority of their workers is neurodiverse, diag‐
nosed with autism, ADHD, Tourette's, or similar conditions. They use the tagline “Passion for
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Details” and explain that it stands both for the company's work values and for the characteristic
strengths of individuals with autism.

Founded in 2004, they are now internationally successful with offices all over Europe and,
since 2013, even the US; the foundation's goal is to offer one million jobs for individuals with
autism and to ultimately form a society where everyone has equal chances on the job market.
In 2009, partnered with Lego Foundation and the Danish Ministry of Education, Specialisterne
Foundation opened an education program for young people (aged 16–25) with autism, with a
focus on developing social and personal skills. At the moment, there are 29 students attending
the program.

Partnered with Specialisterne is software giant SAP. Established in 1975 in Weinheim, Germa‐
ny, SAP reportedly had around 75,000 employees in 2015, of which 100 are individuals with
autism, divided between eight countries. This was made possible through the campaign
“Autism at Work” in 2015. The hiring process was conducted by Specialisterne. SAP, who
claims to value diversity as highly as quality, even announced their goal to have 1% of
employees to be autistic individuals.

Also based in Germany is Auticon, an IT company that employs only autistic individuals as
consultants. Their slogan “Auticon—Querdenker mit System” (approximately “systematically
thinking outside the box”) highlights how autistic individuals are often able to work more
detailed, concentrated, and systematic than neurotypicals and have different ways of looking
at problems. To counteract social problems that might occur, Auticon successfully uses job
coaches as a link between the consultants and the customers—although only when necessary
and specifically needed. Around 2/3 of Auticon's employees are diagnosed with Autism
Spectrum Condition.

In Singapore, the United Overseas Bank Group has, together with the Autism Resource Centre,
started an initiative to include autistic individuals. In their department for handling costumer
documents (checking, digitalization, and archiving), about a third of the 50 employees are
diagnosed with autism.

In a press release from 2015, the head office noted that the sense for detail and the systematical
approach that individuals with autism often possess make them very qualified for this
particular work. The UOB has also successfully implemented job coaches and reported an
overall increase of work productivity since the start of the initiative.

Meticulon is a Canadian IT startup company that, just as Auticon in Germany, employs only
autistic individuals as IT consultants. The name is a play on “meticulous”, referencing again
the unusual abilities of their employees. They advertise their services with “Not your average
anything!” and have been quite successful since their establishment in 2013.

As of lately, the Israeli military has become aware of the strengths of autistic individuals. In
their Special Intelligence Unit 9900, young autistic adults use their above‐average visual
perception skills for various geography‐related tasks, for example,. mapping or analyzing
satellite images for the smallest changes. To ensure their abilities match the military's require‐
ments (both perception skills and social abilities), young autistic adults who want to join the
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Israeli Defense Forces have to participate in the Ro’im Rachok training program (“looking
forward”). In three training intervals (3 months each), they are prepared for their job with a
mixture of therapy sessions and military courses.

Looking at this surely not exhaustive list, it might seem that there are plenty of options to find
supported work as an autistic individual. However, all of those companies together make for
only a few hundred jobs, and even that is a rather optimistic estimate. With an estimated
prevalence of Autism of 74 in 10,000 children [19], this obviously is insufficient.

It is also striking that nearly all of these supported jobs (excluding the UOB and the Israeli
military) are in IT. This certainly matches the prevailing opinion that autistic individuals
somehow naturally have an interest in computer sciences [20]. While it is true that autistic
individuals have a distinct job strengths profile that is compatible with, but not limited to IT,
the job interests of autistic individuals in non‐supported jobs are rather broad [15].

Still, IT, finance, and military are currently the only occupational sectors that offer supported
jobs for autistic individuals.

4. From the outside: academia and autism

Since its first characterization in 1943 by Leo Kanner, autism has been of great interest for the
scientific community [3]. Still, it took fifty more years until the idea of an autism spectrum was
developed, varying between lower than average IQ, often times nonverbal individuals, and
so‐called high functioning individuals with average to above‐average IQ and the above stated
characteristic abilities [21]. Current research still has a rather rigid view on autism. This is for
example mirrored by the fact that, although the autism community and the NDM themselves
prefer the use of the term condition [3], the official, scientific name still remains Autism
Spectrum Disorder.

Academia seems to have acknowledged that many autistic individuals have a certain talent
and interest in IT, math, and science as a whole [22, 23]. There also appears to be general
consensus that autistic individuals have difficulties in social situations [1]. On the other hand,
there have been debates on the topic of intelligence, since autistic children tend to perform
badly on verbal‐based intelligence tests like the Wechsler Intelligence Scale for Children
(WISC), and since the WISC is one of the most popular intelligence tests for children, many
autistic children were diagnosed as “mentally retarded” [24]. Following Temple Grandin's
Thinking in Pictures—theory [25], there have recently been findings that in intelligence tests
which do not use verbal communication (e.g., Raven's Matrices), autistic individuals score
significantly higher (with a significantly bigger difference to the verbal‐based results than their
neurotypical peers; [24]). Those results also show that, while autistic individuals do score low
on verbal‐based tests as well as on spatial testings, they often show better than average results
on rule‐based tasks, memory tests, and embedded figure tests. Those results can even be
replicated using the WISC, as some of its subtests (figure embedding, block design) test exactly
those abilities [26].
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Intelligence testing is, of course, an old and important tool for psychological diagnostics:
Intelligence is a good predictor for success and job performance [27]. It is, however, important
to ensure the instrument of choice actually measures what it intends to measure [28], which is
not always the case. When scientists produce results that fit their expectations by using the
same instruments or tasks that have produced the same or similar results in the past, they
conduct biased, neurotypically centered research. This is apparent in the fact that the WISC is
still used to test autistic children, even though its ineptitude is known [29]. It also explains the
findings that indicate autistic individuals are less employable than neurotypicals, thereby
giving lowest priority to actual, specific work‐related skills, and focusing on categories like
“independent use of public transportation” or “preferring routine” [30]: if researchers are fully
convinced of an alleged fact, their results are likely to confirm this fact [31].

Another problem is addressed in a paper by Stevenson et al. [32]: The authors call out the
scientific community on infantilizing autism. This ranges from media and the general public
assuming that autism is a condition that mostly concerns children [32], to a neurotypically
centered way of promoting neurodiversity: namely the idea of using neurodiversity as a tool
to help autistic individuals feel better in group therapy settings, instead of actually believing
in the neurodiversity concept, and implementing it in a clinical setting, thereby promoting
equality between scientists and patients [23]. While self‐advocacies like ASAN are trying to
transfer their slogan Nothing About Us Without Us into public awareness, there still is no real
dialogue between most researchers and autism communities, even though it is necessary in
order to improve toward a productive and inclusive research, instead of researching “on
Autism” [33].

5. Future perspectives

With this chapter, we wanted to offer a slightly different, more critical perspective on the
current situation regarding autism, employment, and its social relevance. We found that while
there are, in fact, employment possibilities for autistic individuals, they are scarce and rather
specific in terms of occupational fields—aside from IT and finance, there is not much variety.
Conventional, non‐supported competitive employment offers more sectors to choose from;
however, autistic individuals experience those jobs as stressful and report problems with
bullying [9, 14].

This overall situation has consequences: autistic individuals as a whole report considerably
lower self‐efficacy than their neurotypical peers, both occupational and general [15]. This does
not come as a surprise, given the fact that self‐efficacy and employment status are correlated
[15]. Self‐efficacy is also known to be correlated to life satisfaction [34] and to be helpful in
overcoming job‐related barriers [35]. Curiously, neurotypical individuals do not show
differences in general and occupational self‐efficacy, while autistic individuals only show an
increase in occupational self‐efficacy when successfully employed [15]. This suggests a stricter
division between work life and social or personal life for autistic individuals than for neuro‐
typicals. Whether this has developmental causes, and whether work‐specific self‐efficacy
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training might be effective in helping autistic individuals overcome job barriers in different
job settings obviously needs thorough research.

Considering the currently estimated prevalence for autism (as noted above, 74 in 10,000
children; [19]), the situation concerning autism and work is socially relevant. We, therefore,
propose some changes that allow for a more open‐minded interaction between employers and
autistic individuals. First of all, there needs to be more education on the actual symptoms and
distinctive behavioral features of autism for employers’ associations. At the moment, clichés
and prejudices still run rampant, coloring autistic individuals as a mixture of pop culture
products like Rain Man and Sheldon Cooper. Educational campaigns specifically addressing
the work market should help with that. With those prejudices out of the way, the stigma of
autism should gradually fade, meaning that autistic individuals might have less fear to disclose
their diagnosis to superiors and colleagues. Less social exclusion, as well as a more under‐
standing environment would improve the work experience at nonsupported jobs.

Accompanying this is the currently prevailing deficit policy in the job market. Neurodiversity
as a concept promotes a strengths‐based approach instead. By focusing on workers’ abilities
instead of deficits, employers and employees could both profit.

However, we do not want to praise the neurodiversity concept as a cure‐all without fault. We
are aware of the criticism against it; the NDM does in fact skew toward economical topics more
than necessary. Of the whole Autism Spectrum, the high functioning autistic individuals profit
the most from the concept, as they are the most marketable, and probably easier to include in
the job world than their so‐called low‐functioning peers. Those who do not fit the criteria of
being high‐functional for being nonverbal, more prone to repetitive movements, or similar
symptoms, are in danger of being forgotten by the NDM. In order to avoid this, we propose
to carefully evaluate economic and social motives while promoting the neurodiversity concept.

We believe that creating a triad of community, work, and research, connected through
reciprocal communication, will help enormously to overcome prejudices and to establish
realistic expectations for all parties. Adopting a different point of view is the first step toward
a neurodiverse society.

Appendix

Resources for further information on autism‐supporting employment:

Companies:

• www.specialisterne.com

• www.go.sap.com

• www.auticon.de

• www.uobgroup.com

• www.meticulon.com
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• www.idfblog.com/blog/2014/04/10/autism‐idf‐meet‐soldiers‐intelligence‐unit‐9900

Advocacies:

• www.autisticadvocacy.org

• www.autismdigest.com

• www.the‐art‐of‐autism.com
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Abstract

The clinical gestalts of autism are very broad and much more heterogeneous than people 
realise. DSM V [1] gives a more narrow and condensed description of what autism is in 
the twentieth century. DSM focuses on problems with socioemotional reciprocity, non-
verbal communication and difficult interpersonal relationships, restricted, repetitive pat-
terns of behaviour, early onset and functional impairment. First, I want to flesh out the 
autism spectrum disorder gestalts as it presents to experienced clinical practitioners. It 
is the opposite of the “tick box” approach to diagnosis so common today. It focuses on 
the phenomena as they would have been focused on in the late nineteenth and early 
twentieth century, an approach that has faded into the background in the late twentieth 
and early twenty-first century. It is critical at this point of the twenty-first century that 
we re-engage with phenomenology and with the clinical gestalt of psychiatric conditions 
which show a great deal of overlap with much mixed phenomenology. We will start by 
examining social relations in autism spectrum disorders. Clearly, this is central to autism.

Keywords: clinical gestalts of autism, evolving concepts of autism

1. Introduction

There has been a very considerable evolution of the concept of autism since the Kanner 1943 
paper [2]. The move has been from a very narrow concept of autism with Kanner to a much 
broader concept of autism today, which was foreshadowed by Hans Asperger in 1938 [3] and 
1944 [4]. I will describe the characteristics of the broader autism phenotype as I have observed 
them over the past 40 years.

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



2. Social deficits

When professionals meet families with autism, they often very quickly become aware of how 
very clingy to one parent the child with autism is, with a fear of groups but being less anxious 
in a one-to-one situation, particularly with adults or having one “friend”. In groups only 
relating to one person is common, often to the point of fixation, making inappropriate com-
ments is extremely common to peers and adults, for example, saying to a doctor, “you are 
very trendy”. Hiding behind mother when they are in consultation with the doctor and the 
doctor asks them questions is extremely common. When they come in to a doctor or exam-
iner’s officer, they will often sit on the “parent’s chair” or alternatively sit away at the furthest 
point from the examiner, in the room. Extreme positions are very common.

They often will hold mother’s face roughly to get her to look straight at them. In commu-
nication, they will often look past people and have reduced eye contact in consultation and 
elsewhere.

One parent often describes themselves as loners and good mixers at the very same time. 
They mean that sometimes they are loners and sometimes they are good mixers, but do not 
and cannot come down on either side. Ambivalence and inability to make up their minds 
on emotional matters are extremely common. One parent often emphasises their private 
time, while saying they are sociable. Children with autism can engage in extreme interper-
sonal aggression, but less degrees of interpersonal aggression are very common. Children, 
when they engage in rough play, will cause considerable upset at school and home and 
can include attempts to choke other children. These children with autism experience a 
great deal of suspicion and paranoid thoughts of people and feel people are against them, 
talking about them, and not liking them. They are extremely sensitive to highly expressed 
emotion.

In the marital situation, you often find a change in roles where the wife will go out to work 
and the husband will become a house-husband. The house-husbands will very often have 
autistic traits, if not autism. Being unemployed will not be rare in persons with autism or 
Asperger’s syndrome. This is the default position from the stress of work and interpersonal 
relationships at work.

Girls (and to a lesser extent boys) with autism may live their lives one second after others 
around them and will copy the behaviour of people around them one second later and then 
hide their autism. The paradox is that persons with autism can be profoundly observant. This 
can lead to “as if” or chameleon-like personalities “hide” and “hide” their autism in this way.

3. School and college years

For young children, biting and kicking is fairly common in preschool and at home. They 
often show disrespect to teachers and other pupils in the school. They will speak to a teacher 
as a “mini-adult” and as if they are on the “same level” as the teacher. They will terminate 
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 friendships if the friend does not do exactly what they want them to do. They have huge dif-
ficulty allowing other peers to have autonomy and to take control of interactions. Pinching 
and biting is common in preschool. They may make up their own social rules in school. Going 
under the desk at school is very common as a sensory avoidance, as is putting their head on 
the school desk. Because of their lack of social skills, they commonly, as children or adoles-
cents, show oppositional defiant behaviour, which at times can be the biggest challenge for 
parents and teachers with them often losing temper, often arguing with adults, often being 
defiant, often being angry with adults, often being touchy and easily annoyed and being 
spiteful and vindictive, with a comorbid diagnosis for oppositional defiant disorder. This is 
often because of their empathy deficits and theory of mind deficits. They are often very con-
trolling and dominating, which causes major problems at home and school. They always have 
to win. They have great difficulty in understanding the rules of a social game and particularly 
difficulty in engaging in group sports, which they do very rarely anyhow. Sports have formal 
rules, but also unwritten rules, that is, what they can get away with. This is why referees are 
necessary. They may be over-rigid in following the rules, and this causes major difficulties in 
social behaviour.

They often have very little sense of danger about roads, or strangers, or in school and particu-
larly dangerous social situations. As they get older, they will often engage in school refusal 
and isolate themselves in their room on their computers. While some may only want to play 
with the opposite sex, or get on better with the opposite sex, others have a hatred of the 
opposite sex. They can sometimes relate reasonably well to siblings or family members or 
survive in school when looked after by a sibling, but others can be vicious and dangerous to 
their siblings. When they describe someone that they would call their friend or a bully, they 
will often describe the same person. Excessive and inappropriate sharing of their thoughts 
about self and others is common and can cause them to be bullied. They are often the “class 
clown” as a way of getting attention, and this can be very disruptive in school. In the school 
class, they will often shout out answers and have difficulty with timing, because of their social 
communication difficulties. Sometimes they will want to answer every question in the class-
room, which causes problems in the classroom and for teachers. Children with autism can 
control their abnormal social behaviour in school with massive and exhausting effort, but 
only to “explode” at home with temper tantrums and oppositional defiant behaviour later in 
the evening. Some with very high IQs may find some other cognitive strategies to help them 
survive at school.

4. Transitional object and autism

Comfort blankets, teddy bears, etc., are very commonly carried around by children with 
autism. Winnicott [5] mistakenly called these transitional objects. They have nothing to do 
with child development in the Winnicottian sense, but everything to do with comfort, anxiety 
reduction, preservation of sameness and sensory issues. This is an example of psychoanalysis 
over-complicating simple and obvious phenomena.
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5. Emotional and cognitive problems

Problems understanding their own and others’ emotions are very common and probably 
universal. They often do not understand depression and ask, “What is the depression?” 
When asked whether they are happy or sad, they will say, “both happy and sad” or “I 
don’t know”. They often have low capacity for emotional expression and great difficulty 
in expressing emotions, including feelings and thoughts. Sometimes they want to give the 
absolutely correct answer, and there is therefore a great delay in answering a question. In 
a public intervention situation, they can therefore give the impression of not cooperating. 
They are often either fearless, show evidence of serious risk taking, or the opposite, huge 
fear, anxiety and panic. Autistic novelty seeking can also be seen [6]. They often also showed 
generalised anxiety.

6. Language

They will commonly be delayed in language, but will begin to speak in full sentences when 
they do begin to speak. Imitating accents is very common, particularly accents the child with 
autism will hear on television. They will often imitate these extremely accurately, and this will 
be noted as being different from neuro-typical children. Irish children will often be described 
as having an American accent, or a posh English accent, or an unusual tone to their accent. 
Small children often have a soulful or plaintive cry, which can be a most disturbing cry to 
listen to and it can go on for many hours. They often use a “babyish” immature voice at any 
age. Older persons with autism can have marvellous sense of verbal humour [7], playing on 
words, etc. They will often change their accent to suit their situation or copy the accent of the 
person they are talking to. They engage in a great deal of talking to themselves–self-talk. This 
is an effort to sort out emotionally cognitive puzzles and experience. Some children will often 
speak like adults, another reversal. They may engage in repetitive questioning and always 
want the questions answered exactly the same way. Some of the children will have a very 
high-pitch tone of voice, others low-pitched, other a monotonous tone.

They will sometimes pronounce every word accurately. They mostly have difficulty doing 
personal, emotional writing in the social sense. The autistic narrative will not give people 
a sense of social context. This is being called autistic narrative [8], seen in autobiographies 
of persons with autism. They are often obsessed with words, language and numbers. They 
will express too much, which is inappropriate sharing of personal thoughts. There will often 
engage in sub-vocal talking and singing. They pick up accents very rapidly. They very com-
monly answer questions with “I don’t know”. They will be very hesitant in answering ques-
tions, and it will take a long time for them to answer the questions. Loss of language or babble 
and words in the first 2 years does occur, not uncommonly. Sometimes the loss can even occur 
into the third year.

While most are extremely truthful and indeed, inappropriately truthful in social areas, a num-
ber can make up stories have a fantastic imagination and can fabricate false stories about 
parents. This is due to the difficulty of separating fact from fiction in their minds. Often their 

Autism - Paradigms, Recent Research and Clinical Applications18



5. Emotional and cognitive problems

Problems understanding their own and others’ emotions are very common and probably 
universal. They often do not understand depression and ask, “What is the depression?” 
When asked whether they are happy or sad, they will say, “both happy and sad” or “I 
don’t know”. They often have low capacity for emotional expression and great difficulty 
in expressing emotions, including feelings and thoughts. Sometimes they want to give the 
absolutely correct answer, and there is therefore a great delay in answering a question. In 
a public intervention situation, they can therefore give the impression of not cooperating. 
They are often either fearless, show evidence of serious risk taking, or the opposite, huge 
fear, anxiety and panic. Autistic novelty seeking can also be seen [6]. They often also showed 
generalised anxiety.

6. Language

They will commonly be delayed in language, but will begin to speak in full sentences when 
they do begin to speak. Imitating accents is very common, particularly accents the child with 
autism will hear on television. They will often imitate these extremely accurately, and this will 
be noted as being different from neuro-typical children. Irish children will often be described 
as having an American accent, or a posh English accent, or an unusual tone to their accent. 
Small children often have a soulful or plaintive cry, which can be a most disturbing cry to 
listen to and it can go on for many hours. They often use a “babyish” immature voice at any 
age. Older persons with autism can have marvellous sense of verbal humour [7], playing on 
words, etc. They will often change their accent to suit their situation or copy the accent of the 
person they are talking to. They engage in a great deal of talking to themselves–self-talk. This 
is an effort to sort out emotionally cognitive puzzles and experience. Some children will often 
speak like adults, another reversal. They may engage in repetitive questioning and always 
want the questions answered exactly the same way. Some of the children will have a very 
high-pitch tone of voice, others low-pitched, other a monotonous tone.

They will sometimes pronounce every word accurately. They mostly have difficulty doing 
personal, emotional writing in the social sense. The autistic narrative will not give people 
a sense of social context. This is being called autistic narrative [8], seen in autobiographies 
of persons with autism. They are often obsessed with words, language and numbers. They 
will express too much, which is inappropriate sharing of personal thoughts. There will often 
engage in sub-vocal talking and singing. They pick up accents very rapidly. They very com-
monly answer questions with “I don’t know”. They will be very hesitant in answering ques-
tions, and it will take a long time for them to answer the questions. Loss of language or babble 
and words in the first 2 years does occur, not uncommonly. Sometimes the loss can even occur 
into the third year.

While most are extremely truthful and indeed, inappropriately truthful in social areas, a num-
ber can make up stories have a fantastic imagination and can fabricate false stories about 
parents. This is due to the difficulty of separating fact from fiction in their minds. Often their 

Autism - Paradigms, Recent Research and Clinical Applications18

conversation is not very coherent, difficult to understand, which leads to misdiagnosis of 
thought disorder and schizophrenia. They often ask, “What’s going to happen next?” They 
often make up words or their own language … neologisms. If something is spoken about as 
going to happen, then it must happen at exactly the time it was spoken about.

Parents with autism and very high IQ can use language to camouflage their symptoms, which 
leads to later diagnosis.

7. Identity

Identity diffusion is central to autism, and this will include their sexual and other identities. 
This is probably due to the neural connectivity problems in the brain [9]. Contradictory iden-
tities can exist side by side in their mind. They can switch to another and opposite identity 
very rapidly. This can be confused with so-called multiple personalities. This identity diffu-
sion can cause stress in making decisions and in employment, and despite intelligence and 
good education, they may withdraw and cease to seek employment. They can confuse people 
with these contradictory identities. They do not have a clear sense of themselves and people 
find it difficult to understand them. This makes it very difficult for them to have a clear sense 
of other people. This increases interpersonal stress. They are often mistaken for the opposite 
sex and come across as being androgynous. Males can appear to have a soft female facies 
and females with a somewhat harder male facies. They may dress more like the opposite sex, 
which always causes confusion and shows signs of gender dysphoria. A small number will 
have transgender problems. Sometimes they feel unreal and de-personalised as living in a 
film and having an “as if” personality. Older adolescents with autism or Asperger’s syndrome 
often appear to be “asexual”. This can be very deceptive as the very same people can get 
involved in perverse, dangerous sexual activities.

8. Sensory problems in autism are almost universal

The sounds that cause major difficulties include the sound of a hoover or babies crying. This 
can be extremely upsetting and on rare occasions, put the crying baby at risk of violence 
from the persons with ASD. There were always contradictory findings in the sense that I 
have seen a child with ASD who loved the sound of hoovers. They often smell everything, 
are extremely sensitive to the texture of food and do not want different foods touching on 
the plate. They often find haircuts extremely upsetting and will wear their clothes inside out, 
because of sensory issues, to avoid clothes tags on their skin. Others will put everything in 
their mouth for sensory reasons, including towels. They often chew their clothes. Often they 
are not bothered by their own noise but bothered by the same noise created by someone else, 
which is contradictory.

They can overeat because of difficulty knowing when they have eaten enough/satiety. This 
may be due to the sensory issues in the gut, which doesn’t tell them that they have sufficient 
food eaten. This requires empirical research. They often find the visual very stimulating and 
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are fascinated by lights, by pictures and by spinning objects. Some are the opposite and are 
hyposensitive in relation to pain or hypersensitive, another contradiction.

9. Narrow interests

They are often very interested in nature, with gardens, with dogs, animals, sharks, horses, 
bugs, etc. Other and possibly the most common of all interests now are computers, iPhones, 
iPads, computer games and technology in general. They love to take things apart and work 
out how things work. No wonder so many are attracted to engineering work. Making lists is 
very common. This probably gives them some kind of control or order to their life. Some are 
massive collectors. The younger children love turning pages of books, per se. Older children 
love reading them, particularly novels on science fiction, history, encyclopaedias, books of 
facts, or Egyptology, palaeontology, physics, science, cosmology, etc. Being talented at music 
or being interested in music is quite common. Some are fascinated by younger children. They 
are often preoccupied with just one person. Others are obsessed with time, and of course 
Albert Einstein had autism [10] and was obsessed with time. At Christmas time, they can be 
fascinated with Christmas trees. Other fascinations include guns [11], ammunition, horror 
movies, violent movies and the topic of death. They are often preoccupied with their own and 
their parents’ death. In rare cases, they can be very interested in serial killers [11] and a tiny 
number can engage in so-called mindless violence.

They are very easily led and can easily be led into criminal activities. They often love to push 
buttons, switch on and off lights, open and close doors.

Sometimes they will not change their clothes and wear the same clothes every day. They may 
fixate on a television character or a teacher. Girls will often have no interest in dolls. Boys and 
girls often will have no interest in toys and be more interested in everyday objects and can find 
small things missing, where others would miss them, with their massive attention to detail.

10. Physical issues

They often have low immune system and are highly prone to infections, particularly ear infec-
tions. Delayed toilet training is very common. Parents will often tell you the child had pyloric 
stenosis, hiatus hernia, difficulties feeding (poor eating, fussy eating), and swallowing, “was a 
colicky baby”, or had eczema. Hypermobility of the joints and muscles is very common. They 
often somatise their problems and present with unexplained physical illness, or Alexithymia 
[12], which often occurs with Asperger’s syndrome. Cerebral palsy and a vast number of 
chromosomal abnormalities occur. Many brain abnormalities can be presented, including 
agenesis of the corpus callosum or optic nerve hypoplasia. Clearly, these last two conditions 
would be extremely rare. A large head has been shown to be associated, but I have often seen 
a large head at birth. It would be interesting to measure the head circumference in utero. 
These children are often very tall for their age, and indeed, I have also noticed parents being 
equally tall. They can be confused with Marfan’s syndrome.
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11. Motor issues

It was an error in DSM V [1] to leave out motor issues from the main criteria and only men-
tion them as associated features. The most common features that a parent of an autistic child 
will mention are motor issues including tippy-toe walking and “bum-shuffling”. They often 
describe the “combat crawl”. They will talk about the child having never rolled over. Other 
mothers describe a “crabby crawl” and “walking on their knees”. Other features include the 
child having “one leg out and one leg under him”. Sometimes you see a stiff gait with the 
hands rigidly by the side of the body and a rigid tense body. There is hugely reduced non-
verbal expression. Moving sideways through a door has also been a feature. Other parents say 
the autistic child never crawled, but just stood up. Some mothers describe their child as walk-
ing very carefully, while more commonly they describe their children as walking awkwardly. 
Another feature can be “crawling on the abdomen”, as described by parents. Other features 
can be unusual motor movements with legs crossed and jumping up and down. Sometimes 
severe clenching of teeth is noted. In lower functioning children with autism, head-banging is 
not uncommon. There are parents describing their children as having clumsy walk or walking 
like a “monkey”. Another description by a mother was of “frog-like crawling” or crawling 
backwards. Asymmetric movements of the body, pulling of one leg after the other, can be seen. 
Clinicians need to be much more attentive to motor issues in the broader autism phenotype.

12. Non-verbal behaviour

Late smiling is noted or biting hands and rocking are common. The rocking can occur at 
any age. There is a huge amount of imitation and copying of others’ non-verbal behaviour. 
Children and adults with autism can be brilliant at mimicking and very good at non-verbal 
humour, for example, slapstick humour [7]. Some will often stare inappropriately for a very 
long time or come excessively close and look at the other person in the face. They will often 
adopt the other person’s attributes in an extreme way. Their dress can often lead to them being 
mistaken for a person of the opposite sex, which is probably due to their identity diffusion. 
Sleep problems are extremely common. They are often very tall, and this is one reason why a 
minority are therefore not bullied. They often wear, “rabbit type” uniforms, dress in a teddy 
bear outfit or of course nowadays, they will often have headphones to cut out noise. They can 
show a mixture of crying and laughing at the same time. Contradictory verbal and non-verbal 
behaviour is not uncommon. Clapping the hands when excited, flapping the hands and look-
ing at things through the corner of their eyes are not uncommon.

13. Repetitive behaviour

They will often prefer to play with cups or other objects, rather than toys. They often particu-
larly put things in and out of boxes repetitively. They love switching on and off lights. Indeed, 
Sigmund Freud’s (who had Asperger’s Syndrome) grandson, Ernest Freud played with a reel 
and this could be seen as a repetitive autistic play. He threw the reel out and pulled it back in, 
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in a repetitive way. Of course one feature does not give a diagnosis. They often love to calcu-
late repetitively and can have massive memories.

14. Pregnancy and labour

Extremely, commonly here are some complications in pregnancy and delivery which are very 
difficult to interpret and whether this has some special meaning or is just coincidence has to 
be resolved. Long labour and assistance with delivery are common. Emergency caesarean 
section, because of foetal distress, is very common. Other reasons for caesarean section can 
be a failure to go into labour or labour stopping in mid-point. Other causes can be a failure to 
dilate. Prolonged labour, cessation of labour or extremely quick labour are not uncommon. 
There seems to be increased rates of autism, when there is assisted reproduction. Other factors 
which include reduced amniotic fluid, placenta previa, breech or face presentation, shoulder 
presentation or other abnormal presentations are not uncommon. Multiple pregnancies can 
be associated. Other issues can be very stressful pregnancy, various drugs in pregnancy, or 
hyperemesis and pre-eclamptic toxaemia in mother. Of course, many of these features could 
be just coincidental.

15. Parents

In terms of occupations, it’s very common for one or both parents to be accountants, engi-
neers, computer specialists, policemen, landscape gardeners, lorry drivers, mathematicians, 
scientists, engineers, butchers, soldiers, taxi drivers, stonemasons and painters. In more recent 
years, I’ve noticed fathers being unemployed as a more common feature. This may be due to 
them having autistic features and withdrawing from the work situation. “House-husbands” 
is becoming much more common as an occupation for fathers of children with autism.

16. Conclusion

The concept of the autism spectrum disorder is now almost universally accepted. This chapter 
outlines the broader autism phenotype. The National Institute of Clinical Excellence (NICE) 
guidelines [13] recommend no specific instrument in the diagnosis of autism. Unfortunately, it 
is widely believed that there is one gold standard instrument for the diagnosis of autism, and 
this leads to many children on the spectrum being excluded from autism and from the autistic 
diagnosis, with great distress to the children themselves, to their families and the schools that 
they attend. This then excludes them from the specific autism services, and unfortunately, 
this happens in many parts of the world. The great array of autism instruments can be useful 
for information gathering, for new mental health professionals in the field. They do not give 
you a DSM diagnosis as outlined by the National Institute of Clinical Excellence guidelines. 
One of the instruments which are widely used in clinical practice which is quite appropri-
ate for use in research is the ADI-R [14]. This has been widely criticised, for example, by the 
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most  experienced and distinguished professionals. An example is Professor Dorothy Bishop, 
Professor of Developmental Neuropsychology, University of Cambridge [15]. Professor 
Dorothy Bishop [15] states that, “the main problem with the ADI-R is not just the financial 
cost (although that is certainly prohibitive for many), but also the cost in time; time for train-
ing, time for administration and time for scoring and consensus coding”, and “if it could be 
shown that there were real benefits in accuracy of diagnosis from adopting this lengthy pro-
cedure, then I’d be happy to say: “Ok, this is the best way forward and we just have to find a 
way to do it”, but the originators of the instrument have never demonstrated that you actually 
need such a long process–it is really more an article of faith with them”, and that, “part of the 
problem is that criteria for autism keep changing, and cut-offs are entirely arbitrary. I person-
ally think we’d be better off with a dimensional, rather than categorical, conceptualisation of 
autism–that is, one with a measure that gave a quantitative index of level of autism symptoms 
on different dimensions” [15].

Professor Bishop points out that there are “plenty of children who come out as meeting crite-
ria on one instrument only, and there seem no sensible guidelines as to how you then proceed, 
other than to seek expert clinical opinion”. The bottom line, she told me [Adam Feinstein], 
was that those devising the diagnostic instruments for autism “should be doing studies to 
see what is the minimum set of items you can have to get reasonable diagnostic accuracy”. 
I doubt that we really need a three-hour interview for each case.

The International Meeting for Autism Research (IMFAR) was held in London in May 2008 [16] 
“where many of the most experienced and distinguished Autism Researchers in the world 
lambasted the tool for missing many cases of Autism”.

This creates a public health problem, the missing of these persons with autism. This is espe-
cially so in countries that put excessive emphasis on clinical use of the ADI-R [14] for the 
diagnosis and particularly where the prevalence of autism as we know now is much greater 
than in the past. The Centres for Disease Control, (USA) 2016, put the prevalence of autism 
at 1 in 68, that is, 1 in 42 for boys and 1 in 189 for girls.

From a clinical perspective, the most serious problem facing the autism field is missing the 
diagnosis of autism in many situations. Unfortunately, the NICE guidelines are so often 
ignored.

Dr. Lorna Wing [17] used the concept of the autism spectrum disorder or the broader autism 
phenotype which is accepted by clinicians in most parts of the world today and forms the 
basis of autism in the DSM V and also in the proposed criteria for ICD XI to be published in 
the next few years. Unfortunately, a few practitioners are still using very narrow criteria. This 
is a problem as I’ve shown myself that when you use criteria like Kanner and Eisenberg [18] 
for autism, one gets very low rates. Fitzgerald showed that using the same patients, the preva-
lence of autism varied in a total sample of possible autism patients of 309, with 85%, (256), 
meeting the DSM III/R criteria to 8% using Kanner and Eisenberg’s criteria [18]. Professor G. 
Baird’s study from the Lancet [19] gave a prevalence of 116.1 per 10,000 [20], and Professor 
Simon Baron-Cohen’s study from Cambridge in the British Journal of Psychiatry (BJP) put the 
prevalence at 157 per 10,000.
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I hope that this chapter will make the reader aware of the dangers of a narrow concept of 
autism and the severely negative consequences for children being excluded from a diagnosis 
of autism, which means they are excluded from services. Everyone in the field agrees the 
critical importance of early diagnosis and early treatment, and these children have a better 
outcome. Children deserve nothing less.
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Abstract

Autism is a neurodevelopmental disorder with unknown exact etiology. Interestingly, 
it affects males more than females in a striking ratio (4:1), respectively. This biased ratio 
served as a clue to search about the factors that are sex linked and hence sex hormones and 
X chromosomes were good candidates. Although understanding the basic sex dimorphism 
in male and female brains is essential to understand autism pathology. Theories regarding 
the biased sex ratio in autism have been raised, and some have been supported by evi-
dence from human studies. Furthermore, sex-linked genetic dysregulation has also been 
reported in autism. In this chapter, an overview of what is known about sex bias in autism 
is reviewed, emphasizing the importance of carrying on in uncoding the sex bias in autism.

Keywords: autism, androgens, digit ratio, RORA gene, X chromosome

1. Introduction

The exact etiology of autism is unknown and no single cause has been identified yet, but the 
disease is highly heritable and the heterogeneity in clinical presentation is thought to be due to 
different etiologies, complicates genetic and molecular analysis [1]. The studies strongly sug-
gest a genetic basis of the disease with a complex mode of inheritance. However, autism occurs 
more in boys than girls in a 4:1 male to female ratio [2]. This bias toward the male gender 
caught the scientist’s attention to search about the factors that are sex linked or gender specific.

2. Sex differences in the brain

Although there is an individual variation in human brain morphometry, it is known that 
male and female brains are different, both anatomically and physiologically. Male brain has 
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a larger cerebrum than female brain, and more white matter than gray matter, respectively 
[3, 4]. Despite the larger total volume of white matter in men, the ratio of corpus callosum 
to total cerebral volume is smaller in them [4]. This ratio is consistent with the finding that 
the increased size of the brain predicts decreased interhemispheric connectivity [5] and that 
larger brain comes with smaller corpus callosum [6]. Moreover, the male amygdala experi-
ences an extended period of growth during childhood and men have a larger amygdala com-
pared to women.

At micro-architectural level, male cerebral cortex has more neurons than that of female's and 
those neurons are densely packed with the exception of some areas of the brain [7]. This dense 
packing of neurons in male brain is associated with more intrahemispheric white matter pro-
jecting from these neurons suggesting, indirectly, a pattern of increased local connectivity and 
decreased interhemispheric connectivity in the male brain [8, 9].

Physiologically, and consistent with the above-mentioned observations, the language-related 
activation in female brain is more bilateral, suggesting a greater interhemispheric connectiv-
ity in females than males [10–12]. This sexual dimorphism of brain structure maybe related 
to sex chromosomes, hormonal effects, and environmental factors or as a result of a combi-
nation of all these factors. These morphological differences have a profound effect on brain 
physiology and substantiate one of the main hypotheses for etiology of autism as it will be 
discussed later.

3. Role of sex hormones in developing brain

Androgens including testosterone act on the developing brain to produce sex differences at 
the level of neuroanatomy and brain function. For more understanding of the role of sex hor-
mones in brain development, scientists have divided its actions into prenatal and postnatal 
effects and described it via two main distinct mechanisms.

In the prenatal period, a very critical period of brain development especially in the first 
trimester, sex hormones have a permanent organizational effect. The organization mecha-
nism is defined as a developmental mechanism in which steroids act on the brain during 
critical periods of brain development to mediate permanent sexually dimorphic differentia-
tion of brain morphology, giving rise to male and female sexual behaviors and physiology 
in adulthood. On the other hand, in the postnatal period, sex hormones have a transient 
activational effect. Activation mechanism is defined as the acute effect of gonadal hormones 
on the fully developed nervous system, and it is responsible for maintaining sex specific 
behaviors in adulthood; it is not permanent and is associated with changes in sex hormones 
levels, for example, hormonal changes during menstrual cycle [13, 14]. Most studies about 
organizational effect of sex steroids focused on the role played by androgens in masculin-
ization of the brain, while little is known about the feminization of the brain, which was 
though initially to be a passive process that occurs in the absence of high levels of andro-
gens. However, a growing recognition that it might be induced through early postnatal 
estrogens, although the exact mechanisms remain unclear [14].
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4. Androgens

Androgens are steroid hormones, principally testosterone and 5α-dihydrotestosterone, 
synthesized and secreted into the blood stream in the form of testosterone. Once testoster-
one reaches its target tissues, it is either metabolized by an aromatase into estradiol, which 
performs its action by binding to estrogen receptors (ERα, ERβ or GPER) or metabolized 
by 5α-reductase into dihydrotestosterone (DHT) in majority of the male sexual organs. 
Testosterone can perform direct actions prior to any metabolic processing via binding to 
androgen receptors (ARs), a member of nuclear receptor super family. Once it binds to its 
receptors, AR enters the nucleus, binds the DNA and affects the transcription. Binding of 
estradiol to its receptors affects the transcription similarly.

During the male life, testosterone has three surges; the first is mediated via fetal testosterone 
(fT) between 4 and 6 weeks of gestation, which can almost reach pubertal levels. This early 
surge results in genitalia masculinization and sex dimorphic brain development in the mean 
of cell proliferation, death, migration, and synaptic formation [15]. The second surge occurs 
soon after birth called neonatal testosterone (nT) and drops by 4–6 months, during this surge, 
testosterone reaches pubertal levels and was found to be linked to gender-related typical and 
atypical behaviors and also contributes to normal growth of male-external genitalia [16]. The 
third surge is the pubertal one.

Testosterone is essential for the development of male secondary sexual characteristics, for 
general well-being, prevention of osteoporosis, and it has a direct effect on muscle develop-
ment. It can easily cross the blood brain barrier and bind to AR, which are expressed in the 
cerebral cortex, cerebellum, mediobasal hypothalamus, amygdala, corpus callosum, and cin-
gulate cortex [17, 18].

Testosterone in the brain was shown to affect the development of neurons as it prevents apop-
tosis, influences the neuronal connectivity, and alters the neurochemical profile. Both estra-
diol and testosterone modulate seretonergic and γ-aminobutyric acid neurotransmission. 
They increase the dendritic spines through the brain derived neurotropic factor-5 [18].

DHEA and its DHEA-S are known as neurosteroids as they can undergo de novo synthe-
sis in the CNS [19], but in humans, the blood represents the main source of DHEA and 
DHEA-S in the brain. Brain DHEA-S potentiates the action of glutamate and enhances the 
depolarization and calcium ion entry [20]. Interestingly, DHEA-S acts as antiglucocorti-
coid as it antagonizes the immunosuppressant and lympholytic actions of cortisol [21]. 
Subsequently, DHEA protects the hippocampus from the neurotoxic effect of glutamate 
analog and corticoids [22].

5. Sex-related theories of autism

Autism is a disease of male gender as the male to female ratio is 4:1 [23]. This bias toward 
the males served as a clue to search for a link between the gender and etiology of autism. 
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The clinical manifestation of the disease created many hypotheses that support this sex-
linked relationship. The theories focusing on the sex ratio include the extreme male brain 
theory (EMB) of autism, which is an extension of the empathizing systemizing theory (E-S) 
and it links autism to prenatal exposure to high fetal testosterone [24]. The other theory 
is the X-linked imprinting theory of autism, which proposes the vulnerability of male to 
autism based on the fact that males have a single X chromosome [25].

6. The extreme male brain theory (EMB) of autism

Autism is a disease of male gender as the male to female ratio is 4:1 [23]. This bias toward the 
males served as a clue to search for a link between the gender and etiology of autism. The clinical 
manifestation of the disease created many hypotheses that support this sex-linked relationship.

E-S theory supported the clinical presentation of the disease and its strong association with 
the male gender. This theory proposed that females have stronger empathizing, which 
reflects the ability to identify the other mental status and respond to it with appropri-
ate emotions. On the other hand, systemizing that is stronger in males reflects the drive 
to analyze a system in term of rules that govern the system [17]. A further extension of 
the E-S theory of autism is the EMB, which was proposed by Hans Asperger more than 
60 years ago. EMB encodes that based on the E-S theory, females are stronger in sympa-
thizing and males are stronger in systemizing, and thus, autism can be considered as an 
extreme of the normal male profile [24]. This psychological difference is a result of sex dif-
ferences in the brain structure. Changes in normal brain anatomy have been established in 
children with autism. They have a larger than average head, which contains abnormally 
large brain. Cerebral cortex is enlarged with more white matter than the gray matter in 
autistics. Moreover, they have a greater growth of amygdala. All these changes reflect an 
exaggeration of normal male brain growth and describe the autistic brain as hypermas-
culinized brain, which goes along with extreme male brain theory of autism [26]. Studies 
in humans showed that prenatal exposure to high levels of fetal testosterone resulted 
in masculinization of the brain. This was first observed in girls with congenital adrenal 
hyperplasia (CAH), a congenital condition associated with abnormally high level of tes-
tosterone. Those girls showed autistic behavioral manifestations [27]. This observation led 
scientists to hypothesize that one cause of autism is a prenatal exposure to high levels of 
fetal testosterone.

Consistently, the Cambridge Fetal Testosterone project, in which a correlation between 
prenatal testosterone exposure and the development of behaviors related to autism was 
directly investigated, demonstrated an association between fetal testosterone, measured 
in women who had amniocentesis for other reasons, and the development of autistic traits 
in their children. Baron-Cohen and his colleagues had recently provided the first direct 
evidence of elevated fetal steroidogenic activity in autism through their longitudinal study 
[27, 28]. Moreover, this relationship was observed in both boys and girls denoting that this 
effect is due to the fetal testosterone rather than the sex of the child per se.
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in their children. Baron-Cohen and his colleagues had recently provided the first direct 
evidence of elevated fetal steroidogenic activity in autism through their longitudinal study 
[27, 28]. Moreover, this relationship was observed in both boys and girls denoting that this 
effect is due to the fetal testosterone rather than the sex of the child per se.
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7. The X-linked imprinting theory of autism

Many clinical observations related to autism epidemiology raised the interest in finding a link 
between disease etiology and genetic mechanism. Strong familiarlity and the higher incidence 
in siblings with a 3–5% recurrence rate (which accounts for 50–100-fold increase in autism 
risk compared to the general population) are among the main factors that suggested genetic 
basis for autism [29]. Moreover, the incidence of autism was found to be increased in monozy-
gotic twins (60%), which indicate a strong genetic influence [30]. Epidemiological studies also 
found male relatives to male and female autistics to be affected more than female relatives. 
Accordingly, are females protected by a genetic mechanism? The X-linked imprinted hypoth-
esis, hypothesize that, “the threshold for phenotypic expression of many autism related char-
acteristics is influenced by an imprinted X-linked gene(s) that is protective in nature [25]. 
Imprinted genes are genes that are exclusively expressed from one parent (one allele only 
is expressed) [31]. They are known to play an important role in growth and development. 
Moreover, they affect neurodevelopment, brain function, and behavior [32, 33]. In case of 
the X-linked imprinted gene theory, the gene is expressed only on the X chromosome that is 
inherited from the father. Subsequently, as only females can carry paternal X chromosome, 
the threshold for phenotypic expression is higher in them compared to male [25].

8. Hyperandrogenism in autism

In the light of EMB theory of autism, numerous studies were conducted to investigate postna-
tal testosterone levels in autistic children. Although it has been demonstrated by some studies 
that children with autism have significantly elevated androgen levels [34, 35], other studies by 
Tordjman et al. [36] and Lutchmaya et al. [37] have not found significant differences in tes-
tosterone levels in autism. Moreover, postpubertal androgen levels were found to be lower 
than controls in autistic children [38]. We investigated the role of androgens in Saudi autis-
tic children and our findings demonstrated a significant elevation of both total testosterone, 
which was increased by 53% in autism and free testosterone, which was 238% higher in autistic 
children, without significant differences in the sex hormone binding globulin (SHBG) levels 
between autistic group and control group. The significant increase of free testosterone in a mag-
nitude higher than that of total testosterone is explained by the lack of concomitant increase 
in SHBG. Both total testosterone and free testosterone were positively and strongly correlated 
with each other and both of which had a positive strong correlation with DHEA, which was also 
significantly elevated in autistic children by 50% suggesting an adrenal source of the elevated 
androgens [35]. Significant elevation of those androgens has been reported in American autis-
tic children in comparison with laboratory reference values by Geier's study, which reported 
158% increase in total testosterone, 214% increase in serum free testosterone, and 192% increase 
in DHEA [34]. On the other hand, Croonenberghs and his colleagues reported a significantly 
lower testosterone levels in autistic children (12–18 years of age) compared to their age matched 
controls. This report does not conflict with the results of Geier's and Al-Zaid study for two rea-
sons, first, the age group included in Croonenberghs's study was postpubertal, and second, the 
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decrease in testosterone level in this age group was explained by a greater negative feedback at 
the hypothalamic level. The preoptic region in the hypothalamic nucleus is androgen sensitive, 
and it is 2.5 times larger in males. The prenatal growth of this region is strongly determined by 
the presence of testosterone. Subsequently, too much testosterone early in life could influence 
androgen receptors or its sensitivity in this region. At a later age, namely during puberty, this 
could cause a negative feedback resulting in lower testosterone concentrations [38]. On the other 
hand, Tordjman et al. [36] and Lutchmaya et al. [37] reported a non-significant difference in tes-
tosterone level between autism group and their age matched control. However, it is important to 
note a significant limitation in the Tordjman's study, which was the remarkable heterogeneity in 
subjects involved in the study as it included prepubertal and postpubertal subjects.

In addition, high testosterone level in children was found to be associated with moodiness, 
low attachment, and low sociability in prepubertal ages [39], which are common observations 
in autistic children [40]. Interestingly, the main source of the elevated intrauterine fetal testos-
terone is not from maternal source, but it is from the fetus itself [14]; this suggests a genetic 
underlying problem in the fetus and also suggests that it is a lifelong condition. Moreover, the 
reported observation of low 2nd:4th digit ratio is not only in autistic children, but it is in their 
siblings and parents [41] suggesting also a genetic connection with autism. The genetic involve-
ment of androgen dysregulation in autism has been reported, in a recent study, which linked a 
polymorphism in androgen receptor gene (SRD5A2) to autism in Slovak autistic children [42]. 
More recently, the discovered dysregulation of RORA gene in autism and its influence on the 
aromatase enzyme, a key regulator for sex hormone biosynthesis pathway, provides a possible 
broader explanation for the link between autism and hyperandrogenism [2]. Another explana-
tion for the elevated androgens in autistic children was suggested by Geier and his colleagues 
who reported a significant abnormality in the DHEA synthesis pathway in autistic children. 
Normally, DHEA can either be converted into the storage molecule, dehydroepiandrosterone 
sulfate (DHEA-S), or into testosterone. In patients with autism, a decrease in transsulfura-
tion metabolites was observed, resulting in a marked shift toward DHEA with a decrease in 
DHEA-S production and subsequent increase in testosterone [34] (Figure 1).

Figure 1. The potential interactions between the transsulfuration and androgen pathway in autism [34].
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9. The 2nd:4th digit ratio as a promising screening tool in autism

The levels of androgens are not routinely assayed during pregnancy and direct measures 
of fetal testosterone concentrations are not usually available. To test the prenatal androgen 
theory of autism, indirect measures have been used in an attempt to investigate the conse-
quences of fetal testosterone exposure. In 2001, Manning has proposed the 2nd:4th digit ratio 
as an indirect proxy to the prenatal androgen exposure. They studied the 2nd:4th digit ratio 
in 95 families with children diagnosed with autism and compared them to families with no 
autistic children. This study concluded that the highest 2nd:4th digit ratio was found in chil-
dren without ASDs (autism spectrum disorders), lower in children with asperger syndrome 
and significantly lowest in children with autism [41]. We recently investigated the 2nd:4th 
digit in Saudi boys with autism and found it to be significantly lower in them compared to 
sex and age matched controls (Figure 2), and we concluded that 2nd:4th digit ratio could 
serve as a potential screening tool for autism [43]. This suggests that low 2nd:4th digit ratio 
is associated with an increased risk of autism. This finding is consistent with several other 
studies, which reported a lower ratio in British autistic patients [41], Thai patients [44] and 
Slovak patients [45]. A lower 2nd:4th digit ratio indicates the exposure of Saudi autistic chil-
dren to high levels of fetal testosterone, as was substantiated by large amount of correla-
tional evidence in both animal and human studies [46, 47]. Several theoretical observations 
may substantiate the connection between a lower 2nd:4th digit ratio and the increased fetal 
testosterone levels. First, the ratio is sexually dimorphic with males having a lower ratio 
compared to the females [48]. Second, the ratio is determined before birth, most probably 
by the 14th week of pregnancy, and it is not affected by later testosterone concentrations or 
fluctuations [46]. Third, the ratio was reported to correlate negatively with testosterone and 
positively with estradiol levels in adults [48]. Overall, this finding implicates increased fetal 
testosterone levels in the pathophysiology of autism.

Figure 2. Bar chart demonstrating the second to fourth digit ratio (2D:4D) in the Saudi boys with autism and age and 
sex matched controls [43].
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The significantly elevated levels of androgens in Saudi autistic children together with the sig-
nificantly lower 2nd:4th digit ratio are consistent with the fetal androgen and extreme male 
brain theories of autism [24].

10. Sibling sex ratio in autism

It was hypothesized that the parental hormonal levels around the time of conception influ-
ence the sex ratios at birth [49]. Accordingly, high parental level of testosterone was suspected 
to be associated with the production of male offsprings.

In 2010, Mouridsen and his group showed that the sibling sex ratio in a group of 326 individu-
als with ASDs (245 males, 81 females) at the Danish university clinic was 0.585, which was sig-
nificantly higher than that in the Danish live birth sex ratio over the same period. However, in 
autism childhood subclass of ASDs, the result reflected a non-significant difference in male pro-
portion among siblings of autism than that in the Danish live birth sex ratio over the same period 
of time. Based on the published evidence, which indicates that the human sex ratio at birth is 
strikingly stable and it is controlled by the parental hormone levels around the time of con-
ception [49], significantly higher male sex ratio was observed in the siblings of Danish autistic 
patients [50]. These findings indirectly support the EMB theory of autism. However, recently in 
2015, Cheslack-Postava and his colleagues failed to find a link between autism and the number 
of sibling males in a large population-based study [51]. Thus, further studies of sibling sex ratio 
in autism need to be conducted on a large population scale in order to reach a clear conclusion.

11. The retinoic acid-related orphan receptor-alpha (RORA)  
gene and sex hormones in autism

A novel autism candidate gene has been identified, a hormone dependent transcription fac-
tor, which is the retinoic acid-related orphan receptor-alpha (RORA) [52]. The RORA gene 
was found to be differentially and reciprocally regulated by androgens and estrogens [2]. 
Both estradiol and dihydrotestosterone (DHT) enhance the binding of ER and AR, respec-
tively, to the RORA gene promoter regions.

While the estrogen was found to enhance the RORA gene expression, the DHT had a recipro-
cal effect as it represses the expression of RORA gene. The target of the RORA gene expres-
sion is the aromatase enzyme responsible for estradiol biosynthesis. As aromatase is the key 
hydroxylating enzyme that converts androstenedione into estrone and testosterone into estra-
diol, it is therefore considered as a crucial protein in the regulation of the sex hormones levels 
in various tissues including the brain (Figure 3).

A deregulation of the RORA gene was found in autism and it was linked to an increase in andro-
gen biosynthesis and to the higher levels of androgens in the lymphoblastoid cells observed in 
autistic children. The abnormality in the RORA gene in autism includes reduced expression and 
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increased methylation in lymphoblastoid cell lines and decreased expression of RORA gene in 
the brain of autistic children [52]. The reduction in the brain RORA gene in autistic children 
negatively impacts many physiological process regulated by the RORA gene, which includes 
differentiation of Purkinje cells [53], cerebral development [54, 55], neuronal protection against 
oxidative stress [56], suppression of inflammation [57], and regulation of circadian rhythm [58].

The other aspect related to the abnormality in RORA gene in autism is its influence on the 
sex hormones level. Postmortem studies on autistic brains showed reduction in both RORA 
gene expression and aromatase in the frontal cortex and the cerebellum [52]. This reduction is 
exacerbated by negative feedback mechanisms as a result of decreased aromatase level with 
the subsequent accumulation of its substrate testosterone and reduced production of its prod-
uct estradiol. The end result is a vicious cycle of increased testosterone and reduced estradiol 
[2]. This deregulation of the RORA gene in autism and its subsequent influence on the brain 
and the sex hormone levels in autistic children could provide a molecular explanation for the 
observed hyperandrogenism in children with autism.

12. Conclusion

In conclusion, autism has a striking male to female ratio, which acts as a code for autism etiol-
ogy. Uncoding the sex bias in autism would aid dramatically in understanding the underly-
ing mechanisms. Subsequently, early screening, treatment, and prevention measures could be 
conducted. Furthermore, sex-linked genetic and hormonal factors have been hypothesized in 
autism, and some evidences have been found. However, further direct investigations should 
be carried on.

Figure 3. A model for the reciprocal hormonal effects on RORA gene [2].
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Abstract

The prevalence of autism spectrum disorders (ASDs) is causally dependent on genetic and 
environmental influences. We investigated whether autism spectrum disorders are associ-
ated with month of birth compared to the general population using a retrospective study, 
comparing ASD cases (n = 3478) with the general population (n = 2,716,876) born between 
1995 and 2008. Associations were examined using χ2 tests and Walter and Elwood’s season-
ality χ2 tests for the total ASD group, and separately for autistic disorder and Asperger syn-
drome. For the total ASD group, the distribution of month of birth was different compared 
to the general population (p < 0.0001), with July as the highest contributor, and a season-of-
birth effect was found for this group (p = 0.02). For the autistic disorder group, the months of 
birth distribution were different (p = 0.01), with July as the highest contributor. No season-
of-birth effect over the year was found (p = 0.09). No association was found for the months 
of birth of individuals with Asperger syndrome (p = 0.06), with no seasonal trend over the 
year (p = 0.60). In conclusion, a drop in sun exposure during the first trimester of pregnancy 
might explain the peak in July births and the associated risk for ASD development.

Keywords: autism spectrum disorder, month of birth, seasonality, periodicity, sunlight 
exposure
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1. Introduction

The study of associations between season of birth or conception and the occurrence of neurode-
velopmental disorders such as autism can provide important clues about causes of such a disease 
with unknown etiology. Such associations would then suggest periodicity of an environmental 
etiologic agent acting during the prenatal, perinatal, or early postnatal phase of development. One 
such environmental factor with seasonal recurrence originally suspected to increase the risk for 
the development of autism was a viral infection, for example, rubella [1]. Other potentially relevant 
factors that frequently vary by season include variations in nutrient intake by (pregnant) mother 
and deficiencies in nutritional factors such as vitamin D [2], maternal allergies during pregnan-
cies [3], and exposure to pesticides (organophosphates and organochlorines) [4]. Previous studies 
have shown variable conclusions as to a specific month of birth that contributed to an enhanced 
risk of development of symptoms of autism within the first few years of life [5–12]. However, 
not all studies have found an association between month or season of birth and autism [13–15]. 
These apparent discrepancies might be based on methodological differences among the studies 
reviewed, including the use of diverse diagnostic criteria, and the statistical analysis employed.

Although genetic factors are strongly suspected to be a cause of autism spectrum disor-
ders (ASDs), concordance in monozygotic twins is 40–90% and the phenotypic expression 
of the disorder varies widely, even within monozygotic twins [16, 17]. Thus, environmental 
factors also seem to play an important causal role. The number of people with ASD in the 
Netherlands increased to 190,000 in 2009 from 90,000 in 2001 [18]. Although there are many 
possible explanations, including more frequent diagnosis and reporting [19], this increase 
strikingly coincided with the medical advice to avoid sun exposure [20, 21]. This advice has 
probably lowered vitamin D activation in the skin resulting in lower levels of activated vita-
min D (calcitriol, a fat-soluble steroid hormone) in developing brain of the fetus. These find-
ings are particularly relevant in view of emerging evidence suggestive of a role for vitamin D 
in neuropsychological functioning, including a range of diseases from autism to Alzheimer’s 
[22]. A study in which the prevalence of ASD was correlated to the season birth showed a 
variation that was linked to latitude of the home region [19]. This would be consistent with 
maternal vitamin D deficiency being a risk factor for development of autism, possibly by 
affecting fetal brain development as well as possibly by affecting maternal immune system 
status during pregnancy [19]. A study from Lee et al. aimed to determine whether the birth 
date distribution for individuals with autism spectrum disorders (ASD), including singletons 
and multiple births, differed from the general population. The presence of seasonal trends in 
ASD singletons and concordant multiple births suggests a role for non-heritable factors oper-
ating during the pre- or perinatal period, even among cases with a genetic susceptibility [17]. 
Although several studies have been conducted on this topic [11, 12], it is potentially of great 
public health importance in view of the burden of ASD, which in European countries and the 
USA affects 60–100 per 10,000 children [18, 20, 23, 24].

The current study aimed to test our hypothesis that month of birth and ASD are associated. 
This hypothesis was investigated separately for people with autistic disorder and Asperger 
syndrome. We also explored the association between the sun exposure during pregnancy and 
ASD.
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2. Subjects and methods

2.1. Design and data acquisition

We compared cases with autism spectrum disorders with controls without such disorders 
regarding their date of birth. In this retrospective study, ASD cases were extracted from a 
registry held by Netherlands Society for Autism Spectrum Disorders (Dutch acronym: NVA), 
an interest group of people with autism and their relatives [25]. Approval to use from their 
database anonymous data on month of birth and type of autism according to DSM IV criteria 
was obtained from the chairman, F. Stekelenburg. As one of its activities, it distributes since 
2007 a personalized pass that Dutch citizens with an ASD can use to avoid difficult situations, 
such as police arrest, queues at public facilities, or events. Such passes are issued only when 
the application form is accompanied by an affidavit, signed by a psychiatrist, psychologist, 
educationist, or a representative of an institution for ASD diagnosis to certify that the holder 
has an autistic disorder, Asperger syndrome, pervasive developmental disorder-not other-
wise specified (PDD-NOS) as categorized by the DSM IV criteria that were valid at the time 
of diagnosis. Other diagnoses, including multiple complex developmental disorder (McDD)/
Rett syndrome, were not considered because the number of cases was too low for meaning-
ful analysis. Based on the permission we obtained, we extracted information on date of birth, 
gender, autism diagnosis but no other personal information from persons in this registry who 
were born in the period 1995–2008. This period contained the largest number of patient entries 
with at least 150 per year, and for whom full information on all items was available. As con-
trols, we used the general population of people born in the Netherlands in the same period, 
for whom the distribution of date of birth is publicly available in aggregated form from the 
Dutch Central Bureau of Statistics (Statistics Netherlands, http://www.cbs.nl/en-GB/) [26].

Data on the cumulative number of sun hours per month, averaged over the Netherlands for 
the period 1998 until 2008, were obtained from the Royal Netherlands Meteorological Institute 
[27]. These data were used to approximate the number of hours of sun during pregnancy for 
each trimester.

2.2. Statistical analysis

Data were analyzed using MS Excel and STATA version 10.1 (StataCorp, College Station, Texas, 
USA). Group differences were assessed by Pearson’s χ2 test, which evaluates a null hypothesis 
that the frequency distribution of the binary variable indicating cases and controls is equally 
distributed over the months of the year. This test treats all response variables as nominal, 
that is, it does not take the ordering of the months into account and makes no assumptions 
about seasonal variation. An alternative method of data analysis is to test birth data against a 
sinusoidal function. Thus, in addition, we used Walter and Elwood’s seasonality test [28, 29], 
which evaluates the adequacy of a sinusoidal curve over time, with one maximum and one 
minimum for the frequency of births per year, using a goodness-of-fit χ2 statistic. Compared 
to the Pearson’s χ2 test, the Walter and Elwood’s seasonality test has greater power for detect-
ing seasonal trends that follow a sinusoidal pattern, but it has the limitation that it may have 
limited power for seasonal trends that follow a non-sinusoidal pattern [30].
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We then explored what time period during pregnancy is critical for being associated with 
ASD. For each person, we calculated maternal sun exposure, expressed as the cumulative 
number of sun hours per month, during the first plus second pregnancy trimester, the 
second plus third trimester, and the total duration of pregnancy, under the presumption 
that all pregnancies were carried to term and lasted 9 months. Thus, it became possible to 
assess the association between ASD and maternal sun exposure during pregnancy. As an 
example of such a calculation of the average sun exposure in hours per month: when born 
in January, sun hours in the last 3 months were calculated as ((0.5*sun hours in January) 
+ sun hours in December + sun hours in November + (0.5* sun hours in October)). This 
value divided by 3 is the mean sun exposure in hours per month for the last 3 months of 
pregnancy.

Goodness-of-fit χ2 tests can be difficult to interpret because of the arbitrary designation of 
months to season and their lack of power relative to other statistical tests. Bolton et al. discuss 
these limitations and point out that any one method of data analysis will likely be insufficient 
if used alone [15].

3. Results

In this retrospective study, we compared month of birth between a convenience sample 
of individuals with ASD registered with the Netherlands Society for Autism Spectrum 
Disorders and born between and including 1995 and 2008 (n = 3478) and persons born 
in the Netherlands in the same period (n = 2,716,876). Table 1 shows the total number of 
cases and controls, and the number of individuals for each ASD disorder, broken down 
by sex.

Cases Controls

Total Male Female Unknown Male Female

ASD 3478 2895 554 29 1,392,415 1,324,461

Autistic 
disorder

911 775 131 5 NI

Asperger 
syndrome

627 547 75 5 NI

PDD-NOS 1718 1407 293 18 NI

Other* 297 227 67 3 NI

Total numbers of autism cases (3478) and control population (2,716,876) births in the period 1995–2008 in the Netherlands. 
Unknown: The gender of these individuals was not included in the forms, but these individuals are included in the 
analysis. ASD: Autism spectrum disorders; NI: Not indicated; PDD-NOS: Pervasive developmental disorder not 
otherwise specified.
*Not analyzed further.

Table 1. Number of ASD cases and controls from the general population, by disorder and sex.
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3.1. ASD versus general population

The distribution of month of birth for individuals with ASD was different from that of the 
general population (p < 0.0001; χ2-test), with the strongest divergence occurring in the period 
July–September (Figure 1). The month of birth distribution for the total group of individuals 
with ASD was associated with a sinusoidal curve, indicating the presence of a season-of-birth 
effect (p = 0.02; Walter and Elwood’s χ2-test).

3.2. Autism disorder versus general population

The distribution of month of birth for individuals with autistic disorder differed from that of 
the general Dutch population (p = 0.01; χ2 test), with a peak in July (Figure 2). There seemed to 
be an excess of births in individuals with autistic disorder in the period from May to October, 
and a decline during November–April, with a nadir in February. However, there was no 
strong statistical support for sinusoidal trends over the year (p = 0.09; Walter and Elwood’s χ2).

3.3. Asperger syndrome versus general population

There was evidence, albeit limited, that the distribution of month of birth of individuals with 
Asperger was differently distributed than the distribution of the general population (Figure 3; 
p = 0.06; Pearson’s χ2 test). Births among individuals with Asperger syndrome seemed to peak 
in September and were relatively infrequent in June, while being approximately equally dis-
tributed over the remaining months of the year. In agreement with a visual inspection of the 

Figure 1. Relative distribution of births per month in ASD and the general population births born between 1995 and 
2008. ASD birth reflect autism (blue line) and control birth reflect general population (black line).
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data (Figure 3), there was no evidence that the birth distribution of the Asperger cases over 
the year was distributed as a sinusoid curve (p = 0.60; Walter and Elwood’s χ2).

3.4. Cumulative hours of sun in the Netherlands

Figure 4 shows the raw meteorological data of the mean number of hours of sun per month, 
averaged over the period 1998–2008 and averaged over the Netherlands. This number peaked 
in May and June and was lowest in November−January. From these data we calculated sun 
exposure, that is, the mean hours of sun during a period (trimester) in pregnancy (Figure 5). 

Figure 2. Relative distribution of births per month in autistic disorder and the general population births born between 
1995 and 2008. Autistic disorder birth with blue line and general population with black line.

Figure 3. Relative distribution of births per month in Asperger and the general population births born between 1995 and 
2008. Asperger syndrome birth with blue line and general population birth with black line.
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Figure 4. Mean monthly number of hours of sun (average ± 1SD) over the years 1998–2008, averaged over the Netherlands.

Figure 5. Trends of distribution of sun exposure during a given period in pregnancy, by month of birth. Data from the 
complete 9 months of pregnancy reflected in blue line, data from only the first trimester of pregnancy in red line, and 
data from first plus second trimester of pregnancy reflected with green line. For example, the mother of a person born in 
August had increasing exposure to sunlight in the first, second and third trimesters of the pregnancy that led to the birth 
of that person. Data from aggregated trimesters are effectively averaged estimates of individual trimesters.

Distribution of Month of Birth of Individuals with Autism Spectrum Disorder Differs from the General Population...
http://dx.doi.org/10.5772/67205

49



Comparing these data to the complete 9 months pregnancy period, it became clear that the 
drop in sun exposure during the first trimester, more than the combination of first and second 
trimester, might explain the peak in July births of ASD. Such a relation was not observed 
when analyzing the second and third trimester or when combining the sun exposure of other 
combinations of trimesters (data not shown). These data support that sun exposure might be 
a risk factor for ASD.

4. Discussion

This retrospective study showed a difference in the distribution of months of birth for indi-
viduals with ASD compared to the general Dutch population, using a dataset several times 
larger than the largest autism study to date. For autistic disorder, an increased ASD births in 
July contributes to this difference. The birth data of ASD are distributed as a sinusoidal curve, 
implying seasonality over the year. This distribution of births per month for individuals with 
autistic disorder did differ from the distribution in the general Dutch population. In contrast, 
the distribution of births per month of individuals with Asperger was different from the gen-
eral population and did not show a seasonal birth effect.

As the children included in this analysis were all diagnosed at the time when the DSM IV 
criteria were still valid and widely used we adopted this original classification [31]. The char-
acteristic heterogeneity in disease expression was captured through the different categorical 
diagnoses, including autism, Asperger’s syndrome, and pervasive developmental disorder 
not otherwise specified (PDD-NOS), as well as other regressive neurodevelopmental disor-
ders of early childhood frequently associated with autistic symptoms (Rett’s syndrome and 
childhood disintegrative disorder). With successive research the PDD-NOS group appeared 
increasingly doubtful, and all categories were eventually dropped in the current DSM V cri-
teria [32]. Because of the large degree of heterogeneity also observed in our PDD-NOS group, 
we did not further analyze this group in the current study.

The ratio male versus female cases in this study was approximately 4:1, similar as that known 
in the general ASD population [17]. The χ2 test with 11 df data for male and female ASD was 
not shown, but this test was significant for male ASD births, while not for female ASD births. 
This implies a difference in distribution of month of birth of male individuals with ASD com-
pared to the general population. A study on singleton and multiple ASD births described 
birth peaks in April, July, and October for singleton ASD births [8]. Our study confirmed the 
birth peak in July for the ASD births, but not for October, while April showed the lowest num-
ber of ASD births in this study. Hebert et al. studied the association of ASD with season of 
birth in the UK and described an association between ASD and spring births, but the analysis 
was weak due to the small sample size (86 children with ASD) [9]. This study differs with our 
findings, as April had the smallest number of ASD births. The study of Hebert used a cohort 
that recruited pregnant women resident in Avon, UK, while we studied the total Dutch popu-
lation of ASD. A Dutch study in 2000 compared mentally retarded autistic disorder patients 
and mentally retarded individuals with PDD-NOS, with each other and with birth data of the 
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general Dutch national population [18]. No difference was observed in birth distribution of 
the patients with autistic disorder compared to the general Dutch population, contrary to our 
findings. This difference might be explained by the difference in case numbers, (540 vs. 911) 
and the variation in years of birth of the case between 1932 and 1992, while in our study the 
year of birth span was 14 years only.

An association was suggested based on the According to the Centers for Diseases Control and 
Prevention, February is the month with the highest percentage of influenza cases (nearly 50% 
of all cases). This research identifies environmental factors that are possibly relating to autistic 
disorder. Early life history reveals increased prevalence of viral insult and manifestation of 
neurological signs in the early development of the ASD children that also reach statistical sig-
nificance. Several of these, stiffness upon delivery, generalized seizures and infantile spasms, 
and sleep disturbance might be further investigated as early risk signs.

Our study contained a large sample size (3478 ASD children) with a large number of cases 
and controls per month, strengthening our analysis. However, our test would even be more 
valid when instead of births in the general Dutch population, the date of birth of relatives of 
the case group (for example, siblings of the individuals with ASD) would be used as controls. 
This study included only Dutch ASD so confounding from inter-country-specific factors was 
not applicable for this study. In this study, there was no recall bias, because the date of birth is 
fixed information that does not interfere with the detection of ASD. Sun exposure was also not 
a confounding factor, as it has no influence on the date of birth. Interfering genetic factors can-
not count for a 100% risk while environmental factors also contribute to the risk of developing 
ASD. This study is an initial step to generating hypotheses and data of cumulative hours of 
sun per month can be used for an explorative analysis to find an association. The distribution 
of month of birth within the ASD group showed that the birth in July coincided with almost 
the lowest sun exposure in the first trimester and first plus second trimester of pregnancy. 
This also counted for the peak in July births for autistic disorder. Comparing the distribu-
tion of month of birth for autistic disorder with the sun exposure, we observed a decrease in 
September with an associated highest sun exposure in the first and second trimester for the 
trimesters separately.

A previous study [11] showed that the birth date distribution for individuals with autism 
spectrum disorders (ASD), including singletons and multiple births, differed from the gen-
eral population. The presence of seasonal trends in ASD singletons and concordant multiple 
births suggested a role for non-heritable factors operating during the pre- or perinatal period, 
even among cases with a genetic susceptibility [8]. When analyzing the variation in season of 
birth and the ASD prevalence a correlation was found with the effective latitude and this is 
consistent with maternal vitamin D being a risk factor for development of autistic disorder. 
Maternal vitamin D affects fetal brain development and the maternal immune system sta-
tus during pregnancy [11]. Support for the maternal vitamin D deficiency theory has been 
reported based on rat studies, but specifically for multiple sclerosis and schizophrenia [19, 
20]. However, rat study by Féron et al. showed that vitamin D deficiency reduces the expres-
sion of a number of genes involved in neuronal structure [21]. The fetus is during develop-
ment entirely dependent on the mother for its supply of 25-hydroxyvitamin D(25(OH)D [25], 
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which is a product of the vitamin D metabolism after the metabolizing step in the skin by 
exposure to ultraviolet light. From 4 weeks of gestation to birth, 25(OH)D diffuses across the 
placenta [26], of which 1,25(OH)2 vitamin D is produced by the fetal kidneys and the placenta 
[23, 27]. 1,25(OH)2D does not readily cross the placenta [27]. It is also known that cord blood 
25(OH)D concentrations in infants, as in maternal blood, vary seasonally [28, 29]. The brain 
develops mostly in the later stages of pregnancy [22]. Maternal infectious diseases during 
pregnancy can be an indicator for a vitamin D deficiency, and thus maternal infectious dis-
eases can adversely affect brain development [11]. Maternal serum level of 1,25-dihydroxyvi-
tamin D more than doubles early in the first trimester in human pregnancy [23, 24], indicating 
a high need for vitamin D during pregnancy and supports that a low sun exposure is a risk 
factor for ASD.

In conclusion, a drop in sun exposure in the first trimester of pregnancy might explain the 
peak in July births with an associated risk for ASD development. As a result, a deficiency 
of vitamin D in the first trimester of pregnancy is a risk factor for ASD as vitamin D defi-
ciency in the developing brain of a fetus may disturb the development of the brain and 
therefore causes functional defects [10, 19]. The action of UV rays in sunlight on the skin 
is the most powerful natural source of vitamin D generation, and factors that reduce the 
amount and intensity of sunlight significantly increase the risk of vitamin D deficiency [30]. 
These results support the need for future study of autistic birth dates with detailed pre- and 
perinatal information that may lead to discovering specific risk factors for autism in select 
groups.
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Abstract

Clinicians in many countries are increasingly working with children from migrant fami‐
lies. Although autism is diagnosed at an approximately equal rate in children in devel‐
oped countries internationally (estimated 1% of the population), many studies report that 
children in migrant communities are at relatively higher risk for autism. Risk factors as 
well as symptom rates appear to vary across cultures. This chapter reviews the current 
state of the science and outlines conceptual considerations for clinicians assessing for‐
eign, migrant, and minority children for diagnosis of autism. Possible reasons for higher 
rates among migrant children are discussed and suggestions for clinical evaluation are 
made.

Keywords: autism, migration, rates, risk factors, diagnosis, clinical assessment, culture, 
cross‐cultural, heterogeneity, maternal migration, epigenetics, gene‐environment 
interaction, symptom distribution, clinical measurements

1. Culture hidden in plain sight

For many people, the word autism evokes images of Claire Danes or Dustin Hoffman portray‐
ing highly gifted, albeit socially affected, individuals. In reality autism spectrum disorder can 
be severely disabling, and are considered among the most common childhood psychiatric 
disorders affecting millions of children internationally each year [1]. They are a spectrum fre‐
quently marked by social impairment. Perhaps because of this characterization, the influences 
of the social world are not always included in discussions of autism diagnosis, although they 
may play a crucial role for determining whether a child is on the autism spectrum. Migration 
and cultural influences on social behavior in particular appear to impact autism diagnosis in 
critical ways, and may increase risk for developing autism as well as the potential for misdi‐
agnosis. Moreover, children do not need to have migrated themselves to be affected, and can 
therefore be difficult to identify. This chapter will discuss the population and risk factors in 
detail and issue considerations and precautions for diagnosis.

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



2. Who is at risk?

Global migration rates have hit an all‐time high within the current decade according to esti‐
mates made by the United Nations [2–4]. In several Middle Eastern countries, including the 
U.A.E. and Qatar, and Kuwait, more than 70% of residents are migrants. Among English‐
speaking countries, Canada and Australia have the highest percentages of foreign‐born resi‐
dents by population at more than 20% [5, 6]. Global rates of autism in migrants are not well 
documented. However, increasing migration rates may leave clinicians in many countries 
working with increasing numbers of children from migrant families.

Although autism spectrum disorder is diagnosed at an approximately equal rate in children 
internationally, numerous studies report that children of migrant communities are diagnosed 
with autism at higher rates than nonmigrant children [7]. Arguably the most famous and still‐
cited of these studies involved epidemiological surveys conducted by Christopher Gillberg's 
research group at the University of Göteborg in Sweden, each of which found higher rates 
of autism in migrant children [8–10]. The earliest of these studies identified higher rates of 
autism in urban children whose parents were born in “exotic” countries compared to children 
with parents born in Sweden. A population survey that examined cases specifically of autistic 
disorder that emerged across a decade of births also reported higher rates in migrant children. 
Likewise, their third study identified higher rates specifically in children who were born in 
Sweden to Ugandan parents. This study of Ugandan‐Swedish children arguably contributed 
to a new research trend: studying autism rates in children born locally whose parents (usually 
mothers) had migrated.

A series of studies performed in the U.K., which also emerged around the same time as the 
publications by Gillberg's group, provided supporting evidence for the emerging theory that 
autism was higher in children born to migrant families whether or not the children were born 
locally [11, 12]. The study by Goodman and Richards specifically found that first‐ and second‐
generation African‐Caribbean children were diagnosed with autism at disproportionately 
higher rates [11], while Wing found higher rates of autism when the father's country of origin 
was outside the U.K. [12]. A study from Japan reported that migrants from one region of the 
country who moved to another region of the country also showed higher rates of autism, even 
though they had not crossed national boarders [13].

The migration theory of autism that emerged from these studies was initially crude—some 
authors proposed that genetic disorders or viral infections had been brought from the parent's 
homeland. One author famously later argued that no reasonable biological reason that autism 
would emerge after migration has been given [14]. The bulk of the findings supporting the 
migration theory of autism are from studies that are now decades old, and recent literature has 
suggested that the story may be more complicated. A few studies published within recent mem‐
ory found no evidence that the child's immigration status played a role in rates of diagnosis [15].

Although a dearth of literature provides contemporary evidence for the migration theory of 
autism, a number of recent studies from around the world continue to report higher rates in 
locally born children whose parents have migrated [16–23]. The vast majority of these studies 
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autism, a number of recent studies from around the world continue to report higher rates in 
locally born children whose parents have migrated [16–23]. The vast majority of these studies 
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have relied on national medical registries in countries such as Sweden or the Netherlands that 
record autism incidents along with family history, while several studies have additionally 
relied on census or survey reports.

Crafa and Warfa [24] compared autism rates of children born after their mothers migrated 
into predominantly Caucasian countries, and reported autism rates that were much higher 
than average compared to children whose parents were born locally. This review article 
examined population‐wide rates in an effort to control for sample heterogeneity reported in 
by other similar articles.

One study considered whether maternal versus paternal migration status mattered, and only 
maternal status emerged as statistically significant [19].

Some of these studies have additionally provided possible biological explanations that are 
arguably well reasoned. Perhaps the most convincing reason is that stress caused by act of 
migration itself could increase autism risk by producing epigenetic changes in mothers who 
give birth after migrating to a new country or location, which echoes the state‐of‐the‐art among 
the neurosciences as well [24]. This biological explanation will be detailed in the next section.

There are, of course, several contentions and caveats surrounding the maternal migration 
theory of autism. Different rates of autism appear to be prevalent in niche groups within a 
country. For example, Somali refugees in the U.S. state of Minnesota comprise a small com‐
munity of refugees whose children have alarmingly high rates of autism (an estimated 1:28 
children compared to the 1:68 estimated global average [25, 26]).

Something known as the Latina paradox defines one of the main ostensible challengers to the 
maternal migration theory of autism. Although most of the literature shows higher rates of 
autism in children with even one parent who migrated before their birth, several studies in 
the U.S. report lower rates of autism in children born in the U.S. with Hispanic parents who 
have migrated from Mexico [27, 28]. One review of maternal migration prior to birth likewise 
reported that children of all races and ethnicities who were born after maternal migration 
(including non‐Hispanic Caucasian children) were more likely to have autism compared to 
children of their same race with locally born mothers, except for Hispanic children who were 
significantly less likely to have autism compared with their ethnic counterparts [24]. These 
findings suggest that there may be social or biological explanations, which will be explored 
in the next sections.

Few other research findings contradict the maternal migration theory of autism. One meta‐
analysis (commonly cited as potentially refuting the maternal theory of autism) reports that 
pregnancy complications increase risk of autism. This study reports specifically that “the 
elevated risk of autism among the offspring of women born abroad was just shy of statistical 
significance” [29]. However, it does not consider the role of ethnicity and includes some of the 
Hispanic studies mentioned above in its calculations. Although institutional racism and other 
obstacles to care could explain different diagnosis rates of certain minority communities, mul‐
tiple epidemiological studies have reported that race does not appear to be a risk factor for 
autism among children from local families [29, 30].
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3. Biological theories of autism and migration

The biological relationship between autism and migration is currently somewhat of a mystery, 
and only a few contemporary theories have been proposed. Each of the proposed theories rely 
on the concept of a gene‐environment interaction, which is exactly as it sounds—environ‐
mental factors interact with the genes of a fetus, child, or mother in some way that influences 
whether the autistic symptoms are expressed. Current theories disagree about the mecha‐
nisms of these interactions.

The example of HOXA‐1 and rubella. Perhaps among the most famous recent attempts to explain 
the biological effects of maternal migration was made by Dyches et al. [31]. Echoing the earli‐
est studies of migration and autism, which suggested that viral infections like rubella coming 
from the mother's home country could potentially increase autism risk [8–10], Dyches and 
her colleagues proposed that an interaction between viral infections and genetic susceptibil‐
ity could potentially increase autism risk. They proposed as an example that an interaction 
between rubella and the widely studied HOXA1 gene may potentially explain higher autism 
rates in children born after their mothers’ migrations. At the time the HOXA1 gene was con‐
sidered a key potential candidate for causing autism, although continued study has failed to 
support a strong link to the disorder [32–34]. HOXA1 plays a role in early neural development 
and an allele variant on this gene was believed to be a possible precursor to autism. Dyches et 
al. proposed that having a genetic precursor, like a HOXA1 allele variant, alongside an envi‐
ronmental trigger might cause these mothers to have autistic children. They offer intrauterine 
rubella as an example of one potential environmental trigger that could affect children of 
migrant mothers [31]. Intrauterine rubella is believed to cause autism after an epidemic out‐
break in the 1960s in the U.S. [31, 35]. Dyches et al. suggested that mothers might be at risk for 
having an autistic child if the HOXA1 variant is present and they are coming from countries 
where rubella is present or receive the vaccine for rubella during early pregnancy [31].

The scientific knowledge of autism has grown exponentially since the publication of their 
article in 2004. The take‐away messages from their article withstand modern advance‐
ments. However, their example of HOXA1 and rubella no longer reflects the state of the art.

Although many promising studies of HOXA1 emerged from early studies, it appears to be 
rare and not the penultimate explanation initially thought [32, 36, 37]. While intrauterine 
rubella does affect central nervous system development and has been linked to autism [36, 
38], there is no scientific evidence that rubella vaccines cause autism [39, 40]. Data reporting a 
link between vaccines and autism were determined to be falsified in 2011 [41].

Dyches et al. appear to have been onto something when they suggested that intrauterine 
changes caused by a gene‐environment interaction could explain the emergence of autism 
after maternal migration. Although this was not their main point, findings over the past 
decade have accumulated demonstrating that poor intrauterine and pregnancy conditions 
increase the risk for autism.

The epigenetics of pregnancy and migration. Neuroscientist Daina Crafa and colleagues proposed 
that poor intrauterine and pregnancy conditions could be brought about by stressors related 
to migration [24]. They proposed that epigenetic processes explain the relationship between 
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these changes. Epigenetic processes refer to biological regulation of genes—while the genes a 
person has are fixed across their lifespan, epigenetic processes determine whether the prop‐
erties of genes are expressed by turning them “on” and “off.” Gene expression may change 
across a person's lifespan, and methylation is a primary mechanism of epigenetic changes to 
gene expression. Numerous studies have linked physiological stress with higher methyla‐
tion during maternal imprinting (i.e., when genes are transferred from mother to fetus), poor 
intrauterine and pregnancy conditions, and autism [18, 21, 22, 29, 42–52].

Crafa and Warfa argue that circumstances surrounding the act of migration often produce 
substantial stress that could theoretically induce these epigenetic changes [24, 53]. Stressors 
potentially occur before or after migration, and may be quite varied. These could include war 
or trauma in the mother's home country or discrimination or acculturative stressors.

Their theory claims to account for the Latina paradox [24, 53]. Hispanic women included in 
several U.S. studies were significantly less likely to experience certain poor pregnancy or birth 
conditions compared with other ethnic groups, and this literature is where the term Latina 
paradox was originally born [54–56]. Some researchers have suggested that having a positive 
social network after migration could lower stress and therefore stress‐related consequences, 
including autism [57–59]. Like the previous theory described in this section, it is based on 
careful literature review and has not been experimentally tested.

The possible role of vitamin D. Vitamin D (25‐hydroxyvitamin D) is linked to cellular func‐
tion and has frequently been investigated as a possible determinant for autism. Numerous 
studies have demonstrated that low vitamin D levels in a mother during pregnancy or her 
offspring during early childhood may predict autism risk; however, it is generally agreed that 
further research is necessary [60–63]. Several researchers studying maternal migration have 
hypothesized that mothers migrating from certain regions may carry lower levels of vitamin 
D and have higher rates of children with autism. While some studies have reported promis‐
ing results, no study has yet demonstrated a link between vitamin D, maternal migration, 
and autism. Fernell et al. found that Somali mothers had lower levels of vitamin D compared 
with Swedish mothers whether or not they had an autistic child. They reported nonsignificant 
findings that Somali mothers with autistic children appear to have the lowest levels of vitamin 
D [64]. In a review of autism rates in the U.S., Dealberto reported higher rates of autism in 
“black” participants living in the U.S. as well as those who had migrated from Africa or the 
Caribbean, and hypothesized that this could be due to vitamin D levels, though the hypoth‐
esis was not directly tested [65].

4. Cultural considerations for correct diagnosis

The clinical science surrounding autism and migration is still in its infancy. However, one 
message is becoming clear: children from diverse backgrounds are at greater risk for misdiag‐
nosis. This section will review the current knowledge.

Although characterized by social impairments, autism spectrum disorder is robustly inter‐
twined with the social world. The social cultures of both patient and clinician can influence 
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who is diagnosed with autism, perhaps due to the heterogeneous nature of the disorder [66, 
67]. Dr. Stephen Shore, professor and spokesperson on the autism spectrum, famously said, 
“If you've met one person with autism, you've met one person with autism” because the 
appearance of the disorder can be tremendously varied. The diverse nature of autism can 
sometimes be confused with other types of diversity to an untrained eye, and sometimes cul‐
ture can look like autism and autism can look like culture. Both types of confusion disservice 
children of migrant families.

Children from foreign or minority families are sometimes diagnosed with autism later in 
childhood than their locally born counterparts [66]. There are multiple reasons for this, and 
confusing symptoms with cultural differences is one of them. In the absence of pronounced 
stereotype, social or communication deficits are sometimes mistaken for cultural differences. 
For example, a quiet child whose mother tongue is a foreign language may hesitate to speak 
because of language differences or because of poor language development. A child who 
avoids eye contact may not want to appear rude or may be showing signs of an undiagnosed 
malady. Social traits that are considered signs of autism in some countries may serve other 
social functions for foreign children.

In many “Western” countries, reduced eye contact is considered as one of the trademarks of 
autism. It is the earliest symptoms of autism to emerge during childhood, and clinicians in the 
U.S. and Western Europe often rely on it for diagnosis. It has been theorized that children with 
autism have “weak central coherence” which means that they look to the contextual informa‐
tion rather than the center of a scene and has been used to describe why children with autism 
avoid eye contact [68, 69].

However, in many Asian cultures, eye contact is considered rude and children are taught to 
avoid making eye contact [70]. Healthy children in multiple Asian countries have been found 
to exhibit “weak central coherence” (also called field‐dependence) and some authors have 
asked whether Asian children can truly meet the criteria for autism that is used for diagno‐
sis in the U.S. [71, 72]. Other studies reported that behaviors associated with autism were 
reported more often in healthy participants in Japan, India, and Malaysia compared with the 
U.K. [73]. However, a study of Korean children reported that similar social behaviors, includ‐
ing eye contact, were observed [72, 74]. A second study, which compared children from Israel, 
South Korea, U.K., and U.S., found that behaviors in the social domain remained stable across 
cultures although verbal and nonverbal behaviors and other symptoms varied by culture [75].

Although Asian studies seem to demonstrate similarities in the social domain, the interna‐
tional literature is more varied. German children showed lower social responsiveness and 
higher hyperactivity and conduct disorder compared to U.S. children [76]. Several studies 
report that children from Saudi Arabia display more externalizing behaviors compared to 
children from Jordan or the U.A.E. [77–79]. The few reviews of research in African children 
reports that symptoms may be comparable on the continent to “Western” diagnosis schemas, 
but the prevalence and distribution of these symptoms across children is uncertain [80, 81].

Diverse clinical presentations may lead to misdiagnosis in the clinic, and awareness of such 
cultural differences may help ensure diagnostic accuracy. Several studies have demonstrated 
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that using clinical diagnostic tools, such as the ADOS, may help reduce misdiagnosis in ethnic 
minorities and would potentially benefit children from diverse backgrounds, although these 
tools may not be universally optimal [82, 83].

5. Other obstacles to obtaining diagnosis

In addition to cultural differences in the presentations of autism, several other factors may 
delay diagnosis for children from diverse backgrounds. In many countries, children from 
migrant families face obstacles to healthcare access. For example, healthcare may not be acces‐
sible or affordable. Parents may not be able to speak the local language and may not have 
access to or be aware of translation services [84–86]. A country's immigration policy may 
influence whether a family with an autistic child can seek help [87]. Moreover, vast arrays of 
medical models exist globally. Parents may be skeptical of autism or of the local approach to 
clinical practice. Some cultures may stigmatize autism or attribute it to incest [88]. The clini‐
cian is tasked with the difficult challenge of identifying these circumstances and assisting 
children in need.

6. Closing remarks

Autism is a complex disorder that appears to traverse continents, although the symptoms of 
autism may vary in prevalence from one location to the next. Clinicians working with chil‐
dren from migrant families or who have been raised in rich cultural communities may need 
to utilize extra care when diagnosing.

Standardized clinical measures may facilitate the task of diagnosis. Additionally, clinical tools 
designed broadly for working with diverse patient groups may also be useful. The McGill 
Illness Narrative Interview, for example, is designed to act as an interview guide for clinicians 
who want to understand the cultural backgrounds of patients or their families [89]. Available 
in more than 10 languages, it may provide a framework that can be useful when talking to 
parents to understand the cultural background of a child from a migrant family.

As long as global migration rates remain high, in many countries clinicians are likely to 
encounter autistic children from migrant families. This chapter has aimed to provide an over‐
view of the state of the art to help equip clinicians for these modern challenges.
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Abstract

There is strong and convincing evidence that infant’s sensory stimulation, which is associ-
ated with breastfeeding, contributes significantly to the infant’s neurodevelopment. Our
study compared the prevalence of autism spectrum disorder (ASD) in children who were
breastfed, given breast milk through a bottle (breast-milk fed), or formula-fed. We reported
significant association of ASD in children who were formula-fed from birth or weaned
early from the breast. The statistical data revealed that increasing the duration of
breastfeeding resulted in a decrease in prevalence of ASD. The odds ratio of a child not
having autismwas 0.27, 0.93, and 6.67 for breastfeeding for less than 6, 6–12, or longer than
12 months, respectively. There is significant evidence that this association is mediated by
the ingredients of the breast milk and infant’s endogenous oxytocin. Oxytocin is a neuro-
transmitter and neuromodulator and we postulate that oxytocin may increase neuro-
plasticity, synaptic connections, and alter ASD genes’ expression. Animal experiments and
imaging studies demonstrate the central role of oxytocin in maternal love and bonding.
Currently, there are no specific treatments for patients diagnosed with autism; therefore, it
is imperative to identify the risk factors that contribute to the development of ASD. In this
communication, we demonstrate that lack of breastfeeding is highly associated with ASD
development in children with genetic susceptibility.

Keywords: autism, neuroplasticity, oxytocin, epigenetics, breastfeeding, enriched
environment
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1. Introduction

The short- and long-term benefits of breastfeeding for mother and baby have been well
documented [1]. The short-term benefits of breastfeeding include a lower incidence of many
childhood communicable diseases, childhood lymphocytic leukemia, inflammatory bowel
disease, lower incidence of type 1 diabetes, and higher IQ [2]. The long-term benefits of
breastfeeding include lower incidence of noncommunicable disorders (NCDs), obesity, diabe-
tes type 2, and hypercholesterolemia resulting in cardiovascular diseases and hypertension
[2–4]. Furthermore, breastfeeding results in improved maternal health by reducing the inci-
dence of maternal premenopausal breast and ovarian cancer as well as lowering the incidence
of maternal obesity and its complications [2].

World Health Organization (WHO) recommends exclusive breastfeeding for the first 6 months
and to continue breastfeeding with addition of safe and nutritious complementary food up to 2
years of age and beyond.

In the past 10 years, the global exclusive breastfeeding rate improved only marginally from
33% in 1995 to 37% in 2014. Suboptimal breastfeeding results in higher health care expenses for
pediatrics and maternal care, and global productivity-related economic losses of $302 billion or
0.49% of world gross income annually [4].

The impact of breastfeeding in lowering the incidence of mental health disorders has recently
gained scrutiny. Neurodevelopmental disorders, especially autism and attention deficit disor-
der, are reported to be significantly associated with formula feeding [5–7]. The annual expen-
diture for the care of autistic children and adults in the United States is estimated to be in
excess of $120 billion [8].

The short- and long-term benefits of breastfeeding for mother and baby have been well
documented. In our study, we demonstrate the mental health benefits of breastfeeding and
identify early weaning and formula feeding as possible risk factors for development of ASDs
in genetically susceptible children.

2. What causes autism?

Autismwas reported as a distinct entity by Leo Kanner, professor of psychiatry at Johns Hopkins
University in 1943. In his article “Autistic Disturbances of Affective Contact” he described 11
cases, 3 girls and 8 boys as having infantile autism. He noted that the family members were
intelligent but generally they were not warm-hearted, and that the parenting style might have
contributed to the development of autism. Autism spectrum disorders consist of a group of
neurodevelopmental disorders, characterized by a triad of impairments in social interaction,
communications, and imagination, associated with narrow range of repetitive activities. Hans
Asperger, a Viennese physician, also described a type of autism that he called autistic psychop-
athy in 1944, which later became to be known as Asperger syndrome. However, since the
original article was written in German and was not translated into English until nearly 40 years
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later, there was no awareness until later when Asperger syndrome was included as a form of
autism. However, a Russian neurologist, Grunya Sukharev, published an article in 1926 titled,
the schzoid psychopathy in children with nearly identical description as Asperger syndrome.

The etiology of autism had been quite elusive, although there is common belief that autism has a
genetic basis; however, the gene expression may be influenced by environmental factors. The
genetic influence in development of autism has been shown by twin studies, where there is a
high probability that monozygotic twins, who have identical genes, develop autism at a high
rate. Heritability index, a measure of genetic transmission of neurobehavioral disorders, autism,
hyperactivity, schizophrenia, and major depression are 0.95, 0.8, 0.8, and 0.75, respectively [9].

In the past 40 years, a number of environmental toxins were considered to be the main culprit
in the development of autism. Prenatal factors, including maternal folate deficiency and short
interpregnancy intervals, do not appear to be causal factors [10]. Perinatal factors, newborn
jaundice, breech presentation, and prematurity do not seem to be responsible for autism
development. Multiple gene theory and second hit theory which advocate ASD genes induce
increased susceptibility to environmental toxins have also been refuted as a cause of autism.

The fraudulent report of finding measles viruses in the guts of 12 children with autism,
published in Lancet in 1998, therefore linking autism to MMR vaccine was retracted by the
coauthors in 2004 and by the journal’s editor in 2010. Allegations that vaccine’s ingredients
(thimerosal, aluminum) are responsible for the epidemic of autism have been soundly refuted
by epidemiological studies and there is no scientific basis that there is a causal association
between vaccines and autism [11].

In the past 20 years, multidisciplinary research has resulted in better understanding of the complex
nature of ASDs. The multicenter study reported by Sanders et al. on the association of copy
number variations, characterized by submicroscopic deletions or duplications on chromosomes
in the individuals with ASDs, demonstrate the genetic etiology of this disorder [12–14]. However,
there is evidence that a number of individuals with CNV genotype have normal phenotypes,
indicating incomplete gene penetrance and the influence of environmental factors [12].

3. The role of oxytocin in infant’s brain development

There is significant evidence that oxytocin plays a major role in the development of the
mammalian brain [1]. Oxytocin, a neuropeptide is secreted by the paraventricular (PVN) and
supraventricular (SON) nuclei in the hypothalamus. Oxytocin was thought to be only a partu-
rition hormone, which initiates the uterine contractions during childbirth and the
myoepithelial cells in the breast, pushing breast milk from the alveoli through the milk ducts
during breastfeeding. However, animal experiments have generated significant evidence that
oxytocin plays a major role in the development of the mammalian’s central nervous system.
Oxytocin is implicated in both romantic and maternal love and all aspects of reproduction and
breastfeeding. Romantic and maternal love are some of the most inspiring manifestations of
human behavior and responsible for the survival of our species. Additionally, oxytocin is a
neurotransmitter and neuromodulator and implicated in neuroplasticity of the infant’s central
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nervous system. There are numerous oxytocin receptors in the central nervous system and the
peripheral tissues. However, there are separate oxytocin receptors for romantic and maternal
love [1].

Oxytocin is generated by the specialized neuroendocine cells in the hypothalamus, which are
activated by the sensory nerves in the infants’ oral mucosa and released during breastfeeding.
Additionally, oxytocin is released during skin-to-skin contact with the mother due to sensory
nerves responding to warmth, touch, and stroking by the mother [15]. The sensory nerves
enter the spinal cord or brain stem and connect to the nucleus tractus solitarius (NTS). Fur-
thermore, oxytocin release is triggered by the breast milk/food in the infant’s stomach, which
results in the release of cholecystokinine in the gut. Cholecystokinine stimulates the release of
oxytocin by activating the sensory vagal nerve fibers, which results in central and peripheral
oxytocin release [1, 15].

The endogenous release of oxytocin results in behavioral changes in both mother and baby,
including bonding and attachment. Additionally, oxytocin stimulates the sense of well-being
and suppresses the HPA axis [10, 15].

4. Environmental influence on the infant’s brain development

Anthropological studies clearly demonstrate the necessity of the closeness of the mother-baby
dyads. The statement by famous anthropologist, Sarah Blaffer Hrdy that “for species such as
primates, the mother is the environment” holds very true. Primates such as monkeys, apes, and
humans are referred to by scientists as the “carrying mammals” versus the “nested mammal”
because of the difference in the sugar and the fat contents of their breast milk and feeding
frequency. The human infant’s central nervous system depends on the microenvironment that is
similar to the maternal uterine environment, which is full of sensory exchanges involving
warmth, sound, movement, transportation, feeling, touch, smell, and access to the nutrients in
the mother’s breast milk.

Anthropological studies indicate that the mammalian brain development requires an enriched
environment with the mother providing breast milk, emotional and physical support and
protection. This is in contrast to a mother who is formula-feeding her infant with little or no
emotional and physical support. The infant is not held by the mother or the caretaker, she is
frequently ignored and sometimes is physically or emotionally abused. This type of environ-
ment which we call a toxic environment frequently results in developmental delay, lower IQ,
and neurodevelopmental disorders. The elegant experiments by Volkmar and Grenough dem-
onstrate the effect of environmental enrichment in laboratory rats, which resulted in more
complexity and dentritic branching of the visual cortex [16]. Furthermore, Weaver et al. [17]
have shown that epigenetic factors can induce gene activation by histone acetylation without
changing the DNA sequence. Therefore, histone acetylation results in gene activation in the
offspring when they reach maturity.

Imaging studies (Figure 1) comparing the activation of oxytocin receptor sites in formula and
breastfeeding mothers demonstrate significant enhancement of oxytocin receptors in breastfeeding
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mothers, which correlates with greater neural response [1]. Furthermore, higher plasma and
salivary oxytocin levels are reported in breastfeeding compared to formula feeding mothers,
36% in plasma and 23% in saliva, respectively [18]. We hypothesize that an increase in brain
oxytocin level may improve learning, speech, cognition, parental attachment, and emotional
ties. Additional support for the beneficial effect of oxytocin in premature infants is reported
from the University of Chicago hospitals. Premature infants, who received sensory stimula-
tions, including auditory, tactile, visual, and vestibular, gained more weight and were
discharged home sooner than the control group who did not receive any sensory or only tactile
stimulation. Measurements of salivary cortisol levels in the infants showed a decline in the infants
associated with ATVV (auditory, tactile, visual, and vestibular) stimulation corresponding to the
rise in blood oxytocin level (Figure 2).

In the past decade, there has been credible evidence that ASDs are associated with oxytocin
dysfunction [19]. Modahl et al. [20] reported lower serum oxytocin in children with ASDs. Addi-
tionally, oxytocin infusion to adults with ASD resulted in temporary improvement in some of their
symptoms [21, 22]. However, it is generally believed that oxytocin does not cross the blood-brain
barrier. Therefore, trials of oxytocin nasal spray, which would bypass the blood-brain barrier was
attempted for a period of 6 weeks to adults with ASD, which resulted only in temporary improve-
ments in some of the autistic symptoms [23]. These findings indicate that oxytocin has a critical
function during the first 5 years of life when the accelerated brain growth occurs.

Figure 1. Comparison of the functional MRI studies of breastfeeding and formula feeding mothers after viewing the
pictures of their own infants. Oxytocin receptors are significantly enhanced in breastfeeding mothers.
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Population genetic studies have shown that structural alteration of oxytocin are responsible for
development of autism [24]. Finally, genetic alterations in oxytocin receptor protein are
reported to be associated with ASDs [25].

5. Industrialization, global conflicts, the rise of formula feeding, and
autism

It is commonly believed that the rate of breastfeeding in the industrialized nations sank to its
lowest level after the 1950s and began to climb in the past 20–30 years. We assume that autism
has always existed, but not recognized until the 1940s when it was described independently by
Leo Kanner and Hans Asperger. However, it is clear that throughout our history, the preva-
lence of ASDs was quite low, due to the high rate of breastfeeding and sensory interaction
between the mother and her infant. There is clear evidence that there is an increase in the
prevalence of ASDs, especially in the United States that in recent years has reached alarming
numbers. However, expansion of diagnostic criteria and diagnostic substitution may explain

Figure 2. Salivary cortisol levels in three groups of premature infants, showing a decline associated with ATVV sensory
stimulation, which corresponds to a rise in serum oxytocin.
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the increase in ASDs diagnosis in the United States. Furthermore, the prevalence of autism is
lower in other industrialized nations because of higher rates of breastfeeding and paid mater-
nity leave. In parts of Africa and the Middle East, infants are breastfed for 4 years and they
report lower rates of autism.

Historically, the first description of autism was reported independently by three physicians,
Grunya Sukharev from Russia, Leo Kanner from the United States, and Hans Asperger from
Austria at about the same time. The authors do not describe possible cause(s) for autism and
no mention of the type of feedings during infancy. However, we know of the desperate
conditions of populace in Russia and Austria. In the United States, many women were work-
ing in the factories and the infants were fed cow’s milk or powdered milk. There are no reliable
statistics on the breastfeeding rates in the mid-twentieth century. However, cow’s milk or
powdered milk feeding became very popular in Europe and the United States. Many women
chose injection of a prolactin inhibitor after childbirth to prevent producing any breast milk. In
the 1980s, the formula companies began aggressive marketing of infant formulas directly to
the consumers. This resulted in World Health Organization’s campaign to counter the formula
industry by the passage of the Code of Ethics of Marketing of Breast Milk Substitutes, followed
by Baby-Friendly Hospital Initiative.

In the past 20 years, improved public awareness of many benefits of breastfeeding for mother-
baby dyads has resulted in higher breastfeeding initiations [3]. This is especially true in college-
educated mothers and middle-class families. The rates of breastfeeding in the United States vary
greatly by race, ethnicity, parents’ income, parents’ education, and the community support.
Many college-educated mothers elect to breastfeed their babies and exclusive breastfeeding
rates in this population at 6 months stands at 16%. The rate of breastfeeding is inversely
associated with families’ income. Therefore the breastfeeding rates for the families at or above
6 times poverty line at 6 months is 21%, for those at 4.2 times poverty line is 20% and for those
below the poverty line is 12%. Accordingly, the breastfeeding rates by mothers at six times
above the poverty line, those between 4.2 times, and those below the poverty line are at 21, 20,
and 12%, respectively [26]. Breastfeeding rates also vary greatly among the racial groups,
whites are at 19%, Hispanics at 16%, and African Americans are at 9% at 6 months [26].

The United States WIC program, Women, Infants and Children, which funds nutrition pro-
gram for pregnant mothers and children, who are below the 180% poverty level, began
providing infant formulas beginning in 1974 to the WIC recipients. The WIC program was
enacted in 1972 following a White House Conference on the ill-effects of poverty on pregnancy
and the well-being of breastfed infants. During the first 2 years, the program was very success-
ful in eliminating malnutrition in pregnant women and their babies.

However, for the past three generations the great majority of WIC recipients have received free
formula for their infants for 1 year. The WIC population has the lowest breastfeeding rates in
the United States and numerous interventions to improve breastfeeding rates in this popula-
tion have not been effective.

There are numerous benefits of exclusive breastfeeding to both mother and her infant, which
are attributed to the ingredients of breast milk [2]. However, recent research and genomic
studies demonstrate that the infant’s social environment may play a significant role in her
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brain development. The environmental factors may be positive, including high socioeconomic
status (SES), high maternal IQ, breastfeeding, and mother-infant sensory interactions. Nega-
tive environmental factors include poverty, formula feeding, lack of high school and college
education, absence of mother-baby sensory interaction, neglect, and abuse.

Fragile X syndrome is the most common inherited cause of intellectual disability and the focus
of intense research on multiple levels from molecular to the cognitive functions and the IQ of
the individuals. Fragile X syndrome is caused by CGC (dinucleotide) repeats on the X chro-
mosome, replacing the FMRP (fragile X mental retardation protein) gene, which results in
autism. However, environmental enrichment results in a favorable outcome in some of these
children. The IQ of the boys with fragile X syndrome is known to be higher in association with
parental responsiveness to the child, having educational material in the home and parental
efforts to provide developmental enrichment [27]. The association of home environment with
IQ is larger than any other variables, including the child’s level of FMRP and mean parental IQ.

There is clear and convincing evidence that oxytocin has a major role in the development of
oxytocin system, connecting the periaqueductal gray matter (PAG), the limbic system and the
lateral orbitofrontal cortex, which are identified with maternal behavior [1]. Furthermore, the
oxytocin system appears to include a number of pathways, especially in the limbic system,
which are affected in various degrees in individuals with ASDs.

6. Association of early weaning and formula feeding with autism

Tanoue and Oda [28] first reported the association of early weaning and autism over 25 years
ago. The authors also noted that in their study population, autism was more common in the
lower socioeconomic class. The result of a survey comparing the rates of autism in three
groups of children was reported by Schultz et al. [29]. The children who were breastfed for 6
months had a lower incidence of autism than the group who were fed formula without
DHA&ARA supplementation. However, the group of children who were given formulas
supplemented with DHA&ARA also had a lower rate of autism. We strongly believe that the
study was flawed because it was conducted in 2004, only 2 years after DHA&ARA supple-
mentation of infant formulas. The diagnosis of autism is usually confirmed in children who are
older than 3–4 years old.

6.1. Methods

In this communication, we hypothesize that breastfeeding and nurturing result in a decrease in
autism diagnosis. In order to explore this hypothesis, we conducted a confidential written
survey of parents to ascertain the association of parent’s reported ASD diagnosis with the
duration of breastfeeding, breast milk, or formula feeding. The study focused on the children
who were 2–8 years old at the time of the survey and to include only formulas supplemented
with DHA and ARA. The survey did not include any questions regarding the brand of the
formulas used, because of possible frequent formula changes as well as difficulty recalling the
brand name of formulas. Our study was based on an anonymous written retrospective survey
which was conducted from our offices. The survey forms were made available from our
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offices. The completed survey forms were returned through fax to our office. Statistical analy-
sis was performed using binary logistic regression analysis on the data of the children who
were breastfed or formula-fed and those who received breast milk via a bottle. In each group
there were a number of children who did not have autism. The children without ASD diagno-
sis were used as the “control group.” The odds ratios, P-values, and confidence intervals were
calculated in relation to the duration of breastfeeding, formula feeding, or breast milk feeding
using binary regression analysis.

6.2. Results

One hundred and forty-five parents responded to our survey. Eighty-five parents reported no
ASD diagnosis and 60 parents reported that their child had ASD diagnosis. The children were
divided into three groups. The infants who were formula-fed from birth were placed in the
formula-fed group. The infants who were breastfed from birth were placed in the group of
breastfed children, regardless of the length of breastfeeding. Twelve of the 60 childrenwhowere
formula-fed from birth had ASD diagnosis as shown in Table 1. Twenty-six were reported to
have been breastfed from less than 2 weeks to greater than 2 years and reported to have a
diagnosis of autism as shown in Table 1. The survey results demonstrate that increasing the
duration of breastfeeding is associatedwith a decline inASDdiagnosis as shown inTable 2. The
statistical data reveal that childrenwhowere breastfed longer than 12months are 6.67 times less
likely to have autism diagnosis than children whowere breastfed less than 12 months as shown
inTable 3. Breastfeeding of less than 6months durationwas significantly associatedwith autism
diagnosis. Twenty-two out of 64 children who were fed breast milk through a bottle were
reported to have ASD diagnosis as shown in Table 4. The odds ratio analysis of the association
of breast milk feeding and ASD diagnosis is shown in Table 5. This survey indicates that
increasing the duration of breast milk feeding was not associated with a significant decrease in
autismdiagnosis.Webelieve that the infantswho are bottle-fedwith breastmilk or formula have
little sensory interaction with the mother or caregiver during the feeding Table 6. We hypothe-
size that breast milk feeding is associated with lower oxytocin release and oxytocin receptors in
the infant’s central nervous system. Similarly, in children who were formula-fed and had ASD
diagnosis, less sensory interaction between mother-baby during bottle feeding and absence of
maternal hormones, especially estrogens, in the infant’s feeding result in lower oxytocin and its

Children with ASD diagnosis Children without ASD diagnosis Total

Number of formula-fed children

12 22 34

Number of breastfed children

21 26 47

Number of breast milk fed children

22 42 64

55 90 145

Table 1. Number of breastfed children with ASD diagnosis should be 21 and without ASD diagnosis should be 26 autism
relative to the feeding methods, breastfeeding, breast milk, or formula feeding.
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receptors in the infant’s brain [30]. The presence of estrogens aswell as othermaternal hormones
in the breast milk has beenwell documented. Johnson et al. and Champagne et al. have reported
that estrogens are transcriptional promoters of oxytocin and oxytocin receptor’s gene in experi-
mental animals [31, 32]. The absence of estrogens in the infant’s feeding or the use of oxytocin
blockers in experimental animals results in lower endogenous oxytocin and oxytocin recep-
tors [30–32]. Oxytocin and estrogens have regulatory influence on the oxytocinergic system and
have been shown to alter many aspects of cellular function and differentiation as well as poten-
tial to remodel the nervous system [33, 34]. Additionally, oxytocin is a neurotransmitter and

Duration of breastfeeding Number of children with ASD diagnosis Number of children without ASD diagnosis

<2 months 8 2

2–3.99 months 4 1

4–5.99 months 2 2

6–8.99 months 4 0

9–11.99 months 2 2

12–14.99 months 2 8

15–17.99 months 2 3

18–23.99 months 2 0

>24 months 0 3

Table 2. Number of children with and without ASD diagnosis relative to the duration of breastfeeding.

Months of breastfeeding Odds ratio P-value 95% confidence intervals

<6 0.27 0.04 (0.08–0.95)

6–11.99 months 0.93 0.94 (0.14–6-23)

>12 months 6.67 0.009 (1.61–26.47)

Table 3. Odds ratios of association of breastfeeding duration and ASD diagnosis.

Duration of breast milk feeding With ASD diagnosis Without ASD diagnosis

<2 months 4 8

2–3.99 months 4 6

4–5.99 months 4 4

6–8.99 months 4 8

9–11.99 months 4 5

12–14.99 months 0 5

15–23.99 months 2 2

>24 months 0 4

Table 4. Number of children with and without ASD relative to the duration of breast milk feeding.
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6–11.99 months 0.93 0.94 (0.14–6-23)

>12 months 6.67 0.009 (1.61–26.47)

Table 3. Odds ratios of association of breastfeeding duration and ASD diagnosis.
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<2 months 4 8

2–3.99 months 4 6
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12–14.99 months 0 5

15–23.99 months 2 2

>24 months 0 4

Table 4. Number of children with and without ASD relative to the duration of breast milk feeding.
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neuromodulator and may increase neuroplasticity, synaptic connections, and alter ASD genes
expression.

There is clear and convincing evidence that links the ingredients of breast milk and infant’s
sensory stimulation during breastfeeding to lowering the prevalence of autism. However,

Months of breast milk feeding Odds ratios P-value 95% confidence interval

<6 months 0.67 0.37 (0.11–4.31)

6–11.99 months 1.08 0.08 (0.35–3.40)

>12 months 3.67 0.12 (0.69–19.56)

Table 5. Odds ratios of association of breast milk feeding duration and prevalence of ASD diagnosis.

Table 6. Cascade of oxytocin system activation in the newborn infants.
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there are questions raised that infants who are later diagnosed to have autism may have
dysregulated breastfeeding behavior [35]. A small retrospective study of the association of
autism and dysregulated breastfeeding behavior revealed that the majority of infants in this
study who developed autism were breastfeeding well and a few who were identified as having
dysregulated breastfeeding behavior were breastfeeding more often and quite vigorously [35].

In this communication, we demonstrate the association between breastfeeding and decline in
prevalence of ASD. We further believe that this effect is mediated by an increase in the
endogenous oxytocin in the infant’s central nervous system [1, 13, 15]. The elegant experiments
by Krol et al. demonstrate the significance of breastfeeding and oxytocin increase in the central
nervous system of infants with CD-38 gene variation. CD-38 gene encodes the enzyme system
that releases the oxytocin from the hypothalamic neuroendocrine cells. The individuals who
have two copies of the C allele of the enzyme release less oxytocin than the individuals with the
A (normal) allele and therefore are at risk of developing ASD [36]. Furthermore, the infants
with CC allele of the enzyme who were not breastfed showed less eye contact with their
caregiver at 6 months, an early sign of autism, while the infants who were exclusively breastfed
continued to maintain normal eye contact with their mother. The author state that oxytocin in
the breast milk is absorbed in the infant’s intestinal tract and cross the blood-brain barrier.
However, this appears to be very unlikely because breast milk contains small amounts of
oxytocin, 8 pg/ml in the first few days, and decreases with increased milk production. It is
believed that oxytocin is digested in the infant’s digestive tract and even if it is absorbed into
the blood stream, it does not cross the blood-brain barrier [10]. We postulate that the rise of
oxytocin in the infant’s central nervous system is due to the presence of estrogens in the breast
milk acting as transcriptional promoter of oxytocin gene. We believe that the finding is further
indication that breastfeeding provides protection against autism development.

In this communication, we demonstrate the evidence supporting our hypothesis that breastfeeding
for 1 year or more is highly associated with reduced prevalence of autism and identify the lack of
breastfeeding as a risk factor for the development of ASD in genetically susceptible children.
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Abstract

In latest years the concept of quality of life (QoL) has been acknowledged as an important 
outcome in psychiatric pathology fields. Most researchers consider that social indicators 
and the perception of personal wellbeing also, should be considered when measuring 
the quality of life. Our purpose was to investigate the QoL of the families of children 
with autism spectrum disorders (ASD) and to determine whether in this population, 
the potential mediators (irrational cognitions, negative automatic thoughts, coping 
 strategies) relate significantly with the emotional distress reported. We also aimed to 
assess the parents’ irrational cognitions and negative automatic thoughts as mediators 
in the relationship between the overall assessment of family QoL and their emotional 
distress. We found significant correlations between the emotional distress reported by 
the parents and their automatic negative thoughts, irrational cognitions, and different 
coping strategies. The relationship between the overall assessment of family QoLand the 
parents’ emotional distress was partially explained by their negative automatic thoughts 
and irrational cognitions. In this view, the specialised services should include also inter-
ventions for the parents of children with developmental disorders (ASD, ADHD) in order 
to improve their overall assessment of family QoL.

Keywords: family quality of life, autism spectrum disorders, emotion regulation, 
coping mechanisms

1. Introduction

Quality of life (QoL) is a measure of individual well-being, which includes multiple areas of 
functioning and is increasingly recognized as a necessary construct in developmental disor-
der studies. The QoL concept is not new. Happiness and well-being have been discussed by 
Plato and Aristotle in their writings. QoL has been defined in various ways, from ”general 

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



conditions for happiness“ [2] to ”positive life experiences“ [3]. Most researchers consider that 
social indicators, but also the perception of personal well-being should be considered when 
measuring QoL and that the objective and subjective indicators are two complementary facets 
that have to be measured separately [1, 4].

QoL is a construct that has been used for a wide range of health problems (drug abuse, mental 
disorders, oncology, geriatrics, cardiovascular disease, etc.), but lacks a coherent theoretical-
derived model or a definition generally accepted [5, 6]. Although there is a general consensus 
on the main characteristics of the construct [7–9], there are still some issues to be clarified for 
the development of appropriate QoL measurement instruments: the principles that should 
guide the measurement process and how should be carried the assessment [10, 11].

The concept of family QoL has been studied systematically only in the recent years. Parents’ 
experience was considered to be a part of the family life and was initially explored as part of 
the QoL concept. In the late 1990s, there were initiated two large projects on the families’ QoL, 
one at Kansas University and the other led by a team of researchers from Australia, Canada, 
and Israel. The main rationale for these studies was the tendency of governments and other 
funding sources to assign to the families the care of children and adults with disabilities. This 
trend was especially important for the families who had a member with intellectual disability 
that required constant care and supervision. Even though most families are willing to assume 
this role, many difficulties arise and affect their quality of life [12, 13].

The concept of family QoL emerged as a viable alternative to the use of multiple measure-
ments, which most often caused difficulties in design studies and results reporting because 
these measurements, developed individually, are rarely suitable to produce a global profile 
of family status. Given the increasing interest in health status or economic well-being of fami-
lies and community, these issues were included in the instruments that measure family QoL. 
Although some researchers have conceptualized and measured some aspects of the family 
QoL in terms of services available for the child or the family [14], most of them developed 
a multidimensional construct, with a number of domains representing different areas of the 
family life, the sum of their ratings indicating the overall family quality of life. That view was 
shared by many researchers, each of them describing a framework for the domains of the fam-
ily quality of life. The International Family Quality of Life Project [13, 15, 16] developed an 
instrument that organizes family QoL in nine domains. Another research team [17] proposed 
an instrument with six areas. The third research team [18, 19] conceptualized, developed, and 
tested an instrument that evaluates five domains: family relationships, parenting style, emo-
tional well-being, physical and material wellbeing, and disability support.

A way to assess families’ perceptions and needs is to investigate the areas in which they 
function. One of the problems that arise from using these questionnaires is the difficulty to 
convince other family members than mothers to answer to them. However, overall satisfac-
tion with the family quality of life can be high, even if there are problems in some areas. 
Satisfaction varies significantly in each assessed area of the family life. This variation may 
be associated with the intensity of child's behavioral problems or family experience. It is 
also important to note that family members are different in terms of resilience and coping 
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 strategies and that they may report high levels in satisfaction, even if they have many dif-
ficulties and need support [20]. The concept of family quality of life is a multidimensional 
construct, involving a variety of physical, economic, and emotional dimensions, which can-
not be properly measured by focusing only on the perspective of the mother. In a systematic 
review on the conceptualization and assessment of the effects on families who have children 
with disabilities, among the 20 studies evaluated, 14 used assessments focused on family 
welfare, family adjustment, and functioning. Among these studies, 55% were focused on the 
maternal perspective, 35% included both parents, and only one study included the siblings of 
children with disabilities [21].

The use of variables such as stress and depression to study the effect of disability on families 
has been criticized because these variables do not take an objective view on the families’ expe-
rience and do not consider the possibility that many families experience positive effects and 
adapt well to raising a child with disabilities [22].

Stress level was studied in relation to parents’ mental health QoL in several studies [23–25]. 
Lee et al. found stress to be a significant predictor of mental health QoL, after controlling for 
five demographic variables (e.g., age, education, income, number of children in family, and 
severity of child with disability). Stress was negatively correlated with all aspects of QoL 
including physical, psychological, social, and environmental HRQOL [26].

In another study on parents of children with autism spectrum disorders (ASD), Johnson et 
al. evaluated the relationships between parents’ stress, family functioning, and QoL. They 
found that parents’ stress had a negative impact on mental health outcomes [27]. These results 
are supported by other studies and confirm the negative impact of stress on psychological 
outcomes among parents of children with ASD (e.g., depression, anxiety, and adjustment)  
[28, 29].

Smith et al evaluated the depressive symptoms of the mother of children and adolescents 
with ASD. A third of them had clinically significant depressive symptoms [30]. Wallace et 
al. suggested that parents’ depression is associated with the intensity of child repetitive 
behaviors and their anxiety with child social communication problems [31]. Family history of 
depression or shyness had the greatest influence on children socialization scores. Parents of 
children with autism were more likely to be hospitalized for a mental disorder than those in 
the control group, and depression and personality disorders were more common in mothers 
than fathers [32].

Social support, family functioning, and parents’ coping mechanisms are factors that mediate 
the quality of life of parents of children with ASD [33]. High social support is associated with 
low levels of anxiety, depression, and stress. The high degree of cohesion and adaptability of 
the family was shown to be protective against the potential negative effects of raising a child 
with ASD.

Another factors found to be associated with parental QoL are child’s symptom severity and 
behavioral problems [25, 26, 34]. Benson et al. studied the impact of child ASD symptoms 
severity on parents’ depression, the results suggesting that both child symptoms severity and 
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parental stress predicted depression and that the effect of child symptom severity on parental 
depression was partially mediated by stress [23].

In a study that investigated the QoL of the main caregiver of children with ASD, the results 
suggested that the most important predictors for caregiver’ physical health were the intensity 
of children behavioral problems and social support and for their mental health, the level of 
child functional impairment, social support, use of maladaptive coping strategies, and per-
ceived difficulty. The impact on mental health was more important than that on physical 
health, which was only slightly below the norms for general population [35].

Coping refers to the cognitive and behavioral effort of an individual to adapt to a stressful 
situation [36]. Studies in autism reported that the frequent use of emotion-oriented coping is 
associated with parents’ low quality of life [37]. In contrast to these findings, Lee et al. found 
no association between coping strategies and QoL [26].

Family emotional environment, including the expression of different types of emotions, 
help children to develop emotional competence. A chronically poor emotional expression of 
parents and high levels of negative emotions have significant implications for children emo-
tion regulation skill development (failure in understanding emotions, poor management of 
stressful emotional situations, and incorrect social use of emotions). Chronic suppression of 
emotional experiences is associated with higher subjective distress and on a long term with 
emotional regulation deficits.

There are some data suggesting that parental capacity to assure their children health and 
adaptability may be affected by their emotional state and well-being. Parental stress can influ-
ence parents’ and children’s coping resources and affect their ability to perform [38, 39].

A study that investigated the quality of life of 286 children with ASD, compared with the 
norms for general population and the population with chronic somatic disorders, reported 
that the children with ASD had lower scores for the psychosocial, emotional, and social func-
tioning, but comparative to the population with chronic somatic disorders for physical and 
school functioning. QoL did not significantly correlate with the diagnosis of ASD or the intel-
lectual abilities, but was significantly associated with the internalizing/externalizing problems 
measured by child Behavior checklist (CBCL), with the repetitive behaviors, social respon-
siveness, and adaptive behaviors. Given the fact that the socialization difficulties that charac-
terize ASD are not specific to chronic somatic disorders, such as asthma or diabetes, it is not 
surprising that children with ASD had lower scores on the psychosocial functioning domain 
[39]. Storch et al. found a stronger correlation between the CBCL scores and quality of life for 
the internalizing problems [40]. This stronger association with the internalizing problems is 
not necessarily surprising for children with ASD, given that withdrawal is an important clini-
cal feature in ASD and also a significant part of internalization scores measured by CBCL.

Studies on QoL of the caregivers of children with ASD reported different results. Allik et al. 
found the behavioral problems and not the autism severity as predictors for the mental health 
of mothers of children with ASD. This study included parents of children with Asperger 
syndrome and high-functioning autism, which could influence the results related to autism 
severity, these forms of ASD associating a lower symptoms severity [41].
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Stuart and McGrew reported a protective effect for social support and a negative one for the 
use of maladaptive coping strategies, on the subjective difficulty reported by the parents of 
children with autism. The problems in family functioning also contributed to the level of dif-
ficulties reported [42]. These results are similar to those described by Altiere and von Kluge, 
who found a more frequent use of the adaptive coping mechanisms and social support for 
the parents of children with autism who had better family relationships than for those with 
family problems or separated [43].

For children with autism, it was demonstrated a strong correlation between their behavioral 
problems, the autism symptoms severity and parental stress. Osborne and Reed reported 
that the parental stress levels have a negative influence on the child outcomes after receiv-
ing different educational interventions. The negative effects were observed in both cognitive 
and adaptive behavior acquisitions [44]. The reason why high levels of parental stress have 
a negative impact on child's behavioral problems and are predictive for poor outcomes in 
therapy has not been elucidated yet. The most plausible explanation is that the parental stress 
produces changes in the parent's ability to adjust and respond to child's behavioral problems.

The aim of this study was to assess the mediating role of parents’ irrational beliefs and auto-
matic negative thoughts in the relationship between the children’s emotional/behavioral 
problems and the parents’ emotional distress. Our goal was also to investigate whether in 
this population (families of the children with ASD or attention deficit hyperactivity disorder 
(ADHD)), the potential mediators (irrational cognitions, negative automatic thoughts, and 
coping strategies) relate significantly with the emotional distress reported and to assess the 
parents irrational cognitions and negative automatic thoughts as mediators in the relation-
ship between the assessment of the overall family quality of life and their emotional distress 
[1]. Few studies have been reported on this topic, especially, much less in families of the chil-
dren with ASD or ADHD.

The results from previous studies [45, 46] showed no differences between the two diagnosis 
categories regarding the parents’ levels of emotional distress and the overall assessment of 
family QoL, so analyses were performed on all studied clinical sample.

2. Method

2.1. Participants

The data were collected from 114 children aged 2–14 years, diagnosed with ASD or ADHD, 
according to international diagnosis criteria DSM IV-TR and ICD-10 and from their parents 
(65 children with ASD and 49 children with ADHD).

Children and adolescents included in the study were recruited between January 2011 and 
November 2011. They were patients in the Child and Adolescent Psychiatry Clinic from 
Cluj-Napoca, Romania or included in a therapy program in various specialized centers from 
Romania (ClujNapoca, Sibiu, Oradea, Arad, and Tg. Jiu). Children diagnosed and treated in 
this clinic come from all parts of the country and are diverse in terms of socioeconomic status.
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We included in the study: boys or girls with ages between 2 and 14 years, with diagnosis 
of autistic spectrum disorder (ASD) or attention deficit hyperactivity disorder (ADHD), 
 according to DSM IV-TR international criteria; sign consent of parents to be included in the 
study. We excluded from the study: the children with a known medical condition (heart or 
lung and chronic disorders); children who suffered accidents or had major stress or in the 
last 6 months, which may significantly affect the family quality of life; the children placed in 
foster care [1].

2.2. Instruments

Child Behavior Checklist (CBCL) was used to assess the internalizing/externalizing problems. 
There are two versions of the instrument, depending on the age of the child: the preschool 
checklist (CBCL/1½-5) and the school-age version (CBCL/6-18). The CBCL is to be filled in 
by the parent/caretaker who spends the most time with the child and assesses various prob-
lems and child functioning over the past 2 months. It has been one of the most widely used 
standardized measures for evaluating maladaptive behaviors and emotional problems in 
children and adolescents. CBCL assesses internalizing (i.e., anxious, depressive, and overcon-
trolled) and externalizing (i.e., aggressive, hyperactive, noncompliant, and under controlled) 
behaviors, as well as scores on DSM-IV-related scales (emotional problems, anxiety disor-
ders, ADHD, opposition defiant disorder, and pervasive developmental disorders/somatic 
problems) [47].

To assess parents’ emotions and emotional regulation strategies, we used the following instru-
ments: profile of affective distress (PAD)—rating scale with 39 items that assesses subjective 
dimensions of positive and negative emotions (functional and dysfunctional) [47]; white bear 
suppression inventory (WBSI)—rating scale with 15 items that assesses the use of suppression 
as a cognitive and emotional coping strategy; self-efficacy scale (SES)—rating scale with 10 
items that assesses the perceived self-efficacy; automatic thoughts questionnaire (ATQ)—rat-
ing scale with 30 items that measures the negative automatic thoughts frequency; attitudes 
and beliefs scale—short form (ABSs)—is a global measure of irrationality into adulthood; it 
has eight items that assess four types of irrational evaluative beliefs (absolutist claims, cata-
strophic interpretation, low frustration tolerance and negative overall assessment); cognitive-
emotional regulation questionnaire (CERQ)—has 36 items and assesses nine cognitive coping 
strategies that a person uses when experiencing negative events or situations (self-blame; 
other-blame; rumination; catastrophizing; putting into perspective; positive refocusing; posi-
tive reappraisal; acceptance; refocus on planning) [48, 49].

Family quality of life survey (FQOL) was used to assess the family quality of life, instrument 
designed to assess the quality of life of the families that have one or more members with 
intellectual or developmental disability. The family quality of life can be approached from 
different perspectives.

The FQOL has several sections: first section includes the description of the family members; 
the following nine assess specific areas of family life (health, financial status, family inter-
actions, support from others, and support from services, values influence, career, leisure 
activities, and integration in community life). Each of these areas has two sections: Section A 
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contains questions of a more general nature and Section B contains questions related to six 
key concepts for the theoretical construction of the instrument: importance, opportunities, 
initiative, achievement/current status, stability, and satisfaction. The final section is shorter 
and is designed to collect the overall impressions regarding the family QoL [50].

The demographics and other data of interest were obtained through a questionnaire contain-
ing questions about the patient (age, sex, age at diagnosis, school activities, and treatment) 
and his family (mother and father’s age, marital status, education level, and occupation).

2.3. Design

The study is cross-sectional. Parents and children who agreed to participate to the study 
received additional information and signed the informed consent. Psychiatric and somatic 
evaluations were performed for the patients who met the study inclusion and exclusion cri-
teria in order to confirm the diagnosis and detect possible comorbidities. Each child was psy-
chologically evaluated in order to determine the developmental level and symptoms severity. 
After the clinical interview, the parents/caregivers filled in the CBCL for the assessment of 
child internalizing/externalizing problems, the emotional assessment rating scales (PAD, 
WBI, SES, ATQ, ABSs, and CERQ) and the family quality of life questionnaire (FQOL) [1]. 
Data were supplemented with information from the patients’ charts and other medical docu-
ments. For all the children included in the study, we required and obtained the consent to use 
medical data, ensuring the privacy and subject’s identity protection. The questionnaires were 
filled in by the mothers for all children included in the study.

2.4. Data analysis

Data were collected into a SPSS database (version 17). Analyses were performed to assess the 
mediating role of parents’ automatic thoughts and irrational beliefs as mediators of the rela-
tionship between children’s problems (affective, anxiety, behavioral) and parents’ emotional 
distress. The same procedure was used to assess the role of parents’ irrational beliefs and 
automatic thoughts as mediators of the relationship between the global assessment of family 
QoL and their emotional distress.

The mediation analysis was used following the next steps: first, the mediation criteria were 
tested according to the following procedure. We tested if the independent variable is a signifi-
cant predictor of the dependent variable (criterion). In this way, the total effect was identified. 
Then we tested whether the independent variable is a significant predictor of the mediating 
variable and if the latter is a significant predictor of the dependent variable. After that, it was 
tested whether the independent variable predictive value is reduced when it is placed next to 
the mediating variable in the multiple linear regression equation on the dependent variable. 
The difference between the total effect and the independent variable predictive value on con-
trolled mediator represents the mediation effect.

Its difference from 0 value was tested using the Sobel test, at a probability of the null 
hypothesis (mediation effect is null) p < 0.05. For the situations where the mediation effect 
proved to be statistically significant, in the last phase of the analysis, the mediation effect 
size was calculated. An effect size indicator was used. It represents the proportion of the 
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total effect explained by the mediating variable. This indicator was calculated as: the dif-
ference between the total effect and the mediation effect divided by the total effect and 
multiplied by 100.

2.5. Ethical aspects

The study was conducted in compliance with the international ethical standards set out in the 
Helsinki Declaration of Human Rights updated. We obtain the approval of the University of 
Medicine and Pharmacy Cluj-Napoca Ethics Committee to conduct the study. All the parents 
and children included in the study signed the informed consent and received additional infor-
mation. Data were used ensuring the privacy and subject’s identity protection.

3. Results

3.1. Sample description

One hundred and fourteen subjects were enrolled in the study, with ages ranging between 2 
and 14 years (M = 6.95 years, SD = 2.67) (see Table 1). In terms of gender distribution, the sam-
ple included 84 boys (73.7%) and 30 girls (26.3%), with a clear predominance of male subjects. 
Sixty-five children (57%) were diagnosed with ASD and 49 with ADHD (43%). After psycho-
logical evaluations, 54 (47.37%) children had a proper developmental level, 51 (44.74%) had 
developmental delay in all areas (cognitive, language, independence, communication), and 9 
children had language delay (7.89%). Most children were under psychological or pharmaco-
logical therapy.

Out of the 114 participants in the study, 32 (28.07%) were from rural and 82 (71.93%) from 
urban environment. In both diagnosis groups, most parents were married, with secondary 
education and employed [1].

The results of our previous studies on the comparison of satisfaction for the nine areas of 
family quality of life (QoL) among families of children with ASD and ADHD highlighted the 
lack of statistically significant differences between the two categories of diagnosis in all the 
domains assessed by FQOL. We also found no statistically significant differences between the 
two diagnosis groups regarding parents’ emotional distress, meaning that the diagnostic cat-
egory does not moderate the intensity and/or direction of the relationship between parental 
emotional distress and the overall assessment of family QoL, so analyses were performed on 
the whole clinical sample [45, 46].

3.2. Analysis of parents automatic thoughts and irrational cognitions as mediators in 
the relationship between children problems (affective, anxiety, behavioral) and parents’ 
emotional distress

Previous analysis on the relationship between the child affective, anxiety, and behavioral 
problems and the overall assessment of the family QoL revealed no significant relationship 
for both category of diagnosis, TSA and ADHD.
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The parents included in the study showed high emotional distress mean scores compared 
with the general population norms (M = 56.21, SD = 19.64). Analyses performed separately for 
the two diagnosis categories revealed no statistically significant differences (t (112) = −1.08, p 
> 0.05) on the level of distress reported.

The scores for negative dysfunctional emotions were average to high when compared with the 
general population norms (M = 25.1, SD = 10.9), 40% of the parents reporting high and very high 
levels of negative dysfunctional emotions. Analyses performed separately for the two diagnosis 
categories revealed no statistically significant differences (t (112) = −1.29, p > 0.05), suggesting 
that for the studied sample, increased levels of negative dysfunctional emotions and emotional 
distress, may be due to child developmental problems, but they are not specific to diagnosis.

3.2.1. Study on the relationship between the intensity of children affective problems and parents’ 
emotional distress

Analysis of variance (ANOVA) revealed no statistically significant differences between the 
three groups (non-clinical, sub-clinical, and clinical) for any aspect of parents’ emotional 
distress measured in the study: emotional distress total score (F = 0.40, p > 0.05), negative 

ASD (N = 65) ADHD (N = 49)

Child characteristics

Age mean (SD) 6.46 (2.17) 7.61 (3.13)

Gender (% male) 58.3 41.7

Developmental level N (%) N (%)

Normal 15 (23.07) 39 (79.59)

Developmental delay 44 (67.69) 7 (14.28)

Language delay 6 (9.23) 3 (6.12)

Pharmacological therapy N (%) 43 (66.2) 27 (55.1)

Psychotherapy N (%) 60 (92.3) 24 (48.97)

Family characteristics

Mothers age mean (SD) 33.21 (5.58) 35.46 (6.37)

Fathers age mean (SD) 36.79 (5.54) 37.78 (6.50)

Marital status N married (%) 55 (84.6) 40 (81.6)

Level of education N (%) N (%)

Less than 12th grade 4 (6.2) 8 (16.3)

Bachelor’s degree 37 (56.9) 28 (57.1)

Graduate degree 24 (36.9) 13 (26.6)

Employment status

N employed (%) 58 (89.2) 38 (77.6)

Table 1. Sample demographic description.
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 dysfunctional emotion total score (F = 0.16, p > 0.05), worry/anxiety dysfunctional emo-
tion score (F = 0.14, p > 0.05), respectively, sadness/depression dysfunctional emotion score  
(F = 0.16, p > 0.05) (see Table 2).

3.2.2. Study on the relationship between the intensity of children anxiety problems and parents’ 
emotional distress

Comparative analysis of the parents’ emotional distress scores in the three groups (nonclini-
cal, subclinical, and clinical), highlighted a lack of statistically significant differences, as fol-
lows: emotional distress total score (F = 0.37, p > 0.05), negative dysfunctional emotion total 
score (F = 0.39, p > 0.05), worry/anxiety dysfunctional emotion score (F = 0.03, p > 0.05), and 
sadness/depression dysfunctional emotion score (F = 1.05, p > 0.05) (see Table 3).

3.2.3. Study on the relationship between the intensity of children behavioral problems and parents’ 
emotional distress

Comparative analysis of parents’ emotional distress scores in the three groups (nonclinical, 
subclinical, and clinical) showed a lack of statistically significant differences for the level of 
emotional distress total score (F = 0.44, p > 0.05), negative dysfunctional emotion total score  

Variable Lot N Mean (M) Standard deviation 
(SD)

Emotional distress total score Nonclinic 67 55.22 19.86

Subclinic 25 55.92 18.82

Clinic 22 59.59 20.41

Total 114 56.21 19.64

Negative dysfunctional emotion total score Nonclinic 67 24.80 11.31

Subclinic 25 24.84 10.66

Clinic 22 26.31 10.70

Total 114 25.10 10.98

Worry/anxiety dysfunctional emotion score Nonclinic 67 11.44 6.54

Subclinic 25 11.24 4.53

Clinic 22 12.09 4.17

Total 114 11.52 5.71

Sadness/depression dysfunctional emotion score Nonclinic 67 13.35 5.56

Subclinic 25 13.60 6.55

Clinic 22 14.22 7.26

Total 114 13.57 6.09

Table 2. Central tendency and dispersion indicators of parents’ emotional distress in relation with the intensity of 
children affective problems.
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(F = 0.28, p > 0.05), worry/anxiety dysfunctional emotion score (F = 0.23, p > 0.05), and sadness/
depression dysfunctional emotion score (F = 0.48, p > 0.05) (see Table 4) [1].

3.3. Automatic thoughts, irrational beliefs and coping strategies

Assuming that the high levels of parental emotional distress is generated among other factors, 
by the child developmental disorder, we investigated whether in this population (parents of 
children diagnosed with ASD or ADHD), the potential mediators (irrational beliefs, negative 
automatic thoughts, coping strategies) relate statistically significant to the reported emotional 
distress.

Parents of children included in the study registered high levels of negative automatic 
thoughts (M = 30.15, SD = 10.39) (more than 69.1% of the general population). For the irra-
tional beliefs measured by ABSs, the mean scores were also very high (M = 11.29, SD = 3.54). 
Low to medium levels of self-efficacy were reported (M = 30.22, SD = 4.61) (>6.7 of the general 
population).

Table 5 shows the correlations of parents’ automatic thoughts, irrational beliefs, perceived 
self-efficacy, and suppression coping strategy with their emotional distress scores.

Variable Lot N Mean (M) Standard deviation 
(SD)

Emotional distress total score Nonclinic 58 54.68 17.75

Subclinic 30 57.30 20.16

Clinic 26 58.38 23.28

Total 114 56.21 19.64

Negative dysfunctional emotion total score Nonclinic 58 24.20 10.33

Subclinic 30 25.86 10.62

Clinic 26 26.23 12.90

Total 114 25.10 10.98

Worry/anxiety dysfunctional emotion score Nonclinic 58 11.41 6.47

Subclinic 30 11.76 4.84

Clinic 26 11.50 4.98

Total 114 11.52 5.71

Sadness/depression dysfunctional emotion score Nonclinic 58 12.79 4.78

Subclinic 30 14.10 6.05

Clinic 26 14.73 8.35

Total 114 13.57 6.09

Table 3. Central tendency and dispersion indicators of parents’ emotional distress in relation with the intensity of 
children anxiety problems.
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Both automatic negative thoughts and irrational beliefs correlate positively and statistically 
significant with all emotional distress scores, the intensity varying from medium to high. The 
relationship is positive, meaning that when the intensity of the negative automatic thoughts 
increases, the emotional distress increases also. In terms of explanatory value, negative auto-
matic thoughts explain between 13% (R2 = 0.13 for worry/anxiety dysfunctional emotion 
score) and 28% (R2 = 0.28 for sadness/depression dysfunctional emotion score) of the emo-
tional distress variance.

Variable Lot N Mean (M) Standard deviation 
(SD)

Emotional distress total score Nonclinic 61 55.80 21.05

Subclinic 22 53.77 16.89

Clinic 31 58.77 18.86

Total 114 56.21 19.64

Negative dysfunctional emotion total score Nonclinic 61 25.04 12.16

Subclinic 22 23.81 8.53

Clinic 31 26.12 10.23

Total 114 25.10 10.98

Worry/anxiety dysfunctional emotion score Nonclinic 61 11.73 6.90

Subclinic 22 10.77 3.89

Clinic 31 11.64 4.07

Total 114 11.52 5.71

Sadness/depression dysfunctional emotion score Nonclinic 61 13.31 6.11

Subclinic 22 13.04 5.07

Clinic 31 14.48 6.76

Total 114 13.57 6.09

Table 4. Central tendency and dispersion indicators of parents’ emotional distress in relation with the intensity of 
children behavioral problems.

Automatic negative 
thoughts (ATQ)

Irrational beliefs 
(ABSs)

Self-efficacy 
(SES)

Suppression coping 
strategy (WBSI)

Emotional distress total score 0.48** 0.41** −0.40** 0.38**

Negative dysfunctional emotion 
total score

0.49** 0.39** −0.37** 0.36**

Worry/anxiety dysfunctional 
emotion score

0.37** 0.30** −0.28** 0.31**

Sadness/depression dysfunctional 
emotion score

0.53** 0.43** −0.41** 0.36**

**Correlation significant at p < 0.01.

Table 5. The correlation of parents’ emotional distress scores with their automatic thoughts, irrational beliefs, perceived 
self-efficacy and use of suppression coping strategy.
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For the irrational beliefs, the relationship is also positive, meaning that when the level 
of irrationality increases, the emotional distress increases also. The determination coef-
ficients obtained from the square of the correlation coefficients indicate that irrationality 
explains between 9% (R2 = 0.09 for worry/anxiety dysfunctional emotion scores) and 18% 
(R2 = 0.18 for sadness/depression dysfunctional emotion score) of the emotional distress 
variance.

The perceived self-efficacy correlated with all emotional distress scores with values between 
−0.28 and −0.41. The negative relationship means that, if the self-efficacy reported by parents 
is higher, the emotional distress will be lower. In terms of explanatory value, the perceived 
self-efficacy explains between 7.8% (R2 = 0.078 for worry/anxiety dysfunctional emotion score) 
and 16.8% (R2 = 0.168 for sadness/depression dysfunctional emotion score) of the emotional 
distress variance.

The suppression coping strategy measured by WBSI correlated with all emotional distress 
scores with values between r = 0.31 and r = 0.38, statistically significant at p < 0.01. The mean 
scores (M = 48.51, SD = 11.79) did not exceed the critical cut-off (M > 60).The use of suppres-
sion coping strategy (WBSI) explains between 9 (R2 = 0.09 for worry/anxiety dysfunctional 
emotion score) and 14% (R2 = 0.14 for the emotional distress total score) of the emotional 
distress variance.

Regarding the cognitive coping strategies used, the scores reported by the parents showed 
above average use for catastrophizing (M = 9.64, SD = 3.82), average use for self-blame  
(M = 9.66, SD = 3.06), acceptance (M = 13.51, SD = 3.49), rumination (M = 12.24, SD = 3.52), 
refocus on planning (M = 15.9, SD = 3.25), positive reappraisal (M = 14.37, SD = 3.82), putting 
into perspective (M = 14.19, SD = 3.76), and below average for positive refocusing (M = 10.89, 
SD = 3.91) and blame others (M = 7.05, SD = 2.90).

As seen in Table 6, the reported emotional distress correlated statistically significant with the 
strategies: self-blame (r = 0.32), rumination (r = 0.20), positive refocusing (r = −0.22), positive 
reappraisal (r = −0.23), catastrophizing (r = 0.37), and blame others (r = 019). The only coping 
strategies that correlated with all scores of emotional distress measured were self-blame and 
catastrophizing strategies. Both registered positive relationships meaning that their frequent 
use associated with higher emotional distress scores. For the self-blame strategy the inten-
sity was mild. The most intense correlation was obtained for the catastrophizing strategy  
(r = 0.37). The positive refocusing, positive reappraisal, refocus on planning registered nega-
tive relationships with different scores of emotional distress, meaning that their frequent use 
associated with lower emotional distress scores [1].

3.4. The parents’ irrational cognitions and negative automatic thoughts as mediators in 
the relationship between the assessment of the overall family quality of life and their 
emotional distress

3.4.1. Model 1

This mediation model includes the following variables: overall assessment of family quality 
of life (M = 3.57, SD = 0.65)—predictor variable, emotional distress—criterion variable and 
irrational cognitions—the mediator variable (Figure 1).
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Mediation model 1 testing included the following steps:

Step 1. Testing the relationship between the overall assessment of family quality of life and 
parents reported emotional distress. Simple linear regression analysis proved overall assess-
ment of family quality of life to be a significant predictor for the emotional distress (B = −0.97, 
β = −0.35, SE = 2.27, p < 0.05). This represents the total effect of the overall assessment of family 
quality of life on the parents’ emotional distress.

Step 2. Testing the relationship between the overall assessment of family quality of life and par-
ents irrational beliefs. Simple linear regression analysis showed the overall assessment of fam-
ily quality of life as significant predictor for parents’ irrational cognitions (B= −1.07, β= −0.23, 
SE = 0.42, p < 0.05).

Step 3. Testing the simultaneous predictive value of the overall assessment of family quality 
of life and irrational beliefs on parents’ emotional distress. The multiple linear regression 

CERQ coping  
strategy

Emotional distress 
total score

Negative dysfunctional 
emotion total score

Worry/anxiety 
dysfunctional  
emotion score

Sadness/depression 
dysfunctional emotion 
score

Self-blame 0.32** 0.32** 0.30** 0.29**

Acceptance 0.07 0.05 0.06 0.03

Rumination 0.20* 0.15 0.13 0.15

Positive refocusing −0.22* −0.18* −0.07 −0.26**

Refocus on planning −0.10 −0.14 −0.02 −0.23*

Positive reappraisal −0.23* −0.25** −0.13 −0.34**

Putting into perspective −0.06 −0.09 −0.03 −0.14

Catastrophizing 0.37** 0.38** 0.32** 0.38**

Blame others 0.19* 0.14 0.10 0.15

CERQ coping strategy Emotional distress  
total score

Negative dysfunctional 
emotion total score

Worry/anxiety 
dysfunctional 
emotion score

Sadness/depression 
dysfunctional emotion 
score

**Correlation significant at p < 0.01.
*Correlations significant at p < 0.05.

Table 6. Correlation of parents’ emotional distress with their coping strategies (CERQ).

Figure 1. Mediation model 1 diagram.
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analysis showed the predictive value of parents irrational cognitions on their emotional dis-
tress, when controlling for the overall assessment of family quality of life (B = 1.93, β = 0.35, 
SE = 0.47, p < 0.05). It showed also a reduction in the predictive value of the overall assess-
ment of family quality of life on the parents emotional distress, when controlling for their 
irrational cognitions (B = −6.98, β = −0.27, SE = 2.18, p < 0.05). The mediation effect (the differ-
ence in predictive value), delta B = −9.07 – (−6.98), was tested for statistical significance using 
the Sobel test. The mediating effect was statistically significant, Z = −2.16, p = 0.03. Next, the 
mediation effect size was calculated as follows: the ratio between the mediation effect and 
the total effect, multiplied by the value {[−9.07 – (− 6.98)]/ −9.07} × 100. This indicator shows 
the proportion of relationship between the overall assessments of family quality and parents’ 
emotional distress explained by irrational cognitions. The mediation size effect was ES = 23%, 
which expresses a partial mediation effect [1].

3.4.2. Model 2

The second mediation model includes three variables: family quality of life— predictor 
variable, parents’ emotional distress—criterion variable and parents' automatic negative 
thoughts—the mediator variable (Figure 2).

Mediation model 2 testing included, as in the previous case, the following steps:

Step 1. Testing the relationship between the overall assessment of family quality of life and 
parents reported emotional distress. Simple linear regression analysis showed overall assess-
ment of family quality of life as significant predictor for the emotional distress (B = −0.97, β = 
−0.35, SE = 2.27, p < 0.05).

Step 2. Testing the relationship between the overall assessment of family quality of life and 
parents automatic negative thoughts. Simple linear regression analysis showed the overall 
assessment of family quality of life as significant predictor of parents automatic negative 
thoughts (B = −4.50, β = −0.33, SE = 1.21, p < 0.05).

Step 3. Testing the simultaneous predictive value of the overall assessment of family quality 
of life and automatic negative thoughts on parents’ emotional distress. The multiple linear 
regression analysis showed the predictive value of parents negative automatic thoughts on 
their emotional distress, when controlling for the overall assessment of family quality of 
life (B = 0.78, β = 0.41, SE = 0.16, p < 0.05). It showed also a reduction of the predictive value 

Figure 2. Mediation model 2 diagram.
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of the overall assessment of family quality of life on the parents emotional distress, when 
controlling for their automatic negative thoughts (B = −5.54, β = −0.21, SE = 2.19, p < 0.05). 
The mediation effect, delta B = −9.07 – (−5.54), was tested with the Sobel test. The mediat-
ing effect was statistically significant, Z = −2.95, p = 0.003. ES = effect size was 38.9%, which 
represents a partial mediator effect. From the total effect of the overall assessment of family 
quality of life on parents’ emotional distress, 38.9% is explained by their automatic negative 
thoughts [1].

4. Discussion

4.1. Main findings

The impact of an autism spectrum disorder (ASD) diagnosis on families is devastating, par-
ticularly because there is no curative pharmacological or psychological treatment.

It has been already proven that having a child with special needs involves child-care-related 
stress, and less time for parents to fulfill their own needs. Compared to typical children's 
parents, parents of children with autism have reported higher family difficulties and are at 
greater risk for developing physical or psychological problems. Lee et al. investigated the 
main predictors of mental health for the parents of children with high-functioning autism and 
reported that physical health, financial status, and low stress are the most critical. The study 
underlined the need for more research on the potential stress of these parents and stated the 
need for services targeting the parents’ mental health, in addition to the therapies addressed 
to the child problems [26].

Some studies have reported that parents’ emotional problems correlated positively with 
child's behavioral problem severity and low ability to communicate functionally. Also, a 
strong correlation between child behavioral problems, autism symptom severity and paren-
tal stress was demonstrated. Khanna et al. found a correlation between the physical QoL 
dimension and child’s behavioral problems [35]. Tung et al. and McStay et al. reported lower 
QoL among parents of children with higher levels of externalizing problems [24, 25]. Lower 
scores on prosocial behaviors and higher scores of hyperactivity and conduct problems indi-
cated lower maternal mental health [51, 52]. Only half of the studies that assessed the impact 
of child emotional problems on parents QoL indicated a significant correlation between the 
child’s emotional problems and maternal mental health [52, 53].

Although recent studies have suggested that there is a link between the level of parents’ 
emotional distress and the intensity of child internalizing/externalizing problems, the 
results of this study showed no statistically significant differences between the levels of 
emotional distress, negative dysfunctional emotions, worry/anxiety dysfunctional emo-
tions, sadness/depression dysfunctional emotions in relation to the intensity of children's 
affective, anxiety and behavioral problems, measured by CBCL. In this view, we believe 
that child's developmental disorders may increase parents’ emotional distress, but it does 
not differ significantly depending on the diagnosis or child-associated internalizing/exter-
nalizing problems.
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Parental stress levels were found to be more pronounced in the parents of children with 
ASD compared to the parents of children with disabilities or other health problems [54]. 
Hastings and Johnson reported that increased severity levels of autistic symptoms are associ-
ated with higher levels of parental stress [55]. Elevated levels of stress can have a negative 
impact on parents and can lead to depression, anger, anxiety, and family conflicts [56]. Most 
studies considered the child with autism the source of stress and the well-being of the other 
family members as the result, but this relationship is bidirectional, meaning that the family 
members can influence the children with ASD (e.g., maternal marital stress and depression 
can influence child behavior) [37]. Another study reported that the most important stressors 
for the parents of children with ASD are: the permanence of the disorder, lack of acceptance 
of ASD-associated behaviors by the family members and society and low levels of support 
available. Among the stressors identified were also included: the financial difficulties due to 
raising a child with ASD, parents concern about the child's future, behavioral problems and 
parents’ psychological characteristics (perceived self-efficacy, locus of control and coping 
styles) [57].

Parents of children included in the study showed higher mean scores for emotional distress 
and average for the negative dysfunctional emotions, compared with the norms for general 
population. These results can be explained by the impact of raising a child with a develop-
mental disorder, considering that some children did not received any form of psychological 
intervention to help parents manage the disorder-associated problems. The increased levels 
of negative dysfunctional emotions and emotional distress may be due to the child develop-
mental problems, but it was not specific to the diagnosis.

Several studies assessed the levels of stress, anxiety, and depression in parents of children 
with ASD [30, 32]. Stress, coping style, and parental self-efficacy emerged as important factors 
associated with QoL. The results of a recently published review [58] suggested that parental 
stress was negatively associated with QoL and also that parents of children with ASD are 
more likely to experience high levels of stress [59].

Emotional or behavioral problems are probably based on the maladaptive and irrational 
beliefs about selves, world, and life. The results of an unpublished study showed that people 
with high levels of distress presented more maladaptive cognitions, irrational beliefs, and 
dysfunctional attitudes, while having a diminished unconditional acceptance of self, when 
compared to people with low-distress levels [60].

The frequency of negative automatic thoughts on self is theoretically associated with 
depression. Parents’ mean scores indicated a high level of negative automatic thoughts. 
For the irrational beliefs measured by ABSs, the mean scores were very high, high level 
of irrationality being usually associated with emotional distress, anxiety, depression, and 
various cognitive distortions. Both automatic thoughts and irrational beliefs correlate 
positively and statistically significant with all measured scores of emotional distress. Self-
efficacy represents a person belief that their actions can be/are responsible for the success 
of a particular activity. Parents reported low to medium levels of self-efficacy. High lev-
els of self-efficacy are positively correlated with unconditional acceptance, optimism, and 
self-esteem. Studies have shown a negative relation between the levels of anxiety and self-
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efficacy. It was demonstrated that self-efficacy improved parental well-being [61], but very 
few studies addressed its impact on parental QoL. Parental self-efficacy in managing their 
children’s problems and dealing with other family problems was found to be an important 
factor associated with QoL [53, 58].

Coping refers to a person cognitive and behavioral effort to adapt to a stressful situation. 
Generally, two types of coping strategies are used: problem-oriented (adaptive coping) and 
emotion-centered (maladaptive coping). Problem-oriented coping strategies address directly 
the problem causing the stress, while emotion-centered coping involves strategies to reduce 
the stress created by the problem. Although more studies emphasized the role of coping in 
parental adjustment, results were conflicting on the specific coping strategies that were asso-
ciated with QoL due to the variation in the measurements used and in the theoretical concep-
tualization of coping. Hastings et al. identified four key coping dimensions: active avoidance 
coping, problem-focused coping, positive coping, and religious/denial coping [62]. Other stud-
ies reported that the use of emotion-oriented coping is associated with parents’ low quality of 
life [30, 63]. A chronic and general trend of using suppression as coping strategy may result in 
increased frequency of the thoughts that the person tries to avoid, and may be a precursor or a 
maintenance factor to certain psychopathological conditions. Suppression measured by WBSI 
correlated to all scores of emotional distress. Further research on the relationship between 
coping dimensions and QoL is necessary to establish which coping styles are helpful when 
raising a child with ASD. Future studies should aim at distinguishing between ASD and other 
conditions when examining parental coping and QoL.

The scores reported by the parents on the cognitive coping strategies measured by CERQ 
showed above average use for catastrophizing, average use for self-blame, acceptance, rumi-
nation, refocus on planning, positive reappraisal, putting into perspective, and below average 
for positive refocusing and blame others. Parents’ emotional distress correlated significantly 
with self-blame, rumination, positive refocusing, catastrophizing, and blame others  strategies. 
For the strategies self-blame, rumination, catastrophizing, and blame others, the positive cor-
relation indicates that their frequent use associated with higher emotional distress levels. The 
positive refocusing, positive reappraisal, refocus on planning strategies registered negative 
relationships with different scores of emotional distress, meaning that their frequent use asso-
ciated with lower emotional distress levels.

The study on parents’ irrational beliefs and negative automatic thoughts as mediators of the 
relationship between the overall assessment of family quality of life and parents’ emotional 
distress showed that of the total effect of the overall assessment of family quality of life on the 
parents’ emotional distress, 38.9% is explained by their negative automatic thoughts and 23% 
by their irrational cognitions. Therefore, correct identification of parents’ irrational cognitions 
and negative automatic thoughts and their relationship with quality of life (that became the 
main therapeutic outcome) are essential for adequate family support and therapy efficiency. 
These results suggest that the development of support services for parents in order to reduce 
negative automatic thoughts and irrational beliefs could have a beneficial effect on the fami-
lies’ quality of life and level of distress experienced due to raising a child with developmental 
disorders.
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4.2. Study limits

The study is cross-sectional and the results do not allow a causal relationship deduction. 
Also, the clinical sample size was relatively small. The instruments were filled in by a parent 
(mother) and the answers reflect its perception on the family quality of life. The parents were 
asked to answer the questions considering different periods of time (ranging from 2 weeks 
to the last 2 months) and the reporting accuracy could be reduced. The tested variables were 
analyzed in relation to the overall assessment of family quality of life. They may have an 
impact on certain areas or domains included in the family quality of life assessment (e.g., 
health, financial well-being, etc.), but not change the overall perceived family quality of life. 
The mediation analyses were also calculated using the overall assessment of family quality of 
life scores. The psychometric instruments used do not fully identify the emotional regulation 
mechanisms and some cognitive or noncognitive strategies may be excluded or not consid-
ered. Also, emotions and regulation strategies are difficult to separate, but the instruments 
used were standardized, validated, and proved to be optimal in previous studies. The results 
will reflect the experience of families of children with ASD and ADHD who receive special-
ized services in the Child and Adolescent Psychiatry Clinic from Cluj-Napoca and other spe-
cialized centers in the country, and that exclude some families with children diagnosed with 
ASD or ADHD who do not have health insurance, live in rural areas or the financial status 
does not allow them access to specialized services.

5. Conclusion

There were no statistically significant differences between the levels of emotional distress, 
negative dysfunctional emotions, worry/anxiety dysfunctional emotions, sadness/depression 
dysfunctional emotions reported by parents, in relation to the intensity of children's affective, 
anxiety and behavioral problems. Increased levels of emotional distress may be due to child 
developmental problems, but it is not specific to the diagnosis. We found significant correla-
tions between the emotional distress reported by the parents and their automatic negative 
thoughts and irrational cognitions, the relation intensities varying from medium to high [1]. 
Significant correlations were obtained also for the relationship between parents’ emotional 
distress and the coping strategies: self-blame, rumination, positive refocusing, positive reap-
praisal, blame others, and catastrophizing. The level of parents’ emotional distress proved 
also to be linked with the use of suppression strategy and self-perceived efficacy. Part of the 
relationship between the overall assessments of family quality of life with parents’ emotional 
distress was explained by their irrational beliefs and negative automatic thoughts, the mediat-
ing effect being partial. In this view, the specialized services should include also interventions 
for the parents of children with developmental disorders (ASD, ADHD) [1]. Adaptive coping 
mechanisms, low levels of perceived distress, irrational cognitions, and negative dysfunc-
tional emotions may become relevant outcomes for parents’ psychological interventions due 
to their impact on the assessment of the overall family quality of life.

Future studies should investigate more links between the emotional distress, cognitive strate-
gies used, irrational cognitions, self-efficacy, negative automatic thoughts, and the satisfaction 
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with QoL. These studies should be longitudinal, with large clinical samples and involving dif-
ferent pathologies. Thus, the reported quality of life could be more accurately assessed in the 
processes of establishing and monitoring the therapeutic outcomes.
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Abstract

The prevalence of autism has increased in an exponential way in the past few years. 
Many monogenetic mutations as well as copy number variants and single nucleotide 
polymorphisms have been associated with autism spectrum disorders (ASD), a large pro‐
portion of which occur in genes associated with synaptogenesis and synaptic function. 
However, the increase in appearance of genetic alterations does not explain the etiol‐
ogy of an elevated number of ASD cases. Recent research is now focusing on the role 
of environmental/epigenetic factors, which by themselves and/or in combination with 
classical genetic factors, may be the root cause of a large number of ASDs. In this chap‐
ter we review the current literature regarding the epigenetic changes involved in ASD, 
including their possible mechanisms of action such as oxidative stress, altered fatty acid 
metabolism, mitochondrial dysfunction, DNA methylation and histone methylation 
(via the one‐carbon metabolism cycle), histone variants, and ATP‐dependent chromatin 
remodeling. We discuss possible new biochemical markers related to autism as well as 
new lines of research for therapeutic targets.

Keywords: ASD, autism, children, betaine, choline, genetics, epigenetics, fatty acid, 
lipid, one‐carbon metabolism cycle, PUFAs, peroxidation, methylation, mitochondrial 
dysfunction, oxidative stress, phospholipases, research

1. Introduction

Autism spectrum disorder (ASD) etiopathogenesis occurs result of a complex, engaging mul‐
tiple environmental factors and epigenetic modifications, interacting with the genetic basis 
of the developmental processes. Although the ADS‐risk genes are numerous, and many of 
them have a dual function involved in different neural networks, they seem to converge in a 
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limited number of molecular pathways. It has been proposed that genes implicated in “mono‐
genic” variants of syndromic and nonsyndromic ASD converge on molecular pathways and 
mechanisms related to synaptic dysfunction also known as “developmental synaptopathy.” 
The interplay between mutations in different genes can produce “idiopathic” autism, but the 
exposure to environmental modifiers as well as epigenetic factors may add up to a varying 
expression of autistic features, allowing to define autism as “synaptic and chromatin‐remod‐
eling disorders.”

Congenital epigenetic diseases are a newly delineated group of multiple congenital anomalies, 
intellectual disabilities, and ASD syndromes resulting from “Classical imprinting disorders” 
and “Mendelian disorders of the epigenetic machinery.” The advances in the identification of 
the DNA‐methylation level of specific genes, histones modifications (highlighted dysregula‐
tion of histone methylation as a major contributing factor), histone variants, and ATP‐depen‐
dent chromatin remodeling complexes throw light about the epigenetic effects of nongenetic 
biological risk factors and environmental factors in ASD.

Currently, new biochemical markers have been implicated in the etiology of autism, such as 
increased oxidative stress and lipid peroxidation, phospholipase release of fatty acid, and 
the formation of toxic metabolites, mitochondrial dysfunction, or alteration of DNA‐methyla‐
tion. In addition, other relevant epigenetic mechanisms such as impaired methylation via the 
“one‐carbon metabolism cycle” including the folate metabolism, the methionine‐homocys‐
teine remethylation cycle (involving choline and betaine), and the transsulfuration pathway 
also help to complete the difficult puzzle of autism.

Therefore, epigenetic mechanisms constitute new lines of research and may open the door 
for new targets in the treatment of autism. The epigenetic changes are potentially reversible, 
and, therefore, a thorough understanding of these modifications may identify new therapeu‐
tic targets for the disease. So finally several questions arise: Is autism also an acquired and 
therefore preventable, treatable, and potentially curable epigenetic disease? Could alteration 
in diet and fat supplementation result in neuronal repair and reverse the deficit in autism? 
How could this knowledge be applied to clinical practice?

In this chapter, we conducted an updated review of the role of genetic and epigenetic changes 
involved in the pathophysiology of ASD including their possible mechanisms of action. We 
also included the latest lines, perspectives, and future directions of therapeutic approaches.

2. The etiopathogenesis of ASD

The autism, a debilitating neurological handicap in children, is a highly heterogeneous set 
of disorders with wide variations in symptom severity, intellectual level, and functional dis‐
ability. Classically in DSM IV‐TR [1] “Pervasive developmental disorders” (PDD) encompass a 
heterogeneous group of children characterized by severe and pervasive impairment in several 
areas of development: (1) reciprocal social interaction skills, (2) communication skills, and (3) 
the presence of stereotyped behavior, interests, and activities. The qualitative impairments 
that define these conditions are distinctly deviant relative to the individual's developmental 
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limited number of molecular pathways. It has been proposed that genes implicated in “mono‐
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that define these conditions are distinctly deviant relative to the individual's developmental 

Autism - Paradigms, Recent Research and Clinical Applications116

level or mental age. The specific disorders included five subtypes in this section: autistic disor‐
der (AD), Rett's disorder (RD), childhood disintegrative disorder (CDD), Asperger's disorder, 
and pervasive developmental disorder not otherwise specified (PDD‐NOS). These disorders 
are usually evident in the first years of life and are often associated with some degree of 
 “intellectual disability.”

At present, a new edition of the DSM (“Diagnostic and Statistical Manual of Mental 
Disorders,” from the American Psychiatric Association) has been published: DSM‐5® [2]. In 
the new DSM‐5 there is a single category of ASD (autism spectrum disorder) instead of five 
subtypes, and has deleted the term “pervasive developmental disorders.” Scientific evidence 
and clinical practice show that a single spectrum better reflects the symptom presentation, 
time course, and response to treatment. ASDs is a new DSM‐5® name that reflects a scien‐
tific consensus of four previously separate five subtypes disorders, and are actually a single 
condition. The three domains of DSM IV are combined into two core domains: (a) Deficits in 
social communication and social interaction. The rationale is that deficits in communication 
and social behaviors are inseparable. Social communication domain will be created by merger 
of key symptoms from the DSM‐IV social and communication domains. This de‐emphasizes 
language skills not employed in the context of social communication. (b) The second major 
criterion remains restricted repetitive behaviors, interests, and activities (RRBs).

In multiple communities of the United States (CDC surveillance data, 2010) [3], the overall 
prevalence of ASD was 14.7 per 1000 (1 in 68) children aged 8 years. Overall ASD preva‐
lence estimates varied among sites from at least 5.7 to 21.9 per 1000 children aged 8 years. 
Consistent with previous reports, findings were marked by significant variations in ASD 
prevalence by geographic area, sex, race/ethnicity, and level of intellectual ability. The extent 
to which this variation might be attributable to diagnostic practices, underrecognition of ASD 
symptoms in some racial/ethnic groups, socioeconomic disparities in access to services, and 
regional differences in clinical or school‐based practices that might influence the findings in 
this report is unclear.

The importance of accurately identifying individuals with autism has never been greater, 
particularly given the growing prevalence [4], considerable family and societal costs [5], and 
recognized importance of early diagnosis and intervention. The ASD frequency has been 
increasing for decades, with an astonishing 556% reported increase in pediatric prevalence 
between 1991 and 1997 (a prevalence higher than that of spina bifida, cancer, or Down syn‐
drome). Even though researchers cannot agree on whether the trend is a result of increased 
awareness, improved detection and changing diagnostic criteria with expanding defini‐
tion and reduced stringency of diagnostic criteria, rather than to new environmental influ‐
ences and other factors of unknown nature [6, 7]. The classification systems used strongly 
affect prevalence studies, and is important to consider the changes that have occurred at this 
level when analyzing the possible causes of the increase in previously known as pervasive 
developmental disorders [8]. But this increased ASD prevalence cannot be attributed entirely 
to “nonetiological factors” such as changes in reporting practices, diagnostic ascertainment, 
and “diagnostic substitution” (i.e., ID diagnoses decreased at the same time ASD diagnoses 
increased) [9–11].
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Because people with autism can have very different features and symptoms with very high 
degree of phenotypic heterogeneity, autism is a multifactorial condition and is thought of 
as a spectrum disorder [12, 13]. Autism is one of the most complex heritable disorders, and 
a paradigmatic complex genetic disorder, with convincing evidence for genetic factors and 
little or no support for the influence of the environment factors [14]. However, it is essential 
that the ASD not be reflected alone in overly restrictive genetic approaches if we want to 
better understand its pathogenesis. Today, different studies support that the etiopathogen‐
esis of ADS involves an interaction between both susceptible genetic loci and a wide range 
of environmental risk factors on the developmental trajectory. So the pathogenesis of ASD 
is considered an authentic “puzzle,” for a multifactorial threshold model underlying ASD 
with all types of genetic variation (SNV/indel/CNV in coding and noncoding DNA, germline, 
somatic, epigenetic) and environmental factors (the most significant: toxic, immune dysregu‐
lation, and nutritional status) involved in clinical, neuropsychological, and neurobiological 
perspectives [13, 15–18].

Since there are no definitive biological markers of autism, for a majority of cases, diagnosis 
depends on a range of behavioral signs. But advances in system biology are becoming stra‐
tegic for carrying out knowledge on the ASD etiology and for early diagnosis. The most rel‐
evant metabolic pathways and discriminant metabolites in ASD belong among other, amino 
acid metabolism, antioxidant status, mitochondrial metabolism, nicotinic acid metabolism, 
and altered fatty acid metabolic pathways. So, for the study of this “autism epidemic” it is 
of great interest to identify risk factors (genetic and nongenetic) as well as metabolic routes 
that can contribute to ASD; but not separately if not collectively and simultaneously through 
common pathways, allowing to insert the pieces of the ASD puzzle together. That is, from the 
approach to the different disciplines: genomics, epigenomics, metabolomics, and environ‐
mental metabolomics.

3. Genetic in ASD

Children with dysmorphic features, congenital anomalies, intellectual disability, or fam‐
ily members with developmental disorders are those most likely to benefit from extensive 
medical testing and genetic consultation. Increased diagnosis of ASD associated with genetic 
abnormalities has allowed its new specification in the DSM5: “associated with known medical 
or genetic condition.” However, for children with “nonsyndromic or idiopathic” autism the 
studies of genetic risk factors have been less conclusive

3.1. ASD associated with “known medical or genetic condition”

It is known that several monogenic disorders (Mendelian disorders) are associated with 
autism. The most common of these single‐gene defects, including CGG trinucleotide repeats 
within the FMR1 gene as the cause of Fragile X syndrome, mutations in the MECP2 gene in 
Rett syndrome and related disorders, tuberous sclerosis, and PTEN mutation account for but 
a small minority of cases (for up to 5% of ASDs) [19]. Less often and among other genetic 
diseases consistently associated with autism include: rare genetic developmental disorder 
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(inter alia examples the Cohen syndrome caused by a mutation in the vacuolar protein sort‐
ing 13B (VPS13B) gene on locus 8q22‐8q23, or the Smith‐Lemli‐Opitz syndrome caused by 
mutations in the DHCR7 gene on locus 11q13.4 leading to deficiency of the enzyme 3 beta‐
hydroxysterol‐delta 7‐reductase); and metabolic diseases like phenylketonuria, adenylo‐
succinate lyase deficiency, or mucopolysaccharidosis III (Sanfilippo syndrome). (For more 
comprehensive listing see [20].)

There are also many anecdotal reports of autism with visible chromosomopathies [21, 22], and 
Down syndrome have been found with high rates of ASD of up to 42% [23]; and well‐known 
microdeletion syndromes like 22q11 deletion syndrome divided into distinct syndromes (e.g., 
DiGeorge syndrome, velocardiofacial syndrome, and cardiofacial syndrome) in which more 
than 40% meet the criteria for either ASD, ADHD, or both [24]; as well as Angelman syn‐
drome, or Smith‐Magenis syndrome, are well known autism. Although the latter mentioned 
can be produced by different genetic mechanisms, Angelman syndrome is caused by dele‐
tion of the 15q11.2‐q13 critical region (60–75%), paternal uniparental disomy (2–5%), imprint‐
ing defect (2–5%), and mutation in the UBE3A gene (10%); and Smith‐Magenis syndrome is 
caused either by a 17p11.2 deletion encompassing the retinoic acid‐induced 1 (RAI1) gene 
(90%) or a mutation of the gene (10%) [25].

Currently, these diagnosable medical conditions, cytogenetic abnormalities, and single‐gene 
defects together account for <10% of cases of ASD. The latest advances made in genetics and 
technology, mainly the widespread use of molecular techniques by chromosomal microar‐
ray studies have increased the diagnostic cost‐effectiveness of conventional techniques 
(karyotype, subtelomeric analyses, etc.) from 3–5% to 30–40% in patients with developmen‐
tal delay/intellectual disability (DD/ID) or ASD, describing numerous genetic alterations. 
Overall, identified genetic causes of autism can be classified as single‐gene disorders (5%), 
cytogenetically visible chromosomal abnormalities (5%), and copy number variants (CNV) 
(10–20%) [26].

Chromosomal microarray analysis (CMA) is increasingly utilized for genetic testing of indi‐
viduals with unexplained DD/ID, multiple congenital anomalies (MCA), and has become 
increasingly important in the assessment of patients’ ASD. CMA was initially restricted to 
ASD patients with specific additional phenotypic characteristics or comorbidities (DD/ID or 
MCA); at present, it has been established as the general recommendation and consensus state‐
ment that CMA should be offered as a first‐tier diagnostic test in the assessment of patients 
with ASD in place of G‐banded karyotyping [27]. Since CMA is higher (8.9%) than conven‐
tional karyotyping (1.6%) and other genetic analyses (3.8%) they are changing the frequency 
of the causes of ASD [28].

CNV is the most prevalent type of structural variation in the human genome [29] and they 
have been described as having strong association of “de novo” CNV with autism [30]. So, at 
least 8% of sporadic ASD cases carried a de novo CNV and they are clarifying the etiology 
for many cases of autism previously considered idiopathic [31, 32]. The de novo nature of 
these CNVs, together with their absence in the general population, suggests they repre‐
sent a class of highly deleterious and highly penetrant mutations. Smaller microdeletions 
or microduplications may occur within this highly dynamic with frequent rearrangements 
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using alternative low‐copy repeats (LCRs), also known as segmental duplications (SDs), as 
recombination substrates during nonallelic homologous recombination (NAHR).

The presence of these sequences in LCRs concentrated on “hotspots,” in recurring break 
points, it confers great instability, with frequent deletions, duplications, and the formation 
of small chromosome markers, since these repeated sequences can lead to incorrect mei‐
otic recombination by NAHR and can be interchromosomal (between homologous chro‐
mosomes) or intrachromosomal (in the same chromosome); and every day are described 
new loci for recurrent NAHR‐mediated CNV [33]. Specially “recurrent microdeletions” in 
ASD include: 22q13 deletion or Phelan‐McDermid syndrome, 15q13.2‐q13.3 (BP4–BP5) dele‐
tion, 16p11.2 deletion syndrome, 17q12 deletion. And “recurrent microduplications” like: 
duplication of 15q11‐q13 or Dup15q syndrome in Prader Willi/Angelman region; duplication 
7q11.23 in Williams's syndrome region; duplication of 22q11.2 in DiGeorge syndrome region 
(for review see [34]). Some of the genes contained within the de novo CNVs we identified 
are good candidates for autism [35]. Although specific “rare de novo” CNVs are individually 
infrequent, but combined they account for a significant fraction of patients with autism and 
their study could contribute to a better understanding of the phenotypic manifestations in 
ASD [36, 37].

We want to highlight as Phelan‐McDermid syndrome (22q13.3 deletion syndrome) with a dis‐
ruption of the SHANK3 gene, it is believed to be underdiagnosed due to lack of specific clini‐
cal features, and because until recently it has inadequate genetic testing [38]. So when ASD is 
associated with intellectual disability, SHANK3 mutations or deletions have been found in up 
to 2.3% of cases of ASD individuals [39].

The region 15q11 contains a number of LCRs (regions of repetitive DNA which are sus‐
ceptible to rearrangements) known as breakpoint (bp) bp1, bp2, bp3, bp4, and bp5; and 
is especially linked to autism. The 15q11.2 BP1‐BP2 microdeletion is emerging as a recog‐
nized new syndrome, its appearance ranging from 0.57 to 1.27% of patients sent for microar‐
ray analysis. Its expression can be variable: patients may present with developmental and 
language delay, neurobehavioral disturbances, and ASD in 27% of patients. The BP1‐BP2 
region include four genes (TUBGCP5, CYFIP1, NIPA1, and NIPA2) which are not subject to 
imprinting (a differential expression depending on maternal or paternal origin gene) and 
therefore with expression biallelicis [40]. Larger deletions involving BP3 (BP1‐BP3 and BP2‐
BP3) cause either Prader‐Willi or Angelman syndrome (PWS/AS) depending on which par‐
ent the deleted chromosome is inherited from (paternal or maternal, respectively). And also 
worth noting is duplications of the chromosome 15q11‐q13.1 region (Dup15q syndrome) 
typically of maternal origin, which are associated with an estimated 1–3% of all autism 
cases, making this CNV one of the most frequent chromosome abnormalities associated 
with ASD. The region including ubiquitin protein ligase E3A (UBE3A)—the gene disrupted 
in Angelman syndrome—is involved in neural function and may play important roles in 
the neurobehavioral phenotypes associated with Dup15q syndrome. Genome‐wide analy‐
ses suggest that common neuronal pathways may be disrupted in both the AS and Dup15q 
syndromes [31].
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3.2. Genetic factors in ASD “nonsyndromic or idiopathic”

The concordance remarkably from 60 to 92% in monozygotic twins and from 0 to 10% in 
dizygotic pairs suggests a strong genetic component [41, 42]. Nevertheless, the recurrence 
rate of ADS in siblings of affected children is approximately 2% [43], which is 16 times higher 
than in the general population but much lower than in single‐gene diseases, so the underlying 
genetic determinants are still largely unknown [41]. Recent advances in genetic screening (as 
next‐generation sequencing, NGS, and whole‐exome sequencing, WES) and systems biology 
approaches have extended our knowledge of the genetic etiology of ASD, and may lead to the 
discovery of underlying genetic factors for ASD, and may thereby identify novel therapeutic 
targets for this disorder [35].

3.2.1. Linkage and candidate gene association studies

During the past decade, research about the genetic variations that underlie susceptibility to 
ASD has been focusing on linkage and candidate gene studies. Even though genetics is con‐
sidered to play a significant role in ASD, until recently solely 16–17% of autistics are car‐
riers of a known genetic variant. A large number of linkage studies have been conducted 
and have identified possible susceptibility loci on multiple chromosomes. Although there is 
no full agreement among different studies, certain regions, such as those on chromosomes 
2q, 3, 7q, 11, 16, 17q, and 19, have been involved in multiple occasions (for review see [44]), 
but only few common alterations were recognized as candidate genes in association studies 
including support from meta‐analysis [45, 46]. So, only a few loci show recurrent mutations 
(particularly the 7q22‐q37 and the 11p12‐p13 locus) [47, 48], and these “recurrent mutations” 
account for only about 1–2% of patients [49]. The studies have identified several ASD candi‐
dates including genes encoding neuroligins [50], neurexins [47], or SHANK3 [51].

This is now changing, linkage data with WES data has achieved great success for identifying 
many Mendelian disease genes [52–55] and the number of such studies is increasing gradu‐
ally (for review see [35]). Studies carried out in twins, in which one sibling had a diagnosis of 
autism and the other was not affected, bioinformatics and gene ontological analyses implicate 
genes which are involved in nervous system development, inflammation, and cytoskeletal 
organization, in addition to genes which may be relevant to gastrointestinal or other physi‐
ological symptoms often associated with autism; and these processes may be modulated by 
cholesterol/steroid metabolism, especially at the level of androgenic hormones (higher levels 
of testosterone in the autistic sibling) [56].

3.2.2. Genome‐wide association studies (GWAS)

The genetic architecture of ASD comprises a diversity of rare single nucleotide variants 
(SNVs), copy number variations (CNVs), chromosomal abnormalities, and common poly‐
morphic variations [57–59]. Genome‐wide association study (GWAS) is an examination of 
a genome‐wide set of genetics variants in different individuals to see if any variant is asso‐
ciated with a trait. Advances in genomic technology, including GWAS of single nucleotide 
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polymorphisms (SNPs), and CNV studies, allow the detection of de novo or inherited muta‐
tions in the coding regions and new candidate genes for ASD. Principally, CNVs implicate 
many ASD‐associated genes like CHD2, HDAC4, GDI1 SETD5, MIR137, HDAC9, SHANK2, 
SYNGAP1, DLGAP2, and the X‐linked DDX53‐PTCHD1 locus [60, 61]. But this only represents 
a selected sample of examples of the numerous studies in this field; inasmuch as these CNVs 
are widely distributed across the genome, at more than 100 different loci. The statistical distri‐
bution of influences across the genome suggests that hundreds of different human genes can 
mutate to influence autism risk [53]. Also, there is recent interest in rare highly penetrant SNV 
analogous to these traditional genetic models that may influence risk for “idiopathic autism.” 
SNVs most commonly identified in ASD cohort including among others: NRXN1, SHANK3, 
CTNNA3, CHD8, SCN1A and 2A, ADNP, PTEN, DYRK1A, and SYNGAP1 [52, 53, 55, 62, 63]. 
Genes affected by de novo CNVs and/or loss‐of‐function SNVs converged on networks related 
to neuronal signaling and development, synapse function, and chromatin regulation [61].

Up to now, estimates suggest that CNVs and SNVs acting in dominant, recessive, or X‐linked 
models might account for a small proportion of ASD (as many as 15% of cases), and common 
SNP can account for nearly half the variation in autism. Several GWASs [61, 64–66] have been 
performed to decipher the genetic etiology of autism that is attributable to common variants 
(i.e., SNPs) with only a few variants having shown significant associations and replicated in 
an independent population or in endophenotypes. Based on results from individual SNPs 
and their en masse effect on risk, as inferred from the allele score results, it is reasonable to 
conclude that common variants affect the risk for ASD but their individual effects are modest.

3.2.3. Molecular pathways ASD: “developmental synaptopathies”

As it has been mentioned previously, recent advancements in NGS and WES have enabled the 
discovery of an overwhelming number of de novo mutations (from 500 to 1000 genes) distrib‐
uted along all chromosomes that confer a risk for ASD demonstrating a heterogeneous genetic 
landscape [35]. For an up‐to‐date database of ASD‐associated genes, the reader is referred to 
the SFARI Gene database (Simons Foundation Autism Research Initiative; https://gene.sfari.
org/). As of June 2016, there were 826 genes and 2163 CNV loci in this database. This resource 
reviews the evidence for each gene implicated in autism susceptibility and assigns a score, 
from “Category 1” (“high confidence,” with 16 listed: ADNP, ANK2, ARID1B, ASH1L, ASXL3, 
CHD8, DYRK1A, GRIN2B, POGZ, PTEN, SCN2A, SETD5, SHANK3, SUV420H1, SYNGAP1, 
and TBR1 genes), to “Category 6” (“not supported”). Genes associated with syndromic ASD 
are categorized separately (“Category S,” including 78 genes, among the best known are: 
FMR1 cause Fragile X syndrome, MECP2 cause Rett syndrome, SHANK3 is part of a mul‐
tigenic region that is deleted in Phelan‐McDermid syndrome, UBE3A present in common 
15q11‐13 duplications syndrome or deletion in Angelman syndrome, RERE in 1p36 deletion 
syndrome, PTEN in Cowden syndrome, etc.).

Fortunately, although the ADS‐risk genes are numerous, and many of them have a dual func‐
tion involved in different neural networks, they seem to converge in a limited number of 
molecular pathways [67], allowing the study from single gene to a pathway perspective [68]. 
So, it has been proposed that, rather than as a result of dysfunction of specific genes, ASD 
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3.2.3. Molecular pathways ASD: “developmental synaptopathies”
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uted along all chromosomes that confer a risk for ASD demonstrating a heterogeneous genetic 
landscape [35]. For an up‐to‐date database of ASD‐associated genes, the reader is referred to 
the SFARI Gene database (Simons Foundation Autism Research Initiative; https://gene.sfari.
org/). As of June 2016, there were 826 genes and 2163 CNV loci in this database. This resource 
reviews the evidence for each gene implicated in autism susceptibility and assigns a score, 
from “Category 1” (“high confidence,” with 16 listed: ADNP, ANK2, ARID1B, ASH1L, ASXL3, 
CHD8, DYRK1A, GRIN2B, POGZ, PTEN, SCN2A, SETD5, SHANK3, SUV420H1, SYNGAP1, 
and TBR1 genes), to “Category 6” (“not supported”). Genes associated with syndromic ASD 
are categorized separately (“Category S,” including 78 genes, among the best known are: 
FMR1 cause Fragile X syndrome, MECP2 cause Rett syndrome, SHANK3 is part of a mul‐
tigenic region that is deleted in Phelan‐McDermid syndrome, UBE3A present in common 
15q11‐13 duplications syndrome or deletion in Angelman syndrome, RERE in 1p36 deletion 
syndrome, PTEN in Cowden syndrome, etc.).

Fortunately, although the ADS‐risk genes are numerous, and many of them have a dual func‐
tion involved in different neural networks, they seem to converge in a limited number of 
molecular pathways [67], allowing the study from single gene to a pathway perspective [68]. 
So, it has been proposed that, rather than as a result of dysfunction of specific genes, ASD 
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result in dysfunction of specific genetic pathways [69]. The identified several potential genetic 
pathways to ASD including wnt signaling during development, synaptic function, chroma‐
tin remodeling, mRNA translation, and metabolism seem to converge in common functional 
pathways affecting neuronal and synaptic homeostasis [70]. Just like that, 88% of high‐risk 
genes for autism influence neural induction and early maturation of the neuroblast. In addi‐
tion, 80% of these same genes influence later stages of differentiation, including neurite and 
synapse development [71].

Rare mutations‐ASD include mutations in synaptic proteins such as ProSAPs/SHANKS pro‐
teins (with a crucial role in the assembly of the postsynaptic density during synaptogenesis, 
in synaptic plasticity and in the regulation of dendritic spine morphology) [72–74]; synaptic 
vesicle‐associated proteins (SYN2 gene) [75]; and neuroligins/neurexins (synaptic cell adhe‐
sion molecules) for excitatory glutamatergic and inhibitory GABAergic synapses [neurexins 
(NRXN) (trigger postsynaptic differentiation), and neuroligins (NLGN) (trigger presynaptic 
differentiation)] [76] and play a pivotal role in synaptic function, especially at GABAergic 
synapses [77]. It has been shown that many genes associated with ASDs are involved in the 
neuroligin‐neurexin interaction at the glutamate synapse: NLGN3, and NLGN4 on the X chro‐
mosome [50, 78, 79], NRXN1 on chromosome 2p16 [80], CNTNAP2 on chromosome 7q35 [81], 
and SHANK3 on chromosome 22q13 [51, 82]. Autism‐associated NLGN3 mutations commonly 
disrupt tonic endocannabinoid signaling, providing evidence that alterations in the endocan‐
nabinoid pathway may contribute to autism pathophysiology [83]. Besides the neurotrophic 
factors as well as the neurotransmitter systems are thought to be good candidates for ASD 
[84]. Thereby, elevated platelet serotonin (5‐HT) in 20–25% of ASD cases points to the 5‐HT 
transporter (5‐HTT; SERT) as a strong candidate gene, and also allelic heterogeneity at sero‐
tonin transporter locus (SLC6A4) may be connected with susceptibility to autism [85]. Also, 
it has been implicated in the catecholaminergic pathways (allelic variants in the dopamine 
decarboxylase (DDC) gene) [86].

It has been proposed that genes involved in “monogenic” forms of syndromic and nonsyn‐
dromic ASD converge on common molecular pathways and mechanisms of synaptic dysfunc‐
tion (“developmental synaptopathies”): control synaptic protein synthesis and degradation 
with postsynaptic scaffold architecture and neurotransmitter receptors; and that are involved 
in synaptic development, plasticity, and signaling [87]. Many studies have suggested that 
neurites and synapses associated gene products, in fact, may be involved in the early stages of 
neural differentiation normally recognized, resulting in defects of migration and other indica‐
tions of disturbance to premigratory cell fate determination [88–90].

However, it is yet unclear whether the same genes may performance through rare, highly pene‐
trant mutations and common genetic risk factors. Additionally, although many approaches have 
attempted to identify “molecular pathways” implicated in ASDs to unify disparate genes, these 
data have not converged to provide conclusive and well‐replicated evidence. How these muta‐
tions lead to ASD phenotypes is poorly understood (for review see [91, 92]). Hence, most cases 
still remain unknown, but potentially, including additional less penetrant rare variants or com‐
plex mechanisms, such as gene‐gene interaction or gene‐environment interaction. In this way, 
one might conclude that interactions between multiple genes cause “idiopathic” autism, but that 
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“epigenetic dysregulation” and exposure to environmental modifiers might contribute to vari‐
able expression of autism‐related traits [93] and to significant proportion of ASD cases [94–96].

4. Epigenetic and chromatin structure

Definition: Epigenetics is an important aspect of research in current biology, defined as the 
study of mitotically and meiotically heritable changes in gene function that are not dependent 
on DNA sequence [97]. So “an epigenetic trait is a stably heritable phenotype resulting from 
changes in a chromosome without alterations in the DNA sequence.” Epigenetics shows that 
gene expression undergoes changes more complex than modifications in the DNA sequence; 
it includes the influence of the environment on the gametes prior to conception. Berger et al. 
[98] proposed three categories of signals that culminate in the establishment of a stably heri‐
table epigenetic state:

• A signal that we propose to call the “Epigenator,” which emanates from the environment 
and triggers an intracellular pathway.

• An “Epigenetic Initiator” signal, which responds to the Epigenator and is necessary to 
define the precise location of the epigenetic chromatin environment. The Initiator could be 
a DNA‐binding protein, a noncoding RNA, or any other entity that can define the coordi‐
nates of the chromatin structure to be assembled.

• An “Epigenetic Maintainer” signal, which sustains the chromatin environment in the first 
and subsequent generations.

The molecular basis of epigenetic processes: is complex and this signal involves many dif‐
ferent mechanisms, including major epigenetic silencing pathways: DNA methylation, modi‐
fications (like methylation and acetylation) of histones (H), positioning of histone variants, 
and gene regulation by small noncoding RNAs [99].

The study of chromatin structure has taken an important impetus in recent years and has tran‐
scended to the point to understand various diseases in humans including ASD. Chromatin is 
the structure in which the DNA is organized and packed into the nucleus of the eukaryotic 
cell. The main components of chromatin are DNA and histone proteins; both units are the tar‐
get of epigenetic modifications. The primary unit is the nucleosome, formed for a segment of 
DNA (approximately 200 base pairs) wound in sequence around eight histone protein cores 
(H2A, H2B, H3, and H4), and linker subunit H1 that connects the nucleosomes. A region of 
chromatin is in a more or less favorable to gene expression depending on the type of sequences 
that form and also epigenetic modifications at that level state. The regulation mechanism of 
transcriptional activity is mainly mediated by DNA methylation and chromatin remodeling.

DNA methylation: Methylation of DNA and mainly 5‐methylcytosine methylation is a major 
mechanism of epigenetic gene silencing, essential for cell division and normal development, 
and plays an important role of key processes including inactivation of the X‐chromosome, 
genomic imprinting, gene silencing, and repression of repetitive elements. DNA methylation 
may affect the transcription of genes in two ways:
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• Directly impede the binding of transcriptional proteins to the gene.

• Methylated DNA may be bound by proteins known as methyl‐CpG‐binding domain pro‐
teins (MBDs) which later recruit additional proteins to the locus, such as histone deacety‐
lases (HDAC) and other chromatin remodeling proteins that can modify histones, thereby 
forming heterochromatin.

Chromatin remodeling: Modulate chromatin structure and function can involve covalent 
modification of histones (acetylation, methylation, or ubiquitination of lysine; methylation of 
arginine; and phosphorylation of serine), the incorporation of histone variants, and noncova‐
lent ATP‐dependent chromatin remodeling complexes. One of the most significant epigenetic 
processes is to strengthen or weaken the interactions between DNA and histones (“histone 
code” as epigenetic histone chemical modifications in nucleosomes). The regulation of each 
histone modification requires specific enzymes that add or remove the methyl or acetyl 
group. The histone modifications affect interactions between nucleosomes and therefore the 
degree of chromatin condensation, so a region will behave as euchromatin, lightly packed, 
and accessible to active transcription; or in reverse when the interaction is strong, the his‐
tones are attached firmly to the DNA chromatin (heterochromatin), this means in a closed 
or dormant state, and it is tightly packed and inaccessible to polymerases and therefore not 
transcribed [100].

In the transition from the closed conformation to a more open chromatin, the interactions 
between histones and DNA must be dissolved. This process requires epigenetic “writer” as 
transferases that add specific small molecules such as the methyl and acetyl groups to DNA, 
or proteins to alter its pack aging proteins—the histones—such as histone acetyltransferases 
(HATs), histone methyltransferases (HMTs), protein arginine methyltransferases (PRMTs), 
and kinases lay down epigenetic marks on amino acid residues on histone tails. This modifi‐
cation (e.g., by adding an acetyl group) blocks the ability of the histone to bind DNA and thus 
making the chromatin more open and is associated with active gene expression. In contrast, 
epigenetic “eraser” proteins, such as histone deacetylases (HDACs), lysine demethylases 
(KDMs), and phosphatases catalyse, remove the epigenetic marks from the histones restor‐
ing the interaction between the histone and DNA, leaving the DNA once again in a closed 
conformation tends to be present in transcriptionally silent regions. The epigenetic “readers” 
(such as proteins containing bromodomains, chromodomains, and Tudor domains) are tran‐
scriptional regulators proteins that do not alter the histone but rather detect the acetyl group 
within the histones.

Proteins that contain reader domains can be usually classified into four groups: chroma‐
tin architectural proteins (induce chromatin compaction), chromatin remodeling enzymes 
(prompt a more open chromatin architecture driven by the energy of ATP hydrolysis), chro‐
matin modifiers, and adaptor proteins that recruit other machinery involved in gene expres‐
sion. Enzymes which “write” or “erase” epigenetic marks may also contain such reader 
domains, leading to the coordination of “read‐write” or “read‐erase” epigenetic processes 
[101]. The proper gene expression requires the attainment of a balance between the activities 
of the two opposing systems (writers and erasers) and subsequently the placement of their 
respective marks, which ensures that the appropriate composition of chromatin is present at 
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particular gene promoters. Opposite histone systems are susceptible to be dynamic, allowing 
the cell to quickly respond to changes in environmental signals by altering gene expression at 
specific loci. Epigenetic machinery is highly redundant, perhaps reflecting the critical impor‐
tance of maintaining this balance in many different cell types

5. Epigenetic changes involved in ASD

As we mentioned previously, the rates of ADS diagnosis have dramatically increased in the 
past three decades to constitute “autism epidemic” and have been well documented in public 
health surveillance studies [102]. New advances in genetic studies (Linkage and candidate gene 
association studies and GWAS) identifying multifarious loci associated with ASD, especially 
mutations in genes encoding synapse‐associated proteins (Shank/ProSAP proteins, synap‐
tic vesicle‐associated proteins, synaptic cell adhesion molecules, neurotransmitter…); how‐
ever so far, genetic analyses have mainly been on the ~1.5% of the genome encoding genes. 
Although genetic contributions to autism etiology are well accepted, genetics alone does not 
explain the underlying cause in a substantial proportion of cases. So, the rising prevalence and 
inconsistent finding from genetic studies suggest a role for interactions between susceptibility 
genes and relevance of environmental factors and other potential contributors. Now there is 
convincing evidence that gene interactions with the environment are important in the etiol‐
ogy of ASD. However, the mechanisms by which environmental factors interact with genetic 
susceptibilities to confer individual risk for ASD remain significant knowledge emptiness in 
the field. It has been suggested that environmental factors linked to epigenetic mechanisms 
as DNA methylation and/or histone modifications; they may be involved in ASD by changes 
into the function of the genome.

A number of rare Mendelian disorders, such as Rett syndrome (by mutation in MECP2, locus 
Xq28), Cornelia de Lange syndrome‐2 (by mutations of the SMC1A gene locus Xp11.2 encodes 
a subunit of the cohesin complex, essential for sister chromatid cohesion during mitosis, with 
broad roles in chromosome condensation, and DNA repair), and Coffin‐Siris syndrome (chro‐
matin remodeling complex gene ARID1B which encodes an epigenetic modifier of chromatin 
structure) have pointed to the importance of DNA methylation and chromatin remodeling 
factors, mainly histones in human brain development. At present the identification of other 
ATP‐dependent chromatin remodelers (e.g., CHD8) and transcription factors (e.g., ADNP, 
ASH1L, FOXG1), which are also typically involved in regulation of gene expression but with‐
out alterations in the DNA sequence, have aroused the interest toward the epigenetics of 
autism and how environmental factors may be playing a key role in transcriptional regulatory 
influences [94–96, 103, 104].

Recent advances in genomic technologies allow a position to initiate large‐scale studies of 
human disease‐associated epigenetic variation, specifically variation in DNA methylation, 
and highlight the contribution of noncoding variants to the etiology of ASD. Epigenetic 
state in ASD, mainly epigenetic mark of DNA CpG methylation, can be used as biomarker 
of disease risk, diagnosis, prognosis, and response to treatments; but also, clues to the causal 
factors and mechanisms of the disorder [105]. So, aberrant methylation profiles in 1.1% of 
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ASD cases have been reported [13]. A significant overrepresentation of genes with functions 
in chromatin regulation and early developmental expression was found in ASD probands 
but not in unaffected siblings [106]. Also, oxidative protein/DNA damage and DNA hypo‐
methylation (epigenetic alteration) were found in autistic children but not paired siblings or 
controls [107]. So, nowadays attention has turned to environmental factors but also with epi‐
genetic changes as potential etiological agents predisposing to autism susceptibility. New 
genetics analyses have displayed a multitude of novel candidate ASD‐genes in networks 
that involve epigenetic change, encoding nuclear factors implicated in chromatin remodel‐
ing, histone demethylation, histone variants, and the recognition of DNA methylation [13, 
108]. This approach is described as an “epigenome‐wide association study” (EWAS) and 
takes its cue from the association of genetic variability with phenotypes in GWAS. However 
until today and in contradistinction to GWAS, EWAS are scarce related to ASD (for review 
see [109]).

Just like that functionally, ASD‐risk genes often converge in key molecular pathways early 
in development, which modulate synaptic transmission but also chromatin remodeling and 
transcriptional regulation, allowing to define autism as “synaptic and chromatin‐remod‐
eling disorders” [110]. All of the above can be added to state that epigenetic changes are 
potentially reversible, and, therefore, a thorough understanding of these modifications may 
identify new therapeutic targets for the disease. So finally the question arises: Is autism 
also an acquired and therefore preventable, treatable, and potentially curable epigenetic 
disease?

Epigenetic studies besides being keys to the causal factors, also clues to the biomarkers and 
physiological mechanisms predisposing or resulting from the onset of ASD, and may have an 
important role in the therapeutic implications. So this chapter will focus on developing the 
main aspects related to epigenetics of autism, according to the following scheme:

• Congenital epigenetic diseases in ASD:

 ○ Imprinted‐x liability. Sex differences.

 ○ Classical imprinting disorders.

 ○ Mendelian ASD disorders of the epigenetic machinery:

 ▪ Mendelian ASD disorders in DNA methylation machinery.

 ▪ Mendelian ASD disorders in the histone machinery.

 ▪ Mendelian ASD disorders in other chromatin remodelers and transcription factors.

• Acquired epigenetics disorders in ASD.

6. Congenital epigenetic diseases in ASD

Congenital epigenetic diseases are a newly delineated group of multiple congenital anoma‐
lies, intellectual disabilities, and ASD syndromes resulting from:
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• Classic epigenetic processes: X chromosome inactivation and genomic imprinting are clas‐
sic epigenetic processes that cause disease when not appropriately regulated. “Classical 
imprinting disorders” or epigenetic alterations at specific loci result mainly from disrup‐
tions occurring in cis (acting in cis).

• “Mendelian disorders of the epigenetic machinery” or mutations in genes encoding com‐
ponents of the DNA methylation machinery and histone modifications machinery, which 
implicate trans‐acting factors (acting in trans), and are thus expected to have widespread 
downstream epigenetic consequences (for review see [111–113]).

6.1. The imprinted‐X liability: sex differences

X chromosome inactivation (XCI) evolved to solve the problem of gene dosage compensa‐
tion between XY males and XX females by random inactivation of one of the two female X 
chromosomes in placental mammals. X inactivation is controlled by a single X‐linked cis‐act‐
ing locus called the X inactivation center (Xic), which contains the noncoding RNA encoding 
X‐inactive specific transcript (Xist) locus. However, there are regions on the XCI that sustain 
active transcription and “escape” inactivation by looping out of the chromosomal territory 
covered by Xist.

The male predominance universally observed in ASD (male:female ratio approximately 4:1) 
is one of the best known, and at the same time, one of the least understood characteristics of 
these disorders. The mechanisms underlying this male preponderance have been associated 
with genetic, epigenetic, hormonal (e.g., early exposure to androgenic hormones), and envi‐
ronmental factors (e.g., prenatal stress, early maternal immune activation) [114]. It has been 
proposed that the pronounced sex ratio of ASD could be related to genetic loci expressed on 
the noninactivated X chromosome modulate the phenotypic expression of autosomal loci con‐
ferring risk for ASD [115]. Females have detectably lower global levels of DNA methylation, 
and increasing the number of X chromosomes further reduces the methylation on autosomes 
[116]. The mechanism of female protective effect is unknown, yet genome scans have not 
revealed any predisposing loci on the sex chromosomes [117]. It has been hypothesized as 
“the imprinted‐X liability threshold model,” so imprinted X‐linked gene(s) that is ASD pro‐
tective in nature and raises the threshold for phenotypic expression is expressed only in the X‐
chromosome inherited from the father. It is normally silenced when transmitted maternally, 
so because only females have a paternal X‐chromosome, the threshold for phenotypic expres‐
sion is higher in them than in males [118]. Evidence for the existence of the genetic locus was 
found in a study of females with Turner's syndrome (X‐monosomy), in which females had 
either a single paternal or maternal X‐chromosome [119].

The studies of sex differences in normal human brain development at the genomic level are 
lacking; a recent large transcriptomic study shows that male‐biased genes are enriched for 
pathways repeatedly implicated in autism like the processes of extracellular matrix forma‐
tion/glycoproteins, immune response, chromatin, and cell cytoskeleton [120]. X chromosome 
inactivation status in female human induced pluripotent stem cells (hiPSCs) and their dif‐
ferentiation into neurons have shown complexities. A small number of recent papers have 
begun to explore cellular phenotypes of autism observed in hiPSC‐derived neurons [121–123]. 
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However, at present there are major gaps and inconsistencies in the existing literature regard‐
ing XCI status during the derivation and maintenance of hiPSCs (for review see [124, 125]).

Moreover, not all genes on the inactive X chromosome are inactivated, and the genes that 
“escape” X inactivation in females are revealing some interesting ideas on chromatin and 
brain transcriptional sex differences in understanding the female protective effect in autism 
[126]. An example is X‐chromosome‐linked ichthyosis caused by mutation or deletion of the 
STS gene associated with a deficiency of the enzyme steroid sulphatase, located in the distal 
part of the short arm of the X chromosome (Xp22.3‐pter) and the importance of the region 
in the higher incidence of neurological disorders among males like attention deficit hyper‐
activity disorder, autism, and X‐linked mental retardation [127]. Other gene that escapes X 
chromosome inactivation is KDM5C locus Xp11.22, encoding O‐linked‐N‐acetylglucosamine 
(O‐GlcNAc) transferase (OGT) that regulates chromatin remodeling factors (histone demeth‐
ylase of H3K4, implicated in gene repression), is expressed lower in males than females and 
further reduced by prenatal stress [128].

6.2. Classical imprinting disorders

As X chromosome inactivation, gene‐imprinting process is a selective differential gene expres‐
sion regulated by epigenetic mechanisms that are different, but in this case, determined by 
the parental origin of the alleles. Human‐imprinting disorders are a group of eight rare but 
probably underdiagnosed congenital disorders of growth, development, and metabolism, 
and represent a curious defiance of normal Mendelian genetics. They are caused by similar 
molecular changes affecting regulation, dosage, or the genomic sequence of imprinted genes, 
associated with disturbance of parent of origin‐specific DNA methylation across the genome. 
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other genes favoring maternal interests. By contrast, ASD (like Kanner autism, Asperger syn‐
drome, Turner syndrome, AS, and Beckwith‐Wiedemann syndrome), commonly engender 
increased relative effects from paternally expressed imprinted genes, or reduced effects from 
genes favoring maternal interests [131].

Imprinting disorders may result by different genetic mechanisms: deletion of the critical 
region, paternal/maternal uniparental disomy (UPD), imprinting center defect, and mutation 
in the imprinting gene (for review see [132]). For most chromosomes, no obvious pheno‐
typic effect from UPD has been observed. However, UPD of certain chromosomes affecting 
imprinted region leads to clinically recognizable syndromes (e.g., UPD affecting the chromo‐
some 14q32.2 imprinted region is one that causes a distinct disorder: Temple syndrome (or 
maternal UPD) and Kagami‐Ogata syndrome (or paternal UPD), although different, are two 
sides of the same coin [133–135]).

The association of so‐called “classical imprinting diseases” and autism is well known. For 
example, imprinted gene locus on 15q11 region, results from the loss of function or overex‐
pression of at least 1 imprinted gene [136]. Prader‐Willi syndrome (PWS) is caused by a lack 
of the paternal contribution of genes, and Angelman syndrome (AS) is caused by a lack of 
maternal UBE3A expression resulting from disrupted imprinting via a variety of genetic and 
epigenetic mechanisms occurring in cis [137]. Duplication of 15q11‐q13: As we mentioned 
previously, microduplication of the 15q11‐q13 segment is the most consistently known chro‐
mosomal abnormality reported in ASD (1–3% of all autism cases), which occurred on the 
maternally derived chromosome. It represents a contiguous gene duplication syndrome, 
and reveals epigenetic alterations in gene expression. The segment contains a cluster of 
three GABA (A) receptor subunit (GABR) genes (imprinted key genes) essential for normal 
neurodevelopment [138]. Genome‐wide analyses suggest that common neuronal pathways 
can be disrupted in both the Angelman and Dup15q syndromes. mRNA‐Seq experiments 
show that there is substantial overlap of differentially expressed genes between 15q11‐q13.1 
deletion and duplication neurons. UBE3A transcripts can be pharmacologically rescued to 
normal levels in induced pluripotent stem cell (iPSC)‐derived neurons with 15q11‐q13.1 
duplication [139].

Another imprinted region 11p15 contains two separate imprinting domains: the IGF2/H19 
locus [imprinting control region 1 (ICR1)] and the CDKN1C/KCNQOT1 locus (ICR2). When 
either locus is disrupted, tipping the balance toward increased expression of paternal genes, 
the Beckwith‐Wiedemann syndrome (BWS) overgrowth disorder occurs. This dosage imbal‐
ance occurs primarily via epigenetic mechanisms acting in cis, most commonly loss of meth‐
ylation at ICR2, gain of methylation at ICR1, or paternal uniparental disomy (UPD) of the 
entire 11p15 region [140]. In BWS 6.8% of patients had been diagnosed of ASD, and occurred 
in children with UPD and ICR2 defects [141]. By contrast, Russell‐Silver syndrome (RSS) with 
growth failure can result from paternal hypomethylation at ICR1, a gene dosage imbalance 
that leads to increased maternal gene expression with no paternal contribution [142].

We highlighted as BWS and AS occur with an increased incidence in the offspring of infertile 
couples conceived following assisted reproductive technologies, which involve a multitude 
of environmental disruptions that could potentially impact malleable epigenetic marks [143]. 
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However, earlier investigations on possible links between artificial reproductive technologies 
and autism have shown inconsistent findings [144, 145]. More recent epidemiological studies 
involving larger populations display that IVF is not associated with ASD [146]; but the risk for 
autism is associated with a small increased risk of intellectual disability, and was significantly 
higher following intracytoplasmic spermatozoid injection (ICSI) using surgically extracted 
sperm and fresh embryos compared to in vitro fertilization (IVF) without ICSI [147].

6.3. Mendelian ASD disorders of the “epigenetic machinery”

Mendelian disorders of the epigenetic machinery are a newly delineated group of multiple 
congenital anomaly, intellectual disability, and autism syndromes arising from mutations in 
genes encoding components of the chromatin remodeling epigenetic pathways.

6.3.1. Mendelian ASD disorders in DNA methylation machinery

• Rett syndrome (RTT) is an X‐linked dominant (Xq28) and severe neurological disorder 
caused by mutations in the gene that encode a single polypeptide MeCP2 (methyl‐CpG‐
binding protein 2), a chromatin‐associated protein [148] that contains both a methyl‐CpG 
binding domain (MBD) and transcriptional repression domain (TRD) associated with the 
regulation of gene expression by activating or repressing transcription, or by functioning 
at a posttranscriptional level. MeCP2 is capable of binding specifically to methylated DNA 
and form a complex with histone deacetylase (HDAC/Sin3A complex). MeCP2‐mediated 
transcriptional repression may involve two distinct mechanisms one being dependent on 
chromatin modification by histone deacetylation and the other being chromatin indepen‐
dent (block transcription factors directly) [149–151]. In RTT patients’ lymphocytes com‐
pared with controls have been shown to be increased in the density of histone H3, and 
decreased levels of trimethylation of lysine 4 on histone H3 (H3K4me3), a modification 
associated with transcriptional activation [152]. MeCP2 results in the alteration of the chro‐
matin state by suppressing a number of target genes associated with synaptic function and 
disrupted synaptic plasticity mechanisms (e.g., BDNF, DLX5, ID, CRH, IGFBP3, CDKL1, 
PCDHB1, and PCDH7, LIN7A) in neurons and other types of brain cells [153, 154]. Thereby 
controlling excitatory synaptic strength by regulating the number of glutamatergic syn‐
apse number [155].

• Fragile X syndrome (FXS, OMIM #300624) is the most common known genetic cause of 
inherited intellectual disability. Despite early controversy, it is now accepted that a sub‐
stantial proportion (50–75%) of children with FXS meets diagnostic criteria for ASD [156]. 
FXS is associated with a fragile site at Xq27.3, results from a repeat expansion mutation 
near the FMR1 (X‐linked gene fragile X mental retardation 1) gene promoter. Full muta‐
tions larger than 200 CGG repeats in the 5'UTR (5’ untranslated region) of the FMR1 are 
able to trigger FMR1 subsequent heterochromatinization by DNA methylation of the 
promoter region [157, 158], accompanied by additional epigenetic histone modifications 
(as DNA hypermethylation coupled with histone H3 and H4 tail deacetylation, and tri‐
methylation at critical residues H3K9 and H3K27) that result in a block of transcription in 
FMR1 and absence of the fragile X mental retardation protein (FMRP), involved in multiple 
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aspects of mRNA metabolism in the brain. Future studies could investigate a therapeutic 
approach to FXS based on the pharmacological reactivation of the FMR1 expression [159].

• MBD5 (methyl‐CpG‐binding domain 5) is an important factor in methylation pattern‐
ing and epigenetic regulation and key on the autistic spectrum. Although it was known 
that the loss of one copy of this gene is the major causative factor in 2q23.1 microdeletion 
syndrome and point mutations are associated with autism and intellectual disability [160, 
161], the duplication of this gene also causes disorders similar to those described in cases 
with abnormal loss of gene function development [162].

• Methylation level of specific genes in nonsyndromic ASD: The postmortem brain tissues 
from ASD patients show increased DNA methylation within the genes of: oxytocin recep‐
tor (OXTR) [163], RORA [164], Engrailed‐2 (EN2) homeobox gene [165], Reelin (RELN) 
[166], and BCL2 gene [167].

 ○ Oxytocin receptor (OXTR) is a G‐protein coupled receptor for the peptide hormone and 
neurotransmitter oxytocin that activates the frontal cortex. OXTR is known to be involved 
in modeling human social behavior (social memory and recognition, anxiety, sexual and 
aggressive behaviors, and maternal‐offspring bonding), and a potential role of the “proso‐
cial” hormone in autism [168]. The involvement of this gene was suggested by its deletion 
in an autistic patient. The subsequent analysis of a group of unrelated autistic subjects did 
not show an OXTR deletion, but rather hypermethylation of the gene promoter, with a re‐
duced mRNA expression [163]. These findings address two major points of the current de‐
bate on the etiology and pathogenesis of autism: the role of the oxytocin‐vasopressin path‐
way and the possible social processes under epigenetic control. Several studies have begun 
to explore the so‐called OXT deficit hypothesis of ASD, but they have yielded conflicting 
results. Dysregulated OXT biology is not uniquely associated with ASD social phenotypes 
as widely theorized, but instead variation in OXT biology contributes to important indi‐
vidual differences in human social functioning, including the severe social impairments, 
which characterize ASD [169].

 ○ RORA (retinoic acid‐related orphan receptor alpha) is a proposed risk factor for autism 
because it is reduced in the brain and lymphoblastoid cell lines of multiple cohorts of in‐
dividuals with ASD, and oppositely regulated by male and female hormones. RORA and 
several of its transcriptional targets might contribute to the sex bias in autism by differ‐
entially regulating target genes, including CYP19A1 (aromatase) in certain regions of the 
brain of both mice and humans; in a sex‐dependent manner that can also lead to elevated 
testosterone levels. An important sex‐dependent difference has been found in the level of 
RORA protein in brain tissues of males and females. Specifically, females without autism 
have a slightly higher level of RORA in the frontal cortex of the brain than males without 
autism, while the levels of the protein are comparably lower in the brain of both males 
and females with autism. RORA‐deficient males may experience greater dysregulation of 
genes relevant to ASD in certain brain regions during development [164].

 ○ Engrailed‐2 (EN2) homeobox gene: contributes to neurodevelopmental disorders, espe‐
cially ASD. En2 knockout mice (En2‐/‐) display subtle cerebellar neuropathological chang‐
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es and reduced levels of tyrosine hydroxylase, noradrenaline, and serotonin in the hip‐
pocampus and cerebral cortex similar to those ones which have been observed in the ASD 
brain [170]. The disruption of hindbrain patterning genes can alter monoamine system 
development and thereby produce forebrain defects that are relevant to human neurode‐
velopmental disorders [171].

 ○ Others: In addition, significant correlations were also identified between the severity of the 
autistic phenotype and differential DNA methylation at several multiple loci implicated in 
the pathogenesis of ASDs. Genes that control synaptic molecules are subjected to a specific 
epigenetic control mechanism, for example, DNA methylation regulates the tissue‐specific 
expression of SHANK3 gene [172]. Other prominent genes regulated by epigenetic mecha‐
nisms include AFF2, APC, ARHGAP15, AUTS2, JMJD1C, GABRB3, KCNJ10 MAP2, MBD4, 
NLGN3, NRXN1, PIK3C3, SNRPN, SLC6A4, THAP10, TSNAX, and UBE3A [173].

6.3.2. Mendelian ASD disorders in the histone machinery

• Histone modifications include acetylation, methylation, ubiquitylation, phosphorylation, 
sumoylation, ribosylation, and citrullination. Histone lysine acetylation and histone lysine 
methylation are the most highly studied of these modifications. But histone demethylases 
are now emerging as important players in developmental processes and have been linked 
to human diseases such as neurological disorders and cancer.

 ○ Histone acetylation

Brain‐derived neurotrophic factor (BDNF) is a protein encoded by the BDNF gene local‐
ized to 11p13, whose transcription is controlled by eight different promoters and activity is 
strongly stimulated by calcium. BDNF is a prosurvival factor induced by cortical neurons that 
centrally mediates growth, differentiation, and survival of neurons, and essential to promote 
synaptic plasticity that underlies learning and persistence of long‐term memory storage [174]. 
BDNF binds at least two receptors on the surface of cells: TrkB and LNGFR. It may also modu‐
late the activity of various neurotransmitter receptors, like in serotonergic neurons. Histone 
modulation of BDNF particularly increased H3 acetylation at the BDNF gene in the medial 
prefrontal cortex (mPFC), and may be one of the molecular mechanisms that mediated the 
cognitive dysfunction [175]. Accumulating evidence suggests that BDNF may be implicated 
in the developmental outcomes of children with ASD. Three recent meta‐analysis show as 
children with ASD have increased peripheral blood levels of BDNF, strengthening the clini‐
cal evidence of an abnormal neurotrophic factor profile in this population. Peripheral BDNF 
levels are a potential biomarker of ASD [176–178].

Proteins involved in the “readout” of lysine acetylation marks, referred to as BET bromodo‐
main proteins (including BRD2, BRD3, BRD4, and BRDT), have been shown to be key regu‐
lators of chromatin dynamics and disease, and BET inhibitors are currently being studied in 
several clinical trials. Pharmacological suppression of BET proteins in the brain of young mice, 
by the novel, highly specific, brain‐permeable inhibitor I‐BET858 leads to selective suppres‐
sion of neuronal gene expression followed by the development of an autism‐like syndrome. 
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So, environmental factors controlling BET proteins or their target genes may contribute to the 
epigenetic mechanism of ASD [179].

 ○ Histone methylation

Recent large‐scale exome sequencing studies highlighted dysregulation of histone methyla‐
tion as a major contributing factor of ASD [180, 108]. Methylation of lysine 4 of histone H3 
(H3K4me) is one such modification, which is associated with gene activation. Two fami‐
lies of proteins serve as primary regulators of H3K4me: histone lysine methyltransferases 
(KMTs) are the “writers,” which place the methyl marks onto histones; and histone lysine 
demethylases (KDMs) are the “erasers,” which remove them. The mutations in histone lysine 
methyltransferase KMT2D are a major cause of Kabuki syndrome. Dysregulation of histone 
methyltransferases and histone deacetylases (HDACs) associated with low activity of methyl 
CpG binding protein‐2 at cytosine‐guanine sites in genes may reduce the capacity for con‐
densing chromatin and silencing genes in the frontal cortex, a site characterized by decreased 
cortical interconnectivity in autistic subjects (for review of mechanisms for altering DNA‐his‐
tone interactions see [181]).

To date, several genes were found mutated in autism encode histone methylation enzymes 
such as:

 − Methyltransferase complex genes: KMT2A, KMT2C, KMT2D, KMT2F encodes H3K4 meth‐
yltransferase [182]. EHMT1, EHTM2, and WIZ encode H3K9 methyltransferase [183]. 
Histone methyltransferase Ash1L mediates activity‐dependent repression of neurexin‐1α 
[184].

 − Histone demethylases: KDM5C encodes an H3K4‐specific eraser enzyme that directly 
catalyzes the demethylation of mono‐, di‐, and tri‐methylated H3K4, implicated in gene 
repression; and JMJD1C, a demethylase for histone H3K9 implicated in hormone‐depen‐
dent transcriptional activation.

• Histone variants: Macrohistones (mH) are unusual histone variants found exclusively in 
vertebrate chromatin.

 ○ The histone H2A subunit has a variant ‐macroH2A1.1 encoded by the autosomal gene 
H2AFY. The macroH2A1.1 is generally associated with repressed chromatin, such as the 
inactive X chromosome [185] and could explain the 4:1 male:female gender distortion pres‐
ent in autism. But because it also contains binding sites for cellular metabolites in through 
the macrodomain, macroH2A1.1 may have a more dynamic role in the modulation of gene 
expression in response to environmental signals [186]. Although macroH2A1.1 was identi‐
fied as an autism candidate gene by a GWAS, no association was found [187].

 ○ A related family member encoding gene, MACROD2 (macro domain containing 2) on chro‐
mosome 20p12 was also found on a separate chromosome in ASD GWAS [65, 188], so 
MACROD2 gene is a strong positional candidate risk factor for autistic‐like traits in the 
general population. The macrodomain of MacroD2 binds a cellular metabolite that emerg‐
es from histone deacetylation reactions linking both histone variant and histone modifica‐
tion events. There is also evidence that suggests that MACROD2 could act to regulate the 
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expression of the phospholipase D2 (PLD2) gene [65]. Phospholipase proteins could play 
an important role in risk for ASD. The protein derived from PLD2 has been shown to regu‐
late axonal growth [189] and metabotropic receptor signaling [190].

6.3.3. Mendelian ASD disorders in others chromatin remodelers and transcription factors

• ATP‐dependent chromatin remodeling complexes:

As we have detailed above, the importance of histones (particularly HAT and HDAC com‐
plexes) and chromatin structure in the regulation of eukaryotic gene transcription has become 
much more widely accepted over the past few years. Today it is known as a specific type of 
chromatin remodeling machine involved in transcription regulation and can use the energy 
of ATP hydrolysis to alter interactions between histones and DNA within the nucleosome. 
Changing chromatin states is an active process that requires appropriate external signal, as 
well as energy in the form of ATP. The engines that carry out the active process are called 
“ATP‐dependent chromatin remodeling complexes”; they utilize the energy from ATP hydro‐
lysis, and are key players in the reorganization and regulation of chromatin accessibility and 
nucleosome positioning on the eukaryotic DNA, regulating gene expression; and particularly 
modulates transient extracellular signals to influence neural lineage commitment [191]. These 
complexes contain an ATPase subunit that belongs to the SNF2 superfamily of proteins. Based 
on the identity of the sequence homology of their conserved ATPase domains, SNF2 proteins 
have been into three main groups, the SWI2/SNF2 group, imitation SWI (ISWI) group, and a 
third class that contain a SNF2‐like protein family ATPase and also show deacetylase activity. 
The diverse subunits together provide a multitude of functions, from early embryogenesis 
through cell differentiation to organogenesis (for review see [192–194]).

Several components of the ATP‐dependent SWI/SNF complex also known as the BAF com‐
plex, one of the best characterized ATP‐dependent chromatin remodeling complexes, are 
encoded by genes in which rare autism mutations have been observed, including ARID1A 
and ARID1B in Coffin‐Siris syndrome, ATRX in X‐linked alpha‐thalassemia/mental retarda‐
tion syndrome, and SMARCC1 (BAF 155) and SMARCC2 (BAF170) genes [195]. A neuron‐spe‐
cific protein ATPase subunit BAF53b defines a neuronal chromatin‐remodeling complex that 
is necessary for long‐term memory and synaptic plasticity in mice [196].

Forms of Coffin‐Siris syndrome (CSS) have been shown to be caused by mutations in each 
of five genes encoding subunits of the SWI/SNF complex. These include CSS1 caused by 
heterozygous mutation in the ARID1B gene (614556) on chromosome 6q25; CSS2 (614607), 
caused by mutation in the ARID1A gene (603024); CSS3 (614608), caused by mutation in the 
SMARCB1 gene (601607); CSS4 (614609), caused by mutation in the SMARCA4 gene (603254); 
and CSS5 (616938), caused by mutation in the SMARCE1 gene (603111) [197].

In addition, several exome sequencing studies in autism have identified rare mutations in 
genes encoding the ATP‐dependent chromatin helicases CHD8 (CHD8‐chromodomain heli‐
case binding protein 8) [198]. CHD8 is a chromatin remodeling ATPase of the SNF2‐like 
protein family and an important regulator of beta‐catenin and Wnt signaling pathways in neu‐
ronal development, and is typically involved in the regulation of gene expression (e.g., CHD8 
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insufficiency results in altered expression of 1715 genes, including both protein‐coding and 
noncoding RNAs) [199]. Another novel ATPase of SNF2‐like protein family termed ARIP4 
interacts with androgen receptors and modulates androgen‐dependent transcription [200].

• Transcription factors:

Transcription factor (TF) is a protein that binds to specific DNA sequences, just like that 
controlling the rate of transcription of DNA to mRNA. A defining feature of TF is that they 
include one or more DNA‐binding domains, which attach to specific sequences of DNA 
adjacent to the genes that they regulate [201]. At present there are numerous transcriptional 
changes associated with autism, so MECP2 gene is also a transcription factor.

 ○ ADNP: ASD caused by a mutation in ADNP, a transcription factor involved in the SWI/
SNF. ADNP is known to be mutated in at least 0.17% of ASD cases, making it one of the 
most frequent ASD genes known to date [202].

 ○ FOXG1: Overexpression of the transcription factor FOXG1 is responsible for the overpro‐
duction of GABAergic neurons. Altered expression of gene network modules and FOXG1 
are positively correlated with ASD symptom severity, and likely a shift toward GABAergic 
neuron fate caused by FOXG1 is a developmental precursor of ASD [104].

 ○ PITX1 (paired‐like homeodomain transcription factor 1) is a key regulator of hormones 
within the pituitary‐hypothalamic axis (as ACTH, cortisol, and betaendorphin) and may 
be implicated in the etiology of autism [187]. The ACTH‐cortisol system, which also plays 
an important role in stress‐related responses, is impaired in autistic individuals in whom 
lower cortisol levels and higher ACTH levels have been reported.

7. Acquired epigenetics disorders in ASD

Compared with the magnitude of genetic studies in ASD, nongenetic biological risk factors 
were studied to a lesser extent. Even though in the last decade, the number of publications 
that address epidemiological factors and autism has grown tremendously. Although there are 
numerous risk factors (prenatal, perinatal, and postnatal risk factors) that have been linked to 
autism [203–206], in some cases their involvement has been or is still considered controversial, 
and as a possible hypothesis, postulates that improvements in obstetric and neonatal manage‐
ment have resulted in an increased frequency of survivors with preexisting brain damage, 
which has subsequently led to autism [203]. For each infant, an environmental challenge dur‐
ing a critical window of development can have particularly serious consequences, causing the 
abnormal functioning of the CNS, perhaps autism.

Among the most significant environmental factors linked to epigenetic mechanisms in autism 
include the following (for review see [95, 110]).

7.1. Toxic exposures teratogens and medications

The particular vulnerability of the developing nervous system for low‐level exposure to 
chemicals is well established. Some degree of developmental neurotoxicity was found 
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for a large number of industrial chemicals and environmental pollutants. However, for 
only few of these (lead, arsenic, organic mercury, and polychlorinated biphenyls, PCBs), 
human moderate evidence has emerged for a potential role of environmental pollutants in 
neurodevelopmental adversity and may, thus, be involved in contributing to neurodevel‐
opmental disorders like autism, ADHD, ID, or cerebral palsy (for review see: [207–209]). 
However, the mechanisms by which environmental factors produce neurotoxicity dur‐
ing early development are not well stated. Heritable genetic vulnerabilities in ASD may 
amplify adverse effects triggered by environmental chemicals exposures if genetic and 
environmental factors converge to dysregulate the same signaling systems at critical times 
of development.

Among the several major signaling pathways linked to altered neuronal connectivity in the 
developing brain, as a convergent molecular mechanisms target of gene and environment 
chemicals interactions, they have been involved in dysfunctional signaling via cytokine 
dysregulation [210], Ca(2+)‐dependent mechanisms, extracellular signal‐regulated kinases 
(ERK)/phosphatidylinositol‐3‐kinases (PI3K), and neuroligin‐neurexin‐SHANK (for review 
see [211]). As well as, exposure to environmental chemicals (using PCBs, lead, and bisphenol 
A, BPA, as examples) may contribute to adverse neurodevelopmental outcomes of relevance 
to ASD via effects on DNA methylation in the developing brain (for review see [212]). In 
utero exposure to environmental pollutants increases autism‐like behavioral phenotypes in 
adult animals and induces epigenetic changes, so exposure to heavy metals resulted in mul‐
tiple behavioral abnormalities that persisted into adulthood. Valproic acid and manganese 
induced changes in perseverative/impulsive behavior and social dominance behavior, arsenic 
caused changes only in perseverative/impulsive behavior, and lead induced abnormalities in 
social interaction in comparison to the control animals. The Chd7 gene, essential for neural 
crest cell migration and patterning, was found to be hypomethylated in each experimental 
animal [213].

• Heavy metals like lead and mercury are widespread environmental toxins. Developmental 
exposure to these compounds is associated with lower IQ, endocrine disruptions, and 
behavioral disturbances. They also have immunotoxic properties. These features have 
made them possible, though controversial, candidates in ASD. There are conflicting reports 
regarding lead in autism. A few studies have documented higher serum lead levels [214] 
often associated with pica [215], although more recent studies show no difference between 
autism and control populations [216, 217]. Association between mercury levels and autism 
is also somewhat contradictory [218]. Ethyl mercury is a component in the vaccine preser‐
vative thimerosal, which has received attention in recent years. It has neurotoxic capacities, 
while in vitro studies suggest toxic potential for thimerosal (can alter calcium signaling and 
cytokine production), a large number of independent epidemiological studies show no 
link to autism [219, 220].

• Bisphenol A (BPA), an epoxy resin, is an endocrine‐disrupting chemical (xenoestrogen), 
employed to make certain polycarbonate plastic products as food containers and baby 
bottle, and it is the major estrogenic compound that leaches into nearby water and food 
supplies. BPA has been detected in 95% of human urine samples, which indicates that 
environmental exposure is widespread [221]. Exposure to BPA during development may 
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affect brain organization and behavior, perhaps as a consequence of its actions as a steroid 
hormone agonist/antagonist and/or as an epigenetic modifier that alters DNA methylation. 
Fetal and prenatal BPA exposure was suggested to perturb the serotonergic system in rat 
and mice models. Epigenetic mechanisms are suggested by a mouse study that demon‐
strated that BPA prenatal exposure had long lasting, transgenerational effects on social 
recognition [222]. BPA affects the mRNA levels (lower transcript levels) of several genes 
encoded for estrogen receptors, oxytocin, and vasopressin, recognized as important neuro‐
peptides modulators of various social behaviors. BPA is not metabolized well in children 
with ASD. The most recent FDA updates (Administration January 2010) points to “some 
concern about the potential effects of Bisphenol A on the brain, behavior, and prostate 
gland in fetuses, infants, and young children.” In France, BPA was banned in baby bottles 
in 2010, and in any food or beverage packaging since January 2015 [223].

• Other environmental pollutants and toxic products have also been controversial in its 
possible relationship with neurodevelopment and ASD. There was weak evidence of an 
association between nickel exposure during pregnancy and ASD [224]. Also, gestational 
exposure to inorganic arsenic (an important natural pollutant of water) affected the expres‐
sion of cysteine/glutamate transporters in the cortex and hippocampus and induced a neg‐
ative modulation of glutamate receptor N‐methyl‐D‐aspartate (NMDAR) subunits NR2A 
in the hippocampus. Behavioral tasks showed significant spatial memory impairment in 
males while the effect was marginal in females [225]. Developmental neurotoxicity and 
autism risk a positive association with pesticides (organochlorines, organophosphates, 
pyrethroids) [226, 227]; halogenated aromatic hydrocarbons [PCBs and polybrominated 
diphenyl ethers (PBDEs)] [210, 228].

• Exposure to drugs: Prenatal exposure to valproic acid, ethanol, thalidomide, and misopro‐
stol has been shown to be associated with an increased incidence of autism. These drugs 
are able to modulate the expression of many genes involved in processes such as prolif‐
eration, apoptosis, neuronal differentiation and migration, synaptogenesis, and synaptic 
activity [229]. Exposure to selective serotonin reuptake inhibitors (SSRI) in depressed preg‐
nant women might be involved in the etiology of autism, as well as the prenatal valproic 
acid (VPA) exposure, which is also thought to interfere with serotonin levels [230], by dis‐
ruption of early serotonergic neuronal development [231] or via the reduction of PTEN 
level [232].

Children exposed to valproate in utero were seven times more likely to develop autism than 
those not exposed to antiepileptic drugs. Qin et al. [233] have shown that VPA exposure 
sequentially activates Wnt signaling and mTOR signaling in rats. Suppression of the Wnt sig‐
naling pathway relieves autistic‐like behaviors partially by deactivating the mTor‐signaling 
pathway in VPA‐exposed rats.

As we have previously redesigned previous research has not been able to prove that admin‐
istrations of the measles‐mumps‐rubella vaccine were connected with the autism upsurge 
[6], but it has been suggested that acetaminophen systematically administered during vac‐
cination, may mediate oxidative stress and neurotoxicity in autism [234], and exposure 
during pregnancy enhances the probability of appearance of ADHD‐like behaviors [235]. 
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These are data from an ecological analysis, not considered optimal as evidence of causal‐
ity. Nonetheless, there is accumulating clinical and experimental evidence connecting acet‐
aminophen metabolism to biochemical routes known to be relevant for autism and related 
developmental disorders. Taking into account both ecological and mechanistic evidence, the 
role of acetaminophen in autism should be formally studied [236]. In rat liver, acetaminophen 
overdose has been implicated in Id2 (a pleiotropic protein whose function depends on its 
expression levels) down‐regulation vía histone‐H3 hypoacetylation [237].

7.2. Immune dysregulation or inflammation

The immune system and the nervous system interact widely. Therefore, it is not surprising 
that immune dysfunction is often observed in neurological disorders. There is accumulat‐
ing evidence for immune dysregulation playing a role in the pathogenesis of ASD. Early‐
life infections can skew fetal development, leading to aberrant neural and immune activity. 
Several infections [238, 239] including measles, cytomegalovirus, and rubella during pre‐ and 
perinatal periods have been associated with autism [240–244]. A large‐scale epidemiological 
study showed that infection‐related hospitalizations during pregnancy significantly increased 
the risk of ASD [245], and also worth noting is prenatal inflammation, particularly prenatal 
urinary tract infection [204]. A multidirectional interaction between immune system activa‐
tion in the mother during pregnancy and epigenetic regulation in the brain of the fetus may 
cooperate to produce an autistic phenotype. This interaction includes immune factor‐induced 
changes in epigenetic signatures in the brain, dysregulation of epigenetic modifications spe‐
cifically in genomic regions that encode immune functions, and aberrant epigenetic regula‐
tion of microglia (for review see [246]).

Numerous immune system abnormalities including T and B cell lineages of adaptive immune 
responses have been described in individuals with autism, for example:

FOXP3 (Forkhead box P3) is a marker of (+) regulatory T cells [T (Reg)] which are potent 
mediators of dominant self‐tolerance in the periphery. A subset of CD4+ T cells is primed 
in early life, to recognize common environmental antigens and inhibit later inappropriate 
immune responses. The expression of the FOXP3 locus is intimately linked to its chromatin 
structure [di‐ and trimethylation of lysine 4 of histone H3 (H3K4me2 and ‐3)]. Interestingly, T 
(Reg) fate determination is an epigenetic event of FOXP3 promoter demethylation induced by 
repeated Ca+2‐mediated signal transduction and prevented by the mTOR pathway [247,  248]. 
Abnormalities in the ratio of Th1/Th2/Th17 cells and T (Reg) cell‐related transcription fac‐
tor signaling in ASD is characterized by a systemic deficit of FOXP3+ (TReg) and increased 
RORγt+, T‐bet+, GATA‐3+, and production by CD4+ T cells [249].

Also immune aberrations, with increased levels of plasma cytokines, have been reported 
in ASD especially in those autistic children with a regressive form of the disease [250]; and 
mothers of children with ASD exhibit altered cytokine profiles and autoantibodies indica‐
tive of systemic immune activation [210]. There are many reports of cytokine imbalances in 
autism, including IL‐1B, IL‐6, IL‐4, IFN‐γ, and TGF‐B. Cytokines act mainly as mediators 
of immune activity, but they also have meaningful interactions with the nervous system. 
They take part in normal neural development and function, and improper activity can have a 
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variety of neurological implications. These imbalances could have a pathogenic role, or they 
may be markers of underlying genetic and environmental influences (for review see [210]). 
Histone modifications play critical roles in the regulation of the innate immune response; for 
example, histone lysine methyltransferase Ezh1 promotes TLR‐triggered inflammatory cyto‐
kine production by suppressing Toll‐interacting protein [251], and histone H3 phosphoryla‐
tion by IκB kinases‐α is critical for cytokine‐induced gene expression [252].

Even though infections and inflammation have profound effects on epigenetic modifications 
and trigger susceptibility to diseases as ASD, however, very little is known about the epigen‐
etic pathways involved in the modulation of inflammatory and anti‐inflammatory genes (for 
review see [246, 253]).

A novel unifying hypothesis of the etiopathogenesis of ASD for fitting the pieces of the puzzle 
together (collectively and simultaneously), suggest that ASD are disorders of the immune 
system that occur in a very early phase of embryonic development. In a background of genetic 
predisposition and environmental predisposition (like vitamin D deficiency), an infection 
(notably a viral infection) or food allergy could trigger a deranged immune response which, 
in turn, results in damage to specific areas of the CNS [254].

mTOR pathway: Postnatal pathogenic exposures and/or Immunological disturbances in 
autistic individuals have been reported and a role for food allergy has been suggested in 
ASD. Single gene mutations in mammalian target of rapamycin (mTOR) signaling path‐
way are associated with the development of ASD and enhanced mTOR signaling plays 
a central role in directing immune responses toward allergy as well [255, 256]. Multiple 
ASD syndromes are caused by mutations in genes that act to inhibit mTOR kinase, includ‐
ing Tsc1/Tsc2, NF1, and Pten [257]. In mouse models of ASD mTOR dysregulation causes 
spine‐pruning defects in Tsc‐deficient mouse [258]. Increased dendritic spine density with 
reduced developmental spine pruning in layer V pyramidal neurons are observed in post‐
mortem ASD temporal lobe, and these spine deficits correlate with hyperactivated mTOR 
and impaired autophagy [259]. Synaptic mTOR integrates signaling from various ASD 
synaptic and regulatory proteins, including SHANK3, FMRP, and the glutamate receptors 
mGluR1/5 [257, 260]. It has been proposed that mTOR pathway plays a central role in direct‐
ing immune responses toward allergy (e.g., cow's milk allergy, or valproic acid exposure) 
as well, and may be a pivotal link between the immune disturbances and behavioral deficits 
observed in ASD [233, 261, 262]. Inhibition of mTORC1 activity by rapamycin improved the 
behavioral and immunological deficits of cow's milk allergic mice [256]. And also, sulin‐
dac (nonsteroidal anti‐inflammatory drugs) by suppression of the Wnt signaling pathway 
relieves autistic‐like behaviors partially by deactivating the mTOR‐signaling pathway in 
valproic acid‐exposed rats [233].

7.3. Nutritional status

There is consensus that children with autism are nutritionally vulnerable because they have 
selective or picky eating patterns, food neophobia, limited food repertoire, and abnormal 
sensory processing (“neurosensorial aversion” can affect both the taste and the texture) that 
predisposes them to food avoidance and restricted food intake in many children with ASD 
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[263]. “Insistence on sameness” and compulsive repetitive behaviors reinforce rigid dietary 
preferences and lead to a limited food repertoire [264].

Although inadequate micronutrient but adequate macronutrient intakes are increasingly 
reported, there are inconsistent results about the extent and type of nutrient deficiencies (for 
review see [265]). Micronutrient as essential amino acids, minerals, and vitamins are indispens‐
able for human health, primarily due to their critical function as enzymatic cofactors for numer‐
ous reactions in the body, such as the production of neurotransmitters and fatty acid metabolism.

A growing body of literature suggests that certain modifiable risk factors such as maternal 
metabolic syndrome and nutritional risk factors as certain vitamins, like vitamin D, and folic 
acid either in utero or early life, may be associated with increased risk of autism [266]. Several 
studies with biomarkers of the nutritional and metabolic status of children with autism 
have demonstrated statistically significant differences in their nutritional and metabolic 
status, including biomarkers indicative of vitamin insufficiency, decreased glutathione and 
increased oxidative stress, reduced capacity for energy transport, sulfation and detoxifica‐
tion, and also impaired methylation [267–269]. Nutrition also influences programming of an 
offspring's epigenome, so nutritional factors, particularly folate, B vitamins (B2, B6, and B12), 
and choline, have been studied in ASD, and a likely pathway of this action is the one‐carbon 
metabolism cycle, including the folate metabolism, the methionine‐homocysteine remethyl‐
ation cycle (involving choline and betaine), and the transsulfuration pathway.

7.3.1. Amino acids

The essential amino acids tryptophan and serotonin are precursors of neurotransmitters. It 
has been seen that plasma‐free tryptophan and blood serotonin level are significantly higher 
in autistic children than in normal control subjects. These results suggest that autistic children 
have some defects in tryptophan‐serotonin metabolism in the brain [270]. And disorders of 
serotonin metabolism are associated with disturbances of platelet catecholamines, and also 
with elevated immunoglobulins and enhanced cellular immunity reactions [271].

Multivariate statistical analysis in children with autism from their unaffected siblings and age‐
matched controls, indicated urinary patterns of the free amino acids glutamate and taurine 
were significantly different between groups with the autistic children showing higher levels of 
urinary taurine and a lower level of urinary glutamate, indicating perturbation in sulfur and 
amino acid metabolism in these children [272]. The metabolomic analyses showed variations 
in essential amino acid metabolism pathways in children with ASD, related to lowered dietary 
protein intake or to abnormal catabolism, but their role in the etiology and therapeutic use are 
contradictory [273]. For body fluid levels of neuroactive amino acids, including glutamate, glu‐
tamine, taurine, gamma‐aminobutyric acid (GABA), glycine, tryptophan, D‐serine, and others, 
in ASD the results reported in the literature are generally inconclusive (for review see [274]).

7.3.2. Minerals

• Iron is critical for early neurodevelopmental processes. Low serum iron occurs more fre‐
quently in children with autism compared with children with typical development. The 
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prevalence of iron deficiency and anemia in subjects with autism is reported between 24 
and 32% and 8 and 16%, respectively. Because iron deficiency, with or without anemia, 
results in impaired cognition and developmental defects, iron deficiency in children with 
autism could further compromise their communication and behavioral impairments [265]. 
Thus, ferritin levels should be measured in subjects with autism as a part of routine inves‐
tigation [275]. Studies consistently show link between maternal supplemental iron and 
ASD. Maternal intake of supplemental iron (from 3 months before pregnancy through the 
end of pregnancy and during breastfeeding) was associated with reduced ASD, especially 
during breastfeeding. Low iron intake significantly interacted with advanced maternal age 
and metabolic conditions [276].

• Other minerals: Yasuda et al. [277] examined scalp hair concentrations of 26 trace elements 
for 1967 children with autistic disorders and found deficient in zinc (29.7%), magnesium 
(17.6%), and calcium (5.8%); and 2.0% or less in other essential metals. The incidence rate 
of mineral deficiency was highly observed in infants aged 0–3 years old. By contrast, indi‐
viduals were found suffering from high burden of aluminum (17.2%), cadmium (8.5%), 
and lead (4.8%), and 2.8% or less from mercury and arsenic burden. Findings by other 
authors also include deficient in: calcium [269, 278], magnesium [269, 279], iodine [269], 
chromium [269], and selenium [279]. These findings suggest that infantile zinc and mag‐
nesium deficiency and/or toxic metal burdens may epigenetically play principal roles as 
environmental factors in autistic disorders. Also compared with controls and/or reference 
ranges of healthy children, children with autism have lower concentrations of lithium 
[269]. Low concentrations of lithium are particularly interesting because its deficiency has 
been linked to a wide range of psychiatric disorders including autism. The low concentra‐
tions of lithium can be translated into decreased activity of enzymes involved in growth 
factor signaling pathways and regulation of neurotransmitter, and suggest that low‐level 
lithium supplementation may be beneficial for mood stabilization in this group [280].

7.3.3. Vitamins

Children with autism had many statistically significant differences in their nutritional and 
others vitamin insufficiency, such as low levels of vitamin D, vitamin B6, biotin, vitamin A, 
and vitamin C, and also trend toward lower levels of vitamin B5 and vitamin E, and total 
carotenoids, although could not objectify constant data for different populations [269, 281].

• Dietary vitamin D could regulate epigenetic machinery. Epidemiologic evidence support‐
ing the role of vitamin D deficiency either during pregnancy [282, 283] or early childhood 
may be an environmental trigger for ASD in individuals who are genetically predisposed 
(for review see [254, 284, 285]). Vitamin D and its receptor (VDR) also known as calcitriol 
receptor NR1I1 (nuclear receptor subfamily 1, group I, member 1) belongs to the family of 
trans‐acting transcriptional regulatory factors, and are involved principally through two 
main areas: (1) in the brain homeostasis and mineral metabolism the receptor regulates 
a variety of other metabolic pathways and several genes controlling anti‐inflammatory 
actions, immune response, and neurodevelopment (cellular proliferation, differentiation, 
and apoptosis); mainly vitamin D might play a role in the regulation of the production of 
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autoantibodies not only through modulation of T‐helper cell function, but also through 
induction of CD4(+)CD25(high) regulatory T cells. Vitamin D might also protect the mito‐
chondria, and upregulate glutathione, which scavenges oxidative by‐products and che‐
lates (captures and excretes) heavy metals. (2) In gene regulation the calcitriol receptor 
play ball with some chromatin modification enzymes (i.e., histone acetyltransferases and 
histone deacetylases), taking a role in complex epigenetic events [285, 286].

Recent studies in ASD children have shown that fifty‐seven 40–57% of the patients had vitamin 
D deficiency (serum 25‐OHD levels10–30 ng/mL), and 30–48% had vitamin D insufficiency 
(serum 25‐OHD levels <10 ng/m); also in patients with severe autism the mean 25‐OHD levels 
were significantly lower than those in patients with mild/moderate autism. Increased levels 
of serum anti‐MAG autoantibodies were found in 70% of autistic patients; and this deficiency 
may contribute to the induction of the production of serum anti‐MAG autoantibodies in these 
children [287]. Additionally, vitamin D supplementation may have beneficial effects in ASD 
subject [288].

• Vitamin B complex

 ○ Folic acid and folate (anionic form) also known as vitamin B9, is a water‐soluble vitamin, 
listed in vitamin B complex, necessary for the formation of structural proteins and hemo‐
globin and are essential for basic cellular processes including DNA replication as well as 
DNA, RNA, and protein methylation. Folic acid is essential for the proper development 
of the central nervous system, and their deficiency during pregnancy has been associated 
with a wide range of disorders. Randomized controlled trials have found that periconcep‐
tional folic acid supplementation reduces the risk of neural tube birth defects up to 70%. 
So, in several countries, public health policies recommend periconceptional supplementa‐
tion with folic acid (400 μg/d) to decrease the risk of neural tube defects [289]. But also find‐
ings from a large multicenter case‐control study, CHildhood Autism Risks from Genetics 
and Environment (CHARGE), suggest that periconceptional folic acid may reduce ASD 
risk in those with inefficient folate metabolism [290].

The vitamin folate regulates the metabolic pathway catalyzed by the methylenetetrahy‐
drofolate reductase (MTHFR), encoded by the MTHFR gene (locus 1p36.3), it is the rate‐
limiting enzyme in the methyl cycle and a key source of the “one‐carbon group,” it acts 
as methyl donor (for homocysteine remethylation to methionine), which critically influ‐
ences in epigenetic mechanisms to methylate DNA (for review see [291]). But the genomic 
regions in the offspring that may be sensitive to folate exposure during in utero develop‐
ment have not been characterized. Genome‐wide DNA methylation profiling identifies a 
folate‐sensitive region of differential methylation upstream of ZFP57‐imprinting regula‐
tor in humans [292]. The underlying mechanisms of action also includeregulation of two 
microRNAs—let‐7 and miR‐34—by methylation [293].

The time period at which periconceptional folic acid was added to the diet of women of 
childbearing age coincides with the seeming onset of a steady increase in the prevalence 
of autism. Some studies have reported that periconceptional folic acid supplementation, 
depending on timing and dose, could be associated with a higher incidence of autism. But 
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nevertheless, a recent meta‐analysis shows that the few and contradictory studies present 
inconsistent conclusions, and epidemiological associations are not reproduced in most of 
the other types of studies [294]. On the other hand, a well‐controlled epidemiological study 
including a sample of 85,176 children disconfirms this claim and reports a lower incidence 
of ASD in children whose mothers received prenatal folic acid supplementation around 
the time of conception (0.10%) compared with those unexposed to folic acid (0.21%) [295]. 
However, these findings have not been verified in other studies [296]. This could be attrib‐
uted to periconceptional folic acid, which may reduce ASD risk in those with inefficient 
folate metabolism (for mothers and children with MTHFR variant genotypes, like MTHFR 
C677T polymorphism) [290, 297]. Besides, folate receptor autoantibodies (FRAs) that 
interfere with folate transport across the blood‐brain barrier may be important in ASD 
(a high prevalence to 75.3%) and that FRA‐positive children with ASD may benefit from 
leucovorin (folinic acid) treatment [298]. Also, some studies have reported lower folate 
levels in patients with ASD [299, 300] and high levels of homocysteine [299, 301]. Folic acid 
supplementation may have a certain role in the treatment of children with autism, and this 
treatment also improved the concentrations of folic acid, homocysteine, and normalized 
glutathione redox metabolism [302]; but the effects of folate‐enhancing interventions on 
the clinical symptoms have yet to be confirmed [294].

• B‐Group vitamins B2, B6 and B12:
Studies in autistic children report decreased concentrations likely below the reference 
range of vitamin B‐12 and folate by dietary deficits [300]. Vitamin B6 and B12 (or cobala‐
min) acts as coenzymes in the metabolism, with a close metabolic interrelation in the meth‐
ylation of homocysteine to obtain methionine (Met). The name “one‐carbon metabolism” 
involving folic acid, vitamins B2, B6, and B12, and folate metabolism does not only gener‐
ate methyl groups, thus determining epigenetic processes, modifications of the genome 
and carcinogenesis, it also provides the compounds involved in the DNA synthesis and 
repair processes, especially the synthesis of purines and pyrimidines [303]. Nutritional 
supplementation with vitamin methyl‐B12, folinic acid, and trimethylglycine might be 
beneficial on glutathione redox status in children with autism [304].

Elevated and unusually broad vitamin B‐6 (pyridoxine) concentrations have been reported 
in children with autism which may be due to low activity of pyridoxal kinase that converts 
pyridoxal and pyridoxine into the active form pyridoxal 5‐phosphate (P5P), which is the 
active cofactor for several enzymatic reactions, including the formation of many key neu‐
rotransmitters [305]. This explains the benefits of high‐dose vitamin B‐6 supplementation 
in individuals with autism with low P5P [269, 306].

 ○ Biotin or vitamin B7 (and also H or B8) is a water‐soluble vitamin involved in the metabo‐
lism of carbohydrates, fats, amino acids, and purine. Decreased concentrations below the 
reference range of biotin have been reported in nutritional status of children with autism 
[269]. Also, it is evident for treatable inborn errors of metabolism patients with ASD. So 
detailed metabolic revealed biomarkers (urine 3‐hydroxyisovaleric acid and serum beta 
hydroxybutyrate) in 7% of patients for whom biotin supplementation resulted in mild to 
significant clinical improvement in autistic features [307].
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7.3.4. Vitamin‐like substances: choline

Other nutrients whose effects are similar to those of vitamins including choline and is among 
the most prominent associated with ASD. Choline is an essential nutrient soluble in water 
usually grouped with B vitamins. Choline is an endogenous compound that is synthesized 
by all cells of mammals, as an intermediary in the major route of transformation of the hill in 
phosphatidylcholine, an essential phospholipid of the neuronal membrane in the CNS and is 
essential for proper brain maturation, including astroglia. Choline is a major source of methyl 
groups needed for methylation of DNA and histones [308]. There is growing evidence that 
this nutrient also modulates epigenetic regulation of gene expression in both neuronal and 
endothelial progenitor cells, thereby modifying brain development [309].

Choline is the precursor for betaine and methyl groups derived from betaine, which are used 
for S‐adenosylmethionine (SAM)‐dependent methylation reactions including the synthesis of 
membrane phosphatidylcholine. In this way, choline indirectly serves as a precursor for the 
synthesis of membrane phospholipids that are essential for normal membrane fluidity, signal 
transduction, membrane transport, and integrity for synaptic efficiency. Choline is needed 
by fetal progenitor cells (proliferate, migrate, differentiate, and undergo apoptosis at specific 
times during fetal development) for membrane synthesis and for methylation (redox‐depen‐
dent methylation regulates neuronal mRNA). Choline is also a precursor for the synthesis of 
acetylcholine (ACh), an important neurotransmitter in both the central and autonomic ner‐
vous systems [310, 311].

Inadequate choline and betaine can negatively affect folate‐dependent “one‐carbon metab‐
olism” and in turn downstream methylation and antioxidant capacity (Figure 1.) The 
metabolism of folate, vitamin B12, vitamin B6, choline, and methionine are interrelated and 
disturbances in one of these metabolic pathways are associated with compensatory changes 
in the others. So, when humans and animals are fed a diet deficient in choline, it increases the 
need for dietary folate [312, 313]. Alternatively, if they are fed a diet deficient in folate, dietary 
choline requirements increase as choline becomes the primary methyl group donor [314–316].

Choline is found primarily in foods that contain fat and cholesterol, and intake of such foods 
has decreased in recent years. Estrogen induces the gene for enzyme that catalyzes the bio‐
synthesis of the choline‐containing phospholipid phosphatidylcholine. Nevertheless, many 
women have a SNP that blocks the induction of endogenous biosynthesis, which makes lon‐
ger requirement of choline in the diet. When these women consume diets low in choline, it is 
likely to be in insufficient supply of this nutrient for the fetus, and may disrupt the progenitor 
cell proliferation, migration, differentiation, and apoptosis [309].

Low plasma SAM levels and DNA hypomethylation have been shown to be present in chil‐
dren with autism [107]. Choline deficiency has been also shown in animal models to contribute 
to global and gene‐specific DNA hypomethylation and epigenetic abnormalities [317]. There 
are inconsistent findings on the amounts of free/total choline in autistic individuals. Free cho‐
line levels were similar in the autistic and control groups, but total choline was 17% higher 
in the autistic group (p < 0.0001) [269]. Hamlin et al.'s [318] study of 288 children with autism 
found that 69–93% had less than adequate choline intake, and 18–30% had betaine intake of 
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<3.5 mg/Kg. Lower choline and betaine intakes were also correlated with lower plasma choline 
and betaine concentrations among children with ASD. This suggests that the choline‐betaine‐
homocysteine pathway for Met synthesis may be compromised in children with ASDs.

In a rat model of diet‐induced fetal‐neonatal iron deficiency, the choline supplementation 
reduced the effects of iron deficiency, including those on gene networks associated with 
autism [319]. And also prenatal choline supplementation mitigates the adverse effects of pre‐
natal alcohol exposure on development in rats [320]. A pilot study suggests that an additional 
evaluation of choline supplementation as an intervention for memory functioning in children 
with fetal alcohol spectrum disorders is warranted [321]. We have observed improvement 
after administration of citicoline in a patient with autism and X‐chromosome‐linked ichthyo‐
sis caused by deletion Xp22.3‐pte; thanks to the role this nootropic plays in the biosynthesis 
of structural phospholipids involved in the formation and repair of the neuronal membrane, 
and a possible contribution of the gene PNPLA4, which codes for calcium‐independent phos‐
pholipase A2 beta, involved in lipoprotein metabolism [127]. Future research should consider 
whether these metabolic imbalances could be corrected with dietary counseling or supple‐
ment interventions.

7.3.5. Fatty acids (FAs)

The inability of the human body to synthesize acid, known as essential fatty acids (EFAs), 
implies that they must be obtained through diet or supplementation. The EFAs are all 
omega‐3 and ‐6 methylene‐interrupted fatty acids. Polyunsaturated fatty acids (PUFA) are a 
family of lipids including some subgroups identified by the position of the last double bond 
in their structure. PUFA omega‐3 fatty acids (n‐3 or ω‐3) include alpha linolenic acid (ALA), 
eicosapentaenoic acid [EPA, 20:5 (3)], and docosahexaenoic acid [DHA, 22:2 (3)], while PUFA 
ω‐6 include linoleic acid [LA, 18:2 (6)] and arachidonic acid [AA, 20:4 (6)].

Figure 1. “One‐carbon metabolism” implication in epigenetics.
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The CNS is rich in PUFAs, and in particular AA and DHA are essentials for brain development 
and play a key role in the maturation and signaling of the brain network. Clinical and ani‐
mal studies illustrate the importance of long‐chain polyunsaturated fatty acids (LCPUFAs) in 
neural development and neurodegeneration and FAs metabolic pathways may affect proper 
functioning of the CNS [322]. However, whether or not the levels of these PUFAs are altered 
in individuals with autism remains debatable.

In female mice maternal ω‐3 PUFA deficiency during pregnancy and lactation imprints 
long‐term changes of brain development neurogenesis and apoptosis in adult offspring, 
associated with DNA methylation of brain‐derived neurotrophic factor transcripts [323]. 
Children with ASD had lower dietary consumption of foodstuff containing DHA, as well 
as lower serum levels of DHA than controls [324]. In an analysis of the FAs composition of 
red blood cell (RBC) membrane phospholipids showed that the percentage of total PUFA 
was lower in autistic patients than in controls; and levels of AA and DHA were particularly 
decreased (p < 0.001) [325]. Reported abnormalities associated with the synthesis of lipid 
bilayer in ASD as a result of FAs insufficient dietary supplementation or genetic defects 
can contribute to the symptomatology of autism and individual variety (for review see 
[326]). A growing body of evidence suggests that individuals who have ASD may have 
low levels of these PUFAs, particularly DHA and the AA:DHA ratio. Studies also reported 
significantly higher plasma in the ratios: EPA:AA; linoleic acid:AA; a‐linolenic acid:DHA; 
and ω‐3 to ω‐6 FA ratios [327–329]. In ASD genetic abnormalities have been reported in the 
enzymes involved in phospholipid metabolism; e.g., functional abnormalities of the solute 
carrier 27A (SLC27A) gene family encoding fatty acid transport proteins (FATPs) [330]. 
But there appears to be no evidence of altered phospholipid‐related signal transduction in 
autism [331].

On the other hand, deficits associated with the release of AA from the membrane phospholip‐
ids and its subsequent metabolism to bioactive prostaglandins via phospholipase A (2)‐cyclo‐
oxygenase biosynthetic pathway have been shown. So, plasma levels of the proinflammatory 
AA metabolite prostaglandin E2 (PGE2) [325, 331, 332] and leukotrienes (two important lipid 
mediators) as well as isoprostanes (as marker of oxidative stress) recorded significantly ele‐
vated levels in autistics participants compared to controls [333]. The COX/PGE2 pathway and 
plasma transferrin (an iron mediator related to eicosanoid signaling) play an important role in 
synaptic plasticity and may be included in pathophysiology ASD [333]. In addition, Wong et 
al. [334] found that PGE2 activated the canonical Wnt signaling pathway and Wnt‐dependent 
migration and proliferation in neuroectodermal stem cells. In Wnt‐induced cells the level of 
β‐catenin protein was increased and the expression levels of Wnt‐target genes (Ctnnb1, Ptgs2, 
Ccnd1, Mmp9) was significantly upregulated in response to PGE2 treatment. This confirms 
that PGE2 activated the canonical Wnt signaling pathway. Furthermore, the upregulated 
genes have been previously associated with ASD.

There is strong mechanistic evidence to suggest that vitamin D and n‐3 LCPUFAs, specifically 
DHA, have the potential to significantly improve the symptoms of ASD [335]. But the efficacy 
of Omega‐3 FA supplementation in terms of ASD‐symptom management is controversial, 
so many authors show that DHA supplementation does not improve the core symptoms of 
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autism [336, 337]. A Cochrane review did not find any evidence of effects of omega‐3 FA in 
ASD [338]; by contrast, a recent study by Mazahery et al. [339] have shown that either vitamin 
D, DHA, or both are effective; the trial would reveal a noninvasive approach to managing 
ASD symptoms.

7.4. Gastrointestinal dysbiosis

Gut bacteria are an important component of the microbiota ecosystem in the human gut. 
The intestinal flora is composed of more than 1014 bacteria spread over more than 400 spe‐
cies, of which between 30 and 40 are dominant. The profile of an individual's microbiota is 
continually influenced by a variety of factors, including but not limited to genetics, age, sex, 
diet, and lifestyle. Although the microbial profile of each person is different, the relative 
abundance and distribution of bacterial species is similar among healthy individuals. All 
these bacteria, in continuous competition, produce a huge variety of enzymatic reactions 
that necessarily interact with the metabolism and physiology of the host (nutritional func‐
tions, immunological, toxicological, etc.), in situations of health or disease in the intestine. 
Activity microbial biochemistry acts collectively like an organ, intervening in the improve‐
ment of nutrient bioavailability and degradation of compounds from the nondigestible diet, 
the supply of new nutrients, and the elimination of harmful and antinutritional compounds. 
However, they can also be potentially harmful due to the change of their composition when 
the gut ecosystem undergoes abnormal changes in the light of the use of antibiotics, illness, 
stress, aging, bad dietary habits, and lifestyle. Perturbations in gut microbiome composi‐
tion have an emerging role in health and disease including brain function (development of 
emotional behavior, stress‐ and pain‐modulation systems, and brain neurotransmitter sys‐
tems); but also may be environmental contributors in neurodevelopmental disorders includ‐
ing ASD. The ability of the intestinal microbiota to communicate bidirectionally with the 
brain, known as the “gut‐brain axis,” in modulating human health by multiple mechanisms, 
including endocrine and neurocrine pathways, is at the forefront of current research [340, 
341]. There is still debate as to whether or not these changes are core to the pathophysiology 
or merely epiphenomenal [342].

An inconsiderable number of patients with ASD have a history (fetal, neonatal, and infant) 
of previous antibiotic exposure or hospitalization and GI symptoms; it is important to think 
about the importance of perturbations in gut microbiome during the first postnatal years of 
life in modulation of brain development, cognitive functions, and behavior [343]. In the first 
year of life, decreasing maternal immune protection and child immune system immaturity 
create an immune vulnerability to disease infection, especially if it is treated with antibiotics, 
and could facilitate gastrointestinal disorders and dysbiosis. This condition causes a vicious 
circle between the deterioration of the immune system and increase dysbiosis leading to leaky 
gut and neurochemical compounds and/or neurotoxic xenobiotics production and absorp‐
tion. This alteration affects communication “gut‐brain axis” that connects the intestine to the 
CNS through the immune system [344].

The complex carbohydrates (oligo‐ and polysaccharides) provided by diet are the group of 
fermentable substrates most abundant. Members gut flora has developed a complex system 
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of glycohydrolases that allow them to use, thus favoring survival, while generating meta‐
bolic energy for enterocytes. Main products of fermentation (enteric bacterial metabolites) 
are enteric short‐chain fatty acids (SCFA) mainly propionic (PPA), butyric acid (BA), and 
acetic acid, which constitute between 83 and 95% of the total SCFAs. SCFAs represent a 
group of compounds derived from the host microbiome that are plausibly linked to ASDs. 
Intraventricular administration of PPA and SCFAs in rats induces abnormal motor move‐
ments, repetitive interests, cognitive deficits, perseveration, and impaired social interactions. 
The brain tissue of PPA‐treated rats shows a number of ASD‐linked neurochemical changes, 
including innate neuroinflammation, increased oxidative stress, glutathione depletion, and 
altered phospholipid/acylcarnitine profiles. These directly or indirectly contribute to acquire 
mitochondrial dysfunction via impairment in carnitine‐dependent pathways; common anti‐
biotics may impair carnitine‐dependent processes by altering gut flora favoring PPA‐produc‐
ing bacteria and by directly inhibiting carnitine transport across the gut [345]. GI microbiota 
and their fermentation products are of potential use as biomarkers for early identification 
of the etiology and/or symptoms of ASD [346]. Therefore, a significant number of autistic 
children with chronic digestive disease (most with ileo‐colonic lymphoid nodular hyper‐
plasia and inflammation of the colorectum, small bowel and/or stomach) had low serum 
levels of myeloperoxidase (MPO). However, there was no significant relationship between 
these levels and severity of GI disease, including the presence of antineutrophil cytoplasmic 
antibodies (ANCA) [347]. Also, slow intestinal transit contributes to elevate urinary p‐cresol 
level in autistic children [348]. But metabolomics studies in ASD are far to be definitive and 
univocal [349].

By establishing the hypothesis the role that enteric SCFA, particularly PPA, produced from 
ASD‐associated gastrointestinal bacteria, may be a potential environmental trigger in some 
forms of ASD. Propionic acid has bioactive effects on (1) neurotransmitter systems, (2) intra‐
cellular acidification and calcium release, (3) fatty acid metabolism, (4) gap junction gating, 
(5) immune function, and (6) alteration of gene expression [350]. SCFA acts as gut‐related 
environmental signals and are capable of altering host gene expression (including CREB‐
dependent catecholaminergic neurotransmission), partly due to their histone deacetylase 
inhibitor activity and induced broad alterations in gene expression including neurotrans‐
mitter systems (monoaminergic pathways) neuronal cell adhesion molecules, inflammation, 
oxidative stress, lipid metabolism, and mitochondrial function, all of which have been impli‐
cated in ASD [351].

This modulation of the intestinal microbiota is currently a growing area of investigation and 
it just might be the key to treatment [352]. Studies have also suggested that the intestinal 
microbiota may be modulated with the use of prebiotics, probiotics, symbiotics, postbiotics, 
antibiotics, and fecal microbiota transplants and activated charcoal, as an opportunity for 
therapy in microbiota‐associated diseases as ASD [353]. The literature contains information 
about autism being improved after treatment with common antibiotics (amoxicillin) [354]. 
Also, ceftriaxone, a beta‐lactam antibiotic, increases the expression of the glutamate trans‐
porter 1 which decreases extracellular glutamate levels. It is hypothesized that modulating 
astrocyte glutamate transporter expression by ceftriaxone or cefixime might improve some 
symptoms of ASD [355].
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7.5. Mental stress

Stressor exposure during early life has the potential to increase an individual's susceptibility 
to a number of neuropsychiatric conditions as anxiety disorders. In the gene‐environment 
interactions underlying ASD, also are implicate early prenatal stress as being especially det‐
rimental to boys with a vulnerable genotype. So, stressful events during pregnancy signifi‐
cantly predicted autistic traits in the offspring in males only [356].

The mechanisms underlying in the nature of this vulnerability have not yet been established. 
Potentially, etiologic mechanisms of the early postnatal stress including genes involved in the 
regulation of hypothalamic‐pituitary‐adrenal axis could be involved. Therefore, in autistic 
individuals a lower cortisol and higher ACTH levels is described [357, 358]. In experimental 
animals early life stress increases stress vulnerability through BDNF (brain‐derived neuro‐
trophic factor) gene epigenetic changes with decreased levels of acetylated histone H3 and H4 
[359]. Recent human epidemiological and animal studies indicate that stressful experiences 
in utero or during early life may increase the risk of neurological and psychiatric disorders, 
arguably via altered epigenetic regulation and transgenerational epigenetic inheritance (for 
review see [360]).

7.6. Others prenatal and perinatal environmental factors

7.6.1. Prenatal risk factors

Among the risk factors described for children with ASD those related to the gestational period 
should be noted. The pregnancy‐related risk factors that have been associated with ASD 
account for few cases, but show the importance of susceptibility of developing brain for cer‐
tain noxas. As previously mentioned the importance of teratogens toxic, nutritional factors, 
and immune system, among other factors, has been implicated as prenatal environmental 
risk. Among these risk factors it should be noted among other things:

• Maternal chronic disease, like maternal diabetes, prepregnancy obesity, and pre‐eclamp‐
sia, is modifiable environmental factor in ASD pathophysiology. Similarly, studies on 
maternal autoimmune disorders during pregnancy have reported different associated 
disorders (psoriasis with ASD; thyroid antibodies with ADHD) [361]. Group B strepto‐
coccus (GBS) is the most frequent commensal bacterium colonizing or infecting pregnant 
women. SGB is present in the lower genital tract of 15–30% of healthy pregnant women. 
In experimental animals, first time gestational exposure to GBS, autistic‐like behavior has 
been reported predominantly affecting male. So, GBS‐induced maternal immune activa‐
tion plays a role in offspring perinatal brain damage (white matter injury) and subsequent 
neurodisabilities such as autism [362, 363].

• Maternal smoking during pregnancy: Growing evidence links prenatal exposure to 
maternal smoking with disruption of DNA methylation (DNAm) profile in the blood 
of newborns. An EWAS was conducted using linear regression of methylation values 
against in utero smoke exposure; this study confirms differential methylation in MYO1G, 
CNTNAP2, and FRMD4A [364]. The association between maternal smoking during preg‐
nancy and ASD risk in offspring has been investigated in several studies, but the evidence 
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is not  conclusive. A recent meta‐analysis (including 15 observational studies with 17,890 
ASD cases and 1,810,258 participants) indicates that maternal smoking during pregnancy 
is not associated with ASD risk in offspring [365].

• Advancing paternal and grandpaternal age and risk of autism: the father's age is not a 
factor gene (with genetic implications), which has been associated with ASD, especially in 
sporadic cases. In men, with age increase de novo mutations in their germ cells and there is 
a greater chance that the children carry a harmful mutation that could increase susceptibil‐
ity to these disorders [366, 367]. Further, it identifies an association between advanced age 
(50 or older) males’ grandparents when they had their children and diagnosis of autism in 
the grandsons [368].

7.6.2. Perinatal and neonatal risk factors

Numerous risk factors perinatal and neonatal have been studied in relation to autism, and 
although there is insufficient evidence to implicate any factor perinatal or neonatal in the 
etiology of autism, however, there is some evidence to suggest that exposure to a broad class 
of conditions reflecting general commitments for perinatal and neonatal health may increase 
the risk [369], with special mention to prematurity [370, 205]. The prevalence (in the range 
3.65–12.9%) of ASD among preterm births is 10–12 times more than in the general popula‐
tion [371, 372]. The ASD diagnosis was associated with shorter gestation times and longer 
hospital stays [373]. Preterm children with very low birth weight (VLBW; 1000–1500 g) or 
extremely low birth weight (ELBW; under 1000 g) are at increased risk for ASD [374–376]. A 
number of hypotheses have been put forward to explain these high rates of ASD: prenatal and 
neonatal complications like sensory impairment associated with prematurity, white matter 
abnormalities, and cerebellar impairment which occurred more commonly among preterm 
infants [372, 377, 378]; as well as altered androgen exposure observed in premature infants 
[379]. Also, gene‐environment interactions and prematurity may combine to increase the risk 
for poor neurodevelopmental outcomes [380]. Thus, fetal membranes from spontaneous pre‐
term birth demonstrate differences in OXTR methylation and regulation and expression, but 
not in SHANK3, BCL2, and RORA, which suggest that epigenetic alteration of OXTR in fetal 
membrane may likely be indicating an in utero programming of this gene and serve as a sur‐
rogate in a subset of spontaneous preterm birth [381].

Other risk factors involved in the neonatal period include: higher incidence of hyperbilirubine‐
mia [205, 382], birth defect, a birth weight small for gestational age, acute fetal distress, difficult 
labor and respiratory infection [204], delayed birth cry and birth asphyxia [205], or low Apgar 
scores [203]. Factors associated with autism risk in a meta‐analysis of 40 studies in 2007 [369] 
were abnormal presentation, umbilical‐cord complications, fetal distress, birth injury or trauma, 
multiple birth, maternal hemorrhage, summer birth, low birth weight, small for gestational age, 
congenital malformation, low 5‐minute Apgar score, feeding difficulties, meconium aspiration, 
neonatal anemia, ABO or Rh incompatibility, and hyperbilirubinemia. But the authors conclude 
that there is insufficient evidence to implicate any one perinatal or neonatal factor in autism 
etiology, although there is some evidence to suggest that exposure to a broad class of conditions 
reflecting general compromises to perinatal and neonatal health may increase the risk.
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8. Conclusion

Although the knowledge about risk factors for ASD increases day by day, the biological basis 
of ASD remains largely elusive. Up to now, a large percentage of publications have implicated 
physiological and metabolic abnormalities (examining peripheral biomarkers such as blood 
and urine) in ASD and other psychiatric disorders. In particular, “four major areas” have been 
seen to be involved: immune dysregulation or inflammation, oxidative stress, mitochondrial 
dysfunction, and environmental toxicant exposures. More recent studies have also reported 
these physiological abnormalities in brain tissue derived from individuals diagnosed with 
ASD, suggesting that ASD has a clear biological basis with features more related to known 
“medical disorders” than “psychiatric disorders.”

Genes implicated in ASD alter ratios of excitatory to inhibitory signaling in the CNS (with 
increased ratio of excitation/inhibition in key neocortical systems) affecting molecular path‐
ways and mechanisms related to synaptic dysfunction, in a process known as “developmental 
synaptopathy.” The interplay between mutations in different genes can produce “idiopathic” 
autism, but the exposure to environmental modifiers as well as the epigenetic factors may add 
up to a varying expression of autistic features, allowing to include autism among the “synaptic 
and chromatin‐remodeling disorders.” In the last years, the role of nutritional and metabolic 
status in ASD has also gained importance, particularly the “one‐carbon metabolism cycle,” 
including the folate metabolism, the methionine‐homocysteine remethylation cycle (involv‐
ing choline and betaine), and fatty acid metabolism, as well as alterations in gut microbiome 
composition of children with autism. Furthermore, research in these physiological areas may 
lead to breakthroughs, in general, as well as subset‐specific processes, that could contribute to 
elucidate the development of ASD. Epigenetic studies besides being useful to discover causal 
factors, they may also help to unravel the physiological mechanisms predisposing or result‐
ing from the onset of ASD. Therefore, it is also important to follow the epigenetic approach to 
investigate the possible impairment of metabolic systems in ASD as well as in the search for 
promising metabolic biomarkers and therapeutic targets.

Nomenclature/Abbreviations

AD autistic disorder

ADHD attention=deficit/hyperactivity disorder

AS Angelman syndrome

ASD autism spectrum disorder

BA butyric acid

BDNF brain=derived neurotrophic factor

BPA bisphenol A

BWS Beckwithâ€“Wiedemann syndrome

CDD childhood disintegrative disorder
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CDC Centers for Disease Control and Prevention

CSS Coffin=Siris syndrome

CMA chromosomal microarray analysis

CNS central nervous system.

CNV copy number variants

DD developmental delay

DSM Diagnostic and Statistical Manual of Mental Disorders

EFAs essential fatty acids

EWAS epigenome=wide association study

FAs fatty acids

FXS Fragile X syndrome

GWAS genome=wide association study

H histone

HATs histone acetyltransferases

HDACs histone deacetylases

hiPSCs human induced pluripotent stem cells

HMTs histone methyltransferases

ICR imprinting control region

ICSI intra=cytoplasmic spermatozoid injection

ID intellectual disability

IVF in vitro fertilization

KDMs histone lysine demethylases

KMTs histone lysine methyltransferases

LCPUFAs long=chain polyunsaturated fatty acids

LCRs low=copy repeats

MBDs methyl=CpG=binding domain proteins

MCA multiple congenital anomalies

mPFC medial prefrontal cortex

NAHR nonallelic homologous recombination

NDD neurodevelopmental disorders

NLGN neuroligins

NGS next=generation sequencing

NRXN neurexins

OXTR oxytocin receptor

PBDEs polybrominated diphenyl ethers
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Abstract

This chapter explores the relationship between the genes and proteins of the Akt and 
MAPK pathways and autism. This chapter presents the biology of these two pathways, 
their genes and cascading proteins, and then, it looks at the research that has connected 
these molecules to autism. Finally, it imparts current and future therapeutic modalities 
that might exploit abnormalities in these genes and proteins, change them and ultimately 
alter aberrant autistic behaviors.

Keywords: autism, Akt, MAPK, ERK

1. Introduction

In this chapter, we will review (1) the biology of intracellular pathways, with particular 
emphasis on the Akt and the MAPK pathways, (2) the potential association of Akt and MAPK 
pathway markers and autism, and (3) current and potential therapy as it might be related to 
these pathways.

This chapter is not a review of all pathways and biomarkers in cells, but, instead, the focus 
is on two prominent pathways, the Akt and MAPK, known to play a role in the etiology of 
autism.

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



2. The biology of the Akt and MAPK intracellular pathways

2.1. Structure and function of intracellular pathways associated with autism

2.1.1. Receptors and ligands

Intracellular pathways are initiated by ligands, such as growth factors, which attach to receptor 
proteins embedded in cell membranes (Figure 1). The stimulation of a pathway receptor initiates 
the pathway signaling that ultimately results in changes in DNA transcription and/or translation, 
and effects processes such as cell division, protein production, cell morphology and motility.

Two receptor proteins [epidermal growth factor receptor (EGFR) and c‐Met (also called MET 
or hepatocyte growth factor receptor)], and their respective ligands [epidermal growth factor 
(EGF) and hepatocyte growth factor (HGF)] (Figure 1), will be reviewed here. Both of these 
receptor/ligand pairs have been found to initiate the Akt and MAPK pathways and have been 
implicated in the etiology of autism.

2.1.2. EGFR and EGF

EGFR is a glycoprotein that is a member of the protein kinase superfamily [1], and there‐
fore is one of the receptor tyrosine kinases (RTKs). Binding of the receptor protein to the 
ligand, EGF, induces receptor dimerization, which stimulates its intracellular protein tyro‐
sine kinase activity. As a result, there is autophosphorylation of several tyrosine (Y) residues 
in the C‐terminal domain of EGFR [2]. This autophosphorylation causes downstream activa‐
tion and signaling by several other proteins that react with the phosphorylated tyrosines. 

Figure 1. Membrane receptor [receptor tyrosine kinase (RTK)], either cMET or epidermal growth factor (EGFR) is 
signaled by growth factor (GF), either HGF or EGF, respectively. The interaction leads to phosphorylation inside the cell.
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The downstream signaling proteins initiate several signal cascades or pathways, principally 
the MAPK and Akt pathways [3]. These activated pathway proteins may lead to DNA syn‐
thesis, cell proliferation, cell migration, adhesion and proliferation [3].

Human EGF is a small 6045‐Da protein [4] with 53 amino acid residues and three intramolecular 
disulfide bonds [5]. EGF acts by binding with high affinity to epidermal growth factor receptor 
(EGFR) on the cell surface. This stimulates ligand‐induced receptor dimerization [6].

2.1.3. cMET and HGF

c‐Met, or MET, is a membrane receptor protein that also possesses tyrosine kinase activity [7] 
and, therefore, is also a RTK. This cell surface receptor is expressed in epithelial cells of many 
organs, including the liver, pancreas, prostate, kidney, muscle and bone marrow, during both 
embryogenesis and adulthood [8]. c‐MET has been shown to interact directly with the epi‐
dermal growth factor receptor (EGFR), allowing activation of c‐MET after stimulation of cells 
with EGF [9, 10].

The ligand for c‐MET is hepatocyte growth factor (HGF) [11, 12]. It is secreted as a single inac‐
tive polypeptide and is cleaved by serine proteases into a 69‐kDa alpha‐chain and a 34‐kDa 
beta‐chain. A disulfide bond between the alpha and beta chains produces the active, heterodi‐
meric molecule [13].

HGF, through its signaling of c‐MET, has been found to regulate cell growth, cell motility and 
morphogenesis through its activation of the c‐Met receptor [14].

2.1.4. Downstream MAPK and AKT pathways

Stimulation of RTKs by EGF or HGF begins the downstream cascade of activated pathway 
proteins. The cascade starts when a signaling molecule (i.e., EGF or HGF) binds to the RTK 
on the cell surface. The pathways are chains of proteins that activate each other in a cascade 
fashion. A protein in the pathway is inactive, until it is phosphorylated by another protein in 
the cascade. Once it is activated, it can then catalyze the next substrate (protein) in the pathway. 
Overall, the proteins communicate a signal from the receptor on the membrane to the DNA in 
the nucleus. The DNA, through protein translation, orchestrates a change in the cell, such as 
increasing or decreasing cell division, cell morphology or cell motility.

2.1.5. Downstream MAPK pathway

The mitogen‐activated protein kinases (MAPK) pathway (Figure 2) may begin with binding 
of EGF to EGFR. This activates the tyrosine kinase activity of the portion of the receptor in the 
cytoplasm. Docking proteins such as GRB2 (growth factor receptor‐bound protein 2) contain 
an SH2 domain that binds to the phosphotyrosine residues of the activated receptor [15]. 
GRB2 then binds to the guanine nucleotide exchange factor Son of Sevenless (SOS) by way of 
the two SH3 domains of GRB2. When the GRB2‐SOS complex docks to phosphorylated EGFR, 
SOS becomes activated [16]. (SOS was inactivated until it binds to activated EGFR, hence the 
cascade begins.) Activated SOS then promotes the removal of GDP from a member of the Ras 
subfamily (most notably H‐Ras (transforming protein p21) or K‐Ras (V‐Ki‐ras2 Kirsten rat 
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sarcoma viral oncogene homolog). Ras can then bind guanosine‐5′‐triphosphate (GTP) and 
become active. Activated Ras activates the protein kinase activity of RAF (proto‐oncogene ser‐
ine/threonine‐protein kinase) kinase [17]. RAK kinase then phosphorylates MEK1 and MEK2 
(mitogen‐activated protein kinase kinase). MEK then phosphorylates and activates mitogen‐
activated protein kinase (MAPK), also known as extracellular signal‐regulated kinases (ERK).

MAPK regulates the activities of several transcription factors. It can phosphorylate factor 
MYK, which plays a role in cell cycle progression, apoptosis and cellular transformation [18], 
and it can phosphorylate and activate MNK (interacting protein kinases), which, in turn, 
phosphorylates cAMP response element‐binding protein (CREB). CREB has a well‐docu‐
mented role in neuronal plasticity and long‐term memory [19] (Figure 2).

2.1.6. Downstream AKT pathway

The Akt pathway also starts with stimulation by a growth factor (i.e., EGF). This causes activation 
of a cell surface receptor (i.e., EGFR) and phosphorylation of phosphatidylinositol 3‐kinase (PI3K) 
(Figure 3). Activated PI3K then phosphorylates lipids on the plasma membrane, forming second 
messenger PIP3 (phosphatidylinositol (3,4,5)‐trisphosphate). Akt, a serine/threonine kinase, is 
recruited to the membrane by interaction with these docking sites, so that it can be fully activated 
[20] (Figure 3).

Activated Akt causes downstream activation, which, by phosphorylating a range of intracellular 
proteins, ultimately results in changes in cell survival, growth, proliferation, cell migration and/
or angiogenesis.

Figure 2. The MAPK pathway may begin with a growth factor (EGF or HGF) binding to the membrane RTK (cMET or 
EGFR). A cascade of activation ensues when the cytoplasmic portion of the RTK is phosphorylated, which, in turn, reacts 
with GRB2. At the end of the cascade, a transcription such as CREB affects protein production.
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The downstream effects of the Akt pathway are thoroughly regulated. The pathway is negatively 
regulated by phosphatase and tensin homolog (PTEN), which antagonizes PI3K. Demonstrated 
by the fact that loss of PTEN function leads to over‐activation of Akt [21], the Akt pathway, in 
turn, regulates PTEN levels by activating transcription factors such as nuclear factor kappa‐
light‐chain‐enhancer of activated B cells (NF‐κB). These factors activate PTEN agonists, such as 
tumor necrosis factor alpha (TNFα), which, in turn, suppress PTEN [22].

Once it is activated, Akt interacts with its many substrates. As examples, Akt can phosphorylate 
Bcl‐2‐associated death promoter (BAD) causing it to lose its pro‐apoptotic function, and promote 
cell survival [23]. Under various circumstances, activation of Akt has been shown to overcome 
cell cycle arrest in the G1 [24] and G2 [25] phases. Once activated, it can also affect cell division by 

Figure 3. The Akt pathway may begin with a growth factor (EGF or HGF) binding to the membrane RTK (cMET or 
EGFR). A cascade of activation ensues when the cytoplasmic portion of the RTK is phosphorylated, which, in turn, reacts 
with P13K. At the end of the cascade, pathway proteins such as mTOR and GSK3 are affected.
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activating the transcription factor CREB [26], inhibiting the enzyme inhibitor p27 (cyclin‐depen‐
dent kinase inhibitor 1B) [27], localizing the transcription factor, forkhead box class O (FOXO) in 
the cytoplasm [27], activating the membrane lipid, phosphatidylinositol (PtdIns)‐3ps [28], and 
activating the kinase mechanistic target of rapamycin (mTOR) [25], which can affect transcrip‐
tion of p70 or eukaryotic initiation factor 4E binding protein 1 (4EBP1) [27]. Glycogen synthase 
kinase 3 (GSK‐3) is inhibited upon phosphorylation by Akt. This results in an increase in glyco‐
gen synthesis [29]. Akt also enhances pathological angiogenesis and tumor growth associated 
with abnormalities in skin and blood vessels [25, 30].

2.2. Other biomarkers related to MAPK or Akt pathways

2.2.1. Oxytocin

There is evidence suggesting that oxytocin (OXT) is a regulator of the PI3K/Akt/mTORC1 
pathway in gut cells and may, therefore, modulate translation in these cells [31].

The MAPK pathway is thought to be upregulated in the paraventricular (PVN) nuclei during 
lactation, and many of OXT's effects in peripheral and brain tissue are mediated through a 
MAPK/ERK pathway. Data also suggest an enhanced activation of the MAPK/ERK pathway 
in OXT neurons, specifically during late pregnancy in both the SON and PVN [32].

2.2.2. GABA

There is also evidence suggesting a relationship between the Akt pathway and GABA trans‐
mission. This relationship may be important in glucose metabolism and B cell proliferation. In 
human islets, GABA activates a calcium‐dependent signaling pathway through both GABA‐A 
and GABA‐B receptors. This, in turn, activates the P13K‐Akt and CREB‐IRS‐2 signaling path‐
ways that convey GABA signals responsible for β‐cell proliferation and survival [33].

The MAPK pathway may be a negative modulator of GABA‐A receptor function [34]. Also, 
baicalin, a flavone glycoside, which modulates MAPK, has been found to have neuroprotective 
properties as a sedative associated with altering GABAergic signaling [35].

3. Association between pathway genes, proteins and autism

3.1. Genes associated with autism

Twin studies suggest that autism is highly heritable [36, 37], but there has not been just one 
gene associated with the etiology of the disorder(s). This could be because the majority of 
genes linked to autism are related to a specific symptom. Instead, not one, but many genes 
that are known to play a role in brain development are candidates for conferring susceptibility 
to autism.

According to the Simons Foundation Autism Research Initiative (SFARI) (Updated June, 
2016), there are more than 800 genes implicated in autism, with annotations and links to 
published papers [38, 39]. The SAFARI gene‐scoring module offers critical evaluation of the 
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strength of the evidence for each gene's association with autism, with at least 50 high‐ranking 
candidate risk genes so far identified.

We will be focusing here on only a few of the high‐ranking autism‐associated gene candidates, 
with particular emphasis on genes related to the Akt and MAPK pathways.

3.2. Pathway genes

MET (met proto‐oncogene) encodes the hepatocyte growth factor receptor. MET, which has 
tyrosine kinase activity. Positive associations between MET and autism have been found in the 
Caucasian, Japanese and Italian populations as well as in Autism Genetic Resource Exchange 
(AGRE) family cohorts from multiple studies [40–42]. Interestingly, a positive association has 
also been found between MET and schizophrenia [43]. There is evidence to suggest that MET 
variances and MET/AKT interaction may affect facial emotion perception, implicating that the 
MET/AKT cascade plays a significant role in facial emotion perception [44].

Phosphatase  and tensin homolog (PTEN) gene encodes a phosphatidylinositol‐3,4,5‐trispho‐
sphate 3‐phosphatase, which contains a tensin‐like domain, as well as a catalytic domain simi‐
lar to that of the dual specificity protein tyrosine phosphatases. Several studies have found 
rare single variations in the PTEN gene associated with autism [45–47], including in Cowden 
syndrome [48], where some individuals with the syndrome develop autism.

Engrailed homeobox 2 (EN2) is a homeobox gene that is critical to the development of the 
midbrain and cerebellum [49]. It regulates the combined processes of cell division, differen‐
tiation and organ development. Four candidate gene studies have explored the relationship 
between EN2 and autism—three found a positive association.

Reelin (RELN) gene produces an extracellular matrix protein with serine protease activity [50], 
which is responsible for correct lamination of the brain during the embryonic period and cell 
signaling and synaptic plasticity in adult life [51]. Deficits in brain levels of Reelin mRNA and 
protein have been found in subjects with schizophrenia and bipolar disorder [52], as well as 
major depression [53] and autism [54]. Genetic studies show an association of polymorphisms 
in the RELN gene in autism [55, 56]. Reelin has recently been shown to activate Akt, as well as 
Src family kinases, suggesting a relationship between Reelin and the Akt pathway [57].

GABA‐A receptor, BETA‐3 polypeptide (GABRB3) encodes the GABA receptor. GABA is the 
main inhibitory neurotransmitter in the adult brain. During neurotransmission, GABA activates 
the GABA‐A receptor. Data suggest that rare variants of GABRB3 might be associated with 
autism, and increased GABRB3 expression may contribute to the pathogenesis of autism in some 
patients [58]. Insulin‐induced translocation of GABA‐ARs to the cell surface requires activation of 
Akt, a primary target of insulin signaling downstream of PI3K. Akt phosphorylates a conserved 
phosphorylation site present in all three b subunits of GABA‐ARs, which increases cell surface 
expression of these receptors [59, 60].

Fragile X mental retardation 1 (FMR1) mutations are associated with a substantial degree of 
increased risk of autism and are consistently associated with additional features not required 
for an ASD diagnosis [61]. The fragile X mental retardation protein (FMRP), the gene product 
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of FMR1, is an RNA‐binding protein that negatively regulates translation in neurons. The Akt 
pathway is affected by this protein, which is demonstrated by the data that show that mTOR 
phosphorylation and activity are elevated in the hippocampus of juvenile FMR1 knockout 
mice [62].

Neurfibromin 1 (NF1): Genetic association has been found between the NF1 gene and autism. 
In particular, positive association was found with a NF1 polymorphism in the Japanese 
population [63]. The NF1‐encoded protein, neurofibromin, functions as a Ras‐GTPase acti‐
vating protein, and the Akt/mTOR pathway is tightly regulated by neurofibromin [64]. 
Neurofibromatosis type 1 (NF1) is an autosomal dominant neurocutaneous syndrome, resulting 
from functional inactivation of the NF1 gene. Identification of SPRED1 gene mutations in 
individuals with mild NF1‐like syndrome, and the direct involvement of these proteins in the 
RAS‐MAPK pathway, potentially links the action of the NF1 gene to this pathway [65].

Tuberous sclerosis 1 (TSC1): This gene has been associated with syndromic autism, where 
a subpopulation of individuals with tuberous sclerosis syndrome develop autism [66]. This 
gene encodes a growth inhibitory protein thought to play a role in the stabilization of tuberin, 
and the protein has been implicated as a tumor suppressor. Akt and protein kinase B (PKB) 
both regulate and are regulated by the TSC1‐TSC2 complex by interacting with and regulating 
mTOR [67].

Tuberous sclerosis 2 (TSC2): In addition to this gene's association with TSC1, its association 
with autism has also been found in an AGRE cohort [68], and a rare mutation in TSC2 has 
been identified in an individual with ASD [69].

Protein tyrosine kinase 7 (PTK7) is a gene strongly enriched for variants likely to affect ASD 
risk [70]. This gene encodes a member of the receptor protein tyrosine kinase family of pro‐
teins that transduce extracellular signals across the cell membrane. This protein may be asso‐
ciated with inhibition of cell proliferation, invasion and migration by inactivation of AKT and 
ERK [71].

Forkhead box P1 (FOXP1): Studies have found that rare mutations in this gene are associated 
with autism [72], and there is considerable evidence that FOXP1 protein expression is regulated 
by a PI3K/Akt/p70S6K signaling cascade [73].

SH3 and multiple ankyrin repeat domains 3 (SHANK3): Several studies have found rare single‐
gene variations in the SHANK3 gene in autism [74, 75]. However, Italian IMGSAC and Chinese 
Han studies claimed to find no genetic association or rare variations in the SHANK3 gene in 
autistic patients [76]. Pharmacological activation of Akt, and inhibition of CLK2, relieves synaptic 
deficits in SHANK3‐deficient, as well as PMDS patient‐derived, neurons. This suggests a strong 
relationship between SHANK3 and the Akt pathway [77].

Ubiquitin‐protein ligase E3A (UBE3A) produces ubiquitin‐protein ligase (E6AP) that is 
involved in targeting proteins for degradation within cells [78]. Mutations in the UBE3A gene 
are found in patients with Angelman syndrome (AS) [79]. AS is characterized by impaired 
motor and cognitive development, sleep disturbance, clumsy gait, seizures and irregular 
behaviors such as flapping and bursts of laughter. There is a phenotypic overlap between 
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autism and AS, and dysregulation of UBE3A may play a role in the causation of autism [80]. 
UBE3A functions as a co‐activator to regulate PI3K‐Akt signaling pathway [81].

NHE9 (SLC9A9) is an endosomal cation/proton antiporter with orthologues in yeast and 
bacteria. Rare, missense substitutions in NHE9 are genetically linked to autism, but have not 
been functionally evaluated. Loss‐of‐function mutations in NHE9 may contribute to autistic 
phenotype by modulating synaptic membrane protein expression and neurotransmitter clear‐
ance [82]. In addition, endosomal NHE9 is mechanistically involved in the pathophysiology 
of autism [83]. Specifically, in glioblastoma cells, altered NHE9 blocks proton leakage from 
endosomes, causing them to become more acidic. This changes the transportation dynamics of 
proteins in the cell [98]. Epidermal growth factor receptor (EGFR) signaling is a potent driver 
of glioblastoma, a malignant and lethal form of brain cancer. Data demonstrate that endolyso‐
somal pH is critical for receptor sorting and turnover. By functioning as a leak pathway for pro‐
tons, the Na+/H+ exchanger NHE9 limits luminal acidification to circumvent EGFR turnover 
and prolongs downstream signaling pathways [84].

MECP2 Rett syndrome (RTT), a neurodevelopmental disorder that commonly involves 
autism, is caused by mutations in this gene. The expressed protein, MECP2, is important for 
nerve cell maturation and both activates and represses transcription [85].

It should be recognized that the genes represented here are a small representation of the 
hundreds of de novo and familial risk genes, copy number variants, and epigenetic modifiers 
have been identified through linkage analysis, genome‐wide association studies and exon 
and whole‐genome sequencing of individuals with autism over the past few years [86–89].

3.3. Biomarkers associated with autism

3.3.1. Growth factors

3.3.1.1. EGF

An increased frequency of EGF single‐nucleotide polymorphisms has been reported in chil‐
dren with autism [90]. Lower plasma EGF levels have been found in adults with autism [91], 
as well as in children [92, 93]. But these data appear to be uncertain, as one report of younger 
children with autism showed increased levels of EGF [94]. Our lab found reduced levels of 
EGF in an autistic group, and these decreased levels were associated with the inflammatory 
marker HMGB1 and severity of hyperactivity in individuals with autism [94].

3.3.1.2. HGF

Decreased serum levels of HGF were found in male adults with high‐functioning autism [95]. 
Our lab found HGF decreased in the serum of older autistic children with co‐occurring GI 
disease when compared to non‐autistic children with GI disease, autistic children without 
GI disease and healthy controls (non‐autistic children without GI disease) [96]. The c‐Met 
promoter variant rs1858830 reflects a common single‐nucleotide polymorphism that increases 
the risk of ASD and is distinctively associated with ASD in individuals with co‐occurring 
GI dysfunction [97]. These data strongly suggest that decreased MET function is due to the 
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ASD‐associated common genetic variant rs1858830, which predisposes a subset of ASD indi‐
viduals that exhibit GI problems. These results may be one reason for the association between 
gastrointestinal issues and autism [98].

3.3.2. Receptors

3.3.2.1. EGFR

Our lab measured soluble EGFR in individuals with autism. We found that EGFR levels were 
significantly higher in the autism group. These receptor levels also correlated significantly 
with the inflammatory marker HMGB1 and several autism behavioral symptoms, including 
hyperactivity [99]. We found that EGF levels (described above) also correlated significantly 
with HMGB1 and hyperactivity severity. This helps to confirm a possible etiological relation‐
ship between the receptor (EGFR) and its ligand (EGF). In glioblastoma cells, when researchers 
administered drugs that countered NHE9 proteins (above), as well as drugs that countered 
EGFR proteins, the cells were more readily killed, compared to cells that were only treated with 
EGFR‐countering medication [84]. This suggests a relationship between NHE9 and EGFR, and, 
also, if EGFR is elevated, in autism, and this elevation is associated with the etiology of autism, 
it might represent an important way to lower EGFR levels.

3.3.2.2. cMET

c‐MET/HGF signaling is directly related to HGF expression via a positive feedback mecha‐
nism A polymorphism in the upstream region of the hepatocyte growth factor receptor, c‐Met, 
identified in a study involving 1231 autistic children plus appropriate controls [100], shows 
a deficiency in c‐Met protein level which corresponds to reduced transcription rate, as well 
as a downregulation of HGF production [101, 102]. Also, MET receptor protein expression is 
decreased in the postmortem brain of individuals with the MET ‘C’ allele [103], which further 
substantiates its association with the etiology of autism.

3.3.3. MAPK and Akt pathway proteins

3.3.3.1. MAPK proteins

Recent advances in autism genetics and progress in the study of animal models have pro‐
vided evidence suggesting that Akt and MAPK pathway proteins are adversely affected in 
individuals with autism [104]. Genome‐wide association studies [105] and genomic copy 
number variant (CNV) analyses have identified enrichment in gene sets involved in RAS (rat 
sarcoma)/MAPK signaling and kinase activation in ASD individuals [106]. It has been sug‐
gested in an animal model that activation of this pathway in peripheral lymphocytes may 
serve as a marker for central nervous system (CNS) ERK activity, and possibly autistic behav‐
ior [107], and there is evidence of developmental abnormalities in neurogenesis and behav‐
ioral impairment associated with the 16p11.2 chromosomal deletion, which is associated with 
ERK dysregulation [108]. Therefore, disruption of the ERK (MAPK) signaling pathway may 
be an important mediator of abnormal social behavior in individuals with autism.
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In a mouse model, researchers found a significant association between juvenile social behavior 
and phosphorylated mitogen‐activated protein kinase (p‐Mek) and p‐Erk levels in the prefron‐
tal cortex, but not in the cerebellum [105]. Others found that neuronal cell differentiation and 
maturation, and unchanged apoptosis, are associated with the presence of amplified Mapk/
Erk, although these data have since been retracted [109]. However, other studies have demon‐
strated that decreased Mapk/Erk activation can also disrupt stem cell proliferation [110–112] 
and may be associated with autistic behavior. This conflict suggests that dysregulation of the 
MAPK/ERK pathway may be associated with separate autism subpopulations, such that some 
populations have over‐activation of MAPK, and others are characterized by lower activation.

The Kyoto Encyclopedia of Genes and Genomes (KEGG) Pathway Database lists an array 
of highly associative genes associated with the MAPK/ERK pathway that are likely major 
contributors to ASD pathophysiology [113].

3.3.4. Akt proteins

3.3.4.1. Akt

Akt and mTOR, as well as related pathway proteins, have been found to be decreased in autis‐
tic groups [114]. Full‐length PI3K, Akt and phosphorylated and total mTOR were reduced in 
the fusiform gyrus of a small group of autistic individuals [115]. Our lab has found signifi‐
cantly decreased levels of phosphorylated Akt in individuals with autism, and these low Akt 
levels correlated significantly with high EGFR and low GABA [116]. The low Akt levels in this 
study also correlated with high symptom severity. Our results suggest that the Akt pathway, 
starting with aberrant EGFR signaling, and followed by dysfunctional downstream Akt, may 
be involved in the etiology of autism.

3.3.4.2. PTEN

The gene for PTEN, the phosphatase that suppresses P13K/AKT signaling, is mutated in 
a small percentage of autistic individuals. In one study, all PTEN mutations from cases of 
PHTS (hamartoma tumor syndrome) appeared to disrupt the ability to inhibit AKT sig‐
naling, at the same time that PTEN expression was significantly reduced [117]. Inherited 
dominant PTEN mutations have been identified in patients with Cowden syndrome and 
Bannayan‐Riley‐Ruvalcaba syndrome, conditions that are often grouped together as PTEN 
hamartoma tumor syndrome (PHTS) [118], and inhibition of mTORC1 with the inhibitor 
rapamycin suppresses anatomical and behavioral abnormalities in PTEN knockout mice, 
suggesting a strong relationship between mTOR and PTEN [119], as well as an association 
with the etiology of autism.

3.3.4.3. MECP2

This protein, which is deficient in RETTs, may regulate PTEN expression with the help of a spe‐
cific miRNA, miR‐137. Conversely, PTEN can indirectly regulate MECP2 via the transcription 
factor, CREB and miR‐132 [120].
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3.3.4.4. mTOR

Significant decreases in protein expression and phosphorylation of mTOR, as well as compo‐
nents of its downstream signaling pathways, have been found in autism [121]. When mTOR 
is disrupted or decreased, downstream, effectors of protein translation are also reduced [122]. 
Mutations in TSC1, TSC2, NF1 and PTEN lead to an over‐activated PI3K‐mTOR pathway, 
as well as autism‐relevant behaviors, tuberous sclerosis, neurofibromatosis and/or macro‐
cephaly [123]. PI3K‐mTOR signaling is also over‐activated at synapses of fragile X syndrome 
(FXS) mice [124] and in humans with FXS [125]. mTOR signaling and protein synthesis are 
also impaired in a mouse model of Rett syndrome [126, 127]. Our lab found significantly high 
mTOR levels in individuals with autism, and these high levels correlated significantly with 
decreased oxytocin [128]. These data, collectively, suggest that mTOR may serve as a good 
marker for subgroups of individuals with autism.

3.3.4.5. TSC1 and TSC2

Tuberous sclerosis complex (TSC) is an autosomal dominant disorder caused by mutations 
in either the TSC1 or TSC2 gene [122, 129]. Tsc1+/− and Tsc2+/− mice, both male and female, 
exhibit deficient social interaction, which is reversed by pharmacological inhibition of mTOR 
with rapamycin [130], demonstrating the strong relationship between TSC and mTOR.

4. Potential therapy for autism associated with Akt and MAPK pathway 
alteration of genes and/or proteins

4.1. Akt pathway

As outlined above, mutations in PTEN, NF1 or in the TSC 1 and 2, cause an over‐activation 
of the PI3K/Akt/mTOR pathway, leading to autism‐related behavior. Furthermore, fragile X 
syndrome (FXS), a common inherited form of mental retardation and the leading cause of 
autism, has been associated with over‐activation of the PI3K‐mTOR pathway. On the other 
hand, low levels of PI3K/Akt/mTOR activity are linked with Rett syndrome (RTT), a rare form 
of autism‐associated disease. These data suggest that therapy designed to alter these pathway 
genes and/or proteins may be affective at altering autistic behaviors.

On the basis of observations that mTOR signaling, synaptic plasticity and protein translation are 
over‐activated in these disorders, compounds that can potentially inhibit the mTOR pathway 
represent promising therapeutic candidates.

However, under‐activation of this pathway has been reported in RTT. So, when developing 
therapy for RETTs, it may be important to use therapy that will raise mTOR levels.

Because mTOR has been found to be both high and low, depending on the syndrome, it is pos‐
sible that altered mTOR levels may be associated with certain ASD behaviors and/or subpopu‐
lations, and therefore may provide a means for subgrouping those in the autistic spectrum.

For mTOR over‐activation, the mTORC1 inhibitor rapamycin has shown promising results 
in PTEN KO mice [119] and TSC2 mice [131]. Other inhibitors of mTOR have been tried. 

Autism - Paradigms, Recent Research and Clinical Applications194



3.3.4.4. mTOR

Significant decreases in protein expression and phosphorylation of mTOR, as well as compo‐
nents of its downstream signaling pathways, have been found in autism [121]. When mTOR 
is disrupted or decreased, downstream, effectors of protein translation are also reduced [122]. 
Mutations in TSC1, TSC2, NF1 and PTEN lead to an over‐activated PI3K‐mTOR pathway, 
as well as autism‐relevant behaviors, tuberous sclerosis, neurofibromatosis and/or macro‐
cephaly [123]. PI3K‐mTOR signaling is also over‐activated at synapses of fragile X syndrome 
(FXS) mice [124] and in humans with FXS [125]. mTOR signaling and protein synthesis are 
also impaired in a mouse model of Rett syndrome [126, 127]. Our lab found significantly high 
mTOR levels in individuals with autism, and these high levels correlated significantly with 
decreased oxytocin [128]. These data, collectively, suggest that mTOR may serve as a good 
marker for subgroups of individuals with autism.

3.3.4.5. TSC1 and TSC2

Tuberous sclerosis complex (TSC) is an autosomal dominant disorder caused by mutations 
in either the TSC1 or TSC2 gene [122, 129]. Tsc1+/− and Tsc2+/− mice, both male and female, 
exhibit deficient social interaction, which is reversed by pharmacological inhibition of mTOR 
with rapamycin [130], demonstrating the strong relationship between TSC and mTOR.

4. Potential therapy for autism associated with Akt and MAPK pathway 
alteration of genes and/or proteins

4.1. Akt pathway

As outlined above, mutations in PTEN, NF1 or in the TSC 1 and 2, cause an over‐activation 
of the PI3K/Akt/mTOR pathway, leading to autism‐related behavior. Furthermore, fragile X 
syndrome (FXS), a common inherited form of mental retardation and the leading cause of 
autism, has been associated with over‐activation of the PI3K‐mTOR pathway. On the other 
hand, low levels of PI3K/Akt/mTOR activity are linked with Rett syndrome (RTT), a rare form 
of autism‐associated disease. These data suggest that therapy designed to alter these pathway 
genes and/or proteins may be affective at altering autistic behaviors.

On the basis of observations that mTOR signaling, synaptic plasticity and protein translation are 
over‐activated in these disorders, compounds that can potentially inhibit the mTOR pathway 
represent promising therapeutic candidates.

However, under‐activation of this pathway has been reported in RTT. So, when developing 
therapy for RETTs, it may be important to use therapy that will raise mTOR levels.

Because mTOR has been found to be both high and low, depending on the syndrome, it is pos‐
sible that altered mTOR levels may be associated with certain ASD behaviors and/or subpopu‐
lations, and therefore may provide a means for subgrouping those in the autistic spectrum.

For mTOR over‐activation, the mTORC1 inhibitor rapamycin has shown promising results 
in PTEN KO mice [119] and TSC2 mice [131]. Other inhibitors of mTOR have been tried. 
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For instance, treatment of Fmr1 (protein of fragile X syndrome) knockout mice with temsiro‐
limus, an mTOR inhibitor, prevented object recognition memory deficits and reduced audio‐
genic seizure susceptibility in mice [132].

Elevated phosphorylation of translational control molecules and exaggerated protein synthe‐
sis in fragile X mice were corrected through the targeting of S6K1 (ribosomal protein S6 kinase 
beta‐1 (S6K1), also known as p70S6 kinase (p70S6K)), a serine/threonine kinase that acts 
downstream of PIP3 and targets the S6 ribosomal protein. Deletion of S6K1 prevents a broad 
range of fragile X phenotypes, including exaggerated translation and abnormal dendritic 
spine morphology [133]. Also, targeting downstream mTOR signaling, such as eukaryotic 
translation initiation factor 4E (eIF4E), reversed autism [122]. Thus, interventions that target 
mTOR signaling should be at the leading edge of future translational research for autism.

GSK3 (isoforms GSK3α and GSK3β) is a serine/threonine kinase that is controlled by inhibitory 
serine phosphorylation induced by both Akt and MAPK pathways [134]. In Fmr1 knockout 
mice, GSK3 phosphorylation was reduced in several brain regions, resulting in elevated GSK3 
signaling [135]. Lithium is a GSK3 inhibitor that both increases the inhibitory serine phos‐
phorylation of GSK3 and directly inhibits GSK3 activity [136, 137]. Particularly with chronic 
administration, in Fmr1 knockout mice, lithium was found to be able to correct abnormal 
behavior, such as hyperactivity [138]. Also, specific GSK3 inhibitors SB216763 141, TDZD‐8 
and VP0.7 corrected hippocampus‐dependent learning deficits in fragile X mice [139, 140].

RTT is characterized by loss of function of the X‐linked MECP2 gene [141]. Multiple studies, using 
different knockout mouse models, indicate that the pathological deficit in RTT is associated with 
the structure and function of synapses, synaptic transmission and plasticity [142, 143]. BDNF, 
the gene encoding the BDNF protein, is one of the first recognized direct targets of MECP2 tran‐
scriptional regulation [144]. BDNF, through the receptor tropomyosin‐related kinase B (TrkB), 
activates intracellular signaling cascades, Akt and MAPK, critical for neuronal development, 
synaptic maturation, and learning and memory [145]. Therefore, one direction of potential ther‐
apy for MECP2 deficiency is the trial and use of drugs that boost BDNF. Compounds that boost 
BDNF levels such as fingolimod and glatiramer acetate (copaxone), both FDA‐approved drugs 
for the treatment of multiple sclerosis, lead to an increase in BDNF expression and activation of 
TrkB/Akt downstream signaling pathways [146].

Insulin growth factor‐1 (IGF‐1) binds to the IGF‐1 receptor and also activates intracellular sig‐
naling cascades, similar to those triggered by BDNF activation of TrkB receptors, by modulat‐
ing synaptic plasticity and neuronal maturation through PI3K‐Akt and MAPK pathways [147]. 
Unlike BDNF, IGF‐1 permeability through the blood‐brain barrier makes it an attractive com‐
pound for therapy. Based on these promising leads, a phase 2 double‐blind placebo‐controlled 
clinical trial is underway to treat 3‐ to 10–year‐old RTT patients with full‐length IGF‐1 [148].

4.2. MAPK pathway

ERK levels, for the most part, are decreased in autism. Different classes of antidepressants 
rapidly increase ERK [149] and CREB [150] activity. This supports the involvement of the 
MAPK pathway in autism and may suggest the need to develop alternative therapies that 
increase ERK levels.
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Supplemental zinc, which has been found to increase ERK levels, has an antidepressant‐
like effect. This zinc activity may be dependent on the activation of ERK and PI3K/GSK3β 
pathways [151].

4.3. Neurotransmitters

Multiple studies have documented low levels of neurotransmitters (dopamine, 5‐HT, nor‐
adrenaline) in autopsy RTT brains and in MECP2‐deficient mice [152]. Desipramine, an 
antidepressant that blocks the uptake of noradrenaline and has been shown to reverse the 
depletion of tyrosine hydroxylase in the brainstem, helps the regulation of breathing and 
extending the life span of male MECP2 knockout mice [153].

The NMDA‐type of glutamate receptor is altered in MECP2 knockout mice [154], and the 
FDA‐approved NMDA receptor antagonist ketamine has been useful in improving RTT‐like 
phenotypes in MECP22 knockout mice [155].

Studies have shown that GABAergic signaling is also impaired in MECP2‐deficient mice [156], 
and selective deletion of MECP2 in GABAergic neurons has led to impaired GABAergic trans‐
mission, cortical hyperexcitability and several neurological features of RTT and autism [157]. 
Vigabatrin is an antiepileptic drug that irreversibly inhibits GABA transaminase, inhibits GABA 
catabolism and thereby increases GABA levels. The drug is already FDA approved for use 
in epilepsy syndromes. Our lab has shown that decreased Akt levels are associated with low 
GABA [116], suggesting that therapy designed to increase Akt levels may also increase GABA.

4.4. Oxytocin

The neuropeptide oxytocin (OXT), a natural brain peptide produced in the hypothalamus, 
has been implicated in the pathophysiology and possibly the etiology of autism [158]. There 
is a significant association of a sequence variant in the OXT receptor gene with Asperger's 
syndrome [159]. However, the molecular mechanisms underlying the role of OXT in autism 
remain unclear. Recent studies have shown that OXT plays an important role in reducing 
behavioral deficits in an ASD‐like mouse model, mediated by inhibiting the ERK signaling 
pathway and its downstream proteins [160]. OXT increases the salience of social stimuli, pro‐
motes parental nurturing and social bonds and, therefore, has received considerable attention 
as a potential treatment for social deficits in autism. Recent studies in mice have demonstrated 
that a mutation in Cntnap2 (the gene that encodes contactin‐associated protein‐like 2), which, 
in humans, may result in autism, displays robust social deficits and reduced brain OXT. In 
this model, daily intranasal OXT treatment improved later social engagement [161].

Acute intranasal OXT may temporarily enhance social cognition, empathy and reciprocity in 
individuals with autism [160]. In a recent small double‐blind study, those taking OXT spray 
therapy had significantly reduced autism core symptoms specific to social reciprocity [162]. 
However, other recent clinical trials have yielded mixed results [161, 163].

Recent studies suggest that, in addition to its role in the brain, OXT may also have an impor‐
tant neuromodulatory role in the gut by activating the PI3K/Akt pathway in a dose‐ and 
time‐dependent manner [164]. Our lab has found decreased plasma oxytocin in individuals 
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with autism, and these oxytocin levels correlated with high mTOR, suggesting a possible 
relationship between oxytocin and aberrant Akt pathway signaling [128].

In summary, because of the diversity of autism symptoms and behaviors, it is likely that 
drugs, based on altering genes or proteins of the Akt and/or MAPK pathways, will be most 
effective after biomarker screening. Marker screening may also provide an opportunity to 
identify and study subgroups of individuals with autism.
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Abstract

In this chapter, we presented a method to define individual profiles in order to develop 
a new personalized robot‐based social interaction for individual with autistic spectrum 
disorder (ASD) with the hypothesis that hyporeactivity to visual motion and an overreli‐
ance on proprioceptive information would be linked to difficulties in integrating social 
cues and in engaging in successful interactions. We succeed to form three groups among 
our 19 participants (children, teenagers, and adults with ASD), describing each partici‐
pant's response to visual and proprioceptive inputs. We conducted a first experiment to 
present the robot Nao as a social companion and to avoid fear or stress toward the robot 
in future experiment. No direct link between the behavior of the participants toward the 
robot and their proprioceptive and visual profiles was observed. Still, we found encour‐
aging results going in the direction of our hypothesis. In addition, almost all of our par‐
ticipants showed great interest to Nao. Defining such individual profiles prior to social 
interactions with a robot could provide promising strategies for designing successful and 
adapted human‐robot interaction (HRI) for individuals with ASD.

Keywords: autism, personalized interaction, socially assistive robotics, proprioception, 
kinematics
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1. Introduction

Autism spectrum disorders (ASDs) are characterized by deficits in communication and social 
skills and the presence of restricted and repetitive patterns of behaviors, interests, or  
activities, as described in the DSM‐V [1]. The ASD literature describes widely the impair‐
ments in communication, interaction, emotion recognition, joint attention, and imitation [2]. 
Children with ASD show a great affinity for robots, computers, and mechanical components 
[3]. In the field of socially assistive robotics (SAR), robots are used as tools in socialization 
therapies for children with ASD in order to enhance social engagement, imitation, and joint 
attention skills [4–7].

In Ref. [8], the authors suggest that individuals with ASD show an overreliance on proprio‐
ceptive information. Proprioception can be defined as the sense of an individual of the relative 
position of body segment (i.e., joint position sense) and the strength of efforts to produce 
movements. This sense is derived from complex somatosensory signals provided to the brain 
by different sensors in the body: multiple muscles [9–11], joints [12], and skin receptors [13]. 
Individuals with ASD show normal to exacerbated integration of proprioceptive cues com‐
pared to typically developed (TD) individuals [14]. TD individuals have been repeatedly 
shown to rely more heavily on vision in various perceptivo‐cognitive and sensorimotor tasks, 
followed by a progressive age‐related decline of visual dependency [15, 16]. Proprioceptive 
integration in ASD is studied so as to better understand how the contribution of these cues 
influences interactive and social capacities. In Ref. [8], the authors observed the link between 
the proprioception and social and imitation skills in children with ASD. Results showed that 
more the children had a high reliance on proprioception cues, the more they exhibited impair‐
ments in social functions and imitation.

Moreover, children with ASD show impaired visual processing skills that would lead to dif‐
ficulties in managing social interactions [17]. Indeed, vision is an important component in 
communication and social skills. In individuals with ASD, the visual processing impairment 
may lead to unusual eye contact, difficulty in following the gaze of others or supporting joint 
attention, and difficulty in interpreting facial and bodily expressions of emotions [17]. In addi‐
tion, visual field‐dependent individuals are considered to show more social skills than visual 
field‐independent individuals [18, 19].

Our project aim is to develop a new personalized human‐robot interaction model for individ‐
uals with ASD. This would come as a complement to standard therapy. We based our work 
on the interindividual sensory differences between individuals with ASD. Indeed, there are 
strong interindividual differences in ASD [1], and adapted interaction is a need in ASD thera‐
pies. We built our work on the hypothesis that an individual's own integration of propriocep‐
tive and visual cues will affect the way he/she interacts with a humanoid robot [8, 18–20]. We 
hypothesize that a hyporeactivity to visual motion and an overreliance on proprioceptive information 
are linked in individuals with ASD to their difficulties in integrating social cues and engaging in 
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successful interactions (H1). The chapter is structured as follow: Section 2 presents the related 
work in the atypical integration of cues in ASD and SAR for individuals with ASD; Section 3 
presents the participants of our study; Section 4 presents our method to define participants’ 
perceptivo‐cognitive and sensorimotor profile with respect to the integration of visual inputs; 
Section 5 describes the first interaction between the robot Nao and our participants; finally, 
Section 6 concludes our work.

2. Related work

2.1. Atypical integration of proprioceptive and visual integration of cues in ASD

Motor, sensory, and visual processing impairments are present in autism and were taken into 
account recently with the publication of the DSM‐V [1, 14, 17]. However, these deficits have an 
influence on the quality of life of individuals suffering from ASD and on their social develop‐
ment. In Ref. [21], the authors showed that children with motor impairments are more likely 
to have solitary play and less interaction with peers in comparison with TD children. They do 
not explore their physical and social environment, which leads to social and emotional dif‐
ficulties. Visual deficiencies are known to lead to difficulties in social behaviors and have been 
widely documented in the literature.

An overreliance on proprioceptive information in ASD is suggested [8, 14, 22–25]. Individuals 
with autism show normal to exacerbated integration of proprioceptive cues compared to TD 
individuals [14]. More specifically, in Refs. [22] and [23], the authors observed abnormal pos‐
tural behavior in autism. They found that individuals with ASD show less age‐related postural 
behaviors and are less stable than TD individuals. Results in Ref. [22] suggest that postural 
hyporeactivity to visual information is present in the tested individuals with autism (indi‐
viduals suffering from ASD with IQs comparable to those of TD individuals). Furthermore, 
Gepner et al. [24] pointed out that individuals with ASD show very poor postural response 
to visual motion and have movement perception impairments. This result was also observed 
in Ref. [25]. Proprioceptive integration in ASD has been studied to better understand how the 
contribution of these cues influences interactive and social capacities. In Ref. [8], the authors 
observed a stronger than normal association between self‐generated motor commands and 
proprioceptive feedback in the autistic brain. This would confirm that individuals with ASD 
have an overreliance on proprioceptive cues. Furthermore, they observed that the more the 
children with ASD rely on proprioception, the more they exhibit impairments in social func‐
tion and imitation.

2.2. Robots in ASD therapy

Over the past decade, SAR has been a growing research area, with a great interest for therapy 
for individuals with ASD. Indeed, robots have been shown to be appealing, attracting, and 
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engaging for individuals with ASD. In addition to their mechanical system that is known to 
attract people with ASD [3, 5], they propose simple, repetitive, and predictable behaviors, 
which can be reassuring for individuals with ASD. SAR focuses on different topics [26]: the 
design of adapted robots for individuals with ASD, the design of autonomous interaction 
between the children and the robots, and the evaluations of the therapy proposed for children 
with ASD.

Numerous studies relate the positive effects of robots on children with ASD. In Ref. [27], 
the authors observed an increased collaborative behavior with a human partner after an 
intervention of dyadic interactions through play between children with ASD and a robot. 
In Ref. [5], the authors observed that a robot was a successful social bridge with a human 
partner for children with ASD in triadic interactions. In therapy designed for children with 
autism [7], the authors found that children with ASD engaged spontaneously in dyadic play 
with the robot Keepon. This study was also expanded to a triadic interaction between a 
robot, an adult, and a child. In Ref. [27], the authors used the robot Probo as a social story 
telling agent for children with ASD. The authors observed that in specific situations, the 
social performance of children with ASD improves more significantly when it was the robot 
Probo telling the stories than when it was a human reader. In light of these encouraging find‐
ings, many challenges in SAR for individuals with ASD must be addressed. Because of small 
subject pools and/or short‐term experiments, generalized results in the improved skills are 
often questionable [28]. In addition, there is a great variability in the human‐robot interac‐
tion (HRI) setups that may influence the findings in SAR for individuals with ASD [29]. The 
new challenge of SAR will be to identify how to reduce the variability in HRI therapies for 
individuals with ASD. In particular, in Ref. [30], the authors propose a new step in robot‐
assisted therapy: robotic‐assisted therapeutic scenarios should develop more substantial lev‐
els of autonomy, which would allow the robot to adapt to the individual needs of children 
over longer periods of time.

3. Participants

We conducted our research in collaboration with three care facilities for people suffering 
from ASD: IME MAIA (France) and IME Notre Ecole (France), associations for children and 
teenagers with ASD, and FAM La Lendemaine (France) a medical house for adults with ASD. 
Informed consent for participation was obtained from the parents or by the participants them‐
selves when able. The experimental protocol was approved by the EA 4532 local university 
ethics committee.

Our subject pool is composed of 12 children and teenagers with ASD (11.7 ± 2.6 years old) and 
seven adults with ASD (26.8 ± 7.9 years old) from these three care facilities. There are 14 male 
and five female participants. For confidentiality reasons, we coded the participants’ identities 
as follows: CH#, with # from 1 to 12 for children and teenagers and AD#, with # from 1 to 7 for 
adults. In Table 1, we give a short description of each participant.
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4. Defining proprioceptive and kinematic profiles

4.1. Methods

The first step of our work was to determine how to define participants’ perceptivo‐cognitive and 
sensorimotor profiles. We used two methodologies: (1) the perceptivo‐cognitive adolescents/
adults sensory profiles (AASP) developed by Dunn and Brown [31] and (2) an experimental 
sensorimotor setup dedicated to assess the individual's reliance on visual over proprioceptive 
inputs to control postural balance while confronted to a moving virtual visual room.

The AASPs were completed by all participants. We selected this questionnaire because it has 
been successfully used in ASD [32–34]. As described in Ref. [35], it enabled us to assess an 
individual's sensory processing preferences described in terms of the quadrants in Dunn's 
model of sensory processing [35]:

ID# Gender Age Comments

CH3 M 12 –

CH5 F 11 Nonverbal; West syndrome (uncommon to rare epileptic disorder [31]).

CH8 M 15 –

CH10 M 10 –

CH11 M 17 –

AD2 F 25 Diagnosed with creatine transporter deficiency

AD4 F 21 –

AD6 M 25 Suffers of echolalia (i.e., defined as the unsolicited repetition of 
vocalizations made by another person)

CH1 M 11 –

CH4 M 13 High level of cognition. Asked to be part of the program to meet Nao.

CH7 M 8 –

CH9 F 12 –

CH12 M 9 –

AD1 F 25 –

AD3 M 44 Asperger syndrome

CH2 M 9 Suffers of echolalia

CH6 M 13 –

AD5 M 27 Suffers of epilepsy

AD7 M 21 –

Table 1. Participants’ description.
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• Low registration: tendency to miss or take a long time to respond to stimuli.

• Sensation seeking: tendency to try to create additional stimuli or to look for environment 
that provides sensory stimuli.

• Sensory sensitivity: tendency to answer quickly to stimuli.

• Sensation avoiding: tendency to be overwhelmed or bothered by sensory stimuli and to be 
actively involved to reduce the stimuli in their environment.

As most of our participants do not have the cognitive level to fill themselves the questionnaire, it 
was filled with the help of their caregivers who know well their habits and response to everyday 
life sensory stimuli. In the instruction of the questionnaire, it is specified that the questions can 
be filled (1) by the person himself/herself; (2) with the help of a caregiver or parent; and (3) by a 
caregiver or parent. Indeed, this questionnaire targets also individuals with intellectual deficien‐
cies. We asked the caregivers to fill the questionnaire as we had a direct contact with them and 
were able to inform them well about the conditions and forms of the questionnaire. We assessed 
movement, visual, touch, and auditory processing using 29 of the 60 items of the AASP. We elim‐
inated the taste/smell processing and activity level and questions, which were not relevant for 
the purpose of our study or suitable for individual with invasive ASD's behavior. We designed a 
sensorimotor experimental setup to assess the sensory integration of each participant. The setup 
has been used in several studies [36, 37]. It evaluates (1) the effect of a moving virtual visual 
room on postural control and (2) one's capability to use proprioceptive information to reduce 
visual dependency [36, 37]. It has been shown that the integration of proprioceptive cues differs 
among individuals in unstable posture [38–40]. A visual‐dependent individual integrates less 
proprioceptive cues than other individuals, and when they are exposed to visual motion in an 
unstable posture, their body sway follow the visual stimulus [41].

To assess the visual dependence of our participants with ASD, they were asked to stand qui‐
etly in two postural conditions: (1) normal and (2) tandem Romberg (i.e., one foot in front 
of the other one), in front of a virtual room, static (SVR) or rolling (RVR) at 0.25 Hz with an 
inclination of ±10°. We chose a rolling frequency of 0.25 Hz: virtual room setups frequently 
use rolling frequency between 0.1 and 0.5 Hz [24, 25, 42]. It has been found that a frequency 
of 0.2 Hz produces the strongest, most synchronized body sway, and that frequencies above 
0.5 Hz produce little body sway [43].

They were asked to stand on a force platform in front of the virtual room, static or rolling in 
three conditions (see Figure 1):

• C1—stable position with SVR: the participant stands on the force platform, straight, feet 
separated by the length of the hips. The VR stays still. The recording lasts 30 seconds.

• C2—stable position with RVR: the participant stands on the force platform, straight with 
feet separated by the length of the hips. The VR has a sinusoidal movement. The recording 
lasts 50 seconds.

• C3—tandem Romberg position with RVR: the participant stands on the force platform, 
straight, one foot in front of the other one. The VR has a sinusoidal movement. The record‐
ing lasts 50 seconds.
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room on postural control and (2) one's capability to use proprioceptive information to reduce 
visual dependency [36, 37]. It has been shown that the integration of proprioceptive cues differs 
among individuals in unstable posture [38–40]. A visual‐dependent individual integrates less 
proprioceptive cues than other individuals, and when they are exposed to visual motion in an 
unstable posture, their body sway follow the visual stimulus [41].

To assess the visual dependence of our participants with ASD, they were asked to stand qui‐
etly in two postural conditions: (1) normal and (2) tandem Romberg (i.e., one foot in front 
of the other one), in front of a virtual room, static (SVR) or rolling (RVR) at 0.25 Hz with an 
inclination of ±10°. We chose a rolling frequency of 0.25 Hz: virtual room setups frequently 
use rolling frequency between 0.1 and 0.5 Hz [24, 25, 42]. It has been found that a frequency 
of 0.2 Hz produces the strongest, most synchronized body sway, and that frequencies above 
0.5 Hz produce little body sway [43].

They were asked to stand on a force platform in front of the virtual room, static or rolling in 
three conditions (see Figure 1):

• C1—stable position with SVR: the participant stands on the force platform, straight, feet 
separated by the length of the hips. The VR stays still. The recording lasts 30 seconds.

• C2—stable position with RVR: the participant stands on the force platform, straight with 
feet separated by the length of the hips. The VR has a sinusoidal movement. The recording 
lasts 50 seconds.

• C3—tandem Romberg position with RVR: the participant stands on the force platform, 
straight, one foot in front of the other one. The VR has a sinusoidal movement. The record‐
ing lasts 50 seconds.
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The virtual room consisted of a 3D environment (see Figure 2) created with Blender, a free 3D 
rendering software. It was designed as a child bedroom and was decorated with child toys and 
furniture, as we aimed to create a friendly environment. We placed in the line of sight of the 
participants with ASD a toy plane in order to help them to focus on the task, and not to be dis‐
tracted away: we instructed them to focus on this plane [24, 25]. The virtual room was projected 
to a white wall with a short focal projector in a dark room. For the adult group setup, the dimen‐
sion of the projection was 2.4 m large × 1.8 m high and the participants stood at 1.3 m of the point 
of observation. For the children group setup, the dimension was 1.75 m large × 1.30 m high and 
the participants stood at 1 m. This permitted us to maintain the angular diameter around 31° in 
horizontal and 41° in vertical in both setup.

Figure 1. Experimental setup for adult participants in condition C3.

Figure 2. Screenshot of the virtual room used in the experiment, developed with Blender.
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We investigated if the age of our participants had an influence on their center of pressure 
(CoP) behavior. Indeed, in TD individuals, children show more dramatic postural reactions 
to visual sway than adults [44]. However, as shown in Ref. [25], children with ASD showed 
less response to visual stimulus in virtual room experiments in stable position than TD 
children.

We expect that:

(1) children participants will show more swaying than adults in stable position and without 
visual stimulus (C1);

(2) as we work in a population with ASD, the postural reaction to visual sway will not be 
influenced by age;

(3) the effect of the RVR should be maximum in the unstable postural condition (C3); and

(4) the effect of (3) should not be larger in adults than in children.

4.2. Data analysis

We used an AMTI OR6‐5‐1000 force platform to record the displacement of the CoP of 
our participants. The sampling frequency was of 1 KHz. To reduce noise, a Butterworth 
filter with a cut‐off frequency of 10 Hz on the recorded data was used. The root mean 
square (RMS) of the displacement of the CoP in mediolateral directions was computed 
as an indicator of an individual's stability. Indeed, as described in Ref. [45], the RMS pro‐
vided the information about the variability of the CoP in space. The frequency power at 
0.25 Hz (Fpo) of the CoP was computed to evaluate the postural response to the visual 
stimulus. The more an individual is coupled with the visual stimulus, the more the Fpo. 
We observed the CoP behavior in mediolateral direction as it is the direction of our visual 
stimulus. RMS and Fpo should be correlated if our participants with ASD follows the RVR 
movement:

(1) If the RMS and the Fpo are correlated, then we can expect these coupling capabilities with 
contextual cues promise higher social interaction capabilities.

(2) If the RMS and the Fpo are not correlated (no coupling), then one can conclude that the 
visual stimulus is integrated as noise, inducing disorientation and instability.

We performed repeated measures analysis on the RMS and the Fpo for the age groups (adults; 
children) and the conditions (C1; C2; C3). The significance threshold was set to p < 0.05. We 
used Statistica version 13 to perform the analyses.

Except for the clustering analysis, we excluded four participants (AD6, CH6, CH7, and CH12) 
of the statistical analysis, as they showed distress, nervousness, and/or agitation during the 
recording, resulting to dramatic changes in their CoP behavior during some recording.
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4.3. Results

4.3.1. Displacements and root mean square (RMS)

As we expected, we found a significant main effect of the participants’ age on their RMS 
(F (1; 13) = 6.92; p < 0.05) across all conditions. The mediolateral RMS of the adults was 
smaller (M = 0.84; SD = 0.57) than those of the children (M = 1.70; SD = 1.12), indicating that 
the children were globally more variable than the adults (see Figure 3). The conditions (C1 
vs. C2 vs. C3) did not impact the displacements of the CoP of the participants. The condi‐
tions × age interaction was not significant on the RMS.

4.3.2. Displacements and frequency power response at 0.25 Hz (Fpo)

As we expected, the main effect of conditions was significant on the Fpo (F (2; 26) = 13.11; 
p < 0.05). In condition C1 (M = 0.17; SD = 0.16), participants had the smallest Fpo, followed 
by condition C2 (M = 0.34; SD = 0.38) and condition C3 (M = 0.67; SD = 0.31) had the highest 
Fpo. This suggests that the participants’ displacements of the CoP were coupled with the 
movement of the visual room when they were exposed to it, and that this coupling is maxi‐
mized in the more difficult stance. In addition, the Fpo was positively correlated with the 
RMS in condition C3 (R = 0.73; p < 0.01), indicating that the larger displacement of the CoP 
are possibly coupled with the RVR (i.e., the visual stimulus). We found a significant main 

Figure 3. Mean RMS for the adults and children in the three conditions.
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effect of the participants’ age (F (1; 13) = 5.37; p < 0.05). The Fpo of adults was smaller (M = 
0.29; SD = 0.33) than those of children (M = 0.46; SD = 0.36) across all conditions. This sug‐
gests a higher coupling between postural response to the RVR and the displacements of the 
CoP in children than in adults. However, the age × conditions interaction for the Fpo was not 
significant. In Figure 4, we can observe that children's and adults’ postural response to the 
visual stimulus is similar in condition C3, indicating that children with ASD do not respond 
in a higher way to visual cues in comparison with adults with ASD. The frequency of 0.25 Hz 
is present in natural swaying [43] and the RMS was higher in children than in adults. As the 
age × conditions interaction for the Fpo was not significant, we can assume that the higher 
Fpo on the whole experiment was induced by the greater variability of the displacements 
of the CoP of the children. This result suggests that our participants’ postural behavior was 
not driven by age as we expected. We found that our participants’ postural coupling to the 
virtual room was driven by the conditions (C1; C2; C3).

4.3.3. Grouping the participants

We performed a clustering analysis (dendrogram, Ward method) on the AASP items on 
movement and visual sensory preferences, the RMS, and the Fpo of all the 19 participants 
(12 children and seven adults with ASD) (see Table 2 to see the specific items selected). We 
sought to identify if the postural response to the visual stimulus and AASP scores were able 
to discriminate our participants, as we aimed to use theses profiles to propose personalized 
interactions with robots. The dendrogram gave us three groups, see Figure 5:

Figure 4. Mean Fpo for the adults and children in the three conditions.
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Movement low registration

Visual low registration

Movement sensation seeking

Visual sensation seeking

Movement sensory sensitivity

Visual sensory sensitivity

Movement sensation avoiding

Visual sensation avoiding

Mediolateral RMS for condition C1, C2, and C3

Fpo for conditions C1, C2, and C3 in mediolateral direction

Table 2. AASP items and CoP behavior selected for the dendrogram analysis.

Figure 5. Dendrogram analysis.
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• G1: 8 participants CH3; CH5; CH8; CH10; CH11; AD2; AD4; AD6.

• G2: 7 participants CH1; CH4; CH7; CH9; CH12; AD1; AD3.

• G3: 4 participants CH2; CH6; AD5; AD7.

The RMS in all conditions for the three groups detected is shown in Figure 6. Figure 7 shows Fpo 
in condition C3. In Figure 8, the mean AASP score (movement sensory sensitivity (MSS), visual 
sensory sensitivity (VSS), and visual sensation avoiding (VSA)) for each group is illustrated.

Figure 6. Histogram of the mean RMS for the groups defined by clustering analysis for the three conditions.

Figure 7. Histogram of frequency power at 0.25 Hz in all conditions of the three groups.
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Repeated measures analysis was applied on the RMS and the Fpo for the groups (G1; G2; G3) 
and the conditions (C1; C2; C3). We found no main effect of the groups on the RMS and on 
the Fpo of the participants. However, we found significant interaction effect between groups 
over the conditions on the RMS (F (4; 24) = 3.55; p < 0.05), see Figure 6. Participants from 
groups G1 and G2 showed great CoP variability in all conditions, unlike participants from 
group G3 that showed a greater CoP variability only in condition C3. Figure 6 also informs 
us that participants in group G1 had their RMS that decrease from C1 to C3, whereas partici‐
pants in group G3 had their RMS that increased from C1 to C3. This indicates that partici‐
pants from group G1 maximized the use of proprioception to reduce the effect of the visual 
stimulus in unstable position. Identically, we found significant interaction effect between the 
groups and the conditions on the Fpo (F (4; 24) = 9.79; p < 0.001), see Figure 7. This indicates 
us that each group has a different postural response toward the visual stimulus. Figure 7 
suggests that in condition C1, participants from groups G1 and G2 showed a higher coupling 
with the frequency of the visual stimulus than participants from group G3. As in this con‐
dition, the participants are not exposed to the RVR, this result shows the higher instability 
of these participant in comparison to participants from G3. The coupling with the rolling 
visual stimulus is similar in conditions C2 and C3 for participants from groups G1 and G2, 
indicating that the difficulty of postural task (stable or unstable) did not increase the strength 
of the coupling with the rolling virtual room: being in a stable or unstable posture did not 
affected them in their response to the visual stimulus. Participants from G3 showed a greater 
coupling to the visual stimulus in condition C3 than in other conditions, indicating that they 
responded more strongly to the visual stimulus in an unstable posture and thus they are 
more visual dependent (see Figure 7). Furthermore, we also examined the correspondence 
between the scores of different items of the AASP and the data obtained from the CoP record‐
ing, listed in Table 2:

Figure 8. Histograms for three relevant AASP items scores of the groups.
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• High score in MSS (i.e., tendency to answer quickly to movement stimuli) was inversely 
correlated to Fpo in mediolateral direction for condition C3 (R = 0.53; p < 0.05), indicating 
that participants who showed by the AASP questionnaire to have a tendency to answer 
quickly to movement stimuli were less driven by the visual stimulus in unstable position.

• High score in VSS (i.e., tendency to answer quickly to visual stimuli) was positively corre‐
lated to mediolateral RMS for condition C3 (R = 0.61; p < 0.05). This suggests that participants 
who showed by the AASP questionnaire to have a tendency to answer quickly to visual 
stimuli were more unstable when exposed to the visual stimulus in unstable position.

• High score in VSA (i.e., tendency to be overwhelmed or bothered by visual sensory stimuli) 
was positively correlated to mediolateral RMS for condition C3 (R = 0.59; p < 0.05), indi‐
cating that participants who showed by the AASP questionnaire to have a tendency to 
be overwhelmed or bothered by visual stimuli were more unstable when exposed to the 
visual stimulus in unstable position.

Three of the selected items of the AASP showed to be correlated with the postural response 
variability to a visual stimulus in an unstable position (C3), confirming that these AASP items 
match with the behavioral response of the participants.

4.4. Conclusion

Thanks to this experiment, we succeeded to form three groups between our participants, 
describing each participant's response to visual and proprioceptive inputs:

• Group G1 (participants: CH3; CH5; CH8; CH10; CH11; AD2; AD4; AD6) includes partic‐
ipants with high scores in MSS, low scores in VSS, and low score in VSA. Participants 
showed strong visual independence to the RVR, suggesting an overreliance on propriocep‐
tive cues and hyporeactivity to visual cues.

• Group G2 (participants: CH1; CH4; CH7; CH9; AD1; AD3) includes participants with high 
scores in MSS, low scores in VSS, and low score in VSA. Participants showed moderate 
reactivity to the RVR, suggesting that they rely evenly on visual and proprioceptive cues.

• Group G3 (participants: CH2; CH6; AD5; AD7) includes participants with low scores in 
MSS, high scores in VSS, and high score in VSA. Participants showed hypereactivity to the 
RVR, suggesting a hyporeactivity to proprioceptive cues and an overreliance on visual cues.

We found that overall children had greater variability of their CoP than adults which was 
expected (due to biomechanical, anthropometrical, sensory integration factors and maturation 
of these processes). The different conditions of posture and exposure to the visual stimulus (C1; 
C2; C3) did not impact the variability of the CoP of our participants. However, the participants’ 
displacements of the CoP showed to be more coupled with the frequency of the visual stimulus 
in condition C3 than in conditions C1 and C2. We observed that the coupling to the frequency 
of the visual stimulus was higher in children than in adults on the whole experiment, but not 
inside the conditions. As the children were experiencing more variability to their CoP and as the 
frequency 0.25 Hz (i.e., the frequency of our visual stimulus) is present in natural swaying [43], 
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we posit that this higher coupling to this frequency on the whole experiment by the children 
was induced by the greater variability of the displacements of their CoP. This result suggests 
that our participants’ postural behavior was not driven by age as we expected.

In TD individuals, children show more dramatic postural reaction to visual stimulus [44]. In 
children with ASD, it is suggested that sensory integration differs from TD individuals [8, 14, 
24, 25]. We found in this experiment that the age of the participants with ASD did not impact 
the strength of the postural coupling with the visual stimulus, differently to TD individuals. 
Similarly to TD individuals, children with ASD had more variability in the displacement of 
their CoP in comparison to adults with ASD.

We also observed a great variability in our participants’ postural behavior. In our results, we 
found three groups with different sensory integration among our participants. As in Refs. [46] 
and [47], we found in our participants individuals(mixing children and adults) with a weak 
proprioceptive integration and strong visual dependency. In Ref. [46], the authors found an 
impairment of the proprioception input in autism: children with ASD used more visual cues 
to reduce sway and maintain balance. In Ref. [47], the authors found that unlikely to typically 
developed individuals, individuals with ASD have an impaired proprioception develop‐
ment. Their sensory motor signal appears to remain at the kinesthetic stage of typically devel‐
oped 3–4 years old children and have to rely on visual inputs. They also conjectured that the 
impaired proprioception of physical micromovements of the individuals with ASD impedes 
as well their visual perception of micromovements in others during real‐time interactions, 
impairing their abilities to interact with people. And, as in Refs. [8] and [25], we found in our 
participants individuals relying more on proprioceptive inputs and weak visual dependency.

With these results and our hypothesis H1, we are able to make assumptions on the behaviors 
that each individual will have during human‐robot interaction sessions. Therefore, we posit that 
individuals from group G1 will have less successful social interactions than the ones from groups 
G2 and G3, and that individuals from group G3 will have the most successful social interactions.

5. Greetings with Nao

5.1. Objectives

A first analysis of the behavior of the participants toward the Nao robot was conducted. Nao 
is a minihumanoid robot, developed by SoftBank Robotics (former Aldebaran Robotics). The 
purpose of the interaction was to present the robot to the children and adults with ASD for 
a short duration (up to 2 minutes). Indeed, some of the individuals with ASD are reluctant 
to unusual events and changes in their daily routine. The robot was smoothly introduced so 
as to avoid fear toward the robot. In addition, in Ref. [48], the authors observed that children 
who saw the robot act in a social‐communicative way and were more likely to follow its gaze 
than those who did not. Hence, we believe that introducing them smoothly the robot as a 
social partner by showing them the Nao robot in the context of a short greeting task may help 
the participants to interact with the robot in further experiments.
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We also wanted to verify that the behavior of our participants was linked to their proprioceptive 
and visual profiles as described in Section 4. To do so, we video analyzed the interaction with Nao 
robot and annotated our participants’ social behavior following the items described in Table 3.

5.2. Method

The scenario of this first interaction with the robot was in two phases. First, the greetings: 
the participant was seated in front of the robot and Nao said “Hello, I am Nao. You and I, 
we are going to be friends” while waving to him/her (Figure 9). Then, if the participant was 
verbal, the robot asked his/her name, and repeated it. Second, the dance: the robot asked if the 
participant wanted it to dance, and then danced (Figure 10). During the interaction with the 
robot, all participants were with their caregiver. The caregivers were instructed to encourage 
the participants to look and answer to the robot.

Smiles, laughter

Speech to Nao by his/her initiative

Speech to Nao after being encouraged by his/her caregiver

Social gesture toward Nao (waving back)

Gaze of the participant toward:

1. The robot

2. His/her caregiver

3. Other (somewhere else)

Table 3. Description of the tracked social behaviors.

Figure 9. Nao greets a child.

Autism - Paradigms, Recent Research and Clinical Applications226



We also wanted to verify that the behavior of our participants was linked to their proprioceptive 
and visual profiles as described in Section 4. To do so, we video analyzed the interaction with Nao 
robot and annotated our participants’ social behavior following the items described in Table 3.

5.2. Method

The scenario of this first interaction with the robot was in two phases. First, the greetings: 
the participant was seated in front of the robot and Nao said “Hello, I am Nao. You and I, 
we are going to be friends” while waving to him/her (Figure 9). Then, if the participant was 
verbal, the robot asked his/her name, and repeated it. Second, the dance: the robot asked if the 
participant wanted it to dance, and then danced (Figure 10). During the interaction with the 
robot, all participants were with their caregiver. The caregivers were instructed to encourage 
the participants to look and answer to the robot.

Smiles, laughter

Speech to Nao by his/her initiative

Speech to Nao after being encouraged by his/her caregiver

Social gesture toward Nao (waving back)

Gaze of the participant toward:

1. The robot

2. His/her caregiver

3. Other (somewhere else)

Table 3. Description of the tracked social behaviors.

Figure 9. Nao greets a child.

Autism - Paradigms, Recent Research and Clinical Applications226

5.3. Data analysis

We analyzed the videos of the interaction with the robot and observed the parameters 
described in Table 3 for each participant. A first coder (first author) annotated all of the videos 
of the interaction. A second coder, unaware of the hypotheses of the setup, annotated a 21% of 
the videos, randomly selected. The intraclass correlation coefficient (ICC) was used to ensure 
intercoder reliability. The ICC score was of 0.99, indicating a very good reliability.

AD3 was removed from the statistical analysis as he was becoming more withdrawn from 
social interaction since few weeks, and unwilling to participate into the tasks. CH5 was removed 
from the statistical analysis on speech data as this participant is nonverbal. For the gaze and 
smile behavior analyses, we performed a one‐way ANOVA among the groups. We performed 
Fisher's exact test on the speech and gesture behaviors. The significance threshold was set to 
p < 0.05. We used Statistica version 13 to perform the analyses.

5.4. Results

The participants’ behaviors are described in Tables 4 and 5. Overall, except from AD6 (G1) 
and AD3 (G2), participants from all groups looked more than 60% of the time to the robot. No 
statistical evidence was found about the gazing behavior of our participants and its relations 
with the groups. However, we can still observe in Figure 11 the frequency/percentage distribu‐
tion of the participants’ gaze toward the robots among the groups. Participants from group G3 
appeared to show more interest (gaze more frequently) toward the robot than the two other 

Figure 10. Nao dances for a child.
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groups, and participants from group G1 appeared to display fewer gaze toward the robot than 
the two other groups. Participants from all groups smiled during the interaction. No statistical 
evidence was found on smiling behavior and groups. However, we can still notice in Figure 11 
that participants from group G1 appeared to smile more than participants from groups G2 and 
G3. The number of participants speaking to Nao by their own initiative was significantly differ‐
ent among groups (p < 0.05). Only one participant out of seven from group G1 responded by its 
own initiative to the robot, when five out of six participants from group G2 and three out of four 
participants from group G3 spoke to Nao by their own initiative. We can see that participants 
CH8, CH11, and AD2 from group G1 were the only participants not to respond to the robot 
with or without encouragement. No statistical evidence was found between social gesture and 
groups. However, we observed that participants from group G1 did not show social gesture 
toward the robot, but two participants from group G2 and two participants from group G3 did.

Groups ID# Gaze toward Smiles, 
laughter

Speech to Nao Social gesture 
toward Nao
(waving back)

Nao Caregiver Other By his/her 
initiative

After being 
encourage by his/
her caregiver

G1 CH3 63.1% 18.17% 18.73% 19.93% 0 1 0

G1 CH5 81.90% 2.76% 15.34% 0% – – 0

G1 CH8 100% 0% 0% 100% 0 0 0

G1 CH10 88.52% 5.35% 6.13% 43% 0 2 0

G1 CH11 83.28% 0% 16.72% 0% 0 0 0

G1 AD2 61.73% 34.13% 4.13% 71.22% 0 0 0

G1 AD4 83.05% 14.15% 2.81% 91.47% 4 1 0

G1 AD6 23.14% 0% 76.86% 8.99% 0 1 0

G2 CH1 74.61% 1.59% 23.8% 0% 0 1 0

G2 CH4 88.31% 0% 11.69% 0% 2 0 0

G2 CH7 85.13% 4.21%% 10.66% 58.61% 1 2 0

G2 CH9 71.68% 0% 28.32% 6.54% 1 1 0

G2 CH12 81.24% 7.74% 11.02% 4.85% 2 2 2

G2 AD1 94.47% 2.33% 3.20% 46.37% 4 0 2

G2 AD3 18.87% 2.04% 79.1% 3.26% 0 2 0

G3 CH2 91.86% 0.79% 7.35% 0% 1 1 1

G3 CH6 99.09% 0% 0.91% 22.09% 2 0 3

G3 AD5 99.12% 0% 0.88% 61.81% 1 0 0

G3 AD7 66.70% 5.58% 27.72% 12.34% 2 0 0

Table 4. Participants’ behavior during the interaction with the robot.
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5.5. Conclusion

The presentation of the Nao robot to the ASD participants permitted us to introduce it as a 
social partner. Most of the participants answered to it and some showed social gesture toward 
it. This introduction to the robot may help the participants to interact easier with the robot 
in further experiments, as found in Ref. [48]. We also removed the “surprise” and “novelty” 
effect of the robot. Some participants showed to be slightly afraid and impressed by the robot. 
These participants seemed to be reassured at the end of the interaction. Participants showed 
numerous smiles, and looked toward the robot a great amount of time. The statistical analysis 
only showed a relation between the participants’ groups and their answer to Nao, when initi‐

Groups ID# Comments

G1 CH3 He was really amazed by the robot, and switched his gaze to his caregiver to show his 
amazement

G1 CH5 Her caregiver was really impressed of the concentration she showed for the robot

G1 CH8 –

G1 CH10 –

G1 CH11 His caregiver was impressed that he looked that much the robot.

G1 AD2 She was more talking and looking at the caregiver than to Nao but was enthusiast to 
participate to the task

G1 AD4 She was really amazed by the robot and the task was corresponding of one of her routine: 
asking the name of the person near her

G1 AD6 –

G2 CH1 –

G2 CH4 He was really excited and impressed to see the robot (this boy asked to participate to the 
project)

G2 CH7 First, he was impressed by the robot and stand back. He finally approached it and gave it 
a kiss at the end of the interaction

G2 CH9 She was impressed by the robot and stand back. She moved several time across the room, 
without giving that much attention to the robot

G2 CH12 –

G2 AD1 She was scared of the robot when its arms were moving toward her

G2 AD3 It has been reported that he was more withdrawn since few weeks, and unwilling to 
participate to tasks

G3 CH2 –

G3 CH6 He was particularly enthusiast to see the robot moving and talking to him (saying his 
name, waving)

G3 AD5 He showed some reluctance toward the robot, by saying “we should put it in the garbage”

G3 AD7 He was reported by his caregiver by being really shy toward new things

Table 5. Descriptive comments on the behavior of the participants during the interaction.
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ated by their own. Participants from group G3 showed more free speech to Nao than the two 
other groups, and participants from group G1 showed less free speech than the others. Still, 
we can observe that the participants from group G3 appeared to show more gaze at the robot 
and social gesture than participants from group G1, and that participants from group G1 
showed fewer gazes to the robot and social gesture than participants from groups G2 and G3. 
However, participants from G1 appeared to show more smiles than participants from groups 
G2 and G3. Unfortunately, this first experiment did not permit us to validate that the behavior 
of the participants was linked to their proprioceptive and visual profiles. However, we have 
some encouraging results going in the direction of our hypothesis.

6. General conclusion and discussion

The long‐term goal of our work is to define individual profiles in order to develop a new 
personalized robot‐based social interaction for individual with ASD. We hypothesized that 
hyporeactivity to visual motion and an overreliance on proprioceptive information would be 
linked to difficulties in integrating social cues and in engaging in successful interactions. We 
worked with 19 children, teenagers, and adults with ASD from three care facilities.

Our first experiment enabled us to form three groups between our participants, describing 
each participant's response to visual and proprioceptive inputs. Based on our hypothesis, 

Figure 11. Plot of the percentage of participants’ gaze toward the robot and smiles.
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we made assumptions on the behaviors each individual will have during the human‐robot 
interaction sessions. With these results and our hypothesis H1, we were able to make 
assumptions on the behaviors that each individual will have during human‐robot interac‐
tion sessions. Therefore, we posit that individuals from group G1 will have less successful inter-
actions than the ones from groups G2 and G3, and that individuals from group G3 will have the most 
successful interactions.

A first interaction with the robot was conducted. The robot Nao was presented to our 19 par‐
ticipants. The purpose of this experiment was to present the robot Nao as a social companion 
and to avoid fear or stress toward the robot in future experiment. We did not observe a direct 
link between the behavior of the participants toward the robot and their proprioceptive and 
visual profiles, but we still found encouraging results going in the direction of our hypothesis. 
As it was already seen in SAR almost all of our participants (children, teenagers, and adults) 
showed great interest to their new mechanical companion.

Defining such individual profiles prior to social interactions with a robot could provide prom‐
ising strategies for designing successful and adapted HRI for individuals with ASD. The behav‐
ior of our participants toward emotion recognition [49] and joint attention [50] has already been 
studied. We are currently planning to investigate these issues in repetitive interaction involv‐
ing imitation, where the behavior of the robot is adapted to the profile of the participants.
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Abstract

Joint attention is a keystone in social cognitive development and a skill acquired early
in life. It is the triadic coordination of attention between two people and an object or
event in which they are commonly interested. Language development follows in its
tracks  and  is  dependent  on  this  early  acquired  skill.  Its  deviation  from  typical
development  is  considered  one  of  the  earliest  signs  of  autism.  Consequently,  its
remediation has gained intensive focus in therapy. In this review, the development of
joint attention skill in initiating (IJA) and responding (RJA), and its atypical develop‐
ment in autism and related spectrum disorders would be discussed. This would include
existing  problems  in  pointing,  sharing  attention  with  the  participant,  and  facial
recognition; and the rationale behind these deviations as covert attention. Related fMRI
findings  would  also  be  reviewed,  outlining  the  integration  between  the  posterior
involuntary parietal and superior temporal cortices (RJA) and the anterior volitional
prefrontal and orbital frontal areas (IJA) in typical development, and the long‐distance
underconnectivity and local overconnectivity in autism. Several cortical regions are
implicated in autism, revealing the heterogeneity of the findings, but general conclu‐
sions could be drawn.

Keywords: autism, initiating joint attention, responding to joint attention, functional
MRI, social development

1. Introduction

Joint attention is a triadic organization of attention and communication between two persons
sharing an object or event, and turning occasionally to look at each other to communicate what
they are experiencing. This coordinated joint attention can be initiated, ‘Initiating Joint Attention’
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(IJA), or responded to, ‘Responding to Joint Attention’ (RJA). Pointing, shifting of eye gaze, and
displaying facial expression are essential components of joint attention.

The typical form of joint attention is that of two people engaged in an activity, following a
performance, or watching another person or picture or object, nevertheless, turning every now
and then to look at each other. This momentary sharing of attention during the course of activity
is very meaningful. It conveys to the other partner that his/her presence is recognized, checks
his/her reactions, and registers with him/her the responses of the first partner.

If two persons are just engaged in watching a common object without looking at each other,
their attention would be ‘parallel,’ not ‘coordinated.’ Joint attention means that attention is not
exclusively on the object; as in this condition, ‘the sense of sharing’ would be missed. Attention
is divided between the object and a person interested in this object. This human communication
model is imprinted from early on in life through brain communication circuits and social
emotional brain areas. The acquired outcome is ‘cognitive’ from the object and ‘social/
cognitive’ from the person.

That is why joint attention is a pivotal skill in a child's social/communicative path, paving the
way toward language development [1]. Impairment of joint attention before 1 year is one of
the earliest indicators of autism [2]. Furthermore, joint attention intervention in autism is
reported to produce better language acquisition and outcome [3].

The aim of this chapter is to review the clinical presentation of deficient joint attention in
autism, the proposed rationale behind it, and the related radiological picture in functional MRI
(fMRI) of autistic children

2. Body

2.1. Clinical picture and rationale

Early home videos in the first 2 years of life in children, later diagnosed as having autism, show
deviation in the typical development of joint attention [4–7]. There is deficient facial expression,
social interaction, orientation to name, and pointing to/showing of objects. So, what's the
typical development of joint attention and how are those children not following the expect‐
ed path?

Pointing is a cornerstone in joint attention development; giving the social reference of: ‘Look
this way, I want to show you something!’ Children's behavior during the first 6 months of
meaningful words’ acquisition is soaked in pointing. It becomes evident as a declarative tool
at 12 months of age [8]. They want to show the parents what they are exploring as they go
around. This is, however, preceded by months of social exploration, not of the surroundings,
but of the facial expression of adults.

As early as 2 months of age, infants focus on facial expressions of caregivers. They learn to
identify emotional states from facial expressions and spend a lot of time doing that during the
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first year of life. Facial expressions and vocalizations characterize early human communication,
especially before 6 months of age [9].

As infants become mobile and begin to attend more to objects in the environment, the caregiver
starts to label and comment on objects at which the infant's attention is focused [10]. The joint
attention becomes ‘supported’ with the caregiver being the director of communication and
then ‘coordinated’ with the caregiver and infant sharing in the communicative game by
alternating looking at each other and at the object of interest.

Supported joint attention appears by the middle of the first year and remains prevalent in
communication between 18 and 30 months of age. Coordinated joint attention emerges
gradually between 9 and 15 months of age. At 18 months, children sustain well‐timed glances
between them and the caregiver during a coordinated joint attention play activity [11].

Initiating joint attention (IJA) is a voluntary skill; while responding to it occurs automatically.
The child uses gestures and eye contact to direct others to objects, events, and to themselves.
The propensity to initiate joint attention develops across 9 months to one and a half years, while
the natural tendency to respond to joint attention (RJA) increases during that period. The
frequency of both is, however, unrelated. Mundy [12] finds responding to joint attention to be
highly related to vocabulary development in typically developing children.

Although both IJA and RJA have similar social roles, yet they have different motivational
origins. RJA is possibly maintained by extrinsic reinforcement (as tangible rewards) [13], while
IJA is maintained an intrinsic drive (social sharing) [14]. Joint attention becomes gradually
symbol‐infused. Although adults speak during their first encounter with a newborn, infants
begin to understand and produce symbolic acts late in their first year, and with a greater variety
in their second year. The initial period of joint attention is thus nonsymbol infused and becomes
symbol infused when language skills emerge [15].

Joint attention is related to both language development and social development. Nonlinguistic
interactions between the child and the mother encourage early language development. These
interactions provide the child with a predictable referential context that makes the language
of the mother meaningful. The underlying mechanism that works in these mother‐child
interactions is joint attention [16]. Tomasello et al. [17] found positive correlation between joint
attention at 15 months of age and vocabulary size at 21 months.

In social development, joint attention is related to both pretend/symbolic play and theory of
mind. These two social cognitive abilities are later developing and specifically impaired in
individuals with autism. Whereas joint attention first develops before 1 year of age, pretend
play is not seen until the second year of life, while theory of mind emerges in preschool years
[18]. Theory of mind, when developed, allows the child to understand that other people have
their own feelings, thoughts, and beliefs that differ from one's own [19].

In symbolic play, the theme of pretence evolves from playing with toys functionally as in
constructing a building to playing with toys symbolically as pretending that a banana is a
telephone [20]. In comparison with typically developing children at the same mental age,
autistic children have significant delay in development of symbolic play [21]. Children with
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autism handle and manipulate toys in a rigid and stereotyped manner [22] and are less likely
to start symbolic play activities [23] or get involved with people sharing the activity with them.
They are object focused [24].

Holmes and Willoughby [25] have likewise observed solitary or parallel functional play in
seventeen 4‐ to 8‐year‐old autistic children in the classroom. Keen et al. [26] studied eight
children with autism and found that except for few instances of commenting, they mainly
communicated for the purpose of requesting objects or protesting. Unfortunately, it was
observed that teachers infrequently acknowledged the children's communicative trials, as a
result of their atypical nature [27].

The atypical development of this trend of nonverbal communication, termed joint attention,
continues as a barrier to proper social development in autistic individuals. There is little
motivation in autistic children to look at people's facial expression, because it does not provide
them with information about the emotional states, motives, or intentions of others [28]. They
are unable to shift attention/eye gaze from a person to object, to point to initiate joint attention,
or to use the eye direction of other people as a guide [29]. When they use pointing, it is for the
sake of regulating other persons’ behavior by indicating that they want something (protoim‐
perative), rather than for the purpose of sharing interest with others (protodeclarative) [30].
Generally, autistic patients are more likely to respond to joint attention bids than to initiate
joint attention [31].

Investigation of the nature of aberrant joint attention has led to multiple rationales. Experi‐
ments show that attention in autism is covert (without head and eye movement [32]). Overt
attention involves directed eye movements (namely, saccades) toward a certain target, while
in covert attention, the focus on the object is mental, without significant eye movement. As
people look toward things that interest them, the direction of eye gaze reveals people's goals
and focus of attention. Typically, people tend to reflexively orient to where other people are
gazing, especially if the gaze shows an eye movement or shift of eye gaze without a head
movement. The deficit in gaze following in autism may result from a focus on details and
features rather than a more holistic integration of eye direction, head position, body posture,
and pointing cues [33].

Autistics tend to orient only if another person's gaze is predictive [34]. They respond signifi‐
cantly more accurately than nonautistics if another person's gaze is informative, whereas
nonautistics reflexively orient their attention in the direction of the other person's gaze, even
if that direction is not expected. They want to find out where/what the gaze leads to.

Posner et al. [35] pioneered in measuring covert attention using signal detection on a screen.
Participants are seated in front of the screen and instructed to fixate their eyes on the central
point of the screen, marked by a dot. An arrow appears to the right or to the left of the central
dot. It is followed by a target stimulus, usually a shape. In 80% of trials, the target is on the
same side of the arrow, while in 20%, it is on the opposite side. The participant should
immediately respond when the target appears and the response time is measured. Data show
that autistics show more covert attention than age‐matched nonautistic controls [36].
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Autistic children have atypical prolonged resistance to distraction [37]. They do not disengage
their attention from their immediate focus with ease and consequently cannot readily follow
eye gaze of other people. This underlies the lack of the automatic social response of eye gaze
following, especially if there is no predicted target in the direction of the eye gaze [2]. Bay‐
liss et al. [38] described autistics as “possessing a stronger ability to inhibit the influence of
non‐informative social cues.” This is in contrast to non‐autistics who “suffer greater interfer‐
ence” and cannot ignore another person's gaze, even if the direction of the gaze seems to be
irrelevant.

Autistics also have enhanced visual processing. They have a three times more powerful
recognition of a visual object in a complex visual background [39]. This atypical visual
perception is one of the most intriguing puzzles in the diverse world of autism. If asked to
search for a target element among a display of 25 elements, as a white cube among white balls
and colored cubes, autistics are nearly twice as fast as nonautistics to find the target. They
perceive in parallel; they do not inspect the presented picture, item by item [40].

Defective imitation abilities in autism were described as early as the 1970s by DeMeyer et al.
[41]. There is a lower rate of spontaneous imitation of gestures in children with autism when
compared with age‐matched typically developing children. Other studies have focused on
home videos during the first 2 years of life, of children later diagnosed as having autism and
revealed lower rates of spontaneous imitation [5]. This defective imitation was viewed by some
authors as a form of motor dyspraxia, meaning that the autistic child is unable to execute the
components of the movement of pointing or looking where another person is pointing [42].

The atypical response of autistic children to conventional bids for joint attention has been
related to multiple rationales, namely, difficult volitional action execution; ability to attend
covertly not overtly, to perceive the environment fluidly, and to resist distraction or interrup‐
tion. So, the proposed rationale behind joint attention deficit in autism has scanned both the
sensory perception and the motor execution abilities. A simultaneous sensorimotor dysfunc‐
tion paradigm could be coexisting to a variable degree in autistic patients.

2.2. fMRI studies related to joint attention in autism

By fMRI, joint attention was found to be the outcome of the integration between two attention
regulation systems: a posterior involuntary, related to RJA and operated by parietal and
superior temporal cortices, and an anterior volitional, related to IJA and operated by prefrontal
association cortex, orbital frontal cortex, and anterior cingulate [43].

The aforementioned posterior involuntary system is a perceptual system that starts to develop
in the first 3 months of life. It orients the infant toward biologically meaningful stimuli [44].
The parietal and superior temporal areas serve the development of representation; imitation;
perception of other people's head and eye movements; as well as the perception of spatial
position of self, others, and the environment. The following quote summarizes the cognitive
message gained from this system: “where others’ eyes go, their behaviors follow [45].”

The anterior attention system related to IJA is later developing and gives the following
cognitive message: “where my eyes go, my behavior follows.” This system is volitional, goal‐
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directed, and reward affected. It also supervises integration of activity between the anterior
and posterior attention systems. Starting from 4 to 6 months of age, the anterior attention
system integrates the internal control of one's gaze direction together with goal‐directed
behavior, with the external monitoring of the gaze direction of others and their behavior. This
integration yields the specific form of human attention called joint attention [46]. Also, this
comparative monitoring between the external looking behavior in the form of overt attention
and the attention to internal self‐representations is a very important substrate for cognitive
development. Joint attention, after all, is a social cognitive skill, and practice with joint
attention in the first 9 months of life is a major contributor to the development of social
cognition [47].

The decreased brain connectivity in ASD implicated in fMRI studies, specifically between
frontal and posterior‐temporal cortical regions, affects social and emotional information
processing [48]. Local overconnectivity and long‐distance underconnectivity are, however, the
recent understanding of the cortical neural dysfunction in autism. This model addresses the
heterogeneity of the disorder and the pervasive nature in general [49]. There is more tendency
in autistic individuals to process tasks in a manner that relies less on anterior frontal gray
matter centers (theory of mind, face, and social processing) and more on those of posterior
temporal gray matter (visual processing). The white matter alteration of structure, as defective
myelination, is implicated in this lack of fast synchronous communication between these gray
matter areas [50]. This disrupted connective circuitry in the brain was proposed by Just et al.
[51] in the cortical underconnectivity theory, describing a lower communication bandwidth
between frontal and posterior temporal areas in autistic compared to control participants. On
the other hand, McFadden and Minshew [52] pointed to local overconnectivity in the form of
consistent finding of excess interstitial neurons that reflects failure of appropriate develop‐
mental apoptosis and leads to improper brain connective function.

In an fMRI study of joint attention in 2005 [53], activity was detected in association with joint
attention in ventromedial frontal cortex, the left superior frontal gyrus (BA10), cingulate
cortex, and caudate nuclei. Both the ventromedial frontal cortex and BA10 are related to
mental activity and cognitive integration tasks. Authors concluded that a developmental
defect in the left anterior frontal lobe could be an underlying factor in autism spectrum
disorders (ASD).

On the other hand, a review of fMRI findings in autism spectrum disorders (ASD) described
hypoactivation of the ‘social brain’ in prefrontal cortex, posterior superior temporal gyrus,
amygdala, and fusiform gyrus; decreased anterior‐posterior functional connectivity during
resting states; and anomalous mesolimbic responses to social rewards [54]. It should be put in
mind, however, that there is heterogeneity in fMRI findings. Findings are complex, because as
Geschwind and Levitt [55] described, there are ‘many autisms'.

Faces are social stimuli that infants attend to from very early in life [56]. Defective face
processing and discrimination, as reduced face emotion recognition, exist in autism [57]. In
neurotypical individuals, activation of fusiform gyrus, in addition to superior temporal sulcus,
amygdala, and orbitofrontal cortex, occurs in response to face viewing [58]. Most fMRI studies
in autism implicate hypoactivation of fusiform gyrus in response to faces and facial expres‐

Autism - Paradigms, Recent Research and Clinical Applications242



directed, and reward affected. It also supervises integration of activity between the anterior
and posterior attention systems. Starting from 4 to 6 months of age, the anterior attention
system integrates the internal control of one's gaze direction together with goal‐directed
behavior, with the external monitoring of the gaze direction of others and their behavior. This
integration yields the specific form of human attention called joint attention [46]. Also, this
comparative monitoring between the external looking behavior in the form of overt attention
and the attention to internal self‐representations is a very important substrate for cognitive
development. Joint attention, after all, is a social cognitive skill, and practice with joint
attention in the first 9 months of life is a major contributor to the development of social
cognition [47].

The decreased brain connectivity in ASD implicated in fMRI studies, specifically between
frontal and posterior‐temporal cortical regions, affects social and emotional information
processing [48]. Local overconnectivity and long‐distance underconnectivity are, however, the
recent understanding of the cortical neural dysfunction in autism. This model addresses the
heterogeneity of the disorder and the pervasive nature in general [49]. There is more tendency
in autistic individuals to process tasks in a manner that relies less on anterior frontal gray
matter centers (theory of mind, face, and social processing) and more on those of posterior
temporal gray matter (visual processing). The white matter alteration of structure, as defective
myelination, is implicated in this lack of fast synchronous communication between these gray
matter areas [50]. This disrupted connective circuitry in the brain was proposed by Just et al.
[51] in the cortical underconnectivity theory, describing a lower communication bandwidth
between frontal and posterior temporal areas in autistic compared to control participants. On
the other hand, McFadden and Minshew [52] pointed to local overconnectivity in the form of
consistent finding of excess interstitial neurons that reflects failure of appropriate develop‐
mental apoptosis and leads to improper brain connective function.

In an fMRI study of joint attention in 2005 [53], activity was detected in association with joint
attention in ventromedial frontal cortex, the left superior frontal gyrus (BA10), cingulate
cortex, and caudate nuclei. Both the ventromedial frontal cortex and BA10 are related to
mental activity and cognitive integration tasks. Authors concluded that a developmental
defect in the left anterior frontal lobe could be an underlying factor in autism spectrum
disorders (ASD).

On the other hand, a review of fMRI findings in autism spectrum disorders (ASD) described
hypoactivation of the ‘social brain’ in prefrontal cortex, posterior superior temporal gyrus,
amygdala, and fusiform gyrus; decreased anterior‐posterior functional connectivity during
resting states; and anomalous mesolimbic responses to social rewards [54]. It should be put in
mind, however, that there is heterogeneity in fMRI findings. Findings are complex, because as
Geschwind and Levitt [55] described, there are ‘many autisms'.

Faces are social stimuli that infants attend to from very early in life [56]. Defective face
processing and discrimination, as reduced face emotion recognition, exist in autism [57]. In
neurotypical individuals, activation of fusiform gyrus, in addition to superior temporal sulcus,
amygdala, and orbitofrontal cortex, occurs in response to face viewing [58]. Most fMRI studies
in autism implicate hypoactivation of fusiform gyrus in response to faces and facial expres‐

Autism - Paradigms, Recent Research and Clinical Applications242

sions [59]. However, the predicted fusiform activation has been reported to occur in autistic
individuals when there are familiar faces [60] or unfamiliar faces in the presence of an
attentional cue [61].

Atypical amygdala activation has been implicated in tasks of judging emotional state from
eyes [62], or from facial expression [63], as Amygdala functions in identification of emotional
situation based on the facial expression [64]. Reduced activity in the inferior frontal region in
ASD has been described by Bookheimer et al. [65] during face processing tasks, as matching
faces presented in upright versus inverted positions. The typical response of increased
activation for inverted faces was lacking, due to the absence of the social significance of the
stimulus.

A neurological human skill that is related to theory of mind, called Empathy, was also studied
by functional brain imaging. Empathy is the ability to understand the emotional state of others
by mapping of the feelings of others onto our nervous system. This is crucial for a socially
appropriate response and is done by mirror neurons, which relay the impulses onto the
premotor cortex [66]. It is a self‐referential emotional cognition, in order to compare and relate
the emotional state of others with our own. ‘Theory of Mind’ allows the awareness of the fact
that the mental state of others differs from ours, and to be understood it has to be adopted and
evaluated from our own perspective. Atypical neural activation occurred in ASD individuals
who were asked to evaluate other people and their own facial emotional response, as compared
to control subjects. For example, activation of the prefrontal cortex occurred dorsally in ASD
and ventrally in control subjects. This may underlie disturbed empathy in autism [67].

The fMRI findings in autism reflect aberrant function in both white matter axons and gray
matter areas. Underconnectivity (distant) and overconnectivity (local) in white matter, in
addition to underactivation (frontal) and overactivation (posterior) in gray matter, characterize
the array of heterogenous findings in autism.

3. Conclusion

Social and language developments are inseparable domains in human communication. Joint
attention as a social cognitive skill, being a core component in both social and language
development, has been recognized as deficient in autism‐related research. Further research
attempts in this domain are warranted due to a few number of participants in research
addressing joint attention. There are unraveling fMRI findings implicating several areas as the
prefrontal cortex, the posterior superior temporal gyrus, and the functional anterior‐posterior
cerebral connectivity. There is persistent need to address joint attention more fully and variably
in intervention of autism for the sake of better outcomes. Joint attention is a skill that is acquired
very early in life and is adherent to typical language development and use among humans.
Language use is typically the most pervasively affected linguistic category in autism.
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Abstract

The use of mindfulness interventions for individuals with autism spectrum disorder
(ASD) is a relatively new research area, which has followed a more established body of
research investigating the efficacy of mindfulness interventions for parents of children
with ASD. Given the chronic stress levels experienced by parents and high anxiety and
stress levels in individuals with ASD, such research is well justified. The utility of
mindfulness in clinical practice for individuals with ASD and their parents will be
discussed. This chapter aims to evaluate the research literature,  identify important
limitations, and propose crucial directions for future research. Acknowledgment of the
impact of attitudes, social bias, and a generational shift that may be accelerating the
salience of mindfulness is discussed. The author aims to emphasize the importance of
high-quality future research with robust methodological designs to clearly identify the
potential role for mindfulness in this population. Despite having a solid foundation of
preliminary  findings,  it  is  important  that  researchers refine current  procedures and
evaluation of mindfulness interventions for individuals with ASD and their parents
while carefully selecting measures that are not solely self-report or parent report.

Keywords: autism, mindfulness, meditation, stress, parenting

1. Introduction

The adverse role of stress, fear, and anxiety in individuals with autism spectrum disorder (ASD)
was identified in Kanner’s [1] first description of autism in his pioneering paper Autistic
Disturbances of Affective Contact. The implications of stress and anxiety in individuals with ASD
have been investigated over decades, yet we are still analyzing their detrimental impact on the
developmental trajectory and mental health of individuals with ASD [2–4]. Psychological stress
occurs when an individual perceives that environmental demands tax or exceed his or her
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adaptive capacity [5]. While stress is a universal human experience, which can be helpful at
times, prolonged or chronic elevated stress levels are detrimental to an individual’s health and
well-being [6].  In contrast,  anxiety is an emotion characterized by an unpleasant state of
uneasiness and worry, which is often accompanied by nervous behavior, and has the potential
to result in a clinical anxiety disorder [7–9]. Chronic stress and anxiety are experienced by many
individuals with ASD, however, have also been consistently associated with parenting a child
with ASD [10–12]. There is preliminary evidence to suggest that mindfulness training reduces
stress and results in a myriad of positive changes in individuals with ASD and their parents.
This chapter will review the literature and aim to analyze the participants, methodologies,
interventions, and research designs across the body of work in order to determine the robustness
of the findings. The implications for the clinical application and directions for the future rese-
arch on mindfulness interventions for individuals with ASD and their parents will be discussed.

2. Discussion

2.1. Autism, stress and anxiety

The detrimental role of stress and anxiety experienced by individuals with ASD has been
investigated over decades. Kanner proposed that “the child’s behavior is governed by an
anxiously obsessive desire for the maintenance of sameness” ([1], p. 245), and a number of
early researchers argued that the core features of behavior of those with ASD, engagement in
obsession and stereotypical and repetitive behavior, were a function of managing anxiety and
distress [13–15]. Similarly, more recent research has found that the level of anxiety in adults
with ASD is three times higher than adults with intellectual disability [16]. This study found
that the higher the anxiety and stress levels in the adults with ASD, the less likely they were
able to cope with change, sensory stimuli, and what they perceived to be unpleasant events.

A literature review conducted by MacNeil et al. [17] found that adolescents with ASD
experience greater levels of anxiety than the general community population. Such levels were
similar to those with clinically significant levels of anxiety, however, often presented different
patterns of anxiety compared to other clinical groups. Previous research has attributed
symptoms of social anxiety in adolescents with ASD to factors including social skill deficits
and heightened physiological arousal [18]. Similar to the role of anxiety in adults as described
by Kanner [1] and Gillott and Standen [16], Wood and Gadow [19] suggest that anxiety may
play three roles for adolescents with ASD: (1) a downstream consequence of ASD symptoms
(e.g., via stress generation through social rejection), (2) a moderator of ASD symptom severity,
such that certain core autism symptoms like social skill deficits and repetitive behaviors may
be exacerbated by anxiety, and (3) a proxy of core ASD symptoms. A noteworthy finding and
reoccurring theme across the literature that discusses the prevalence of anxiety in adolescents
with ASD is that regardless of how it is measured, anxiety is common in children and adoles-
cents with ASD, despite not always displaying age-typical symptoms [4].

Children with ASD also display high anxiety levels, particularly on measures that identify
traits of separation anxiety and obsessive-compulsive disorder [20]. In a study that recorded
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cents with ASD, despite not always displaying age-typical symptoms [4].
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cortisol levels as a measure of stress in children with ASD, increased cortisol was observed
following exposure to a novel, nonsocial stimulus [21]. Thus, the desire for sameness and
avoidance of novel stimuli may play a role in symptoms of stress and anxiety in children with
ASD, which appears to remain high and potentially increase in adolescence and adulthood.
The increase in stress and anxiety from adolescence to adulthood may also be moderated by
poor social skills and social rejection. This is detrimental to the development and quality of
life for individuals with ASD across the trajectory of their life span. It is essential that inter-
ventions successfully target these symptoms in order to maximize the developmental potential
and quality of life for individuals with ASD.

2.2. Autism and parent stress

Over time, researchers have consistently shown that parenting a child with ASD is associated
with a multitude of challenges and daily stressors. More recently, researchers have also found
that parents of children with ASD experience higher stress levels, in addition to symptoms of
anxiety and depression when compared to parents of typically developing children and
parents of children with other disabilities including Down syndrome, behavioral disorders,
and fragile X syndrome [10, 22–25]. Early research reports from the 1970s indicated that parents
of children with ASD have a reduced quality of life, high parental burnout, and regular feelings
of isolation [12]. In 1984, a book titled The Effects of Autism on the Family discussed the issue of
parent stress on the family system throughout the manuscript [26]. Marcus [27] proposed that
the “unrelieved care” of raising a child with ASD appears foremost among parent stressors.
Marcus [27] and Sullivan et al. [12] acknowledged that the severity and long-withstanding
nature of ASD, in parallel with the lack of available and appropriate resources, is a key driver
of parent stress. Other factors that Marcus [27] proposed that contribute to the physical and
emotional exhaustion and parental burnout include difficulties in obtaining a proper diagnosis
and appropriate supportive services, pervasive loneliness, and isolation due to raising a child
with high needs, inadequate supportive services, and neglect of personal, social, and medical
needs of parents. Despite this research being published 32 years ago and the significant
advancements in the field of psychological intervention over the last three decades, similar, if
not identical, issues potentially still mediate stress levels and burnout in parents of children
with ASD today.

The age of receiving an ASD diagnosis is reducing due to increases in early screening and
improved diagnostic tools [28–30]. However, parents still report that receiving a diagnosis can
be a difficult and stressful experience [31]. Once a child receives a diagnosis of ASD, parents
may experience a myriad of negative emotions characterized by guilt, blame, and fear [32].
Many parents also report feelings of grief and loss as they adjust to not having a typically
developing child [33]. Such emotions, coupled with high levels of stress, anxiety, and depres-
sive symptoms, result in these parents being psychologically vulnerable. At the same time,
parents may be managing conflict and challenging behavior with their child, dealing with
problems at childcare centers or schools, caregiving for other children, keeping their household
functioning, working, and coping with financial stressors. There is no cure for ASD, and it is
considered a lifelong condition; however, parents are likely to seek a treatment to alleviate
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symptoms in their child. Thus, at this time of heightened stress, parents are exposed to
conflicting treatment information and are responsible for selecting the best intervention and
treatment approach for their child, which is likely to result in further distress. Due to mis-
leading information, parents often partake in treatments that lack empirical support [34]. To
this end, there is often financial strain on parents when they are trialing and maintaining
treatment approaches. Due to the multitude of factors described, parents of children with ASD
are among the most stressed and at-risk parents in society; however, there are limited evidence-
based procedures designed to address such issues.

2.3. What is mindfulness?

Mindfulness can be simply defined as paying attention in a particular way: on purpose, in the
present moment, and nonjudgmentally [35]. Known as the “father of mindfulness” in the
Western world, Kabat-Zinn [35] proposes that mindfulness aims to cultivate nonjudgmental
and nonreactive attention to experiences in the present moment, including our body sensa-
tions, cognitions, emotions, and urges. Mindfulness is an ancient Buddhist practice, however,
has profound relevance to modern psychology. Hassed and Chambers ([36], p. 6) propose that
mindfulness is “a mental discipline aimed at training attention,” and they quoted a classic
textbook in psychology by William James ([37], p. 5), whereby James proposed that “the faculty
of voluntarily bringing back a wandering attention over and over again, is the very root of
judgment, character and will.” The notion of training attention is not a new phenomenon in
psychology.

Mindfulness constitutes formal practice, known as mindfulness meditation, and informal
practice, which involves our sensory experiences, moment to moment, in everyday life. Kabat-
Zinn [38] outlines that the purposeful control of attention, of that we refer to as mindfulness,
can be learned through meditation. Mindfulness meditation is commonly referred to as a state
that can become a mental position that facilitates the ability to disengage a given experience
from an associated emotion, resulting in a mindful or skillful response to a situation [39, 40].
Seemingly simple, however not necessarily easy to achieve. Further, it requires effort and
discipline as it works against our habitual awareness and automaticity [41]. Gunaratana [42]
rightfully suggests that mindfulness cannot be entirely captured with words because it is a
subtle, nonverbal experience.

The term mindfulness or meditation may provoke attitudes or preexisting assumptions that
may be inaccurate. While many individuals may consider mindfulness a spiritual endeavor or
a religious practice, it is vital that we are critical and rigorous in evaluating the psychological
literature and base our opinions on a foundation of evidence-based research that consists of
robust methodologies and accuracy in reporting results. Mindfulness-based stress reduction
(MBSR) programs have been found to be effective in resulting in positive change and are being
utilized in clinical practice in a wide variety of clinical populations. Keng et al. [43] conducted
a comprehensive empirical review of 16 randomized control trials (RCTs) that implemented
an MBSR program among both clinical and nonclinical populations. They found a reduction
in symptoms of psychological distress, anxiety, depression, anger, rumination, cognitive
disorganization, posttraumatic avoidance symptoms and medical symptoms. Keng and
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colleagues [43] also proposed a myriad of significant positive effects of the MBSR program
including an improvement in positive affect, a sense of spirituality, empathy, a sense of
cohesion, mindfulness, forgiveness, self-compassion, satisfaction with life, and quality of life.
The 16 RCTs included in this review consisted of participants that were students, community
adults, professionals, cancer patients, fibromyalgia patients, generalized social anxiety
disorder patients, adults with high stress, and patients with multiple sclerosis, which high-
lights the versatility of mindfulness-based interventions [43].

The feasibility of utilizing mindfulness training as a sustainable, time-effective, and cost-
effective tool for individuals caring with others with disabilities is gaining increased academic
attention. A leading research team in the field of mindfulness and developmental disabilities
recently conducted a benefit-cost analysis of implementing a mindfulness-based positive
behavior support (MBPBS) training program to staff of community group homes for individ-
uals with developmental disabilities [44]. Outcome measures included the frequency of verbal
redirection and physical restraint, staff stress levels, and turnover, in addition to staff and peer
injuries. They found significant reductions in the use of verbal redirection, complete disuse of
physical restraints within a few weeks of MBPBS training, and cessation of staff and peer
injuries. In addition to substantial financial savings due to staff participation in the program,
results showed a significant reduction in staff stress, and there was no staff turnover during
this program. Such findings are important to replicate in parents of children with ASD which
may be further extended to caring staff and teachers, in terms of conducting a cost-benefit
analysis.

2.4. What is mindful parenting?

Mindful parenting brings the elements of mindfulness to parenting, first described by Kabat-
Zinn and Kabat-Zinn ([45], p. 71) as paying attention to your child and your parenting in a
particular way: intentionally, here and now, and nonjudgmentally which “calls to wake up to
the possibilities, the benefits, and the challenges of parenting with a new awareness and
intentionality.” A more recent definition by the pioneer of mindful parenting refers to “the
awareness that emerges through paying attention, on purpose, in the present moment, and
nonjudgmentally to the unfolding of experience moment by moment” ([46], p. 145). Experts
have long argued that mindful parenting is a fundamental parenting skill [45, 47]. When
compared with traditional forms of mindfulness, mindful parenting is a relatively new
phenomenon which has demonstrated an increase in both research and awareness recently
regarding its efficacy in clinical and nonclinical populations.

Mindful parenting programs were developed to reduce parenting stress; however, recent
research has found a myriad of positive outcomes in parents that utilize mindfulness in
interactions with their children [48, 49]. A literature review by Bögels et al. [48] proposed that
mindful parenting improved parent-child interactions in mental health settings which was
characterized by changes in parents including increased attention, reduced stress and preoc-
cupation, improved executive functioning, breaking the cycle of repeating dysfunctional
schemes from their own upbringing, and increasing self-nourishing attention. Research
conducted by the same research team found that mindful parenting training resulted in an
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improvement in parenting, parental stress and reactivity to stressors, parental experiential
avoidance, parent and child behavior and emotional problems, and general mindfulness in
parents, in addition to improvements in the process of co-parenting and marital functioning
[48, 50, 51]. Furthermore, mindful parenting may be essential in promoting positive relation-
ships and psychological well-being in parents and their children.

2.5. Mindful parenting and autism

Based on the research of Sameroff [52, 53], Singh and colleagues [54] outlined that transactional
analysis indicates that parents and children are active participants in the development of the
children, including their problem behaviors. Therefore, utilizing tools to teach parents to
reduce their stress levels in order to alter parent-child transactions that may impact the
development or maintenance of problem behaviors in their children is warranted [54]. Given
parenting a child with ASD has been consistently correlated with high levels of stress,
depression, anxiety, and reduced quality of life due to the ongoing nature of care [10, 22, 55],
researchers such as Singh and colleagues [54] have investigated the efficacy of mindful
parenting in this population.

A recent systematic review conducted by the current author and her colleagues investigated
the impact of mindfulness interventions in parents of children with ASD across ten studies
[56]. All 10 included studies contributed at least one self-report finding supporting the
effectiveness of mindfulness interventions in reducing stress and increasing psychological
well-being in parents. Seven studies that measured parental stress as a primary variable found
decreased levels on self-report measures in parents of children with ASD associated with
mindfulness training [44, 57–62]. Three studies reported that their physiological findings,
which included measures of cortisol levels and galvanic skin response, signified reduced stress
levels and emotional responses [62–64]. In addition, four studies found decreased self-reported
depression post-mindfulness training [58, 59, 63, 64]. Across the 10 included studies, many
improvements related to broad psychological well-being were noted, including reductions in
overall health complaints, mood disturbances, and self-reported somatic symptoms. An
increase in self-perceived general health, greater satisfaction with their parenting skills, and
increased mindfulness and quality of life in parents were also reported.

In the same systematic review [56], two longitudinal studies presented alluring findings that
extend the potential of mindful parenting programs, reporting a positive indirect ripple effect
of parental mindfulness training in reducing aggressive behavior and increasing compliance
in their children with ASD, with effects lasting up to 12 months [44, 54]. The authors reported
that following mindfulness training, these children were engaging in very little, if any,
aggressive behavior. This review provides preliminary evidence that mindful parenting
interventions may be effective in enhancing positive outcomes in parents of children with ASD,
and in turn, these results have the potential to trigger a positive ripple effect to their children
and promote healthy behavior.

Surprisingly, eight studies utilized broad mindfulness programs, and only two studies, de
Bruin and colleagues [57] and Singh and colleagues [54], utilized specific mindful parenting
programs. The mindfulness interventions resulted in positive changes in parents; however, the
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development of a mindful parenting program specific to parenting ASD or further evaluating
the effectiveness and efficacy of current programs may be essential.

2.6. Mindfulness in individuals with autism

Research evaluating the effectiveness of mindfulness interventions in individuals with ASD is
very new and is significantly behind the mindfulness research literature in other populations.
This may be surprising among clinicians who provide counseling and cognitive therapy to
individuals with ASD. The most recent systematic review conducted by the current author
and her colleagues identified only six studies and investigated the efficacy of mindfulness
interventions in reducing stress, anxiety, depression, rumination, aggression, and increasing
positive affect and psychological well-being in individuals with ASD [65]. The participants
ranged in the studies from children and adolescents to high-functioning adults. A quality
assessment rated three studies as weak, one as adequate and two as strong in research design
strength. One study measured the effects of mindfulness in children and their parents. In
contrast, three studies investigated outcomes in adolescents and two in adults with high-
functioning ASD. The findings of this review will be examined in further detail.

Results of one study indicated that an 8-week mindfulness program, followed by 12 months
of mindfulness training, led to an increase in the quality of family life, a reduction in stress in
parents, and a reduction in anxiety and thought problems in children with ASD [66]. The effects
were cumulative throughout the 12 months of practice. While this result is positive, it is largely
based on self-report measures of child behavior and parent stress. A good preliminary finding,
however, replication and refinement of direct observational data collection in future research,
is essential. Similarly, de Bruin and colleagues [57] conducted a mindfulness program designed
specifically to help adolescents cope with common stressors associated with ASD in parallel
to the mindful parenting program. This study found a significant increase in quality of life
which remained at follow-up and a significant decrease in rumination from pretest to follow-
up [57]. Parents also reported that their children’s social responsiveness significantly improved
at follow-up, in addition to social cognition, social communication, and reduced preoccupa-
tions at posttest. The authors proposed that these results may represent improvements in the
adolescents’ theory of mind, central coherence, and executive functioning. While these findings
are an important step forward in investigating the impact of mindfulness in developing social
awareness and cognition in adolescents with ASD, this study is also reliant on self-report
measures of such variables. In order to validate the proposed positive impacts of mindfulness
training as reported by Hwang and colleagues [66] and de Bruin and colleagues [57], future
research must move away from solely utilizing self-report or parent-report measures of
behavior and develop superior methodological designs that potentially include mixed
methods such as structured measures of direct behavioral observation and physiological
changes that may be complimented by self-report measures. In consideration of parent-report
measures, utilizing either parents or siblings to calculate interobserver agreement (IOA) may
be beneficial.

A research team based in the United States led by Singh published several studies that found
mindfulness to be effective in reducing aggression, resulting in positive changes in individuals
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with a range of conditions including intellectual disability, conduct disorder, mental illness,
and Prader-Willi syndrome [67–70]. More recently, this research team turned their attention to
investigating the effectiveness of Singh’s “Soles of the Feet Program” for adolescents with ASD
[71, 72]. One parent recorded incidents of aggression, whereby another family member also
recorded incidents 30% of the time in order to determine IOA. In one study, the adolescents’
incidents of aggression reduced significantly, with no instances observed during the last 3
weeks of mindfulness practice and with no episodes of physical aggression occurring within
a 4-year follow-up [71]. The other study also found that incidents of aggression reduced
significantly, whereby aggression occurred at a rate of about once per year during a 3-year
follow-up period [72].

Two recent studies investigated the psychological effects of a mindfulness intervention in
adults with ASD with an average to high intellectual quotient (IQ) and verbal ability (VA) [73,
74]. Kiep and colleagues [73] adopted a within-group pre- and post-comparison design,
whereby they reported improvements in symptoms of anxiety, depression, agoraphobia,
somatization, inadequacy in thinking and eating, distrust and interpersonal sensitivity,
sleeping problems, general psychological and physical well-being, and rumination during the
intervention phase. The decline in rumination was related to the effect of the intervention on
symptoms of depression both during and after the intervention and to symptoms of anxiety
post intervention. They also proposed that participants displayed an increase in positive affect
while hostility did not change. Although no differences were found between self-reported
symptoms from baseline to 9 weeks after treatment, the authors suggested that this represented
stable treatment results over time. In contrast, Spek and colleagues [74] conducted an RCT,
and despite being considered the gold standard research design, this was a unique design
among this research literature. The authors proposed that there was a reduction in symptoms
of anxiety, depression, and rumination in the intervention group that was not present in the
control group of adults. In addition, positive affect increased in the intervention group as
opposed to the control group. These studies are pivotal in promoting future research in using
mindfulness in adults with ASD. When interpreting such results, it is important to consider
that these two studies were conducted by the same research team. In summary, they reported
a reduction of symptoms based on self-report measures which are, however, only representa-
tive of adults with an average or high IQ and VA, otherwise often referred to as high-func-
tioning ASD.

2.7. Future research and directions

The rapid propagation of the awareness and use of mindfulness in clinical and nonclinical
practice, in addition to the research literature, may be indicative of a socially accepted
phenomenon that is potentially influenced at a generational level. Due to the wide acceptance
and increasingly prevalent discussion around mindfulness meditation in academic and
nonacademic literature, the language is becoming more salient. This is potentially influenced
by the expeditious development of websites, resources, mobile applications, and awareness
on social media platforms, which may be creating a social bias. While a common saying is that
“the research is finally catching up to the practice,” we must carefully communicate the robust
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empirical support, particularly when we are working with high-risk, clinical populations. As
previously mentioned, parents of children with ASD already face difficult decisions relating
to optimal treatment choice for their child and family; therefore, it is important that researchers
and practitioners commit to scientific integrity and evidence-based practice.

At this point in time, there are solid preliminary findings to suggest that mindfulness-based
interventions may result in effective positive change in individuals with ASD. As discussed
throughout this chapter, the body of research is currently inconclusive, despite having a general
positive trend in results across studies. A major limitation is that there is an overrepresentation
and reliance on self-report and parent-report questionnaires as a measure of stress, anxiety,
parent-child interactions, quality of life, social responsiveness, and behavior. While this
validates the need for future research to take superior precision in choice of measures, it does
not constitute empirical support to conclude that mindfulness is effective in creating such
change in individuals with ASD. Secondly, the research is scarce when investigating each age
group individually, from children to adolescence and adulthood. Future research should
investigate each stage of the life span to clarify the impact of mindfulness practice on each age
group specifically. There is also minimal evidence on using mindfulness for individuals that
are considered have low-functioning or nonverbal ASD. Such contrasts are important to make
for the future application of mindfulness in this population. The evidence base for using
mindfulness as an intervention to parents of children with ASD is more developed. This research
has consistently shown reduced stressed, anxiety, depressive symptoms, and a range of
improvements in broad psychological well-being. However, this body of research consists of
studies that utilize mostly self-report measures of psychological stress, symptoms, and well-
being. Likewise, future research should aim to design more robust designs by including a
variety of measures including structured observations and physiological findings, in addition
to parent report. As four studies in our review [65] utilized an acceptance and commitment
therapy (ACT) intervention which is based on the principles of mindfulness, future research
should contrast if ACT is superior to sole mindfulness interventions.

In summary, it is essential that future research refines current methodological issues, adopts
high-quality measures of treatment fidelity, and includes a range of valid data collection
measures across participants of different ages and levels of functioning to add meaningful
research to the current evidence base. It will be beneficial to include an economic evaluation
of implementing mindfulness interventions for individuals with ASD and their parents in
order to determine the cost-effectiveness. Future research should investigate how mindfulness
may compliment and advance current evidence-based treatments in reducing symptoms for
individuals with ASD, such as applied behavior analysis (ABA)-based early intervention and
cognitive behavior therapy (CBT) [75, 76]. As mindfulness generally does not teach explicit
developmental skills, it may be most effective in reducing stress and increasing psychological
well-being in individuals with ASD and therefore indirectly increase their skill acquisition and
ability to develop cognition while engaging in other interventions. The role of mindfulness in
individuals with ASD may be pivotal; however, further clarification of the clinical utility of
mindfulness in best practice is required.

Mindfulness and Autism Spectrum Disorder
http://dx.doi.org/10.5772/65394

261



3. Conclusions

The use of mindfulness interventions in individuals with ASD is a relatively recent research
area, which has followed the more established body of research investigating the efficacy of
mindfulness interventions for parents of children with ASD. Given the chronic stress endured
in parents, in addition to high anxiety and stress levels in individuals with ASD, such research
is well justified. The two systematic reviews discussed in this chapter encapsulate the existing
body of research evaluating the efficacy of mindfulness interventions in individuals with ASD
and their parents [56, 65]. It can be concluded that mindfulness interventions may be consid-
ered an evidence-based intervention in parents of children with ASD; however, additional
research is required in order to be considered as evidence-based practice in individuals with
ASD. That point notwithstanding the positive and promising results that have been presented.
As proposed in our review [65], it is essential that researchers continue to refine mindfulness-
based intervention procedures and their evaluation, aimed at maximizing the efficacy of
current interventions available for individuals with ASD and their parents.
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Abstract

A significant body of research in the field of animal assistance in autism spectrum dis-
order (ASD) therapy indicates that positive human-animal interactions (HAIs), such as
playing with therapy dogs or dogs presence while reading Social Stories, improve the
social interactions and the level of the behavioral indicators of positive moods (smiling,
laughing) in autistic children. In this chapter, we aim to present a series of evidence-
based modalities of including animal-assisted activities in standard therapeutic settings
but also in the home environment (e.g., interactions with family animals), targeting the
socio-emotional development of autistic children and their optimal communication
with the family members, including the companion animals. The studies presented here
are discussed from the perspective of potential mechanisms, such as oxytocin system,
and several attachment-related views. Our studies point toward the valorization of
companion animals in the process of development and optimizing the interpersonal
communication abilities of ASD children in a positive and engaging manner for both
humans and animals.

Keywords: human-animal interactions, animal-assisted enhanced therapy, autistic
children, socio-emotional skills

1. Introduction

A significant body of research in the field of animal assistance in the therapy of autism spec-
trum  disorders  (ASD)  indicates  that  positive  human-animal  interactions  (HAI),  such  as
playing with therapy dogs or  dogs presence while  reading Social  Stories  (SS),  have the
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potential to improve the social interactions at level of displaying behavioral indicators of posi-
tive moods (smiling, laughing) in autistic children [1, 2]. It appears that the direct contact with
life forms other than humans, especially companion animals, has a modulatory effect on the
psychophysiological parameters associated to social interactions [3, 4]. In this light, oxytocin,
which is a hormone produces in the hypothalamus, has been considered an optimal candidate
for the investigation of the beneficial psycho-physiological effects of friendly interactions with
animals in general population and in ASD children [3]. It is hypothesized that the interaction
between the hypothalamic-pituitary-adrenal (HPA) axis and the oxytocin system might be the
central neurobiological mechanism behind the beneficial psychophysiological effects of the
positive HAI, such as stress reduction and facilitation of social extroversion. Physical contact
is considered a classical marker of secure attachment and caregiving relationship, and it is
often assumed that  oxytocin  system might  be  activated in  situations  that  involve  direct
physical contact, such as play with peers or positive human-animal interactions [3, 5]. Also,
the effect of a friendly animal on the perception of the human in its company and on the
facilitation of interpersonal interactions is known in the literature as the social catalyst effect [3].

Experts in the area of HAI management indicate a large and growing number of companion
animals within EU countries, including Romania, i.e., there are an estimated number of 64
million cats and 60 million dogs in EU countries [6]. While it is well known that companion
animals can make crucial contributions to human societies as working animals, a growing
scientific body of evidence supports the benefits of animals in human healthcare, especially in
the case of socially impaired children (ASD children). Recent statistics indicate a prevalence
of autistic children and adolescents in Romania of around 15,000 [7]. Also, there is a growing
interest of autism-oriented associations toward the inter-professional educational and thera-
peutic methods, such as animal-assisted therapy (AAT) and activities. Based on this growing
interest of professionals in the field of autism toward the benefits of positive human-animal
interactions, in this chapter, we aim to present a series of evidence-based studies that have
investigated several modalities of including positive animal-assisted activities in standard
therapeutic settings targeting the socio-emotional development of ASD children. The modal-
ities presented here can be easily designed and implemented in the home environment of ASD
children (i.e., interactions with other family members and resident companion animals).

2. Social Story in the presence of dogs: an animal-assisted enhanced method

The first study to be described in this chapter combines an already validated method address-
ing the social skills of ASD children, i.e., Social Story (SS) method [8], with the presence of
therapy animals (dogs). The method of designing and incorporation of the dog presence in the
Social Story procedure will be presented, as well as the ways of assessing significant outcome
variables at behavioral level. Animal-assisted interventions (AAI) have started to be approach-
ed by specialists designing therapeutic programs for children with social impairments, such
as ASD children, which appear to perceive and comprehend animal communication better
than the human communication [9, 10]. It is generally acknowledged that one of the most
important deficits that ASD individuals experience across their life span is the impairment in
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social abilities [11]. Recently, several authors in the ASD field suggested that the use of all the
possible elements of social environment, including companion animals, should be considered
when planning therapeutic interventions for ASD children [10]. Our study [1] describes for the
first time in the ASD literature the effects and the procedure of implementing the dog presence
in the Social Story method [12], under the form of a low-cost and short-term intervention
(3 months), with significant results on the social ability development of ASD children.

It is generally acknowledged that humans and animals (especially companion animals) tend
to naturally establish connections based on attachment, empathy, and affection [5]. The human-
animal bond is considered to be an authentic one if the following criteria are met: (1) it involves
a continuous relationship, not a temporary one and (2) it brings reciprocal benefits on humans
and animals [5, 13]. There is evidence that ASD individuals appear to better perceive and
comprehend animal nonverbal communication than the verbal and nonverbal human com-
munication [10], which might indicate that dogs communicate their intentions on a level that
ASD children find easier to understand [9].

When directed toward a specific objective and delivered in a structured and documented
manner, animal-assisted activities become components of animal-assisted therapy [5].
According to Delta Society [14], which is one of the most active organizations in the field of
therapeutic HAI, animal-assisted therapies (AATs) are goal-directed interventions, which are
delivered by a health/human service professional with specialized expertise and within the
scope of practice of his/her profession. AATs include animal-assisted activities aiming to
improve the physical, social, emotional, and cognitive functioning of several categories of
persons [5, 13], and it can be incorporated in a large variety of standard procedures for
physiological recovery, attention-related problems, speech-related problems, depression
treatments, successful aging programs for institutionalized elderly persons, etc. [15, 16].

In the case of ASD children, specialists agree that social impairment does not necessarily imply
a lack of desire or interest of children to socially interact, but rather a lack of necessary social
skills to successfully carry out social interactions [11]. In this direction, several types of
interventions are focusing on improving the social skills of ASD children, and among them,
Social Story [8] is one of the most popular methods used in special education in general and
in the treatment of autism, in particular. Social Story (SS) method aims at providing ASD
individuals with the social information and procedural knowledge they lack and thus helping
them develop appropriate behaviors in social interactions and interpersonal relationships [8,
17]. It is assumed that SS provides a learning environment that might help the children to
better understand and internalize appropriate social behavioral elements [18]. Over the last
decade, several authors have evaluated and validated the effectiveness of the SS method in
decreasing the frequency and the intensity of several problematic behaviors, such as aggres-
sion, screaming, grabbing toys, and crying [17], and in increasing the frequency and intensity
of desirable behaviors, such as greeting and sharing things, playful behavior, etc. [11]. In many
of these studies, SS has been used either as a sole intervention [11] or combined with other
interventions, such as verbal and pictorial prompts, reinforcement of appropriate responses,
robot-assisted programs [19], and various priming strategies [20].
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In line with the trend depicted in the ASD literature of developing enhanced therapy plans,
we performed an exploratory investigation entitled Interaction with a therapy dog enhances the
effects of Social Story method in autistic children [1], aiming to combine the Social Story method
[12] with naturally occurring elements that are supposed to be socially relevant to autistic
individuals, such as therapy dogs. The main hypothesis was that a social environment
heterospecifically enriched by the presence of a therapy dog while reading a Social Story might
improve the effectiveness of the method at level of increasing the social abilities of ASD
children. Two social skills were targeted: (1) the ability to greet a social partner and (2) the
ability to introduce oneself to a social partner, following a standard single-subject research
design. This exploratory investigation took place at a Romanian therapy center for ASD
children (Transylvania Autism Association). Each participant had one 15-min intervention
session per day (i.e., Social Story or Social Story plus dog presence), twice per week, for a period
of three month (March–June 2012). An individualized Social Story was designed for each
participant by the child’s therapist together with the experimenter, by using Gray’s construc-
tion guidelines [12]. A Labrador retriever dog, Arwan (male, 2 years), and his handler were
involved in the study (the team was certified in AAT). Prior to the study, the AAT team had
several visits to the Autism Day Center.

The dependent variables were the following: (1) frequency of appropriate social interactions
relevant to the target social skill, (2) level of prompt needed to provide the expected social
response, and (3) frequency of initiations of the social interactions relevant to the target social
skill. Hypotheses were constructed for each of the variable, assuming that, compared to the
sessions in which the Social Story was solely administrated, the enhanced version of the SS (SS
plus dog presence) will be associated with a higher frequency of the appropriate social
interactions, a lower level of prompt provided by the therapist (Note: A total level of prompt
was considered here, comprising the sum of verbal prompt, gestural prompt, and the combi-
nation of the two; the lack of prompt was also recorded; for a detailed description of the coding
system of the prompt, see Ref. [1].) and a higher level of initiations of appropriate social
interactions. The following events were considered as appropriate social interactions: (a) any
verbal, physical, or gestural appropriate response to the presence of a social partner; (b) any
comment or a relevant question addressed to a social partner; (c) any appropriate response to
questions or comments of a social partner; and (d) any direct eye contact or at least a look
toward a social partner [11].

The exploratory study included three single case experiments, each one consisting of a
succession of three phases (phases A, B and C). In the phase A (i.e. the baseline phase), each
child was observed for 15 minutes of social interactions that required the usage of a specific
social skill, which was aimed to be improved by the phase B (i.e. the Social Story method) or
by the phase C (i.e. SS plus dog presence). For each participant, the Social Story was introduced
prior the observation period. After six sessions, the intervention was withdrawn to the baseline
condition. All the sessions were video-recorded and analyzed frame by frame for the extraction
of behavioral data.

The analysis of the frequency of the appropriate social interactions relevant to the target social skills
revealed that, for the first participant, the frequency did significantly improve from a mean

Autism - Paradigms, Recent Research and Clinical Applications272



In line with the trend depicted in the ASD literature of developing enhanced therapy plans,
we performed an exploratory investigation entitled Interaction with a therapy dog enhances the
effects of Social Story method in autistic children [1], aiming to combine the Social Story method
[12] with naturally occurring elements that are supposed to be socially relevant to autistic
individuals, such as therapy dogs. The main hypothesis was that a social environment
heterospecifically enriched by the presence of a therapy dog while reading a Social Story might
improve the effectiveness of the method at level of increasing the social abilities of ASD
children. Two social skills were targeted: (1) the ability to greet a social partner and (2) the
ability to introduce oneself to a social partner, following a standard single-subject research
design. This exploratory investigation took place at a Romanian therapy center for ASD
children (Transylvania Autism Association). Each participant had one 15-min intervention
session per day (i.e., Social Story or Social Story plus dog presence), twice per week, for a period
of three month (March–June 2012). An individualized Social Story was designed for each
participant by the child’s therapist together with the experimenter, by using Gray’s construc-
tion guidelines [12]. A Labrador retriever dog, Arwan (male, 2 years), and his handler were
involved in the study (the team was certified in AAT). Prior to the study, the AAT team had
several visits to the Autism Day Center.

The dependent variables were the following: (1) frequency of appropriate social interactions
relevant to the target social skill, (2) level of prompt needed to provide the expected social
response, and (3) frequency of initiations of the social interactions relevant to the target social
skill. Hypotheses were constructed for each of the variable, assuming that, compared to the
sessions in which the Social Story was solely administrated, the enhanced version of the SS (SS
plus dog presence) will be associated with a higher frequency of the appropriate social
interactions, a lower level of prompt provided by the therapist (Note: A total level of prompt
was considered here, comprising the sum of verbal prompt, gestural prompt, and the combi-
nation of the two; the lack of prompt was also recorded; for a detailed description of the coding
system of the prompt, see Ref. [1].) and a higher level of initiations of appropriate social
interactions. The following events were considered as appropriate social interactions: (a) any
verbal, physical, or gestural appropriate response to the presence of a social partner; (b) any
comment or a relevant question addressed to a social partner; (c) any appropriate response to
questions or comments of a social partner; and (d) any direct eye contact or at least a look
toward a social partner [11].

The exploratory study included three single case experiments, each one consisting of a
succession of three phases (phases A, B and C). In the phase A (i.e. the baseline phase), each
child was observed for 15 minutes of social interactions that required the usage of a specific
social skill, which was aimed to be improved by the phase B (i.e. the Social Story method) or
by the phase C (i.e. SS plus dog presence). For each participant, the Social Story was introduced
prior the observation period. After six sessions, the intervention was withdrawn to the baseline
condition. All the sessions were video-recorded and analyzed frame by frame for the extraction
of behavioral data.

The analysis of the frequency of the appropriate social interactions relevant to the target social skills
revealed that, for the first participant, the frequency did significantly improve from a mean

Autism - Paradigms, Recent Research and Clinical Applications272

value of 0.33 (SD = 0.51) in the baseline to a value of 5.16 (SD = 0.75) in the first phase of the SS
plus dog presence intervention (U = 0.00, p < 0.05). The withdrawal of the SS plus dog presence
intervention was associated with a decrease in the frequency to a mean value of 3.33 (SD =
0.51), followed by a nonsignificant increase when the SS intervention was introduced in the
phase C. The size effect when comparing the two interventions had a high value (Cohen’s d =
0.83, p < 0.05). For the other two participants, no significant increase in the frequency of the
appropriate social interactions neither after the introduction of the SS intervention nor after
the introduction of the SS plus dog presence intervention was registered.

The results on the level of prompt needed to provide the expected social response indicated that, for
the first participant, as soon as the SS plus dog presence intervention was introduced, there
was a significant decrease in the total level of prompt, from a mean value of 5.00 (SD = 0.00) to
a value of 0.66 (SD = 0.81) after the first intervention (phase C; U = 0.00, p < 0.02). When the SS
plus dog presence intervention was withdrawn, the level of prompt did increase (mean value
= 2.50, SD = 0.51), yet it remained lower than the baseline values (Cohen’s d = 0.47; p < 0.05).
For the second participant, the data showed a decreasing trend during the initial baseline, but
not significant. When the SS intervention was introduced (phase B), the decrease in the level
of prompt was observed (mean value = 1.50, SD = 0.83). At the subsequent withdrawal of the
SS intervention, the value of the level of prompt did not change, indicating no treatment
reversal. When SS plus dog presence was introduced in phase C, the level of prompt decreased
to a mean value of 0.66 (SD = 0.51), but with no significance. For the third participant, the SS
plus dog presence intervention was associated with a significant decrease in the level of
prompt. The value of the prompt level continued to significantly decrease throughout the SS
plus dog presence intervention, compared to the baseline phase (U Mann-Whitney = 4.5, p <
0.05).

The results on the frequency of the initiations of social interactions indicate that, for all the three
participants, no initiations were registered in the baseline phase. In the case of the first
participant, the SS plus dog presence intervention was associated with a significant increase
in the frequency of the initiations (mean = 2.33, SD = 0.11; U Mann-Whitney = 0.00, p < 0.05).
After the introduction of the SS intervention, a small but nonsignificant increase in the
frequency of the social initiations was observed compared to the baseline level. For the second
participant, there was no significant difference in the level of the social initiations between the
baseline and the SS intervention (phase B). The introduction of the SS plus dog presence
intervention was a marked by an increase in the frequency (mean value for phase A = 0.16, SD
= 0.40; mean value for phase B = 0.16, SD = 0.40; mean value for phase C = 2.0, SD = 0.89). In the
case of the third participant, SS intervention was associated with a slight, but not significant
increase in the frequency of social initiations, whereas the introduction of the SS plus dog
presence intervention was associated with a sudden and significant increase in the frequency
(mean = 2.33, SD = 0.81). The frequency of the social initiations was significantly higher in the
Social Story plus dog presence intervention than the second baseline phase (U Mann-Whitney
= 1.5, p < 0.05). The comparison of the SS and SS plus dog presence interventions indicated a
high-effect size for all the three participants (Cohen’s d = 0.83 for the first participant, d = 0.92
for the second one, and d = 0.79 for the third participant, p < 0.05).
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In conclusions, the findings of this exploratory investigation of the effects of the combined
methods SS plus dog presence indicate that the presence of the therapy dog was associated
with a statistically significant increase in the frequency of the social initiations for all the
participants and a significant decrease in the level of prompt needed to perform the specific
social tasks in two of the participants in the study. The frequency of the appropriate social
interactions appeared to significantly increase in the dog presence only in one out of the three
participants in the study. It is important to mention that, in this study, the aim was to explore
the minimal elements (i.e., the presence of the animal) needed for inclusion of a trained dog
in the therapeutic context, without any other exercises, such as active playing on specific
commands. In summary, our findings suggest that the presence of a dog while reading a SS is
a low-cost method that can bring significant improvements to the Social Story therapy method,
by increasing the frequency of social initiations and by decreasing the level of prompt that
ASD children usually need from their therapists to perform appropriate social interactions.
The findings presented here come in line with the results of previous studies on the effective-
ness of animal-assisted therapy in enhancing the social motivation and communication of
autistic children [21, 22].

3. Active participation of dogs in therapy of ASD children: dog-assisted
functional play

The next study refers to the investigation of the effects of active participation of therapy dogs in
the functional play of autistic children, targeting the development of their imitation skills, task
performance, and communication with others. ASD children are often characterized by deficits
in social abilities, narrowed or lack of motivation for different activities, and the presence of
repetitive behavioral patterns [23]. Also, compared to their typically developed peers, ASD
children are often described as having limited playing abilities, and when engaged in leisure
activities, they often tend to rely on the help of others [24].

Playing behavior is often considered in the literature as providing opportunities to practice
already acquired abilities or to acquire new ones in a safe and encouraging environment [25].
Functional play (which is related to the cognitive development) is defined as the specific use
of an object or conventional association of several objects in the context of everyday life
activities in the direction of developing functional individual autonomy [26]. In ASD children,
the deficits in the capacity to pretend are related to a series of difficulties in the following
abilities: (1) realize the need for reciprocity, (2) recognize different interpretations of actions,
and (3) use imagination [24]. Another deficit of the ASD children, often placed within the
category of theory of mind that might impair their ability to play and to properly interact
within the play context, is their impaired ability to recognize that other persons make different
interpretations of the events, according to their own knowledge and experiences [27, 28].

Play is considered to offer an optimal context to learn about social aspects, such as trust,
negotiation, and compromises, as well as to explore the environment and to perceive its
physical and social safety [29, 30]. During the symbolic play, typically developed children tend
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in social abilities, narrowed or lack of motivation for different activities, and the presence of
repetitive behavioral patterns [23]. Also, compared to their typically developed peers, ASD
children are often described as having limited playing abilities, and when engaged in leisure
activities, they often tend to rely on the help of others [24].

Playing behavior is often considered in the literature as providing opportunities to practice
already acquired abilities or to acquire new ones in a safe and encouraging environment [25].
Functional play (which is related to the cognitive development) is defined as the specific use
of an object or conventional association of several objects in the context of everyday life
activities in the direction of developing functional individual autonomy [26]. In ASD children,
the deficits in the capacity to pretend are related to a series of difficulties in the following
abilities: (1) realize the need for reciprocity, (2) recognize different interpretations of actions,
and (3) use imagination [24]. Another deficit of the ASD children, often placed within the
category of theory of mind that might impair their ability to play and to properly interact
within the play context, is their impaired ability to recognize that other persons make different
interpretations of the events, according to their own knowledge and experiences [27, 28].

Play is considered to offer an optimal context to learn about social aspects, such as trust,
negotiation, and compromises, as well as to explore the environment and to perceive its
physical and social safety [29, 30]. During the symbolic play, typically developed children tend
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to explore social roles and rules in order to build a common understanding language with their
play partner [30]. Because ASD children are generally known to have a low motivation level
to share experiences, their imagination capabilities and the symbolic communication do not
always appear to be reflected in their playing activities [24]. Hence, compared to the playing
behavior of typically developed children, the play of ASD children is short in duration, and it
has fewer functional and symbolic play sequences [27]. Also, the ASD children show lower
levels of appropriate use of objects [31], less variety in play, and fewer functional and age-
appropriate activities [32], as well as the tendency to use repetitive and precise verbal and/or
gesture elements, which are rarely spontaneous [33, 34]. Although they may engage in
symbolic play, ASD children often appear not to realize the need to motivate their social
partners to play with them, and even in the case of verbally functional ASD children, they tend
to display a passive participation in the play [34]. The term motivation refers here to the child’s
observable behavioral reactions to external stimuli, so that increased motivation is reflected
by an increased responsiveness to social and environmental stimuli, as well as by a short
latency of response to elements of the social interaction repertoire, such as instructions and
questions [35].

The passive participation in play of ASD children, along with their low level of motivation to
get involved in the social interactions that are normally expected to take place during play [35],
is often interpreted as indifference to ambient stimuli [36]. Compared to typically developed
children, ASD children appear to assess social stimuli in an atypical manner and tend to pay
more attention to objects than to people [37]. Also, common indicators of joint attention, such
as eye contact with other humans during social interactions, as well as spontaneous initiations
of activities, are less frequent or less visible in the case of ASD children [38]. These deficits are
being associated in the literature with a low level of general social motivation, i.e., the social
motivation model, which can be observed from early childhood, and it might have consequences
on the development of other aspects of their social life later on [39–41].

In order to develop social skills that are typical for a certain chronological age, especially in
relation to the play behavior, which represents one of the most positive and basic ways of social
interactions in humans and it has a significant moderating value of the family cohesion and of
the individual quality of life, early therapeutic interventions are seriously considered in the
case of ASD children. There is a consensus in the literature regarding the importance and
benefits of early therapeutic interventions targeting the development and improvement of
social skills in autistic children, including their playing abilities [42]. In this regard, literature
analysis reveals a wide variety of therapeutic approaches, such as applied behavior analysis
(ABA), peer-mediated intervention [43], robot-assisted therapy [19], video modeling, and
Social Stories [12]. These methods can be efficient by themselves, or they can be administered
in an enhanced form of combinations of elements and procedures. For example, the efficiency
of Social Story method (originally developed by Gray [12]) can be enhanced at level of efficiency
by the assistance of the therapist by a social robot who tells the Social Story while automatically
expressing emotions [19] or by the presence of a therapy dog while reading the Social Story
and asking the ASD children several comprehensive questions [1].
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Literature in the field of ASD treatment supports more and more the positive effects of
including therapy dogs in the therapeutic plans of ASD children aiming to improve their socio-
emotional skills, especially because the interaction with animals is usually constructed on the
species-specific playful and exploratory behavioral tendencies of the dogs, as well as on their
evolved abilities to understand human emotions, which are expressed at verbal and nonverbal
levels [44, 45]. In a play context (ball game, playing with a stuffed animal, and playing with a
real dog), ASD children manifested an increased frequency of social initiations with the
therapist in the condition of playing with the dog [46]. In another study that incorporated
playing activities with dogs in a 15-week program of standard occupational therapy [47], data
indicated a higher frequency of social initiations in the case of ASD children in the experimental
group than those from the control group (occupational therapy). However, most of the studies
cited above do not refer to the possibility of including the positive interactions with companion
and/or therapy animals in the functional plays which children tend to naturally display during
childhood and which are commonly incorporated in the educational curricula of children with
special needs in the direction of improving their functional autonomy in everyday life
situations.

The aim of the present study was to investigate the efficiency of actively including a therapy
dog in the functional play of ASD children, by using a randomized clinical trial type of design.
Based on the positive results regarding the efficiency of dog presence in Social Story method
[1], the functional play of bathing a doll was incorporated in a SS scenario, in which the
instructions and questions were specially adapted to the context of bathing (the SS was
identical for the experimental and control groups). The bathing theme, which is an important
component of nurturing behavior and human quality of life, was chosen based on autonomy-
related needs identified by the therapists of the ASD children. Functional play consisted in
“bathing the doll” game, in which the object of bathing was a medium-size doll and a real dog
(experimental group), respectively, a doll, and a toy dog, similar in size to the real dog (control
group).

The hypotheses were the following: (1) the play-related task performance of ASD children in
the experimental group (functional play with a real dog) will be higher than the task play-
related performance of ASD children in the control group (functional play with a toy dog). The
play-related task performance was assessed by the frequency of imitations of the therapist’s
movements and the frequency of physical and verbal answers to the instructions and questions
included in the adapted SS scenario; (2) the level of motivation to participate in the play of the
children from the experimental group will be higher than the children from the control group
(response latency to instructions and questions and frequency of the joint attention events).

The study included 20 children from the Day Center of Transylvania Autism Association
(Romania). Participation of each child was based on informal consent signed by the parents.
The study was conducted by two master students, under the supervision of the author, in
collaboration with the psychologist of the Day Center. The ASD children (age between 3 and
9 years) had no allergies to animals or history of aggression with dogs. The playing session
took place in the occupational therapy room of the Day Center, which was a carpeted room
with a surface of 12 m2. The therapy dog (Loki) was a male cocker spaniel, 8 years old, certified
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for animal-assisted therapy. The handler, who was also a psychologist, participated in all the
play sessions. Loki was specially included in this study due to his high level of willingness to
positively interact with children (playing with toys, retrieving the ball, playing football, etc.).

The experimental procedure consisted in eight functional play sessions for each ASD child
(two sessions/week) and three follow-up sessions (two months after the post-intervention
phase), with the length duration of 15 min (in average)/session, with slight variations depend-
ing on the behavioral particularities of each child. The first two sessions allowed us to establish
a basal level for each of the dependent variables and to distribute the children in a randomized
manner in the experimental (N = 10) and control (N = 10) groups. The children from the control
group were then individually administered the functional bathing game (bathing the doll and
a toy dog) and a Social Story adapted to the bathing situation, several comprehensive questions
on the utility and components of bathing, while the experimental group was administered the
functional game (bathing the doll) and bathing-related activities with a real dog. The social
scenario was similar for both groups of ASD children.

The structure of the functional play consisted in a set of specific items, such as a toy bath tube,
a comb, a brush, a towel, and a toy bottle of shampoo, which were introduced to the child
alongside a protocol of 28 steps, embedded in a bathing-related Social Story. The protocol
included 10 instructions (e.g., open the shampoo bottle; let’s brush the hair of the doll; let’s brush the
fur of the dog.), five contextual questions (e.g., what do you need to wash the hair of the doll? How
do you brush your hair?), and four imitation tasks (e.g., look, can you do like I do?). For each task,
the child was expected to offer a verbal and/or physical response in a maximum of 5 s; After
5 s, in the absence of an answer, the therapist was allowed to prompt the child toward the
optimal answer (i.e., prompt was offered either verbal, gestural, or in a combined version). The
dependent variables related to the efficiency of the functional play in the two conditions
(functional play with a toy dog and functional play with a real dog) were play task performance
and motivation to participate in the play.

Play task performance was assessed by (1) the frequency of physical answers to the instruc-
tions, (2) frequency of imitations of the therapist’s movements (after the instruction to imitate
was given), and (3) frequency of verbal answers to the questions included in the protocol.
Frequency of physical answers to the instructions refers to the numbers/sessions of the proper
physical responses of the ASD children to the instructions given by the therapists, in accord-
ance to the intervention protocol. Imitation refers here to the voluntary copying of the therapist’s
movement by the child, following the therapist’s instruction, regardless of the level of famili-
arity with the movement [48]. In the case of children with motor disabilities, successful
imitation is also counted for the partial copying of the movement, not only for the complete
copying. Frequency of verbal answers to the questions refers to the numbers/sessions of the proper
verbal responses of the ASD children to the instructions given by the therapists, in accordance
to the intervention protocol. A latency period of 5 s was assigned for the answer to appear.
After 5 s, the therapist was allowed to offer a prompt to the child in the direction of the proper
answer.

Motivation to participate in the functional play was assessed by (1) response latency to verbal
questions (latency lower or equal to 5 s, i.e., verbal answers without any prompt from the
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therapist) and (2) the frequency of joint attention events. Motivation to participate in the play
refers to the child’s enthusiasm and tendency to direct his/her playing-related interests to
others, in order to develop the social interaction context needed for the play to take place [49].
Response latency was assessed by the time in seconds of the verbal and/or physical response of
the child from the moment the therapist was giving a verbal instruction, a question, or an
imitation task. After 5 s of waiting for an answer to occur, a prompt was offered by the therapist
in the direction of the proper answer. The frequency of responses with latency lower than 5 s
was counted for each session. Joint attention was measured by the frequency of voluntary eye
contact of the child with the therapist during each play session. All the play sessions were
recorded based on the informal consent signed by the parents. The first two play sessions were
considered the pre-intervention phase, followed by six sessions. Among these six sessions, the
last two were considered the post-intervention phase. After 2 months, another two sessions
were conducted, which are considered the follow-up phase. Statistical analysis was conducted
in order to reveal the differences between the control and the experimental groups on each of
the dependent variables.

3.1. Effects of playing with real dog on the play task performance

The results on the frequency of physical answers to the instructions indicated that the two groups
of ASD children started from similar frequencies of physical answers of children to the
instructions of the therapist (Mann-Whitney test, U = 43, Z = −0.53, p = 0.56), while in the post-
intervention phase, a significant difference between groups was recorded (U = 14, Z = −2.78, p
< 0.05), in the favor of the experimental group. The effect of the interactions with the real dog
was statistically significant (Cohen’s d = 1.44). In the follow-up phase, the difference between
groups was also significant (U = 7.5, Z = −2.82, p < 0.05, Cohen’s d = 1.73). For the experimental
group, we recorded a statistical difference between pre- and post-intervention phases at level
of the frequency of physical answers to the instructions (χ2 = 13.24, p < 0.05), while no statistical
difference was recorded for the control group between the phases. For the experimental group,
the effect of the interaction with the real dog on the physical answers to the instructions was
preserved from the post-intervention phase to the follow-up phase (Z = −0.37, p = 0.7).

The analysis of frequency of imitations in the pre-intervention phases indicated that the two
groups started from similar levels of frequency (U = 43.50, Z = −0.51, p = 0.6), while in the post-
intervention phase, the experimental group manifested a significantly higher frequency of
imitations than the control group (U = 1, Z = −2.75, p < 0.05, Cohen’s d = 1.41). In the follow-up,
the difference between groups remained in the same direction and significant (U = 6.5, Z =
−3.09, p < 0.05, Cohen’s d = 1.58). While no significant evolution was recorded for the control
group, the post hoc analysis for the experimental group revealed a significant improvement
at level of frequency of imitations from pre-intervention to post-intervention (Z = −2.04, p <
0.05) but without statistical significance from post-intervention to the follow-up phase (Z =
−0.99, p = 0.31).

Data collected on the frequency of verbal answers to questions in the pre-intervention phase
indicated no differences between the two groups (U = 39.50, Z = −0.81, p = 0.639). Also, in the
post-intervention phase, no significant difference between groups was registered (U = 25.50,
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Z = −1.38, p = 0.166), as well as in the follow-up phase (U = 22, Z = −1.38, p = 0.168). No statistical
differences were registered for the two groups from the pre- to post-interventions and for the
post-intervention to the follow-up phase.

3.2. Effects of playing with real dog on the motivation of ASD children to participate
in the play

The analysis of the response latency to verbal questions revealed that the two groups started from
similar levels of response latency to verbal questions in the pre-intervention phase (Mann-
Whitney test, U = 46, Z = −0.3, p = 0.57), while in the post-intervention phase, a significant
difference between groups was recorded, with the experimental group having lower values of
the response latency to verbal questions (U = 10.5, Z = −2.98, p = 0.003, Cohen’s d = 1.78). The
difference between groups in the post-intervention phase was also statistically significant (U
= 2, Z = −3.28, p < 0.05, Cohen’s d = 2.61). Statistically significant differences were registered for
the experimental group of ASD children between the pre- to post-intervention phases (χ2

=12.40, p < 0.05) and between the post-intervention phase and the follow-up. No significant
differences were registered for the control group between the phases.

The two groups (control and experimental) started from similar levels of frequency of joint
attention episodes (eye contacts with the therapist in the context of the functional play) in the
pre-intervention phase (U = 34, Z = −0.93, p = 0.34). Significant differences were registered in
post-intervention (U = 23, Z = −2.06, p < 0.05), indicating that the ASD children from the
experimental group had a higher frequency of joint attention episode than those from the
control group (Cohen’s d = 0.87). While for the control group there were no significant
differences between phases, for the experimental group, there was a significant difference
between the post-intervention and the follow-up (Z = −2.53, p = 0.01), but not between the pre-
and post-interventions.

The aim of the present study was to investigate the efficiency of actively including a therapy
dog in the functional play of ASD children, by using a randomized clinical trial type of design.
The theme of bathing process, which is an important component of nurturing behavior and
human quality of life, was chosen based on autonomy-related needs identified by the therapists
of the ASD children. Functional play consisted in “bathing the doll” game, in which the object
of bathing was a medium-size doll and a real dog (experimental group), respectively, a doll,
and a toy dog, similar in size to the real dog (control group). Our results indicated a significant
positive effect of playing with the therapy dogs (comparisons between the experimental and
control groups) at level of the following variables: frequency of physical answers to the
instructions offered by the therapist in the context of the adapted social scenario to the bathing
game, frequency of imitations (playing with the real dog was associated with a higher
frequency of imitations than the condition of playing with a toy dog), response latency to the
verbal instructions (ASD children from the experimental group, even though did not differ
significantly in the frequency of verbal responses from the control group, had a shorter latency
to respond to the verbal instructions), and frequency of joint attention episodes (ASD children
that played with a real dog had significantly higher frequency of joint attention episodes in
the post-intervention phase than the children in the control group). To summarize, the active
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interaction with the real dog in the context of functional play was associated with a significant
improvement of the indicators of motivation of ASD children to participate in the play and to
maintain the social interactions with the therapist during this activity. Because the active
interaction with the dog involved direct contact with the animal, we can conclude that our data
support the hypothesis of social catalyst effect of positive human-animal interactions [3].

Besides the quantitative data presented above, several qualitative data provided by the parents
of ASD children indicated that some of the children expressed willingness to participate to the
therapy sessions where the real dog was present and, in one case of a child with motor
disability, his ability to stand up (gross motor skills) has improved due to his motivation to
move closer to the dog during the interactions. Some of the ASD children were also reported
to show a higher interest toward their family pets (dogs and cats), and they were more willing
to participate in games and other activities involving the animal and their siblings or other
family members, such as fetching the ball games or brushing and feeding the dogs. To
summarize, functional play for ASD children can be significantly enhanced in terms of efficacy
by the active inclusion of therapy animals (in therapy or educational settings) or of resident
companion.

While in this study, the interaction with the dog took place indoor (the occupational therapy
room) and it was included in the specific steps of the adapted Social Story scenario, in the next
study, we aimed to investigate the association of active playing with behavioral indicators of
positive moods in ASD children of two types of outdoor positive human-animal interactions,
such as (1) active playing with dogs in a structured manner (i.e., agility type of exercises, in an
organized spatial environment) or (2) in a free style (playing fetch the ball, football, running
around, and walking the dog). Also, in this study, we aimed to investigate not only the
behavioral indicators of positive affects in humans but also in dogs, by using methods from
ethology (the scientific study of animal behavior), such as focal animal sampling and sequen-
tial analysis.

4. Agility exercises for ASD children and their families: free-style play
or structured activities?

While most of the families with children, including children with special needs, tend to adopt
companion animals, not all of them are aware of the importance of spending quality time with
their pets in activities involving direct contact (play, agility), which is an important prerequisite
of the benefits of social catalyst effect of animals in human life to occur [50]. Positive interactions
between humans and dogs, such as play, petting, talking to the dog [51], or even prolonged
eye contact [52], are known to be associated with health benefits for both species. It is generally
acknowledged that animal assistance can provide opportunities for motivational, educational,
recreational, and/or therapeutic benefits to enhance the quality of life of humans, especially in
the socio-emotional skills’ development of children with autism.

There are studies indicating that in the case of ASD children, “there is low baseline cardiac
parasympathetic activity with evidence of elevated sympathetic tone” [53, 54], which might
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predispose them to express high levels of stress and anxiety. However, there is a growing
scientific evidence of the positive outcomes of interactions with animals in many dimensions
of the social life of ASD children, such as increase in frequency of imitations during functional
play; increase in initiations of social interactions; decrease in the number, duration, and
intensity of stereotypic behaviors [1, 55]; as well as decreased social anxiety [21]. Hence, a
possible explanation of the positive effects of human-animal interactions in the case of autistic
children is that the parasympathetic nervous system (PNS) becomes activated through the
positive interactions with the animals, which are known to be more tolerated by ASD children
(as a presence and as object of active interactions) than human individuals [54]. Although dogs
are known for their evolved abilities for understanding human facial and vocal emotions [44,
45], they may encounter difficulties when interacting with human individuals with deficits at
level of expressing emotions, such as ASD children. Such difficulties might be associated with
signs of stress in animals that might impair not only the efficiency of the therapy interventions
but also the well-being of the therapy animals and their motivation to further participate in
assistance activities.

The aspect of well-being of dogs involved in animal-assisted interventions has become of great
concern for specialists designing this type of interventions, which are more and more aware
that interactions with sentient beings involve responsibilities for their biological needs [56]. In
this regard, assessment techniques (behavioral, physiological, or combinations) to assess the
well-being of therapy animals are highly recommended. Several authors investigating the
stress indicators concluded that working long hours with no breaks was associated with high
level of cortisol (stress hormone) in therapy dogs [57, 58]. Familiarity with the therapy
environment was associated with a decrease in the cortisol level in therapy dogs [58].

In the present study, we aimed to investigate the effect at level behavioral indicators of positive
affects in ASD children and dogs of two types of outdoor activities with dogs, which can be
easily organized in the open spaces of any institution or in the home courtyards. The first type
of activity was a structured one, inspired from the agility sport, in which a handler directs a
dog through an obstacle course, without touching or leading the dog in a leash. In the case of
autistic children, the structure activity was adapted to their special needs, so that a double
leash was provided, one for the handler and one for the child. Hence, the structured activities
are placed within the category of para-agility (i.e., the dog is directed not only by the handler
but also by a person with special needs). The structured activities were implemented in
collaboration with a local dog training school (Cluj-Napoca, Romania), within a research grant
on the improvement of socio-emotional abilities of ASD children. The second type of activity
consisted in free-style interactions, such as walking the dog (by using a double leash) and
playing fetch the ball and football with the dog, in an ad hoc succession of playing and walking.
During playing, the leash of the dog was removed by the handler, who was present during the
whole session. The two types of activities were compared in terms of frequency of behavioral
indicators of positive affects (e.g., smile and laughing for the child, tail wagging and petting
acceptance for the dog).

Having in mind that interactions with animals offer continuous possibilities for positive design
and behavioral engineering of healthy human and animal life experiences, this is an explora-
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tory investigation of two types of dog-children outdoor interactions, aiming to identify the
optimal associations of activity sequences and behavioral indicators of positive affects in
human and animals in order to offer further guidelines for constructing optimal human-animal
interactions in both institutional (therapy and educational) settings and in home environment.

Eleven children diagnosed with autism (ages between 4 and 12 years, enrolled at the Day
Center of Transylvania Autism Association (Cluj-Napoca, Romania) participated in the
program, based on informal consent signed by their parents. Prescreening for their inclusion
in the animal-assisted activities indicated no allergies and no history of aggression with
animals. All the families of the children had animals at home (dogs and/or cats). Each child
was able to communicate using verbalization and each of them was able to walk. The program
took place outdoor, in the courtyard of the Day Center, from April to July 2015. Six certified
therapy dogs of different breeds (three Australian shepherd, one male and two females; one
female beagle; one male cocker Spaniel; and one male former stray dog) together with their
handlers participated in the program. All the dogs belonged to the Pet Joy Dog Training School
(Cluj-Napoca, Romania). The handlers were certified in AAT, with previous experience on
working with ASD children.

Before the beginning of the program, two visits of the dogs were organized at the Center, so
the children had the chance to familiarize with the presence of the animal-assisted therapy
teams. Each session had duration of 20 min, with slight variations. In the structured interaction
sessions (SIS), after a demonstration offered by the handler and the dog, the dog was individ-
ually led by the children through an agility arena, consisting of a line of five obstacles and a
play tunnel (3 m length). The handler was always present next to the child, as well as the
therapist (the last one intervenes only when the child did not understand the guidance offered
by the handler or when the child specifically asked for help). The structured sessions were
designed in a way that encouraged positive human-animal interactions, so that the children
were instructed to verbally praise the dog after each segment of the agility course and to offer
small items of food reward (after a short previous training on how to properly offer dry food
to the dogs). Also, depending on their time availability, parents were invited to assist the
sessions and qualitative feedback was collected from them (perception of the utility of
exercises, perception of signs of joy and motivation to play expressed by their children
compared to other activities, etc.). In the unstructured interaction sessions (UIS), the dog and
child were allowed to walk and play freely (fetch the ball, football, or other types of play-related
activities), being closely supervised by the handler and the therapist from the Day Center. Dog
walking was done with the help of a double leash system, which was gradually removed, and
only one leash remained attached to the dog’s collar. The succession of SS and SS was randomly
established for each child, but they were always delivered within the same time interval of 2
h/day.

The behavioral indicators of the positive affects in children and of the lack of distress in dogs
were selected from previous studies found in the literature, in which significant associations
were found between several behavioral elements and physiological markers of stress, such as
gazing into dog’s eyes was associated with the activation of parasympathetic nervous system
[52]; petting and playing with the dog were associated with oxytocin release and decrease in
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cortisol [51, 59]; laughter and smile were associated with dog presence [1]. The behavioral
indicators (activity, gestures, and postures) of positive affects in children toward the dogs were
coded as it follows [54]: petting the dog, reaching for the dog, touching the dog, playing with
the dog (usually the play involved activities such as throwing the ball by hand or hitting the
ball by foot, in order for the dog to fetch it or to push the ball with the nose), gazing into the
dog’s eyes, smiling while interacting with the dog, and laughing while interacting with the
dog. The behavioral indicators of positive affects of dogs toward children were considered the
following: playing with the child, gazing into the child’s eyes, acceptance of being touched,
acceptance of being petted, and tail wagging while interacting with the child.

Each session was video-recorded, based on the informal consent signed by the parents of the
ASD children [54]. The recorded materials were analyzed frame by frame using continuous
sampling and focal individual observations. Among the recorded sessions, those that allowed
the extraction of data (high-quality records) were 28 structured interaction sessions (SIS) and
13 unstructured interaction sessions (UIS) for the extraction of behavioral indicators of children
toward the dogs and 27 SS and 7 US for the extraction of behavioral indicators of the positive
affects of dogs toward children. For each session, the behavioral indicators were registered as
sequences (one sequence followed by another), and chains of sequences were generated for
each session. Transition matrices between behavioral sequences were generated for each
session, allowing for the calculation of relative frequencies of occurrence of each behavioral
indicator per time unit, i.e., 60 s. The relative frequencies of behavioral indicators of positive
affects in children and dogs were then compared between structured and unstructured
sessions.

The analysis of the results is presented in summary (for details on the results, see [54]). Even
though the one-way ANOVA analysis revealed no statistically significant differences between
the behavioral indicators of positive affects of dogs toward children (SIS, N = 22 = 22, m = 1.42,
SD = 0.41), in the unstructured sessions (walking, playing fetch and football), dogs expressed
more behavioral indicators of positive affects toward children (UIS, N = 7, m = 1.66, SD = 0.42)
than in the structured sessions (SIS, N = 28 = 22, m = 1.42, SD = 0.41). Data on the behavioral
indicators of positive affects of children toward dogs, although with no statistical significance
(one-way ANOVA, F = 0.60, p = 0.44), indicated that the mean value in the structured sessions
(SS, N = 28, m = 1.78, SD = 0.45) was higher than in the unstructured ones (UIS, N = 13, m = 1.66,
SD = 0.72).

Our findings indicated that the structured human-animal positive interactions (para-agility
exercises) were associated with higher mean values of the behavioral indicators of positive
affects displayed by the ASD children toward the dog, whereas the free play style (unstruc-
tured interactions) was associated with a higher mean value of the positive behaviors displayed
by dogs toward the children. It is important to mention that para-agility exercises involved
more guidance from the handler compared to the free-style interactions with the dogs. The
guidance from the handler might have functioned as gestural and verbal prompts for the
children, who, as a consequence, might tended to pay more attention to the handlers than to
the dogs. This aspect might be considered of important educational and therapeutic value in
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terms of mediating the development of interpersonal interactions (child handler) in a playful
environment, in which the main action agent is the animal.

Another important aspect revealed by our data in terms of considering it for designing future
positive ASD children-animal interactions is that each type of session had specific predominant
behavioral indicators of the positive affects [54]. For example, in the structured sessions (SS),
the predominant behavior of children toward the dog was petting the dog (i.e., direct contact
with the dog), while in the unstructured sessions, the predominant one was playing with the
dog by using the toys provided. Hence, in the case of ASD children, we can conclude that a
structured environment of HAI is associated with higher opportunities of direct contact with
the animals. As pointed out in the literature, the direct contact with animals is an important
prerequisite for psychophysiological positive effects of animal assistance to occur, i.e., release
of oxytocin and decrease in stress hormones. Also, in the case of structured sessions, the dogs
accepted more petting behavior from ASD children than in the case of unstructured sessions,
in which they responded to the play invitations and/or initiated the play, but they received a
lower level of petting and touching. Also, in the unstructured sessions, dogs had more eye
contacts with the handlers than with the children, as they were looking for a security base
during the interactions.

Further studies are necessary to assess the physiological indicators of positive affects in
children and animals in order to compare the similarities and differences in terms of facilitating
the positive affects in children and animals. This preliminary study [54] indicates that both
types of interactions (structured and unstructured activities) were associated with behavioral
indicators of positive affects of humans toward animals (smiling, laughing, petting) and of
animals toward humans (acceptance of petting, initiations of play, eye contact). Even though
the sample size was a small one, the results of this investigation indicated that one should
consider a combination of both types of exercises when designing outdoor animal-assisted
activities for ASD children in institutions or at home, in the direction of creating the chance
for healthy experiences to occur for both humans and animals. Agility routes can be easily set
up in any type of environment, by using low-cost elements to build up mazes and/or simple
barriers to be crossed by dogs. Besides the therapeutic value that animal assistance is known
to have upon the socio-emotional development of ASD children, the animal-assisted structured
activities such as para-agility have the potential to increase the motivation of ASD children for
physical activity.

In line with the existing literature, the studies presented in this chapter indicate positive results
of the incorporation of animal assistance in standard therapeutic methods for ASD children
and also in play-type interactions, which can be easily organized at institutional level or at
home, together with their family members, including the resident companion animals. Recent
surveys indicate that dogs are the most common pets in Romania [60] and that they are
affordable companion animals to families with children with special needs, such as autistic
children. In this light, the findings of the studies presented in this chapter represent valuable
guidelines of designing low-cost and efficient animal-assisted interactions, taking into
considerations the well-being of both humans and animals. Our studies point toward the
valorization of companion animals in the process of developing and optimizing the interper-
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sonal communication abilities of ASD children in a positive and engaging manner for both
humans and animals. Also, it is important to consider that, in order to optimally implement
animal-assisted activities by professionals and parents of ASD children, appropriate theoret-
ical and practical knowledge of the principles of human-animal interactions and zoonotic risk
management are mandatory. These healthy principles addressing the quality of life of both
humans and animals are often found under the umbrella of One Health concept, which implies
a multidimensional and inter-professional partnership between specialists and beneficiaries
of human-animal interactions, in the direction of promoting human and animal well-being
[61].
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Abstract

The landscape of the population in the United States is diversifying, as are the individu‐
als who have a diagnosis of autism spectrum disorder. Autism spectrum disorder now 
affects one of out every 68 children. Although the diagnostic criteria do not differ, there 
are differences in time of diagnosis, treatment and acceptability of the diagnosis in vari‐
ous cultures, which is important for clinicians to understand. One approach to autism 
intervention is applied behavior analysis (ABA), which seeks to intervene on socially 
significant behavior. In addition, to using an approach such as ABA, which emphasis 
social significance, individuals may also use a cultural broker. The cultural broker can 
help to bridge the gap between parties and promote more effective treatment experience 
and thus help to ensure a more culturally sensitive approach to intervention.

Keywords: autism spectrum disorder, cultural competence, applied behavior analysis, 
cultural broker, social validity, culture

1. Introduction

According to the Diagnostic and Statistical Manual of Mental Disorders [1], autism spectrum dis‐
order (ASD) is a neurodevelopmental disorder which can be broadly characterized by deficits 
in social communication and restricted interests and repetitive behaviors. Autism spectrum 
disorder has implications in the individual's ability to develop and maintain social relation‐
ships and function in society, and its symptoms can be recognized and diagnosed by 3 years 
of age.

Autism is considered a global health issue affecting individuals across diverse cultures 
[2, 3]. The prevalence of ASD in the United States is high, affecting roughly 1 in 68 chil‐
dren. However, this rate may be even higher considering that the ethnic and racial minority 
children are currently believed to be underdiagnosed due to barriers with accessibility to 
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evaluation, diagnosis, and services [4]. Together with greater awareness across the world, 
there has been increasing interests both nationally and internationally to develop effective 
autism intervention treatment.

Among the number of intervention approaches that are currently available to treat autism, 
the literature suggests that behavior‐focused interventions are arguably the most widely used 
and accepted in the field [5, 6]. Based on the science of applied behavior analysis (ABA), 
behavior analytic intervention programs are primarily designed to teach new skills and mod‐
ify problem behavior by manipulating some aspects of the environment [7]. In particular, 
behavior therapists are taught to develop the intervention goals, methods, and implementa‐
tions in line with clients’ needs and the norms of social community [8, 9].

With the greater recognition of cultural diversity of individuals with ASD and their families 
across the world and in the United States, there is also a growing need to develop cultur‐
ally sensitive ASD intervention programs. A culturally sensitive intervention program recog‐
nizes that clients from diverse cultural backgrounds can be best served when their needs are 
addressed with respect to the sociocultural contexts of their past developmental histories and 
current adaptive environment [4]. Such a program integrates an appropriate cultural view 
in assessing, designing, and implementing the program, and in approaching clinician‐client 
relationship. Moreover, culturally sensitive intervention programs are embedded within a 
larger social cultural context of support, especially within a community of professionals who 
work as cultural mediators between the mainstream culture and the autism community. Such 
mediations between the mainstream and autism communities create a crucial social space or 
buffer for exchanges of ideas and conversations and adaptive interaction to take place, and it 
strengthen the long‐term intervention effect.

We first discuss the cultural role in conceptualization and treatment of autism and disability 
in general, and then the importance of considering culture in developing behavior analysis 
interventions. We also discuss the role of greater professional community as cultural media‐
tors between the mainstream and the autism spectrum community, highlighting the impor‐
tance of cumulative efforts from the ABA perspective and professional community support in 
intervention outcome. Ultimately, we point out that in order for an intervention to be success‐
ful, it needs to be sustainable over time not only in the individual and family levels, but also 
in the social cultural community level as well.

2. Disability, autism and culture

The discovery of autism as well as the development of its intervention treatment have been 
largely originated in Western cultures and thinking. The significant early work by American 
doctor Leo Kanner and German doctor Hans Asperger in the 1940s have significantly con‐
tributed in establishing autism as a disorder that is currently known in the modern world. 
Similarly, ABA interventions are based primarily on the scholarly work of behaviorism, partic‐
ularly by Skinner's [10] radical behaviorism, which highlighted the importance of deciphering 
particularities of environmental condition on organism's behavior.
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Understandably, beyond Western cultures, there is significant variance regarding the mean‐
ing of disability and autism, and different ways individuals and families cope with the impact 
of the conditions. Some cultures may perceive the symptoms of a disability as a part of indi‐
viduals’ personality traits such as “stubbornness” or “laziness,” and avoid seeking a neces‐
sary treatment. A mismatch on the cultural perceptions about behavior between ethnic and 
racial minority families and health professionals from the mainstream culture can also influ‐
ence how families cope and seek help for treatment. For example, studies suggested that 
European American parents may be more likely to agree with the assessment of their child's 
behavior by a teacher than Asian/Pacific Islander and African American parents [11]. As a 
result, such culture‐specific responses can potentially impact the interventions recommended 
by a treatment team, with European American children more likely to participate in interven‐
tion programs and receiving treatment via parent support more immediately than Asian chil‐
dren. On the other hand, the cultural differences in perceiving behavior have also contributed 
to over‐diagnoses of behavior problems of minority students due to the cultural biases of 
educational and mental health administrators [12, 13].

Culture may also impact the diagnosis of autism, the time of diagnosis, as well as the access 
to services. For example, in the US, European Americans are diagnosed on average 1.5 years 
before their ethnic minority counterparts [14], allowing European American children for more 
immediate access to interventions for autism, in comparison to their minority counterparts. 
Across the world, in Egypt, autism has been often considered analogous to mental retarda‐
tion or even a curse by folk belief, and children have been sometimes caged as a result [15]. In 
China, autism has been conceptualized as a disease of the ‘rich and lazy’ and its treatments 
included walking long distances in heavy clothing and weight training [16]. In Ethiopia, many 
individuals believed that children who have autism were possessed by the devil due to their 
parent's sins and attribute largely to supernatural explanations as the cause of autism, and the 
families live with high levels of stigma [17]. However, nowadays, there are growing global 
health initiatives to enhance understanding for autism and its symptoms and to stimulate 
greater acceptance of those who are diagnosed with ASD by their community [18].

Consequently, the treatment of autism in some parts of the world has included the use of folk 
healers and religious rituals, or forced isolation from the community. For ABA therapists, 
when treating families whose cultural beliefs and practices related to autism may be differ 
from the therapists, it may be important for the therapists to not only educate themselves 
about their client's culture but also educate their clients about the evidence‐based literature 
findings which is guiding the therapists’ intervention practice [4]. Furthermore, the clients 
who are disconnected from the community may need to be educated about the process and 
best ways to navigate some of the challenges to obtaining care from their state and federal 
level systems (e.g., health care and educational systems).

In sum, differences in cultural notions about typical human development and disability can 
influence different ways in which individuals perceive autism and seek treatment [4]. When 
there is perceived cultural difference between the therapists and clients, it is more critical for the 
therapists to understand their clients’ cultural views and strategy the best way to create common 
treatment goals, procedures, and outcome assessments together with their clients and families.
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3. Culture and behavior analysis

In discussing various intervention programs to teach individuals with ASD socially appro‐
priate behaviors and communication skills, it is often ignored that there is social cultural 
diversity in human behavior across communities. Culture refers to the historical patterns of 
meanings embodied in various forms of symbols that pervade in a community and which are 
transmitted to the next generation of offspring [19]. It shapes individuals’ values, beliefs, and 
behaviors including different ways they display emotion, communicate needs and wants to 
others, and approach inter‐personal relationships. Skinner [10, 20] has also noted that culture 
represents the collection of operants or contingencies unique to a social community.

Applied behavior analysis is one of the most common interventions used with individuals 
who have autism and has been used to develop a number of popular behavior‐focused inter‐
vention programs used today, including pivotal response training, early intensive behavioral 
intervention, and positive behavior interventions [21]. Behavior analysis focuses on teaching 
and shaping‐specific behavior by manipulating the behavior's functional relationship with 
the environment [7]. Environmental variables such as conditions which precede (anteced‐
ents) and follow (consequence) the behavior and motivational factors like individuals’ state 
of deprivation and satiation are analyzed in order to identify reasons for the prevalence of the 
behavior, i.e., increasing or decreasing manner in the given context.

Considering that defining characteristics of autism are concern with difficulties in social inter‐
action and verbal and nonverbal communication [1], the key goals of ASD intervention have 
traditionally focused on addressing these deficits. However, the traditional methods of teach‐
ing communicative skills and other living skills have largely occurred in restricted learning 
environment with limited considerations for social cultural norms and values.

There are a number of ways cultural knowledge can help develop effective behavior ana‐
lytic programs, especially for naturalistic setting‐based intervention. Cultural knowledge can 
guide behavior analysts to design more contextually appropriate intervention programs by 
helping them to recognize variations of different forms of antecedent and reinforcers and 
understand their functional relationships. The different forms include verbal and nonver‐
bal behaviors of individuals and agencies or structures at the institutional level that control 
contingencies. For example, all verbal relations are considered operants with different verbal 
forms controlled by consequences, all of which are unique to different cultural communities 
[10, 20, 22]. A verbal community shapes speaker and listener behavior by teaching specific 
and shared verbal forms and their consequent behavior through group practices [10, 20]. At a 
basic level, when an English speaker says, “give me an apple,” the linguistic ‘form’ or mean‐
ing for the request can only elicit proper action from the same linguistic community (English), 
not from other linguistic communities. Moreover, when an individual with autism from an 
English‐speaking North American community hands an apple to the speaker in response, s/
he may be considered to have mastered fluency skill level. However, a child from a culture 
that emphasize social hierarchy and respect toward authority figures and elders may need to 
be further trained on how to properly hand the apple to an authority figure or elder with two 
hands and a posture for respect to be considered mastered the fluency. As Vargas [22] has 
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noted, language does not exist in static symbolic forms but rather in dynamic action forms 
including utterances, writings, and bodily gestures which carry with them implicit meanings 
that are not directly communicated. Skinner [20] also emphasized that verbal behavior is not 
restricted to any particular mode of behavior but any behavior reinforced through media‐
tion of other people (speaker) and can include any movement capable of affecting another 
organism.

When programs are culturally sensitive, they integrate culturally appropriate forms of ante‐
cedents and reinforcements from the natural environment. Individuals’ perception of what 
is desired or aversive of symbolic systems of objects, events, and behaviors is often heav‐
ily influenced by the prior experience in the social environment. For example, children may 
respond better with a type of tangible reinforcement (e.g., food or toy) when it is more familiar 
and desirable to them. Children in northern Europe may respond more favorably to liquorish 
candy than sesame snacks which are more popular in Asia. When providing social praise for 
positive reinforcement, behavior analysts can consider different ways cultures express emo‐
tion and praise or disappointment. Studies have shown that Western cultures encourage their 
children to value autonomy and independence while Asian cultures encourage their children 
to value collective needs and group harmony and emotional control in public [23, 24]. An 
individual who grew up in a culture that values emotional control and avoids high intensity 
social expression of affect may be unfamiliar and uncomfortable by loud and highly energetic 
praise which individuals who grew up in Western cultures may prefer. In such settings, more 
toned down subtle forms of praise may work better as positive social reinforcement, while the 
high intensity expression of praise may serve an aversive function. Therefore, a culturally sen‐
sitive program considers not only different types of reinforcement but also different potential 
functions, they may serve related to their environmental history. In addition, a culturally 
sensitive program can help individuals to generalize better across contexts by minimizing the 
gap between the teaching session and everyday interaction.

In interpersonal communication, cultural knowledge can enhance the ABA therapists’ ability 
to communicate with their clients about the intervention more effectively. When therapists 
understand ones’ own cultural biases and cultural differences in their clients’ values, beliefs, 
and communication styles, therapists can develop ways to build rapport and quality relation‐
ships with clients and communicate more effectively [25].

In order to ensure social relevance of intervention, ABA frequently employs various social 
validity assessments [26]. When working with culturally diverse clients, utilizing social 
validity measures frequently to ensure the goals, methods, and outcomes of intervention 
are accepted by the clients would be particularly critical. Although more work is needed 
to modify currently existing validity forms in culturally sensitive ways, it would be impor‐
tant to be aware of them. They include Lennox and Milternberger's [27] 12 factors for treat‐
ment acceptability, Winett et al.'s [28] epidemiological conceptualization of social validity, 
Gresham and Lopez's [29] conceptualization of social validity as the accumulation of mul‐
tiple sources of information from culturally relevant key stake holders, Kennedy's [30, 31] 
maintenance model of social validity, or Carter's [32] distributive model of treatment accept‐
ability. Examples of format treatment acceptability measurement instruments include the: 
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Treatment Evaluation Inventory, Treatment Evaluation Inventory‐Short Form, Treatment 
Acceptability Rating Form, Treatment Acceptability Form Revised, Intervention Rating 
Profile, Intervention Rating Profile 1.5 m, Children's Intervention Rating Profile, Behavior 
Intervention Rating Scale, Intervention‐Process Rating Scale (IPRS), and Abbreviated 
Acceptability Rating Profile [33].

4. Cultural brokers of autism intervention

A comprehensive treatment intervention for autism often involves a number of service pro‐
fessionals with diverse areas of expertise from the community. The role of the professionals 
as essential cultural mediators is often shadowed by the social interest for the effectiveness 
of the intervention service as a product they deliver to the clients [34]. However, it should be 
acknowledged that various professionals in the community such as those working in educa‐
tion, health, and social service systems also serve a critical role as social mediators. As a collec‐
tive, they help to bridge the gap in knowledge between the broader cultural community and 
the autism community. Through their cultural mediation, the cultural broker helps to create 
an important inclusive social environment or space, one that which disabled individuals can 
practice, make progress and connect with the general population [34, 35].

In the field of education, cultural brokers may be teachers, instructional aides, school coun‐
selors, community members, after school program staff, students, siblings, school liaisons, 
and parent liaisons [34]. On the behalf of the student and family, within the educational set‐
ting, brokering activities may include, translation, assistance with navigating, interpreting the 
educational system, development of advocating skills, assistance with social skills, and poten‐
tial employment opportunities for the student and their family. In addition, cultural brokers 
might inform the school staff about the cultural practices of the student and their family, as 
well as how to successfully work within any differences [34]. Ultimately, use of a cultural 
broker in the educational process can help address barriers between the student, family and 
school, which is important as the previous literature outcomes emphasize the importance of 
a school home collaboration for student success.

Professionals serving as cultural brokers or intermediary can help to translate information 
between the autism community which include individuals with ASD and their families and 
the mainstream social cultural communities which they are part of. According to Lo [36], pro‐
fessionals can serve as cultural brokers who help to bridge, link, or mediate between groups 
or persons from different cultures. Cultural brokers work to reduce conflict, or bring about 
change by bridging or linking groups of culturally different individuals together [37]. This 
often involves rapport, trust, long‐term relationships, building of networks, and cultural 
labor, which can take considerable times and effort on the part of the clinician.

According to Jezewski and Sotnik [37], there are three stages of brokering process. The first 
stage involves identifying problem of a breakdown or conflict in the communication between 
the parties. Second, the intervening condition stage involves integrating culturally relevant 
factors in analyzing the problem, devising appropriate strategies, and evaluating outcomes. 
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During this stage, the intervention strategies are examined critically with respect to the 
potential explanations for the success or failure interventions. Here, cultural brokers might 
advocate for particular strategies, mediate between groups for greater understanding, help 
professionals and clients network to broader community, and help negotiate different views 
different parties may have. In the process, much work is devoted for professionals’ ability 
to establish trust and rapport and bonds with their clients. In the final stage, the interven‐
tion outcomes are evaluated and deemed to be successful or unsuccessful. An intervention is 
deemed successful when bonds are established between individuals from different cultures 
but unsuccessful when intervention continues to involve a breakdown in services.

5. Conclusion and future direction

Autism has become a global health concern, affecting individuals across diverse cultural pop‐
ulations. The effective treatment of autism, especially involving teaching of socially adaptive 
skills, needs to consider appropriate sociocultural contexts of their clients’ living environment 
[4]. Cultural values, beliefs, and practices which play key roles individuals’ conceptualization 
and choice for treatment of autism are not consistent across cultures, and it behooves thera‐
pists to be informed about cultural perspectives that are different than their own.

To develop culturally sensitive intervention programs for individuals with autism, it would 
be important for therapists to be aware of their own biases, as these biases related to treat‐
ment, cause, and diagnostic views may not be in agreement with how a family or their cul‐
ture conceptualizes the process [25]. Thus, it is recommended that regular validity checks are 
performed with the family and other stakeholders to ensure the proper representation of the 
family culture during intervention team meetings.

By taking the time to understand the needs of the clients and families in the context of their 
social cultural environment, therapists motivate greater family engagement in treatment ser‐
vices, compliance with treatment planning and recommendations, all of which contribute to 
better treatment outcomes. Together with the supports from cultural brokers from diverse 
fields of expertise in the community, socioculturally grounded intervention programs for 
individuals with autism can offer valuable opportunities to acquire skills that are more func‐
tionally adaptive to their cultural environment.
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Abstract

Current recommendations indicate that children and youth ages 5–17 should partici-
pate in 60 min and adults in 150 min of moderate-to-vigorous physical activity daily. 
Research suggests that physical activity levels of individuals with autism spectrum dis-
order (ASD) are lower than typically developing and developed peers. Despite evidence 
for PA decreasing negative behaviors and promoting positive behaviors, individuals 
with ASD may be less motivated and less likely to participate. Individuals with ASD 
may be more likely to be overweight or obese than their typically developing counter-
parts as a result of decreased activity levels. Conflicting findings regarding PA levels 
in individuals with ASD have been reported. Given mixed evidence, further inquiry 
is warranted. The present chapter provides a review of literature pertaining to PA in 
individuals with ASD. Four databases were searched. Predetermined search terms and 
inclusion/exclusion criteria were clearly outlined to identify relevant articles which 
were then critically appraised. This research provides a greater understanding of the 
status of PA participation of individuals with ASD.

Keywords: physical activity, autism spectrum disorder, exercise, recreation, leisure

1. Introduction

Numerous physical and mental health benefits have been attributed to regular participation 
in physical activity (PA) and limited sedentary behavior [1–3]. Nevertheless, global levels 
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of insufficient PA are reported, and physical inactivity levels are rising [4, 5]. The World 
Health Organization (WHO) [5] recommends that children and youth ages 5–17 should 
participate in 60 min and adults ages 18–64 should participate in 150 min of moderate-to-
vigorous PA (MVPA) daily. For individuals with autism spectrum disorder (ASD), recent 
reports indicate that the levels of PA are significantly lower than typically developing and 
developed peers [6].

The WHO estimates one person in 160 has an autism spectrum disorder [7]. A group of neu-
rodevelopmental disorders diagnosed in childhood and persisting throughout life, ASD 
is characterized by varying challenges with communication, social interaction, and repeti-
tive behaviors and movements [8]. Although not recognized as a formal diagnostic feature, 
sensorimotor impairments have also been identified as a cardinal feature of ASD [9, 10]. 
Furthermore, comorbid conditions typically manifest in individuals with ASD, including 
attention-deficit hyperactivity disorder (ADHD), anxiety disorders, and chronic sleeping 
problems [11–13].

The aforementioned difficulties and comorbid conditions combined have been shown to 
significantly impact the quality of life for individuals with ASD [14]. Despite evidence for 
PA decreasing negative behaviors and promoting positive behaviors [15], individuals with 
ASD may be less motivated and less likely to participate in PA [16]. As a result of decreased 
activity levels, individuals with ASD are more likely to be overweight or obese than their 
typically developing counterparts [6], thus leading to further health-related challenges. 
Notwithstanding the previous literature, conflicting findings regarding physical activity in 
individuals with ASD have also been reported. In one recent example, Corvey et al. [17] iden-
tified no relationships between ASD and overweight or physical activity after controlling for 
comorbidities and medications. Tyler et al. [18] found that, despite being less active than their 
typically developing peers, children with ASD did meet physical activity guidelines set out by 
the US Department of Health and Human Services (i.e., 60 min of moderate-to-vigorous PA/
day). Clearly, further inquiry is warranted.

The present chapter provides a review of literature pertaining to physical activity in individu-
als with ASD. Four research questions were assessed as follows: (1) What is the status of PA 
participation; (2) Does PA decrease negative behaviors and/or promote positive behaviors; 
(3) What facilitators and barriers exist; and (4) What PA intervention programs have demon-
strated effectiveness?

2. Methods

In July of 2016, a computerized search of four electronic databases (PubMed, PSYCHINFO, 
Web of Science, and EBSCOhost) was conducted. Two sets of key words were used in the 
search strategy to identify articles that included participants with ASD (Autism Spectrum 
Disorder, ASD, Autism, Autistic disorder, Pervasive Developmental Disorder Not Otherwise 
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Specified, Asperger’s syndrome) and that included PA (physical activity, exercise, recreation, 
leisure, fitness, athletics, sport, and playing). Search terms were entered based on specific 
format requirements of each database.

Inclusion and exclusion criteria were as follows: Articles must have been available in English 
and published within the last decade (i.e., 2006–2016). Only studies with quantitative designs 
were included. In the case of mixed designs, qualitative data are not presented in results. 
Participants (no age restrictions) must have been diagnosed with an ASD according to cur-
rent or previous iterations of diagnostic criteria. Due to the difference in classification, each 
article discussed in this review will utilize the terminology from each respective publica-
tion. Studies that included individuals with other disabilities and/or disorders were included 
only if individuals with ASD were separated as a subgroup for analyses and interpretation 
of results. Finally, a specific PA intervention, outcome, or predictor must have been present. 
Studies were excluded if PA was not separated from generally defined “play,” “leisure,” or 
“recreational activities.”

PA was defined in accordance with the WHO [5], Centers for Disease Control and Prevention 
(CDC) [19], and Compendium of Physical Activities [20]. The WHO [5] defines PA as “any 
bodily movement produced by skeletal muscles that requires energy expenditure” (p. 53). 
Similarly, the CDC [19] Glossary of Terms describes PA as “any bodily movement produced 
by the contraction of skeletal muscle that increases energy expenditure above a basal level” 
(p. 1). After consulting the Compendium of Physical Activities [20], the definition of PA was 
narrowed for the purpose of the current review. As such, the definition of PA was concur-
rent with the CDC [19] and the definition of health-enhancing PA described as “activity that, 
when added to baseline activity, produces health benefits. Brisk walking, jumping rope, danc-
ing, playing tennis or soccer, lifting weights, climbing on playground equipment at recess, 
and doing yoga are all examples of health-enhancing physical activity” (p. 1). Studies were 
excluded if the PA did not fit this definition.

Figure 1 depicts a summary of the phases of the review process. The initial search produced 
1823 articles. Titles were screened to remove irrelevant articles and duplicates. The first 
two authors subsequently appraised abstracts. Finally, full texts were assessed based on 
the specific inclusion and exclusion criteria outlined previously. A total of 69 articles were 
included in the final review. Articles were sorted into five categories: (1) levels of PA (n = 
10); (2) predictors related to PA (n = 4); (3) PA related to other outcome variables (n = 4): (4) 
PA interventions leading to changes in other outcome variables (n = 30); and (5) interven-
tions that lead to changes in PA (n = 5). Categories 1 (levels of PA) and 2 (predictors related 
to PA) were combined in consideration of articles that assessed both variables (n = 16 for 
a total n = 30). Each article was critically analyzed based on the following components: 
descriptive information, research methodology, participant characteristics, physical activ-
ity measures and/or intervention, outcome measures, and overall findings. Findings were 
then synthesized.
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3. Results

3.1. Levels of PA and predictors related to PA

Thirty cross-sectional studies (see Table 1) that assessed levels of PA (n = 10) [18, 21–28], 
predictors related to PA, (n = 4) [6, 30–32], or both (n = 16) [16, 17, 33–46] were obtained. 
Accelerometers were implemented as a primary measure in 59% of studies [16, 18, 21, 24–29, 
33, 34, 37, 40, 42–44] and greater than half of studies were published in the USA (n = 15) [6, 17, 
18, 21, 23, 24, 27, 31–33, 35, 39–41, 54] or Taiwan (n = 8) [16, 25, 26, 28, 29, 42–44]. Twenty-one 
articles included more male than female participants [6, 17, 18, 21–27, 30–35, 37–41, 45, 46], 
and seven studies included only male participants [16, 28, 29, 30 42–44]. Participants ranged 
in age from 3 to 21 years of age. Taken together, findings revealed lower levels of PA in indi-
viduals with ASD when compared directly to their typically developing peers [16, 18, 22, 
23, 26, 28, 33, 36, 43, 44, 46], previous reports of typically developing children and/or CDC 
requirements [21, 27, 29, 38]; however, other studies reported no difference. More specifically, 
Boddy et al. [34] identified similar PA levels, albeit few children were active enough to meet 
recommended guidelines. Macdonald et al. [24] identified no difference when controlling for 
intelligence quotient, severity, and gender. Similarly, Corvey et al. [17] found no association 
between ASD and PA, although children with more severe symptoms were more sedentary. 
Pan et al. [43] revealed no difference in PA levels; however, children with ASD accumulated 
fewer steps per minute. Predictors related to PA included age, sex, family structure, SES, and 
the number and types of barriers and facilitators. For example, PA was greater in males than 
females [7] and decreased as a function of increasing age [21, 24, 27, 29, 33, 37, 38, 41].

3.2. PA related to other outcome variables

Four studies [47–49] were included (see Table 2), 75% of which were conducted in the USA 
[47, 48, 59]. Three studies included more male participants than females [47, 49, 50]. One 
study included participants between the ages of 4 and 6 years of age [49], whereas the remain-
ing studies assessed 9- to 17-year-olds [47, 48, 50]. Studies were cross-sectional in nature, 
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 assessing the relationship between PA and sleep (n = 2), [49, 50] parent-child functioning (n = 1) 
[48], TV viewing frequency (n = 1 [48], weight status (n = 1) [47], and child behavior (n = 1) [49]. 
Findings revealed that: (1) PA is related to sleep [49, 50]; (2) with an increase in parent-child 
functioning, there is an increase in PA [48]; and (3) overweight/obesity is not related to days 
of engaging in vigorous PA for children with ASD [47].

3.3. PA interventions leading to change in other outcome variables

Thirty studies [51–80] (see Table 3) were included, where over half (n = 16) were published 
in the USA. Only five articles included individuals over the age of 18 [51, 61, 62, 66, 74]. 
Eighty percent of the studies were comprised of over half, or all male participants [51, 53, 54, 
56–62, 64, 65, 67, 69–75, 77–80]. Nineteen studies used repeated measures designs observing 
effects pre- and post-intervention [52–56, 58, 60, 61, 64–68, 71–74, 78, 79]. PA interventions 
most commonly included swimming/aquatic exercise (n = 5) [57, 71–72, 77, 80] and general 
exercise programs (n = 8, for example, aerobic and weight-bearing exercise, physical educa-
tion, and recreational programs) [55, 58–59, 61–62, 65–66, 78]. Examples of outcomes included 
as follows: autistic behaviors and stereotypy [e.g., 53, 65], executive function [51, 73], motor 
skills [55, 73, 80], sleep [55], anxiety [61, 79] communication/social skills [e.g., 54, 67], exercise 
specific skills [e.g., 57, 63], and physical fitness [65, 71], where 53.3% of the articles assessed 
multiple outcomes [51, 55–58, 61, 64, 65, 68, 71–74, 76, 79, 80]. Of the fifty total outcome mea-
sures, improvement (n = 41; indicated by †† in Table 3), or null effects (n = 9; indicated by † in 
Table 3) following the PA interventions were reported. Taken together, there is no evidence 
to suggest that PA interventions have negative effects, nor is there evidence to show one PA 
intervention is superior to others, likely attributed in part to the multiple outcome measures.

3.4. Interventions that lead to changes in PA

Five studies [81–85] were included (see Table 4), of which varying interventions influenced 
PA. Repeated measures (n = 3) [81, 82, 84] and multiple-baseline (n = 2) [83, 85] designs were 
used to investigate outcomes pre- and post-intervention. Of these studies, 80% were published 
in North America (Canada, n = 2; [84, 85] USA, n = 2; [82, 83]). Interventions were mainly PA 
based (n = 4) [81, 83–85] and included walking, jogging, snowshoeing, and cycling. One study 
investigated a motor skills intervention. All participant groups included over 50% males, and 
only two articles included participants over the age of 18 [83, 84]. Four studies [81, 83–85] 
found an increase in participation and overall levels of PA, whereas one study, focusing on a 
motor skills intervention, found no difference in PA levels [82]. Together, findings revealed 
PA and/or health interventions can influence sustained PA levels post-intervention; however, 
there is insufficient evidence to conclude whether interventions that are not PA-based influ-
ence PA levels.

4. Discussion

Taken together, findings revealed lower levels of PA in individuals with ASD [16, 18, 22–23, 
26–28, 33, 36, 38, 43, 44, 46]; especially in male children [37, 38] and with increasing age [21, 
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24, 27, 29, 33, 37, 38, 44]. Nevertheless, studies that report no difference were also common 
[e.g., 17, 34]. Barriers to PA include, but are not limited to, finances, lack of resources and 
opportunities, poor motor skills, behavioral and learning problems, the need for supervision, 
family time constraints, lack of a partner, and lack of available transportation. Must et al. [39] 
reported a positive relationship between age and the total number of barriers. Furthermore, 
the number of barriers was inversely related to the number of PA hours and total number 
and types of activities per year. Facilitators to PA included good equipment and community 
programs.

There was evidence that PA interventions can improve certain outcome measures, such as 
communication, balance, and fitness levels [e.g., 54, 56, 71]; however, it is also important to 
note that others observed no effect [e.g., 62, 70]. Importantly, there was no evidence to sug-
gest that PA interventions cause negative effects. Interventions that aimed to address levels of 
PA specifically found that PA interventions lead to increased PA levels, while one motor skill 
intervention [82] was not effective. Overall, no one intervention was suggested as optimal for 
decreasing negative and/or promoting positive behaviors.

Common limitations included small sample sizes with little ethnic and socioeconomic diver-
sity that limited generalizability and underpowered analyses. Unequal sex distributions 
were repeatedly observed, as many participant groups were comprised of mainly males. It 
is important to consider that this may be a result of the intrinsic property of ASD being five 
times more prevalent in males than in females (CDC, 2014). Assessments of PA levels were 
limited, in some cases by parent-report assessments, where more objective assessments (i.e., 
accelerometer data) were limited by compliance, and the inability of the tool to assess all 
PAs (e.g., water activities). With respect to interventions, short durations were commonly 
reported. Furthermore, studies investigating a change in PA as the outcome variable were 
limited. Finally, most studies included children that were high functioning on the spectrum. 
Methodologically this review was limited to four search engines, and papers published within 
the last decade. Unpublished studies and studies published in languages other than English 
were not included. The quality of the studies was also not evaluated. These may have biased 
the results.

Future research of PA interventions should investigate the legitimacy and benefits of spe-
cific PA interventions, which may help determine the effects of distinct outcome measures. 
Furthermore, research on interventions leading to a change in PA should investigate non-PA 
interventions in the future to determine the plausibility of changing PA levels through other 
intervention methods (i.e., motor skill interventions). In addition, it would be beneficial to 
investigate the long-term changes in PA following these interventions to determine whether 
this effect is sustained over time. Overall, research investigating physical activity for indi-
viduals with ASD should be explored with larger sample sizes, over longer time periods and 
across the spectrum. This would provide more comprehensive information on the pros and 
cons of physical activity for this vulnerable population.
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Appendix A

Abbreviations included in the tables

Word/Phrase Abbreviation
Adapted Recreational Physical Activity ARPA
Asperger’s Syndrome Assisted Cycling Therapy AS ACT
Attention Deficit/Hyperactivity Disorder ADHD
Autism A
Autism Spectrum Disorder ASD
Behavioral Observation of Students in Schools BOSS
Body Mass Index DMI
Bone Mineral Density BMD
Brockport Physical Fitness Test BPFT
Bruininks-Oseretsky Test of Motor Proficiency Second Edition BOT-2
Calcium Ca
Child Behavior Checklist  CBCL
Child/Adolescent Activity Log CAAL
Children’s Activity Rating Scale CARS
Children’s Sleep Habits Questionnaire  CSHQ
Computer-Based Fitness Schedule Constant Time Delay CBFS CTD
Counts Per Minute CPM
Dance Dance Revolution DDR
Day d
Developmental Delay DD
Down Syndrome DS
Dual-Energy X-ray Absorptiometry DXA
Energy Expenditure EE
Gilliam Autism Rating Scale-Second Edition GARS-2
Great Outcomes for Kids Impacted by Severe Developmental Disabilities GO4KIDDS
Heart Rate HR
High Functioning Autism HFA
High Functioning Autism Spectrum Disorder Home-Support Consultation HFASD HSC
Humpfries Assessment of Aquatic Readiness HAAR
Intellectual Disability ID
KorperkoordinationstestfurKinder KTK
Light Physical Activity LPA
Light to Moderate to Vigorous Physical Activity LMVPA
Mean M
Metabolic Equivalent MET
Minute min
Moderate Physical Activity MPA
Moderate to Vigorous Physical Activity MVPA
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Motivation in Physical Education Scale MPES
Movement Assessment Battery for Children Second Edition MABC-2
National Survey of Children’s Health NSCH
Neurotypical NT
Observational System for Recording Physical Activity of Children-Preschool OSRAC-P
Progressive Aerobic Cardiovascular Endurance Run PACER
Pediatric Quality of Life Inventory PedsQL
Pervasive Developmental Disorder – Not Otherwise Specified PDD-NOS
Physical Activity PA
Physical Activity Heart Rate PAHR
Physical Activity Research Questionnaire PARQ
Physical Education PE
Playground Observation of Peer Engagement POPE
Salivary Alpha-Amylase sAA
School Social Behavior Scales SSBS-2
Six-minute Walk Test 6MWT
Social Communication Questionnaire SCQ
Social Economic Status SES
Social Responsiveness Scale SRS
Special Healthcare Need SHCN
Standard Deviation SD
Steps Per Day SPD
Steps Per Minute SPM
System for Observing Children’s Activity and Relationships During Play SOCARP
Television Td
Treatment Acceptability Rating Form Revised TAR-F
Typically Developing TD
United States of America USA
Vigorous Physical Activity VPA
Very Vigorous Physical Activity Voluntary Cycling VVPA VC
Wake after sleep onset WASO
Water Exercise Swimming Program WESP
Weshsler Abbreviated Scale of Intelligence WASI
Wisconsin Card Sorting Test WCST
Without Disability WD
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