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E D I T O R ’ S  N O T E

К О Л О Н К А  Г Л А В Н О Г О  Р Е Д А К Т О Р А

Dear Readers,
Since 2013, Center on the Challenges of Autism: education, re-

search, assistance, protection of rights with the participation of inter-
national experts in the field of support to people with autism spectrum 
disorders annually organizes the International Conference Autism. 
Challenges and Solutions. Stephen Edelson (USA), Executive Direc-
tor of the Autism Research Institute, is the permanent co-chairman 
of the conference committee. In 2018, both the Center on the Chal-
lenges of Autism» and the editorial board of the Journal «Autism and 
Developmental Disorders» (Russia), which is pu blished by the Fed-
eral Resource Center for Organization of Comprehensive Support to 
Children with ASD of MSUPE, mutually decided to cooperate in the 
context of publication of thematic journal issues. In 2019—2020, the 
Autism Research Institute became a partner of this initiative. Stephen 
Edelson took over as the guest thematic science editor. The result of 
this work is the current issue of the Journal.

MSUPE and the editorial staff of the Journal «Autism and De-
velopmental Disorders» (Russia) highly appreciate the partnership with the Center on the Challenges 
of Autism and the Autism Research Institute and express deep gratitude to Ekaterina Men and Stephen 
Edelson for their personal contribution to the development of present issue of the Journal. This issue 
collected scientific materials from various fields of autism research — neurobiology, autism treatment, 
ASD in adults.

The editorial express special gratitude to the Temple Grandin, professor of the University of Colorado, 
who “opened the doors” of perception of the changes that have occurred in the world during the pandemic 
by a person with autism. An interview with professor Grandin highlighted issues related to the difficulties 
faced by a person with autism in connection with the current changes, and what are the ways to overcome 
such difficulties.

The well-coordinated teamwork of the people who took part in the preparation of the present issue, 
colored with positive emotions and satisfaction from professional cooperation, is of particular value for the 
editorial of the Journal.

The editorial board expresses readiness for further cooperation with the Autism Research Institute and 
the Center on the Challenges of Autism in order to integrate the experience of the Russian and internation-
al scientific community in the field of autism-related research and the support to individuals with ASD.

The editorial also thank the expert reviewers and consultants whose comments, providing valuable 
feedback to authors and editors, have led to improvements in the articles published in this issue.

A.V. Khaustov
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G U E S T  E D I T O R  N O T E

К О Л О Н К А  Т Е М А Т И Ч Е С К О Г О  Р Е Д А К Т О Р А

Dear Readers,
This special issue highlights several of the lectures presented at the 

7th annual “Autism. Challenges and Solutions” conference in Moscow, 
Russia. In previous years, well-established researchers and clinicians 
worldwide had an opportunity to share their expertise with individu-
als on the autism spectrum, their family members, and professionals 
throughout Eastern Europe. Due to the rapid spread of the COVID-19 
virus, this year’s conference was held online over a one-month period.

Today there are numerous challenges in the autism community and 
relatively few evidence-based solutions or treatments. Research is par-
amount to finding solutions. In addition to the importance of research, 
these solutions need to be accessible and affordable to all individuals 
on the autism spectrum — and not just some.

We all want the very best for those on the autism spectrum, and 
peer-reviewed research studies provide a channel for real solutions. 
With the publication of original studies along with replication by in-
dependent research teams, solutions should be available in clinical, 
therapeutic, and educational settings. However, there is usually a con-
siderable delay between published findings and their real world appli-

cation. A greater awareness of research on effective treatments is necessary to expedite implementation of 
appropriate treatments.

Russian scientists are well-respected throughout the world, and the journal of Autism and Develop-
mental Disorders — Russia (ADD-R) has followed the tradition of publishing quality studies for 18 years. 
Researchers throughout the world are welcome to submit their research studies to ADD-R.

Finally, we would like to dedicate this issue to Ekaterina Men who founded and directs the efforts of 
Autism. Challenges and Solutions. Her tireless dedication, hard work, and perseverance have made, and con-
tinues to make, a significant impact in Russian and other eastern European autism communities.

S.M. Edelson
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C O M P R E H E N S I V E  S U P P O R T  M O D E L S

М О Д Е Л И  О Р Г А Н И З А Ц И И  К О М П Л Е К С Н О Й  П О М О Щ И

Employment in Autism: Reflections on the Literature 
and Steps for Moving Forward

David B. Nicholas
University of Calgary, Edmonton, Canada,

ORCID: https://orcid.org/0000-0003-4480-322X, e-mail: nicholas@ucalgary.ca

Reflecting an address given at the Autism Challenges and Solutions International Conference in Moscow in April 
2019, this paper reviews selected studies within the author’s program of research as well as selected literature ad-
dressing pathways to employment for adults with autism. A range of employment support programs are considered, 
representing promising approaches. Attention is given to environmental elements that appear to have a bearing on 
individual employment experience and outcomes. These elements point to a person in environment approach which 
is increasingly supported by emerging evidence. This approach is conveyed as the employment ecosystem, with con-
stituent elements that include the individual (employee or potential employee), family, employer, co-workers, work 
setting, community services, and embedded labor, health and disability policy. These various components of the eco-
system offer relevance in terms of understanding employment options and experiences of autistic adults. Recommen-
dations for advancing this field are offered.

Keywords: autism spectrum, autistic, employment, quality of life, ecosystem.

Funding. Funding is gratefully acknowledged from Autism Speaks, Social Sciences and Humanities Council of Canada, and the 
Sinneave Family Foundation.

For citation: Nicholas D.B. Activity Employment in Autism: Reflections on the Literature and Steps for Moving Forward. Autizm 
i narusheniya razvitiya = Autism and Developmental Disorders, 2020. Vol. 18, no. 3, pp. 5—11. DOI: https://doi.org/10.17759/
autdd.2020180101 (In Russ.).

Трудоустройство людей с РАС. 
Анализ исследований и шаги для дальнейшего развития

Николас Д.
Университет Калгари, Эдмонтон, Канада,

ORCID: https://orcid.org/0000-0003-4480-322X, e-mail: nicholas@ucalgary.ca

Эта статья написана по итогам VII Международной научно-практической конференции «Аутизм. Вызовы и 
решения» (Москва, апрель 2019 г.). В ней представлен обзор некоторых работ в рамках исследовательской 
программы автора, а также избранные обзорные статьи, посвященные созданию возможностей для трудоу-
стройства взрослых с расстройствами аутистического спектра (РАС). Рассмотрен ряд программ с перспек-
тивными подходами по повышению занятости людей с ограниченными возможностями. Особое внимание 
уделяется элементам окружающей среды, оказывающим влияние на полученный опыт и достигнутый ре-
зультат трудоустройства. Элементы указывают на использование подхода на основе учета интересов чело-
века в окружающей среде, эффективность которого все чаще подтверждается новыми данными. Этот подход 
выражается в экосистеме занятости, компонентами которой являются сам человек (работник или потенци-
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Reflecting a presentation offered at the Autism 
Challenges and Solutions International Confer-

ence in Moscow on April 8, 2019, this paper reviews 
selected research addressing employment experi-
ences and outcomes for adults with autism. Promis-
ing support interventions in the field are considered, 
with employment being positioned as reflective of 
an array of contributing elements within the broad-
er community and system at large.

Background

Several recent systematic reviews have examined 
employment programs and interventions for adults 
with autism. Taylor et al. [17] examined vocational 
interventions for individuals with autism aged 13 to 
30 years, and found only a few studies, with the au-
thors noting them as being poor quality. A synthe-
sis review by Nicholas et al. [8] also found a limited 
number of studies and concerns over methodologi-
cal quality, but noted the literature addressing sup-
ported employment in community settings appeared 
promising. A subsequent systematic review by Hed-
ley et al. [3] on employment programs for adults with 
ASD also raised concerns with study quality, with 
studies generally reporting positive outcomes.

Despite this emerging evidence demonstrat-
ing means to support employment in the autistic 
population, there continues to be overall low em-
ployment rates and reported dissatisfaction about 
employment prospects among autistic individuals 
themselves [9]. As an example, the Canadian em-
ployment rate for adults with autism is unaccept-
ably low at only 14.3% for individuals over 15 years 
of age [19]. Of further concern, those who are em-
ployed are often engaged in short-term and low-
paying jobs, and some may not find their work to be 
meaningful or satisfying [7; 12; 16].

In seeking improved employment prospects, a 
recent roundtable discussion consisting of expert 
stakeholders in the autism employment field [11], ad-
dressed proposed steps forward. Discussants recom-
mended a strengths-based approach to employment 
support by acknowledging what each autistic indi-
vidual offers, and their preferences, goals, and sup-
port needs to reach their potential-all while aiming to 
change the environment to nurture employment suc-
cess. Suggested aims were the development of inclu-
sive communities and workplaces, and recognition of 
how employment connects to the individual’s life and 
wellbeing, and the importance of developing careers 
as opposed to focusing merely on job acquisition [11].

Khayatzadeh-Mahani et al. [6] reported simi-
lar findings, noting barriers for autistic individu-
als such as not being exposed to work as early as 
their peers, a lack of employer knowledge about 
autism, stigma, insufficient capacity, and non-
helpful workplace policy. Recommendations in-
cluded the alleviation of potential disincentives 
to work, increased employment opportunities, and 
more employment education in high school. Of top 
priority among participants, Khayatzedeh-Mahani 
and colleagues [6] identified the need to address, 
“employers’ knowledge, capacity, attitudes, and 
management practices” [6, p. 4]. The authors rec-
ommended employer training aimed at building 
knowledge around inclusion, with a suggestion to 
commence this training in school, which could also 
have a broader societal impact.

Nicholas and Klag [12] called for shifts in the fo-
cus of employment supports and related policy. They 
noted that many support programs focus on obtain-
ing employment as a sign of success, which often 
includes shorter term employment. Despite initial 
positive outcomes, this can potentially lead to future 
concerns such as a potential cycle of short-term em-
ployment that may be seen as less desirable by future 

альный работник), его семья, работодатель, коллеги, рабочая обстановка, социальные службы и политика в 
отношении труда, здоровья и инвалидности. Для понимания вариантов трудоустройства и соответствующе-
го опыта взрослых с РАС имеют значение все компоненты экосистемы. В работе предложены рекомендации 
для развития данной сферы.

Ключевые слова: аутистический спектр, аутичный, трудоустройство, качество жизни, экосистема. 

Финансирование. Автор благодарит за финансовую поддержку организации Autism Speaks, Канадскому совету по со-
циальным и гуманитарным наукам, Канадскому институту исследований в области здравоохранения и фонду Sinneave 
Family Foundation.

Для цитаты: Николас Д. Трудоустройство людей с РАС. Анализ исследований и шаги для дальнейшего развития // Аутизм 
и нарушения развития. 2020. Том 18. № 3. C. 5—11. DOI: https://doi.org/10.17759/ autdd.2020180301 (In Russ.).
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employers [12]. Furthermore, this cycle of on-and-
off-again employment can leave gaps in an indi-
vidual’s income. Seeking longer-term employment is 
suggested, including sculpting jobs to an individual’s 
strengths and interests, engaging employers and co-
workers in employment support, and an earlier in-
troduction to employment opportunities. Nicholas 
and Klag further suggested that services need to of-
fer greater focus on building individual capacity in 
soft skills (e.g., social reciprocity), and be sufficient 
enough to alleviate reliance on family members who 
currently may feel compelled to provide employ-
ment-related support due to a lack of services. Fi-
nally, a more holistic view of employment is invited, 
with the ultimate goal of attaining a ‘good life’ in 
terms meaningful to the autistic individual [12].

In qualitative interviews with young adults 
with autism and their parents, the importance of 
addressing family involvement along with other 
intersecting systems such as schools, service pro-
viders, and employers was raised by participants 
[1]. Anderson et al. [1] found that, “many barriers 
to employment had less to do with a young adult’s 
characteristics and more to do with larger sys-
tems and external realities, including prejudice, 
organizational inflexibility (‘we do not just hire 
for little niches’), and lack of services” [1, p. 11], 
including a need to examine young people’s expe-
riences in high school and how these experiences 
could be improved.

Despite advances in employment opportuni-
ties and support for people with autism, gaps and 
challenges exist in this field, and high unemploy-
ment rates remain. This paper documents promis-
ing developments in the literature, and highlights a 
broader ecosystem approach. Specific aims of the pa-
per are to: 1) explore selected employment support 
initiatives, and 2) examine the emerging ecosystem 
perspective within employment in autism. Below is 
a review of selected literature, along with research 
reflections related to employment among youth 
and adults with autism. We seek to amplify core 
elements of employment and employment support 
that may increase the likelihood of autistic adults 
finding and maintaining employment.

What is the Employment Ecosystem?
An Analogy for Navigating Employment

An ecosystem is defined as “a biological system 
composed of all the organisms found in a particu-

lar physical environment, interacting with it and 
with each other” [2]. In our program of research, 
participants have conveyed employment some-
what akin to a walking path on a steep ascending 
slope that is overgrown with encroaching foliage 
as well as bumps and crevices on the pathway. At 
one point long ago before its metaphorical and 
hypothetical development, there presumably was 
no path; rather, it was created through mutual ef-
fort on the part of many over time — by intention, 
design and toil which cumulatively opened space 
to traverse the challenging terrain. Yet the path, 
as constructed in this analogy, may be less than 
ideal; even largely impassable hence, potentially 
unfunctional.

Extending this image to the real and often 
arduous uphill journey to employment access 
and sustainability, autistic adults in our re-
search have often conveyed the path to employ-
ment as daunting and anxiety-producing. For 
too many adults, the path is hewn with barriers 
akin to large rocks, deep crevasses and bumps 
that can render it impassable, with meaningful 
work seemingly unattainable. Un- or under-
employment is borne out by population-based 
statistics internationally. Our pressing task, as 
advocates, employers, service providers and re-
searchers, is to innovate ways to overcome and 
decrease barriers on the path to and within em-
ployment.

Accentuating the urgency for rapid advance-
ment in employment access for autistic adults, 
the first-hand experiences of autistic adults, their 
family members and service providers in Canada 
were collated and reported elsewhere [9]. In that 
study, participants conveyed the need for further 
resources and service shifts related to greater em-
ployment access and integration in their commu-
nity, including the need for ancillary resources 
(e.g., transportation, mental health support, hous-
ing). Our research to date, as well as that of oth-
ers in the field, has identified similar needs for 
enhanced employment-based service to autistic 
youth and adults along with additional elements 
such as community and workplace supports — all 
integral for sustained employment success. Be-
low are some examples of promising employment 
support initiatives reported in the literature and 
discussed in the Moscow session, followed by a 
reflection on broader community factors that cu-
mulatively may advance employment options for 
adults with autism.
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Promising Employment 
Support Programming

As reported and reviewed by others [3; 10], we 
briefly reflect on international examples described 
in the literature; two programs from the United 
States, one program from the United Kingdom, 
and one program from Canada:

Based in the United States, the TEACCH Pro-
gram® offers training and job coaching in the envi-
ronment in which employment is occurring. Over 
a period of approximately 10 years, over 100 indi-
viduals were served, with 96 placed in jobs and an 
89% job retention rate [5].

Project SEARCH® is an internship program for 
youth in the final year of high school that offers a 
range of supports including environmental support. 
It has been offered at multiple sites in North Amer-
ica. Eighty-eight percent of the youth evaluated in 
these reviews went on to competitive employment 
versus 6% of youth who received basic services ac-
cording to a more standard education plan called an 
Individualized Education Plan [13; 18].

Based on an early report from the United King-
dom in 2005, the National Autistic Society (NAS) 
Prospects Program reflects a supported employ-
ment service model. A 68% success rate was report-
ed, through job placement in 192 jobs over an 8-year 
period, along with employer capacity building [4].

An integrated support approach was implemented 
by a Canadian program entitled, EmploymentWorks 
(EW), an employment support resource aimed at 
improving job readiness for individuals with autism, 
while also supporting the capacity of employers and 
communities [10]. Positive program outcomes in-
cluded individual skill development, capacity build-
ing among employers, and bolstered engagement and 
receptiveness of coworkers. Autistic individuals and 
their coworkers/employers were engaged together 
in onsite experiences and mutual learning, and these 
relationships were reported to be pivotal to capacity 
building. Engagement of employers in the program 
reportedly led to shifts in thinking, and provided the 
space to confront preconceived negative notions and 
stereotypes, which led to increased intention to hire 
autistic individuals [10].

Cumulatively, the reported outcomes of the var-
ious initiatives across world regions demonstrate 
that working with individuals and colleagues in the 
aim of supporting employment appears promising, 
although in some cases, more robust evaluation is 
advised [3; 8; 17].

Seaman and Cannella-Malone [14] reviewed 
vocational skills-based interventions that offer 
employment-related skills that enable individuals 
with autism to become more ready for employment. 
They described 3  groups or types of intervention. 
The first group was focused on pre-employment ser-
vices (all 3 interventions were based at universities, 
and not at workplaces). The second reviewed group 
of 14 studies consisted of programs that supported 
capacity in completing tasks of work, and of these, 
13 studies used technology such as handheld devices 
that electronically cued or reminded the individual 
about aspects for success in the workplace. Of these 
studies, 7 studies were based at universities/schools 
while 7 were in workplaces. The third group in Sea-
man and Cannella-Malone’s [14] review consisted 
of 4 studies that focused on job retention, with sev-
eral using technology applications. An important 
distinctive feature of this work is its focus not only 
on finding a job, but also keeping a job.

Gaps in employment support based on this re-
view were noted [14]. Specifically, there was an 
identified lack of pre-employment skill develop-
ment (e.g., core skills, resume writing, interviewing, 
occupational focus, motivation) and fewer resourc-
es that support job retention. A challenge for many 
people with autism that warrants greater support 
in service delivery was reported as the navigation 
of social interaction such as social reciprocity and 
engaging in dialogue [14]; indeed, requisite skills in 
many jobs.

In summary, we are learning  from emerging 
studies and secondary reviews of the literature, that 
acquiring the skills for success in the workplace for 
some with autism requires a range of supports and 
other structures. Time to try varying jobs and work-
place experiences may allow greater opportunity 
to consider what types of employment or employ-
ment sectors and fields, best suit and appeal to the 
individual. This collective work cautions against 
individuals being slotted into a particular job; and 
rather, supports an approach of methodically plan-
ning and sculpting jobs based on who the individual 
is and in what role and setting they may vocation-
ally thrive.

While substantial gains have been made in 
the last decade, there seemingly is a long way to 
go. Attaining substantial and sustained gains in 
employment rates for this population will likely 
not only require the work of employment support 
personnel, but also a range of mutually supportive 
ecosystem components applying collective effort. 
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Dr. Paul Shattuck and Anne Roux [15] astutely 
argued, “Unemployment is not just an individual 
predicament, it is a social problem. Social prob-
lems cannot be solved entirely through a focus on 
modifying individual behaviors and abilities, al-
though this is certainly an important pursuit. We 
also need to examine the social environment and 
the impact of interventions targeting a commu-
nity or policy level” [15, p. 246].

As conveyed in this literature, proactive action 
at individual, employer, community and societal 
levels is invited. If parts of the whole are lacking, 
it is suspected that the path to sustained and gen-
erative employment may be that much more chal-
lenging — just as the rocks and debris on the meta-
phoric ascending pathway can block and impede 
steps forward.

Stakeholders on the Path to Employment

As illustrated in figure, the employment eco-
system has increasingly been identified in recent 
research [1; 6; 10]. It variably consists of the job 
seeker or employee as well as community resources, 
employment support assistants, employers, cowork-
ers, and informal supports including family mem-
bers and the community. Beyond these individual 

and community-level factors, the suite of education, 
labor and disability policy and societal values with-
in a jurisdiction, may foster or conversely impede 
a pro-employment, inclusive context. It seems that 
if we are to substantially increase job access and 
retention, we need to pay attention to the comple-
mentarity versus dissonance of needs relative to re-
sources within a given jurisdiction. As noted at the 
bottom of fig., elements of time and context (e.g., 
earlier exposure to employment options, economic 
conditions, geopolitical considerations, housing 
sufficiency and affordability) may impose facilita-
tive and/or impeding influencers that may have a 
bearing on employment prospects. As an example, at 
the time of the writing of this manuscript, the CO-
VID-19 pandemic had dramatically impacted coun-
tries around the world. Consequent closure of many 
workplaces and services, as well as requirements of 
social distancing and other pandemic-related re-
strictions, are vivid examples of a global contextual 
condition, with impacts on employment prospects 
and experiences for autistic individuals and others.

The layered and intersecting components of the 
employment ecosystem lead us to conclude that 
the achievement of employment is not just getting 
a job. Rather, it entails contributing factors such 
as people, services, systems and broader conditions 
that play a role in the achievement of sustained em-

Fig. The Ecosystem: Components Nurturing Employment
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ployment (or lack thereof). Adding to these com-
ponents, social and ancillary conditions associated 
with the Social Determinants of Health, such as 
poverty, transportation challenges, a lack of social 
support, and co-existing mental health or health is-
sues, may impede prospects of employment, thereby 
warranting concerted supportive strategies at indi-
vidual, community and population levels [12].

Some Considerations and Recommendations 
in Moving Forward

This research invites action at individual, com-
munity and societal levels. At the individual sup-
port level, sufficiency of resources for employment 
access and career planning as well as assistance 
in the workplace for autistic youth and adults are 
needed. Within the employment sector, training 
of employers and co-workers may heighten under-
standing and ultimately work opportunity for au-
tistic employees. Pro-diversity organizational and 
societal policy may need bolstering to ultimately 
achieve infrastructure supporting inclusive em-
ployment. Proactive policy and resources such as 
health and mental health coverage and services to 
encourage wellness and quality-of-work-life are 
important features of a sustained inclusive employ-
ment workforce.

Research Implications

Emerging from this review, greater engagement 
with autistic youth and adults seems warranted in 
better understanding their first-person needs and 
priorities for advancing inclusive employment, sup-
portive work environments and broad-based sys-
temic change. Examining autistic adults’ work and 
life journeys both in moving toward, and within, 
employment, importantly may amplify facilitative 
and impeding factors that ultimately can be proac-
tively calibrated in practice and program supports. 
We need to develop valid measures and methods for 
evaluating the various intersecting elements of the 
employment ecosystem. Granular analysis is further 
recommended, including sample distinctions across 
the autism phenotype (as well as potential co-exist-
ing conditions), employment/industry sectors, and 
support approaches/models.

Many potential research questions remain un-
answered. For instance, we need to better under-
stand specific mechanisms that advance outcomes, 
including how they may be linked with contextual 
elements such as region (e.g., locale, urban versus ru-
ral region), economic conditions, culture and policy 
structure. There is yet limited research that focuses 
on how employment supports and services moderate 
outcomes. In considering the impact of employment 
on well-being, potential questions for further inquiry 
emerge such as, ‘how do employment services affect 
employee identity, self-esteem and quality of life?’. It 
is anticipated (and hoped) that advancing this line of 
research may assist in supporting autistic individu-
als’ quality of life by determining if and if so, how em-
ployment and the range of possible supports therein, 
can enrich one’s life course.

Interventional and longitudinal studies are need-
ed that address employment support initiatives and 
trajectories across varying industry/employment 
sectors. Lastly, population-based impacts from the 
employment of autistic people are needed in deter-
mining economic and other societal outcomes (e.g., 
gross domestic product [GDP], population-level 
attitudes and values) which in turn, may heighten 
awareness and justify further proactive employ-
ment opportunity.

Conclusion

Research in this field suggests that meaning-
ful and long-term employment is an important aim, 
yet one that may be challenging, anxiety-producing 
and/or elusive for many adults with autism. Employ-
ment supports are recommended to be catalytic in 
seeking broad level inclusion of autistic individuals 
in employment and community at large via ecosys-
tem transformation. As we move forward, build-
ing partnerships amongst private and public sector 
stakeholders seems pivotal to sustainable change. 
Multi-level strategy development is invited in the 
aim of individual, workplace, community and soci-
etal capacity building. Advances over the last decade 
demonstrate that employment prospects can be im-
proved for adults with autism. However, formidable 
shifts are yet needed. Working together to improve 
employment possibilities emerges as an endeavor 
worthy of pursuit in the aim of advancing outcomes 
and quality of life for autistic adults. 
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The Organisation for Co-operation and Devel-
opment (OECD, 2010) [37], revealed that the 

average employment rate for persons with a dis-
ability is approximately 40%, compared to 75% for 
persons without a disability. People with Autism 
Spectrum Disorder (ASD) face some of the high-
est rates of underemployment and unemployment 
of all disability groups, with employment rates 
ranging from 14% in Canada to 32% in the United 
Kingdom [31; 35; 41]. In Australia, the estimated 
employment rate of people with ASD is 28% [11], 
although the requirements for being included in 
this statistic are low, and can include as little as 
working a few hours a week. This study explored 
the sustained impact of participating in a support-
ed employment program within the Information 
and Communications Technology (ICT) sector, 
through an examination of the relationship be-
tween well-being and quality of life on employees 
with ASD.

ASD is a neurodevelopmental disorder char-
acterized by persistent deficits in social commu-
nication and social interaction, restricted and 
repetitive patterns of behaviors, and hyper- or 

hyporeactivity to sensory input [9]. Symptoms 
typically appear in early childhood with much 
of the extant research focused on early detection 
and treatment. However, ASD is a lifelong disor-
der and individuals with ASD are a growing seg-
ment of the workforce; in the United States each 
year 50,000 individuals with ASD transition into 
adulthood [35]. Challenges and barriers that un-
derlie poor employment outcomes in ASD include 
difficulty navigating traditional recruitment and 
selection practices that often favor individuals 
with strong social skills [30; 33], and features of 
contemporary organizations including open-plan 
work environments, expectations that employees 
be effective in teams, and are flexible and adapt 
to change [12]. Individuals with ASD therefore 
often require specific supports to be successful at 
work [33; 35]. Without these supports, negative 
work experiences can lead to lower job satisfac-
tion [25] and shorter job tenure and uneven work 
history, further undermining job prospects and 
quality of life [6].

The World Health Organization [46] defines 
quality of life as “individuals’ perceptions of their 
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В представленном исследовании рассматривалась взаимосвязь между удовлетворенностью работой и ка-
чеством жизни трудоустроенных людей с расстройствами аутистического спектра (РАС). Участники ис-
следования — люди с РАС, задействованные в программе трудоустройства людей с ограниченными возмож-
ностями Dandelion DXC Technology. В рамках лонгитюдного исследования авторы оценивали, как участие 
в программе трудоустройства людей с ограниченными возможностями влияет на качество жизни и удов-
летворенность работой сотрудников с РАС. Качество жизни оценивалось в соответствии с Кратким опрос-
ником ВОЗ для оценки качества жизни (World Health Organisation Quality of Life Brief), а внутренняя и 
внешняя удовлетворенность работой оценивалась по сокращенной версии Миннесотского опросника удов-
летворенности (Minnesota Satisfaction Questionnaire (Short Form)). Результаты показали статистически не-
значимое (уровень значимости p = 0,01) изменение качества жизни и удовлетворенности работой в течение 
12 месяцев. Данные результаты в дальнейшем используются для улучшения программы по трудоустройству 
и поддержке сотрудников с РАС.

Ключевые слова: расстройства аутистического спектра, инвалидность, удовлетворенность работой, качество 
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position in life in the context of the culture and 
value systems in which they live and in relation to 
their goals, expectations, standards and concerns” 
[46, p. 6]. Thus, quality of life is a subjective evalu-
ation of well-being across several domains that is 
calibrated against the individual’s personal, cultur-
al and situational expectations. To the extent that 
employment is important to an individual, it should 
contribute to higher quality of life. Indeed, there is 
ample evidence to indicate that employment does 
improve well-being in myriad ways [44]. Individu-
als with ASD often report a strong desire to work 
[8], but as noted above they often face challenges 
to finding and maintaining employment, which may 
contribute to the lower quality of life reported in 
this population [43].

One job-specific indicator of well-being is job sat-
isfaction [44], which refers to a positive evaluation 
of a job or its characteristics [28]. Job satisfaction 
predicts a range of positive outcomes including im-
proved work performance, lower absenteeism, and 
lower turnover [25]. Prior research on job satisfac-
tion among individuals with disabilities is relatively 
sparse. Employees with disabilities may report high 
job satisfaction when the organizational culture is 
responsive and fair [36], and when employees with 
disabilities have workplace support and flexibility 
[2]. The limited research on job satisfaction among 
individuals with ASD suggests that job satisfaction 
may be high when starting work, but may decline 
over time if jobs are not stimulating [22]. Given the 
relative paucity of research examining employment 
among individuals with ASD, and employment’s 
relationship to quality of life and job satisfaction 
for these individuals, the purpose of this research 
is to examine the relationship between job satisfac-
tion and quality of life of individuals with ASD em-
ployed in a supported work program.

Supporting meaningful employment

Supported employment programs can help to 
ensure individuals with intellectual disabilities 
or other conditions, such as mental illness or 
ASD, participate fully in the work environment 
[7]. Support can ensure that the nature of the job 
does not disadvantage the person with a disabil-
ity [39]. Although individuals with ASD present 
with specific deficits associated with their diag-
nosis, at the same time, many individuals also 
exhibit atypical or high intellectual ability [16], 

or specific skills and interests that make them 
well suited to certain occupations and roles [12]. 
Individuals with ASD also tend to be reliable, 
trustworthy and conscientious employees, often 
completing work to a high standard [15; 22; 26]. 
Thus, both organizations and individuals with 
ASD would benefit from employing and support-
ing individuals with ASD [5]. However, there is a 
lack of empirical research regarding employment 
supports for adults with ASD [19].

The present research included people with 
ASD employed within the DXC Technology Dan-
delion Program, which is a supported employment 
program for individuals with ASD within Austra-
lia. The Dandelion Program is intended to fill a 
skills gap—there is a significant worldwide skills 
gap within the ICT field [10] — while simultane-
ously providing individuals with ASD a pathway 
to meaningful employment. Some individuals with 
ASD have skills and interests, such as extraordi-
nary memory, concentration and pattern recog-
nition, which are ideal for certain ICT roles [12]. 
Thus, the program seeks to leverage the skill and 
interest profile of individuals with ASD to meet 
this business need, provides significant workplace 
supports to accommodate the diverse needs of in-
dividuals with ASD, and aims to prepare them for 
longer-term employment.

In the Dandelion Program trainees with ASD 
are employed in areas including software testing, 
data analytics, cybersecurity, and records man-
agement. DXC Technology have made significant 
changes to the organizational context [39] to sup-
port employees with ASD, such as revising human 
resource protocols. For example, the recruitment 
and selection process has a reduced focus on candi-
dates’ past experience and interpersonal skills and 
instead focuses on the candidates’ ability to demon-
strate specific skills and to work together. Individu-
als work in teams of 10 to 14; each team is supported 
by specially trained staff and work alongside other 
ICT professionals.

The lack of suitable employment is a likely bar-
rier to quality of life among adults with ASD [21; 
34]. The little research that has directly addressed 
this issue suggests that supported employment may 
improve quality of life. Garcia-Villamisar, Wehm-
an, Wehman and Navarra [13] found that individu-
als with ASD in supported employment showed 
an increase in quality of life over a 5-year period. 
However, this study has been critiqued elsewhere 
due to methodological limitations [18]. Renty and 
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Roeyers [32] focused on the impact of ASD support 
and disability characteristics on quality of life, but 
they also noted that adults with ASD who partici-
pated in daytime activities, including employment, 
reported a significantly higher quality of life than 
those without such engagement.

Job satisfaction is a context-specific indicator 
of well-being and quality of life [44], and research 
on job satisfaction among individuals with disabili-
ties, or ASD, is also generally sparse. However, as 
highlighted, organizational factors such as a fair 
organizational culture [36] and workplace support 
and flexibility [2] may be related to greater job sat-
isfaction for individuals with disabilities. Research 
on temporal patterns of job satisfaction has demon-
strated that newcomer job satisfaction fluctuates 
over time, peaking in the ‘honeymoon’ phase short-
ly after starting the job and declining thereafter in 
a ‘hangover’ phase [4]. Consistent with this ‘hang-
over’ effect, some research on employees with ASD 
suggests that their job satisfaction tends to decrease 
over time, partly due to boredom [22]. However, it 
is unclear whether a similar pattern of decreasing 
job satisfaction would emerge for employees with 
ASD who work on challenging tasks with ongoing 
support and flexibility.

The present study explored the impact of par-
ticipation in the DXC Technology Dandelion 
Program through an examination of the relation-
ship between quality of life and job satisfaction of 
the trainees with ASD engaged in the program. 
Based on prior literature and our own qualita-
tive research [17], we predicted that participants 
would report relatively high job satisfaction at the 
onset of the program, and that job satisfaction and 
quality of life would be associated. Though prior 
research suggests that quality of life improves over 
the course of employment [13; 32], research on 
job satisfaction suggests that it declines over time 
[4; 22]. Variables were measured over a 12-month 
period to examine whether the trajectory is more 
consistent with employment increasing quality of 
life or more consistent with it decreasing job satis-
faction and thus, quality of life.

Method

Participants
Twenty trainees (19 male, Mage = 23.85, 

SD  =  5.61, Range = 18—44 years) participated 
in the study. Two additional trainees did not 

consent to participate in the study, and one in-
dividual withdrew following the first data col-
lection point after he was informed that he had 
not passed a 6-month probation period and his 
contract was discontinued. Participants’ educa-
tion level varied and included Bachelor’s degree 
(30%), Diploma (30%), completed secondary 
school (30%), and did not complete secondary 
school (10%). The majority of participants lived 
with one or more parent (80%), 15% lived alone, 
and one individual lived with a spouse. Prior to 
starting in the program 5% were employed full-
time, 50% had part time jobs (M = 9.75, SD = 6.43, 
Range  =  4—25  hrs/week), and 45% were unem-
ployed. Evidence of ASD diagnosis was provided 
when individuals applied for the program, and 
none reported an intellectual disability.

Procedure
The research was approved by the La Trobe Uni-

versity Human Research Ethics Committee and 
participants provided informed consent. We report 
results from three administrations at 6-month in-
tervals (Baseline, 6-months, 12-months). Demo-
graphic information and employment history were 
collected at baseline.

Measures
WHO Quality of Life-Brief [46] is a 26-item 

self-assessment of quality of life across four do-
mains: Physical health (7 items related to ac-
tivities of daily living, dependence on medicinal 
substances and medical aids, energy and fatigue, 
mobility, pain and discomfort, sleep and rest, work 
capacity); Psychological (6 items related to bodily 
image and appearance, negative feelings, positive 
feelings, self-esteem, spirituality/religion/per-
sonal beliefs, thinking/learning/memory and con-
centration); Social relationships (3 items related 
to personal relationships, social support, sexual 
activity); and Environment (8 items related to fi-
nancial resources, freedom/physical safety and 
security, health and social care: accessibility and 
quality, home environment, opportunities for ac-
quiring new information and skills, participation in 
and opportunities for recreation/leisure activities, 
physical environment, transport); as well as two 
additional items assessing overall quality of life 
and general health. Responses are given on 5-point 
scales and raw scores are transformed to a 0-100 
scale, with higher scores indicating a higher per-
ception of quality of life. The WHOQOL-BREF 



16
Аутизм и нарушения развития. Т. 18. № 3 (68). 2020

Autism and Developmental Disorders (Russia). Vol. 18. No 3 (68). 2020

Хедли Д., Бари С.М., Спур Дж.Р.
Взаимосвязь между качеством жизни и удовлетворенностью работой у людей с РАС.
Аутизм и нарушения развития. 2020. Т. 18. № 3. С. 12—21

is widely used in samples with ASD [43] and has 
been found to be both a valid and reliable measure 
of quality of life with Cronbach’s alphas ranging 
from .55 to .87 [38].

Minnesota Satisfaction Questionnaire Short 
Form (MSQ-SF) is a 20-item self-report measure 
of job satisfaction [45]. Respondents indicate how 
satisfied they are with particular aspects of their 
job, such as “being able to keep busy all the time” 
and “the freedom to use my own judgement”. Items 
are rated on a 5-point Likert-type scale (1 “very 
dissatisfied with this aspect of my job”, 2 “dissatis-
fied with this aspect of my job”, 3 “can’t decide if 
I’m satisfied or dissatisfied with this aspect of my 
job”, 4 “satisfied with this aspect of my job” and 
5 “very satisfied with this aspect of my job”). The 
MSQ-SF provides two factor scales consisting of 
Intrinsic Satisfaction (score range 12—60) and 
Extrinsic Satisfaction (score range 6—30), with 
lower scores indicating a lower level of satisfac-
tion. The MSQ-SF is widely reported in the lit-
erature, including with samples of employees with 
disabilities [45], with reliability coefficients rang-
ing from 0.77 to 0.92 [23].

Results

Initial screening showed no missing data, no 
presence of outliers for any of the scales, and that 
data were normally distributed. Significance levels 
for multiple comparisons were adjusted to .01 to 
minimize the chance of a Type I error [40]. Pear-
son’s correlations were used to explore the rela-
tionships between intrinsic and extrinsic job satis-
faction and quality of life (QOL) over a 12-month 

period (table). Potential relationships between age 
and the study variables were examined first. Par-
ticipant age was generally not found to correlate 
significantly with QOL or job satisfaction at any 
time-point (r = .06—.42, all p > .05), with the ex-
ception of baseline intrinsic (r = .72, p < .001) and 
extrinsic (r = .65, p < .001) job satisfaction, which 
were both positively associated with age. Given 
lack of significant results at other time-points, or 
with QOL, this finding was not examined further. 
While the study scales were mostly significantly 
correlated between time points, no significant as-
sociations were identified between QOL and job 
satisfaction.

A repeated measures analysis of variance (ANO-
VA) applying the Greenhouse-Geisser correction 
was used to explore change in quality of life, and 
intrinsic and extrinsic job satisfaction over the 
study period. As can be seen from table, there was 
a trend for an increase in quality of life scores from 
baseline to 6-months, followed by a decrease from 
6—12  months, and a trend for a decrease of both 
intrinsic and extrinsic job satisfaction scores across 
three time points. However, these trends were not 
found to be statistically significant: WHOQOL-
BREF, F(1.41, 26.70) = .596, p = .501, ηp2 = .03; 
Intrinsic Job Satisfaction, F(1.94, 36.87) = 2.94, 
p = .067, ηp2  = .134; Extrinsic Job Satisfaction, 
F(1.64, 31.15) = 3.63, p = .046, ηp2 = .161. There 
were no significant changes on the WHOQOL-
BREF domain scores: Physical Health, F(1.67, 
31.63)  =  .183, p = .794, ηp2 = .01, Psychological 
Health, F(1.82,34.55) = .92, p = .40, ηp2 = .046, 
Social Relations, F(1.63,30.95) = .109, p  = .858, 
ηp2 = .006, and Environment, F(1.65, 31.36) = .374, 
p = .651, ηp2 = .019.

Table
Means, standard deviations, and correlations of study variables over 12-months

Variable Mean SD 1. 2. 3. 4. 5. 6. 7. 8.

1. WHOQOL-BREF Baseline 65.62 18.08

2. WHOQOL-BREF 6-months 69.37 15.43 .509*

3. WHOQOL-BREF 12-months 66.87 20.39 .519* .893**

4. MSQ Intrinsic Time Baseline 48.10 3.94 -.014 -.12 -.267

5. MSQ Intrinsic Time 6-months 47.85 3.34 .03 .136 .010 .460*

6. MSQ Intrinsic Time 12-months 46.30 3.81 .32 .265 .177 .554* .586**

7. MSQ Extrinsic Time Baseline 25.70 2.47 .037 .074 -.064 .812** .484* .579**

8. MSQ Extrinsic Time 6-months 24.60 2.98 .143 .118 -.038 .621** .859** .709** .732**

9. MSQ Extrinsic Time 12-months 24.25 2.79 .293 .310 .175 .487* .431 .911* .548* .663**

*p < .05, **p < .01
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Discussion

The current research explored the impact of 
participating in the DXC Technology Dandelion 
Program, a supported employment program for 
individuals with ASD, through an examination 
of the relationship between job satisfaction and 
quality of life (QOL). Our results suggest partici-
pating in the program does not lead to significant 
or sustained improvements (nor decrements) in 
QOL over a 12-month period, a finding we have 
replicated elsewhere with regards to mental health 
[18]. Trainee job satisfaction tended to be high 
over time relative to normative samples [45]; how-
ever, we did observe a slight, albeit non-significant 
drop in satisfaction from baseline to 6-months, and 
this drop was sustained at 12-months. This is con-
sistent with Hillier et al.’s [22] observation that 
employees with ASD rated their job satisfaction 
to be relatively high, but job satisfaction ratings 
tended to decrease over time as employees with 
ASD also rated their jobs less challenging, as well 
as the more general ‘hangover’ effect observed in 
the literature on job satisfaction [4]. In the cur-
rent sample, the jobs that the trainees perform do 
vary (e.g., different software iterations) and may 
align with tendencies of individuals with ASD 
(e.g., attention to detail, repetition). However, the 
overall job may still become less interesting over 
time. Further, trainees may become more aware of 
some of the more mundane aspects of working in 
ICT (e.g., occasional technology failures that limit 
work periods or ‘slower’ periods). Anecdotal evi-
dence from conversations with support staff sug-
gest that the trainees with ASD may find these 
setbacks to be especially frustrating, which may 
contribute to the slight drop in their job satisfac-
tion [17]. Further research is needed to examine 
the longer-term trend in job satisfaction for indi-
viduals with ASD.

Quality of life remained fairly stable over time, 
and consistent with levels reported in other sam-
ples with ASD [43], though it should be noted 
that previous research has also found that quality 
of life tends to be somewhat lower among indi-
viduals with ASD compared to the general popu-
lation [43]. Given that employment has been re-
lated to improved quality of life for individuals 
with ASD in other studies [18], it is somewhat 
surprising that quality of life did not change over 
time in the present research. It could be that the 
sample was too small or that the period of em-

ployment was not long enough to detect changes. 
It is also possible that the participants with ASD 
lacked sufficient insight into how their quality 
of life had changed. However, other researchers 
have noted a ‘disability paradox’ such that indi-
viduals with disabilities may be unlikely to view 
their quality of life negatively [1; 47]. This para-
dox might be understood in terms of a capabili-
ties approach to disability. Mitra [29] explains 
that ‘capabilities’ refer to the range of practical 
opportunities available to a person (i.e., potential 
disability) whereas ‘functionings’ refer to the spe-
cific capabilities that the person chooses to pur-
sue (i.e., actual disability). An individual’s capa-
bility set is affected by personal and situational 
characteristics (e.g., social and political environ-
ment), thus employment may alter the capability 
set of individuals with ASD and, subsequently, 
the person’s functionings and how the individu-
als adapt and focus their attention. Consistent 
with this framework, comments from participants 
[17] suggests that employment changed trainees 
outlook and perspective, for example, providing 
them with a sense of purpose.

Turning to the correlation results, there was a 
significant positive relationship between job satis-
faction and age at baseline, suggesting older indi-
viduals were more likely to report higher job sat-
isfaction scores than younger employees; however, 
this effect was not evident in 6- and 12- month data. 
Age was also not found to be significantly associ-
ated with quality of life. We did not identify sig-
nificant relationships between quality of life and job 
satisfaction, contrary to our hypothesis [44]. This 
finding was likely affected by the lack of overall 
change in scores over time, but was somewhat un-
expected nonetheless. This finding suggests a dis-
connect between quality of life and job satisfaction 
in the present sample. Specifically, employed people 
with ASD may discriminate between satisfaction at 
work and broader aspects of their lives; that is, sat-
isfaction at work may not generalize to broader life 
improvements, such as those captured by our cur-
rent measure.

It is also important to consider that employ-
ment may not be associated with improved mental 
health outcomes in people with ASD [18]. For ex-
ample, previous research has found that greater in-
dependence, including employment, in adults with 
ASD is associated with greater likelihood of ex-
periencing poor mental health outcomes [3]. Our 
results suggest the relationship between employ-
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ment, including satisfaction at work, ASD, and 
psychological wellbeing, assessed through qual-
ity of life, is likely to be complex and non-linear. 
A  more nuanced examination of these constructs 
is required, utilizing longitudinal designs and 
broad-based, multiple assessment of the constructs 
in question. In addition, inclusion and control of 
external, non-employment related constructs will 
be required to better identify the nature of the re-
lationship between, and contribution of, employ-
ment to health and wellbeing, and quality of life, 
in people with ASD.

Practical Implications and Limitations

Our findings are limited by our use of measures 
not specifically designed for use with people with 
ASD, although recent research supports the use 
of the WHOQOL-BREF in people with ASD 
[27]. Nevertheless, it is important to consider 
whether participants had sufficient understand-
ing of the questions related to quality of life, or 
sufficient insight to be able to adequately report 
change in quality of life over time. Our previous 
research [17] does suggest that participants have 
sufficient insight into their lives, and are able to 
report on this in an interview setting, although 
this may not translate to survey questionnaires 
as employed here. Future research would ben-
efit from a mixed-method approach, employing 
both qualitative and quantitative methodology. 
In employment research specifically, different 
measures have been used [13], making it difficult 
to directly compare previous results with the 
findings reported here. Our previous research 
suggests that the DXC Technology Dandelion 
Program has significant strengths and potential 
benefits for participants [17]. However, these 
qualitative improvements reported previously 
are not supported by the present study, which 
failed to capture significant improvement in 
quality of life as participants progressed through 
the program. We suggest there are ways in which 
the Dandelion Program could be improved. This 
could be through targeted training and personal-
ization based on the individual abilities and level 
of experience of the trainees with ASD; e.g., the 
program mandates a slow and gradual adjustment 
into the workplace, which may not be necessary 
for all individuals with ASD. Indeed, advocates 
for the autistic community often stress their di-

versity and the ‘different, not less’ ways that au-
tistic individuals demonstrate achievement [14; 
31; 42]. Further research with larger samples and 
diverse support programs would be useful to ex-
plore how such customization could be achieved. 
In particular, the current study would have ben-
efitted from the inclusion of a comparison or 
control group, as well as qualitative reports (al-
though see [17] for qualitative findings) to bet-
ter consider the granularity of the mixed findings 
related to job satisfaction and quality of life. Our 
recent research [18] has identified significant 
mental health concerns amongst employees with 
ASD, suggestive of additional impacts of stress 
that may further affect quality of life. Tackling 
mental health and well-being amongst employees 
with ASD within the workplace is an important 
next step.

Another issue to consider in the DXC Technol-
ogy Dandelion Program, and other supported work 
programs, is that it requires individuals to disclose 
their disability. Indeed, a confirmed diagnosis of 
ASD is the only requirement to apply for the pro-
gram, and participants’ disclosure is not limited 
to confidential human resource paperwork as the 
purpose of the program is widely known through-
out the organization. As the Dandelion Program 
and similar autism at work programs become 
more widely publicized, future disclosure may be 
implicit on the employee’s CV. Individuals with 
ASD vary in their willingness and enthusiasm to 
disclose their diagnosis [24], and one participant 
explicitly noted in other research [17] that he had 
been unwilling to disclose to previous employers. 
Future research should examine the consequences 
of such disclosure for employees’ well-being and 
future work experiences.

Conclusion

There is a paucity of research on employment 
among individuals with ASD [19; 31], but it is a 
growing part of the workforce [20]. Over a period 
of 12-months we found relative stability over time 
in both quality of life as well as intrinsic and extrin-
sic job satisfaction, with no significant change over 
time identified. In contrast to our hypothesis, we 
failed to identify statistically significant relation-
ships between quality of life and job satisfaction sug-
gesting a disconnect between these two constructs 
in the present sample. Our findings challenge the 
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assumption that employment is a desirable outcome 
in and of itself, without giving consideration to po-
tential risks, pitfalls, and layers of employment in 
ASD that are not yet well-understood or articulat-
ed in the literature. By locating employment in the 
context of one’s overall well-being, these concepts, 
along with finding ways to nurture employment in 
terms of broader aims of overall quality of life, and 

effective means to build job satisfaction in one’s em-
ployment experience, offer promise for research and 
practice advancement. Finally, it is imperative to 
further understand how organizations can support 
individuals with ASD in the workplace, and how to 
help them develop long-lasting and meaningful ca-
reers that are satisfying and positively affect their 
quality of life. 
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Infantile autism is a behaviorally defined disorder 
first described by Leo Kanner in 1943 [8]. Since 

its original description, it has become apparent that 
the disorder is clinically, etiologically and biologi-
cally heterogeneous. Despite these differences, it is 
generally agreed that the core features of the dis-
order consist of a triad of clinical characteristics 
including impaired social interaction, delayed and 
disordered language and isolated areas of interest 
[5]. Additional features can include reduced eye 
contact, stereotypic and repetitive behaviors, sen-
sory processing dysfunction and an insistence on 
sameness. Symptoms can range from mild to very 
severe. Until recently, it was believed that most in-
dividuals on the autism spectrum cognitively func-
tioned in the mentally retarded range. However, 
current data suggests that fewer than half of those 
affected have a significant cognitive deficit [10].

Since its original description, the prevalence of 
the Autism Spectrum Disorders has been increas-
ing, possibly in part due to improved recognition, 
expanded access to services and broadening of de-
fining diagnostic features. According to the Centers 
for Disease Control and Prevention (CDC), autism 
is estimated to affect 1 in 59 children in the Unit-
ed States today [1; 2]. In many cases, ASD can be 
reliably diagnosed by the age of 2 years but some 
associated developmental delays are often evident 
earlier in life [9].

Since the 1980s, much of the research related 
to ASD has been devoted to the investigation and 
understanding of the underlying neurobiological 
mechanisms related to the clinical characteristic 
features of the disorder. Research approaches have 
included studies of gross and microscopic anatomy, 
neuroimaging, metabolic and genetic assessments, 
neurochemical and immunological mechanisms and 
studies of cellular connectivity. Although much 
progress has been, we still have much to learn.

Coincident with the expansion of basic science 
research has been the broadening of clinical inves-
tigations. As a result, there is now increasing evi-
dence that ASD is a much more complex disorder 
than previously appreciated and may involve not 
only the brain but, in many cases, multiple or-
gan systems. There is a growing body of literature 
documenting disorders such as gastrointestinal 
dysfunction, sleep disorders, metabolic abnormali-
ties, urinary tract and hormonal involvement, al-
lergies, obesity, osteoporosis, enlarged tonsils and 
adenoids, and PANDAS to name a few. Until the 
past 5-10 years, many of these disorders had been 

overlooked, possibly because many ASD patients 
can be difficult to examine. Many are non-verbal 
and cannot express their pain and discomfort or ac-
curately localize their discomfort. Still others may 
present with symptoms that are not easily recog-
nized as signals for underlying medical conditions 
by the average practitioner such as episodic disrup-
tive behaviors that may signal discomfort [3].

In addition to their multiple medical disorders, 
children, adolescents and adults on the autism spec-
trum present with developmental challenges that 
require specialized and intensive interventions in-
cluding speech and language services, occupational 
therapy, physical therapy, applied behavior analysis 
(ABA), social skills intervention, access to assisted 
technology, special education approaches and tran-
sitional planning into adulthood including second-
ary education opportunities and vocational explo-
ration. From the perspective of the average family, 
locating and providing needed interventions for 
their autistic child or young adult can be confusing 
and often extremely stressful.

The Birth of the LADDERS Program

In the 1960s, federally supported programs were 
established in the United States during the Ken-
nedy administration designated as University Af-
filiated Programs (UAPs) [7; 12]. Each academi-
cally associated UAP provided a multidisciplinary 
team designed to evaluate individuals with devel-
opmental disabilities, including those residing in 
mental institutions, with the goal of moving these 
clients from these settings out into the community. 
These programs involved a broad range of profes-
sional disciplines including Neurology, Psychiatry, 
Nursing, Audiology, Speech Pathology, Psychol-
ogy, Occupational Therapy, Physical Therapy, 
Social Work, Special Education and a Vocational 
Specialist. Team members each evaluated the same 
patient over a two-week period after which results 
were shared within the team, discussed with the cli-
ent’s family and plans made for community place-
ment. Not only was this an exceptional evaluation 
opportunity for the patient and his/her family, but 
the program provided a valuable teaching model for 
team members, each of whom was able to learn from 
their colleagues. It was against the background of 
the UAP model that the concept of LADDERS 
(Learning And Developmental Evaluation and Re-
habilitation Services) was created.
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LADDERS began in the late 1980s, initially 
centered in a rehabilitation hospital in Cambridge, 
Massachusetts. In contrast to the UAP model, the 
LADDERS approach included not only the evalu-
ation of the patient, but also program planning, 
direct therapy on site, and ongoing follow-up. Ini-
tially, the program was focused on the assessment 
and provision of services for students with learn-
ing differences (Learning Disabilities). However, 
the client population began to change during the 
early 1990s as the result of the then growing body 
of research being conducted in autism and with the 
increased awareness of this disorder. Thus, from 
that point forward, the focus of the program rapidly 
changed to a center dedicated to the diagnosis and 
treatment of children, adolescents and adults with 
autism. During the mid-2000s, the program came 
under the administration of one of the major teach-
ing hospitals in eastern Massachusetts, a relation-
ship that helped to foster the education of doctors 
in training as well as undergraduate and graduate 
students, and provided a rich environment for in-
terdisciplinary clinical research.

The Expansion of the LADDERS Program

By 2003, the majority of LADDERS patients 
were being referred from sites throughout all of the 
New England states as well as New York and New 
Jersey. 90% of these patients carried a diagnosis of 
ASD, with the remaining patients presenting with 
other types of learning and developmental disabil-
ities. Patients were typically referred by primary 
care physicians, educators, therapists, family mem-
bers and Early Intervention Agencies. Initially, 
the focus of a first-time referral was to the medical 
staff and was devoted to making or confirming a 
specific diagnosis. Later, however, an equal num-
ber of requested assessments were directed toward 
the therapeutic staff with requests to define the 
patient’s therapeutic and educational needs and 
to help families locate needed quality services near 
their respective homes. The provision of direct 
on-site therapies, including speech and language 
intervention, Occupational Therapy and Physical 
Therapy were also added. Ongoing monitoring of 
the patient’s progress then became an integral part 
of the program in order to insure that the services 
provided were effectively meeting each patient’s 
needs and allowing each client to make meaningful 
progress.

Program Structure

A patient referred to LADDERS was initially 
processed by an Intake Coordinator who conducted 
a telephone interview, usually with the parent, in or-
der to identify the reason for the referral in order to 
be able to direct the patient to the appropriate pro-
vider. An initial appointment was scheduled and an 
Intake Packet was mailed to the family requesting 
past medical and developmental history as well as 
copies of previous medical and educational records. 
Typically, the patient would be first seen by one of 
the clinic physicians who, based on the information 
provided and the physical and neurological evalua-
tion, would determine what laboratory studies and 
medical and therapy assessments would be needed to 
define the patient’s diagnosis and therapeutic needs. 
Upon completion of these evaluations, the physician 
would meet with the patient’s parents/caregiver to 
review the findings and recommendations, and pro-
vide appropriate resources for therapies and inter-
ventions. Following the initial assessments, ongoing 
periodic monitoring was provided, with follow-up 
visits typically scheduled every 3—6 months.

The LADDERS Team

Although LADDERS began its life under the 
administration of a rehabilitation hospital, it later 
became overseen by a joint agreement between an 
acute care academic teaching hospital and a reha-
bilitation facility. Specialty areas supported by 
the acute care academic hospital included Devel-
opmental Pediatrics, Adult and Child Neurology, 
Internal Medicine, Adult and Child Psychiatry, 
Neuropyschology, Social Work, Family Resource 
Coordinator/Patient Navigator, Gastroenterology 
and Education Specialist.

Disciplines supported by the Rehabilitation 
Hospital included Occupational Therapy, Physical 
Therapy, Speech and Language Pathology, Nutri-
tion/Feeding Specialist and Assisted Technology/
Communication Device Specialist.

A clinical program such as LADDERS cannot 
reasonably support every potential discipline that 
any one patient might need on site. It is therefore 
important that quality community based therapeu-
tic and medical resources must be identified with 
whom this program could collaborate. Further, such 
resources cannot be only identified locally, but since 
many patients have been referred from throughout 
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the northeast region of the United States and be-
yond, resources need to be sought near where any 
specific patient resides. Seeking and identifying 
skilled resources becomes the job of the Family Re-
source Coordinator/Patient Navigator in collabo-
ration with other clinic providers [6]. The identi-
fication of skilled medical and therapeutic care and 
educational programs on behalf of the patient is as 
important as making the initial diagnosis. With-
out quality intervention and treatment programs, 
the chances that the patient can and will make the 
progress of he/she is capable remains uncertain.

In addition to identifying appropriate therapeu-
tic sites near a patient’s home, needed community 
based medical resources are many. Individuals on the 
autism spectrum can experience many of the health 
conditions impacting their typically developing 
peers. However, it is essential to identify resources 
experienced in working with the autistic population 
because these individuals can present with symp-
toms not easily recognized by the average medical 
provider or specialist. Some of these resources in-
clude Medical Genetics, Sleep Disorders, Allergy, 
Urology/Nephrology, Endocrinology, Otolaryngol-
ogy, Developmental Optometry, Ophthalmology, 
Audiology, Dental care, Orthopedics, Behavioral 
Psychology, Infectious Disease, Educational Advo-
cacy, Educational Law and Social Skills agencies.

The LADDERS Program now

In 2003, the concept of the multidisciplinary 
program/medical home for individuals on the au-
tism spectrum was presented at a conference in 
Seattle, Washington. Following this presentation 
and with the aide of philanthropic resources, it was 
elected to create a collaboration of similar programs 
throughout the United States. As a result, the Au-
tism Treatment Network (ATN) was established 
under the guidance of the Northwest Autism Foun-
dation in Portland, Oregon with the goal of creating 
a network of academically based multidisciplinary 
centers that would develop mutually agreed upon 
protocols focused on the documentation and assess-
ment of prevalence, presenting clinical features and 
treatment of comorbid medical conditions across 
the autism spectrum. Later, in 2008, the ATN came 
to be incorporated into the work of Autism Speaks, 
currently the largest autism advocacy organization 
in the United States. Although the ATN has under-
gone changes in collaborators, personnel and fund-

ing over time, the program continues to thrive un-
der the auspices of Autism Speaks and now includes 
12 sites, two in Canada with the remaining 10 pro-
grams located throughout the United States [4].

Despite its changes and growth over time, the 
goals of the ATN have remained consistent and in-
clude, 1) the establishment of scientifically sound 
and meaningful standards of healthcare for those on 
the autism spectrum, 2) the establishment of evi-
dence based data with regard to medically related 
conditions in autism, 3) the provision of a forum for 
collaborative hypothesis-driven clinical research 
across the network and 4) the provision high quality 
care for those on the autism spectrum by identify-
ing and implementing best practices [11]. Over the 
past several years, the ATN, with the support of Au-
tism Speaks, has created and maintained a clinical 
patient registry, which now includes close to 7000 
children with autism. This registry has gathered fol-
low-up data allowing a review of changes over time 
in some of the characteristics and health care needs 
of ASD children. This data has been made available 
to both internal and external investigators, result-
ing in doctoral dissertations and peer-reviewed 
publications [11].

Medical Comorbidities

With advances in clinical care, there has come 
the appreciation that many children, adolescents 
and adults on the autism spectrum experience 
medically significant disorders that may negatively 
impact their developmental progress and behav-
ior, but which frequently go undetected. Many of 
these conditions are treatable, and when identified 
and addressed, can improve developmental trajec-
tory and quality of life for both the patient and his/
her family/caregivers. Some of the more common 
medical conditions include seizures, sleep disorders, 
gastrointestinal dysfunction, obesity, metabolic 
conditions, hormonal imbalances, and psychiatric 
disorders including anxiety, attention deficit dis-
orders, obsessive compulsive disorders and depres-
sion. Additional conditions that are now receiving 
increased attention include osteoporosis, otitis 
media, bladder and renal disorders, hypertension, 
diabetes, dental pain and immune disorders. In 
many cases, more commonly in those patients who 
are non-verbal, these disorders many present in an 
atypical manner, often with the patient demon-
strating disruptive behaviors including aggression, 
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self-injury and screaming. There is a growing rec-
ognition that many of these behaviors may reflect 
pain and discomfort in a patient who cannot ver-
bally express his/her distress or accurately localize 
the cause of their discomfort. Thus, there is an in-
creasing consensus that any patient presenting with 
unexplained disruptive behaviors merits a detailed 
medical assessment before assuming that these be-
haviors are “just part of their autism”/

Multidisciplinary Programs — 
the benefits and challenges

The creation and development of multidisci-
plinary centers focused on the evaluation, treat-
ment and advocacy for individuals on the autism 
spectrum provides a numbers of advantages and 
resources, both for families as well as providers. Al-
though ASD is becoming an increasingly common 
disorder, there are still situations in which the diag-
nosis of autism is missed or overlooked. This most 
often occurs in the very young child, in individu-
als with “high functioning autism” and in females, 
many of whom have been labeled with a variety of 
psychiatric conditions. The availability of high qual-
ity, skilled autism centers can provide a site where 
families and caregivers can confidently seek and ob-
tain accurate assessments and scientifically sound 
recommendations for interventions and services. 
Further, once a diagnosis and recommendations 
are made, a multidisciplinary site can provide ad-
ditional evaluations and needed therapeutic inter-
ventions in the same location, thus preventing frag-
mented care. Offering ongoing multiple services for 
families in the same site reduces stress on parents/
caregivers, while increasing opportunities for thera-
pists and medical staff to communicate with each 
other and to carry over strategies and interventions 
across disciplines, thereby enhancing treatment ap-
proaches and effectiveness.

Ongoing educational opportunities for staff is a 
critically important feature of a multidisciplinary 
program. Many physicians do not receive an in-
depth exposure to speech pathology or occupation-
al and physical therapy as it relates to the evalua-
tion and treatment of individuals with special needs 
as part of their training. The availability of other 
disciplines evaluating the same patient teaches pro-
viders on the team to appreciate and learn from the 
insights of others, a very valuable lesson, and often 
allows them to see what they may have missed as 

part of their own assessments. Complementing the 
education of the team staff is the importance of pro-
viding meaningful training for medical students, 
interns and residents, as well as graduate and un-
dergraduate students. Providing such training in 
such an academic multidisciplinary and cross-disci-
plinary site is an unprecedented opportunity, espe-
cially given the increasing numbers of individuals 
identified with ASD. Regardless of what medical or 
therapeutic field a student eventually selects for his 
future career path, almost all will become involved 
with patients on the autism spectrum at some point 
and they will need to be adequately prepared when 
that time arises. Experience in a high quality mul-
tidisciplinary program should be able to provide a 
strong background for their future.

In addition to the important clinical opportunities 
offered by a multidisciplinary approach is the provi-
sion of an environment that encourages interdisci-
plinary research. The ATN has provided a leadership 
role across its multiple sites focused on a number of 
important comorbid medical conditions including 
constipation, sleep disorders as well as dental health 
and obesity. The opportunity to create and utilize a 
common registry and database that includes a large 
number of well-documented patients provides an 
invaluable resource for present and future research. 
There is no doubt that a collective and well-designed 
database will play an important role in pursuing fu-
ture research including studies that will lead to a bet-
ter understanding of the underlying neurobiology of 
the disorder as well as defining potential subgroups, 
identifying differences between males and females on 
the spectrum and documenting the life long trajec-
tory of this disorder.

While there are many strong advantages to the 
availability of multidisciplinary autism centers, 
there are also challenges. One of the major areas of 
concern is the financial support needed to sustain 
these programs. While insurance can cover the cost 
of some the medical and therapeutic expenses, there 
continues to be significant gaps in financial resourc-
es. The ATN has been supported by Autism Speaks 
as well as funding from the Health Resources and 
Services Administration (HRSA) to become the 
Autism Intervention Research Network on Physi-
cal Health (AIR-P). This funding has been criti-
cally important for the support of ongoing research 
efforts and much of the resulting published data. 
However, despite federal and healthcare insurance 
support, there is still a need for philanthropic efforts 
to cover administrative costs and the salary of some 



27
Аутизм и нарушения развития. Т. 18. № 3 (68). 2020
Autism and Developmental Disorders (Russia). Vol. 18. No 3 (68). 2020

Bauman M.L.
Autism: Multidisciplinary Evaluation and Treatment. The LADDERS Model.

Autism and Developmental Disorders. 2020. Vol. 18, no. 3, pp. 22—27

staff who, while being critically essential members 
of the team, are non-revenue producers.

Conclusion

Autism spectrum disorders are complex, behav-
iorally defined developmental disorders character-
ized by impairment of social interactions, delayed 
and disordered language, repetitive behaviors and 
restricted areas of interest. Over the past 10 years, 
there has been a growing awareness that these 
disorders are often associated with significant 
medical comorbidities, many of which have been 
overlooked. When identified and treated, patients 
show improvement in their development trajec-
tory and quality of life. The availability of multi-

disciplinary centers providing skilled evaluation 
and treatment resources can have a critically im-
portant impact on the developmental outcomes for 
those on the autism spectrum. These centers can 
offer scientifically based health care and therapeu-
tic interventions, provide interdisciplinary treat-
ment approaches, reduce fragmentation of care, 
provide educational opportunities for staff and 
students and offer important avenues for clinical 
research. The LADDERS program provides an 
example of one such clinical approach but other 
models may be equally effective depending on the 
needs and environment of the community in which 
a specific site may be located. Integrated and col-
laborative care is an important approach to this 
complex disorder and can improve short and long 
term outcomes. 
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Integrating Treatment for Autism Spectrum 
Disorders Through the Life Cycle

According to the Center for Disease Control, 
Autism Spectrum Disorder (ASD) is currently 
increasing in prevalence, with 1 in 54 children 
in the United States receiving the diagnosis. Al-
though reasons for this are inconclusive, factors 
could include changing diagnostic knowledge 
and criteria, increased research and monitoring, 
a change in epigenetic processes, and exposure to 
environmental toxins and infections. Due to the 
heterogeneous nature of ASD, individuals with 
ASD face unique difficulties that may call for 
flexibility and creativity in multi-level targeted 
treatments. As the number of people with ASD 
are being recognized, it is vital to consider the 
most efficacious implementation of prevention, 
intervention and treatment for ASD throughout 
the life cycle.

Genetic and Environmental Etiology

There is a strong link between specific genes 
and ASD. Multiple genes are associated with 
ASD, including: CHD8, DYRK1A, FMR1, TSC1, 
TSC2, CNTNAP2, SMARCC2, CDH8, SHANK3, 
NRXN1, 15q11.2q13, 15q13.3, 16p11.2, NLGN2, 
GRIN2B, CDH8, and PTEN [8]. For approximate-
ly 25% of people with ASD, there is a clear genetic 
etiology [32] Many studies have found that there 
is a 64—88% concordance rate in identical twins 

with ASD, and between a 9-40% concordance rate 
in dizygotic twins, where at least one is affected 
by ASD [32; 39]. De novo (“new”) mutations in 
neurologically expressed genes are associated with 
ASD that may carry widespread effects. In sibling 
studies, gene-disrupting mutations (splice site, 
frame shifts, and copy-number variations) were 
significantly higher in children with ASD than 
their unaffected siblings [20]. Researchers in Swe-
den estimated the genetic heritability influence on 
ASD to be about 50% [45] So, what comprises the 
remaining 50%?

ASD does not appear to be solely genetic in ori-
gin. Susceptibility to ASD has a larger shared twin 
environment component than genetic heritability. 
Polygenic models in which spontaneous coding mu-
tations in a wide number of genes increase risk for 
ASD by 5—20 times [34]. Recent studies on the ge-
netics suggest that the cause of ASD is also related 
to gene-by-environment interactions manifested 
in epigenetic processes [15; 17; 44] Epigenetics is 
the reversible regulation of mechanisms indepen-
dent of DNA sequence, mediated largely through 
DNA methylation, chromatin sequence, and RNA-
mediated gene expression [1]. The related endophe-
notypes connect underlying biologic aspects of a 
disease to an observable factor [42]. Research hints 
that epigenetic processes could be reversible by fac-
tors such as nutrition, socialization, behavioral in-
terventions, and drugs [43].

Environmental factors are also a related cause of 
ASD. Evidence has been documented for risk fac-
tors including prenatal or early postnatal exposure 

Расстройства аутистического спектра (РАС) связаны с большим количеством генетических, эпигенетических и 
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to viral infections (such as rubella), valproic acid, 
and thalidomide [36]. There has also been limited 
evidence for factors such as maternal metabolic 
conditions, fever during pregnancy, paternal/ma-
ternal age, use selective serotonin reuptake inhibi-
tors (SSRIs), maternal smoking, and environmental 
pollution [2; 18; 19; 46; 60]. More evidence is needed 
to determine whether the following environmental 
factors increase the risk of ASD: mercury, lead, en-
vironmental toxins, vaccines, and lack of vitamin D 
[4; 11; 30; 40; 52; 58].

Parenting from Before Conception

Recent studies reveal that parental experiences 
also exert effects through epigenetic information. 
One study found variations in sperm and oocyte 
cytosine methylation and chromatin patterning, 
noncoding RNAs, and mitochondria [23]. Trans-
generational epigenetic effects often interact with 
conditions at the time of conception in order to 
code the trajectory of the developing embryo and 
fetus, which will affect the health of the child for 
the rest of their life. For example, Mazina and col-
leagues [28] linked the presence of copy number 
variations and maternal infection to social commu-
nicative impairments and repetitive/restricted be-
haviors in study participants. Further investigation 
of such effects could give insight on how epigenetic 
variations give rise to ASD itself.

Risks

Various maternal attributes during pregnancy 
may lead to autism. For example, women aged 35 
years or older are less likely to take supplemental 
iron and five times more likely to give birth to a 
baby with ASD [48]. Furthermore, prenatal steroid 
perturbations by the mother may create hormonal 
changes in a fetus and increase the risk of the child 
having ASD [13]. During the birth, pre-term babies 
who are small for their gestational age or delivered 
via Cesarean section are at a modest increased risk 
[12; 54; 59]. According to a study by Lyall and col-
leagues [26], higher maternal intake of certain nu-
trients and supplements containing folic acid can 
reduce the risk of ASD. Rodent studies indicate a 
strong causal relationship between maternal im-
mune activation during pregnancy and ASD symp-
toms in offspring [49].

Certain obstacles in healthcare prevent impor-
tant information regarding environmental risk to be 
passed onto expecting parents. In Stotland’s study 
[51], surveys were sent to fellows from the Ameri-
can Congress of Obstetricians and Gynecologists 
and three obstetrician focus groups. 78% of obste-
tricians agreed that environmental health hazards 
could be reduced through education by counseling 
patients about them, but 50% reported that they 
rarely discussed the environmental health history 
of patients. Furthermore, less than 20% reported 
routinely asking about environmental hazards in 
pregnant women in the United States. Only 1 in 
15 reported receiving training on the topic. There 
were several barriers which kept physicians from 
warning expecting mothers, including lack of edu-
cation on hazardous environmental evidence, po-
tential lack of capacity in patients to reduce harm-
ful exposures, and concern of causing anxiety in 
patients. More education on environmental hazards 
(outlined in the next section) for both providers 
and expecting parents needs to be disseminated.

Can Autism be Prevented?

As previously mentioned, various factors may 
impact ASD. These include avoiding environmental 
toxins, longer duration of breastfeeding, modifying 
gut flora composition through probiotics, improved 
nutrition, avoiding acetaminophen use, and limit-
ing the use of antibiotics and/or avoiding infections 
[33]. Mumper et al.’s study followed 294  general 
pediatric patients with ASD from 2005 to 2013 and 
found no new cases of ASD in the families who fol-
lowed these guidelines. This case series also added 
vitamin D3, folinic acid, omega-3’s and spaced out 
vaccinations. Given the prevalence of ASD, it is 
worth researching whether a comprehensive pri-
mary care intervention could reduce the risk. Evi-
dence from other studies supports efficacy of folic 
acid supplements during pregnancy and choline 
and iron intake during fetal development to reduce 
ASD rates in children [21; 24; 48]. There are also 
programs in place to help families understand the 
factors that impact ASD.

Early Intervention

The majority of research and clinical programs 
target younger children where neurodevelopment 
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is more plastic. One such study by Keen et al. [22] 
found preliminary evidence regarding the impact 
of family intervention. At or shortly after an ASD 
diagnosis, parents received training on how to ef-
fectively support the communication of their child 
with ASD. They either learned on a DVD or re-
ceived support at a parent group workshop and 
10 home visits with a facilitator. Those who received 
the training in person demonstrated a greater im-
provement over those who watched the training on 
a DVD about parenting stress and efficacy. There 
was significantly greater improvement of social 
communication for the professionally supported 
group than the self-directed group, and a significant 
increase in adaptive behavior for participants with a 
low score at baseline — a promising result.

Many pediatricians struggle with effectively 
working with patients who have ASD and may not 
even realize their shortcomings. For instance, prac-
titioners rated themselves higher than parents on 
ability to address ASD-specific needs and related 
conditions [5]. In Zuckerman et al.’s study [62], 
children with ASD were younger when parents first 
had concerns and first discussed those concerns 
with a provider than those with ID/DD (intel-
lectual disorder/developmental disorder). How-
ever, when compared with parents of children with 
ID/DD, parents of children with ASD were more 
likely to be met with passivity or reassurance than 
with proactive responses when expressing concern. 
Among children with ASD, those with more pro-
active provider responses to concerns had shorter 
delays in being diagnosed compared to those with 
passive or reassuring provider responses. Further-
more, boys are four times more likely to be diag-
nosed with ASD than girls, and it is unclear if this 
is because being male is a risk factor for ASD or be-
cause girls show different symptoms that are easily 
missed by physicians [14]. Despite early parental 
concern, delays in diagnosis are common, especially 
when provider’s responses are reassuring or passive, 
demonstrating the need for targeted improvements 
in primary care.

Later Intervention

Many ask, is late adolescence and young adult-
hood too late to intervene? Neuroimaging studies 
suggest that it is not. Structural MRI images have 
shown an increased brain volume in very early 
childhood for children with ASD, which typically 

developing children catch up to between six and 
eight-years-old. Furthermore, accelerated increase 
in frontal and temporal lobe volumes is documented 
in those with ASD [9]. This leads to perturbations 
in the temporal and regional sequence of typical 
early brain development. Brain development after 
early adolescence seems to be dominated by an ac-
celerated age-related decline in total brain volume 
as well as cortical thickness and surface area.

Associations have been reported between ASD 
risk genes and neural connectivity. For example, 
the CNTNAP2-gene, which confers risk for the 
language phenotype in ASD, is associated with 
atypical structural and functional connectivity 
[37]. The thalamus, a key sensorimotor relay area 
implicated with ASD, appears to develop differ-
ently from the non-ASD population. Children 
with ASD have a distinct thalamic microstructure, 
but these group differences narrow over the years, 
suggesting that the thalamus continues to change 
into adulthood [29]. Another study investigated 
the dynamic functional connectivity network dif-
ferences between participants with ASD and with-
out. Compared to controls, the ASD group showed 
an increase in transient connectivity between the 
hypothalamus/subthalamus and some sensory net-
works in specific functional states, and diminished 
global meta-state dynamics of the whole brain 
functional network. These unusual dynamic pat-
terns are associated with autistic symptoms using 
the Autism Diagnostic Observation Schedule [10]. 
Further investigation of gene-mediated neural dif-
ferences could allow for more targeted interven-
tions across the lifespan.

 Researchers have found promising improve-
ments in socio-emotional functioning of young 
adults with ASD through the PEERS Social Skills 
Treatment. Following treatment, participants were 
noted to exhibit decreased aggression, anxiety, 
and withdrawal, and improvements in emotional 
responsiveness, adaptability, leadership, and par-
ticipation in activities of daily living [25]. This sup-
ports that improving social, behavioral, and emo-
tional functioning may help develop and maintain 
quality peer interactions and remediate social isola-
tion in adolescents with ASD.

Adaptive Functioning in ASD

Adaptive functioning refers to the skills someone 
needs to succeed in their environment and get along 
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with others. Many individuals with ASD struggle 
with this, making transition periods extra difficult. 
Matthews et al. [27] examined the adaptive func-
tioning of 75 participants with ASD between 16—
58 years old using the Vineland Adaptive Behavior 
Scales. Subscales consist of daily living, communi-
cation, and socialization, each with their own sub-
domains. Daily living skills were relatively stronger 
than communication and socialization in adults but 
not adolescents. On average, participants scored 
highest in writing skills (a subdomain in commu-
nication) and lowest in interpersonal skills (a sub-
domain in socialization). Regardless of participants’ 
cognitive capacity, all standard scores were signifi-
cantly below average, indicating that lifelong in-
tervention for adaptive functioning is necessary for 
those with ASD.

Wallace et al. [53] suggest that executive func-
tioning deficits in ASD are associated with inter-
nalizing symptoms and adaptive functioning dif-
ficulties, regardless of age or IQ. Among children 
and adolescents with ASD, peak weaknesses were 
in planning/organization and flexibility, which 
were robustly associated with adaptive function-
ing deficits. Appropriate interventions in adaptive 
functioning for adolescents and adults with ASD 
can support them at a period of transition as they 
reach new milestones in their life.

Post-Secondary Employment Experiences
Among Young Adults with ASD

Many individuals with ASD face barriers when 
seeking employment. For young adults with ASD 
in the workforce, Postsecondary education em-
ployment experiences were compared to those 
of young adults with different disabilities [41]. 
Approximately one-half (53.4%) of young adults 
with ASD had ever worked for pay outside the 
home, the lowest rate among disability groups. 
Young adults with ASD earned an average of 8.10 
USD an hour, significantly lower than average 
wages in the comparison groups and held jobs that 
clustered within fewer occupational types. Odds 
of ever having had a paid job were higher for those 
who were older, from higher-income households, 
and with better conversational abilities or func-
tional skills.

Wehman et al. [56] utilized a randomized con-
trolled trial (RCT) design to assess employment 
outcomes for youth with ASD in their last year 

of high school. Participants placed in the treat-
ment group moved through three different 10—
12  weeklong medical internship rotations, while 
also receiving instructions on how to reach profi-
ciency in professional skills and adaptive work be-
havior. They were placed in departments includ-
ing neonatal and pediatric intensive care units, 
diabetic wellness units, the hospital pharmacy, 
the coronary care unit, environmental services, 
and ambulatory surgery. Historically, youth with 
ASD have been placed into entry-level service 
jobs in hospitality or cleaning, so placements of 
study participants were unusual to them. How-
ever, their internships were typically comprised 
of high-level repetitive tasks that require great at-
tention to detail and focus on order and structure 
to be successful. Most students in the treatment 
condition were hired in competitive placements 
after their internship and received up to 24% 
higher than the minimum wage. This is one of the 
first RCTs to demonstrate that young people with 
ASD can demonstrate success in the workplace as 
long as they have the proper tools.

Older Adults with ASD

It is estimated that 1 in 75 people of all ages has 
ASD, however most outcome and prevention stud-
ies focus on the experiences of children with ASD 
[38]. Far less research is being conducted on the 
health of older adults with ASD. Adults with ASD 
are more likely than the general population to face 
a wide array of hardships including mental health 
difficulties, injurious behavior, chronic health con-
ditions, and nutritional problems [3]

Starkstein et al. [50] discovered preliminary 
data associating higher rates of parkinsonism in 
adults with ASD older than 39 years old. A pre-
liminary study included direct examination and 
diagnosis of 19 adults with ASD over 49 years of 
age. The method was replicated in an indepen-
dent sample of 37 adults with ASD over the age of 
39 years. Frequency of parkinsonism occurrence 
rose from 20% in the first study to 25% after the 
second. While the association between both dis-
orders should be further studied, these findings 
could lead to further investigation of the neuro-
logical underpinnings of ASD and parkinsonism. 
These findings should also be taken into consid-
eration when delivering care services to older 
adults with ASD.
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Another study measured the quality of life of 
52 adults with ASD whose mean age was 49 years. 
Using the WHO Quality of Life-Brief Question-
naire, informant ratings and self-reports were mea-
sured. On self-report ratings, quality of life was 
significantly negatively correlated with repetitive 
behaviors and was positively associated with better 
adult social outcomes (ratings of employment, re-
lationships, and independent living). However, in-
formant ratings indicated few correlations between 
quality of life and any childhood or adulthood fac-
tors. Not all of the participants were able or willing 
to partake in the self-report [31]. It is possible that 
the validity of this popular measurement is low, in-
dicating a need for a new tool for assessment of well-
ness in adults with ASD.

Primary Care for Adults with ASD

Most research on the challenges of ASD focuses 
on young children and their family. Unfortunately, 
there is a shortage of research on adults with ASD 
and effective healthcare practices for this popula-
tion [6]. Lack of appropriate healthcare for people 
with ASD can be linked to the biologically based 
difficulties mentioned in the previous section, as 
well as social support, employment, level of educa-
tion, access and delivery of accurate health services, 
and age of diagnosis [3].

Strengths and weaknesses in adults with ASD 
can vary. They can develop great abilities in their 
focused area of interest or utilize their need for 
consistency to manage their chronic conditions, 
as well as maintain strong friendships or relation-
ships. With that being said, people with ASD have 
a wide variety of individual challenges including 
spoken language, written communication, perfor-
mance of daily living activities, need for consis-
tency, sensory sensitivity, and emotional regula-
tion [35].Youth aged 11—22 years with ASD and 
ID (intellectual disability) reported thriving less 
than peers with ID only. Group differences in 
socio-communicative ability and school participa-
tion mediated the relationship between ASD and 
less thriving students [57].

Waiting room and wait time are main obsta-
cles adolescents and adults with ASD encounter 
in receiving care. This was especially pertinent to 
those who have ID, history of aggressive behav-
ior, or seizures, who found a large benefit in doing 
the assessment over the phone [47]. Communica-

tion barriers with providers is another obstacles 
people with ASD also face in the primary care 
office. Potential resolutions are creating tailored 
communication channels between providers and 
patients and creating a clinical environment that 
is more calming (such as having rounded corners 
and white noise) and allowing for people with 
ASD to control their stress more easily (such 
as having distractions, a quiet room, or a clock 
count down to their appointment time). Future 
use of input from individuals with ASD in various 
healthcare settings can be beneficial to accessibil-
ity and equity.

Physician Perspectives on Providing 
Primary Medical Care to Adults with ASD

Physicians experience a vast number of chal-
lenges to providing care to adults with ASD. Chal-
lenges providing care on a system-level includes: 
a dearth of services and supports for patients with 
ASD, a general lack of health-care providers will-
ing to work with individuals with ASD and fi-
nancial disincentives for potential increased time 
for providers to include adults with ASD in their 
practice. On a practice/provision level, challenges 
include time constraints, the complexity of fam-
ily involvement, physical inaccessibility, and dif-
ficulty communicating with patients during vis-
its. Training and educational challenges include 
a lack of formal education or training provided 
from medical school/residency and lack of general 
knowledge about working with individuals with 
ASD [55]. In a survey of 922 physicians, 77% rat-
ed their knowledge/skills of ASD as fair or poor, 
and only 13% agreed or strongly agreed that they 
have the adequate tools/referral resources/prac-
tice models to accommodate patients with ASD in 
their practice [61].

There are solutions and interventions to amelio-
rate these difficulties. On a systems level, solutions 
include increasing incentives to enhance provider 
capacity or decrease financial disincentives related 
to reimbursement and insurance. On a practice/
provision level, it is possible to create a list of local 
resources and communication techniques, priori-
tize patients with ASD to lessen their wait time, 
improve the physical and sensory accessibility 
of office space, and facilitate communication be-
tween pediatricians and general practitioners. On 
the training and education level, it could be help-
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ful to connect physicians to existing programs and 
services, as well as provide meaningful education 
about ASD and exposure to practitioners early in 
their professions as well as training of their office 
staff [55].

Conclusion

Throughout the life cycle different challenges 
arise and persist for those with ASD. Early pre-
vention and intervention are commonly touted; 
our review demonstrates that it is also important 
to continue treatment and support for adoles-
cents and adults. To get a holistic understand-
ing of this disorder, it is equally important to 
research the specific genes and mutations linked 
to ASD as to the environmental risk factors, in-
cluding birth complications, toxin exposure, and 
vitamin deficiency.

The promising understanding and interventions 
covered in this review target ASD from multiple ar-
eas, such as: giving expecting mothers specific guide-
lines to mitigate risk of ASD in their newborn, paren-
tal training in juvenile ASD support, social skills and 
adaptive functioning training for youth with ASD, 
and employment coaching. Based on our findings, we 
also suggest adapting the primary care setting to be 
more accessible to adults with ASD by incentivizing 
providers to treat more of this population, providing 
stronger education on how to effectively work with 
patients who have ASD, and implementing novel 
practices in the office setting. Asking individuals 
with ASD for their suggestions on how to implement 
change in primary care can allow for novel solutions 
to be executed. It is also crucial to further investigate 
health and wellbeing in older adults with ASD. Tak-
en together, targeting ASD throughout the lifespan 
and its associated societal obstacles can be greatly 
beneficial for individuals with ASD. 
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During the first two decades after autism was 
initially recognized as a developmental disabil-

ity [30], professionals assumed that this condition 
was untreatable. They often told parents to place 
their children in government or private residential 
facilities. In the 1960s, the medical and research 

communities came to the realization that autism 
was a biological condition, and that these individu-
als could benefit from behavioral therapy [19; 34; 
50]. Over the past 60 years, there has been a grow-
ing consensus that many, if not most, individuals on 
the spectrum will improve from behavioral, medi-
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cal, and other therapeutic interventions. In other 
words, autism is treatable.

Researchers and experienced clinicians have re-
ported a wide range of effective therapies, and these 
can be classified into four different treatment cat-
egories including behavioral, biomedical, nutrition-
al, and sensory. An overview of these approaches is 
discussed in relation to three difficult-to-treat chal-
lenges including anxiety, self-harming behavior, and 
sleep problems. It is important to mention that other 
interventions may also be effective, but a detailed re-
view would involve a lengthy thesis or a comprehen-
sive book on each behavior or condition1 [15].

Anxiety

Anxiety is estimated to affect as many as 84% of 
individuals with autism [68]. In his seminal paper 
on autism, l. Kanner [30] described a child who dis-
played behaviors consistent with anxiety. He wrote 
that the child had a “good deal of ‘worrying’: he frets 
when the bread is put in the oven to be made into 
toast, and is afraid it will get burnt and be hurt. He 
is upset when the sun sets” [30, page 233].

There are several types of anxiety commonly as-
sociated with autism including generalized anxiety, 
obsessive-compulsive disorder, phobias and fears, 
separation anxiety, and social anxiety [68].

Numerous challenging behaviors are associ-
ated with anxiety including aggression, disruptive 
behavior, irritability, repetitive behaviors, self-
harming behavior, severe tantrums, and sleep dis-
turbances [42]. Since anxiety involves an internal 
physical feeling, it is often difficult to evaluate es-
pecially in those individuals with communication 
challenges. As a result, clinicians often assess anxi-
ety by observing specific characteristic behaviors 
such as flushed face, heavy breathing, pacing, and 
sweating [44].

A recent survey of the Autism Research Institute’s 
database of 2,328 cases was analyzed with respect to 
anxiety. Those who suffer from anxiety are more like-
ly to be female, cover their ears to many sounds, harm 
themselves, become upset when things are changed, 
and feel sad or depressed most of the time2.

Medical
Certain types of medications are sometimes pre-

scribed to reduce anxiety by altering the GABAner-
gic, noradrenergic, serotonergic, or cannabidiol sys-
tems. Beta blockers, such as propranolol, have been 
shown to reduce anxiety in autism. For reviews, see 
Hirtoa, Brooks, & Hendren3 and Vasa, Carroll, Noz-
zolillo, Mahajan et al. [64].

Nutrition
There is limited empirical support on the impact 

of nutrition on anxiety. However, some evidence 
in the scientific literature indicates that healthy 
nutrition may reduce or eliminate anxiety in the 
neurotypical population4. Several foods have been 
linked to a reduction in anxiety and include nuts 
and legumes, fish, fresh fruits, and vegetables [31]. 
In addition, certain probiotics, such as L rhamno-
sus, may possibly lower anxiety levels [48]. There it 
is also research indicating that specific supplements 
may decrease anxiety including magnesium and 
omega-3 fatty acids [53; 60].

Sensory
High arousal levels have been associated with 

anxiety5 [20] as well as hypersensitivity to certain 
sensory sensations such as bright lights and strong 
colors as well as loud, especially unanticipated, 
sounds6 [61].

As with nutrition, there is a limited amount of 
research supporting sensory approaches to treat-
ing anxiety. There is some evidence that vestibular 
stimulation (i.e., slow, rhythmic movement) and 

1 Edelson S.M., Johnson J.B. (eds.). Understanding and treating anxiety in autism. London: Publ. Jessica Kingsley Publishers, 2021.
2 Edelson S.M., Johnson J.B. (eds.). Understanding and treating anxiety in autism. London: Publ. Jessica Kingsley Publishers, 2021.
3 Hirtoa T., Brooks J., Hendren R.L. Pharmacotherapy for anxiety in individuals with autism spectrum disorder. In Edelson S.M., Johnson J.B. 

(eds.) Understanding and treating anxiety in autism. London: Publ. Jessica Kingsley Publishers, 2021. pp. 133–146.
4 Barnhill K.M. Dietary and nutrition intervention to address issues of anxiety. In Edelson S.M., Johnson J.B. (eds.) Understanding and treat-

ing anxiety in autism. London: Publ. Jessica Kingsley Publishers, 2021. pp. 78–90.
5 Sokhadze E.M., Casanova E., Lamina E.V., Kelly D., Casanova M.F. Psychophysiological markers of arousal and anxiety in children with 

autism spectrum disorder. In Edelson S.M., Johnson J.B. (eds.) Understanding and treating anxiety in autism. London: Publ. Jessica Kingsley 
Publishers, 2021. pp. 21–43.

6 Spielmann V., Miller L.J. Sensory integration and processing — impact on anxiety in autism. In Edelson S.M., Johnson J.B. (eds.) Under-
standing and treating anxiety in autism. London: Publ. Jessica Kingsley Publishers, 2021. pp. 91–119.
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deep pressure may reduce arousal levels and may 
lead to a calming effect [2; 3; 14].

Irlen (tinted) lenses are popular in the adult 
autism community [22; 69; 70] and have been re-
ported to lower arousal by reducing brightness and 
color sensitivity in the non-autism population [29]. 
Auditory interventions, such as auditory integra-
tion training (AIT) and the Tomatis method, are 
reported by parents to reduce anxiety, but there 
are no known supportive studies. However, there 
is evidence that AIT may reduce sound sensitivity 
[51; 52], and loud sounds may be associated with 
anxiety7. In addition, Sokhadze, Casanova, Tasman, 
& Brockett [58] documented improved inhibitory 
neural processing as a direct result of AIT.

Behavior
Numerous researchers have reported benefits soon 

after providing behavioral therapy [24; 45]. Some 
of these therapies include modeling (i.e., watching 
another person confront the situation or interact 
with the stimulus) and positive reinforcement for 
“brave” behavior [47]. Two other popular behavior 
approaches include gradual exposure to the feared 
object or situation (e.g., systematic desensitization, 
shaping) and relaxation training (e.g., deep breath-
ing, progressive muscle relaxation)8 [25].

Self-harming behavior

This is one of the most devastating and difficult-
to-treat behaviors exhibited by many individu-
als on the autism spectrum. Surveys indicate that 
over 25% of the autism population engage in some 
form of self-harming behavior [57]. These behaviors 
vary greatly and range from mild (causing redness 
or bruising) to moderate (leading to bleeding) to 
severe (causing bone fractures). Behaviors may in-
volve hitting or banging the head, biting the wrist, 
hand, or arm, or excessive scratching or pinching of 
the skin [12].

Medical
Physicians may focus their efforts on alleviating 

discomfort or pain associated with self-harming be-

havior. For example, ear hitting may indicate an ear 
infection, and hitting or banging the head may indi-
cate a headache or migraine [10; 12]. Face-hitting can 
be a reaction to sinus allergies, dental pain, or even an 
impacted object in the ear or in the nose [23; 71].

Physicians may also prescribe medications to 
control the behavior itself including antipsychotics, 
antidepressants, and opioid agonists [9; 17].

Nutrition
The nutritional approach often takes into ac-

count the suspected underlying reason(s) for the 
self-harming behavior. For example, eye-poking 
may be a result of a calcium deficiency [8]. In ad-
dition, self-harming behavior has been associated 
with gastrointestinal distress [46; 49]. A popular 
treatment strategy is to normalize the microbiome 
using digestive enzymes and/or probiotics (see for 
a review [55]).

Sensory
Both hypo-reactivity and hyper-reactivity to sen-

sory sensations have been associated with self-harm-
ing behavior (see for a review [40]). For example, low 
tactile sensitivity may lead to excessive rubbing and 
scratching, which in turn may lead to an increase in 
the skin’s sensitivity to touch [11]. Tactile stimula-
tion, such as rubbing various textures on the skin, 
is reported to normalize sensitivity and may reduce 
chronic rubbing and scratching [56]. Conversely, 
some individuals on the autism spectrum engage in 
self-harm as a reaction to certain sounds [61]. As 
mentioned earlier, AIT has been shown to reduce or 
eliminate sound sensitivity [51; 52].

Behavior
Behavior therapy has a long and controversial 

history of treating self-harming behavior by either 
ignoring or punishing the behavior [35]. Today, 
behaviorists often attribute the cause and/or main-
tenance of these behaviors to three reasons: obtain 
attention, avoid or escape attention, and obtain a 
tangible [5; 16]. Automatic reinforcement has also 
been recognized as a contributor in which the be-
havior itself is rewarding [66]. A functional behav-
ioral assessment is often employed to determine the 

7 Spielmann V., Miller L.J. Sensory integration and processing — impact on anxiety in autism. In Edelson S.M., Johnson J.B. (eds.) Under-
standing and treating anxiety in autism. London: Publ. Jessica Kingsley Publishers, 2021. pp. 91—119.

8 Groden J., Weidenman L., Woodard, C.R. Stress and autism: Adapted coping interventions for everyone on the spectrum. In Edelson S.M., 
Johnson J.B. (eds.) Understanding and treating anxiety in autism. London: Publ. Jessica Kingsley Publishers, 2021. pp. 147–196.
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physical and social antecedents and consequences 
of these behaviors [26; 54].

Behavioral programs may include various sched-
ules of reinforcement such as differential reinforcement 
of other behaviors (DRO), differential reinforcement 
of incompatible behaviors (DRI), and differential re-
inforcement of alternative behavior (DRA), see [41]. 
Relaxation therapy has also been shown to be effective 
in reducing self-harming behavior [26; 43].

Sleep

Sleep disturbances are relatively common in 
the autism population [65]. There are numerous 
suggested causes of sleep problem associated with 
autism including alterations of circadian rhythms 
[21], high arousal level [39], sensory sensitivities 
[63], gastrointestinal disturbances [32; 50], pain 
[62], and side effects of medications [38].

The American Academy of Neurology recently 
recommended three approaches for treating sleep 
problems in autism and suggested an order in which 
they should be given [4]. These treatments, listed 
in order, are behavioral approaches, melatonin, and 
medical interventions.

Medical
In general, there are several types of medications 

often prescribed to treat sleep disturbances asso-
ciated with autism including those that increase 
GABA and decrease histamine release as well as 
medications that alter acetylcholine, norepineph-
rine, and serotonin. See [33] for a review.

Over the last two decades, melatonin has been a 
popular approach for treating sleep problems in au-
tism [36]. Researchers have shown that melatonin can 
improve sleep onset and duration, has minimal side ef-
fects, and improves quality of sleep and life [37].

Nutrition
Nutrition has long been considered helpful in treat-

ing sleep problems in the general population [59]. Cer-
tain foods are believed to help induce sleep including 

nuts (e.g., walnuts, almonds), meat (e.g., turkey, fatty 
fish), fruit (e.g., kiwi, tart cherry juice, bananas), and 
milk and milk products (e.g., cottage cheese) [18].

Sensory
Sensory approaches are often employed to treat 

sleep disturbances and usually focus on reducing 
overall nervous system arousal. This may include 
setting the room to a comfortable temperature, re-
ducing sounds and lighting, applying deep pressure, 
and providing slow vestibular stimulation such as 
rocking (see [67]).

Behavior
A behavioral strategy referred to as “sleep hygiene” 

is often recommended to help a person fall asleep [1]. 
This can consist of scheduling appropriate times for 
going to sleep and awakening, minimizing computer 
and television watching, and reducing emotional and 
behavioral stimulation prior to bedtime.

Discussion

Certain difficult-to-treat behaviors, such as those 
described above, may be caused and/or later main-
tained by one or more factors associated with the 
person’s biology, sensory system, nutritional status, 
and/or their surrounding environment. For example, 
Carr and McDowell [7] reported on an 10-year old 
boy whose scratching behavior was a result of a skin 
allergy. Once the allergy was identified and treated, 
the scratching behavior continued and was main-
tained by attention contingent on the behavior.

As in the example described above, the treat-
ments outlined in this article are not necessarily 
independent of one another. In fact, an effective 
therapeutic plan, especially for difficult-to-treat be-
haviors, could likely involve a multidisciplinary ap-
proach and would include two or more treatments 
given in a specific order or simultaneously [6]. For 
example, treating anxiety may involve treating 
their GI disturbances9, immune dysregulation10, 11, 
and challenging behaviors [42].

9 Law, Ferguson, Margolis, & Beversdorf. Gastrointestinal symptoms, anxiety, and autism spectrum disorder. In Edelson S.M., Johnson J.B. 
(eds.) Understanding and treating anxiety in autism. London: Publ. Jessica Kingsley Publishers, 2021. pp. 67–77.

10 Casanova E.L., Casanova M.F., Sokhadze E.M., Lamina E. Crosstalk between the immune and autonomic nervous systems and their rela-
tionship to anxiety in autism. In Edelson S.M., Johnson J.B. (eds.) Understanding and treating anxiety in autism. London: Publ. Jessica Kingsley 
Publishers, 2021. pp. 45–56.

11 Edelson S.M., Van de Water J., Edelson M.S.G. The immune system and anxiety: A case for toxic exposure. In Edelson S.M., Johnson J.B. 
(eds.) Understanding and treating anxiety in autism. London: Publ. Jessica Kingsley Publishers, 2021. рp. 57–66.
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Treating a condition or behavior using sev-
eral approaches simultaneously should not be 
confused with the research examining intensive 
behavior analytic intervention (IBT) in relation 
to an eclectic treatment approach and a general 
education approach [27; 28]. In these studies, the 
eclectic approach included the TEACCH pro-
gram, Picture Exchange Communication System 
(PECS), sensory integration therapy, and some 
discrete-trial procedures. Numerous assessments 
were employed and greater improvement was 
documented in those who received IBT as com-
pared to the other two groups. In these studies, 
the eclectic approach consisted of three popular 
education strategies, whereas three of the four ap-
proaches described in this article centered on the 
individual’s physical health (i.e., medical, sensory, 
and nutrition). Note: sensory integration therapy 
was included in the eclectic approach; however, 
Howard et al. [27; 28] did not evaluate changes in 
sensory sensitivities in their studies. Thus, the ef-
fectiveness of sensory integration therapy should 
not have been part of the conclusions drawn by 
these researchers.

When treating a condition or behavior, it should 
not be assumed that all treatments are equally ef-
fective; and in many cases the most effective inter-
ventions will depend, to a large degree, on the un-
derlying reason for the condition or behavior [13]. 
Such is the case where eye-poking is a result of a 
deficiency in calcium [8].

An important scientific question regarding 
appropriate treatment is: How do we deter-
mine objectively the most effective treatments 
for each individual on the autism spectrum? At 
first, this may appear to be a daunting and com-
plicated research challenge given the heteroge-
neity of the autism spectrum as well as chrono-
logical age (i.e., toddlers, children, teenagers, 
adults).

Reliance on traditional experimentation may 
take decades to determine an optimal treatment 
plan for each individual on the spectrum. A more 
efficient scientific approach would involve adminis-
tering numerous valid and reliable assessments be-
fore, during, and after each treatments. This could 
consist of neurological and laboratory testing (e.g., 
EEG, evoked-related potentials), direct observa-
tion (e.g., functional behavioral analysis, Autism 
Diagnostic Observation Schedule), and sensory as-
sessments (e.g., the Sensory Profile) in addition to 
interviews (e.g., Autism Diagnostic Interview) and 
questionnaires (e.g., Aberrant Behavior Checklist, 
Pervasive Developmental Disorder — Behavior In-
ventory). Characteristics of each individual should 
also be documented (e.g., age, sex, communication 
and social behavior).

The data from such quantitative assessments 
could then be analyzed in such a way to create one 
or more statistical algorithms or formulas. Based on 
probability, these formulas would be able to predict 
which treatments would be most effective given 
the characteristics of each individual [13]. Once 
this has been accomplished, clinicians could sim-
ply rely on a set of assessments, as determined by 
research, to create an effective treatment plan for 
each individual. This goal can be a reality given a 
collaborative and well-coordinated effort by both 
the research and therapeutic communities.

Conclusion

As evident throughout this article, medical, nu-
tritional, sensory and behavioral approaches have 
been reported to treat similar conditions and behav-
iors. More research is needed to understand which 
treatments are most appropriate given the various 
underlying reasons and the heterogeneity of the au-
tism population. 
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Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by reduced social communication 
and repetitive behaviors. The etiological mechanisms of ASD are still unknown; however, the GABAergic system has 
received considerable attention due to its potential as a therapeutic target. Based on the fact that individuals with 
autism demonstrate altered gene expression concomitant with impaired blood brain barrier (BBB), and gut barrier 
integrities, so increased glutamate levels in the blood and platelets of ASD patients can be related to lower num-
bers of cerebellar GABAergic neurons, less active GABA-synthesizing enzymes, and decreased brain GABA levels. 
Excitotoxic levels of released glutamate trigger a cascade of deleterious cellular events leading to delayed neuronal 
death. According to our understanding of glutamate excitotoxicity, GABA supplementation could theoretically be 
useful to treat certain autistic phenotypes. While there is still no effective and safe medication for glutamate-related 
cell damage and death, combined efforts will hopefully develop better treatment options. Here I hypothesize that an 
integrated treatment strategy with GABA supplements, regulation of chloride (Cl-) and magnesium (Mg2+) levels, 
vitamin D supplements, probiotics to enhance GABAA receptor and glutamate decarboxylase (GAD) expression, 
and memantine to activate glutamate transporters and inhibit NMDA receptors, could collectively reduce glutamate 
levels, maintain functional GABA receptors and thus treat repetitive behavior, impaired social behavior, and seizure 
activity in individuals with autism.
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Introduction

Autism spectrum disorder (ASD) is a highly 
heterogeneous, lifelong neurodevelopmental disor-
der that clinically presented as social interaction 
and communication impairments together with re-
stricted interests and stereotyped behaviors [34]. 
Its prevalence is growing; therefore, there is a need 
to determine the key etiological mechanisms that 
would facilitate the identification of predictive and 
diagnostic markers that might help develop treat-
ments. There are multiple of etiopathological mech-
anisms attributed to autism; the most known being 
systemic immune activation and excitotoxicity. It 
is commonly believed that chronic inflammation is 
the hallmark of many neurodevelopmental disor-
ders [81; 93] and research on autistic patients has 
uncovered a number of immune dysfunctions [37; 
87]. Neuroinflammation has been described in post-
mortem brain specimens of both young and old in-
dividuals with autism [56; 93; 122].

Progress is being made based on accumulat-

ing evidence that genetic and environmental 
risk factors for autism converge to disturb the 
balance between glutamate-mediated excitatory 
and γ-aminobutyric acid (GABA)-mediated in-
hibitory neurotransmission; and this may help to 
identify treatment targets for the disorder [18; 
89; 104; 107].

The hypothesis that GABA can be targeted as 
an appropriate means of treating autism is sup-
ported by the relatively high incidence of epilepsy 
in patients suffering from autism, as well as the 
high frequency of epileptiform activity observed 
in the electroencephalograms (EEG) of autistic 
patients [101].

Moreover, electrophysiological and behavioral 
autism-like features have been observed in mice af-
ter blockade of maternal oxytocin signaling, which 
is important for the early postnatal excitatory-to-
inhibitory shift of GABAergic signaling [119; 120].

Based on this information, the model of excita-
tion-inhibition imbalance is one of the leading hy-
potheses to explain the etiology of autism. There-

Расстройства аутистического спектра (РАС) — это нарушения психического развития, характеризующиеся 
снижением социального взаимодействия и повторяющимся поведением. Механизмы этиологии РАС все еще 
неизвестны; однако ГАМК-эргической системе уделяется большое внимание в связи с тем, что она обладает по-
тенциалом терапевтической мишени. Основываясь на том факте, что у людей с аутизмом отмечена измененная 
экспрессия генов, сопутствующая нарушению гематоэнцефалического барьера (ГЭБ) и целостности кишеч-
ного барьера, повышенный уровень глутамата в крови и тромбоцитах пациентов с РАС может быть связан с 
меньшим количеством мозжечковых ГАМК-ергических нейронов, менее активными ГАМК-синтезирующими 
ферментами и сниженным уровнем ГАМК в мозге. Эксайтотоксичные уровни высвобождения глутамата за-
пускают каскад разрушительных клеточных событий, приводящих к отсроченной гибели нейронов. В соответ-
ствии с нашим пониманием эксайтотоксичности глутамата добавки ГАМК теоретически могут быть полезны 
при лечении определенных фенотипов аутизма. Хотя эффективных и безопасных препаратов, предотвращаю-
щих вызванные глутаматом повреждение и гибель клеток, до сих пор не существует, мы надеемся, что благо-
даря совместным усилиям нам удастся разработать лучшие варианты лечения. В данной статье я выдвинула 
гипотезу о том, что использование интегрированной стратегии лечения с применением добавок ГАМК, регу-
ляцией уровня хлорида (Cl-) и магния (Mg2+), добавками витамина D, пробиотиков для усиления экспрес-
сии рецепторов ГАМК-А и глутаматдекарбоксилазы (GAD), а также мемантина для активации транспортеров 
глутамата и ингибирования NMDA рецепторов, может привести к снижению уровней глутамата, поддержать 
функционирование рецепторов ГАМК и тем самым воздействовать на повторяющееся поведение, нарушения 
социального взаимодействия и судорожные припадки у людей с аутизмом.

Ключевые слова: аутизм; эксайтотоксичность глутамата; гамма-аминомасляная кислота; витамин Д; кишеч-
ная микробиота.
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fore, a precise and integrated adjustment of brain 
metabolism through regulation of glutamic acid 
and GABA could be used as treatment strategy for 
autism.

We do not yet have a clear mechanism of action 
regarding GABA supplementation and we have yet 
to fully understand the role of GABA’s behavioral 
effects, as well as its blood-brain barrier (BBB) per-
meability in humans. However, evidence from nu-
merous clinical studies strongly supports the thera-
peutic effects of GABA in the brain [16; 52; 72; 99].

Interlinked Metabolism of Glutamate 
and GABA

It is well known that glutamate and GABA me-
tabolism is strongly interlinked, so a change in any 
of the intermediate metabolite can affect both neu-
rotransmitters. Glutaminase as an enzyme cata-
lyzes the conversion of glutamate to glutamine, al-
lowing glutamine to be either stored in astrocytes 
or converted to glutamate in both glutamatergic 
and GABAergic neurons [103]. Between synap-
tic events, normal levels of glutamate and GABA 
are kept low via permanent transporter-mediated 
turnover through the plasma membrane [17; 19; 
28; 111]. These transporters terminate synaptic 
neurotransmission, enabling the reuptake of the 
neurotransmitters. In excitatory neurons, gluta-
mate is transported into vesicles through vesicu-
lar glutamate transporters, whereas in inhibitory 
neurons, glutamate is first transformed to GABA 
by glutamic acid decarboxylase (GAD), and then 
transported to vesicles via vesicular GABA trans-
porters. Upon release, both neurotransmitters are 
taken up by high affinity transporters and returned 
into neurons and surrounding glia to be reused. 
Thus, GABA, glutamate, and glutamine are in 
constant flux. In autism however, the levels of the 
enzymes controlling glutamine-glutamate-GABA 
cycles are altered and thus, glutamine-glutamate-
GABA metabolism is likely to be unusual in the 
ASD brain [46; 128].

Among clinical samples, high concentrations 
of glutamate and glutamine (Glx), and GABA in 
the temporal lobe, and high levels of glutamate 
in the auditory cortex have been directly related 
to the severity of autistic phenotypes [22]. In-
creased anterior cingulate glutamate/creatine 
and Glx have been associated with severe social 
interaction and communication impairments [38; 

117]. The hyper-glutamatergic hypothesis of au-
tism reported by Fatemi [47] suggests that lower 
levels of the GAD enzyme, and increased num-
bers of astrocytes, which take up synaptic gluta-
mate to resynthesize glutamine and glutamate, 
leads to excess cortical glutamate in autistic pa-
tients. The remarkably lower levels of the 65 and 
67 kDa GAD isoforms in individuals with autism 
may account for the reported increases of gluta-
mate in blood and platelets of autistic subjects 
[42]. GAD deficiency may be due to, or associ-
ated with, abnormalities in levels of glutamate/
GABA, or transporter/receptor density in the 
autistic brain.

Conversion of glutamate to glutamine by glu-
tamine synthetase requires ammonia, which help 
to clear both molecules. It is well known that pa-
tients with liver dysfunction and children with 
urea cycle disorders cannot efficiently detoxify 
ammonia, inducing high levels of ammonia and 
glutamine in the brain [48]. Liu et al. [75] re-
ported that autistic children had high brain am-
monia but low levels of glutamine, showing that 
their serum glutamine levels were low and they 
had impaired glutamate transporters. This was 
supported Saleem et al [107] who recorded in-
creased levels of ammonia, a marked reduction 
in urea concentration, and significant increases 
in the glutamate/glutamine ratio in the plasma 
of patients with autism compared with controls, 
suggesting that the glutamate/glutamine cycle 
was greatly impaired in these patients. Addition-
ally, Liu [75] identified a panel of 7 urinary amino 
acid indicators that could discriminate between 
urine samples from ASD and healthy control chil-
dren. Collectively, they find a possible imbalance 
between excitatory and inhibitory amino acid 
metabolism in ASD children. The significantly al-
tered urinary amino acid indicators could there-
fore be potential diagnostic biomarkers for ASD.

Noticing high plasma ammonia and high GABA 
in blood and urine of an autistic boy, Cohen [29] 
noted plasma GABA levels are positively correlated 
with those of plasma ammonia. Dhossche et al [33] 
found high plasma GABA in autistic children aged 
between 5 and 15 years old. It is also very interest-
ing to note that fever increases CSF taurine but de-
creases GABA [75].

It has been suggested that ammonia produced 
by the gut yeast Candida albicans forms a metabo-
lite that works like GABA in autistic brains [24] 
Wakefield et al. [126] suspected that gut bacteria 
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in children with autism generate much higher am-
monia than their impaired liver can detoxify. This 
might happen, for example, if an oral antibiotic 
was given and induces overgrowth of pathogenic 
bacteria. Another pathogenic consequence is in-
terrelated to glutamate is vaccination. Hoernlein 
[63] noted that vaccines, specifically those against 
measles, mumps, rubella (MMR), are usually en-
closed in hydrolyzed gelatin, as a rich source of 
glutamate to reserve the viruses. In the presence of 
low-affinity glutamate transporter that exchange 
cystine and glutamate between the interior and 
exterior of the cell in a 1:1 ratio, extracellular glu-
tamate usually accumulates, obstructs the cystine-
glutamate exchange, and resulting in the reduction 
of cell stores of cystine as a major precursor of sul-
fur amino acids and glutathione. This may explain 
the association between glutamate excitotoxicity 
and oxidative stress as two etiological mechanisms 
of autism [39].

The GABAergic System in Autism

The role of the GABAergic system in autism has 
received a large amount of attention due to several 
factors. Autism studies have reported (1) reduced 
numbers of cerebellar GABAergic Purkinje cells es-
pecially in the posterior lobe [8; 127]; (2) lower ac-
tivity levels of key synthesizing enzymes (GAD65 

and GAD67) in the cerebellum and parietal cortex 
[46], and decreased levels of GAD67 in Purkinje 
cells [128]; (3) neuropathology in the deep cer-
ebellar nuclei, a brain region rich with GABAer-
gic neurons, with males more affected than females 
[23; 65; 88]; (4) reduced density of γ-Aminobutyric 
acid type A (GABAA) receptors in specific areas of 
the hippocampus [15; 70; 123]; (5) the most com-
mon chromosomal abnormality in autism is an 
alteration(s) in chromosome 15q11-q13, a region 
that contains three GABAA receptor subunit can-
didate genes for autism [108; 110], including the 
GABAA3 subunit receptor gene [79]; and (6) el-
evated plasma GABA in autistic children aged be-
tween 5 and 15 years [39; 42].

GABAA receptors are heteropentameric iono-
tropic receptors made of 19 different subunits. The 
majority contain two α, two β and one γ or δ subunit 
[91]. GABAA receptors that contain the α5 subunit 
(α5GABAA α5GABAA) are important because of 
their limited distribution and distinctive physi-
ological and pharmacological characteristics [28; 
74]. Extrasynaptic α5GABAA receptors are highly 
expressed in the hippocampus and at reduced lev-
els in the cortex, and hypothalamus. Activation of 
these receptors creates a stimulant inhibitory cur-
rent that moderates excitability and synaptic plas-
ticity [26; 79]. α5GABAA receptors also play a tro-
phic role that regulates the development of neural 
circuits [74].

Fig. 1. Glutamate-GABA-Glutamine cycle
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It is very interesting to note that Gabra5−/− 
knocked out mice missing the α5 subunit gene, 
clinically presents multiple autism-like features, 
such as impaired social interaction, abnormal cog-
nitive and memory functions, and sleep distur-
bances [85; 131]. Actually, the most common copy 
number variant in autism is a duplication of the 
q11.2—13 region of chromosome 15 [86], which 
encodes for the α5, β3, and γ3 subunits of the GA-
BAA receptor [86]. Rare variants in the gene that 
encodes the α5 subunit have also been identified 
in autistic patients [131]. These findings suggest 
that dysfunctional α5GABAA receptors could be 
contributed to glutamate excitotoxicity as etio-
logical mechanism in autism. The role of GABAA 
receptors in the etiology of autism was confirmed 
by Han et al. [61] who showed that low doses of 
benzodiazepines, as a GABAA receptor agonists, 
increase inhibitory neurotransmission through 
positive allosteric modulation of postsynaptic GA-
BAA receptors in a rodent model of autism. This 
was concomitant with improved social interaction, 
reduced repetitive behavior, much better cognitive 
ability. In contrast, negative allosteric modulation 
of GABAA receptors impaired social behavior in 
C57BL/6J and 129SvJ wild-type mice.

Neuronal chloride control plays a role in the 
dynamic regulation of GABAergic inhibition both 
during and after brain development. This regula-
tion is mostly reliant on two cation chloride co-
transporters (CCCs), the K+/Cl− co-transport-
er KCC2, and the Na+/K+/Cl− co-transporter 
NKCC1, whose activity can decrease or increase 
neuronal chloride levels respectively. Ben-Ari et 
al. [10] observed an elevated intracellular chloride 
(Cl-) levels and excitatory GABA early during ges-
tation followed by a perinatal excitatory-to-inhib-
itory shift. This mechanism is found in many brain 
areas of different animal species which suggest 
that it happens early in life. It is mediated mostly 
by the developmentally controlled gene expression 
of KCC2 and NKCC1, which are exporter and im-
porter of Cl- respectively. In spite of the straight-
forward function of GABA receptors in the trans-
mission of information from the presynaptic to 
the postsynaptic neurons, some other factors are 
involved. Among these is the difference in mem-
brane potential between the postsynaptic dendrite 
against the reversal potential for chloride ions. 
Based on this, GABA can evoke either depolar-
izing (excitatory) or hyperpolarizing (inhibitory) 
currents. This can be also affected by the local dis-

tribution of large anions, such as glutamate. Three 
conditions can be observed in which the reversal 
potential of chloride ions is below, above, or equal 
to the membrane resting potential. Low intracel-
lular chloride levels can induce the influx of more 
negatively charged ions is low which can enhance 
the inhibitory function of GABAA receptors. At 
higher chloride levels, its reversal potential is 
above the resting potential of the cell, enhancing 
the excitatory effects of GABA. When the reversal 
potential for chloride equals the resting potential 
of the cell, stimulation of the GABAA receptors 
will cause no net flux of chloride and no alteration 
of the membrane potential. As the excitatory po-
tential for GABA and the resting membrane po-
tential are in relatively close proximity, small rises 
in Cl− can shift the polarity of GABAA currents 
from inhibitory to excitatory, highlighting the im-
portance of maintaining low Cl− [66; 76; 98]. Stud-
ies are now beginning to examine the connection 
between NKCC1 and KCC2 and the etiology of 
autism. Mutations in the C-terminal regulatory 
domain of KCC2 were found to be related with 
autistic phenotypes [30; 63; 84]. Several models of 
genetic disorders strongly associated with autism 
have been linked to alterations in NKCC1/KCC2 
ratios [35]. Exposure of rats to valproate (VPA) 
during gestational period has shown a significant 
delay in the shift of GABA from excitatory to 
inhibitory [62]. Oral treatment with the selec-
tive NKCC1 antagonist bumetanide in pregnant 
VPA- treated rats immediately before delivery has 
shown a remarkable restoration of the effects of el-
evated Cl− and excitatory GABA signaling in the 
new born and can reduce the behavioral problems 
at childhood [102].

Glutamate Excitotoxicity as an Etiological 
Mechanism in Autism

Glutamate excitotoxicity arises when glutamate 
receptors (GluRs) are overstimulated with an ex-
cessive amount of the excitatory neurotransmitter, 
glutamate, followed by the increase of intracellular 
Ca2+ ions, finally lead to neuronal death [90].

Several studies have reported that glutamate 
excitotoxicity is one of the repeatedly recorded 
etiological mechanisms in autism. The GluRs 
are classified as ionotropic receptors, or metabo-
tropic receptors (mGluRs) [43; 44]. Each type is 
composed of a variable association of subunits, 
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which determines their biophysical and physi-
ological properties. N-methyl-D-aspartate re-
ceptor (NMDAR) is an ionotropic GluR that is 
classically composed of a tetrad arrangement of 
subtype receptor subunits — GluN1, GluN2A-D, 
and GluN3A and B. During development, there 
are significant modifications in the composition 
of these subunits. In the mammalian brain, func-
tional NMDARs require a GluN1 subunit associ-
ated with one or more GluN2 subunits. Magne-
sium (Mg2+) binding sites inside the NMDAR 
regulate its function, with Mg2+  playing a cru-
cial role as a voltage-dependent channel blocker. 
Upon depolarization, the Mg2+  blockade is re-
leased, permitting the action potential to go on. 
Sensitivity to Mg2+ blockade varies with subunit 
ratio composition. Mg2+ ions mainly oppose Ca2+ 
ions, and Mg2+ deficiency induced brain seizures 
can be avoided by treating with NMDA-receptor 

antagonists [41]. Since Mg2+ is required for many 
brain enzymes, a striking decrease of Mg2+ in a 
propionic acid (PPA)-induced rodent model of 
autism was recently related to glutamate excito-
toxicity as a persistent autistic feature in juvenile 
rats [41; 50; 78]. When Mg2+ deficiency occurs, 
excessive Ca2+ and glutamate can induce synap-
tic dysfunction in the brain, which can manifest 
as repetitive behavior, impaired social behavior, 
seizure activity, and hyperactivity, as previously 
reported [3; 31; 32].

α-amino-3-hydroxy-5-methyl-4-isoxazolepro-
pionic acid receptors (AMPARs) are ionotropic 
receptors composed of GluA1-4 subunits (GluR1-4 
by older nomenclature). The presence of the GluA2 
(GluR2) subunit in the AMPAR blocks Ca2+ en-
try into the neuron [14]. AMPAR sensitivity is 
regulated by whether they contain or lack a GluA2 
(GluR2) subunit when they are transported to the 

Fig. 2. A: Role of NKCC1/KCC2 ratio in GABA neurotransmission; 
B: Different GABA responses membrane potentials
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neuronal membrane. The latter causes the AMPAR 
to be Ca2+ permeable, and trafficking of GluA2-
lacking AMPARs to the synaptic unit increases 
glutamate-induced neuronal activation, which is 
observed in long-term potentiation (LTP), plastici-
ty, and during neurodevelopment. Under patholog-
ical conditions, such as inflammation, the activity 
of GluA2-lacking AMPARs can trigger excitotoxic 
damage [50; 71].

Edfawy et al. [36] studied the functional role of 
Gprasp2, a gene linked with neurodevelopmental 
disorders that encodes a protein that contributes 
to post-endocytic organization of G-protein-cou-
pled receptors. They observed that Gprasp2 dele-
tion leads to clinically presented ASD features and 
changes in synaptic neurotransmission in mice. Ma-
nipulating the levels of Gprasp2 expression reduced 
the surface availability of mGluR5 and produces al-
terations in dendritic complexity, spine density and 
synaptic maturation. These findings demonstrate 
a role for Gprasp2 in glutamatergic synapses and 
suggest a possible mechanism by which this gene is 
linked to autism.

Astrocyte-mediated clearance of free gluta-
mate from synaptic cleft is mostly accomplished 
through two astroglia-specific, high-affinity glu-
tamate transporters called excitatory amino acid 
transporters 1 and 2 (EAAT1 and 2), classified 
in rodents as glutamate aspartate transporter 
(GLAST) and glutamate transporter-1 (GLT-1), 
respectively. These transporters use the electro-
chemical gradients across the plasma membranes 
as motivating forces for glutamate transfer into 
the intracellular compartment [4]. Convention-
ally it was thought that following uptake into 
astrocytes, glutamate is converted into non-toxic 
glutamine by glutamine synthetase, which is then 
released into the intercellular fluid and taken 
into neurons to be used for glutamate recycling 
in order to replenish the neurotransmitter pool 
[112]. However, more recent data suggest that, 
on some physiological and pathological circum-
stances, astrocytes are capable of releasing glu-
tamate via multiple mechanisms [25; 124]. Sev-
eral mechanisms connecting astrocyte glutamate 
release with the excitotoxicity present in autism 
have been described, mainly involving microglia 
activation [11; 94; 115]. Based on their crucial 
role in neurological disorders, EAATs are targets 
for the development of new treatment strategies 
for brain diseases [59; 115] and a recent study has 
shown that ß-lactam antibiotics can remarkably 

increase the gene expression of EAAT2/GLT-1 in 
a rodent model of autism [3].

High affinity glutamate (L-Glu) transporters 
facilitate L-Glu re-uptake into neurons and glial 
cells [20]. These transporters combine the uptake 
of L-Glu with the exchange of one H+ ion, one K+ 
ion, and 3 Na+ ions, [6]. Impaired glutamate and 
glutamine transporters are repeatedly reported 
in autism [6]. Cystine is an essential amino acid 
for the biosynthesis of the reduced glutathione 
(GSH), and its uptake requires the cystine/gluta-
mate exchanger SLC7A11 [95]. This transporter 
catalyzes the uptake of one molecule of cystine 
with the release of one molecule of L-Glu. As it is 
highly expressed in astrocytes but not in neurons, 
neurons are dependent on astrocytes for the pro-
duction of GSH. Once cystine enters astrocytes, it 
forms the tripeptide GSH. Synthesized GSH can 
be released into the extracellular space followed 
by enzymatic catabolism, eventually leading to the 
formation of cysteine. Cysteine is then taken up by 
neurons through SLC1A1 transporter to synthe-
size GSH. GSH depletion as a pathological feature 
in autism could influence the capacity of cells to 
scavenge free radicals, making them susceptible to 
accumulate reactive oxygen species (ROS), pos-
sibly injuring of the L-Glu transporter SLC1A2, 
especially in motor neurons. Together with addi-
tional alterations, including activation of caspases 
as pro-apoptotic markers, this will finally lead to 
neuronal death.

Ford et al. [53] revealed that strong autistic ten-
dencies are associated with the GABA+ concentra-
tion and an increased glutamate/GABA+ ratio in 
the lower right hemisphere of the brain. Previous 
reports also show that increased excitatory and re-
duced inhibitory neurotransmission is implicated 
across the autism spectrum, particularly in the so-
cial domain [54; 55; 68; 129]. These findings are 
consistent with evidence from animal studies show-
ing that social deficits caused by increased gluta-
mate/GABA+ ratio can be reduced by increasing 
in the inhibitory neurotransmission of GABAergic 
neurons [27; 109; 129].

To understand the role of microglia activation in 
excitatory/inhibitory imbalance in autism, Lieber-
man et al [73] proposed two different hypotheses. It 
is well known that the healthy developing brain ini-
tially form additional, inappropriate excitatory syn-
apses. These unnecessary or less active synapses are 
pruned by microglia, and only functionally mature 
synapses are conserved [12]. Their first hypothesis 
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stated that in autism, microglia may fail to detect 
and prune immature synapses, which would result 
in the conservation of an excess number of gluta-
mate excitatory synapses. Their second hypothesis 
stated that over-activated microglia may selective-
ly prune GABAergic inhibitory synapses.

These hypotheses are consistent with the idea 
that disturbance of microglial activation by immune 
stimulation such as maternal infection during a crit-
ical period can deleteriously affect synaptogenesis 
[13]. Pruning by microglia is activity dependent, 
which suggests that excitotoxic stimulation during 
prenatal or early post-natal periods could also ad-
versely affect brain architecture. Bilbo et al. have 
shown that activation of brain microglia early in life 
can have long-term consequences on brain function, 
even into adulthood [12; 13].

Vitamin D Deficiency and Imbalanced 
Excitatory/Inhibitory Neurotransmission 

in Autism

It is well known that autism is more prevalent 
in areas of relatively poor ultraviolet light exposure, 
such as urban areas, areas with high air pollution, 
and areas of high precipitation [45]. Animal stud-
ies have confirmed that severe vitamin D deficiency 
during pregnancy negatively affects numerous pro-
teins which contribute to brain development, re-
sulting in pathological alterations in neonatal ani-
mals similar to those seen in autistic patients [60; 
125]. Meguid et al. [82] measured serum levels of 
vitamin D in Egyptian children with autism com-
pared to healthy controls, and reported that the lev-
el of vitamin D3 was remarkably lower in autistic 
patients. Multiple studies have confirmed vitamin 
D deficiency as an etiological mechanism in autism 
[1; 40; 51; 57; 87; 125], whereas only two studies 
have shown no difference between children with 
autism and controls [121].

Based on this, vitamin D supplementation for 
autistic children with insufficient vitamin D is nec-
essary. Saad et al. [105] reported that vitamin D 
supplementation can help as a treatment strategy 
in autism. Their cohort study of autism spectrum 
disorder children receiving vitamin D supplemen-
tation at a dose of 300 IU/kg/day showed that chil-
dren with a final vitamin D3 serum level below 30 
ng/ml demonstrated no improvements in clinical 
presentation, 31/102 children with final vitamin D3 
serum levels between 30—39 ng/ml had decreased 

childhood autism rating scale scores (CARS) by 
1.5—4.5 points, while those with a final serum vita-
min D3 levels above 40 ng/ml had decreased CARS 
by 3.5 to 6.5 points. This seems to suggest that the 
lower limit for vitamin D levels in autism treatment 
is 40 ng/ml, or at least above 30 ng/ml. Feng et al 
[49] showed that autistic phenotypes were greatly 
improved after 3 months of vitamin D being either 
intramuscularly injected or orally supplemented, 
with younger patients being more responsive. 
Moreover, animal studies have shown that vitamin 
D demonstrates a protective rather than therapeu-
tic effect on PPA-induced neurotoxicity in rats, as 
there was a remarkable amelioration of the impaired 
interferon-gamma IFN-γ, serotonin, Glutathione-s-
transferase, and DNA damage [2]. Of course, addi-
tional large scale, international multi-center studies 
are essential to explore the relationships between 
the clinical response to vitamin D supplementation, 
long-term effect of vitamin D supplementation, and 
the biochemical changes in autistic patients.

Epidemiological studies have revealed that vi-
tamin D deficiency is associated with a wide range 
of neuropsychiatric disorders, including autism 
[58; 60; 67; 69]. It is known that vitamin D defi-
ciency significantly reduces the levels of glutamic 
acid decarboxylase, the key enzyme in GABAer-
gic interneurons, and glutamate and glutamine in 
mouse brain tissue [60]. This suggests that glu-
tamate excitotoxicity, and impaired glutamate-
glutamine-GABA cycle in autism can be corrected 
through the treatment of vitamin D insufficiency 
or deficiency [125].

To validate this suggestion, we can consider the 
recent study by Krisanova et al. [69] who showed 
that vitamin D3 deficiency disturbs synaptic neu-
rotransmission by affecting both Ca2+-dependent 
and Ca2+-independent processes. The Ca2+-de-
pendent action of vitamin D3 deficiency was as-
sociated with a decrease in exocytotic release of 
glutamate and GABA, presumably caused by mal-
functioning voltage-gated Ca2+ channels. The Ca2+-
independent action of vitamin D3 deficiency was 
associated with a decrease in the expression of glu-
tamate and GABA transporters that in turn result 
in the decrease of glutamate and GABA reuptake. 
Their main finding demonstrates that vitamin D3 
deficiency could be and etiological mechanism in 
autism by contributing to an impaired glutamate/
GABA transporter expressions and excitation/in-
hibition imbalance.
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Role of Microbial Glutamate 
and Gaba sSignaling in Autism

Microbial endocrinology concerns the role of 
microorganism-produced neurochemicals such as 
GABA, glutamate, and serotonin, as a common lan-
guage that allows crosstalk between microbe and 
host. Understanding the gut microbiota—brain axis 
in humans as a bidirectional cross talk system that 
links the gut with the brain through several path-
ways including endocrine, immune, and neural, 
might open the road toward the use of neurochem-
ical-producing probiotics as a therapeutic strategy 
to treat autism.

The impaired methylation capacity reported in 
autism may be related to the imbalanced GABA/
Glu ratio in autism. Impairment of the methylation 
pathway prevents the use of folate, which is broken 
down into glutamate. The Krebs cycle is critical for 
methylation, and can become impaired in a variety 
of ways, such as vitamin B deficiency, the presence 
of heavy metals, and toxins from bacteria or Candida 
[7]. Candida overgrowth is known to occur in autis-
tic patients [64; 65]. If methylation is impaired, then 
it is even more important to manage glutamate levels.

Lactobacillus plantarum, L. paracasei, L. lactis, 
Corynebacterium glutamicum, Brevibacterium lacto-
fermentum, and B. flavum are among the bacterial 
strains which are capable of producing glutamate 
[116; 130]. A study has revealed that about 15% of 
lactic acid bacteria strains isolated from Asian fer-
mented foods are glutamate producers [96]. Both 
Gram-positive and Gram-negative bacteria such as 
E. coli and Pseudomonas can produce GABA via the 
decarboxylation of glutamate catalyzed by GAD. 
This enzyme has been found to be associated with 
pH homeostasis and the generation of metabolic en-
ergy [9].

Amongst the microorganisms that are com-
monly identified as health-promoting probiotics, 
one Lactobacillus strain and four strains of Bifi-
dobacterium isolated from the human intestine 
have been reported to be able to produce GABA 
[97]. Furthermore, an analysis on metagenomic 
data from the human microbiome project suggests 
that genes encoding GAD could be present in a 
significant proportion of human gut microbiota 
[21]. Real time PCR revealed decreases in both 
the Lactobacillus and Prevotella in both male and 
female Shank3 knockout mice, a genetic model of 

Fig. 3. Protein expression of EAAC-1 and GAT-3 transporters (UP) and release of GABA and glutamate from nerve terminals 
(Down) in control and vitamin D3-deficient rats (Modified from Krisanova et al., [70])
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autism, compared to wild type mice. Moreover, ex-
amination of stool and colon microbiota of normal 
healthy female mice revealed a significant increase 
in genera and species of Lactobacillus compared to 
males. This suggests that higher levels of Lactoba-
cillus in female mice could act as a protective fac-
tor and may explain the sex bias of autism towards 
males. Previous studies have suggested a possible 
connection between Lactobacillus, autism-related 
behaviors, and GABAergic function. In particular, 
Bravo et al. [21] determined that Lactobacillus may 
regulate GABA receptor expression in the brain 
through secretion of GABA. In Shank3 knockout 
mice, GABA receptor expression is particularly 
affected in multiple brain regions, including the 
hippocampus, which is also one of the regions that 
have been shown to be affected in ASD patients. 
Pearson correlation analysis between levels of L. 
reuteri, L. brevis, L. ruminis and GABA receptor 
levels revealed specifically that the abundance 
of L. reuteri correlated significantly with expres-
sion of each of the three GABA receptor sub-units 
(GABARA1, GABARA2, and GABARA3).

Therapeutic Targets of Glutamate 
Excitotoxicity as Rational Treatment 

Strategy

1. Glutamate transporters GLAST/GLT-1
Recently Pajarillo et al. [92] reported that 

GLAST/GLT-1 may be dysregulated at the ge-
netic, epigenetic, transcriptional or translational 
levels, leading to high levels of extracellular gluta-
mate and excitotoxicity. Accordingly, understand-
ing the regulatory mechanisms of GLAST/GLT-1 
has been highlighted as a means to develop thera-
peutic targets for the treatment of autism [3; 92]. 
Pharmacological agents such as β-lactam antibiot-
ics, estrogen/selective estrogen receptor modula-
tors (SERMs), growth factors, histone deacetylase 
inhibitors (HDACi), and translational activators 
have presented noteworthy effectiveness in increas-
ing the expression and function of GLAST/GLT-1 
and glutamate uptake both in vitro and in vivo [92]. 
Torrez et al. [118] reported neuroprotective effects 
of memantine (MN), a glutamatergic NMDAR 
channel blocker. The drug could prevent the in-
crease in cerebrospinal fluid (CSF) glutamate levels 
and cognitive decline in treated rats. It decreased 
glutamate uptake in the hippocampus and increased 
the release of S100B protein in the CSF in response 

to okadaic acid (OKA)-induced neurotoxicity. 
This identifies a promising neuron-astrocyte cou-
pling protective mechanism, and sheds light on as-
trocytes as potential targets for treating glutamate 
excitotoxicity.

2. Oxidative stress:
Oxidative stress and related mitochondrial 

dysfunction are directly related to glutamate ex-
citotoxicity in autism. Through the use of mul-
tiple regression analysis, El-Ansary [39] showed 
that high levels of lipid peroxidation (LPO), a 
marker of oxidative stress, together with low-
er enzymatic and non-enzymatic antioxidants 
(GSH, GSH/GSSG, thioredoxin, peroxiredox-
ins), were related to glutamate excitotoxicity, 
presented as glutamate, glutamine, glutamate/
glutamine ratio, and glutamate dehydrogenase. 
This suggests that oxidative stress could be a tar-
get to treat glutamate excitotoxicity related phe-
notypes in autistic patients [5; 113].

LPO products affect the electron transport chain 
in the inner membrane of the mitochondria, leading 
to the loss of the membrane potential (ΔΨm) and 
boosting the generation of ROS, such as superox-
ide anion and hydrogen peroxide [83]. Although, 
neurons have strong antioxidant defenses, such 
as peroxiredoxins, superoxide dismutase enzymes 
(SODs) such as Cu2+/ Zn2+-SOD (SOD1), Mn2+-
SOD (SOD2), glutathione peroxidase, and catalase 
(in low amounts), their function is greatly compro-
mised in autism [100]. Recently, Rivero-Segura et 
al [100] assessed the probable antioxidant effect of 
prolactin (PRL), a hormone secreted by numerous 
cells and tissues including the mammary glands, 
T-lymphocytes, and hypothalamus. They proved 
that PRL augments the activity and amount of the 
antioxidant SODs and lowers LPO as marker of 
oxidative stress, which is repeatedly reported to be 
significantly higher in autistic patients. Moreover, 
they demonstrate that PRL prevents mitochondrial 
dysfunction induced by glutamate and significantly 
ameliorates membrane potential (ΔΨm) of dysfunc-
tional mitochondria which help to suggest its effec-
tiveness as treatment option. Their related findings 
are presented collectively in Fig. 4.

3. Inactivation of NMDAR
and activation of mGlu receptors:
Excessive activation of NMDARs leads to the 

accumulation of intracellular Ca2+ and consequent 
neuronal death [131]. Many compounds, includ-
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ing memantine and neurosteroids, are able to tar-
get glutamate toxicity through the modulation of 
NMDARs. 20-oxo-5β-pregnan-3α-yl sulfate (preg-
nanolone sulfate, PAS) is an endogenous neuros-
teroid that inhibits NMDAR currents. Glutamater-
gic NMDAR has also been targeted with multiple 
synthetic neurosteroids [80; 114]. Among the stud-
ied compounds, the 3α, 5β-pregnanolone glutamate 
(PAG) -like steroid compound (Fig. 5) demonstrat-
ed the most promising NMDAR-mediated neu-
roprotective effect. This suggests it could act as a 
therapeutic agent for improving glutamate-related 
autistic phenotypes by decreasing Ca2+ level, scav-
enging ROS, and preventing glutamate-induced 
caspase-3 activation.

It is very interesting to note that functional 
GABAA receptors tend to cluster; overstimulation 
of glutamate NMDA receptors by high glutamate 
concentrations leads to calcium influx and the loss 

of GABAA receptor-clustering, which negatively 
affects the inhibitory effect of GABA. Glutamate 
can also bind to the mGluR receptor to induce the 
release of internally-stored calcium into the cyto-
sol of the neuron. This calcium can, in turn, restore 
the clustering of postsynaptic GABAA receptors by 
interacting with protein kinase C. These findings 
demonstrate that glutamate signaling is activated 
by distinct receptors and calcium signaling pat-
terns, which oppose the control of inhibitory GABA 
synapses (Fig. 6).

4. Activation of GABAergic receptor:
The release of excitotoxic levels of glutamate 

triggers a cascade of events leading to neuronal 
death. This phenomenon involves imbalance be-
tween excitation and inhibition. Mazzone and Nistri 
[80] hypothesized that augmenting the inhibitory 
network should prevent excitotoxicity and provide 

Fig. 4. Therapeutic effects of prolactin through amelioration of glutamate induced mitochondrial dysfunction, 
lipid peroxidation, and SOD antioxidant enzyme. JC-1 is a mitochondrial membrane potential (ΔΨm) sensor, which 

emits fluorescence at 590 nm when the mitochondrion is polarized (functional) and at 530 nm when mitochondrion is 
depolarized (dysfunctional). 

(Modified from Rivero-Segura et al., 2019 [101])

Fig. 5. Chemical structure of 3α, 5β-pregnanolone glutamate (PAG)-like steroid compound tested for a neuroprotective effect 
against glutamate-induced excitotoxicity
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neuroprotection. They proved that glutamate re-
lease induced by kainate was intensely decreased 
by the allosteric GABAA modulator midazolam 
(10 nM) or the GABA agonist 4,5,6,7 — tetrahy-
droisoxazolo [5,4-c]-pyridin-3-ol (THIP; 10 µM), 
leading to neuroprotection.

Conclusion

This work presents evidence of glutamate exci-
totoxicity’s involvement in autism, making it a po-
tentially viable treatment strategy in ASD. Correc-
tion of imbalanced Glut/ GABA ratio in individuals 
with autism may be tried at different levels through 
the use of multiple targets such as: 1) activation of 

GLAST/GLT-1 to increase glutamate reuptake; 
2) amelioration of oxidative stress; 3) inactivation 
of NMDAR and activation of mGlu receptors to 
induce the proper function of GABA receptors; 4) 
supplementation of GABA; 5) use of GABA and 
GAD producing probiotics such as lactobacillus 
and bifidobacterial; and 6) activation of GABAer-
gic receptors. Collectively, these targets can help to 
lower glutamate levels and thus induce the proper 
function of GABA receptors, which make GABA 
supplementation a successful and promising treat-
ment strategy.

Future research in this direction will help to 
design specific drugs targeting these signaling pro-
teins and possibly modulate the expression dynam-
ics of glutamate NMDAR and mGlu receptors, 

Fig. 6. A suggested mechanism of inhibitory connections dysfunction as an etiological mechanism in autism spectrum disorder 
through the loss of GABA receptors clustering caused by glutamate as an excitatory neurotransmitter. In the left part binding 

of glutamate to the mGluR receptor induces the release of internally stored calcium into the neuron’s internal environment, 
activates protein kinase C to maintain clustering and functional GABAA receptors at the postsynaptic membrane. Under the 

effect of glutamate excitotoxicity, and down-regulation of mGluR receptors in ASD patients, NMDA receptor overstimulation 
with glutamate leads to an excess of incoming calcium, which causes the receptors to become more spread out, reducing how 

much GABA can inhibit the neuron. This can lead to an imbalance of the inhibitory/excitatory system, followed by activation of 
caspases as pro-apoptotic proteins, and finally leading to autistic features
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transporters, and GABA receptors for therapeutic 
application in autism.

Further studies using the optimal animal mod-
el followed by clinical trials are recommended to 
prove the safety and efficacy of the suggested strat-
egy in order to improve the success of translational 
research and future clinical applications.
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Present interview of Temple Grandin, PhD in animal science, professor of Colorado State University, given to 
guest editor of the Journal Stephen Edelson discusses person’s with autism perception of changes in lifestyle as-
sociated with the onset of the COVID-19 pandemic. During the interview, Professor Grandin gives advice on the 
schooling of children with ASD during the transition to distance learning. The questions of employment of people 
with autism are also proposed — what positions are best for people with ASD, how to get the employer interested 
in hiring a person with autism.
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В интервью тематическому редактору номера Стивену Эдельсону профессор Университета Колорадо, доктор 
сельскохозяйственных наук Тэмпл Грандин рассказывает о восприятии человеком с аутизмом изменений в 
жизненном укладе, связанных с наступлением пандемии COVID-19. В ходе интервью профессор Грандин дает 
советы по образованию детей с расстройствами аутистического спектра (РАС) в период перехода на дистанци-
онную форму обучения. Были затронуты и вопросы трудоустройства людей с аутизмом: какие позиции лучше 
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Stephen Edelson:
— What things are the most difficult for you?
Temple Grandin:
— For me and many others, I have had great dif-

ficulty multitasking and remembering long verbal 
sequential information, especially with projects in-
volving a series of tasks. I remember when I was in 
graduate school, and I had to work on a milking ma-
chine. It involved many steps to start up the machine 
and then clean it afterward. Fortunately, there was 
a checklist on the wall with all of the tasks listed in 
order. Basically, I need a checklist of keywords to de-
scribe each step. These keywords trigger my memory. 
Learning a sequence does not happen to me instantly.

Edelson:
— What happens after you perform the same 

tasks over and over again? Do the tasks become 
easier to remember?

Grandin:
— Eventually, I create a videotape in my head. 

This would take a few weeks or possibly longer. I 
would then no longer need a written checklist to 
look at.

Edelson:
— I know that you think in pictures. Do you also 

think in videos?
Grandin:
— Yes, but I have to do the tasks many times 

before I can remember the entire sequence in my 
mind’s video. I remember when I first went into a 
large meat plant. I thought this place was very com-
plicated, and I wondered how does the manager 
understand everything. So I started focusing on the 
most interesting details in each task. After visiting 
the plant for an hour every Tuesday afternoon for 
several weeks, I was able to create a videotape in 
my mind of the entire plant. It was then easy for me 
to start at the beginning and walked through the 
entire video.

Edelson:
— Can you start in the middle of your mind’s 

video?
Grandin:
— Yes, I can start anywhere I want to. Again, this 

does not happen overnight. I have to literally video-
tape a lot of small details in my head.

Edelson:
— How has your life changed during the COV-

ID-19 pandemic?
Grandin:
— Since early March, my travels have stopped. 

When I had an opportunity to do a Zoom meeting 
with someone, I jumped on it. I wanted to learn so 
I could both see and hear other people. As a visual 
thinker, it is better for me to see someone when I 
talk to them; the telephone is only audio and not 
visual.

Now when I do a Zoom meeting, I give a 20-min-
ute presentation and then allow lots of questions. I 
find that this works well because people will type in 
many questions.

The other thing that I have learned during this 
pandemic is to get on a schedule. I get up in the 
morning, shower, and dress for work by 8 every 
morning.

I also looked up the lifestyle on the international 
space station because they are living in very tight 
quarters. Through the years, they have learned that 
they need to be on a schedule. They get up in the 
morning, get dressed, do their chores and experi-
ments, exercise, and have a midday meal, all sched-
uled at specific times throughout the day. They also 
schedule free time.

I found a copy of a space station schedule. If you 
examine the schedule over an entire week, the mid-
day meal is always at the same time throughout the 
week, and everyone must be together for the mid-
day meal.

Edelson:
— Do you have advice on schooling?
Grandin:
— Given the pandemic crisis, families, especially 

those with young children on the autism spectrum, 
will likely have a difficult time having their young 
children do their school work while on the com-
puter. Teachers need to watch and coach parents on 
how to work with the children.

With regard to mask wearing to protect them 
from the COVID virus, give them some choices. Let 
them try some different ones.

Autism is such a big spectrum, and these children 
need very different services. For early intervention, 
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everything is pretty much the same for most or all 
of them. But once the kids get a little older, it’s not 
all the same because autism is a spectrum. A smart 
Asperger kid should probably learn computer pro-
gramming, and someone like me, a visual thinker, 
should go into art or some high-end skilled trades. 
And for those with more severe challenges, such as 
those who cannot dress themselves, they need to-
tally different services.

Edelson:
— Do you have any advice for some of the chal-

lenges faced by individuals on the autism spectrum?
Grandin:
— I have an important suggestion on how to deal 

with sound sensitivity. For those sounds that the 
child hates and runs away from, such as a vacuum 
cleaner or a hairdryer, give them some control over 
them. Let them turn the machine on and off. Let 
them play with it. Many of them can better tolerate 
the sounds after they have control over the source. 
Sometimes these hated things can actually become 
one of their favorite things.

Edelson:
— Employment for people with autism is a topic 

which excites parent community as well as profes-
sionals and employers. In which professions can 
people with autism be most successful?

Grandin:
— First, one should learn how to work before 

graduating from high school because academic 
skills and work skills are very different. Little kids 
should start out with chores, 10- and 11-year-old 
kids should have a volunteer job in their communi-
ty, and teenagers should find a part-time job, also in 
their community. Basically, they have got to learn 
how to work.

Multitasking is difficult for most on the autism 
spectrum. Working at a busy McDonald’s would 
not be the best choice.

Another important issue is driving. If I did not learn 
to drive, I would not have had a career in the livestock 
industry. Let me tell you one thing that helped me. I 
did 200 miles of driving on dirt roads before I drove 
in traffic. Driving involves multitasking, and this can 
be a problem. Those on the autism spectrum need a lot 
more practice in a safe area to get driving skills into 
their motor memory. Once it is in motor memory, they 
no longer need to think about steering, pressing on the 
brakes, and stepping on the gas.

Every day for 6 weeks I drove 5 km to my aunt’s 
mailbox and then another 5 km back, for a total of 
10 km. I drove only on a dirt road without traffic. 

I then gradually began driving in traffic. It was a 
smooth transition. I don’t have to think about steer-
ing, or breaking, or putting my foot on or off the gas. 
I actually learned to drive using a manual shift, and 
I no longer had to think about shifting gears. It is all 
in my motor memory.

Unfortunately, many students with autism are 
told to drive into traffic before their driving skills 
are developed in motor memory. This makes it very 
difficult when trying to learn to drive safely.

Like me, I suggest that parents have their chil-
dren drive in the middle of a large empty field or 
parking lot where there is nothing to hit. I suggest 
they drive about 20 minutes a day for at least six 
weeks in a really safe place before going into traffic.

Again, I could not have a career without driving.
Edelson:
— Can you list the most common jobs appropri-

ate for those on the autism spectrum.
Grandin:
— Let’s start with visual thinkers like me. They 

can learn about art, graphic design, and computer-
aided drafting. Skilled trades are also important 
to consider such as welders, machinists, and fine 
carpentry work. A good auto mechanic can visual-
ize how the engine works and where it needs to be 
fixed.

Math thinkers can learn about computer pro-
gramming, physics, statistics, and data analytics. 
Word thinkers will likely be successful writing for 
a living.

Edelson:
— How we make employers interested in hiring 

people with autism spectrum disorders?
Grandin:
— I started out as a freelancer. I simply showed 

customers my portfolio of drawings and photos of 
completed projects. If you watched the scene in the 
HBO movie about me (Mick Jackson, 2010), you 
probably remember when my drawings were placed 
on the desk and animated cattle walked on them. 
That was actually a copy of one of my drawings.

My advice: learn as much as you can about pro-
gramming. Or make yourself really good at art and 
then show off your drawings. This is what I did and 
it worked.

In the area of computer science, a very good job 
is software testing website evaluation and program-
ming. There was a company and their sales were 
down 20% after they upgraded their website. They 
could not figure the reason why and they hired an 
autistic man to test the website. Guess what? He 
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found that the contact phone number was off by one 
digit. It took a detailed-oriented person, like some-
one on the autism spectrum, to find it.

Edelson:
— What is important to consider when organiz-

ing an accessible environment in public space for 
people with ASD?

Grandin:
— Sensory is very important. Noisy spaces are 

not good. Visually, a lot of stripes and checker-
boards can be difficult on the eyes. Thank goodness 
fluorescent lights are going away. But some on the 
autism spectrum can see a flicker in LED lights, es-
pecially with the cheap ones.

I was on a committee at school, and they wanted 
to make a space for people who had various sensory 
issues. They asked me about lighting. I told them to 
find someone who sees letters jiggle when reading 
print in a book. I suggested that this person walk 
around campus and identify lights that bothered 
him or her. For people who see the print jiggling, 
printing the book pages on pale colored paper such 
as tan, light gray, light blue, or lavender may be 
helpful.

Edelson:
— What is happiness for you?
Grandin:
— I am very happy when I design something and 

my client is very pleased that it is working. I am also 
very happy when a parent thanks me for the advice 
I gave them when their child was little. One parent 

wrote to me and said that I instructed her to push 
her child to do a lot of things. He now has a job, 
married, and lives in a house. I put this email on my 
wall. A good concept is to “stretch” and the child 
just outside their comfort zone. It is important to 
not force them into a situation where they will get 
overwhelmed.

A big problem I see is that some parents are over-
protective. They are not letting their son or daugh-
ter go out and learn stuff. They get too much into 
a disability mindset. I once spoke to a mom whose 
16-year-old teenager had never shopped. I suggest-
ed that he go into a store by himself and buy some-
thing. The mom started crying saying “I can’t let 
go.” The kid was overprotected and going nowhere.

I am also seeing some kids where their total iden-
tity is autism. Recently, an 8-year-old walked up 
to me, and all he wanted to do is to tell me about 
his autism. I would have preferred that he told me 
about the telescope he built, or a piece of artwork 
he had created. My mother had a very good sense 
about how to stretch me. She always gave me choic-
es. But if I had not gone to live at my aunt’s ranch, 
I would not have had a successful job working in 
the cattle industry. Children need to be exposed to 
many things so they can figure out what they are 
interested in. If you don’t expose them, they are not 
going to get interested. It’s that simple.

Edelson:
— Thank you Temple for your insight and ad-

vice. 
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