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Preface

The Greek philosopher Aristotle wrote in his work Politics that “man is by nature a 
social animal; an individual who is unsocial naturally and not accidentally is either 
beneath our notice or more than human.” Thus, typical social development represents 
a milestone in the life of every individual, regardless of their age.

Social skills and interactions form the foundation of human consciousness and 
dictate many human thoughts and activities. Social skills emerge gradually during 
developmental age through a dynamic interaction between an individual and the 
environment. These skills are critical to an individual’s ability to develop and maintain 
lasting relationships and participate and function within communities.

Multiple decades of study have identified the so-called social brain, which includes 
the facial fusiform area (FFA), posterior superior temporal sulcus (PST), amygdala, 
temporoparietal junction (TPJ), anterior medial rostral prefrontal cortex (MPFC), the 
anterior cingulate cortex (ACC), the anterior temporal cortex (ATC), and the inferior 
frontal gyrus. Studies based on functional magnetic resonance imaging (fMRI) show 
differences in the development of activity patterns in some of these regions, and more 
recently in synaptic functioning. Furthermore, MRI allows us to detect the continuous 
structural development of some brain regions during the developmental age.

Autism spectrum disorder (ASD) is a complex neurodevelopmental disorder charac-
terized by impairments in social interaction and communication along with repetitive 
stereotypic behaviors. Currently, there are no specific biomarkers for diagnostic 
screening or treatments available for autistic patients. ASD represents an increasingly 
important health emergency throughout the life span, but its onset in early childhood 
seriously alters the developmental trajectory. In the last two decades, the level of 
knowledge and social acceptance of this neurodevelopmental disorder has certainly 
changed positively. Unfortunately, there is still much to be elucidated about ASD, 
particularly its diagnosis and treatment. As such, a book like this is needed to fill in 
the gaps in our knowledge of this complex and challenging disorder.

This book presents different and innovative conceptual perspectives of diagnostic and 
therapeutic approaches for ASD, ranging from mathematical models to therapeutic 
strategies.

The emergence of social neuroscience is providing a framework for exploring the 
neural foundation of social skills. Although this area has attracted increased interest 
in recent years, to date little attention has been paid to: (1) substantiating these find-
ings in children and adolescents, whose nervous systems are still rapidly developing, 
(2) using development-based principles, which could provide insight into typical 
and atypical maturation patterns, and the environmental factors that could influence 
them, and (3) determining the potential clinical and therapeutic management. We 
believe that the emergence of multidimensional theoretical paradigms is essential to 



Preface

The Greek philosopher Aristotle wrote in his work Politics that “man is by nature a 
social animal; an individual who is unsocial naturally and not accidentally is either 
beneath our notice or more than human.” Thus, typical social development represents 
a milestone in the life of every individual, regardless of their age.

Social skills and interactions form the foundation of human consciousness and 
dictate many human thoughts and activities. Social skills emerge gradually during 
developmental age through a dynamic interaction between an individual and the 
environment. These skills are critical to an individual’s ability to develop and maintain 
lasting relationships and participate and function within communities.

Multiple decades of study have identified the so-called social brain, which includes 
the facial fusiform area (FFA), posterior superior temporal sulcus (PST), amygdala, 
temporoparietal junction (TPJ), anterior medial rostral prefrontal cortex (MPFC), the 
anterior cingulate cortex (ACC), the anterior temporal cortex (ATC), and the inferior 
frontal gyrus. Studies based on functional magnetic resonance imaging (fMRI) show 
differences in the development of activity patterns in some of these regions, and more 
recently in synaptic functioning. Furthermore, MRI allows us to detect the continuous 
structural development of some brain regions during the developmental age.

Autism spectrum disorder (ASD) is a complex neurodevelopmental disorder charac-
terized by impairments in social interaction and communication along with repetitive 
stereotypic behaviors. Currently, there are no specific biomarkers for diagnostic 
screening or treatments available for autistic patients. ASD represents an increasingly 
important health emergency throughout the life span, but its onset in early childhood 
seriously alters the developmental trajectory. In the last two decades, the level of 
knowledge and social acceptance of this neurodevelopmental disorder has certainly 
changed positively. Unfortunately, there is still much to be elucidated about ASD, 
particularly its diagnosis and treatment. As such, a book like this is needed to fill in 
the gaps in our knowledge of this complex and challenging disorder.

This book presents different and innovative conceptual perspectives of diagnostic and 
therapeutic approaches for ASD, ranging from mathematical models to therapeutic 
strategies.

The emergence of social neuroscience is providing a framework for exploring the 
neural foundation of social skills. Although this area has attracted increased interest 
in recent years, to date little attention has been paid to: (1) substantiating these find-
ings in children and adolescents, whose nervous systems are still rapidly developing, 
(2) using development-based principles, which could provide insight into typical 
and atypical maturation patterns, and the environmental factors that could influence 
them, and (3) determining the potential clinical and therapeutic management. We 
believe that the emergence of multidimensional theoretical paradigms is essential to 



VI

acquire a more complete understanding of the function of social factors in the context 
of child development, especially in order to contribute to clinical diagnosis and 
therapeutic assistance.

This book addresses current gaps in this field by providing the reader with diverse 
perspectives and different but complementary models, encouraging communication 
between relevant disciplines, and focusing on development. Our rationale is that in 
order to gain a full understanding of ASD resulting from developmental or acquired 
neurological disorders, it is imperative to draw on (1) a coherent theoretical frame-
work, supported by a knowledge base, (2) knowledge of normal CNS development 
and social development in infancy and adolescence, and (3) appropriate therapeutic 
tools, by integrating child-directed assessments. In this way, it will be possible to 
implement models of diagnosis and intervention based on the level of functional 
development of the CNS.

Marco Carotenuto
Department of Mental and Physical Health and Preventive Medicine,

University of Campania “Luigi Vanvitelli”,
Caserta, Italy
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Chapter 1

The Prevalence of Autism 
Spectrum Disorder in Europe
Rosemarie Sacco, Nigel Camilleri, Judith Eberhardt, 
Katja Umla-Runge and Dorothy Newbury-Birch

Abstract

This chapter set out to present a comprehensive review on the prevalence of 
autism spectrum disorder (ASD) among 5–18-year-olds living in Europe. The review 
was based on studies published between 2015 and 2020. Separate meta-analyses 
were conducted for population studies and register-based studies to determine the 
random effects pooled prevalence rate (REPPR) for ASD. The European REPPR for 
ASD among young people was estimated at 0.8% based on register-based studies and 
1.4% based on population. Comparative analysis was carried out to identify trends 
of prevalence rates across countries, gender, and level of education. The prevalence 
among primary school children was four times that of secondary school children. A 
male: female ratio of 3.5:1 was obtained. A range of challenges toward young people 
with ASD are portrayed, including diagnostic limitations, poor awareness on ASD, 
and socioeconomic inequality. Nationwide screening, early intervention services, and 
further research on gender and culture-specific presentations are recommended.

Keywords: autism, prevalence, Europe, children, adolescents

1. Introduction

Autism is a neurodevelopmental disorder characterized by persistent and perva-
sive deficits in social interaction and communication, as well as restricted repetitive 
behaviors [1]. This definition of autism encapsulates a greater range of presentations 
when compared with the definition provided by the Diagnostic and Statistical Manual 
(DSM)-III [2], which listed criteria such as “perversive lack of responsiveness to other 
people” and “gross deficits in language development.” This shift has undoubtedly led 
to an increase in prevalence rates, ranging from 21 in 10,000 in 1979 [3] to a global 
figure of 1 in 100 [4] more recently (are there quotes for 1 in 66 too?).

The prevalence is the proportion of individuals in a population with a disease at 
a specific point in time. This rate is obtained from epidemiological studies such as 
register-based and population studies. The latter refers to studies that assess all the 
individuals sampled from a target population to determine the prevalence in that 
population. On the other hand, register-based studies use registers to determine the 
number of individuals who are registered with a diagnosis in the target population. 
Prevalence studies on autism give an indication of the condition’s impact in terms of 
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the number of cases, as well as socioeconomical costs. They also indicate the level of 
awareness, identification, and supportive services offered to the population in ques-
tion. These data should serve as a foundation from which policymakers plan service 
development to ensure that the present needs of the population are met [5].

This chapter presents a systematic review on the prevalence of autism among 
5–18-year-old young people in Europe. The focus on Europe was intended to obtain 
a more in-depth understanding among European countries with similar sociode-
mographic characteristics. Including data from multiple continents may have been 
interesting to evaluate the entire body of evidence, increase statistical power, and 
highlight differences in the distribution of autism across different continents. 
However, adequate clinical and research competence for autism is still developing in 
low- and middle-income countries [4]. With considerable variation in sociodemo-
graphic factors, awareness, and diagnostic expertise [6], there is a risk of prevalence 
rates being greatly underestimated in certain parts of the world, in fact considerable 
variation in prevalence rates has been reported across different regions [7, 8]. Cross-
national comparisons across countries with very different levels of awareness and 
expertise on autism may therefore be inappropriate. Furthermore, an overall global 
prevalence rate may not accurately reflect the situation in Europe.

The review gives a comprehensive appraisal of the eligible prevalence studies, 
which were published between 2015 and 2020. The short and recent time frame was 
intended to draw a clearer picture on the current prevalence situation. Previously 
published meta-analyses have estimated the prevalence of autism by including studies 
dating back to 1966 [8]. While including studies from the distant past may improve 
the statistical power, the pooled prevalence rates may not be generalized to the cur-
rent situation and not reflect the reported rise in prevalence over time [4]. Moreover, 
the chapter presents cross-national comparisons of prevalence rates to ascertain 
trends across countries, gender, and level of education. These were used to draw infer-
ences on present barriers to identification of autism, such as stigma, poor diagnostic 
systems, and unequal diagnostic sensitivity across gender and age. Methodological 
and diagnostic factors that may under- or overestimate the true prevalence of autism 
are also discussed.

2. Methodology

2.1 Literature search and search strategy

PubMed and Google Scholar were used to review the existing literature and iden-
tify a gap in the literature on the prevalence of all mental disorders among children 
and adolescents in Europe. A search on Prospero [9] confirmed that there were no 
reviews registered in this area, so a protocol for this study was then registered there 
(Registration number: CRD42020210451). A search strategy was developed using 
the SPIDER model and conducted on MEDLINE, Embase, and PsychInfo on the 30th 
April 2020. The search was limited to studies with a title and abstract in English.

2.2 Eligibility criteria

Studies were considered eligible if they were original epidemiological studies that 
determined the prevalence of a mental disorder as defined by ICD-10, DSM-IV, or 
DSM-V criteria, among 5–18-year-olds in European countries. Studies were excluded 
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if they did not include the general population, for instance, by focusing on minority 
groups, or if they were published before 2015.

2.3 Study identification and selection procedure

Studies found by the search were screened independently by title and abstract by 
RS. The studies that met inclusion criteria were screened independently by full text by 
RS. DNB screened 20% of all the studies at title/abstract and at full text review stage. 
Reference lists and gray literature were searched manually by RS.

2.4 Quality analysis

The reliability, validity, and bias of each eligible study were assessed using the 
Appraisal Tool for Cross-Sectional Studies (AXIS) [10] and the Risk of Bias in 
Prevalence Studies Tool (RBPS) [11].

2.5 Data analysis

Only the eligible studies that estimated the prevalence of autism were included in 
the analysis for this chapter. Median and average estimates and ranges of autism preva-
lence rates for young people in Europe were determined. Comprehensive meta-analysis 
software [12] was used to analyze prevalence data from the eligible studies. A random 
effects model was used to determine the random effects pooled prevalence rate of autism 
in Europe. Prevalence rates obtained from population and register-based studies were 
analyzed separately since the two study types have non-homogeneous populations, and 
there may be significant discrepancy of factors at many levels of the variable of interest. 
Data from the two study designs were therefore analyzed separately to avoid Simpson’s 
paradox [13]. The standardized residual values (SRV) were evaluated from the forest 
plots and a cutoff of +/−3 at 95% confidence interval was used to identify outliers [14].

Cross-national prevalence comparisons were made across countries, gender, and 
level of education. The latter was done to compare prevalence rates between young 
children who attend primary school, to older children who attend secondary school. 
Prevalence rates were not compared according to specific age groups since the eligible 
studies presented results for a mixed range of age groups, which were incomparable. 
The contribution of specific cofactors to heterogeneity could not be evaluated 
through a meta-regression analysis because results would be insignificant due to the 
low number of eligible studies [15].

3. Results

Nine eligible studies were identified that provided prevalence estimates for 11 
European countries as illustrated in Table 1. The AXIS and RBPS tools indicated low-
level bias among all the eligible studies.

3.1 The Prevalence of Autism among 5–18-year-olds in Europe

Based on the eligible studies, the prevalence ranged from 0.3% in the West 
Pomeranian and Pomeranian regions of Poland to 14.3% in Romania (Figure 1). The 
median prevalence was 1%, and the average prevalence was 1.97%.
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3.2 Prevalence rates from different study designs

One study [18] used both register-based and population study methods, thereby 
providing two prevalence rates for autism in Italy (Pisa). Two other studies were 
register-based studies, and six were population studies.

3.3 Prevalence rates from register-based studies

Three studies used registers to determine the prevalence. These studies estimated 
the prevalence of Pisa, West Pomeranian and Pomeranian region of Poland, South East 
and South West of France as well as the nationwide prevalence of Denmark, Finland, 
and Iceland. The prevalence of autism from these studies ranged from 0.3% in the West 
Pomeranian and Pomeranian regions of Poland to 2.7% in Iceland. There was a dis-
crepancy of 2.4% between the highest and lowest prevalence rate. The median of these 
rates was 0.8%, and the average was 1%. Figure 2 shows a forest plot with the REPPR of 
young people with a diagnosis of autism being 0.8% (95%CI: 0.5%–1.4%, I2 = 99.5%). 
Although the prevalence reported in Iceland was much higher than that reported in 
other regions, its SRV was 1.80 and was therefore not considered to be an outlier.

3.4 Prevalence rates from population studies

Seven population studies with a pooled sample size of 33,579 individuals esti-
mated the prevalence of autism in European countries. Three studies determined the 

Figure 1. 
The prevalence of autism among 5–18-year-old young people in Europe.

Figure 2. 
Forest plot of the prevalence rates of autism among young people in Europe from register-based studies.
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nationwide prevalence in Romania, Lithuania, and England. Another four studies 
determined the prevalence in Pisa (Italy), Galway, Waterford, and Cork in Ireland, 
Tarragona in Spain, and Copenhagen in Denmark. The prevalence rates ranged from 
0.4% Lithuania to 14.3% in Romania. The prevalence rate estimated in Romania is 
much higher when compared with other prevalence rates; however, the SRV is 1.44. 
The median prevalence was 1.2%, and the mean was 2.9%. The REPPR of autism 
among young people in Europe based on population studies was estimated at 1.4% 
(CI: 5.4%–0.4%, I2 = 99.7%) as shown in Figure 3.

3.5 Prevalence of autism across level of education

Seven of the eligible studies estimated the prevalence of primary school children, 
whereas two estimated the prevalence of secondary school children. These are 
depicted in Figure 4. The prevalence among primary school children ranged from 
0.8% (95% CI: 0.6%–1.0%) in Pisa to 14.3% (95% CI: 13.6–15.1%) in Romania. The 
median prevalence rate for primary school children was 1.2%, and the mean was 3%. 
A REPPR for primary school children of 1.6% (95%CI: 0.4%–6.1%, I2 = 95.5%) was 
obtained. The prevalence of autism among secondary school students ranged from 
0.1% (95%CI: 0.00%–0.4%) in Lithuania to 1.2% (95% CI: 0.9%–1.7%) in England. A 
REPPR for secondary school children of 0.4% (95% CI: 0.00%–4.5%, I2 = 92.2%) was 
obtained. The REPPR among primary school children was four times greater than that 
estimated for secondary school children. I2.

Figure 3. 
Forest plot of the prevalence rates of autism among young people in Europe from population studies.

Figure 4. 
Forest plot showing the prevalence rates of autism among young people in Europe with the level of education as the 
unit of analysis. The lines in magenta represent the REPPR for primary and secondary school children.
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3.6 Prevalence of autism across gender

Only two studies provided separate prevalence rates for males and females 
(Figure 5). Based on these, the REPPR of autism is 0.6% (95%CI: 0.4%–1.7%, 
I2 = 0%) and 2.1% (95%CI: 1.7%–2.5%, I2 = 0%) for young females and males respec-
tively. Based on these figures, the REPPR of males is 3.5 times greater than that in 
females.

4. Discussion

This chapter provides a comprehensive review of the original prevalence studies 
on autism in European countries published between 2015 and 2020. Factors that may 
have influenced the estimation of prevalence rates are discussed below.

4.1 Study designs

Register-based studies use administrative databases in educational or health 
systems to determine the number of individuals who have obtained a diagnosis in the 
target population. These studies are limited because they only include individuals 
who actively sought help from professionals and gave consent for their diagnosis to be 
reported . Since autism includes a range of phenotype variants, milder forms may be 
missed, so prevalence rates may be underestimated by register-based studies. These 
factors may contribute to the lower prevalence rates estimated among register-based 
studies when compared with population studies.

When considering the register-based studies, the prevalence ranged from 0.3% 
in Poland to 2.7% in Iceland. Reasons for the low prevalence documented in Poland 
may include both under-diagnosis and under-reporting. At the time of the study, in 
Poland, there were non-standardized diagnostic systems [19], poor levels of aware-
ness, and high levels of stigma, which could prevent parents and young people from 
seeking help [20]. Moreover, there were no enforcements for reporting diagnosed 
cases of autism [20]. These factors may have contributed to an underestimation of the 
prevalence rates. Interestingly, these factors were reversed when the study in Iceland 
was conducted. In fact, the study occurred after improved awareness and access 
to autism diagnostic services [21], which were upgraded to formally diagnose high 

Figure 5. 
Forest plot showing the prevalence rates of autism among young people in Europe with gender as the unit of 
analysis. The lines in magenta represent the REPPR for females and males.
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functioning autism [22]. These factors may have improved the accuracy of autism 
identification, bringing about a higher estimation.

Population studies assess a sample of individuals from the target population. Some 
of these studies use gold-standard diagnostic tool on all the participants as seen in 
the study conducted in England [23]. Since diagnostic assessments are very time-
consuming and costly, most studies use a multistage approach whereby the sample is 
first screened and a diagnostic assessment is carried out on individuals who scored up 
and a proportion of individuals who did not score up, to confirm whether criteria for 
a diagnosis estimated the prevalence rate.

Screening tools used in the eligible studies include EDUTEA [24], CAST [25], 
SCQ [26], and the SDQ [27]. Diagnostic tools used by the eligible studies include 
the ADI-R [28], ADOS [29], and DAWBA [30]. Although these are standardized 
tools, their accuracy depends on the proficiency of the data collectors administer-
ing them [6]. Moreover, when these tools are used within clinical or educational 
services, clinicians may be more inclined to give a diagnostic label to enable access 
to services [6].

Another difficulty is that screening tools do not have a 100% sensitivity rate, and 
there are no clear guidelines for how to combine conflicting results from multiple 
informants. As a result, true cases may be missed, and prevalence rates may be 
underestimated. A further limitation is that population studies have a variable partici-
pation rate. The participation rate of the eligible studies ranged from 49.5 to 100% in 
the screening phase and from 14 to 100% in the diagnostic phase. Although statistical 
weights were applied to account for participation rates across each study phase, there 
remains the possibility for participation to be associated with having a diagnosis [6] 
or with good mental health [31], which would bias the prevalence rates upward or 
downward.

4.2 Diagnostic criteria

The two main gold standard classification systems used in Europe are the 
Diagnostic and Statistical Manual (DSM) and the International Classification of 
Diseases (ICD). The editions currently being used are the DSM-5 [32] and the ICD-
11 [33], which started to be put in use in 2013 and 2022 respectively. The eligible 
studies in this review made use of DSM-IV TR [34], DSM-5 [32], and ICD-10 [35]. 
The diverse diagnostic criteria may partly contribute to the varied prevalence rates 
obtained. Studies have shown that DSM-5 criteria result in fewer individuals diag-
nosed with autism when compared with DSM-IV TR [36–38]. Moreover, another 
study has shown that among individuals diagnosed with autism on ICD-10, only 58% 
met DSM-5 criteria [39]. Furthermore, ICD-10 and DSM-IV distinguish between dif-
ferent autism subtypes, whereas DSM-5 considers a single spectrum. The study car-
ried out in Lithuania [40] was the only eligible study in this review to use a restricted 
case definition of “Autistic Disorder” based on ICD-10. This definition excludes 
young people with Asperger’s syndrome that would meet criteria for autism spectrum 
disorder in other studies. This limited definition may underestimate the prevalence of 
autism in Lithuania and further contribute to prevalence discrepancies.

4.3 Culture

Culture may influence behavioral presentations, as well as parents’ and  
clinicians’ appraisal of what is considered acceptable and undesirable behavior [41]. 
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The ADI [28] and ADOS [29], which are gold standard diagnostic criteria for autism, 
were developed in the United States. These include items such as shared eye contact, 
social smiling, and social interactions that may be characteristic in countries such as 
Italy, Spain, and England but less so in other countries such as Romania where eye 
contact may be avoided and interaction may be of a more formal nature [42]. While 
these examples are undependable, they call for cultural sensitivity in working across 
cultures. A systemic investigation to determine the extent of variation in autism phe-
notype across cultures may inform adaptations in scoring autism diagnostic tools [6].

4.4 Age

Most prevalence studies on autism include age groups at which school attendance 
is compulsory, to support widespread sampling. Moreover, a diagnosis of autism 
may be validated with robust diagnostic tools by 8 years of age [6]. Although some 
epidemiological studies have started to include preschoolers, there are limited sen-
sitivity and specificity in the screening tools available for this age group [6]. On the 
other hand, in older-age groups, there may be improved detection with increased 
social demands [43], as well as a risk of milder phenotypes getting more easily missed 
[6]. Autism was first described as a childhood disorder by Kanner in 1943 [44] and 
continued to be recognized as one until the relatively recent appreciation of its 
persistence in adulthood [45]. This historical detail may influence the identification 
of autism at different age groups. In fact, there is still a gap in research and awareness 
on adults with autism [46], and many adults remain undiagnosed [47]. This may sug-
gest underestimation of prevalence among the older-age groups, producing a higher 
pooled prevalence for primary school children when compared with secondary school 
children.

4.5 Gender

In this review, the estimated prevalence of autism was 3.5 times greater for males 
when compared with females. This is in keeping with findings from other studies 
[48]. Many theories such as the “extreme male brain” [49] and the “female protective 
effect” [50] have sought to justify this gender difference. The “extreme male brain” 
considers autism as an “extreme” of the normal male profile in which systemizing 
is better than empathizing. The “female protective effect” refers to the notion that 
females require a greater genetic load to obtain an autism phenotype. However, 
females have often been excluded from research on autism, which may have resulted 
in limited sensitivity of diagnostic criteria toward the female autistic presentation 
[51]. Moreover, there is growing evidence that females are diagnosed later and need a 
worse presentation when compared with males, to obtain a diagnosis [52]. These data 
may suggest that gender prevalence discrepancy may be caused by poor detection 
among females, rather than actual prevalence differences.

4.6 Trends over time

A rising trend in the prevalence of autism has been reported over time. In fact, the 
estimated pooled prevalence of 1.4% for autism, from population studies published 
between 2015 and 2020, is considerably higher when compared with the prevalence 
of 0.2% estimated in the 1990s [53]. This rise may be partly attributed to broader 
diagnostic criteria, improved study methodologies, and improved knowledge and 
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detection of autism [54]. Other dynamic risk factors that may increase the actual 
prevalence of autism may also play a role. These may include advancing parental age 
[55], improved neonatal care [56], and increased maternal substance misuse [57]. 
However these environmental factors may not explain the considerable and sudden 
prevalence rise of autism.

Strengths and limitations.
To our knowledge, this was the first study to provide a comprehensive review 

of the prevalence of autism among young people in Europe based on recent studies 
published from 2015. Moreover cross-national comparisons have brought to light 
several factors that may influence the estimation of autism prevalence rates. While 
this study makes a positive contribution to the present knowledge on autism preva-
lence, a number of limitations also need to be acknowledged. Firstly, there is a risk 
of selection bias since all the studies were identified by one researcher and only 20% 
of these were checked by another researcher; therefore, some studies may have been 
overlooked. Another limitation is that prevalence rates could not be compared across 
various age groups since different original studies group ages differently. An impor-
tant limitation is that the review only includes nine original studies. This limited 
further analysis such as a meta-regression analysis that would investigate the effect 
of various covariates on the prevalence rate estimated. Nevertheless, the data were 
synthesized comprehensively to elicit aspects relevant to policymakers as well as the 
research and clinical communities.

5. Conclusion

This was an up-to-date review on autism epidemiology in Europe, estimating a 
pooled prevalence of 0.8% and 1.4% from register-based studies and population stud-
ies respectively. Importantly, this review calls policymakers to develop strategies that 
aim improve awareness and reduce stigma on autism as these may serve as barriers 
for individuals with autism to get identified. Furthermore, it calls for further research 
to determine the extent of phenotype variation across different cultures and gender 
since present diagnostic tools and criteria may have unequal sensitivity for certain 
groups. Finally, improving diagnostic sensitivity and developing routine nationwide 
screening and early intervention strategies may greatly improve the trajectory of 
individuals with autism.
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Epidemiology of ASD in  
Preschool-age Children in Japan
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Abstract

In recent years, it has been reported that the prevalence of autism spectrum 
disorder (ASD) is increasing, but there are few research reports in Asia equivalent to 
those in Europe and the United States. Since large-scale epidemiological studies of 
neurodevelopmental disorders (NDDs) have not been conducted in Japan, the delay 
in early detection is conspicuous compared to other countries. Therefore, we started 
epidemiological studies in a medium-sized city (Hirosaki City) in northern Japan 
from 2013 to elucidate the prevalence of ASD and have been conducting a 9-year com-
munity cohort survey. In 2020, we published an adjusted prevalence of ASD of 3.2% at 
the age of 5 years, no change in 4-year incidence, and comorbidity of ASD. Since then, 
we have focused on sleep problems at the age of 5 years and have been studying the 
estimation of the prevalence of sleep disorders and the relationship with neurological 
development disorders. In this chapter, in addition to our research results since 2013, 
we will introduce the screening and support system in the community in Japan.

Keywords: autism spectrum disorder, prevalence, preschooler, sleep problems, 
screening system

1. Introduction

In epidemiological studies, the prevalence of autism spectrum disorder (ASD) has 
changed significantly over the last 20 years. A 2018 study by the Centers for Disease 
Control and Prevention (CDC) reported a prevalence of 2.30% (1 in 44 children) 
among children aged 8 years [1]. In 2008, the prevalence was 1 in 88 children [2], so 
the ADDM network reported that the prevalence of ASD has doubled in 10 years. 
Diagnostic criteria are American Psychiatric Association’s the Diagnostic and 
Statistical Manual of Mental Disorders (DSM), Fourth Edition, Text Revision (DSM-
IV-TR), 5th ed. (DSM-5), the World Health Organization’s International Statistical 
Classification of Diseases and Related Health Problems (ICD), Ninth Revision 
(ICD-9) or Tenth Revision (ICD-10), indicating the importance of following the same 
criteria [3–6].

In Asia, a large-scale study by YS Kim et al. in 2011 reported the prevalence of 
ASD with similar diagnostic criteria, reporting 2.64% in children aged 7–11 years [7]. 
In Japan, there has been no large-scale epidemiological study by DSM criteria, and 
in 2020 we reported for the first time that the prevalence of 5-year-old ASD in the 
community was 3.22% [8].
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In recent years, as the heterogeneous nature of brain and sensory functions in 
neurodevelopmental disorders (NDDs) has been clarified, it has been suggested that 
ASD symptoms can be improved by early intervention, and ASD has undergone a 
paradigm shift as a disorder in which neuroplasticity can be expected [9]. In addi-
tion, it has been reported that people with neurodevelopmental disorders often have 
complications such as depression, anxiety disorders, and conduct disorders [10, 11]. 
Many of these complications occur as secondary disorders of neurodevelopmental 
disorders (NDDs), and early detection of developmental characteristics and early 
intervention are considered important to prevent secondary disorders [12]. In this 
chapter, in addition to our research results since 2013, we will introduce the screening 
and support system in the community in Japan.

2. Epidemiology of ASD in preschool-age children in Japan

2.1 Infant health checkup system in Japan

In Japan, the Maternal and Child Health Law requires municipalities to conduct 
health and development checkups for children aged 18 and 36 months [13]. At these 
checkups, public health nurses and pediatricians assess physical, motor, social, 
emotional, behavioral, verbal development, and general health (medical and den-
tal). If these assessments are found to be abnormal, the public health nurse and/or 
pediatrician should refer the patient to a specialist for further evaluation, if necessary, 
and have the child’s caregiver available for early intervention, such as speech therapy. 
Providing local resources where possible is encouraged (but not compulsory). 
According to a Ministry of Health, Labor, and Welfare report published in 2020, the 
18-month health checkup rate in Japan was 95.2%, and the 36-month health checkup 
rate was 94.5% [14].

While the participation rate in infant health checkups is high and infant deaths 
are sufficiently prevented, the rate of finding prominent neurodevelopmental 
disorders in health checkups is extremely low at 0.2–1.3%. Therefore, in 2017, the 
government made recommendations for early detection of neurodevelopmental 
disorders in infant health checkups [15]. The number of children receiving special 
support after entering elementary school has tripled from 10 years ago [16]. There is 
a gap between the high need for support due to the awareness of neurodevelopmen-
tal disorders by guardians and caregivers and the low detection rate in the health 
checkup system.

2.2  The Hirosaki five-year-old children developmental health check-up (HFC) 
study

The Hirosaki Five-year-old Children Developmental Health Check-up (HFC) 
study was established in 2013 using a total population sample of 5-year-olds living 
in Hirosaki City, Japan. The rationale for this study is that, despite the high par-
ticipation rate in these assessments, the data of children who screened positive for 
NDD at 18-month or 36-month health checkup or follow-up arose from concerns 
about the limited. There were also concerns about whether children who screened 
positive before the age of 5 years were subsequently evaluated and received appro-
priate services. This study, in collaboration with the University of California, 
San Francisco (UCSF), used HFC data from 2013 to 2016 to estimate the prevalence 
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and 5-year cumulative incidence of ASD at the age of 5 years. We investigated 
patterns of comorbidity of NDDs in children with ASD, including hyperactivity 
disorder (ADHD), developmental coordination disorder (DCD), and intellectual 
disability (ID) [8].

Five-year-old Children Developmental Health Check-up was conducted annu-
ally between January 2013 and December 2016, and four cohorts were created. 
HFC was conducted in two stages and aimed to detect all children with NDD in 
the community. The primary screening was a series of questionnaires mailed by 
Hirosaki City to the parents and kindergarten or nursery school teachers of all 
5-year-olds living in the city. The questionnaire used epidemiological informa-
tion (children’s gender, family composition, parental education, and employment 
history, etc.) and the following scales: Autism Spectrum Screening Questionnaire 
(ASSQ ), Strengths and Difficulties Questionnaire (SDQ ), ADHD Rating Scale-IV 
(ADHD-RS-IV), Developmental Coordination Disorder Questionnaire (DCDQ ), 
and Parenting Stress Index (PSI) [17]. The parent has completed all of the above 
questionnaires, and the teacher has completed SDQ. All of the above tools have 
been translated into Japanese, and their reliability and validity had previously been 
established [18–22].

In the second stage of evaluation, a comprehensive evaluation of NDDs in 
screen-positive children was performed at Hirosaki University Hospital. Caregivers 
of screen-positive children were invited to participate in a comprehensive evalu-
ation. Figure 1 is a flow chart of the screening and evaluation stages of HFC 
research.

At the comprehensive assessment, developmental history and concerns 
were collected using items derived from the Diagnostic Interview for Social and 
Communication Disorders (DISCO) [23]. The DISCO is a semi-structured interview 
schedule designed to collect information on development and behavior. It can be 
used to assist in identifying possible diagnostic categories, including ASDs and 
other developmental disorders affecting social interaction and communication. 

Figure 1. 
Flow chart of the Hirosaki five-year-old developmental Checkup and assessment.
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Cognitive assessments were conducted by psychologists using the Japanese version 
of the Wechsler Intelligence Scale for Children, 4th edition (WISC-IV) [24] only for 
children who did not have an ID diagnosis before participating in the present study. 
Assessment of children’s coordination skills was performed by trained occupational 
therapists and psychologists using the Movement Assessment Battery for Children, 
2nd edition (MABC-2) [25]. MABC-2 is a test of coordination disorders for children 
aged 3–16 years. It consists of three fine motor measures, two ball skill measures, 
and three balance skill measures. Screening test scores, parent interviews and child 
examinations, and other test results were reviewed by multiple professionals, includ-
ing child psychiatrists. If ASD is diagnosed or suspected, the child is added to the 
Autism Diagnostic Observation Schedule (ADOS)-2 [26], and they were assured of 
research reliability. The definitive diagnosis was determined on the basis of findings 
consistent with screening evaluation and diagnosis. We used the DSM-5 criteria for 
the diagnosis of ASD, ADHD, and both the DSM-5 and the European Academy of 
Childhood Disability guidelines [27] for the diagnosis of DCD. Criteria for ID were 
defined as an IQ <70.

2.3  Prevalence and cumulative incidence of ASDs and the patterns of 
co-occurring neurodevelopmental disorders in a total population sample  
of 5-year-old children

Of the 559 children who underwent secondary assessment, 87 children (60 boys 
and 27 girls) were diagnosed with ASD. The 4-year mean ASD crude prevalence was 
1.73% (95% CI 1.37–2.10%), with a 95% CI of 1.37 to 2.10%. Gender crude prevalence 
estimates for ASD were 2.35% (95% CI 1.76–2.94%) for boys and 1.09% (95% CI 
0.68–1.51%) for girls, with the gender ratio of 2.2:1. After statistically adjusting for 
nonparticipants in comprehensive developmental assessment, the adjusted prevalence 
of ASD was estimated to be 3.22% (95% CI 2.66–3.76%). Gender-adjusted prevalence 
of ASD was 4.06% (95% CI 3.20–4.92%) in boys and 2.22% (95% CI 1.57–2.88%) in 
girls, with the gender ratio of 1.8:1.

The cumulative incidence of ASD by the age of 5 years within this research period 
(2013–2016) was 1.31% (95% CI 1.00–1.62%), with no significant increase in the 
5-year cumulative incidence. The prevalence and 5-year cumulative incidence for each 
study year are summarized in Table 1.

Of the children with ASD (N = 87), 88.5% (n = 77) had at least one comorbid 
NDD (ADHD, DCD, ID, and/or borderline intellectual function (BIF)) and 20 
children with ASD (23%) had 3 comorbid NDDs. Gender ratio of comorbidities was 
ADHD 50.6% (boys: girls = 2.4:1), DCD 63.2% (2.1:1), ID 36.8% (1.7:1), and BIF 
20.6% (2.6,1) (Figure 2 and Table 2).

Only 21 of 87 ASD children had received a diagnosis of ASD prior to this study. Of 
the 59 children who were assisted by the age of 5 years, 38 had other diagnoses (devel-
opmental or language delay). Twenty-eight (32%) had no developmental problems 
and no remedial intervention by the age of 5 years. Figure 3 shows the problem of 
undiagnosed and unintervention of ASD.

Our study revealed that 5-year-old children with ASD have a high incidence of 
concurrent NDD, suggesting that ASD has a wide range of difficulties in daily life, 
such as attention and motor control, in addition to social problems. In infant screen-
ing, it is necessary to broadly evaluate various characteristics and provide early 
developmental support to children.
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For this reason, children who were diagnosed with some form of NDD at a 
health checkup were promptly given support and prepared for entering elementary 
school. Children who have been diagnosed with the disease should visit the Hirosaki 
University Hospital regularly at least once every 1 to 2 years for examinations and 
consultations and follow up until the age of 15 years to reconsider the diagnosis and 
determine the need for treatment. Some children require medication. The effects of 
these interventions need to be analyzed separately.

Table 1. 
Crude prevalence, adjusted prevalence, and cumulative incidence up to the age of 5 years of autism spectrum 
disorders in each survey year.

Figure 2. 
Number of comorbidities of autism spectrum disorder.
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2.4  Prevalence of sleep problems in Japanese Preschoolers and children with 
developmental disabilities

Sleep problems are not only associated with emotions and behaviors but also 
affect mental and physical health over time. Our previous study reported 80% of 482 
children had sleep problems in Japan [28]. Among Chinese urban kindergarten chil-
dren, also, almost 80% (78.8%) of the children scored above the original Children’s 
Sleep Habits Questionnaire (CSHQ ) cutoff point for global sleep disturbance [29]. 
However, there has been no report of a larger-scale study and the comorbid rate of 
neurodevelopmental disorders. The aim of this study was to estimate the prevalence 
of sleep problems in preschoolers and children with developmental disabilities using 
the Children’s Sleep Habits Questionnaire (CSHQ ), which is widely used in large 
community-based surveys.

Subjects were 1800 children who participated in 5-year-olds developmental 
checkup in a city, Japan. Six hundred and nine participants in the secondary checkup 
were diagnosed whether NDD or not according to DSM-5 criteria. The data include 
1421 TDs (boys: girls = 726:695), 118 ASDs (83:35) and 125 ADHDs (79:46), and 136 
other DDs (91,45). Caregivers of 5-year-old children completed CSHQ. We compared 
with CSHQ total and subscale scores in four groups using Kruskal–Wallis’s test and 
analyzed the relation between z-score of CSHQ total and subscale and diagnosis using 
a logistic multiple regression analysis (p < 0.05).

Children’s Sleep Habits Questionnaire (CSHQ ) consists of nine subscales: 
Bedtime Resistance, Sleep Onset Delay, Sleep Duration, Sleep Anxiety, Night 
Waking, Parasomnias, Sleep Disordered Breathing, Daytime Sleepiness, and Sleep/
wake patterns [30].

Percentage of children suspected of having sleep problems (CSHQ co > 41) 
was 80% in TD, 89.0% in ASD, 90.4% in ADHD, and 83.8% in Other DD, respec-
tively (see Figure 4). ASD and ADHD children have significantly higher scores 
of Total score, Sleep Duration, Sleep Anxiety, Parasomnias, Sleep-Disordered 
Breathing, and Daytime Sleepiness than TD (see Figure 5). When the CSHQ total 
score z-score increases by 1 (1SD), the probability of being diagnosed with ASD 
increases by 1.45 odds.

This study showed Japanese preschoolers have high percentage of sleep problems. 
In addition to comorbid rate of those in ASD were so high that we can predict ASD 
diagnosis from CSHQ. We must pay attention more that many children have sleep 
problems, and it would occur some health problems in the future.

Co-occurring NDDs n %

None (i.e. ASD alone) 10 11.49

ADHD alone or ADHD and other NDDs 44 50.57

DCD alone or DCD and other NDDs 55 63.22

ID alone or ID and other NDDs 32 36.78

BIF alone or BIF and other NDDs 18 20.69

Table 2. 
Comorbid patterns of neurodevelopmental disorders in 87 individuals with ASD.
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2.5  Verification of new screening tools for neurodevelopmental disorders in 
5-year-old children

We analyzed multiple questionnaires completed by the parents and teachers of 
954 5-year-old primary screening participants in 2013 and the DSM-5 diagnoses of 
156 individuals who participated in the secondary examination, then we invented an 
algorithm to extract the NDD risk group. Children were considered “screen positive” 
if one of the following criteria (a)–(d) was met:

a. Parent assessment ASSQ score of 19 or higher.

b. PSI scores >75 percentile.

c. Parent-rated ASSQ scores between 9 and 19 and parent-assessed ADHD-RS total 
scores or at least one of subscale scores were above-defined cutoff.

d. One or more among parent-assessed ASSQ , ADHD-RS, and DCDQ scores were 
above the cutoff and the teacher-assessed SDQ total or one SDQ subscale scores 
were above the cutoff.

Figure 3. 
The problem of undiagnosed and unintervention of ASD.

Figure 4. 
Comparison of the probability of sleep disorders by diagnosis in 1800 preschoolers.
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 We validated the algorithm on 965 people in 2014, 1004 people in 2015, 1031 
people in 2016, 967 people in 2017, and 1040 people in 2018. The confirmation 
method is as follows. 

 First, we compared the rate of high-risk group extraction for her NDD by year 
under the old and new algorithms (see   Figure 6  ).   Table 3   shows old algorithm and 
new algorithm.   

 Next, we compared between the proportion of children with special needs who 
diagnosed with NDD, those who were below the diagnostic criteria but required 
observation and had no problems by year (see   Figure 7  ). Finally, we calculated the 

  Figure 6.
  Comparison the proportion of NDDs high-risk children with old and new algorithm.          

    Old algorithm Children who scored at least one of the PSDQ , PASSQ , PADHD-RS, PDCDQ , and K6 
cutoffs were considered risk children. 

 New algorithm Children who met one or more of the following four criteria were considered risk children.  

  Table 3.
  Old algorithm and new algorithm.  

  Figure 5.
  Comparison of CSHQ subscales.          
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sensitivity and specificity of the new algorithm for extracting children with special 
needs and observation needs, which were 0.89 and 0.99, respectively.

The new algorithm, created by combining multiple tests, has made it possible 
to extract risk children more efficiently than the old algorithm. This algorithm 
was put into a web system in 2019, and from 2020 it was used in developmental 
health checkups in Hirosaki City [31]. Due to the spread of COVID-19, it was 
difficult to hold face-to-face health checkups, but with the introduction of the 
web system, the participation rate of 5-year-old developmental health checkups 
increased from 85–94%, and the secondary health checkup rate also increased. As 
a result, more children with NDD are receiving support for adjusting to primary 
school than before.

3. Conclusions

Epidemiological research in medium-sized cities in northern Japan will soon reach 
its 10th anniversary. Epidemiological studies are carried out as observational studies 
over time, repeating the same methods as much as possible. In Japan, where early 
detection is delayed, intervention support is provided after investigation and diag-
nosis. It had to be used for individual profit. Although this study reported an analysis 
of a 4-year survey, a 10-year trajectory and prognostic study of NDD diagnosis in 
5-year-olds will begin in the future. We hope that our research will continue and help 
build a comfortable society for NDD.

Acknowledgements

We would like to express our heartfelt gratitude to all children, their families, 
teachers, and Hirosaki City staff who participated in HFC study and the Hirosaki 
University faculty members and researchers (Hirota T, Sakamoto Y, Mikami T, 

Figure 7. 
Changes in the rate of children who need supports and observation, or no needs.



Autism Spectrum Disorders - Recent Advances and New Perspectives

28

Author details

Manabu Saito1,2*, Yui Sakamoto3 and Ai Terui3

1 Department of Comprehensive Rehabilitation Science, Graduate School of Health 
Sciences, Department of Clinical Psychological Science, School of Medicine, Hirosaki 
University, Hirosaki, Japan

2 Research Center for Child Mental Development, Graduate School of Medicine, 
Hirosaki University, Hirosaki, Japan

3 Departments of Neuropsychiatry, Graduate School of Medicine, Hirosaki 
University, Hirosaki, Japan

*Address all correspondence to: smanabu@hirosaki-u.ac.jp

Terui A, Osato A, Koeda S, Mikami M, Kuribayashi M, and Nakamura K) who were 
involved in the examination, diagnosis, and statistical analysis of health checkups.

This study was supported by the following grants: Grants-in-Aid for Scientific 
Research (KAKENHI: grant numbers JP16K10239 and JP19K08062), Hirosaki City 
Commissioned Research Fund, Hirosaki University Institutional Research Grant 
for Future Innovation, Industry-Academia Joint Development Research Fund, and 
Hirosaki Institute of Neuroscience in Japan.

Conflict of interest

The authors declare no conflict of interest.

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 



Epidemiology of ASD in Preschool-age Children in Japan
DOI: http://dx.doi.org/10.5772/intechopen.108674

29

References

[1] Matthew JM, Kelly AS, Amanda VB, 
et al. Prevalence and characteristics 
of autism spectrum disorder among 
children aged 8 years — Autism and 
developmental disabilities monitoring 
network, 11 Sites, United States, 2018. 
MMWR Surveillance Summaries. 
2021;70(11):1-16

[2] Autism and Developmental 
Disabilities Monitoring Network 
Surveillance Year 2008 Principal 
Investigators; CDC. Prevalence of 
autism spectrum disorders—Autism and 
Developmental Disabilities Monitoring 
Network, 14 sites, United States, 2008. 
MMWR Surveillance Summaries. 
2012;2012:61

[3] American Psychiatric Association. 
Diagnostic and Statistical Manual of 
Mental Disorders. 4th ed. Washington, 
DC: American Psychiatric Association; 
2000

[4] American Psychiatric Association. 
Diagnostic and Statistical Manual of 
Mental Disorders. 5th ed. Arlington, VA: 
American Psychiatric Association; 2013

[5] World Health Organization (WHO). 
2022. Available from: https://www.
who.int/standards/classifications/
classification-of-diseases. [Accessed: 
September 3, 2022]

[6] The Centers for Disease Control and 
Prevention (CDC). 2022. Available from: 
https://www.cdc.gov/ncbddd/autism/
addm.html. [Accessed: September 3, 
2022]

[7] Kim YS, Leventhal BL, Koh Y-J, 
et al. Prevalence of autism spectrum 
disorders in a total population sample. 
The American Journal of Psychiatry. 
2011;168(9):904-912

[8] Saito M, Hirota T, Sakamoto Y, et al. 
Prevalence and cumulative incidence 
of autism spectrum disorders 
and the patterns of co-occurring 
neurodevelopmental disorders in a 
total population sample of 5-year-old 
children. Molecule Autism. 2020;11:35

[9] Dawson G, Bernier R. A quarter 
century of progress on the early 
detection and treatment of autism 
spectrum disorder. Development and 
Psychopathology. 2013;25:1455-1472

[10] Corsello CM. Early intervention 
in autism. Infants & Young Children. 
2005;18(2):74-85

[11] Doshi-Velez F, Ge Y, Kohane I. 
Comorbidity clusters in autism spectrum 
disorders: An electronic health record 
time-series analysis. Pediatrics. 
2014;133(1):e54-e63

[12] Larson K, Russ SA, Kahn RS, 
Halfon N. Patterns of comorbidity, 
functioning, and service use for US 
children with ADHD, 2007. Pediatrics. 
2011;127(3):462-470

[13] Ministry of Health, Labor and 
Welfare (MHLW). Available from: 
https://elaws.e-gov.go.jp/document?l
awid=340AC0000000141. [Accessed: 
September 3, 2022]

[14] Ministry of Health, Labor and 
Welfare reports. Available from: https://
www.mhlw.go.jp/toukei/saikin/hw/c-
hoken/20/dl/R02gaikyo.pdf. [Accessed: 
September 3, 2022]

[15] Ministry of Internal Affairs 
and Communications. Available 
from: https://www.soumu.go.jp/
main_content/000458776.pdf. [Accessed: 
September 3, 2022]



Autism Spectrum Disorders - Recent Advances and New Perspectives

30

[16] Ministry of Education, Culture, 
Sports, Science and Technology reports. 
Available from: https://www.mext.
go.jp/kaigisiryo/2019/09/__icsFiles/
afieldfile/2019/09/24/1421554_3_1.pdf. 
[Accessed: September 3, 2022]

[17] Ehlers S, Gillberg C. The 
epidemiology of Asperger syndrome. 
Journal of Child Psychology and 
Psychiatry. 1993;34(8):1327-1350

[18] Adachi M, Takahashi M, 
Takayanagi N, et al. Adaptation of the 
Autism Spectrum Screening Questionnaire 
(ASSQ ) to preschool children. PLOS One. 
2018;13(7):e0199590

[19] Matsuishi T, Nagano M, Araki Y, 
et al. Scale properties of the Japanese 
version of the Strengths and Difficulties 
Questionnaire (SDQ ): A study of infant 
and school children in community 
samples. Brain Development. 
2008;30(6):410-415

[20] Takayanagi N, Yoshida S, Yasuda S,  
et al. Psychometric properties of the 
Japanese ADHD-RS in preschool 
children. Research in Developmental 
Disabilities. 2016;55:268-278

[21] Nakai A, Miyachi T, Okada R, et al. 
Evaluation of the Japanese version 
of the Developmental Coordination 
Disorder Questionnaire as a screening 
tool for clumsiness of Japanese children. 
Research in Developmental Disabilities. 
2011;32(5):1615-1622

[22] Narama M, Kanemasu Y, Araki A, 
et al. Validity and reliability of Japanse 
version of the Parenting Stress Index 
[in Japanese]. Journal of Child Health. 
1999;58(5):610-616

[23] Wing L, Leekam SR, Libby SJ, 
Gould J, Larcombe M. The diagnostic 
interview for social and communication 
disorders: Background, inter-rater 

reliability and clinical use. Journal 
of Child Psychology and Psychiatry. 
2002;43(3):307-325

[24] Wechsler D, Japanese WISC-IV 
Publication Committee. Japanese Version 
of the Wechsler Intelligence Scale for 
Children-fourth Edition. Tokyo, Japan: 
Nihon Bunka Kagakusha; 2010

[25] Henderson SE, Sugden DA, 
Barnett A. The Movement Assessment 
Battery for Children. 2nd ed. London: 
The Psychological Corporation; 2007

[26] Lord C, Rutter M, Dilavore PC, 
Risi S, Gotham K, Bishop LS. The Autism 
Diagnostic Observation Schedule 2nd 
Edition (ADOS-2). Los Angeles, CA: 
Western Psychological Services; 2012

[27] Blank R, Smits-Engelsman B, 
Polatajko H, Wilson P. European 
Academy for Childhood Disability. 
European Academy for Childhood 
Disability (EACD): Recommendations on 
the definition, diagnosis and intervention 
of developmental coordination disorder 
(long version). Developmental Medicine 
and Child Neurology. 2012;54(1):54-93

[28] Takahashi M, Adachi M, Yasuda S,  
Osato-Kaneda A, Saito M, et al. 
Prevalence of sleep problems in Japanese 
preschoolers in a medium-sized city: 
Community-based survey using the 
Children’s Sleep Habits Questionnaire. 
Pediatrics International: Official 
Journal of the Japan Pediatric Society. 
2012;59(6):747-750

[29] Liu Z, Wang G, Geng L, Luo J,  
Li N, Owens J. Sleep patterns, sleep 
disturbances, and associated factors 
among Chinese Urban Kindergarten 
Children. Behavioral Sleep Medicine. 
2016;14(1):100-117

[30] Owens JA, Spirito A, McGuinn M.  
The Children’s Sleep Habits 



Epidemiology of ASD in Preschool-age Children in Japan
DOI: http://dx.doi.org/10.5772/intechopen.108674

31

Questionnaire (CSHQ ): Psychometric 
properties of a survey instrument 
for school-aged children. Sleep. 
2000;23:1043-1051

[31] Saito M, et al. Patent application 
examination pending in Japan: Tokugan, 
2019-59991





33

Chapter 3

Identification of Autism Spectrum 
Disorder: The First Signs Identified 
by Algerian Parents
Yamina Hammas and Sarah Bendiouis

Abstract

Early detection and identification of the first signs of autism play an important 
role in the implementation of support projects and appropriate interventions. Our 
study aims, on the one hand, to study the variations of the age of detection of the 
first signs of autism by the parents and, on the other hand, to explore the nature of 
these signs. It also seeks to verify whether the age of detection of early signs depends 
on certain characteristics such as the socioeconomic level of the parents. To do this, 
an analysis of the data collected as part of a prospective study of a population of 
120 children was carried out. The results obtained indicate that the average age of 
identification of the first signs is around 19 months; and that the most reported signs 
relate to the area of   verbal communication. However, no significant relationship was 
found between the age of the detection of the first sign and the economic level of the 
parents.

Keywords: autism, tracking, signs, parents, worries

1. Introduction

Autism is a neurodevelopmental disorder that disrupts the early development 
of the child in different areas, namely social, emotional, cognitive, communicative, 
verbal, etc. The most up-to-date classification used to define autism is that of the 
DSM-V (Diagnostic and Statistical Manual of Mental Disorders, fifth edition). Called 
ASD (Autism Spectrum Disorder), autism is currently classified in the category of 
Neurodevelopmental Disorders. It is a set of conditions that begin during the devel-
opmental period leading to an impairment of personal, social, school, or professional 
functioning. This alteration is mainly characterized by two symptomatic dimensions: A. 
“Persistent deficit in communication and social interactions observed in various con-
texts” and B. “Restricted and repetitive nature of behaviors, interests or activities” [1].

In Algeria, the Ministry of Health has identified a number that varies between 
400,000 and 500,000 in 2018. The prevalence was estimated 10 years ago at 1 per 
10,000 inhabitants, while it has currently reached 1 child per 100 inhabitants. It is 
therefore a growing phenomenon.

The journey of the child and his family begins as soon as the warning signs are 
identified. This is the first stage during which parents, family members, or any actor 
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in the early childhood sector notices unusual signs in favor of one or more develop-
mental particularities. The High Authority of Health [2] specifies that any parental 
concern regarding verbal development and social communication (absence of 
babbling and communicative gestures at 12 months, absence of words at 18 months, 
and absence of word association at 18 months) should be considered a major warn-
ing sign and should be the subject of a specialist consultation focused on identifying 
an ASD.

All research agrees that the signs of ASD appear during the first 2 years of life. 
There is currently no pathognomonic marker for progression to ASD. Indeed, the 
majority of parents begin to notice the first signs from the age of 6 months. However, 
this disorder can only be diagnosed from the age of 30 months [3]. Before the age of 
1, the signs noted relate mainly to sensory reactivity (hyporeactivity, hyperreactivity, 
or search for sensory stimulation), the flexibility of attention, and the quality of the 
production of spontaneous movements (hypo or hypertonicity) [4]. This period can 
also be characterized by certain specificities relating to the level of alertness of the 
child (calm or irritable); its emotional regulation, exploration of the environment, 
but also on the quality of sleep and dietary diversity [5].

The current view of ASD baby-to-be-centered research methods is that there are 
three main methods [6]:

The retrospective method consists of retracing the history of the neurodevelop-
mental disorder on the basis of precursor clues to the domains or altered functions. It 
is mainly based on the use of family films and information collected during parental 
interviews.

The prospective method consists of targeting certain areas of development such 
as motor skills, language, the sensory or emotional area, and identifying the child’s 
development in these areas, while identifying the times when deviations from typical 
development appear.

The predictive method: a method currently being tested in psychopathology and 
child psychiatry, which has already brought results in certain areas such as the early 
detection of skin cancers for example. The experimental approach aims to first check 
whether the six entities that make up the neurodevelopmental disorders will be found 
or not, then to take into consideration the network of neurons with all the parameters 
that can influence this network as well as the trajectory of the child’s development, 
namely genetic, epigenetic, sociological, psychological, neuropsychological but also 
environmental and familial. Then in a last step, make predictions and deduce the 
evolution of the most relevant functional areas [6].

More and more studies are focusing on the question of identifying the first signs of 
ASD [7, 8]. This orientation is largely explained by the challenge of identification and 
early diagnosis in the implementation of support projects and interventions adapted 
to ASD, in order to reduce additional disabilities. It is therefore essential to follow very 
closely the development of children in whom communication is not established in an 
ordinary way in order not to delay a possible diagnosis and to allow early treatment [9] .

Adrien [10] uses the term “functional and developmental dysregulation” to 
describe the developmental characteristics of babies at risk because we notice at a very 
early age a disharmony concerning all psychological functions. Deegenne [11] and his 
collaborators conducted research on the early detection of autism, and more specifi-
cally on the interrelational sphere of the infant, focusing on the period from birth to 
6 months, which they consider to be a little investigated period, yet it is fundamental 
for the subsequent development of the child. Compared with normal children, the 
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analysis of home movies highlights the presence of an early interactive dysfunction 
in infants later diagnosed with autism, from the first month of life (commitment and 
visual attention, deficit in tonic-postural dialog, deficit in emotional expression) [11].

The concerns of parents appear in the majority of cases early. Indeed, DiLalla and 
Rogers [12] point out that 38% of parents of children with ASD worry toward the end 
of the first year, 41% during the second year, 16% identify abnormalities between the 
second and the third year, and finally, 5% from 3 years. De Giacomo and Fombonne 
[13] conducted a study on the nature of the first signs suspected by parents. They have 
indeed found that it is the delay in the appearance of language that is the anomaly 
most often identified initially (53.7% of cases) and that the particularities of interac-
tive and social responses are identified in 17% of cases.

2. Research problem and objectives

This research focuses on the study of the age of identification of the first signs of 
autism spectrum disorder by parents.

It aims to answer the following question: are there variations in the age of detec-
tion of the first autistic signs by parents?

We also sought to answer the following questions:

• What is the nature of the first signs reported by the parents (signs relating to 
non-verbal communication, verbal communication, motor skills, etc.)?

• Does the age of detection of the first signs by the parents depend on certain 
characteristics such as their economic level?

3. Hypotheses

We hypothesize that the average age of recognition of the first signs by parents 
is around 18 months. Similarly, we assume that the nature of the first signs mainly 
concerns the sphere of non-verbal communication such as response to the name, 
eye contact, joint attention, etc. Finally, we expect the age of onset of the first signs 
to be correlated with the socioeconomic level of the parents. In other words, the 
higher the socioeconomic level of the parents, the earlier the age of detection of the 
first signs.

4. Method and tools

4.1 Population

Our research was carried out in Tlemcen (Algeria) in a psychiatry and psycho-
therapy office. It is a private practice in which a psychiatrist, two psychologists, and 
a speech therapist practice. Consultations are conducted with adults with various 
psychiatric and psychological pathologies, but also with parents with children who 
have psychological developmental disorders and more particularly neurodevelopmen-
tal disorders (ASD, learning disabilities, ADHD, etc.)
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The study therefore focuses on an analysis of data collected as part of a pro-
spective study. The latter was carried out on the basis of evaluation files carried 
out in the context of consultations with parents who suspected an autistic disorder 
in their children. The study population is an Algerian population, which consists 
of 120 parents of children at risk whose chronological age varies from 15 to 60  
months (Table 1).

4.2 Tools

A data collection grid was designed for this research. This grid includes several 
parameters that can provide information on the child but also his entourage. Among 
these parameters, we can cite:

• General information about the child.

• Information about parents.

• Anamnesis.

• Information on screening or diagnosis.

The variables retained for this study are: the age of identification of the first signs 
by the parents, the nature of the signs observed, and the socioeconomic level of the 
parents.

For parents whose screening has not yet been carried out, we relied on two instru-
ments used to identify signs related to Autism Spectrum Disorder: the M-CHAT and 
the ADOS-2.

The M-CHAT (Modified Checklist for Autism in Toddler) is an instrument 
that can detect the first signs of autism. It is aimed at parents with children aged 
16–30 months and includes a set of questions (23) that cover several areas of develop-
ment. A first screening test for autism, the CHAT (Checklist for Autism in Toddlers), 
was proposed and validated in the 1990s by a team of researchers including Simon 
Baron-Cohen. The M-CHAT is passed through a structured interview with the 
parents. The latter must answer yes or no, depending on the current behavior of their 
child. There are six key items in this test:

• Item 2: Interest in other children.

Boys Girls

Sex (N) 92 28

Chronological age
(average in months)

48 38

Fathers Mothers

Sex (N) 60 60

Average chronological age year month) 42 (504) 35 (420)

Table 1. 
Population characteristics.
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• Item 7: Proto-declarative pointing (pointing to indicate interest in something).

• Item 9: Bringing objects to parents.

• Item 13: Imitation.

• Item 14: Child’s response to first name when called.

• Item 15: Ability to follow the adult’s score.

If the child fails two or three of the items considered predictive of autism spec-
trum disorder, follow-up and further evaluation should be considered.

The ADOS-2 Autism Diagnostic Observation Schedule or Observation Scale for 
the Diagnosis of Autism developed by Catherine Lord in 1989 in the United States. 
This is the second version of a semi-structured tool, which makes it possible to 
observe the socio-communicative behavior of the child, and this, through a succes-
sion of playful scenes making it possible to evaluate the quality of the social openings 
but also the emotions and the level of imagination.

4.3 Procedure

The study took place over a period of approximately 2 years. The first year was 
devoted to data collection.

The procedure went through two main stages:

4.3.1 Reception of parents who have suspected abnormalities in their children

This process was carried out within the framework of consultations within a 
medical office of psychiatry and psychopathologies. It was about collecting through 
the grid we designed; information on the child, on his family and to trace the history 
of his development, and this, within the framework of a semi-structured interview 
with both parents.

4.3.2 Passing the M-CHAT and/or the ADOS-2

This step mainly focused on the child since a direct observation of his behavior 
was made, supplemented by a handover of ASD screening tools. The aim was to 
ensure that these were children at risk for Autism Spectrum Disorder and not another 
developmental disorder.

4.3.3 Data collection, tabulation, and analysis

Data from 120 children were collected, analyzed, and then categorized. The age in 
months of detection of the first anomalies by the parents was retained as well as the 
nature of these anomalies. Codes were assigned according to the altered domain. In 
other words, we have divided all the warning signs according to two main categories: 
negative signs, which include delays in the field of non-verbal communication, verbal 
communication, motor skills, sociability and emotions; and positive signs, which 
refer to behavioral particularities and sensory.
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The socioeconomic level of both parents was also taken into consideration. Indeed, 
the professions of each parent were categorized according to (Table 2).

5. Results and discussion

5.1 Results

Remember that the main objective of this research is to first identify the average 
age of detection of the first signs of ASD by parents and then identify the nature 
of these signs. In other words, we seek to identify what is the area most identified 
by parents. Statistical analysis was performed using SPSS software. The results are 
presented in the following tables:

5.1.1 Average age of recognition of the first signs by the parents

Table 3 shows that the average age of identification of the first signs of autism by 
parents is around 19 months.

5.1.2 Nature and percentage of signs reported by parents

Figure 1 shows that the highest number of parents report signs that relate to verbal 
communication with a percentage of 30.50%; 28.81% of them first identify signs 
related to non-verbal communication; 12.71% identify social and emotional abnor-
malities; 11.86% of parents identify sensory particularities; 11.2% are alarmed by 
behavioral particularities; and finally, 5.06% of them identify motor specificities.

5.1.3 Identification of warning signs of ASD and economic level of parents

An analysis of variance was carried out in order to know if a difference exists 
between the different economic levels of the parents in the age of the identification of 
the first signs.

N Minimum Maximum Average 
(Months)

Age of the identification of the first signs 120 0 48 18,96

Table 3. 
Average age of detection of the first abnormalities by the parents.

Levels Professions Fathers Mothers

Superior (N) Employers, freelancers, senior executives 22 13

Medium (N) Middle manager, worker, employee 58 27

Low (N) Laborer, personnel in transit, inactive 40 80

Table 2. 
Categorization of parental economic levels.
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5.1.4 Economic level of fathers

Table 4 shows that the p-value (0.48) is greater than 0.05. These results indicate 
that there is no significant difference between the economic levels of the fathers in the 
age of detection of the first signs of ASD. However, the descriptive analysis shows that 
fathers with a high socioeconomic level detect precursor signs earlier than parents 
with medium and low socioeconomic levels (mean, standard deviation 21 (8.78)).

5.1.5 Economic level of mothers

Table 5 indicates that the p-value (0.31) is greater than 0.05. This result reveals 
that there is no statistically significant difference between the economic levels of 
the mothers and the age of detection of the first signs of ASD by the parents. On the 
other hand, the descriptive analysis highlights that mothers with a low economic level 
detect the warning signs earlier than mothers with a higher and average level (mean, 
standard deviation (10.27)).

5.2 Discussion

There is a consensus on the question of the need to spot and identify early the 
developmental particularities that could evolve into a neurodevelopmental disorder. 

Figure 1. 
Percentage of different warning signs reported by parents.

N Economic level of fathers Mean (standard 
deviation)

F 
test

P 
value

High level Medium level Low level

Age of detection 
of first signs

120 21 (8.78) 18.79 (10.3) 17.83 
(10.01)

0.75 0.48

Table 4. 
Economic level of fathers and age of detection of first signs.
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Pry [6] points out that this question of identifying signs is based on both theoretical 
and practical reasons. The theoretical reasons consist of saying that TND (neuro-
developmental disorders) in particular Autism Spectrum Disorder is of early and 
neurodevelopmental origin, the first behaviors tend to change in meaning but also 
in function with the advancement in age. The practical reasons relate primarily to 
aspects of early interventions that aim to change the developmental trajectory of 
these behavioral formulations.

Therefore, this study focused on the question of the identification of early signs by 
parents. This is therefore a “retrospective” study based on data from interviews with 
parents, the main objective of which was to estimate the average age at which parents 
identify the warning signs of ASD, but also to identify the signs most reported by 
parents (concerns relating to motor, verbal, emotional, social development, etc.).

The results of our study show that the first signs of ASD are on average identified 
by parents around 19 months. In other words, it is only from the age of one and a half 
that parents begin to observe particular behavioral formulations. Thus, the calcula-
tion of the percentage of signs indicates that the most reported signs concern the field 
of communication, first “verbal” (30.51%), then “non-verbal” (28.81%).

The results obtained are in agreement with certain studies, notably that of Rogers 
[14] according to which the majority of parents (41%) identify the first signs during 
the second year. Most of the research on this subject emphasizes that parental con-
cerns appear around the second year Guinchat et al. [8].

Concerning the origin of the first concerns, it is mainly about the delay in the 
development of the language [7, 13, 15].

These results can be partly explained by the involvement of certain factors, in 
particular the cultural and social factor. Indeed, parents may not be sensitive to the 
typical development of intentional communicative acts addressed to the environ-
ment and its deviations such as gazing, sharing attention, or pointing. These acts of 
course precede the appearance of the first words. Therefore, the concerns are quite 
late because the parents mainly wait for the age when the expressive language (first 
words) is supposed to appear to be alarmed. The knowledge of the parents on the 
early psychological development of the child and more particularly, the sociocom-
municative development, is probably not sufficient to be able to detect its anomalies, 
delays, or deviations.

We also note that only 5.08% of the signs relate to motor behavior, except that 
several studies confirm that the first manifestations relating to developmental 
disorders concern motor development with atypical ocular motor skills, asymmetrical 
postures, or even particularities of the spontaneous movements [16]. These relatively 
late concerns can also be explained by the number and position of the child among 
the siblings. Indeed, during the interviews within the framework of consultations 
with the parents, we noted that having only one child or when it was the first child 
in the siblings, the parents had difficulty in evoking information related to the early 

N Economic level of fathers Mean (standard 
deviation)

F test P value

High level Medium level Low level

Age of detection 
of first signs

120 15.23 (8.99) 8.55 (9.09) 19.70 
(10.27)

1.17 0.31

Table 5. 
Economic level of mothers and age of detection of first signs.
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development of the child because of the lack of a possibility of comparison with 
children of the same age. This situation can lead parents to miss a set of early signs, 
including signs relating to motor or sensory development.

A third element that can be used for interpretation consists of taking into consider-
ation the “regressive” process usually cited in research on the baby to become of ASD. 
Indeed, the data of the literature underline the presence in certain cases of a regression 
or even a loss of communicative and language skills between 16 and 20 months. This 
phenomenon may explain the relatively late identification of the first signs.

We have also sought to study the factors that may possibly influence the age of 
identification of the first signs, in particular the socioeconomic factor of the parents, 
first of the fathers and then of the mothers.

The statistical analysis reveals an absence of significant link between the socioeco-
nomic levels of the parents and the age of the identification of the first signs. In other 
words, the social and economic level of the parents has no influence on the precocity 
or not of the identification of the first signs of ASD. Parents with a higher level are not 
necessarily able to detect the first anomalies early.

One way to interpret this result is to say that the profession of parents with a 
higher level leads them not to spend a lot of time with their children, and therefore, 
they have less opportunity to carefully observe the appearance of the first signs.

This observation was assessed during the interviews with the parents and con-
firmed by the descriptive analysis concerning the economic level of the mothers. 
Indeed, the results of our study tell us that mothers with a low economic level (gener-
ally inactive mothers) tend to spot the first signs well before mothers with a higher to 
average level.

6. Conclusion

Autism is an early-onset neurodevelopmental disorder, the first behavioral 
expressions of which are the subject of several studies. A broad consensus exists on 
the need to identify the first behavioral deviations as early as possible. The interest of 
this approach consists of answering the following problem: can early interventions 
(educational, developmental, behavioral, or others) possibly modify the evolution-
ary course of the child, but also what is the most that makes it possible to modify the 
child’s development as quickly as possible (before school age).

This work shows that Algerian parents detect the signs of autism during the 
second year of life (19 months) and that the signs reported relate mainly to nonver-
bal communication (pointing, gaze, gestures) language skills (delay appearance of 
language). Thus, the socioeconomic level of the parents is not linked to the age of 
detection of the first signs.

Parents should therefore be encouraged to carefully observe the child’s develop-
mental sequences in order to be able to identify developmental deviations earlier, 
which may relate to a set of areas (other than the area of non-verbal communication 
and verbal) such as motor development but also emotional or sensory.

Acknowledgements

We would like to thank all the people who contributed to the realization of this 
work.



Autism Spectrum Disorders - Recent Advances and New Perspectives

42

Author details

Yamina Hammas* and Sarah Bendiouis
University of Tlemcen, Tlemcen, Algeria

*Address all correspondence to: mounabendiouis3@gmail.com

First of all, we would like to express our gratitude to the parents of children with 
autism for their patience and availability to answer our questions.

We would also like to thank Doctor Lotfi Bendiouis for giving us the opportunity 
to carry out this work in the field by welcoming us to his psychiatry and psycho-
therapy practice.

Acronyms and abbreviations

DSM-V  diagnostic and statistical manual of mental disorders, fifth edition.
HAS  high authority of health.
ASD  autism spectrum disorder.

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 



Identification of Autism Spectrum Disorder: The First Signs Identified by Algerian Parents
DOI: http://dx.doi.org/10.5772/intechopen.108000

43

References

[1] American Psychiatric Association.
Diagnostic and Statistical Manual of 
Mental Disorders. Fifth ed. Arlington, 
VA: American Psychiatric Publishing; 
2013. pp. 24-27

[2] Haute Autorité de Santé. Trouble du 
Spectre de l’Autisme - Signes D’Alerte, 
Repérage, Diagnostic Et Évaluation Chez 
L’Enfant Et L’Adolescent. Saint-Denis La 
Plaine: HAS; 2018

[3] De Hemptinne D, Fallourd N, 
Madieu E. Aider son enfant autiste. Paris: 
Deboeck; 2007. pp. 9-15

[4] Pry R. 100 idées pour accompagner 
un enfant avec autisme dans un cadre 
scolaire. de la maternelle, au college; 
Slovénie; 2021. pp. 17-19

[5] Haute Autorité de santé Troubles du 
Spectre de l’Autisme: signes d’alerte, 
repérage, diagnostic, et évaluation chez 
l’enfant et l’adolescent. 2018

[6] Pry R. Six leçons sur les troubles du 
neurodéveloppement. Vol. 107. Paris: 
Tom Pousse; 2018

[7] Coonrod E, Stone WL. Early concerns 
of parents of children with autistic and 
nonautistic disorders. Illnfants and Young 
Children. 2004;17(3):258-268. DOI: 
10.1097/00001163-200407000-00007

[8] Guinchat V, Chamak B, Bonniau B, 
Bodeau N, Perisse D, Cohen D, et al. Very 
early signs of autism reported by parents 
include many concerns not specific 
to autism criteria. Research in Autism 
Spectrum Disorders. 2012:589-601

[9] Cousineau D, Mottron L. Les troubles 
envahissants du développement: De 
maladie à différence. Le medecin du 
Quebec. 2010;45(2):45-49

[10] Adrien J. Autisme du jeune enfant: 
Développement psychologique et 
régulation de l'activité. Paris: Expansion 
Scientifique Française; 1996

[11] Deegenne C. Etude préliminaire 
des troubles des interactions et de la 
motricité chez le bébé. Devenir; 2009.  
pp. 265-294

[12] DiLalla DL, Rogers SJ. Domains of 
the Childhood Autism Rating Scale: 
Relevance for diagnosis and treatment. 
Journal of Autism and Developmental 
Disorders. 1994;24(2):115-128. DOI: 
10.1007/BF02172092. PMID: 8040157

[13] De Giacomo A, Fombonne E. 
Parental recognition of developmental 
abnormalities in autism. Eur Child 
Adolesc Psychiatry. Sep 1998;7(3):131-
136. DOI: 10.1007/s007870050058. 
PMID: 9826299

[14] Rogers SJ. Brief report: Early 
intervention in Autism. Journal of 
Autism and Developmental Disorders. 
1996;26(2):243-246

[15] Howlin P, Asgharian A. The 
diagnosis of Autism and Asperger 
syndrome: Findings from a survey of 
770 families. Development Medicine 
and Child Neurology. 1999;41(12):834-
839. DOI: 10.1017/s0012162299001656. 
PMID: 10619282

[16] Mitchell P, Mottron L, Soulières I, 
Ropar D. Susceptibility to the Shepard 
illusion in participants with autism: 
Reduced top-down influences within 
perception? Autism Respective. 
2010;3(3):113-119. DOI: 10.1002/aur.130. 
PMID: 20575110





45

Chapter 4

Stigma: An Investigative Analysis 
of the Irish Public’s Knowledge  
and Perception of Autism
April Hargreaves, David Mothersill and Gerard Loughnane

Abstract

Levels of stigma toward autism have greatly reduced over the past two decades, 
particularly since the introduction of various anti-stigma and educational campaigns. 
However, stigma does remain negatively impacting the lives of people with autism, 
despite attempts to educate the public about the condition. One country in which this 
is apparent is Ireland, where, although various autism campaigns have been imple-
mented, and there is evidence of improved attitudes and behavior toward individuals 
with autism, there still remains a lack of knowledge and understanding with regard 
to the condition. This chapter presents some novel findings regarding the knowledge, 
attitudes, and behavior of the Irish public toward autism. In an exploratory analysis, 
results demonstrate that whilst the Irish public professes an awareness of autism, a 
deep understanding of the condition is not present. There is also confusion regarding 
factors that contribute to autism. Reassuringly, there is little evidence of discrimina-
tion toward autistic individuals, but there are elements of prejudice that still exist. 
Details of these findings are outlined and discussed.
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1. Introduction

Public stigma is defined as interrelated problems of knowledge (ignorance), 
attitudes (prejudice), and behaviors (discrimination) [1]. The negative impact of such 
stigma is multifaceted, posing real-life problems, such as difficulties with employ-
ment and access to accommodation [2, 3], reduced access to mental and physical 
health care [3], reduced life expectancy [4], and self-stigma, low self-esteem, and 
self-confidence [5, 6]. It has been argued that the emotional impact of stigma can con-
tribute to the physical, psychological, and social burden inherent in many conditions, 
and can be as great a source, if not a greater source, of suffering than the manifesta-
tion of the condition itself [7].

Stigma, by its nature, leads to “othering.” This is evident in Link and Phelan’s [8] 
description of stigma, which involves labeling, stereotyping, status loss, rejection, 
and cognitively separating into “us” and “them” groups. Such “othering” takes place 
in the context of power inconsistencies that allow one group to successfully devalue 
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another. Stigmatized people are often seen as incompetent. They are blamed for their 
suffering. They are socially marginalized in ways that could be considered ableist [9].

Over the past couple of decades, the public’s conception of autism, and with it, 
levels of public stigma toward autism, has undergone a monumental shift. Autism was 
originally defined in the 1940s as a mental illness, a form of childhood schizophrenia 
and the result of cold parenting. It was viewed as rare and profoundly disabling. 
More recently, however, this view has changed. The 1980s saw autism described as 
a pervasive developmental disorder, recognizing the biological underpinnings of 
the condition. The 1990s introduced the idea that autism exists on a spectrum, from 
mild to severe. This decade also saw the emergence of the neurodiversity movement. 
Indeed, the term neurodiversity was coined in 1997 by sociologist Judy Singer, who is 
herself autistic. Through this lens autism is no longer considered an illness or disabil-
ity; rather the autistic brain is said to be “wired” differently, leading to an alternative 
way of viewing and experiencing the world. In essence, it has now been assigned a 
comparatively positive social value.

To aid this newer understanding of autism, various public educational programs 
and campaigns have emerged over the past two decades, instructing the public 
about autism and neurodivergence. These include, amongst others, the “Too Much 
Information” campaign in the UK, “Say Yes to Autism Acceptance” in Ireland, 
“Autism Speaks” in the USA and Canada, “ASD Awareness Campaign” in Romania, 
and “Change Your Reactions” in Australia. The impact of campaigns such as these is 
positive and noteworthy. Public awareness of Autism has improved in many parts of 
the world. This is demonstrated by surveys conducted in, for example, the UK [10], 
France, [11], the USA, Canada [12], Australia [13], and Ireland [14].

However, despite this progress in awareness and education, stigma toward autism 
still exists. Whilst these surveys demonstrate that the public possesses a basic knowl-
edge of autism, and professes positive attitudes toward people with autism, results 
also reflect persistent misconceptions about autistic people, and an ensuing desire to 
distance themselves from autistic individuals [15].

It would thus appear that neither awareness nor scientific advances have fully eradi-
cated the stigma attached to autism, whether explained via conventional psychosocial 
and psychoanalytic frames or the more recent neurobiological models. It may be that 
knowledge, in and of itself, is insufficient to shift the deeply entrenched beliefs and 
associations the public hold toward autism. Instead, perhaps what we need is a deeper 
understanding and acceptance of the differences observable in autistic people.

Gray [16] considered that autism has uniquely stigmatizing traits due to the 
atypical social behaviors associated with autism, coupled with a lack of any obvious 
physical explanation for these behaviors. This in effect confuses people, feeds into 
the “us and them” mentality outlined by Link and Phelan [8], and potentially leads 
to a belief that autistic people are somehow responsible for their atypical behaviors. 
Many studies have corroborated this idea, finding that atypical verbal and nonverbal 
communication behaviors displayed by autistic people are associated with negative 
first impressions and reduced intentions to pursue social interaction with the autistic 
individual [17, 18].

Similarly, stereotypes of autism are predominantly negative. In Wood and Freeth’s 
[19] study, students were asked to list all of the characteristics/traits that society 
associates with autism. Eight of the 10 most commonly listed traits were negative 
and included (1) poor social skills, (2) introverted and withdrawn, (3) poor com-
munication, (4) difficult personality or behavior, (5) poor emotional intelligence, (6) 
awkward, (7) obsessive, and (8) low intelligence. The only two positive traits listed in 
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the most frequent 10 traits were special abilities and high intelligence. Interestingly, 
five of the eight negative traits mentioned refer directly to observable communicative 
behaviors, affirming Sasson’s 2017 and 2019 findings [17, 18]. Wood and Freeth’s study 
is not the only study to demonstrate the association between autism and negative 
stereotypes. The “same chance report” conducted by the autism advocate group “As I 
Am” in Ireland found that 6 in 10 people associate negative connotations with autism.

So, as anti-stigma campaigns are raising awareness of autism, and improving 
attitudes toward autism, they are not improving the entrenched negative stereotypes 
that the public hold about autism. One reason for this might be the methods used by 
autistic individuals to deal with such stereotypes and stigma—many people strategically 
use concealment and masking in an attempt to pass as neurotypical. Autistic masking 
or camouflaging is the conscious or unconscious suppression of natural responses and 
adoption of alternatives across a range of domains, including social interaction, move-
ment, and behavior [20]. Whilst this often works as an effective coping mechanism 
against stigma in the short term, it has been associated with late/missed diagnosis, men-
tal health issues, burnout, and suicidality [20]. It also limits public exposure to typical 
autistic behavior, which limits familiarity. Familiarity is important, as it has been shown 
to decrease stigma [21]. People like and accept what’s familiar [22]. Familiarity has been 
defined as the interpersonal knowledge of another individual, but it also comprises 
affective and behavioral components [23]. As such it is separate from factual knowl-
edge—the kind of knowledge typically imparted in the type of educational campaign 
that we have seen in support of autism over the past two decades.

When we examine levels of autism knowledge globally, we see vast differentiation 
between countries. Research shows that public knowledge of autism is particularly 
poor in Saudi Arabia [24], China [25, 26], and Pakistan [27], but much better in 
countries, such as Australia [28], USA [25, 29], Northern Ireland [30], and the UK 
[31]. Interestingly the countries that present with the greatest knowledge levels are 
the same countries in which autism education campaigns have been run, affirming 
the use and effectiveness of such campaigns. One notable exception to this is Ireland. 
According to the same chance report, in 2022 only 4 in 10 Irish people claim to have 
a “good” understanding of autism. In our own recent study, comparing knowledge, 
attitudes, and behaviors toward autism, schizophrenia, and bipolar disorder in 
Ireland, we found that compared to schizophrenia and bipolar disorder, the Irish 
public’s knowledge of autism was lacking, even though their attitudes and behaviors 
toward autistic people were largely positive [14].

This paper is thus a deeper dive into the data gathered on autism in that study, 
in an attempt to understand what elements of knowledge were proving particularly 
problematic for the Irish public. Is it awareness of autism, understanding of autism, 
or stigmatizing beliefs, that are present amongst the Irish public, and what does this 
mean for autism stigma going forwards?

2. Methods

2.1 Participants

307 participants were recruited via online sites, including social media  
(such as Twitter and Facebook). Demographic information was gathered on place 
of residence, gender, age (in 5 years groupings), socioeconomic status (according 
to the occupation of the head of household), income, education, marital status, and 
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family structure. Participation was voluntary and anonymous and occurred only 
after informed consent was obtained. All assessments were conducted in accordance 
with the National College of Ireland ethics committees’ approval, and participants 
did not receive compensation for participation in the study. On completion of the 
questionnaire, participants were debriefed and provided with the contact details of 
the researcher should they have any follow-up questions. In total, participation took 
approximately 10 minutes.

2.2 Measures

All participants completed an online survey titled “Perceptions and representa-
tions of mental illness” adapted from research by Durand-Zaleski et al. (2012). 
The questionnaire had 22 questions that asked participants about their knowledge, 
attitudes, and behaviors toward mental disorders in general, and specifically toward 
schizophrenia, bipolar disorder, and autism. The data presented in this chapter 
draws solely on the responses about autism. A detailed description of the question-
naire employed can be found in our previously published paper titled “Knowledge, 
attitudes and behaviors toward schizophrenia, bipolar disorder and autism in 
Ireland: A pilot study [14].”

In brief, the questionnaire aims to explore whether individuals understand the 
“terminology” of autism and what actually constitutes the condition.

The survey comprised questions designed to capture data on key themes examined 
in previously published questionnaires exploring knowledge, attitudes, and beliefs 
[32–38]. Key domains targeted include:

Knowledge explored participants’ knowledge of autism in terms of (a) preva-
lence (b) causes (e.g., genetic vulnerability, external stressors), (c) controllability 
(by the individual themselves or via different treatments), and (d) stability and 
predictability.

Attitudes were explored using questions that assessed autism terminology.
Behavior was explored using questions about participants’ reactions, such as avoid-

ance or social distancing.
The items were formatted to include “yes/no/do not know” questions, rank order-

ing of statements, or Likert scale ratings. Likewise, some questions about predicted 
behaviors (e.g., would the respondent be prepared to work alongside someone with 
bipolar disorder, schizophrenia, or autism) assessed differences in reaction to, or 
degree of discrimination toward, each disorder.

2.3 Design

This study used a cross-sectional design. The three stigma components of 
knowledge, attitudes, and behaviors were examined. Participants were given a 
score of 1 for each correct answer to five questions asking about knowledge and 
these were summed to calculate an overall knowledge score. Participants were 
given a score of one-to-three based on whether they agreed or disagreed with each 
of eight statements about attitudes, and these were summed to calculate an over-
all attitudes score. Participants were also given a score of one-to-three based on 
whether they agreed or disagreed with each of three statements about behaviors, 
and these were summed to calculate an overall behaviors score. For knowledge, a 
higher score meant greater knowledge of a particular diagnosis. For both attitudes 
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and behaviours, a higher score meant greater positivity toward a particular diag-
nosis. Further details of how the total scores were calculated can be found in the 
appendices.

2.4 Procedure

Study participants completed the survey online using Google Forms. Responses 
were saved as a Microsoft Excel .xlsx file, which was then converted to an IBM SPSS 
statistics .sav file for descriptive statistics and calculation of variables of interest.

3. Results

3.1 Sample characteristics

The sample was 75% female, 23% male, and 2% who identified as other (see 
Table 1). 42% of respondents were under the age of 25, 45% of respondents were 
aged between 26 and 49, and 13% of respondents were aged over 50. About 60% of 
respondents had received tertiary education, and a quarter of respondents had an 
income level of between 1000 and 2500 euro. The majority of this sample were single, 
employed, and had no children living at home.

Demographic Frequency Percent

Gender Male 70 23

Female 231 75

Other 6 2

Age 18–25 124 40

26–35 65 21

36–49 77 25

50–65 37 12

66+ 4 1

Occupation Employed 165 54

Student 85 28

Student & employed 4 1

Homemaker 18 6

Unemployed 28 9

Retired 3 1

Marital status Single 177 58

In a relationship 12 4

Cohabiting 12 4

Married 86 28

Separated 6 2

Divorced 9 3

Widowed 5 2
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3.2 Awareness of autism

Awareness of autism was measured by asking the following question: For autism, 
please tick one of the following options: (a) you know the name and are able to 
describe it, (b) you know the name without being able to describe it, or (c) you have 
never heard of the illness. Results demonstrate that 99% of respondents recognized 
the term autism. However, when respondents were asked if they could describe some 
of the characteristics of autism, the proportions decreased to 76%.

To understand whether a particular subset of the sample might have less awareness 
of autism than the rest, associations between awareness and demographic variables 
were assessed via a series of Pearson chi-square tests. We found no association 
between awareness of autism and the demographic variables of education, income 
level, and family structure. However, an association was found between awareness of 
autism and the demographic variables of gender, age, and marital status, as depicted 
in Table 2, with males, younger age groups, and single people demonstrating less 
awareness of autism. It should be noted that age and marital status are associated 
(Pearson chi-square: 179.928; p = <0.001), most likely accounting for the marital 
status finding.

Demographic Frequency Percent

Family structure No children at home 181 59

1−2 under 15 77 25

1−2 over 15 21 7

3+ under 15 12 4

3+ over 15 14 5

Level of education Primary 45 15

Junior certificate 13 4

Leaving certificate 53 17

Certificate/Diploma 5 2

Degree 108 35

Masters 73 24

PhD 5 2

Income level 0 19 6

Social welfare 43 14

10,000–25,000 78 25

26,000–35,000 54 18

36,000–50,000 47 15

51,000–99,000 37 12

100,000+ 11 4

Retired 1 1

Table 1. 
Sociodemographic characteristics of sample, N = 316. Missing responses from each category are those that preferred 
not to answer that question.



51

Stigma: An Investigative Analysis of the Irish Public’s Knowledge and Perception of Autism
DOI: http://dx.doi.org/10.5772/intechopen.108670

3.3 Understanding of autism

As can be seen in Table 3, the majority of participants believe that autism is not 
contagious, does not worsen with time, involves lifelong treatment, causes motor 
disabilities, and expresses in young adults. The majority of participants did not know 
that autism could be diagnosed early. There was also confusion over the hereditary 
nature of the condition, and whether or not autism could be categorized alongside 
other conditions.

Responses to the question of autism prevalence can be found in Table 4, with the 
majority of participants believing that autism occurs at a prevalence of 10%.

3.4 Perception of factors that contribute to autism

As can be seen in Table 5, despite confusion in the previous question regarding 
the hereditary nature of autism, most participants believe that genetics contribute 
to the condition (63%). Other non-environmental factors, age and gender, are 
also chosen quite often as contributory factors. Many participants believe that 
the environmental factors of “conditions of life” and “parent/child relationships” 
contribute to autism, whilst fewer participants think that environmental factors, 
such as psychological or emotional shock, drugs, alcohol, and food, play a role in 
the condition.

Demographic variable Pearsons 
chi-square

P value Category that demonstrated 
significantly less awareness of autism

Gender 25.159 <0.001 Males

Age 31.497 0.002 18–25 years

Marital status 35.87 0.007 Single people

Table 2. 
Demographic variables positively associated with awareness of autism.

Autism Agree n (%) Disagree n (%) Do not know n (%)

Is contagious 5 (2) 299 (95)* 7 (2)

Worsens with time 45 (15) 200 (64)* 63 (20)

Can be diagnosed early 0* 10 (3) 304 (96)

Is a condition with which 
you can live normally with 
treatment

183 (58)* 90 (29) 39 (12)

Involves lifelong treatment 219 (70) 53 (17)* 37 (12)

Is hereditary 103 (33)* 119 (38) 87 (28)

Is a condition like any other 124 (40)* 129 (41) 55 (18)

Often causes motor disabilities 165 (52)* 77 (25) 68 (22)

Expresses in young adults 218 (69) 59 (19)* 33 (11)
*This denotes the correct answer.

Table 3. 
Participants’ understanding of autism (1% of participants did not answer all questions).
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3.5 Attitudes toward people with autism

Overall participants demonstrate a positive attitude toward autism. Most partici-
pants feel that people with autism are able to assume the responsibility of a family. 
The majority of participants also disagree that people with autism are left numbed 
by their treatment, cannot live with a partner, must be isolated from society, require 
daily assistance, cannot hold down a job, and represent a danger to self and others. 
See Table 6 for further details.

3.6 Behavior toward people with autism

Very little discrimination toward people with autism was demonstrated in the 
sample (see Table 7). Most participants would happily work with, live with, and 
allow children to receive education with someone who had Autism.

3.7 Opinion on source of autism information

Participants are dissatisfied with the level of information they are getting from the 
media, their doctor, the medical community, and governmental agencies, generally 
feeling either too informed or not informed enough by these sources. In particular, 
participants want to hear more from governmental agencies and the media and less 
from the medical community, including their doctor (see Table 8).

In your opinion, what 
percentage of Irish people 
have been, are or will 1 day be 
affected by autism

1% n (%) 10% n (%) 25% n (%) 50% or more n (%)

Autism 72 (23)* 148 (47) 67 (21) 19 (6)
*Denotes the closest to the correct answer. In 2022, the official percentage in Ireland is 1.5%.

Table 4. 
Understanding of the prevalence of autism.

Factors that contribute to autism n(%)

Genetic factors 198 (63)

Food 38 (12)

The conditions of life (living environment, lifestyle, etc.) 107 (34)

The parent/child relations 91 (29)

Age 86 (27)

The sex of the individual 68 (22)

Psychological or emotional shock 59 (19)

Drug or alcohol 55 (17)

You do not know 45 (14)

Table 5. 
Number of participants who believe the factors listed contribute to autism (percentages are rounded to the nearest 
whole number).
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3.8 Correlation between knowledge, attitudes, and behavior toward autism

Finally, we analyzed via Pearson’s correlation coefficient, whether there was a 
correlation between the variables of knowledge, attitudes, and behaviours toward 
autism. We were interested in this because participants appeared to perform least well 
on questions of knowledge, and better on question relating to attitudes and behavior. 

A person with Autism… Agree n (%) Disagree n (%) Do not know n (%)

…Is able to assume the responsibility of 
a family

163 (52) 93 (29) 56 (18)

…Must follow treatments that leave them 
numbed

36 (11) 207 (66) 65 (21)

…Cannot live with a partner 20 (6) 249 (79) 39 (12)

…Cannot live in society, must be isolated 12 (4) 289 (92) 8 (3)

…Needs to be assisted in his/her life 
everyday

110 (35) 159 (50) 40 (13)

…Cannot hold down a job 28 (9) 247 (78) 32 (10)

…Represents a danger to self (suicide, 
prison, indebtedness…)

34 (11) 241 (76) 35 (11)

…Often represents a danger to others 
(murder, rape, violence…)

19 (6) 253(80) 37 (12)

Table 6. 
Participants’ perception of social handicap associated with autism (2% of participants did not answer all ques; 
percentages are rounded to nearest whole number).

Question Yes happily  
n (%)

Yes if I had to 
n (%)

Absolutely not 
n (%)

Would you work with someone who had 
autism:

249 (79) 57 (18) 5 (2)

Would you allow your children to be in the 
same class as a child with autism

264 (84) 42 (13) 6 (2)

Would you live under the same roof as a loved 
one with autism

246 (78) 57 (18) 7 (2)

Table 7. 
Acceptance level of autism as measured by behavior toward people with autism.

Do you think you are too informed, 
adequately informed, or not informed 
enough about autism by ...

Too informed 
n (%)

Sufficiently 
informed n (%)

Not informed 
enough n (%)

The media 30 (10) 114 (36) 166 (53)

Your doctor 146 (46) 23 (7) 140 (44)

The medical community 147 (47) 21 (7) 142 (45)

Governmental agencies 96 (30) 7 (2) 206 (65)

Table 8. 
Perceptions of information sources on autism.
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We wanted to know if this poor knowledge was likely to impact subsequent attitudes 
and behavior. To test this, we used the total scores of these variables, as outlined in the 
methods section under “design” for this analysis. All three variables correlated with 
each other, as can be seen in Table 9.

4. Discussion

This study examined the knowledge, attitudes, and behaviors of 307 adults in the 
Republic of Ireland toward autism. Overall, the findings reveal a gap in knowledge 
about the condition, leading to the formation of certain unhelpful attitudes, although 
attitudes overall were positive. Future intended behavior toward autistic people were 
also very positive, with 98% of respondents stating they would be happy to work, live, 
and educate their children, with someone with autism. As the element of stigma that 
was most obviously impaired in our sample was knowledge, much of this discussion 
will be spent in consideration of these knowledge findings and what they mean for 
stigma and autism going forward.

In considering participant demographics and autism knowledge, we found that 
young single men have less knowledge on autism than other demographic groups. 
This discovery corroborates other findings in the literature. Previous research dem-
onstrates that females are more aware of autism than males [24]. One possible reason 
for this is that females are more interested in studying medical information than 
males [13, 28, 39, 40], leading to a substantial difference in knowledge between males 
and females, as well as a stronger knowledge of specific illnesses and conditions in 
females [28]. Women speak to each other more about medical matters and are more 
engaged in using the internet for health-related information searching, using it for 
social motives and enjoyment. They also judged the usability of the internet medium 
and of the information gained by health information searches higher than men did. 
Overall, the research suggests that women have a higher personal disposition of being 
well-informed on medical matters [40, 41]. This might also partially explain why 
young single men have the least knowledge of autism in our study. Men who are in 
relationships, particularly long-term relationships (which are naturally associated 
with age) are more likely to enter into discussions on health-related matters with their 
partner, thus acquiring knowledge. Outside of relationship status, however, age and 
gender have both been reported as determinants of health-related knowledge, as have 
education and income (SES), which are of course associated with age [42].

Interestingly, when asked about preference for a source of autism information, 
participants as a whole expressed a preference for hearing from governmental agen-
cies and the media. Almost half of the respondents also indicated that they receive 

Measure 1 2 3

1. Knowledge 1 .143* .145*

2. Attitude .143* 1 .402**

3. Behavior .145* .402** 1
*Correlation is significant at the 0.05 level (2-tailed).
**Correlation is significant at the 0.01 level (2-tailed).

Table 9. 
Correlation between the variable knowledge, attitude, and behavior toward autism.
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too much information from the medical community. Together, these findings might 
suggest that people want to hear less medical-related facts and information, and more 
person-centered information; the kind of knowledge gained from hearing personal 
stories. Storytelling has been touted as the best way to make the leap from informa-
tion to knowledge, and as the best way to capture and transfer tacit knowledge [43]. 
Ramasubramanian [44] confirms that storytelling in news-related media has a posi-
tive impact on reducing negative stereotypes in readers, and recent research confirms 
that storytelling narratives, particularly those constructed with the first-person point 
of view, are effective in reducing stigma [45, 46]. There is still a body of work to be 
done in understanding which elements of storytelling are most impactful, and how 
government agencies and the media can best employ storytelling narratives when 
presenting information on autism, but it is a promising avenue for increasing autism 
knowledge in the future.

If we delve deeper into the type of knowledge questions participants struggle with 
in our study, a general picture of an autistic person emerges as a youth who has motor 
difficulties, requires lifelong treatment, and is impacted by factors, such as genetics, 
their relationship with their parents, their living conditions, gender, and age. Certain 
facets of this description are likely to be hangovers from past misinformation. Autism 
was originally viewed as profoundly disabling and the result of cold parenting. Also, 
much of what society at large learns about autism is produced by representations 
of autism in novels, TV series, movies, or autobiographies [47], and many of these 
representations are misleading. Cognitive psychology informs us that when asked 
about a topic with which we lack familiarity, our brains tend toward cognitive biases, 
which are unconscious and automatic processes designed to make decision-making 
quicker and more efficient. They are, however, erroneous in nature, leading to 
information misinterpretation and reduced accuracy [48]. One such bias is the avail-
ability heuristic. According to Tversky and Kahneman [49], the availability heuristic 
occurs when people judge the frequency of events in the world by the ease with which 
examples come to mind. As such, if a certain message is frequently promulgated, then 
that is what our brain will latch on to when we think of any given concept, even if the 
message is incorrect. In this way, repeatedly hearing that parenting is associated with 
autism, for example, makes the connection between autism and parenting stronger 
and more easily accessible. Thus, to eradicate these errant messages, we must either 
cease their production or increase the output of correct information.

After all, information not only impacts our thoughts and beliefs, it impacts our 
attitudes and behaviors also. As our study demonstrates, knowledge (ignorance) is 
correlated with attitudes (prejudice) and behavior (discrimination). This correla-
tion finding is not novel, having been reported by numerous studies across various 
domains [50–52]. Although we found all three factors to be intercorrelated, many 
studies report that the strongest associations lie between knowledge and attitudes 
and attitudes and behavior [53, 54]. This is interesting, because we found of the three, 
knowledge was the poorest in our sample, followed by attitudes. Behavior was actu-
ally very positive, with only 2% of participants reporting negative intended behavior 
toward autistic people. Indeed, we can see the connection between knowledge and 
attitudes in our sample by looking closely at the attitude statements that participants 
agree with and comparing them to knowledge gaps. For example, only half of the 
respondents feel that autistic people can assume responsibility for a family and a full 
35% believe that autistic people need to be assisted in their life every day. This corre-
sponds with knowledge gaps or beliefs that autistic people require lifelong treatment, 
and that autism is somehow different from other types of conditions.
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One limitation of this study relates to sample demographics. Most of the partici-
pants had an income less than or equal to €25,000 (44%) and were aged between 18 
and 25 (40%). As such, the sample is not fully representative of the Irish public as a 
whole. To address this, we are currently running a full-scale, population-represen-
tative study in Ireland, investigating the public’s knowledge, attitude, and behavior 
toward various conditions, including autism. This will hopefully shed light on some 
of the unanswered questions remaining after this initial exploratory analysis.

5. Conclusions

In conclusion, this study showed that in our young Irish sample, whilst atti-
tudes and behaviors toward autistic people are largely positive, there is evidence of 
knowledge gaps that should be addressed, as they are potentially impacting attitudes 
toward the condition. Respondents relayed a desire to learn more information from 
governmental agencies and the media, and many felt that too much information 
was received from medical quarters. As such, stigma policy and campaigns targeted 
toward young people, and young men in particular, could benefit from a focus on 
increasing familiarity and understanding, possibly through the medium of sto-
rytelling and personal narrative. It is yet unclear whether these same educational 
approaches are desired across the Irish population as a whole. To answer this, we are 
currently conducting a full-scale, population-representative study further examining 
autism stigma in an Irish context.
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A.  Appendices Procedure for calculating total scores for knowledge, 
attitudes, and behavior

To calculate knowledge, participants were given a score of 1 for each correct answer 
to the following sub-questions.

Autism…:

1. .... Is contagious (false).

2. .... Is a condition with which one can live normally, with treatments (true).

3. .... Involves lifelong treatment (false).

4. .... Is a hereditary condition (true).
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5. .... Is a condition like any other (true).

Where participants gave an incorrect answer or said “I do not know,” they were 
given a score of 0. Correct scores were added to give a total knowledge score.

To calculate attitudes, each of the sub-questions was used:

A person with autism…

1. ... Is able to assume the responsibility of a family

2. ... Must follow treatments that leave them numbed

3. ... Cannot live with a partner

4. ... Cannot live in society, must be isolated

5. ... Needs to be assisted in his/her life everyday

6. ... Cannot hold down a job

7. ... Represents a danger to herself (suicide, prison, and indebtedness)

8. ... Often represents a danger to others (murder, rape, violence ...)

For sub-question 1, a higher agreement was recorded as a higher score, with 
“Agree” recorded as 3, “I do not know” recorded as 2, and “Disagree” recorded as 1.

For sub-questions 2 to 8, a lower agreement was recorded as a higher score, with 
“Agree” recorded as 1, “I do not know” recorded as 2, and “Disagree” recorded as 3. 
Scores were added to give a total attitudes score.

To calculate behavior, Questions 12, 13, and 14 of the questionnaires were used:
12. Would you work with someone who had autism?
13. Would you allow your children to be in the same class as a child with autism?
14. Would you accept to live under the same roof as a loved one if s/he had autism?
Higher agreement was recorded as a higher score, with “Yes happily” recorded 

as 3, “Yes if I had to” recorded as 2, and “Absolutely not” recorded as 1. Scores were 
added to give a total behaviors score.
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Abstract

Autism spectrum disorder (ASD) refers to a group of neurodevelopmental disorders 
characterized by changes in communication, social interaction, and repetitive behavior, 
recognized as a public health problem with a sharp increase in its prevalence in the 
world population. It is known that brain functioning in individuals with ASD presents 
important deficits. It is essential to understand these deficits to identify and promote 
new management strategies for the development of this population with ASD. In this 
sense, the objective of this chapter is to present, through a literature review, the main risk 
factors that make up ASD, by showing classic and current findings based on neurophysi-
ological changes and treatments.

Keywords: autism spectrum disorder, neurophysiology, neuropathology, 
polymorphism, learning disabilities

1. Introduction

Autism spectrum disorder (ASD) is a set of heterogeneous conditions of neuro-
logical development and encompasses a series of invasive disorders, characterized by 
the early onset of social communication deficits and restricted and repetitive patterns 
of sensorimotor behaviors, interests, or activities, associated with important genetic 
and environmental factors [1].

The prevalence of ASD has increased globally, with the number of diagnoses of 
children with ASD tripling in the last three decades [2]. In this sense, recent studies 
by the Centers for Disease Control and Prevention in the United States have shown a 
prevalence of the disorder in 1 out of every 59 born children [3].

ASD is often comorbid with other disorders such as anxiety, attention-deficit/
hyperactivity disorder, and intellectual disability, and some affected individuals also 
suffer from gastrointestinal, immune, and sleep disorders, suggestive of systemic 
dysregulation [4].

Autism severity levels may vary widely, with some cases presenting only mild defi-
cits in social interactions, while other cases exhibit severe deficits in social behaviors 
[5]. These symptoms are present from childhood to adulthood [6].
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Although there is a lot of research on the etiology of ASD, this disorder is still 
a challenge, being considered a multifactorial impairment, with the influence of 
genetics, epigenetics and environmental factors in its genesis [7, 8]. Individually or in 
a combination of the factors mentioned above, these disturbances can alter the func-
tion of genes and neural tissue in ASD [9].

Recent research on ASD has gained prominence in the scientific community with 
regard to neurophysiology. Trying to understand the factors that can trigger this 
disability is of fundamental importance for advancing the comprehension of such 
a disorder. Therefore, it is of paramount importance not only for the knowledge of 
traditional ASD concepts, but also for the study of new concepts that previously 
could not be achieved [10], the study of neurophysiology, which is the science that 
addresses neuronal physiology and the factors involved that alter synapses, such as 
genetic, epigenetic, and environmental ones.

Advances in this area of science have been a major challenge for researchers 
around the world, as the prevalence of ASD has been increasing every year. However, 
the evolution of neurophysiology in terms of neurogenetics, neuropathology, animal 
studies, neuroanatomy, and psychophysics has now allowed the clinical staff new 
tools for the diagnosis and treatment of ASD, such as gene therapies, transcranial 
electrical stimulation, and cannabis/cannabidiol [11].

2. Genetic and environmental contributors

The etiology of autism is heterogeneous. In the scientific literature, there is convinc-
ing evidence that the disorder is influenced by environmental and genetic factors in its 
pathogenesis; however, genetic factors seem to be predominant [12]. Although not all 
causes of ASD are known yet, it is estimated that up to 40% of cases related to genetic 
influences can be identified [13, 14]. The remaining percentage is possibly a result of 
other factors such as prenatal, perinatal, and postnatal environmental factors [15].

In this sense, the causes of ASD might be considered highly genetic due to multiple 
patterns of family inheritance and the occurrence of many variations. It is currently 
known that men have a higher incidence of ASD, about four times more than women [16].

Experimental and clinical studies have identified more than 800 genes related to 
ASD, making it one of the most complex neurophysiological disorders [17]. In this 
sense, there is evidence of the importance of complex genetic factors composed of 
different forms of genetic variation in the etiology of ASD [18]. These include genes 
involved in intellectual disabilities, neuropsychiatric disorders, common pathways, 
ASD risk genes, multigene contributions from rare or common variations, DNA muta-
tions, and environmental effects on gene expression and/or protein function [19].

The most affected genes encode proteins that are involved with chromatin remod-
eling and transcriptional regulation, cell proliferation, and mainly synaptic architec-
ture and functionality [17].

An important study elucidated several genetic and non-genetic factors related to 
ASD. The genetic causes can be several, but the authors have highlighted the follow-
ing characteristics: new mutations, rare and common genetic alterations, and also 
polymorphisms. The study states that several genes associated with ASD have already 
been listed. These genes listed by SAFARI (Simons Foundation Autism Research 
Initiative) are classified according to the risk of causing ASD and are subdivided into 
four different categories, according to the number of new mutations reported in the 
literature, namely syndromic S, category 1, category 2, and category 3 [20].
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According to the number of new mutations, the first category to be listed is 
syndromic (S), which includes genes whose mutations carry a substantial risk for 
the occurrence of ASD, and other characteristics present in other disorders that can 
predict ASD. Category 1 predicts a high risk for the onset of ASD and is characterized 
by having at least three new mutations reported in the literature. Category 2 genes 
are those that have a strong risk of association with ASD and include at least two new 
mutations. Finally, category 3 genes are those that include the vast majority of genes 
and that may or may not be suggestive of the onset of ASD, having at least one new 
mutation [21].

While there are different mechanisms through which genetic factors may influ-
ence autistic behaviors and clinical variants of ASD, inflammation and immune 
activation, oxidative stress, hypoxia, and endocrine disorders are likely the most 
important contributors to atypical neurodevelopment [22]. In fact, the relevance of 
these factors may not be of the direct cause, and thus, sometimes they may be con-
fused with genetic factors. Furthermore, current understanding is limited due to a 
paucity of research examining gene–environment interactions.

On the other hand, there is a growing awareness of the potential of environmental 
influences on ASD, which stands out as a topic of great current scientific interest. In this 
regard, researchers have investigated several environmental risk factors that correlate 
with this pathology, including maternal and paternal age, fetal environment, perinatal 
and obstetric events, medications, nutritional events, smoking, and alcohol use [22].

With regard to biological environmental factors, the important factor of advanced 
paternal age (APA) has been associated with the reduced cortical thickness of the 
right posterior ventral cingulate cortex in ASD descendants [23].

Experiments performed in murine models confirmed that APA is associated with 
the development of ASD-like symptoms in offspring and with altered cortical mor-
phology in male mice with APA [24, 25].

ASD-related behaviors were also observed in second-generation mice with older 
grandparents, indicating that APA-associated genetic and epigenetic changes are 
heritable [25].

Among the most researched environmental risk factors in ASD, perinatal ones are 
among the most difficult factors to be determined and predicted in advance. In the 
available literature, two comprehensive meta-analyses examined 60 obstetric factors 
and found statistically significant associations between the risk of ASD and umbilical 
cord complications, birth injury or trauma, multiple births, maternal hemorrhage, 
low birth weight, and neonatal anemia [26].

There is also evidence of the association between increased risk of autism and 
different factors, including cesarean delivery, induced delivery, fetal age less than 
36 weeks, and fetal distress [15].

Such facts surely contribute to a better understanding of ASD during the first 
years of life, because derived from them, new biomarkers and new concepts in the 
neuropathology of ASD are possible to be observed in case ASD is considered to be a 
multifactorial disorder that affects several neuronal regions, and that will probably 
get worse, if not diagnosed during childhood.

3. Neurophysiology in ASD

The complex “machine” that orchestrates the entire body ordering is governed by 
active cells and neural circuits responsible for sensitivity, motricity, thoughts, ideas 
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and feelings, among others, and such functions are fully realized, enabling the totality 
of cognitive and motor movements. This complex system leads to the synaptic cleft, 
whose communication is not primarily electrical, but chemical. The neuron releases 
substance at its end to the bottom of the synaptic cleft, thus generating the so-called 
synapse, which is the chemical communication of neurons [27].

Substances that may act in different brain regions, such as acetylcholine, sero-
tonin, and glutamate that enter the synaptic cleft are neurotransmitters that have 
different excitatory or inhibitory actions, critically involving impairments in particu-
lar aspects of inhibitory gamma-aminobutyric acid (GABA). In fact, in a study carried 
out with animal models was shown that there is a dysfunction in the signaling involv-
ing GABA, which is known to be the most important inhibitory neurotransmitter in 
the adult mammalian brain, possibly contributing to the clinical symptoms found in 
autistic patients [28].

GABA can inhibit neuronal excitation by activating two main receptors: GABAA, 
which are integral membrane ion channels, and GABAB, which are G protein-coupled 
ion channels. In patients diagnosed with Autism Spectrum Disorder, brain tissues 
show a reduction in the density of GABAA and GABAB receptors in the cingulate 
cortex region, and alterations in the morphology of the tracings, being related to 
a GABAergic imbalance between excitation and inhibition, involving the senses, 
memory, social and emotional processes [28].

GABA levels are relevant factors when referring to ASD, and polymorphisms in 
the receptors of GABA may be an explanation for this relationship. By evaluating the 
serum levels of GABA together with the genetic variants of GABAA receptor, it is 
possible to ascertain a strict agreement between high serum levels of GABA and the 
etiology of ASD [29]. Although it is embryonic, polymorphisms found in the GABAA 
receptors in the GABRB3, GABRG3, and GABRA5 subunits may be related to the 
appearance of ASD. Especially the mutations found in the rs4906902G and rs140679T 
subunits can confer substantial risk for the appearance of at least one deficit associ-
ated with ASD since these mutations alter the expression of these receptors [30].

GABAB receptors, on the other hand, play an important role in brain development. 
The activation of presynaptic receptors of this type is related to the inactivation of 
neurotransmitters and neuropeptides in the synaptic cleft. Moreover, GABAB recep-
tors postsynaptic activation is related to the slow and long inhibition of the action 
potential. In autistic individuals, the amount of these receptors is reduced, which 
can cause a deficit in the migration and differentiation of new neurons, as well as a 
decrease in their production during corticogenesis. Another relevant factor is that the 
decrease in the expression of GABAB receptors also diminishes the protection they 
provide against insulin-like growth factor 1 (IGF-1), which can cause apoptosis of 
neurons, explained by the mechanism of autophosphorylation inhibition of the IGF-1 
receptor and PI3 kinase/Akt inactivation [31].

Glutamate, on the other hand, known to be the most important excitatory neu-
rotransmitter in the central nervous system, and to be associated with the regulation 
of excitatory/inhibitory balance, also plays an important role in neuronal migration 
and differentiation, as well as in synaptogenesis. There are three main receptors 
associated with glutamate, but evidence suggests that α-amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid receptors (AMPARs) and N-methyl-D-aspartate 
receptors (NMDARs) when mutated are strongly related to the appearance of ASD. 
Overexpression of the NR2A and NR2B subunits of the NMDAR receptor has been 
demonstrated in association with autism since such subunits cause excessive excita-
tion of synaptic currents in the receptors, which may increase postsynaptic plasticity, 
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causing an imbalance in the E/I system. In the second receptor reported, AMPAR, 
modifications were identified in the AMPAR GluA2 subunit, which also causes 
excessive excitability when associated with ASD. In other words, a high release of 
glutamate in the synaptic cleft may be strongly associated with ASD [32].

Still, glutamate is related to memory functions and cognitive performance; as a 
confirmation of this relation, however, its excess has been reported to act as a potent 
neurotoxin that might cause neuronal death and may also be related to neurological 
disorders [33]. Through a meta-analysis, a brief relationship was found between high 
levels of glutamate and ASD, as autistic symptoms were more evident in patients with 
high levels of glutamate, demonstrating, thus, that glutamate is a potent biomarker 
for the disorder [34].

Another system related to changes that can be associated with ASD corresponds to 
the serotonergic system. Serotonin or 5-HT is an important neurotransmitter in neu-
ronal growth, synaptogenesis, differentiation, as well as neurogenesis [35]. 5-HT can 
be produced essentially in two identified places in the organism: in the central nervous 
system (CNS), by the serotonergic neurons of the raphe nucleus, and in the gastroin-
testinal tract by the enterochromaffin cells. Serotonin produced by enterochromaffin 
cells is predominantly the so-called peripheral serotonin, 99% of which is stored inside 
platelets with the help of the 5-HT transporter (SERT), and then stored in vesicles by 
the vesicular monoamine transporter (VMAT2). Both transporters are modulated by 
protein complexes present in the blood, such as αIIbβ3 and 5-HT2A receptors [36].

The marked effects of serotonin on the CNS are already well known in the litera-
ture, such as mood control, states of happiness, sleep modulation, and changes in pain 
perception; therefore, changes that affect serotonergic neurotransmission and cause 
a decrease in serotonin bioavailability are strongly associated with disorders such as 
depression and anxiety [37].

Interestingly, in autistic individuals, especially children, there are many reports of 
hyperserotonemia, characterized by an elevated amount of serotonin, mainly periph-
eral. This factor may lead to changes in the growth trajectory of serotonin synthesis in 
the brain [38]. Such a condition may be associated with an increased plasma concen-
tration of SERT in platelets, as well as changes in affinity for 5-HT receptors [38].

In experimental models of ASD, it has been observed that cases of hyperseroto-
nemia worsen cognitive deficits and behavioral patterns, and they may also affect 
immunomodulatory function, significantly increasing brain inflammation and oxida-
tive stress. Such effects are reported because serotonin directly or indirectly impacts 
the levels of substances such as BDNF, pCREB/CREB, IL-10, GSH, TNF-α, IL-6, and 
TBARS, associated with inflammation and oxidative stress [39].

3.1 New concepts of ASD Neuropathology

Inserted into the traditional concepts of ASD, new updates appear on the subject, 
which improves the understanding and how the treatment will be given to the patient 
with ASD. Performing a brief search in the Medline/Pubmed database up to August 
2022, there were 49,828 articles published in the last 5 years with the descriptor 
(autism spectrum disorder), but when the advanced search was used to describe the 
pathology of ASD, 2141 results were found in the same period of publication, what 
demonstrates the scientific community’s great interest in understanding the factors 
that trigger this disorder.

As of 2017, new concepts emerged for ASD analysis that could not be accessed 
only with neuroimaging studies, such as differentiation and migration processes, 
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neuronal morphology, and cytoarchitectural changes in the nervous system. Based 
on this, it was elucidated that there are disorganizations in the white and gray matter 
of the brain and that they are associated with cognitive and judgment difficulties. 
In individuals with ASD, these changes cause dysplasia and heterotopia, which can 
be detected concurrently or in isolation [40]. Furthermore, in this group there is a 
decrease in the expression of reelin, a protein necessary for maturation and migration 
during cortical lamination [41].

Regarding brain cytoarchitecture, there is an age-dependent increase in brain 
circumference size. In younger individuals, this macrocephaly may be related to mini-
columnopathy, that is, to an abnormal number of connections that neurons make with 
the neocortex. In patients with ASD, a greater number of minicolumns can be found, 
but with reduced size in 9, 21, and 22 Brodmann’s areas; however, these changes are 
visible in the primary visual cortex, suggesting that they are regionally specific. Finally, 
there is also a significant increase in neuropil, non-myelinated axons, synapses, and 
glial cells in the frontopolar region, but not in the motor and somatosensory cortex [42].

Relating these facts, it could be verified that neuropathological disorders are 
linked to dysfunctions in the membrane of neurons and autophagy, caused by defects 
in the synthesis of GTPases, induced by Xq28 mutations located in the RAB39B gene. 
Such changes are related to defects in neuronal development, what can lead to macro-
cephaly, Parkinson’s, and ASD [43].

Corresponding to this, a review published in the International Journal of 
Molecular Sciences tried to discuss the genetic, epigenetic, and environmental 
factors that may contribute to the pathogenesis of ASD, and how these factors alter 
brain neurophysiology. The authors confirm what has already been elucidated about 
changes in synaptic cytoarchitecture and their functions. These Changes, in turn, are 
mainly related to the formation of dendritic spines [17].

Dendritic spines are small actin-rich membranous protrusions present on a 
dendrite, responsible for the postsynapse of various excitatory impulses. Therefore, 
alterations that cause an increase or decrease in its size, or even alterations in the 
production of actin, can be the factors that alter the normal functioning of synapses, 
and consequent learning and memory mechanisms, that is, they can be a risk and can 
be observed in patients with neurological disorders such as ASD. Furthermore, it has 
been elucidated that those alterations in postsynaptic density proteins, which include 
cell adhesion proteins and cytoskeletal proteins, may be associated with ASD [17].

Neurexins (NRXN) and neuroligins (NLGN) are adhesion proteins between 
cells, present in the membrane of presynaptic neurons and which are crucial for the 
functioning of the synapses; however, in individuals with ASD there is a loss in the 
function of the NRX1 protein variant, what was confirmed in a study in animals, as 
they presented symptoms common to ASD [44]. In addition, there is a decrease in 
the amount of an adhesion protein between glia cells and neurons, CNTNAP2, which 
according to a study in mice, is also related to ASD [45].

Another group of proteins that may be related whenever variants arise are the scaf-
fold proteins. Scaffold proteins or SHANK proteins are dense postsynaptic proteins 
that connect neurotransmitter receptors, ion channels, and other membrane proteins 
to the actin cytoskeleton and signaling proteins. Deletions that occur, therefore, in the 
genes that synthesize these proteins can cause malfunction or even shut down in their 
synthesis. These deletions in the proteins of the SHANK family, in turn, determine 
the Phelan–McDermid syndrome, and are characterized by cognitive problems, 
epilepsy, and ASD. It was also identified that in individuals with ASD, loss of protein 
function due to mutations in the SHANK3 gene is more frequent than in other family 
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genes [46]. Finally, in patients with ASD, there are mutations that can affect ion chan-
nels. The most common mutations occur in the following genes: CACNA1C, CACNB2, 
SCN1A, VDAC, and also in genes encoding potassium channels [47].

By utilizing recent studies, an interesting systematic review elucidated the role 
of microglia in brain development and how its dysfunctions may be important in the 
development of brain disorders, such as ASD, which demonstrates another factor to 
be considered for the diagnostic evaluation of the disease. However, further studies 
are still needed to confirm this event [48].

Another review was discussed about the neuronal imaging research from a 
structural, functional, and molecular perspective in order to have a more accurate 
diagnosis of ASD. Based on the evaluation of several studies, four main association 
factors were identified, namely exaggerated synaptic pruning, anomalous gyrifica-
tion, interhemispheric connectivity, and glutamate/GABA imbalance. These factors, 
according to the researchers, are mitigated factors, but they make a difference in the 
multifactorial analysis of the disease, what can be a tool to improve the diagnosis in 
the future and how the pharmacological intervention will take place [49].

From a genetic point of view, researchers have demonstrated progress by using 
brain organoids to elucidate the genetic basis of certain neurodevelopmental disor-
ders, such as ASD [50].

Organoid models of the human brain tried to identify and specify the develop-
ment of disorders resulting from three risk genes for ASD: SUV420H1, ARID1B 
and CHD8, by using RNA sequence for the analysis of these cells. All three of these 
induced mutations confer the asynchronous development of two main neuronal 
lineages in GABA release and deep layer excitatory projection neurons, which accord-
ing to the study, were contributing factors in the neuropathology of ASD [51].

In experimental research, researchers evaluated the mutations in an induced 
model of ASD and whether the displayed phenotypes are consistent with the symp-
toms of ASD. In this sense, a critical risk of these genetic factors for the etiology of 
ASD was suggested. Furthermore, applied neuroimaging identified common synaptic 
deficiencies in the neocortex, with specific mutations in neural circuitry [52].

With the neuroimaging analysis performed on human babies, it is possible to 
identify that in groups with ASD, there are smaller bilateral accumbens nuclei and 
larger cerebral ventricles. In addition, less thickness has been identified in the caudal 
anterior cingulate cortex and greater thickness in the right medial orbitofrontal cor-
tex. These factors are independent of age, gender, and gestational age, suggesting that 
there are magnetic resonance imaging biomarkers that can predict the development 
of ASD, and that can help in a better diagnosis of the disorder [53].

Based on new advances and what has been elucidated here, new biomarkers have 
arisen for a better understanding of ASD neuropathology. It is worth mentioning that 
recent research in the area does not invalidate or discredit previous well-designed 
concepts about ASD. New concepts involving ASD neurophysiology are added to 
those already described, so that a more effective diagnosis of the disorder is expected, 
as well as more integrative and efficient forms of treatment.

4. Updates on ASD Treatments

The diagnosis of ASD is predominantly based on the observation of atypical 
behaviors, with criteria of persistent deficits in social communication and restricted 
and repetitive behavior patterns [19, 54].
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Four criteria have been considered for the diagnosis of ASD: persistent impairment 
in social communication and social interaction (Criterion A), restricted and repetitive 
patterns of behavior, interests, or activities (Criterion B). These symptoms are present 
from early childhood and limit or impair daily functioning (Criteria C and D). The 
classification is made by the level of severity of the disorder, according to the criteria 
mentioned above, and through the necessary support to the person with ASD [6].

Intellectual disability is present in 70% of the population with ASD, with 29.3% 
of individuals having mild/moderate disability and 38.5% having severe/profound 
disability [55]. Diagnosis occurs from 3 years of age, but therapeutic measures should 
be taken whenever marked changes are observed by the multidisciplinary team [56].

With the advent of new research and technologies, recent studies on ASD have 
gained prominence in the scientific community, regarding management and treat-
ments for this population. In this sense, transcranial direct current electrical stimula-
tion (tDCS) proved to be a safe, well-tolerated, and low-cost technique with tDCS 
occurring through scalp electrodes that modulate regional cortical excitability [57].

A study with 18 autistic 6–14-year-old children, analyzed the effects of tDCS in 
improving balance and found that those who received about 1.5 m over the left M1 for 
20 minutes in conjunction with motor exercises, considerably increased the static and 
dynamic balance in a few weeks [58].

Another study, involving 6 adults with ASD in ages ranging from 18 to 58 years, 
with the anode electrode being placed over the right parietal temporal lobe (PC6), 
revealed that there was a more significant improvement in the emotional verbal flu-
ency of the individuals [59].

Another promising research proceeds from gene therapy to help elucidate and 
look for new treatments in the future. An important factor is that ASD may have 
a single clinical or syndromic phenotype. In the latter case, ASD is indicative of a 
developmental disorder that includes different phenotypes, such as epilepsy, intellec-
tual disability, and dimorphic aspects [60]. For non-syndromic ASD, there is genetic 
evidence for a polygenic or multifactorial architecture, and disease risk is expected to 
be determined by a combination of multiple environmental and genetic reasons [61].

In a recent study, 11 single-gene ASD syndromes were selected, validated by ani-
mal models, and current gene therapies. Due to the wide range of possibilities, it was 
decided on the gene and mutation therapy study. Gene therapies that have a transient 
effect, including ASOs, ncRNA, and RNA-editing leave the genome unedited and will 
require repeated dosing; nevertheless, they may have the primacy of being control-
lable and reversible. The accurate diagnosis of DNA and, consequently, the accurate 
prediction of the consequences of the mutation will hopefully be able to elucidate and 
help in gene therapies soon [62].

In parallel to this, some treatments are already widely discussed or are already 
available at the population level. In this sense, recent research on ASD has gained 
prominence in the scientific community regarding treatments with cannabidiol.

Cannabidiol comes from Cannabis sativa, a plant that contains two main canna-
binoids: tetrahydrocannabinol (THC) and cannabidiol (CBD). THC is psychoactive 
and can cause anxiety and psychosis. CBD is non-psychoactive and has anxiolytic, 
antipsychotic, anti-inflammatory and antioxidant potential, with a high threshold of 
toxicity [63]. Cannabidiol has multiple targets, regulating the performance of gluta-
mate and GABA, thus, influencing the excitatory and inhibitory signaling pathways, 
respectively [64].

In fact, there is a growing interest in the use of Cannabis, and particularly can-
nabidiol, as a treatment for mental health and neurodevelopmental disorders, such as 
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ASD. In this regard, cannabidiol is known to have important neuroprotective effects 
on addiction, cognition, and negative affect [65].

The use of cannabidiol for the treatment of ASD has been reported as a well-
tolerated, safe, and effective option for the relief of symptoms, including seizures, 
stereotypies, depression, restlessness, and aggression [66].

According to a recent study, more than 80% of children with ASD treated with 
cannabidiol had significant or moderate improvement in symptoms and cognitive 
difficulties [67].

In this sense, researchers evaluated the intervention with Cannabis rich in canna-
bidiol, in 60 children with ASD, who had severe behavioral problems. After treatment 
with 10 mg/kg/day of Cannabis oil, behavioral flare-ups improved in 61% of patients 
[68]. In another recent study, 53 children were given Cannabis extract for 66 days, 
and attacks of self-harm and anger improved by 67.6%, hyperactivity improved by 
68.4%, sleep problems improved by 71.4%, anxiety by 47.1%, and adverse effects 
such as drowsiness and change in appetite were mild. Thus, the authors suggest that 
cannabidiol may be effective in improving ASD symptoms [69].

The new treatments, whether with the use of electrostimulation technologies, or 
with the use of phytotherapy drugs, are shown today to be effective and safer alter-
natives for patients with ASD, which demonstrates great benefit, as it is possible to 
guarantee a better quality of life, an element that traditional pharmacological thera-
pies might not achieve.

5. Conclusion

ASD is a set of heterogeneous conditions of neurological development, whose 
elucidation is still partial in the scientific/medical literature. With the constant 
increase in diagnosed cases, research has been carried out in human and experimental 
models. In fact, findings on risk factors and neurophysiological functioning in ASD 
are fundamentally important to understand this disorder and to enable innovation in 
satisfactory interventions. There are significant advances in etiology, diagnosis, and 
neural functions in ASD, as well as effective and promising treatments such as gene 
therapies, transcranial direct current electrical stimulation (tDCS), and the use of 
cannabis/cannabidiol.

While there are clear challenges with regard to elucidating the complex neu-
rophysiology of autism, it is also clear that surprising advances are being made, as 
shown in the contributions of this chapter. Such findings could potentially contribute 
to new intervention research looking forward to alleviating symptoms in the ASD 
population.
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Abstract

The neurodiversity paradigm is reshaping how we understand, use language, 
interpret and undertake research, and support autistic people and those with related 
neurodevelopmental differences across the lifespan. Multi-disciplinary teams are 
seeking new ways to operationalise deficit focussed diagnostic criteria, to reflect the 
preferences of autistic people and the wider neurodiversity movement. In this chapter, 
we explore what the neurodiversity paradigm could mean in practice and how to recon-
cile the position that autism is a difference not a deficit and therefore individuals do not 
need to be “fixed” or “cured,” with the continued importance of timely diagnosis and 
the very real impact on participation, engagement, and wellbeing of autistic individuals 
and their families, within the environments of home, education, community, employ-
ment, and care. We present work underway to move from “single condition” pathways 
to neurodevelopmental pathways and new approaches which consider co-occurring 
conditions in a single process, involve autistic people as partners and value differences.

Keywords: autism, neurodevelopmental pathways, assessment, diagnosis, intervention

1. Introduction

Internationally recognised diagnostic criteria for Autism Spectrum Disorder 
(ASD) are provided in the Diagnostic and Statistical Manual of Mental Disorders (5th 
ed.; DSM-5) [1] and the International Classification of Diseases, Eleventh Revision 
(ICD-11) [2], under a newly included category of “neurodevelopmental disorders,” 
which are lifelong and not episodic mental health conditions. The behaviourally 
defined criteria continue to be “impairment” or “deficit” focused and diagnostic 
terms use the language of “disorder,” which might be considered to be at odds with 
social models of disability, realistic medicine, and the neurodiversity paradigm [3].

There is clear evidence that different neurodevelopmental conditions defined as 
they are currently, usually co-occur and overlap [4] and it is often the combination 
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of individual profile or “neurotype” together with the environment, that determines 
support needs rather than diagnosis. One consequence of this development in diag-
nostic criteria, is that it supports the shift in clinical practice, away from a “single 
condition” focus towards “neurodevelopmental” pathways [5] and a diversification of 
our approach to assessment, diagnosis, and intervention.

From the historical point when autism began being diagnosed [6], the single-
condition approach has been positive in raising the profile and need for autism 
assessment. It has led to the development of accessible and focussed, evidence-based 
clinical guidelines [7]; together with evidence about what leads to effective and 
efficient pathways [8] and accessibility of professional learning frameworks and 
resources to help multi-disciplinary teams develop shared and specialist skills and to 
learn from experiences of those waiting for and taking part in assessment [9].

The challenges with a single condition approach at this point are: firstly, it limits 
what is considered in an assessment and clinicians tend to find what they are looking 
for. With the binary option of “is it autism or not?,” we fail to identify important neu-
rodevelopmental differences or diagnoses, out with our current lens. Secondly, even 
where we do not find autism but suspect another condition, for example, ADHD, the 
individual must rejoin a new waiting list and see a new set of people, who often ask 
very similar questions, with a similar binary focus.

As services evolve towards the adoption of a “neurodevelopmental” approach [5] 
which sets out with different questions and a different underlying philosophy, there 
is a need for practical tools and an iterative process of evaluation in partnership with 
neurodivergent people.

2. Evolving paradigms

Evolving paradigms support changes in the way we think, question, communi-
cate, and act. The reality is that there is overlap, complexity, and nuance in how core 
theories are applied in practice.

Medical model paradigms broadly focus on “within-person” disease, disorder, or 
disability. Autism research within this paradigm has mostly been led by non-autistic 
people and outcome measures are usually skills based rather than focussed on the 
preferences of the individual. This model has been criticised by many within the 
autistic community for being deficit focussed, so that observed and reported “signs” 
are seen as pathologised and the focus of intervention is on “treatment” or “cure” of 
the person who has this “functional impairment” problem [10]. The model has also 
underpinned valuable scientific development in understanding the genetic, neurode-
velopmental, and cognitive explanations for the differences we see in individuals [11]. 
Often for people with ADHD, the medical model of “treatment” is still sought after 
and reported to be effective in improving outcomes.

Within a social paradigm or social model of disability, there is a rejection of the 
deficit model and recognition of the relationship between the environment and 
individuals. Since the 1970s, the “biopsychosocial model” has underpinned clinical 
practice within mental health services [12]. Diagnostic assessment includes consid-
eration of the physical and social environment (e.g., home, education, employment, 
community environments, and the attitudes and actions of people in them) and 
how these result in a positive or negative impact on people with neurodevelopmental 
differences. Strengths and differences in thinking style are recognised, although the 
focus may still be on problems arising and autism may still be described from the view 
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of observers rather than the autistic person’s experience. Within this model, there is 
acknowledgement that autistic masking [13] and/or supportive environments may 
result in less obvious presentation and an adapted approach to diagnostic assess-
ment is applied. Interventions may involve people around the autistic person making 
changes rather than “fixing” the person. Outcomes reported may relate to skills, 
participation, functioning, or quality of life but may have arisen from neurotypical 
“societal norms.” Measurement of factors and outcomes important to autistic people 
and their families can also be considered. In line with this paradigm, Autism and 
ADHD clinical guidelines [14–17] now recommend environmental modifications as a 
first line of intervention.

One interpretation of this model from a professional perspective can be that 
diagnosis does not matter because the focus should be on supporting needs identified, 
with the assumption that this will happen. Consequently, the power over who decides 
whether diagnosis matters or not lies with professionals. People may end up waiting 
until they hit a crisis before diagnosis is considered necessary or receive inappropri-
ate supports which do not fully account for an understanding of the importance of 
diagnosis for identity or other understanding of neurodevelopmental differences. 
This way of thinking is criticised by some autistic people who share their experience 
that diagnosis can be transformational and barriers to accessing diagnostic assess-
ment exacerbate stress.

3. The neurodiversity paradigm

The clinical application of the neurodiversity paradigm [18] is still in its infancy 
but has the potential to provide an important additional layer to the social model. 
From just one academic publication including the word “neurodiversity” in 2010, 
there were 33 in 2020 [11] and we can foresee an escalation of this field. Practice based 
on this paradigm offers subtle but important differences in language, mindset, and 
actions. The following perspective is that of neurotypical authors who are practitio-
ners and researchers seeking to understand what needs to change and how we could 
play a role in that change through understanding and actions.

3.1 Nothing about us without us

A vital shift is the involvement of neurodivergent people in setting priorities, for 
research, service provision, and individual support, and in balancing power between 
professionals and those who might be seen as “neurominorities.” Historical research 
evidence that has previously been seen as robust, is now being questioned with the 
lens of this paradigm. What we view as evidence-based practice requires re-evalua-
tion in relation to its acceptance to neurodivergent communities. Future research in 
this paradigm will include autistic people as leaders and partners, at all stages, from 
setting the research priorities and questions [19] to delivery and reporting of research 
[20]. Future development of assessment tools and supports or interventions will be 
centred around perspectives and experiences of neurodivergent people.

3.2 Language and mindsets matter

Preferred language and terminology in relation to autism and other neurodevel-
opmental conditions is to some extent culturally determined and continue to evolve 
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[21]. In English-speaking countries, research highlights a preference for “identity 
first” language and reference to “autistic people,” however a review of Dutch people, 
reported a preference for person first language—referring to “people with autism” 
[22]. In our own community in Scotland, autistic people have shared with us how 
important their autistic identity is and how much language matters [23]. The neuro-
divergent people we spoke to expressed a range of preferences and told us that it is 
important to ask people about their preferences, particularly in professional relation-
ships. However, it is not just the language people use but the mindset behind it that 
matters. The neurodiversity paradigm encourages professionals to find out about and 
be mindful of neurodiversity-affirming language and approaches in all interactions. 
Application of a neurodiversity-affirming approach is currently a new and emerging 
concept in research and practice [24].

3.3 Difference not deficit

Within the neurodiversity paradigm, autistic or neurodivergent identity is under-
stood as a welcome and important part of a neurodiverse society. People are seen as 
different, not impaired or disordered and this will require a big shift in the language 
we use in assessment tools, processes, and diagnostic reports. As the next iterations of 
DSM and ICD are a few years off, clinicians are trying to translate deficit focussed cri-
teria into strengths focussed language in assessments, conversations, written reports, 
and information provided. It is possible to describe the same actions, responses, and 
preferences that define what it means to be autistic or neurodivergent, with a new 
lens. Outcome measures used to define success can start with this new lens of “what is 
important to autistic individuals and the autistic community?”

3.4 Does diagnosis matter?

With the understanding that we live in a neurodiverse society and that diversity is 
to be welcomed—a key question is then why do we need diagnosis at all? The reason 
is that autistic people tell us that it does matter, whether diagnosed early in childhood 
[25], or in adulthood [26]. In societies constructed to provide resources to meet needs 
according to diagnosis, lack of diagnosis is an immediate barrier to accessing support 
and information. Even where legislation and policy advise that no support is diagnosis 
dependent, diagnostic labels are a shorthand for understanding the types of adapta-
tions and supports in the present environments and importantly when there is a tran-
sition to a different level of independence, autonomy, or life stage, where demands 
placed on the person change. Further key benefits of diagnosis are self-understanding 
or identity and access to peers with shared experience [27].

Although some would argue that diagnoses can be stigmatising, it is clear that 
stigma and discrimination happen anyway in societies lacking in acceptance and 
understanding of diversity. Individual differences are there anyway, and it is not the 
diagnosis that makes people different. The decision and power about whether or not 
to disclose diagnosis in different contexts, should lie with the individual [28].

3.5 If it’s just a difference why is support needed?

Within this paradigm, it is acknowledged that being a neurominority in a largely 
neurotypical world can still lead to difficulties for individuals at different times in life. 
This might be a direct difficulty in daily life or indirectly in response to masking or 
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camouflaging [13] to try to fit in. Difficulties described might arise with, for example, 
sensory processing, feeling overwhelmed, being able to use communication to express 
the range of things you want to say, understanding or predicting social expectations, 
being able to initiate, plan and organise or responding to disrupted expectations or 
unpredictable situations. When a difficulty is experienced, a key difference is that 
this is understood in the context of the 24 hour environment and in the context of 
neurotype. When a person is no longer described as having “challenging behaviour” 
but their actions, responses, distress, and stress are understood, we are better placed 
to meet individual needs.

4. Neurodevelopmental pathways

The neurodiversity paradigm and neurodevelopmental pathways are different 
constructs in development. Each can inform but is not dependent on the other.

Chris Gillberg and researchers in Sweden have highlighted the co-occurrence of 
neurodevelopmental conditions and advocated a neurodevelopmental and multi-dis-
ciplinary approach for more than a decade [4, 29], this is now beginning to be applied 
more widely in Scotland. Care pathways are applied internationally as a way of 
planning and delivering individualised support to specified groups of people through 
multidisciplinary team working [30]. Within the last decade, evidence has become 
available to inform standards and practice in pathways for assessment and diagnosis 
of autism in children and adults [8, 9, 31].

4.1 Children and young people

As services evolve, there is a move in Scotland towards developing neurode-
velopmental pathways and service providers have a need for evidence-informed 
guidance. In 2021, the Scottish Government National Autism Implementation Team 
published the first children’s neurodevelopmental pathway guidance in the UK [5] 
and the Scottish Government published a national neurodevelopmental specification: 
principles and standards of care [32]. In 2022, 50% of children’s health board areas 
in Scotland are implementing neurodevelopmental pathways and the other 50% are 
undertaking work to move in this direction, in partnership with education and social 
care partners, with the aspiration of taking an integrated approach to support accord-
ing to need before, during and after diagnosis.

4.2 Adults

The adult service context in Scotland is quite different and there is currently 
no formal adult neurodevelopmental pathway guidance. The development of adult 
autism services has taken place in intellectual disability and adult mental health 
services [33]. Within these services, co-occurrence of autism and ADHD is recognised 
but services are not always planned in partnership with neurodivergent people, they 
may not be “neurodevelopmentally informed” nor do they give routine consideration 
of other co-occurring neurodevelopmental conditions. Demand for provision often 
exceeds capacity to meet needs.

Under-ascertainment of adults with ADHD and a dearth of services has been 
highlighted [34]. A feasibility study was undertaken in response to this challenge 
[35]. It makes recommendations that neurodevelopmental approaches be developed 
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through a stepped care model [36]. Stepped care approaches are used within mental 
health services to deliver care in a range of settings depending on needs, risk, and 
complexity [37]. New ways of working with a broader multidisciplinary team have the 
potential to deliver services more suited to neurodivergent people. Practitioners lead-
ing change in adult neurodevelopmental pathways need access to evidence-informed 
approaches, professional learning, and resources.

We give consideration below to the ways a neurodiversity paradigm could inform 
future pathways for children and adults.

5. Assessment

There is a need for the development of evidence-based neurodevelopmental and 
neurodiversity-affirming assessment tools for children, adolescents, and adults.

5.1 Diagnostic tools

Tools recommended in single-condition clinical guidelines for identification and 
diagnostic assessment of autism (e.g., ADOS and ADI-r) [38] and even tools designed 
to take a neurodevelopmental perspective (e.g., ESSENCE) [4], all use the deficit 
focussed language of diagnostic criteria. There are no self-report tools recommended 
for young people or adults that use neurodiversity-affirming language. We hope that 
this is something that changes in the next decade and that in future, clinicians can 
map the conversations we should be having to criteria in a robust way.

5.2 Assessment approaches

There are some approaches to contextual assessment and planning which are not 
standardised or mapped to diagnostic criteria but may have a better fit within the 
neurodiversity paradigm. They consider individual preferences, factors facilitating 
participation and engagement in naturally occurring environments. Some examples 
of these are:

The SCERTS framework [39], which can be applied in a neurodiversity-affirming 
way but is not designed as a diagnostic tool. A key element of the assessment is the 
consideration of “within child” developmental stage, together with assessment of 
“transactional supports” which are the things people around the child do and the 
adjustments put in place in the environment or learning materials. The focus is on the 
child being able to do things, when the adults do particular things and not on “fixing 
the child” or their “behaviour.” Predictability and desirability in everyday environ-
ments are used to support emotional regulation and social communication.

The Person in Context tool [40] was developed with neurodivergent people and 
is designed to gather information about how an individual experiences aspects of 
themselves without reference to context and then with consideration of experiences 
in different environments.

Peter Vermeulen’s “Autism Good Feeling Questionnaire” [41] can be used through a 
structured conversation with an autistic person to find out what is most likely to make 
them happy. This approach helps “flip the narrative” within a neurodiversity paradigm.

The School Participation Questionnaire [42] supports teachers to consider the 
ways a child participates and inclusive environmental supports in place to facilitate 
active engagement.



89

Perspective Chapter: Rethinking Autism Assessment, Diagnosis, and Intervention…
DOI: http://dx.doi.org/10.5772/intechopen.108784

Our literature review did not identify published or standardised neurodiversity-
affirming assessment tools and we do not know of clinical guidelines which have 
reviewed or recommended such tools. This is clearly an area in need of development.

6. Interventions and supports

In a systematic review of research priorities of the autistic community, Roche 
et al. [19] identified the request for research that will lead to real-world changes in the 
daily lives of the autism community. Neurodiversity-affirming approaches are not yet 
widely defined and researched but health and education professionals and allies are 
interested in how to take these on board. It is clear that there is no single approach or 
intervention for all autistic or neurodivergent people in all contexts. Aspects of dif-
ferent approaches may be relevant at different times and the neurodiversity paradigm 
offers a new perspective in decision-making.

There is research evidence of the benefits of inclusive environments in naturally 
occurring environments of education, employment, and home but what makes them 
neurodiversity affirming is as much about appropriate and informed choices and how 
the approach is used, as it is about which approaches work. The following examples 
are a selection of commonly reported “interventions” and supports, recommended 
in clinical guidelines. We provide examples of ways they can be considered from the 
perspective of a neurodiversity paradigm. This is by no means a complete list and 
we would advise that practitioners can reflect on any approach used currently in a 
similar way.

6.1 Behaviour focussed interventions

Outdated “fix the person” interventions are rejected by the neurodiversity move-
ment [43] and by professional allies working within the neurodiversity paradigm. The 
negative view of behaviourist or behaviourally focussed approaches is widely known 
[44]. As Amy Laurent highlights, within a neurodiversity paradigm, “Compliance is 
not the goal” [45]. New goals do not seek to use external rewards to encourage people 
to mask and do things they find distressing but rather seek to provide intrinsically 
motivating experiences to reduce distress. Even commonly used interventions like 
Cognitive Behavioural Therapy recommended in clinical guidelines [15] can be re-
evaluated within the neurodiversity paradigm. They can clearly benefit some people 
in some circumstances but are problematic when offered as the only option to people 
who might benefit from other types of support. Until there is better evidence about 
acceptability to the autistic community and potential risks, they should be used with 
caution [46], due to a lack of autism and neurodevelopmentally informed knowledge 
amongst CBT practitioners and the lack of alternatives to psychological therapies 
being offered.

6.2 Parent-mediated interventions

Parent-mediated interventions are recommended in autism clinical guidelines 
[14, 16]. Rather than seeking to “fix the child” they can support parents and carers to 
better understand their child’s developmental stage and preferences. Such interven-
tions are applied in naturalistic settings and have been found to reduce parent and 
family stress and improve communication experiences for autistic individuals [47]. 
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We have not identified any which explicitly state that they are positioned within 
a neurodiversity paradigm, however, some existing programmes take a child-led, 
relationships focussed approach rather than a behaviourist, or reward-based 
approach. They could be delivered in a neurodiversity-affirming way, particularly 
those that take account of sensory, play, and communication preferences, motiva-
tion, and support parents to understand how to adapt communication and naturally 
occurring opportunities to meet their child’s needs [48]. Within these programmes, a 
neurodiversity-affirming approach honours autistic communication, recognises the 
communicative intent behind echolalia, never forces eye contact or touch and values 
passions and self-regulation actions, such as stimming.

6.3 Supporting social communication

Social skills interventions are criticised for positioning neurotypical responses and 
actions as correct and encouraging masking of natural and authentic ways of being 
for neurodivergent people. This in turn can reduce mental well-being [13]. Within 
the neurodiversity paradigm, there can be an acknowledgement that autistic people 
in a neurotypical world may need help to understand social actions and expectations 
in day to day environments. However crucially, there should be no expectation that 
neurodivergent people adopt neurotypical behaviours. The onus for changing lies 
with the neurotypical majority. Awareness and nuanced understanding of “double 
empathy” changes the way we think about autistic communication styles being 
different and not wrong [49]. Do we need to stop supporting all autistic people in 
understanding social expectations because historical methods are problematic? or do 
we need to reconsider why and how we do this?

Most interventions recommended in clinical guidelines [50] are based on evidence 
gathered without reference to the neurodiversity paradigm or the views of the autistic 
community [51]. A recent systematic review of 26 social skills intervention studies 
published in the past 20 years, highlighted that only 4 involved autistic people in 
their design and less than half sought feedback from participants [52]. This study 
highlights the importance of applying evaluation of social validity in future evidence 
reviews and reports of whether interventions are recommended.

Some researchers and intervention developers are seeking to update historical 
practice, to reflect the neurodiversity paradigm, respect neurodiversity, and accept-
ability of approaches to supporting social understanding to the neurodivergent 
community. For example, authors of the PEERS programme [53] and Social Thinking 
Methodology [54] have taken explicit steps to reflect their awareness of and support 
for neurodiversity affirming ways of applying approaches to support social under-
standing for those who wish to engage in these approaches, without the expectation 
that autistic people adopt a neurotypical communication style. As with CBT, it is 
possible that these approaches have something to offer in facilitating autonomy and 
confidence in aspects of social interaction in the neurotypical world, for some people, 
if they can be used in ways which value neurodivergent communication preferences 
and thinking styles as different, not wrong.

Over time, we anticipate partnerships between autistic and non-autistic people 
can support access to a nuanced and shared understanding, a difference not defi-
cit mindset and neurodiversity affirming adaptations and supports in naturally 
occurring environments of home, school, further education, work, and in the 
community.



91

Perspective Chapter: Rethinking Autism Assessment, Diagnosis, and Intervention…
DOI: http://dx.doi.org/10.5772/intechopen.108784

6.4 Visual supports

Developmentally relevant visual supports [55] also come recommended in clini-
cal guidelines [14–16]. These are good example of an approach that can be applied 
flexibly and which can be implemented through a medical, social, or neurodiversity 
paradigm.

One more controversial type of visual support for communication amongst the 
autistic community is The Picture Exchange Communication System or PECS [56]. It 
has been reported to be effective for autistic people, in providing a means of expres-
sion which does not rely on speech or pointing but the use of ABA methods to support 
communication is problematic within the neurodiversity paradigm. The question for 
speech and language therapists and teachers is—do we need to stop using Picture 
Exchange as a communication support, if we want to work within a neurodiversity 
paradigm? Or can we modify the way we support people to understand and be 
motivated to use picture exchange when it is developmentally relevant for them? Is it 
enough to change the focus from only requesting objects, to also adding socially and 
personally motivating and useful language, like people’s names and verbs? Should we 
adapt the games we use to introduce and practice picture exchange, to ensure they are 
intrinsically desirable rather than coerced or prompted? There is work ahead to revisit 
the outcome measures used, so that they focus on outcomes valued by autistic people.

6.5 Intervention and support in naturally occurring environments

A disproportionate number of exclusions and anxiety-related absence from 
school affect autistic learners [57, 58], and in the UK only 22% of autistic people are 
in employment [46]. Naturally occurring environments of school, further education, 
or work have not always met the needs of autistic people [59–61], however relevant 
adjustments in physical and social environments have the potential to be powerful 
interventions within a neurodiversity paradigm. Within this paradigm difference and 
diversity are expected and daily environments are designed to be inclusive; people in 
these environments are the agents of change, through adapting their own assump-
tions, expectations, and communication and modelling neurodiversity-affirming 
words and actions.

What can employers and educators do? A key issue arising in conversations with 
autistic people is the need for access to high-quality professional learning, which 
is co-created with autistic people, to support practitioners to put neurodiversity-
affirming ways of working into practice. Recognised approaches might include: 
taking an anticipatory approach rather than reacting when things go wrong; recognis-
ing, valuing, and celebrating a wide range of strengths and achievements; considering 
individual needs to feel well-regulated in structured and unstructured times (e.g., 
needs for quiet spaces, movement needs, needs for information and avoidance of 
disrupted expectations and knowing that good things should just happen); finding 
meaningful ways for autistic people to feel listened to and to have their experiences 
and preferences taken into account. In schools, this might be involving young people 
in planning to meet their needs. In the workplace, this might be providing opportuni-
ties to reflect on what’s going well and whether there are reasonable adjustments the 
autistic individual would like.

In school settings, the biggest reason for challenges arising is the mismatch 
between an individual’s developmental stage and expectations of others. We can 
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consider how to make learning meaningful, so that individuals see the point in what 
they are expected to do. Adults can look for ways to infuse the day with predictable 
and desirable experiences. For example, instead of using rewards to encourage a child 
to remain seated in assembly, the adults can consider sensory and communication 
preferences and adapt assembly to make it intrinsically enjoyable, so that the individ-
ual wants to stay. Teams can reflect on language and mindsets in relation to distress. 
Instead of talking about “behaviour that is challenging,” consider how situations are 
experienced by the individual, which explains their responses and actions.

While environmental modifications are recommended and may be well under-
stood in some professional groups, there are practitioners working in more medical or 
biopsychosocial paradigms who remain uncertain of how to support people to access 
this support. There is a need to prioritise research about approaches set in naturally 
occurring environments, to give clarity to what works, for whom in what circum-
stances, and what is valued by autistic people.

7. A neurodiversity-affirming professional and ally

Neurodivergent people and professional allies are engaged in thought and debate 
about how to evolve mindsets and practice, reflecting on how neurotypical people 
can work positively in partnership with neurodivergent friends, family, and people at 
work and in our community. We propose that a neurodiversity-affirming approach:

• is based on listening to individuals and their preferences

• provides developmentally relevant support for understanding and expression

• seeks to understand differences rather than labelling deficits

• does not focus on fixing the person or making them perform in a neurotypical way

• prioritises approaches designed and developed in partnership with neurodivergent 
people

• takes account of elements of the physical and social environment that can be 
adapted and made inclusive

• honours communication, sensory, and play/leisure preferences

• understands the preferences for predictability or other aspects of daily life

• recognises the need for processing time and safe spaces

• recognises difficulties experienced and seeks to address these in partnership with 
the individual and their family

• offers access to timely diagnostic assessment

• enables opportunities to engage with a community of people with shared interests 
and experiences
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• encourages stimming and safe self-regulation strategies

• uses neurodiversity affirming language and mindsets and normalises conversa-
tions about diversity and difference

• flips the narrative to celebrate the value of a neurodiverse society

• focusses on opportunities for meaningful participation and active engagement in 
day to day life

8. Conclusion

We conclude this chapter on a hopeful note. The neurodiversity paradigm is here 
to stay and we have foundations to build upon, to develop an evidence base led by and 
developed with the autistic and neurodivergent community. Researchers and practi-
tioners have reported a range of elements core to neurodiversity-affirming practice. 
There is a real desire for change and a need for practical, evidence-informed guid-
ance, tools, and resources for students, new practitioners, and people in leadership 
roles. By thinking in a neurodevelopmentally informed way, individuals of all ages, 
with all neurotypes can be better understood and many adjustments could become 
second nature. The complex shift from single-condition approaches to neurodevel-
opmental pathways is happening and is only possible because it is built upon several 
decades of evolution in how we think about and understand autism and other neuro-
developmental differences from the medical, social, and neurodiversity perspectives.
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Chapter 7

Perspective Chapter: Autism 
Spectrum Disorder Neurophenotype 
with Preconceptional and 
Prenatal Alcohol Exposure – A 
Call for Industry Responsibility in 
Prevention
Susan D. Rich

Abstract

Preconceptional and prenatal alcohol exposure is a widespread, costly, and 
 preventable influence on neurodevelopment contributing to Autism Spectrum 
Disorder. Neurodevelopmental Disorder associated with Prenatal Alcohol Exposure 
is a heterogeneous neurophenotype that underscores the importance of etiology in 
diagnosis, treatment, and prevention. Expanding upon previously published clinical 
implications, this perspective elucidates a phenomenology describing neuropheno-
typic heterogeneity leading to a range of clinical neurophenotypes including Autism 
Spectrum Disorder as well as neurodevelopmental issues and neuropsychiatric prob-
lems. Given that ND-PAE affects up to 1 in 20 people, a pandemic-level public health 
response is warranted to prevent and treat preconceptional and prenatal alcohol 
exposure. Given the widespread use of alcohol during reproductive years, govern-
mental enforcement of industry responsibility in consumer protection should include 
point of sales labeling and risk reduction advertising about the reproductive effects of 
alcohol products. Widespread dissemination of public health information by physi-
cians and allied health professionals would help improve awareness that use of the 
solvent (alcohol) can cause reproductive health effects to gametes, zygotes, embryos, 
and fetuses. Improvements in screening for ND-PAE, nonjudgmental discussions 
with biological parents about preconceptional alcohol use, pregnancy planning 
through contraceptive access, and marketing mandates may reduce  unintentional 
exposures prior to pregnancy recognition.

Keywords: neurodevelopment, neurophenotype, neuroteratogen, alcohol, fetal 
alcohol syndrome, neurodevelopmental disorder associated with prenatal alcohol 
exposure, fetal alcohol Spectrum disorder, preconceptional health, contraception, 
contracept, FASD, autism Spectrum disorder, prenatal alcohol exposure, epigenetics, 
methylation
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1. Introduction

Alcohol is a prevalent and potent neuroteratogen affecting as many as 1 in 20 
Americans [1], and a worldwide cause of atypical neurodevelopment, particularly 
due to exposures in unplanned or mistimed pregnancies for “social drinkers” [2, 3]. 
Clinically, Neurodevelopmental Disorder associated with Prenatal Alcohol Exposure 
(ND-PAE) and Autism Spectrum Disorder (ASD) have overlapping clinical features 
[4], in part due to the symptom-based diagnostic paradigm of the Diagnostic and 
Statistical Manual of Psychiatric Disorders (DSM-5) [5], with few psychiatric symp-
toms being mutually exclusive to a single psychiatric condition. Since human neuro-
development is complex and dependent on multifactorial processes, it is no wonder 
that we have such heterogeneity of expressed neurophenotypes. Alcohol as a solvent 
perhaps is perhaps the most quintessential neurodevelopmental teratogen known to 
mankind.

Effects of prenatal alcohol exposure (PAE) exist on a continuum, with milder 
cases exposed to as few as 7 drinks per week (1 serving per day on average) associated 
with attention deficits and as few as 4–5 consumed during the late 3rd to early 4th 
week post conception causing the full Fetal Alcohol Syndrome (FAS) [6]. Alcohol 
can affect human development at any point from preconceptionally (gametogenesis) 
to the first few weeks post conceptionally (neurulation and gastrulation through 
organogenesis) [7] through fetal development to birth. Lactation is also a time when 
the newborn and infant can be exposed to and affected by a mother’s use of alcohol 
[8]. Neurodevelopmental effects of PAE involve brain functions as well as senso-
rium (cranial nerves and sensory neurons), motor neurons, autonomic regulation, 
and neurotransmitter systems. These effects have been described in the DSM-5 as 
ND-PAE, yet there remains a lack of acknowledgement, understanding, and rec-
ognition in the psychiatric community for this diagnosis. Nonetheless, scholars are 
attempting to highlight the link between PAE and neuropsychiatric illness [9].

Neurodevelopmental complexity of symptoms associated with prenatal alcohol 
exposure can lead to an ASD-like phenotype, including social communication 
deficits, neurocognitive issues (e.g., executive functions), sensory integration prob-
lems (e.g., interoception, hypo/hypersensitivities), motor deficits, and emotional 
dysregulation. All of the body systems can be affected by PAE, including immune, 
endocrine, reproductive, metabolic, cardiovascular, urinary, gastrointestinal, and 
integumentary. Alcohol affects both the developing sperm up to 3 months precon-
ceptionally (DNA histone modifications) as well as beginning as early as weeks 
2–3 post-conception. Research implicates alcohol consumption during adolescence 
with epigenetic effects on gametes, leading to alterations in the hypothalamic stress 
response system [10].

Likewise, Autism Spectrum Disorder (ASD) is a broad, umbrella term describing 
complex atypical neurodevelopment due to a wide array of multifactorial etiologies 
[11]. Williams and Lewis have developed a useful clinical screening tool for ASD 
[12]. As a neurophenotype [13], ASD has a wide range of symptoms which can be 
due to preconceptional epigenetic insults to gametes, in utero prenatal exposures 
to neuroteratogens, genetic (familial) hereditary anomalies, early neurologic birth 
traumas, and as yet unidentified causes [14]. The heterogeneity of ASD as well as the 
plethora of etiological factors are beyond the scope of this chapter. Given the range 
of unknown and otherwise as yet nonpreventable causes of ASD, any reductions in 
etiology due to a substance so ubiquitous as alcohol would reduce the societal burden 
of this otherwise complex, difficult to treat condition.
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Since human neurodevelopment is multifactorial, with genetic, epigenetic, 
and environmental influences, exact etiological associations in each child difficult 
to elucidate. A proposed paradigm for atypical neurophenotypic development is 
described in Figure 1, which is adapted from Picci and Sherf [15]. The combination 
of preconceptional issues, genetics, epigenetics, and the prenatal environment are 
exacerbated by adverse childhood experiences (ACEs) and adolescent use of alcohol, 
tobacco and other drugs – which are cumulative effects to disrupt healthy neuronal 
development. This model shows prenatal alcohol exposure in the context of an 
individual zygote’s biological background of epigenetic and/or genetic factors, such 
as familial autism traits and/or predisposition to effects of prenatal alcohol exposure 
(e.g., CYP-450 enzyme expression in the mother or fetus). The first preventable 
hit to neurodevelopment is preconceptional or prenatal use of alcohol, whereas the 
model assumes that the epigenetic and genetic background of the zygote may not be 
changed. In order to effectively prevent the first hit, one must contracept if using 
alcohol and must stop using alcohol up to 3 months preconceptionally in order to 
prevent epigenetic influences on spermatogenesis. The second hit, ACEs, is currently 
identified by childhood screening for abuse and neglect, though beyond the scope of 
this chapter. Further alterations in neurodevelopment happen when adolescent use 
of substances such as alcohol, tobacco and other drugs, often triggering psychosis, 
mania, or other severe and persistent mental illness. Hence, the term “neurodevel-
opmental” may be best understood in the context of the neurological development of 
mental disorders.

Because DSM-5 is based on symptomatology, etiological factors of neurodevelop-
mental conditions are conceptualized by psychiatrists and mental health practitioners 
as secondary or inconsequential to diagnostic criteria and treatment paradigms. 
Co-morbidity of ASD and ND-PAE blurs the clinical picture, leaving psychiatrists, 
pediatricians, mid-level providers, and allied health professionals with a laundry list 
differential diagnoses and complex formulations. Individuals with prenatal alcohol 
exposure are at risk for many DSM-5 psychiatric and neurodevelopmental conditions 
[16]. Co-occurrence may be overlooked for affected children who may have been 
exposed prior to pregnancy recognition or who have preconceptional alcohol-induced 
epigenetic factors that would not show up on chromosomal karyotype or genetic 

Figure 1. 
3-hit model of “neuro-develop-mental” damage.
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microarray analysis [17]. Neurobiology, neuropsychiatry, neuroimaging, and neuro-
genetics may assist in clarifying clinically overlapping phenotypes (i.e., co-morbid 
ASD and ND-PAE) when prenatal alcohol exposure is known.

2.  Alcohol’s impact on evolution, epigenetics, neurodevelopmental 
(functional) birth defects, and the etiology of ASD

The origins of the earliest fertile crescent agricultural settlements have been 
associated with the production of beer for feasting and celebrations as early as the 
pre-pottery neolithic age (PPNA) [18] approximately 11,500 to 11,000 years ago 
around the end of the last ice age. Homo sapiens is the only species to have fermented, 
distilled, and mass-produced alcohol for large scale population consumption and 
exposure to laboratory animals to study the effects. Alcohol is therefore the oldest 
and most pervasive recreationally used neurodevelopmental teratogen, affecting 
human neurodevelopment since the earliest known neolithic agricultural settlements. 
Hence, widespread use of our social drug of choice has influenced human evolution 
through preconceptional (epigenetic) and prenatal exposures since those ancient 
times. Alcohol metabolic variants have been found among Southeast Asian human 
populations [19], with their fermentation of rice and berry wines dating back to 6500 
to 7000 BC [20]. Hence, alcohol’s transgenerational effects for 10,000 years on our 
evolution as a species may account for metabolic and phenotypic variance in human 
populations.

Given the range of effects on developing limbic brain systems, some of our most 
severe mental illnesses can be traced to preconceptional and prenatal alcohol expo-
sure. Many neuropsychiatric and neurodevelopmental conditions are reported to 
be familial and/or transmitted intergenerationally, most likely through epigenetic 
[21], multifactorial gene–environment interactions. Prenatal and preconceptional 
alcohol exposure result in genetic and epigenetic [22] variants, which also have been 
described in ASD [23], schizophrenia [24], as well as other neuropsychiatric condi-
tions [25]. Further, genetic and epigenetic variants of serotonin, dopaminergic and 
norepinephrine metabolism may account for the clustering of mental health disorders 
such as schizophrenia and bipolar disorder in families with histories of alcohol abuse.

2.1  Epigenetics, teratogenicity, and neurodevelopmental (functional) birth 
defects

Neurodevelopmental teratogens are chemicals that cause functional birth defects 
in the developing zygote or embryo. In contrast to physical birth defects, functional 
(or neurodevelopmental) birth defects are those associated with changes in brain, 
central nervous system, sensorium, motor nerves, and somatosensory function [26]. 
Alcohol has long since been known to be a potent, prevalent and preventable neuro-
developmental teratogen leading to atypical social communication, neurocognitive 
processes, sensory integration and motor problems, and mood regulation/autonomic 
arousal. These children, adolescents, and young adults often have difficulty with 
adaptive functions (conceptual, social, and practical skills) despite a relatively normal 
intellect.

Neuroteratologists define functional birth defects as abnormalities in neurologi-
cal, immune and endocrine systems, in contrast to physical anomalies such as pho-
comelia, cleft lip or palate, hypospadias or other structural malformations. Whereas 
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structural problems may be identified at birth, functional abnormalities can take 
months or years to identify. Alcohol can cause physical birth defects but is more 
potent as a neurodevelopmental teratogen. An increased understanding of epigenetic 
effects on neurodevelopment may expand the definition of neuroteratogens to include 
chemicals that cause methylation effects in the gametes, not simply effects in the 
embryo, zygote and fetus.

Alcohol has long been described as a neurodevelopmental teratogen, affecting 
sperm beginning as early as 3 months preconceptionally (epigenetic) and within 2 
to 3 weeks postconceptionally in the embryo (teratogenic). An array of de novo DNA 
damage (microdeletions, microinsertions, translocations) can happen as a result of 
alcohol’s effects on the gamete, conceptus, zygote, early embryo and fetus. Carefully 
designed animal studies and epidemiological human studies have provided clues to 
the neurodevelopmental teratogenicity of alcohol – leading to many different types 
of de novo microdeletions, insertions, translocations, and epigenetic mechanisms for 
atypical development.

An appreciation of the epigenetic influence on ND-PAE begins before concep-
tion and embryonic neurodevelopment. Spermatogenesis takes 3 months for sperm 
maturation, during which time the male gametes are susceptible to a father’s use of 
alcohol. Epigenetic effects mediated by histone protein methylation during sper-
matogenesis make the zygote and early embryo more susceptible to neuroteratogenic 
effects of prenatal alcohol exposure (i.e., maternal alcohol use) [27]. This epigenetic 
susceptibility of the zygote interacts with maternal factors (e.g., timing, duration, 
blood alcohol concentration, nutrition, metabolism, stress hormone secretion, other 
drug exposure) to worsen the prognosis.

2.2 ND-PAE as a preventable cause of ASD

Developmental deficits, executive functioning issues, neuropsychiatric sequelae, 
and adaptive functioning issues make ND-PAE a challenging, under-appreciated, 
and costly neurodevelopmental condition for the individual, family and society [28]. 
Given the association between prenatal alcohol exposure, neuroteratogenicity, and 
de novo genetic changes, our social drug of choice, alcohol may be the leading known 
and preventable cause of ASD. Gamete and embryonic exposure leading to microdele-
tions and insertions associated with autism features. As a solvent, alcohol is lipophilic 
– penetrating every barrier in the human body, from the blood–brain barrier to the 
maternal-fetal circulation, to the gut-circulatory system. Clinical overlap between 
symptoms necessitates a careful preconceptional and prenatal history to accurately 
identify patients with ND-PAE with or without comorbid ASD.

Despite public health warnings by the Centers for Disease Control and Prevention 
(CDC) for women to abstain from alcohol if pregnant or planning to be, and to contra-
cept if using alcohol, the Fetal Alcohol Spectrum Disorder incidence has been reported 
to be as high as 1 in 20 grade school children in the United States. The simple fact that 
neuroteratogenic effects of prenatal alcohol exposure begins as early as the late 3rd 
to early 4th week post conception means that an unplanned pregnancy in a “social 
drinking” couple may be associated with exposure prior to pregnancy recognition. 
Recent reports indicate the convergence of two “perfect storm” situations: nearly 50% 
of pregnancies are mistimed or unplanned and drinking rates among childbearing age 
women has been steadily on the rise, exceeding that of males for some age groups.

Like other DSM-5 conditions, the diagnosis of Autism Spectrum Disorder (ASD) as 
a DSM-5 disorder is made based on symptoms rather than etiology, with a wide array of 
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genetic and environmentally-acquired issues giving rise to the phenotypic expression. 
A number of neurodevelopmental teratogens have been identified in our human eco-
system, from petroleum derivatives, solvents, recreational substances, and pharmaceu-
ticals. However, the heterogeneity of symptoms and difficulty with cause-effect clinical 
research has left large gaps in understanding etiology of autism spectrum disorder, 
outside of the known associated rare genetic disorders [29]. The American Academy 
of Child and Adolescent Psychiatry recommends genetic testing (chromosomes and 
a microarray) of individuals with ASD to rule out genetic variants associated with 
syndromic conditions. Findings may not be associated with any known clinical disorder 
because of the range of possible mutations that may lead to a phenotypic change.

3. A four domain clinical model

A previously published model describes four domains of clinical functioning 
impacting an individual’s adaptive functions. These domains may be scaffolded by 
family, school, therapeutic, or community supports to improve an individual’s adap-
tive functions. The clinical presentation may manifest as a plethora of externalizing 
neurobehavioral symptoms masking intrinsic neurodevelopmental deficit. This model 
can help elucidate the domains of functional deficits to help scaffold the child, adoles-
cent, or young adult with appropriate systems of care to reduce their sensory over-
stimulation, social pragmatic issues, and/or frustration from neurocognitive issues to 
minimize outbursts. For example, a child may be having mood outbursts or rage due 
to hypersensitivity to crowded places (school bus, classroom, playground, lunch-
room), people (facial expressions, voice tone, body odor, etc.), sounds (sirens, TV, 
voice frequency or volume, screechy noises, chalkboard, etc.), smells (food odors, 
body odor, smoke, decaying trash, sewer, public bathroom, etc.) (Figure 2).

Figure 2. 
Four domain model of neurodevelopmental issues.
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3.1 Social communication (social intellect)

Speech and language pragmatics, receptive and expressive language deficits, 
nonverbal cue recognition, facial expressions, body language, and a variety of other 
social communication issues can be affected by prenatal alcohol exposure. Social 
misperceptions, suspiciousness, feeling judged and scrutinized by peers, misunder-
standing constructive criticism, personalizing negative comments, over-reacting 
to social slights are common consequences of the miswiring of neural networks 
important in social cognition. From an early age, social communication issues are 
tied to maladaptive attachment behaviors as the individual may lack a social smile, 
eye contact, and typical attachment behaviors. During early childhood and latency 
years, these deficits leave the individual vulnerable to social problems and negative 
peer interactions. By middle school, atypical social interactions leave the adolescent 
vulnerable to bullying and harassment by peers who misunderstand their social 
deficits and mood dysregulation or have outpaced them in their social and emotional 
functioning. Affected individuals’ atypical reactions to social slights may cause 
social disenfranchisement and maladaptive peer interactions (e.g., friends’ anger 
and/or hurt feelings, estrangement from social groups, fear responses in peers, etc.). 
Often, alexithymia (difficulty recognizing their own emotions and that of others) 
and poor social perceptions lead family and friends feeling they lack empathy and 
compassion. Socially awkward facial expressions and nonverbal cues may lead 
others (e.g., teachers, principals, administrators) to feel they are narcissistic, callous 
and unemotional. Because of lack of understanding social risk and subtleties of 
community safety, often these individuals are at risk of having predatory behav-
ior perpetrated against them. Their social dysmaturity makes relationships with 
younger individuals feel more comfortable, which can lead to inappropriate interac-
tions with peers.

3.2 Neurocognitive (general intellect and executive functions)

Only 10–15% of individuals affected by prenatal alcohol exposure have intellec-
tual disability (IQ at or below 75 per DSM-5) according to research by the National 
Institutes on Alcohol Abuse and Alcoholism. Executive functioning issues (orga-
nization, planning, time management, working memory, problem solving, visual 
spatial planning, etc.) are more common sequelae of prenatal alcohol exposure, with 
attention deficits associated with as little as 1 drink per day or up to 7 drinks per 
week. Hyperactivity and impulsivity (failure to inhibit unwanted behaviors) lead the 
individual to be seen as willful and destructive, immature or dysmature, and unable 
to self-regulate at home, in the classroom, and in the community. These subtle yet 
important neurodevelopmental functions leave the individual prone to learning 
challenges, academic failure, vocational problems, and difficulties transitioning 
into young adulthood. Often, their faulty ego strength masks their challenges, 
leading to a sense of “false bravado.” The resulting subconscious over-inflation of 
their strengths to hide their challenges can lead the individual to appear haughty, 
grandiose, narcissistic, and flamboyant. Faulty information processing combined 
with impulsivity, deficits in consequential thinking and understanding social risk 
may lead the individual to confabulate, steal, cheat, or be vulnerable to predatory 
behavior.
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3.3 Sensory and motor (sensorium and kinesthetic intellect)

Our somatosensory, cranial nerves, and voluntary nervous systems are as intri-
cately wired and vulnerable to the effects of prenatal alcohol exposure as our higher-
level brain functions. In fact, the midline brain defects linked to prenatal alcohol 
exposure from the neural crest cell migration all the way to development of the brain, 
cranial nerves, somatosensory and motor neurons can be affected by alcohol. Hence, 
hyper- and hyposensitivities to noise, texture, temperatures, and even interoceptive 
signals can lead to sensory integration issues. Interoceptive deficits can cause dif-
ficulty accurately perceiving signals from the digestive system (e.g., normal digestive 
sensations from peristalsis, gas, bloating, indigestion, stomach aches, hunger cues), 
rectum and bladder (defecation and urination signals). These interoceptive signaling 
issues often lead to emotional outbursts due to lack of understanding of the source of 
the discomfort and/or frustration/embarrassment due to voiding accidents. Children 
with interoceptive deficits may have delays in bowel and bladder control, nocturia, 
fecal smearing (caused by overflow incontinence), somatosensory complaints, and 
heightened stress response or mood dysregulation caused by hypersensitivities to 
environmental stimuli.

3.4 Emotional regulation (emotional quotient)

Prenatal alcohol exposure affects the sympathetic and parasympathetic nervous 
system, leading to emotional dysregulation, autonomic arousal (fight or flight 
response), sleep–wake cycle disturbances, and a variety of mood problems. Often, 
affected individuals are irritable, easily frustrated, annoyed, and provoked into height-
ened stress response by facial expressions, sensory overstimulation, or unpreferred 
activities. Their emotional dysmaturity leads them to seem years younger than their 
chronological age, to revert to more primitive mood states during stressful situations, 
and to be overreactive to discomfort and distress. They are perceived as infants and 
toddlers as emotionally dysregulated, fussy, hyper-reactive, clingy, and easily fatigued.

4. Patient perspective

A Patient presents for an intake assessment, which includes a comprehensive 
childhood history questionnaire complete with questions about intendedness of 
pregnancy (mistimed or unplanned), prenatal exposures, paternal use of substances. 
A very careful preconceptional and prenatal history may reveal unintentional 
exposures to alcohol or other drugs prior to pregnancy recognition. The history also 
includes history of neglect, abuse, and other adverse childhood experiences; devel-
opmental milestones (speech/language delays, social relatedness, gross/fine motor 
deficits, coordination problems, sensory hypo- or hypersensitivities, toileting issues). 
During the assessment, we find that the birth mother drank two glasses of wine 
per day up until week 7 post conception at the point of pregnancy recognition. The 
mother is Asian with alcohol dehydrogenase (ADH) enzyme variant leading to rapid 
metabolism of alcohol into acetaldehyde, a highly neurotoxic metabolite. Therefore, 
she would have higher blood acetaldehyde levels during gastrulation, neurulation, 
other critical points during neurogenesis, and a majority of organogenesis. Whereas 
she may have stopped drinking at the point she learned she was pregnant, much of 
neurodevelopment had already occurred at the time she stopped drinking. Her child 
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at age 10 presents with years of distress in school due to inattention, hyperactivity, 
impulsivity; learning disabilities; sleep–wake cycle dysregulation; difficulty with fine 
and gross motor as well as coordination and balance; social communication issues 
(i.e., speech/language issues, pragmatic difficulties, nonverbal facial expression 
recognition, and decreased empathy), and sensory disintegration. There is no fam-
ily history of similar problems, he has a neurotypical younger brother, and he had a 
normal karyotype analysis with reflex microarray. A discussion with his parents about 
the etiology of their son’s neurodiversity helps convey a sense of responsibility on the 
part of the parents who had previously demeaned and demoralized the patient with 
statements like “You’re a bad seed. Why can’t you be like your brother? You need to try 
harder. You’re stupid!” as a way to motivate better behavior.

The first step in assessing the child or adolescent with ND-PAE is to assess and 
treat underlying sleep issues. Psychoeducation for the child and parent on the 
importance of adequate sleep for mental, physical, social and academic functioning; 
reviewing sleep hygiene; and providing information about natural sleep aids such as 
melatonin, magnesium 400 mg, lavender 500 mg or chamomile tea 30 minutes before 
sleep can be helpful to minimize medications. By improving sleep, we can reduce 
reliance on medications and improve the patient’s overall wellbeing. In the event 
these gentler approaches do not work, use of alpha adrenergic agonists like clonidine 
to down-regulate the sympathetic overdrive before sleep then the long-acting form 
(Clonidine ER 0.1 mg twice daily) to maintain sleep allows for a single medication to 
treat sleep, anxiety/heightened stress response, and ADHD symptoms. Other medica-
tions such as propranolol can be effective for sleep and anxiety but not necessarily for 
ADHD.

After the child is sleeping well, if regulation of mood is needed, an antiseizure 
medication such as lamotrigine or gabapentin can be helpful to reduce the seizure 
like irritability of the brain. Starting with a very low dose of lamotrigine 12.5 mg 
twice daily (or lamotrigine long acting 25 mg once daily after a meal) and gradually 
increasing by no more than a total of 25 mg per week until on 100–200 mg twice 
daily (depending on the age of the child) will reduce the frequency, duration, and 
intensity of the outbursts. It is necessary to have careful discussion with parents 
about the potential for rash and recommendation for them not to change any of their 
detergents, soaps, lotions or other hygiene products while the medication is being 
started and increased. In the event of poor response after a couple of months on the 
therapeutic dose, a transition to gabapentin or topiramate would be another choice to 
improve their symptoms.

Affected individuals have a hard time achieving Maslow’s Hierarchy (food cloth-
ing, shelter; safety/security; love, belonging and sense of community; and meaning/
purpose); therefore self-actualization is as challenging as basic practical life skills, 
social aptitude and integration of academic skills into daily life. Beginning at young 
ages, developing a sense of purpose through hands-on experiences in nature and with 
farm animals or other meaningful activities can improve their self-esteem. These mul-
tisensory experiences desensitize children to environmental stimuli, enhance their 
self-esteem through accomplishments caring for animals, and improve social relation-
ships through attachments with animals. Addressing adoptive parental rights and the 
affected individual’s rights to birth history exposure information will also improve 
outcomes for affected children by providing insight into etiology of their neurode-
velopmental condition. Further, positive parenting approaches, self-regulation of 
adults around them, mindfulness, skill building and immersion in nature will create 
resiliency and a healthy sense of self.
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5. The Industry’s responsibility

Whereas alcohol taxes are embedded in most governmental gross domestic profits, 
the industry seems immune to mandated responsibility for health consequences due 
to its products (beer, wine, or liquor) [30]. Social responsibility should account for 
more than prevention efforts [31]. The pharmaceutical industry is required to make 
reparations for damage from its products, yet the alcohol industry has no financial or 
legal accountability for ND-PAE or other medical problems. Like big tobacco was sued 
by states for the Medicaid and Medicare costs of people with emphysema, cancers, 
and other medical conditions [32], perhaps states should consider the inordinate costs 
associated with preterm labor, infant morbidity, developmental services for infants 
and toddlers, special education, juvenile and criminal justice, productive life years 
lost, and health/human services costs from adults with disabilities due to prenatal 
alcohol exposure.

6. Conclusions

While much is known about the effects of alcohol on embryogenesis (prior to 
pregnancy recognition) and methylation effects to gametes, the alcohol industry has 
bore little responsibility in prevention or treatment. A plethora of research indicates 
embryos are more vulnerable to the mother’s use of alcohol if the father also consumes 
alcohol during the 3 months preconceptionally. Little has been shared with the public 
about the implications of epigenetic methylation effects during spermatogenesis, 
likely due to the paucity of interest in the media. Further, the psychiatric community 
remains befuddled by the ND-PAE diagnosis, with clinicians using symptom clusters 
rather than etiology for diagnosis – largely based on the DSM-5 methodology. Clearly 
it would not be in the interest of alcohol manufacturers and distributers to have truth 
in labeling and advertising its product to include the warnings about epigenetic and 
early pregnancy effects. However, in the interest of public health, strong consistent 
messaging and warnings at every point of purchase as well as in marketing of alcohol 
would improve the knowledge of alcohol consumers and hopefully the use of contra-
ceptives to prevent inadvertent exposures. Likewise, messaging in hospitals, health 
care facilities, physician offices, pregnancy test kits, and contraceptive packaging 
may improve the likelihood that couples would contracept if using alcohol and avoid 
alcohol if pregnant or planning to be, which is the 2016 revised CDC guidelines [33].

Problems in accurately diagnosing prenatal alcohol exposure as an etiological basis 
for autism spectrum stems from lack of understanding and recognition by geneticists, 
dysmorphologists, developmental pediatricians, neurologists, psychiatrists, and “mid-
level providers” (nurses, physician assistants) and allied health professionals (social 
workers, speech/language pathologists, occupational therapists, physical therapists, 
applied behavioral analysts) who commonly see these children in practice. Additionally, 
research on the effects of prenatal alcohol exposure tend to be published in obscure 
research journals read by a paucity of clinicians (e.g., Alcohol Health and Research). 
Lack of appreciation for the numbers of affected children (1 in 20) by policymakers and 
legislatures may stem from financial incentives to overlook the influence of alcohol on 
many of our social ills (such as prenatal/preconceptional brain damage leading to the 
pipeline to prison). Political campaigns all the way back to our first President George 
Washington have been funded by the very drug causing many of these problems; 
therefore, it presents an ethical conundrum for policymakers and legislators.
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A neurodevelopmental approach to diagnosis and treatment enables specificity 
in surveillance efforts, improved prognosis through the life course, and prevention 
through preconceptional approaches. While neurodevelopment is multifactorial, dis-
tinguishing ND-PAE co-occurring with ASD (i.e., as an etiological subtype for some 
affected individuals, like genetic causes) would enable improved specificity of surveil-
lance and targeted clinical trials of therapies for the underlying neurodevelopmental 
lesions, leading to improved treatment efficacy and clinical prognosis (i.e., possibly 
reducing the burden of severe and persistent mental illness such as schizophrenia for 
the individual). Elucidating etiology (i.e., prenatal alcohol exposure) identifies the 
individuals who may suffer from underlying cardiac defects, susceptibility to seizure 
disorders, metabolic anomalies, propensity to CYP-450 enzyme variants, and a variety 
of other underlying contraindications to certain medications. From a public health 
perspective, distinguishing prenatal alcohol exposure as a preventable cause of ASD 
would help improve policy and prevention efforts, given the concerns raised by policy 
makers and legislators about the impact of ASD on productive life years lost.

To appropriately prevent unintentional prenatal alcohol exposure prior to preg-
nancy recognition, public health approaches must include preconception health, 
pregnancy planning and contraception for alcohol consumers. A comprehensive, 
holistic approach to treatment for alcohol-exposed children, similar to the well 
accepted guidelines for ASD, may reduce the need for medication and improve 
prognosis. The clinical, public health, and therapeutic implications of this perspective 
will hopefully help motivate policy makers, legislators, educators, and mental health 
professionals to work proactively in consort with childbearing alcohol consumers, 
affected children, and parents to create lasting change.
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Human Endogenous Retroviruses 
in Autism Spectrum Disorders: 
Recent Advances and New 
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Gene-Environment Interface
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Abstract

Human endogenous retroviruses (HERVs) are genetic elements, derived from 
their exogenous retroviral counterpart by a process of germline infection and prolif-
eration within the human genome, and their integration as proviruses led to the fixa-
tion and the vertical transmission, following Mendelian laws. HERVs currently make 
up ~8% of the genetic material, and some of them have been cooped for physiological 
functions. Otherwise, their activation in response to environmental factors has been 
associated with human pathological conditions. In the setting of neurodevelopmental 
disorders, HERVs have been proposed as contributing factors involved in Autism 
Spectrum Disorders (ASD), spanning the bridge between genetic susceptibility, 
environmental risk factors and immune response. We described a distinct expression 
profile of some HERV families and cytokines in lymphocytes from autistic children 
and in their mothers suggesting a close mother-child association in ASD. Moreover, 
in vitro treatment with an antiretroviral drug was able to restore the expression level 
of HERVs and cytokines providing new insights into the potential role of HERVs as 
biomarkers of ASD and raising the possibility of using HERVs expression as a thera-
peutic target for a tailored approach to patient care.

Keywords: human endogenous retroviruses; HERVs, biomarker, mother-child 
association, gene expression, aetiology, antiretrovirals

1. Introduction

In 1943, the child psychiatrist Leo Kanner described children preferring loneli-
ness with repetitive patterns of behaviour. Similar symptoms were reported by Hans 
Asperger, an Austrian paediatrician, in 1944 mainly in people of high intelligence [1]. 
Kanner, first spoke about ‘childhood or early-onset schizophrenia’, and later he called 
this condition ‘infantile autism’, and concerning the aetiology of autism, he attributed 
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autism to a lack of maternal warmth and attachment. Following this hypothesis, 
Bruno Bettelheim with his book ‘The Empty Fortress’ popularized the theory of 
‘refrigerator mother’ by stating that ‘the infant that misreads the mother’s actions 
or feelings, or correctly assesses her negative feelings, may retreat from her and the 
world’. This view was widely criticized and nowadays represents an obsolete thought 
[2]. From this time, many hypotheses and models emerged to explain this complex 
condition focusing on symptomatology, phenotype and pathogenesis [3, 4]. However, 
despite many promising hypotheses, the current literature is made up of controversial 
findings and lacking of definitive proof about the mechanism underlying the complex 
aethiopathogenesis of Autism Spectrum Disorder (ASD). ASD is currently referred to 
as a pervasive neurodevelopmental disorder with an impact on emotional and social 
behaviour that persists throughout life [5]. The clinical presentation is very hetero-
geneous, and its incidence is continuously increasing [6]. Despite the consolidated 
evidence that the main contribution to the increase in the incidence of autism comes 
from the improvement of the diagnostic process, it has also been hypothesized that 
at the basis of the onset of autism, there is not a single cause but a set of risk factors 
acting together to produce the phenotype. Decades of studies have indeed shown 
that autism is a complex pathology influenced by the combination of genetic, envi-
ronmental and epigenetic factors, mainly acting during prenatal and/or perinatal 
phases [7–9]. The concordance rate of ASD in monozygotic twins much higher than in 
dizygotic twins seemed to indicate that genetic factors were more likely to contribute 
to ASD than environmental factors [10]. More than a thousand ASD-associated genes 
known to be involved in brain development have been identified to date [11], and 
many genomic copy number variants have been associated with neurodevelopmen-
tal disorders including ASD [12, 13]. Several epidemiological studies indicate that 
potential risk factors for ASD also include various determinants [14, 15], such as the 
age of the pregnant woman, advancing paternal age [14, 16, 17] and prematurity [18]. 
However, an ever increasing important role has been attributed to risk factors related 
to the early foetal environment, including toxicants, diet, air pollution, smoking or 
chemicals exposure, which have been suggested to induce a prenatal and/or perinatal 
brain insult able to contribute to the development of autism in genetically predis-
posed individuals [19]. These environmental insults share in common the activation 
of the maternal immune system (MIA), which has therefore been recognized as an 
additional risk factor for ASD [20]. MIA is an inflammatory response triggered by 
pathogenic infection and autoimmune diseases in the mother. It is known that several 
microorganisms, vertically transmitted to the foetus, affect its development result-
ing in severe complications such as miscarriage and malformations [21]. However, 
even non-vertically transmitted infections during pregnancy can cause harm to the 
offspring by producing inflammatory cytokines, which directly damage the foetal 
brain by crossing the placental and blood-brain barrier [22, 23].

Preclinical studies, using mouse model of MIA induced by prenatal exposure to 
polyinosinic:polycytidylic acid (Poly I:C), a synthetic double-stranded RNA molecule 
targeting TLR-3, mimicking viral maternal infection, demonstrated that the exposure 
to a prenatal insult induced derailed neurodevelopment in offspring. Particularly, 
in the mothers, the Poly I:C injection leads to the production of interleukin-17 that 
reaches the foetal brain via the placenta inducing cell death and decreasing synaptic 
density and expression levels of synapse formation-associated proteins and result-
ing in ASD-like behavioural and morphological brain abnormalities, also described 
in the pathophysiology of human ASD [24–26]. In line with the hypothesis that 
maternal immune response could impact on neurodevelopment in the newborn, 
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epidemiological studies have reported that MIA, caused by autoimmune diseases, also 
increases the risk of ASD [27]. Altogether these studies suggest that MIA-induced 
inflammation and cytokines can impair placental function and lead to the disrup-
tion of its barrier function, resulting in exposure of the foetus to toxic substances. 
Accumulated evidence also shows an important role of epigenetic factors, such as 
DNA methylation, histone modification and noncoding RNA in predisposition to 
disease development. Epigenetic mechanisms regulate chromatin structure and gene 
expression without altering the DNA sequence. In consideration of this last charac-
teristic, in the past it was believed to have no role in the growth and development of 
the individual [28] while the study of their interaction with environmental conditions 
has highlighted their important role in the development of genes related to brain 
development. In recent years, there have been rapid advances in the understanding of 
epigenetic mechanisms that ultimately regulate gene activity and expression during 
development and differentiation or in response to environmental stimuli. Instead, it 
is now known that the main function of epigenetic factors is to regulate development 
through cell differentiation processes, tissue specification and maintenance of cell 
lineages [29]. Therefore, environmental stimuli can alter the epigenome and conse-
quently gene transcription, changing the phenotype [30].

Within this interplay among genetic susceptibility, MIA, epigenetic and environ-
mental factors are placed the human endogenous retroviruses (HERVs), which we 
proposed as novel contributing factors involved in ASD.

2. Human endogenous retroviruses and their co-evolution with the host

In contrast to the prevailing early twentieth century conception of genetic 
material as fixed, in the 1940s, the Nobel Prize Barbara McClintock discovered in 
maize the ‘mutable loci’ which were capable to move between chromosomes. This 
pioneering study paved the way for future research into the role of these ‘jumping 
genes’ or transposable elements (TEs) in both health and disease conditions [31]. 
Indeed, it was later discovered that about 46% of the human genome consists of TEs 
[32]. They consist of repetitive sequences that are able to insert copies of themselves 
elsewhere in the genome [33]. They are divided, according to their size and func-
tionally related structures, into short interspersed elements (SINEs), long inter-
spersed elements (LINEs), long terminal repetition retrotransposons (LTR) and 
DNA transposons [34]. The major subset of LTR retrotransposons is represented by 
HERVs, which together with their derivative sequences comprise at least 8% of the 
human genome [32, 35].

These elements have their origin in the numerous environmental events that 
shaped the human genome during evolution, including the occasional infection 
of germ cells of our ancestors by exogenous retroviruses and the insertion of their 
RNA genome as proviruses into the cell’s chromosomal DNA [36]. Hence, HERVs 
are transmitted in a Mendelian manner to all subsequent generations (Figure 1a). 
Retroviral proviruses share the canonical structure of retroviruses consisting of an 
internal region of four essential viral genes (gag, pro, pol and env), flanked at either 
side by long terminal repeats sequences (the 5′ and 3′ LTRs) that are identical at the 
time of integration and contain promoter, enhancer and polyadenylation signals that 
shape the cellular transcriptome (Figure 1a) [37].

A non-coding sequence containing a tRNA-specifc primer-binding site (PBS) is 
usually present between the end of the 5′ LTR and the first codon of the gag gene, 
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and HERVs are classified into families on the basis of the tRNA that binds to the viral 
primer-binding site to prime reverse transcription.

During human evolution, HERVs invaded the human genome undergoing ampli-
fication, retrotransposition and/or reinfection events, and resulting in the presence 
of multiple copies fixed in the DNA of all nucleated cells [36]. While a majority of 
these sequences have accumulated mutations and/or deletions and are mostly defec-
tive, several HERVs preserve the properties of the ancient viruses and, still being 
transcriptionally active and competent to produce some retroviral proteins, have 
been co-opted for physiological functions [36, 38, 39] (Figure 1a). In the light of the 
current knowledge, what Weiss stated in 2016 ‘If Charles Darwin reappeared today, 
he might be surprised to learn that humans are descended from viruses as well as from 
apes’ [40] is still current.

3. The role of human endogenous retroviruses in physiological conditions

For a long time, HERVs have been considered as junk DNA with no impact on the 
host. However, during the last decades, the great efforts of the scientific community 
highlighted that some ‘well preserved’ ERV sequences influence different physiologi-
cal properties being involved in a variety of biological pathways [41, 42]. The most 
intriguingly example of the co-option of HERVs during the host evolution comes from 
the well-studied properties of the syncytins, the products of the Envelope (Env) genes 
of HERV-W-1 and HERV-FRD. Specifically, Syncytin-1, encoded by the HERV-W-1 

Figure 1. 
HERV origin (a) and their activation in response to environmental stimuli (b) (created by BioRender).
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gene, is the first retroviral protein found to have a defined physiological function 
mediating the cell-cell fusion as the terminal differentiation of the trophoblast lineage 
[43]. As emerging from different reports, the decrease of syncytin expression and the 
consequential fusion deficiency could contribute to placental anomalies including 
pre-eclampsia disorder [44]. Moreover, other studies suggested that syncytin-1 also 
possesses non-fusogenic activities, as the regulation of trophoblast proliferation and 
apoptosis and indicated a widely expression in different cell types such as granulocytes, 
T lymphocytes, monocytes, glial cell of the brain and cancer cells [45, 46]. In human, 
syncytin-1 interacts with the type D mammalian retrovirus receptor ASCT-1/ASCT-2 
(sodium-dependent neutral amino acid transporter type 1/2) on cell membranes. 
Syncytin-2, encoded by the HERV-FRD gene, is also expressed in trophoblasts and 
able of mediating cell fusion by interacting with a different receptor known as MFSD2 
(major facilitator superfamily domain containing 2) [47, 48]. Moreover, Syncytin-2 
is involved in maternal immune tolerance towards the semi-allogenic foetus [49]. A 
similar functional domestication emerged for ERV-encoded GAG gene, involved in 
the memory consolidation in the mammalian brain, including long-term potentia-
tion and depression [50]. Given the abundance of HERVs in the human genome, they 
represent an important source of genomic variability, also providing potential coding 
and regulatory elements for the acquisition of new cellular functions [51, 52]. In line, 
growing evidence has been obtained regarding the general expression of HERVs in 
normal tissues [53, 54], and in this context, we demonstrated an age-related transcrip-
tional activity of HERV-H, HERV-K and HERV-W in peripheral blood mononuclear 
cells (PBMCs) from a large cohort of healthy human subjects aged between 1 and 80 
years, reinforcing the hypothesis of a physiological correlation between HERV activity 
and the different stages of life in human [55]. Among the proposed mechanisms by 
which HERVs could contribute to the human physiology, it is recognized that various 
sequences, concentrated in the LTRs, are involved in the regulation of the expression of 
neighbouring genes acting as promoters, enhancers, polyadenylation signals, regula-
tors of chromatin folding and binding sites for transcriptional factors [56, 57]. In the 
genome, most HERVs reside as solo-LTRs, resulting from homologous recombination 
between the LTRs of a full-length HERV [58] able to act as alternative tissue-specific 
promoters to drive the expression of host genes [59–61]. During embryo development, 
some HERV sequences are also engaged by the host for the regulation of gene expres-
sion [62]. In particular, non-coding RNA expressed by the HERV-H group and the 
recruitment of specific cellular transcriptional factors on HERV-H LTRs seem to be 
involved in the conservation of stem cell identity [57, 63]. Of note, the HERV-H loci 
seem to be more preserved in a full-length state than other HERV families, suggest-
ing that the full-length elements rather than solo-LTRs are useful to the host and that 
the internal regions of HERV-H may be involved in the process of exaptation [64]. 
Similarly, an ancestral env gene named HEMO [human endogenous MER34 (medium 
reiteration-frequency-family-34) ORF] has been found highly expressed in embryos, 
already in the early stages of development and in all subsequent differentiation periods 
as well as in the placenta and in the blood of pregnant women [65]. Finally, in the regu-
lation of stem cell function, HERV-K ENV was highly expressed in the cell membrane 
of pluripotent stem cells and signals via direct binding to CD98HC, leading to activa-
tion of signalling pathways that regulate stem cell function [66]. Moreover, the expres-
sion of HERVs has a direct key role for the maintenance of human embryonic stem cells 
and induced pluripotent stem cells (iPSCs), and their activation could be considered a 
marker of pluripotency [67].
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To conclude, the more profound insight into the mechanisms explaining the roles 
of HERVs in various biological/physiological contexts will help to clarify the contri-
bution of HERVs in pathological conditions.

4. The activation of human endogenous retroviruses

In addition to their physiological role, HERVs have been also proposed as possible 
cofactors in the aetiology of several human diseases. Proviruses are known to remain 
dormant for long periods of time within the host, but they may occasionally be trig-
gered by factors present in the environment. Indeed, one of the peculiar features 
of HERVs is their intrinsic responsiveness to microenvironmental stress and vari-
ous stimuli likely via epigenetic mechanisms [68, 69]. Epigenetics represents a fine 
mechanism to control HERV activity to ensure genomic stability and integrity and, on 
the other side, it represents one of the mechanisms by which HERVs could modulate 
the gene expression. HERV sequences are epigenetically silenced by DNA methyla-
tion and histone modifications in addition to being located in chromosomal regions 
with heterochromatic chromatin architecture leading to a low transcriptional degree 
in most cell types [70, 71]. It is known that epigenetics is a driver of the embryonic 
development, contributing to global remodeling, cell commitment and tissue specifica-
tion [72] and that ERVs are highly active during early embryogenesis and germline 
development [62, 73]. Indeed, they are involved in the pre-implantation transcription 
network although the mechanisms are still unclear [62, 74]. Thus, during a sensitive 
phase, as the embryogenesis, any environmental insults could have an impact on the 
development, and epigenetic modifications could directly link the environmental 
stimuli and the molecular regulatory pathways, explaining some aspects of complex 
pathologies including HERV activation. A multitude of environmental factors and 
xenobiotics can activate HERV expression causing DNA rearrangements, HERV 
reinsertions and HERV copy number variation, resulting in abnormal HERV activity 
that could, in turn, potentially affect crucial pathway such as inflammation [69, 75, 76]. 
Microorganisms, cytokines, hormones, vitamins, nutrients and drugs could repre-
sent triggers leading to HERV transactivation (Figure 1b). Of particular relevance 
is the role played by the interaction with microbes, including viruses, exogenous 
retroviruses, intestinal microbiota and protozoan. Among viruses, the herpesviruses, 
Hepatitis B virus, the human immunodeficiency virus-1 (HIV-1), Influenza A virus 
and more recently SARS-CoV-2 have been found able to deregulate HERV activity 
and although so far, an unequivocal pathogenic cause-effect relationship has not been 
established, their contribution to the development of viral diseases, including virus-
associated tumors, has been suggested [77–83]. Moreover, several in vitro studies dem-
onstrated that cells express HERVs at high levels in response to stimulation by using 
lipopolysaccharide or interferon-γ (IFN-γ), cytokines as Interleukine-1β (IL-1β) and 
tumor necrosis factor-α (TNF-α) or mitogens, such as phytohemagglutinin [84–86]. 
These observations could be due to the fact that HERVs showed various regulatory 
sequences that have been linked to the transcriptional modulation systems [87]. More 
recently, the hormonal regulation of HERVs has been investigated, and specifically, 
cross talks among the female sex hormones and HERVs in contributing to breast cancer 
tumorigenesis and proliferation have been elucidated providing useful knowledge 
for the development of novel cancer therapies. Specifically, the effect of progesterone 
on HERV-K expression is at least partly mediated by OCT4 known to be involved in 
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embryogenesis and expressed in diverse cancer types as well [88]. These findings were 
in line with the peculiar expression of HERVs in peripheral leukocytes during the 
menstrual cycle suggesting a well-coordinated hormonal regulation of HERV activity 
[89]. Also, drugs are able to modulate HERV expression, both in vitro and in vivo with 
different proposed mechanisms, mainly linked to the epigenetic one. In particular, 
neuroleptics and antidepressants influence HERV activity in human brain cell lines and 
in post-mortem brain samples of patients with mental disorders in therapy during their 
lifetime [90].

Thus, HERVs have been found particularly responsive to environmental stimuli 
that can determine their dysregulation at transcriptional levels and/or encoded 
protein expression that could influence the onset of complex diseases.

5.  The contribution of human endogenous retroviruses in disease 
development

HERV expression is tightly controlled in normal adult tissues but is reported to be 
aberrantly expressed in cancer [68], inflammatory and autoimmune diseases [91], 
aging [92], type 1 diabetes [93] neurological disorders [94] and recently also viral 
disease [83, 95, 96]. Most of the diseases in which HERVs play a role as cofactor are 
characterized by a multifactorial aetiology and an inflammatory landscape. As such, 
HERVs have been proposed as spanning the bridge between environment and genetic 
background and as shapers of the immune system.

5.1 Human endogenous retroviruses as shapers of the immune system

HERVs can modulate the human immune response by different mechanism. In 
fact, being integrated as proviruses within the genome and physiologically expressed, 
HERV antigens can be recognized by the innate immune system as ‘self-determinants’ 
but also as potential pathogens. Probably due to their similarity with exogenous viral 
proteins they are able to activate pathogen recognition receptors (PRRs) by evoking 
the production of pro-inflammatory mediators (such as IFN, cytokines and chemo-
kines), which in turn can activate and trigger the adaptive immune response [42]. 
Moreover, the involvement of HERVs in the host antiviral immune system seems to 
be linked to the Interferon pathway by acting as enhancer elements to directly affect 
the expression of adjacent interferon-stimulated genes [53, 54, 97]. Since HERVs are 
an integral part of host immunity, they protect the host from exogenous retroviral 
infections by PRRs, of which a major class are the Toll-like receptors (TLRs), the first 
line of defence in detecting a wide variety of pathogens. TLRs’ engagements with 
viral components lead to the activation of MAP kinase and NF-kB resulting in the 
production of pro-inflammatory cytokines, involved in the infection control. It is 
also known that HERV RNAs are able to activate the immune system, thus stimulat-
ing the production of pro-inflammatory cytokines, which in turn can activate and 
prime the adaptive immune response [42]. This mechanism could be explained by 
the presence of transcriptional regulatory elements within retroviral long terminal 
repeats LTRs [98, 99]. This feedback loop made by HERV upregulation, inflammatory 
mediators and epigenetic dysregulation could be one way in which HERVs could have 
pathogenic potential leading to chronic stimulation of the immune system that could 
sustain the development and/or the progression of several human diseases.
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5.2  The role of human endogenous retroviruses in neuroinflammatory and 
neuropsychiatric disorders

Outdated scientific evidence has reported the possibility of different viruses such 
as herpesviruses, HIV and Ebola virus to reach the central nervous system (CNS) 
contributing to the development of diseases. As such, despite the inaccessibility of 
CNS and the immunological structure that makes it a ‘privileged district’, the viral 
replication can occur by exceeding controls and can also happen multiple times 
during an individual’s lifetime increasing the risk of developing neuropathologies 
[100]. In the last few decades, many researchers demonstrated that the activation 
of endogenous viral sequences in response to exogenous stimuli, especially viruses, 
can contribute to a variety of neuroinflammatory and neuropsychiatric disorders, 
including multiple sclerosis (MS), amyotrophic lateral sclerosis (ALS), schizophrenia 
(SCZ) and bipolar disorder (BD). The pathways in which retroelements are involved 
in derailment of the nervous system are diverse: HERVs mainly interact with innate 
and adaptive immunity [52, 101], LINE activity is linked to neurogenesis, in par-
ticular neuronal differentiation and cognitive processes, both in adult brain and in 
progenitor cells [102, 103], and Alu elements, the most common member of SINEs, 
are involved in neurogenesis, brain development and cognition pathways [102, 104]. 
The first paper describing the involvement of HERVs in neurological disorders, 
especially in MS, dates back to the late 1900s when Perron and colleagues discov-
ered retroviral elements in the leptomeningeal cells of MS patients [105]. From this 
initial work, several studies succeeded, both in vitro and in vivo, culminating in the 
identification of an aetiopathogenetic model in which HERV-W was further revealed 
to play functional roles in inflammatory processes. Specifically, pro-inflammatory 
cytokine expression was shown to be induced in both human and murine monocytes 
upon in vitro stimulation with HERV-W recombinant Env protein by a process that 
required TLR-4 receptor activation [69]. In line with these intriguingly findings, 
several research groups have contributed to the topic, focusing on different aspects 
concerning the role of HERVs of the aetiology and/or progression of the disease. 
MS is a neurodegenerative and neuroinflammatory disease affecting CNS in which 
it causes multifocal demyelinating lesions leading to physical and cognitive impair-
ments and despite the plethora of studies, definitive proof regarding the aetiology 
being still lacking. In this setting, HERV-W Env protein has been extensively studied 
and to date has been recognized as a contributor factor in the MS pathogenesis. As 
such, the expression level of HERV-W in the brain of MS patients positively cor-
relates with the severity of the clinical signs [106]. Moreover, the env transcripts and 
proteins of HERV-W are overexpressed in the brain [107] and in peripheral blood 
and serum of MS patients [108, 109] as a constant imprinting of the disease. Another 
important aspect characterizing the role of HERVs in MS is the interplay of HERVs 
with the immune system. Indeed, HERVs can stimulate both the production of pro-
inflammatory mediators and innate and adaptive immune cells, which in turn could 
affect endothelial cells of the blood-brain barrier as well as oligodendroglial precursor 
and microglial cells [94]. Another pathological condition in which HERV activity has 
been investigated is ALS, a progressive nervous system disease that affects nerve cells 
in the brain and spinal cord, causing loss of muscle control. ALS is also character-
izing by an imbalance of the immunological mediators with a marked production 
of inflammatory cytokines. The first demonstration of the involvement of a HERV 
was the discovery of the activation of HERV-K (subtype HML-2) in the brains of 
individuals with ALS [110, 111]. Subsequently, the reverse transcriptase activity of 
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HERV-K was identified in brain, cerebrospinal fluid (CSF) and blood of ALS patients 
[112, 113], and the expression of HML-2 Env transcripts and protein was found in 
cortical and anterior horn cells of the spinal cord samples [114]. Although there is 
consistent evidence linking HML-2 to ALS, very little is known about the mechanisms 
by which it may cause observed neurotoxicity. Recently, the neurotoxicity of HML-2 
Env was clarified in transgenic animals that express the envelope protein developing 
an ALS-like syndrome. Interestingly, these observations provide the possibility to use 
HERV-K env-specific antibody in preclinical models to prevent Env toxicity and pave 
the way for new treatment strategies in sporadic ALS [115]. Schizophrenia, a major 
neuropsychiatric disorder, is a chronic brain disorder, and when active, symptoms 
include delusions, hallucinations, trouble with thinking and concentration and 
lack of motivation [5]. While disease onset typically occurs in late adolescence or 
early adulthood, several lines of evidence suggest that SCZ results from aberrations 
occurring in foetal development [116]. Furthermore, growing evidence demonstrates 
the increased risk of SCZ following early-life exposure to infectious agents or inflam-
matory stimuli, suggesting the involvement of the immune system in the aetiopatho-
genesis of the disease [117]. The strongest evidence for an association between HERV 
and SCZ comes from studies of HERV transcripts in the brain, cerebrospinal fluid 
and blood samples from affected individuals in which elevated levels of HERV-H, 
HERV-K and HERV-W were detected [72, 118, 119]. HERV-W Env protein expression 
in hippocampus was recently shown to alter the N-methyl-d-aspartate receptor-
mediated synaptic organization and plasticity leading to defective glutamate synapse 
maturation, behavioural impairments and psychosis [120]. In addition, the epigenetic 
status of HERV-K sequences, particularly lower methylation levels in blood samples, 
has been indicated as marker of the early stages of SCZ [119]. Similarly, HERV-W 
transcripts and proteins were found to be elevated in the blood, CSF and brains of BD 
patients [118, 121, 122]. BD is a group of brain disorders that cause extreme fluctua-
tion in a person’s mood, energy and ability to function [5]. The precise aetiopathology 
of BD is unclear, and several reports indicate the involvement of the innate and adap-
tive immune system including inflammation [123]. Notably, an association between 
HERV-W Env protein, an increased level of IL-1β and an earlier disease onset was 
described in BD patients with respect to patients who were negative for HERV-W Env 
protein, suggesting HERV-W as marker able to define a specific group of patients in 
bipolar condition [122].

6. Human endogenous retroviruses in neurodevelopmental disorders

The first article pioneering the hypothesis of the possible involvement of 
HERVs in the aetiopathogenesis of neurodevelopmental disorders was published 
by us 10 years ago. Specifically, we hypothesized a link between HERV activity 
and ASD highlighting a distinct expression profile in Italian autistic children in 
which HERV-H was highly expressed in peripheral lymphocytes, when compared 
with controls, with higher levels in younger children, supporting the hypothesis 
that HERV-H overexpression might be regarded as a potential early biomarker 
of ASD. This view was even more supported by the fact that ASD children with 
more severe impairments in Communication and Motor Psychoeducational 
Profile-3 showed the highest expression levels of HERV-H [124]. The analysis 
of HERV expression profile was then replicated in a cohort of Albanian ASD 
children who showed HERV-H high expression level in peripheral lymphocytes as 
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already found in Italian ASD children. This allowed us to conclude that HERV-H 
could be considered as a molecular signature of the disease unrelated to ethnic-
ity [125]. These findings opened a challenging scenario to extend the study to a 
cohort of attention deficit hyperactivity disorder (ADHD) children in order to 
verify whether the peculiar HERV expression profile could also be identified in 
a ‘twin disorder’ of ASD. Indeed, the two disorders are highly correlated [126], 
and ADHD often occurs in conjunction with ASD [127]. ADHD children showed 
the highest expression levels of HERV-H in peripheral lymphocytes correlated 
with inattention and hyperactivity symptoms, suggesting HERV-H a molecular 
biomarker also for ADHD [128]. All the evidence emerged from these initial 
papers was always obtained by studying drug-naϊve children considering that, as 
indicated at the time by other research groups, HERV activity could be strongly 
influenced by drugs exposure [90]. And it is from all of this that the subsequent 
work arose, in which the intention was to evaluate HERV-H as a potential bio-
marker of response to treatment in ADHD patients undergoing methylphenidate 
(MPH) therapy. As such, the reduction of HERV-H expression levels H in 
peripheral lymphocytes from ADHD children was found after only 1 week of 
MPH therapy with a further decrease at 24 weeks of treatments in parallel with 
improvement in symptoms. These findings suggested HERV-H as a predictive 
marker of the response to MPH therapy despite the awareness that the absence of 
a non-responsive patient group is a major limitation of this research preventing 
definitive conclusions [129]. The validation of early results about HERV expres-
sion profile in ASD children and new evidence came from a paper we published 
in 2019 in which we also included the parents of children in order to investigate 
the parent-of-origin effects in ASD in terms of HERVs and immune deregulation. 
ASD children and their mothers shared common expression levels of HERV-H 
and HEMO and of the cytokines such as TNF-α, IFN-γ and IL-10 in peripheral 
lymphocytes. Therefore, the abnormal expression of HERVs and cytokines was 
not an exclusive trait of autistic patients but also of their mothers, suggesting a 
close mother-child association within the ASD families. Taken together, these 
findings support the potential use of selected HERVs and cytokines in a set of 
biomarkers that accounts for the multifaceted nature of the disorder and can 
complement existing clinical methods [130]. A subgroup of this cohort was 
also used to conduct a proof of concept study in which lymphocytes from ASD 
children and their parents were exposed to stimulating factors (Interleukin-2/
Phytohaemagglutinin) or drugs, such as the antiepileptic drug valproic acid 
(VPA) and the antiretroviral drug efavirenz (EFV) with the intent to investi-
gate whether the expression level of HERVs and cytokines could be modulated. 
Lymphocytes from ASD children and their mothers share intrinsic responsive-
ness to stimulating factors and VPA in expressing HERVs and cytokines. EFV 
specifically restored the HERV activity with a concomitant modulation of 
cytokines, in particular lowering the pro-inflammatory while maintaining high 
regulatory ones. This evidence provided new insights into the potential role of 
HERVs as biomarkers of ASD and raising the possibility of using HERV expres-
sion as a therapeutic target for a tailored approach to patient care [86].

With the intent of deciphering other factors linked to HERV activity that 
could contribute to ASD pathogenesis, the expression of epigenetic effectors 
known to regulate HERV expression and brain functions has been evaluated in 
ASD children. The authors found a correlation among the overexpression of these 
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elements and several HERVs suggesting their involvement in pathogenetic mecha-
nisms leading to ASD [131]. All the studies above described were conducted using 
peripheral lymphocytes from ASD cohorts in agreement with the findings of 
various research studies that there is a shared gene expression profile between 
whole blood and brain tissues, suggesting that the cautious and thoughtful use 
of peripheral gene expression may be a useful surrogate for analysis in the brain. 
Of course, the brain remains the district of choice for studying neurodevelop-
mental alterations and to circumvent the issue, different preclinical models of 
ASD have been developed enabling studies on the aetiology, pathogenesis and 
possible prevention and treatment modalities of ASD. The main categories of 
models comprise genetic animal models, idiopathic strain, models of infection/
inflammation and chemically induced animal models displaying robust and 
well-replicated social deficits and repetitive behaviours [132]. The idiopathic 
strain BTBR T+tf/J (BTBR) and the prenatally CD-1 VPA-induced models of ASD 
have been extensively studied to characterize the expression profile of ERV and 
immune mediators. As such, whole embryos at about half of gestation, brain and 
blood tissues at different postnatal ages have been analysed. Both ASD models 
showed higher expression levels of ERVs beginning from intrauterine life and up 
to adulthood (Figure 2). Moreover, the aberrant expression of some ERV families 
correlated with expression levels of pro-inflammatory cytokines and TLR-3 and 
TLR-4 in embryos and brain tissues, supporting the interplay between ERVs 
and neuroinflammation as contributing factors in the appearance of ASD-like 
phenotype [133]. Subsequently, we conceived a study to evaluate the multigen-
erational impact of prenatal VPA exposure, demonstrating transgenerational 
changes in both behaviour and ERV expression that last, with fading of epigen-
etic memories across generations, till the third one that lacks a direct exposure 

Figure 2. 
The abnormal ERV, cytokines and TLRs expression in mice with autistic-like phenotype prenatally exposed to 
valproic acid (created by BioRender).
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to the drug (Figure 2). Of note, offspring from maternal lineages showed more 
marked transcriptional effects compared with paternal lineages both in the 
second and in third generations suggesting the hypothesis of maternal imprint-
ing as a contributing factor in increasing susceptibility to ASD [134]. Moreover, 
these findings also suggest ERV blood transcriptional levels as a stable peripheral 
biomarker, even at early life stages, of derailed brain development [135]. In our 
last paper, we demonstrated that MIA induced abnormal expression of ERVs and 
immune mediators in mouse off-spring in a sex-dependent fashion. Specifically, 
we demonstrated that the prenatal exposure to Poly I:C in C57BL6/J mice induced 
a tissue-specific expression of several ERVs, ERV-related genes and inflamma-
tory mediators with ERVs as the main carriers of the peculiar profile found in 
brain areas from Poly I:C mice. In addition, Poly I:C induced larger effects on the 
expression of some retroviral elements only in pre-frontal cortex from female 
offspring reinforcing the view on sex bias as a possible risk factor for ASD [136].

Taken together, these findings candidate ERV activation as common feature 
shared by several risk factors of appearance of ASD and suggest ERVs as main carriers 
of changes occurring in brain from autistic mice, primarily in female offspring. These 
papers could represent the starting point to set up a new preclinical experimental 
design to verify the chance to inhibit ERV activity to rescue ERV activation, immune 
dysregulation and ASD-like phenotype observed in offspring trying to figure out 
cause and effect in this complex interplay. Moreover, a deep characterization of the 
molecular mechanisms by which gender differences could affect the neurodevelop-
ment will help in identifying gender-specific diagnosis and personalized treatment 
strategies.

7.  Human endogenous retroviruses: from aetiological to therapeutic 
implications in neurological diseases

Given the now well-established knowledge regarding the implication of HERVs 
in different pathological conditions, new avenues for the development of targeted 
therapies directed against HERV products have been opened. In this direction, a 
humanized monoclonal antibody (mAb) directed against HERV-W ENV, called 
GNbAC1 or temelimab, has been developed. The drug targets a linear non-
glycosylated epitope of the surface unit domain of the HERV-W Env, blocking its 
interaction with the TLR-4 receptor and thus, the release of pro-inflammatory 
mediators and the inhibition of the myelin repair process. Different in vitro and 
preclinical studies offered promising results that culminated in clinical trials in 
which temelimab has been proposed as novel drug for MS treatment first to test 
pharmacokinetics, safety and efficacy providing encouraging results about its 
neuroprotective and regenerative effects in parallel with antiretroviral effects, 
which does not impair the immune system [137, 138]. Starting from the observa-
tions that also in type 1 diabetes (T1D) patients, HERV-W Env has been detected 
in blood and pancreatic acinar cells and after different reports concerning the 
activity of temelimab in in vivo and in vitro models of T1D [139], this drug was 
offered to patients as a part of a clinical trial to test the safety and its effect on the 
autoimmune process. Also in the case, the drug was well tolerated and reduced 
the events of hypoglycaemia and the levels of anti-insulin autoantibodies after 
the first period of treatment [139, 140]. More recently, the same research group 



129

Human Endogenous Retroviruses in Autism Spectrum Disorders: Recent Advances…
DOI: http://dx.doi.org/10.5772/intechopen.108671

proposed an anti-HERV-K Env mAb for the treatment of ALS. In addition to the 
antibody-based immunotherapy targeting HERV ENV, also the use of antiretrovi-
ral drugs has been evaluated in different setting, ranging from the in vitro studies 
to clinical trials, opening new prospects for exploring novel treatments of diseases 
such as MS [141]. The underlying rationale is that patients with HIV treated with 
antiretroviral drugs have a lower risk of developing MS than non-infected, healthy 
population thus suggesting that the antiretroviral treatment may reduce the risk 
of evolving MS also acting on HERV expression [141, 142]. Also in the treatment 
of patients with ALS the use of antiretroviral drugs has been proposed. As such, 
a recent clinical trial including a combination of antiretroviral drug has been 
conducted showing a decrease in HERV-K expression as well as of disease markers 
when administered to patients. Remarkably, a high percentage of patients were 
classified as ‘responsive’ to treatment reinforcing even more the role of HERV-K in 
the clinical course of the disease [143, 144].

Taken together, these findings provide the background for hypothesizing other 
therapeutic approaches targeting HERVs in different clinical setting towards a 
personalized medicine.

8. Conclusions and new future perspectives

The physiological roles of HERVs in pregnancy and embryogenesis, their 
intrinsic responsiveness to external stimuli and the interaction with the immune 

Figure 3. 
The potential involvement of human endogenous retroviruses (HERVs) in the interaction among genetic 
susceptibility, environmental risk factors and immune activation in complex neurodevelopmental disorders 
(created by BioRender).
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system support the hypothesis that their deregulation affects the neurodevelop-
mental process (Figure 3). Nevertheless, it is still debated if HERVs are cofac-
tors or epiphenomenon in neurodevelopmental disorders, and more efforts are 
needed to investigate the potentially detrimental effect of HERV products in the 
aetiopathogenic processes. In this complex landscape, the use of animal models 
could offer countless advantages to deeply investigate the embryonic phase that 
is certainly crucial for the onset of ASD, and brain district, mostly inaccessible 
in human studies. Since the brain remains the district of choice for the study of 
neurodevelopmental alterations, preclinical models of ASD allow to explore and 
characterize this anatomical district in depth, helping clinical research to make 
further progress towards the identification of new biomarkers, potentially useful 
for diagnosis and pharmacological intervention. Moreover, HERVs seem to be a 
reliable biomarker for ASD, readily detectable in peripheral blood, representing a 
potential efficient diagnostic tool to complement the current clinical behavioural 
diagnosis. Furthermore, a biomarker detectable before the onset of symptoms 
could facilitate early screening and timely initiation of treatment by improving the 
long-term prognosis of the mental health of affected individuals. Further studies 
are needed and could represent a new approach to unravel the aethiopathogenesis 
of ASD, bearing in mind that the retroelements cannot be appropriately under-
stood only through a virologic or genetic approach, since their complex roles in 
physiology as well in diseases. Both preclinical models and human studies indicate 
that the abnormal expression of ERVs could represent a molecular signature of 
neurodevelopmental disorders.
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Chapter 9

Positron Emission Tomography 
in the Neuroimaging of Autism 
Spectrum Disorder
Zhiqiang Tan, Weijian Ye, Hao Xu and Lu Wang

Abstract

Autism spectrum disorder (ASD) is a pervasive developmental disease characterized 
by persistent impairment, repetitive and stereotypical behaviors in social interac-
tion, as well as restricted interests and activities. The etiology of ASD is not clear yet, 
which results in difficulties in clinical diagnosis and treatment, and also brings heavy 
burden to patients and society. Positron emission tomography (PET) is a frequently 
used molecular imaging technology in quantitative, dynamic and in vivo research for 
therapeutic efficacy evaluation, pathophysiological mechanism investigation, thereby 
promoting development of ASD therapeutic drugs. More and more imaging studies 
have been reported on ASD recently, and the physiological changes featured by PET 
have been disclosed. This chapter reviews the specific radioligands for PET imaging 
of critical biomarkers involved in ASD. Herein, we discuss cerebral blood perfusion, 
cerebral glucose metabolism, and neurotransmitter system (transporters, precursors 
and receptors), as well as some other novel targets, including arginine vasopressin 
receptor targets and neuroinflammation related targets. The status of application and 
future prospect of the PET technology in research of ASD were discussed. This chapter 
provides a detailed and comprehensive literature review on ASD PET probe develop-
ment, thereby can help readers intuitively and conveniently understand the status quo 
of research on ASD PET, and develop new research directions in this field.

Keywords: autism spectrum disorder, ASD, neuroimaging, positron emission tomography, 
PET, radioligands

1. Introduction

Autism spectrum disorder (ASD) is a pervasive developmental disorder  
characterized by persistently impaired interpersonal communication and social  
interactions, significantly limited activities and interests, as well as repetitive, 
stereotyped and limited behaviors. The fifth edition of the Diagnostic and Statistical 
Manual of Mental Disorders (DSM-5) published in 2013 revolutionized the ASD 
diagnostic criteria [1], and identified four previously defined pervasive develop-
mental disorders that are now referred to as ASD: pervasive developmental disorder 
not otherwise specified (PDD-NOS), autistic disorder, childhood disintegrative 
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syndrome (also known as Heller Syndrome), and asperger syndrome (AS). The  
diagnostic criteria were reduced to two items: social dysfunction, and stereotypical 
and repetitive behavior. The previous diagnostic criteria including and non-verbal 
and verbal communication disorders are ascribed to social disorders. These changes 
have impacted the diagnosis and therapy of a variety of pervasive developmental 
disorder subtypes, and influenced the comparability and consistency of imaging 
studies. Each document cited will be marked with “ASD/AS/AutismPDD” according 
to diagnostic criteria to avoid unnecessary confusion.

The understanding of etiology of idiopathic ASD is still not sufficient, and the 
current evidence indicates that ASD might be driven by affected synaptic function, 
cortical networks as well as brain maturations induced by environmental and genetic 
factor interactions. Obstetric complications and early childhood environmental 
influences may play critical roles in ASD development [2, 3]. Moreover, children who 
experience obstetric complications are also more likely to exhibit genetic causation 
of the disease [4]. The latest large gene study has identified 102 risk genes associated 
with ASD in human [5]. Most risk genes are closely correlated with neurodevelop-
ment and neurophysiology and are expressed in early stage of brain development, 
especially in inhibitory and excitatory neurons, consistent with ASD-associated 
excitation/inhibition imbalances.

Currently, ASD diagnosis is mainly based on clinical evaluation and medical 
history of patients as well as medical history of patients’ families. Autism Diagnostic 
Interview Revised (ADI-R), a structured interview for patients’ family members [6], 
and the Autism Diagnostic Observation Schedule (ADOS), a play-based interview for 
children and their families or high-functioning children, adolescents, or adults [7] are 
two collection tools for medical history data, which are considered gold standard for 
clinical ASD diagnosis. ASD patients’ clinical evaluation mainly includes neurological 
and physical examinations [8], as well as neuroimaging. Though no specific biomark-
ers can be used for ASD diagnose thus far, neuroimaging techniques have exhibited 
potentials for explaining signs and symptoms in ASD [9], and have been applied in 
elucidation of pathophysiologic mechanisms underlying ASD-related abnormalities 
in neurotransmitter system, blood perfusion, and brain glucose metabolism in the 
past decades. Therefore, neuroimaging techniques will act as important tools in ASD 
diagnosis, therapeutics and efficacy evaluation.

2. Positron emission tomography

Positron emission tomography (PET) detects processes associated with the 
metabolism and distribution of positron emitting radionuclide-labeled probes 
in vivo. The commonly used radionuclides include 11C (T1/2 ~ 20.4 min), 18F 
(T1/2 ~ 109.8 min), 13N (T1/2 ~ 10.0 min) and 15O (T1/2 ~ 2.0 min). It should be 
noted that radionuclides with short half-lives, such as 11C (T1/2 ~ 20.4 min) and 15O 
(T1/2 ~ 2.0 min), can only be used with onsite cyclotrons at tertiary medical centers. 
With the probe distribution in the body, nuclear decay occurs, emitting positrons, 
which collide with electrons surrounding to generate two gamma photons (511 keV 
each) in a 180° reverse manner. The gamma photon signals detected are then pro-
cessed by computer software to generate three-dimensional images [10]. Compared 
to magnetic resonance imaging (MRI) and single photon emission computed 
tomography (SPECT), PET has significant advantages in spatial resolution, sensitiv-
ity, and time efficiency, and therefore is much more advantageous quantification of 
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substantial parameters including protein synthesis rate, enzyme activity and recep-
tor density, glucose metabolic rate, and gene expression.

Based on radioactive probe, PET imaging technology has dramatic advantages in 
detection a variety of receptors, transporters, metabolites, enzymes, as well as drugs. 
With microdose, PET tracers can be applied in preclinical and early clinical studies to 
investigate in vivo drug physiological performance, pharmacodynamics and phar-
macokinetics, target occupancy, providing critical information for clinical trials [11]. 
PET probe can be used for both clinical diagnose and evaluation. More than 1000 
PET probes have been developed and applied in numerous fields including labeling 
of metabolic analogs or substrates including fatty acids, amino acids, and glucose, 
the [12], labeling specific proteins, such as transporters or receptors [13, 14], as well 
as labeling in signal transduction, immunological features, hypoxia, angiogenesis, 
apoptosis and genes [15, 16]. PET probes as effective neuroimaging tools have high 
binding specificity and affinity, good brain penetration ability, and a good distribu-
tion volume and metabolic stability. Table 1 lists the main ASD research targets and 
the corresponding PET probes.

3. PET molecular imaging in ASD

The development of PET has provided noninvasive and dynamic technical support 
for the study of ASD in vivo [17]. Though the pathology and etiology of ASD remain 
unclear, during the past decades, PET has been widely applied in many fields of ASD 
research, and substantial valuable information and evidence has been obtained [18–26].

The neuroimaging studies on ASD have been reviewed in several articles with dif-
ferent focuses [25–28]. Some focused on the state of ASD imaging research [26, 27]. 
Others focused on the application of specific neuroimaging techniques [28]. With the 
development of ASD PET probes, the newly research results need to be updated. In 
this review, we discuss neurotransmitter system (receptors, precursors, and trans-
porters), cerebral blood perfusion, cerebral glucose metabolism, as well as some new 
research targets including arginine vasopressin receptor targets and neuroinflamma-
tion related targets. The current application and future prospect of PET technology 
in ASD research were discussed through summarizing both clear ASD pathophysi-
ological mechanism and unclear research conclusions. This review provides a detailed 
comprehensive literature review on ASD PET probe development, thereby can help 
readers intuitively and conveniently understand the status quo of research on ASD 
PET more, and develop new research directions in this field.

3.1 Cerebral glucose metabolism

Glucose is the main energy source of brain cells, therefore, glucose metabolism can 
reflect brain function changes. [18F]fluorodeoxyglucose ([18F]FDG) is glucose analog, 
and can be taken up by brain cells, however, [18F]FDG cannot be used in glycolysis due 
to the absence of oxygen at site 2, therefore, [18F]FDG can be used to reflect glucose 
uptake and distribution in brain cells [29]. [18F]FDG is therefore very valuable in ASD 
PET research due to its excellent imaging characteristics, including a long half-life, short 
scanning time, mature preparation process, and relatively simple scanning process [25].

Brain glucose metabolism has been most frequently studied in ASD PET. Most 
studies have focused on changes in brain glucose metabolism in ASD patients. 
However, no consistent conclusion has been drawn FDG metabolism changes in ASD 
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Target PET probe Chemical formula Clinical application

Glucose [18F]FDG C6H11
18FO5 Y

CBF [15O]H2O H2
15O Y

[15O]CO2 CO15O Y

[11C]butanol C2
11CH8O Y

5-HT
precursor

[11C]AMT C11
11CH14N2O2 Y

5-HTT [11C](+)McN5652 C18
11CH21NS Y

[11C]DASB C15
11CH17N3S Y

[11C]MADAM C15
11CH20N2S Y

[18F]FMeNER-d2 C18H18D2
18FNO3 Y

[11C]ADAM C14
11CH17IN2S N

[11C]DAPA C14
11CH17BrN2S N

[11C]AFM C15
11CH19FN2S N

5-HT2AR [18F]setoperone C21H24
18FN3O2S Y

[11C]MDL100907 C22H18
18FNO3 Y

[18F]altanserin C22H22
18FN3O2S N

5-HT1AR [18F]MPPF C25H27
18FN4O2 Y

[18F]F13714 C21H25ClF18FN4O N

OXT
OXTR

[11C]PF-3274167 C18
11CH19ClFN5O3 N

[11C]EMPA C22
11CH26N4O4S N

DA
precursor

[18F]FDOPA C9H10
18FNO4 Y

DAT [11C]WIN35,428 C15
11CH20FNO2 Y

[11C]methylphenidate
[11C]cocaine

C14H19NO2

C17H21NO4

N
N

[18F]FE-PE2I C20H25
18FINO2 N

D2R [11C]NMS C23
11CH28FN3O2 Y

[11C]raclopride C14
11CH20Cl2N2O3 Y

D2R, D3R [18F]fallypride C20H29
18FN2O3 N

[11C]-(+)-PHNO C14
11CH21NO2 N

D1R [11C]NNC112 C18
11CH18ClNO2 N

[11C]SCH23390 C16
11CH18ClNO Y

GABA
GABABR

[18F]1b C16H16Cl18FN2O3 N

GABAAR [18F]FMZ C15H14
18FN3O3 Y

[11C]Ro15–4513 C14
11CH14N6O3 Y

AChE
receptor

[18F]FA C9H11
18FN2O N

precursor [11C]MP4A C7
11CH15NO2 Y

Leucine [11C]leucine C5
11CH13NO2 Y
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patients. As early as 1985, Rumsey et al., performed a brain [18F]FDG PET study 
and found that the cerebral glucose metabolism in ASD patients was more diffuse 
compared with that in controls [30]. However, most of the following [18F]FDG PET 
studies found a reduced brain glucose metabolism in ASD patients than controls 
except for specific brain regions [31–38]. Chugani et al. observed reduced glucose 
metabolism in cerebellum, frontal cortex, anterior cingulate gyrus, right temporal 
cortex, and bilateral medial temporal regions in four autistic children with wine spot-
ting [39]. The glucose metabolism asymmetry in frontal temporal lobe was different 
from the symptom in typical autism children. More studies showed that ASD patients 

Target PET probe Chemical formula Clinical application

Glutamate

mGLuR5 [18F]FPEB C14H7
18FN2 Y

[11C]ABP-688 C14
11CH16N2O N

mGLuR1 [11C]ITMM C18
11CH18N5O2S N

mGLuR7 [11C]MMPIP C18
11CH15N3O3 N

TSPO [11C]PK11195 C20
11CH21ClN2O Y

[11C]DPA713 C20
11CH28N4O2 N

[18F]FEPPA C22H21
18FN2O3 N

[11C]PBR28 C20
11CH20N2O3 Y

[11C]ER176 C19
11CH20ClN3O N

[18F]GE180 C20H27
18FN2O2 N

[18F]FEPPA C22H21
18FN2O3 N

P2X7R [11C]A-740003 C25
11CH30N6O3 N

[11C]JNJ-717 C18
11CH17Cl2N5O2 N

[18F]JNJ64413739 C18H14F3
18FN6O N

[11C]SMW139 C18
11CH21ClF3NO2 N

MAO-B [11C]SL25.1188 C15
11CH17F3N2O5 N

COX-1 [11C]PS13 C17
11CH16F3N3O3 N

COX-2 [11C]MC1 C16
11CH17N3O3S2 N

CSF1R [11C]CPPC C21
11CH27N5O2 N

AVP
V1aR

[18F]SRX246
[11C]SRX246
[11C](1S,5R)-1
[11C]PF-184563

C42H48
18FN5O5

C42
11CH51N5O5

C25
11CH30N2O2

C20
11CH23ClN6

N
N
N
N

Abbreviations: Application, Whether applied in ASD research; CBF, Cerebral Blood Flow; 5-HT, 5-Hydroxytryptamine/
Serotonin, 5-HT; 5-HTT, 5-Hydroxytryptamine Transporter/Serotonin Transporter; 5-HT2AR, Serotonin 2A Receptor; 
5-HT1AR, Serotonin 1A Receptor; OXT, Oxytocin; OXTR, Oxytocin Receptor; DA, Dopamine; DAT, Dopamine 
Transporter; D1R, Dopamine D1 Receptor; D2R, Dopamine D2 Receptor; D3R, Dopamine D3 Receptor; GABA, 
γ-Aminobutyric Acid; GABAAR, γ-Aminobutyric Acid Type A Receptor; GABABR, γ-Aminobutyric Acid Type B 
Receptor; AChE, Acetylcholinesterase; mGLuR1, metabotropic Glutamate Receptor 1; mGLuR5, metabotropic Glutamate 
Receptor 5; mGLuR7, metabotropic Glutamate Receptor 7; TSPO, 18 kDa Translocator Protein; P2X7R, Purinergic 
P2X7 Receptor; MAO-B, monoamine oxidase B; COX-1, Cyclooxygenase 1; COX-2, Cyclooxygenase 2; CSF1R, Colony 
Stimulating Factor 1 Receptor; AVP, Arginine Vasopressin; V1Ar, Vasopressin 1a Receptor; Y, Yes; N, No.

Table 1. 
Summary of ASD research targets and their corresponding PET probes.
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exhibited either increased or decreased glucose metabolism in different regions of 
brain [40–45]. In addition, earlier studies also reported no significant difference in 
cerebral glucose metabolism between the autism and control subjects [46–48]. No 
consensus has been drawn on glucose metabolism change in different specific brain 
regions in ASD patients, however, some common findings included decreased glucose 
metabolism in temporal lobe as well as abnormal glucose metabolism in the highly 
connected areas including the adjacent limbic cortex, parietal lobe, and frontal lobe, 
which is consistent with the anatomical connectivity between the associative and 
supratemporal cortexes [49–51] and is supported by findings on the brain functional 
network for glucose metabolism [52–54].

[18F] FDG PET is applied in both study of glucose metabolism changes in specific 
brain regions of ASD patients and ASD treatment evaluation via neuroimaging. An 
[18F]FDG PET study performed on fluoxetine treated ASD patients found that the 
glucose metabolic rate in the right frontal lobe, especially in the orbitofrontal cortex 
and anterior cingulate gyrus, was remarkably increased after treatment. Moreover, 
they found the patients with higher glucose metabolic rates in the anterior cingulate 
and medial frontal lobe before treatment exhibited a more significant response to 
fluoxetine, indicating that response to fluoxetine is closely correlated with baseline 
cingulate metabolism [55]. However, the cerebral glucose metabolism in ASD patients 
after treatment does not consistently exhibit an increasing glucose metabolism. 
Another [18F]FDG PET study conducted on a 14 years old ASD patient showed that 
after two years of treatment with nucleus accumbens (NAc) deep brain stimulation 
(DBS), the patient’s clinical symptoms were significantly improved with brain [18F]
FDG PET results showing that the glucose metabolism in the occipital, frontal, and 
prefrontal cortexes was dramatically reduced after treatment [56]. Another [18F]
FDG PET study was conducted on a 6 years old ASD patient to assess the efficacy of 
ketogenic diet (KD) treatment, a commonly used therapy for refractory epilepsy. 
Glucose metabolism bilateral local reduction was observed in the cerebellum, proxi-
mal meso-temporal lobe, and basal ganglia region in patient, and after a 12-month 
KD treatment, glucose metabolism was markedly decreased throughout the entire 
cerebral cortex [57], with the main brain cell energy changing from glucose to ketone 
bodies as the underlying mechanism [58, 59]. The findings taken together suggest that 
ASD therapy can alter the cerebral glucose metabolism state and improve patients’ 
clinical symptoms. The [18F]FDG PET application in glucose metabolism assessment 
can help screen subjects for further efficient clinical therapy, as well as evaluate treat-
ment efficacy. It is worth noting that the effects of ASD therapeutic drugs targeting 
dopamine, 5-hydroxytryptamine, gamma-aminobutyric acid, as well as other neu-
rotransmitter systems on brain glucose metabolism need further study.

3.2 Cerebral blood flow

The [15O]CO2 steady-state inhalation technique has been widely used in the early 
stages of PET imaging to study cerebral perfusion, but its reliability is insufficient. 
Imaging with probes that have a small relative molecular weight and are uncharged 
and fat-soluble (mainly [15O]H2O) are now more preferable. These probes can go 
through the blood–brain barrier, so the probe amount in brain cells is positively 
related to regional cerebral blood flow (rCBF), which is directly correlated with local 
brain function. Therefore, cerebral perfusion imaging can reflect the local brain 
function to a certain extent. To calculate rCBF, the dynamic intracranial distribution 
of probe in human body is recorded, and blood samples are collected continuously 
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to assess the input function of carotid artery. With image processing, the radiation 
concentration-time curves are obtained for calculation of the rCBF values for differ-
ent brain regions [60].

In early experiments, cerebral perfusion imaging was performed on 6 ASD 
patients and 8 normal controls after nasal inhalation of [15O]CO2 and no difference 
in rCBF was found [47]. These negative results may be due to the influence of [15O]
CO2 absorption on cerebral perfusion imaging quality or limitations of early low-
resolution PET cameras. High-resolution PET combined with statistical parameter 
mapping was able to find some local abnormalities that the low-resolution PET 
failed to detect [61]. In subsequent experiments, [15O]H2O was administrated to 
ASD patients via intravenous injection for cerebral perfusion imaging. The cerebral 
perfusion imaging was performed with patients carrying out various tasks or social 
functions such as listening, speaking, thinking, emotional processing, etc., and based 
on the voxel statistical parameters, the image data analysis was performed to compare 
perfusion in distinct brain regions between ASD patients and controls [62–64]. The 
different activation regions for different tasks shown by cerebral perfusion imaging 
were correlated with behavioral function control areas in brain. Due to the influence 
of factors, such as IQ and age on ASD patients’ ability to perform tasks, the results 
from different studies were not comparable. However, continuous studies revealed 
general rules for rCBF and brain function changes in ASD patients. When [15O]H2O 
PET was used to study the differences in rCBF in four ASD patients and five controls 
during a verbal task [63], it was found that the left frontal region 46 and right dentate 
nucleus were activated more during motor speech function while less during hearing, 
speech, and expressive language in ASD patients compared with controls. During 
speech expression, the thalamus exhibited similar intergroup differences with those 
in region 46. In 1999, [15O]H2O PET was used to explore differences in rCBF between 
five highly functioning adult ASD patients and five typical developing controls during 
a verbal task [65]. The results showed that the patients’ hearing was closely related to 
left hemisphere dominance reversal, and cerebellar and bilateral superior temporal 
gyrus rCBF decreased in ASD patients, indicative of reduced involvement of cerebel-
lar in language expression and non-verbal auditory perception. These results are 
consistent with a previous report that dentate-thalamo-cortical pathway was affected 
by dys-serotonin synthesis in ASD boy patients, indicating the dentate-thalamo-cor-
tical pathway atypical functional specialization, in line with brain regional-specific 
biochemical disorder in autism development [66]. Three studies using [15O]H2O to 
explore changes of rCBF in ASD patients during a language task observed decreased 
rCBF in the left temporal lobe area of patients’ brain and the resulted abnormal func-
tion of the temporal lobe, consistent with the glucose metabolism pattern changes in 
brains of ASD patients [61, 67, 68].

For task-state cerebral perfusion imaging, functional magnetic resonance such as 
arterial spin labeling (ASL) sequence has unique advantages [69]. Comparative stud-
ies or joint imaging with PET and fMRI will have a wider application in the future.

3.3 5-hydroxytryptamine system

5-hydroxytryptamine (5-HT)/serotonin, is a well-known inhibitory neurotrans-
mitter, which regulates synaptogenesis and neuronal migration in brain development 
[70]. The abnormalities of the 5-HT system in autism were first reported in 1961 
[71]. In a whole blood test study, 5-HT was found to be significantly increased in 23 
children with autism and severe mental disability, and slightly increased in 7 children 
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without autism but had severe mental disability. In contrast, normal level of 5-HT was 
tested in 12 children with mild mental retardation and four non-autistic and non-
mentally handicapped children. Enhanced 5-HT levels in whole blood in ASD patients 
was further confirmed in follow-up studies; moreover, enhanced whole blood 5-HT 
levels were also detected in their immediate family members [21]. In addition, 5-HT 
antagonists can lead to improvement in ASD symptoms [72–74]. 5-HT has been most 
frequently tested in ASD studies, due to the close relationship between the 5-HT 
system and ASD. Based on the current ASD-related 5-HT PET imaging studies, the 
5-HT system abnormalities in ASD patients mainly include decreased 5-HT transport-
ers in brain, abnormal functions of brain 5-HT receptors, increased whole blood 5-HT 
levels, and disorder of 5-HT synthesis in brain.

3.3.1 5-HT precursor

Tryptophan hydroxylase is a precursor of 5-HT and α-methyl-L-tryptophan can 
specifically bind to tryptophan hydroxylase. Therefore, radio-labeled [11C]AMT has 
been widely used as a specific probe to measure 5-HT synthesis [75, 76]. Unilateral 
changes in 5-HT synthesis in the dentate-thalamo-cortical pathway in ASD patients 
were analyzed with [11C]AMT PET [66]. In all the 7 boys with autism tested but not 
in a girl with autism, 5-HT synthesis asymmetry was observed in cerebellar dentate 
nucleus, frontal cortex, and thalamus. Decreased 5-HT synthesis was observed in 
thalamus and left frontal cortex in 5 boys, while in thalamus and right frontal cortex 
in the other two boys. While increased 5-HT synthesis was detected in the contralat-
eral dentate nucleus of all the 7 boys. Chugani et al. used [11C]AMT PET to test 5-HT 
synthesis in 30 children with autism, 8 non-autistic siblings of the patients, and 16 
non-autistic children with epilepsy [77]. They found in a non-autistic child before 
5 years old, 5-HT synthesis was more than twice that of an adult and then dropped to 
adult levels after 5 years. However, during the childhood of ASD patients, the whole-
brain 5-HT synthesis reduced, but between 2 and 15 years old, it gradually increased, 
and reached a level 1.5 times that of the normal adult level with no gender difference. 
Age-dependent differences were observed in 5-HT synthesis between the epileptic 
and autism groups, as well as between the autism and sibling groups. Chandana et al. 
used [11C]AMT PET to study the relationship between language and handedness func-
tions and serotonin synthesis local and global abnormalities in children with autism 
[78]. Abnormal 5-HT synthesis in multiple cortex including non-lateralization, left 
and right cortex was observed by analysis in 117 children with autism. A more severe 
language impairment was observed in ASD children with reduced AMT binding in 
the left cortex, while a higher autism prevalence was found in ambidextrous and 
left-handed ASD children with reduced AMT binding in the right cortex. The local or 
global serotonin system abnormal asymmetrical development may both cause faulty 
neural circuitry.

3.3.2 5-HT transporter

5-hydroxytryptamine transporter (5-HTT), also named serotonin transporter 
(SERT) can transfer 5-HT to 5-hydroxytryptamergic neurons. Dysregulation of 
5-HTT and 5-HT system happens simultaneously in ASD patients, but the association 
between 5-HTT and ASD remains unclear. The current PET probes for 5-HTT study 
include [11C]DASB, [11C](+)McN5652, [11C]MADAM, and [18F]Fmener-D2.
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[11C](+)McN5652 is the first probe used for 5-HTT imaging [79]. Nakamura et al. 
used [11C](+)McN5652 PET in study of 5-HTT in ASD patients, and found that the 
whole brain 5-HTT level in ASD patients was lower than controls [80]. [11C]DASB is 
more widely used probe than [11C](+)McN5652 due to its high reliability and repeat-
ability resulted from its reversible high-affinity binding with 5-HTT [81]. However, 
different studies on 5-HTT in ASD patients using [11C]DASB reported different 
results. Girgis et al. did not find significant difference in 5-HTT between ASD and 
control groups [82]. Andersson et al., found significantly lower levels of 5-HTT 
in brain stem, gray matter, as well as nine gray matter subregions in ASD patients 
compared with controls [83], consistent with previous report that in ASD patients, 
5-HTT level is decreased [84]. The different conclusions from different studies might 
be due to the heterogeneous study subjects, or different imaging for different ASD 
subtypes. The development of new probes for 5-HTT study (such as [11C]AFM, [11C]
ADAM, and [11C]DAPA) will promote elucidation of the association between 5-HTT 
and ASD, and significantly improve our understanding of the ASD pathophysiologi-
cal mechanisms [85, 86].

3.3.3 5-HT receptor

Totally 14 subtypes of 5-HT receptor (5-HTR) have been found until now. 5-HT 
can stimulate different subtypes of 5-HTR, thereby exerting different physiological 
effects. The relationship between 5-HTR content changes and ASD remains unclear. 
Among 5-HTR subtypes, only 5-HT1AR and 5-HT2AR have been used in studies 
of ASD PET. [18F]F13714 and [18F]MPPF are 5-HT1AR targeting probes, and [18F]
Altanserin, [11C]MDL100907, and [18F]Setoperone are 5-HT2AR targeting probes.

[18F]Setoperone has a high specificity for 5-HT2AR [87]. Beversdorf et al., used 
[18F]Setoperone PET and found much less [18F]Setoperone binding in the thalamus 
of ASD patients compared with control group, however, no significant difference was 
observed in other regions [88]. Goldberg et al. used [18F]Setoperone PET and found a 
significant lower cortical 5-HT2AR binding potential (BPND) and also a lower cortical 
5-HT2AR density in the parents of the ASD children when compared with the control 
group. A negative correlation was also observed between the platelet 5-HT levels and 
the cortical 5-HT2AR BPND in the parents of the ASD children [89]. These results were 
consistent with reduced 5-HT2AR expression and function observed in ASD patients, 
and also further elucidated the pathophysiological mechanism of elevated 5-HT 
level in ASD patients’ peripheral blood. Another study using probe [11C]MDL100907 
observed no significant difference in regional [11C]MDL100907 BPND between adult 
patients with AS and controls [82].

A PET study using [18F]MPPF, a 5-HT1AR-specific probe was carried out on adult 
ASD patients and controls to study the correlations between gray matter volume 
(GMV), social personality, and 5-HT1AR binding potential [90], and found a regional 
negative relationship between 5-HT1AR BPND and GMV, while 5-HT1AR density was 
similar between ASD patients and controls. However, the correlations observed in 
control group between GMV, 5-HT1AR, and social personality scores in the striatum 
were not observed in the ASD group, suggesting in the striatum of ASD patients, 
there is a 5-HT system disturbance correlated with the changes of 5-HT1AR density.

With the development of probe, PET probes targeting other 5-HTR subtypes will 
be widely applied in ASD research, which can significantly improve elucidation of the 
ASD pathogenesis [25].
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3.4 Oxytocin

Oxytocin (OXT) is a neuropeptide that plays an important role in the regulation of 
social behavior in mammals by interacting with oxytocin receptor (OTR). Previous 
studies have found abnormal OXT levels in patients with autism [91]. Numerous 
studies have demonstrated significantly improved social behavior in ASD patients 
resulted from intranasal OXT treatment. Guastella et al. reported a significantly 
improved ASD patient performance in an eye-mind task after administration of OXT 
via intranasal inhalation [92]. FMRI studies showed that after OXT treatment, several 
brain regions exhibited enhanced responses to stimuli in ASD patients [93, 94].

Unfortunately, PET probes targeting OTR satisfactorily have yet to be success-
fully developed. The probes [11C]EMPA [95] and [11C]PF-3274167 [96] have not been 
widely applied because their physical and chemical properties are not unsatisfactory. 
5-HT and OXT are integrated both in structure and function, mediating emotion-
based behavior. The amygdala is the key area for 5-HT regulation by OXT. OXT can 
inhibit the activity of amygdala and reduce anxiety; in contrast, dysregulation of 
5-HT and high activity of amygdala are correlated with enhanced anxiety. Substantial 
studies have been performed to investigate 5-HT system changes after treatment 
with OXT and further explore the functions and related mechanisms of OXT in ASD. 
Using [18F]MPPF PET, Mottolese et al. detected changes of 5-HT1AR in the brain 
after OXT treatment, and found that OXT enhanced [18F]MPPF BPND in the dorsal 
raphe nucleus (the core region for 5-HT synthesis), orbitofrontal cortex, insula, and 
amygdala/hippocampus complex [97]. Using [18F]MPPF PET, Lefevre et al. did not 
find significant difference in the 5-HT1AR distribution and content between ASD 
patients and controls [98]. However, they found OXT dramatically enhanced [18F]
MPPF BPND in some regions of brain in control group, but not in ASD group. Using 
[11C]DASB PET, Hirosawa et al. observed significantly increased [11C]DASB BPND in 
the left inferior and left middle frontal gyrus in ASD patients after treatment with 
OXT. However, no close relationship was found between [11C]DASB BPND and symp-
tom changes in clinic [99]. Taken together, these studies revealed the inhibitory effect 
of OXT on 5-HT signaling, and the relationship between serotonergic system changes 
and prosociality after treatment with OXT. The relationship between OXT and ASD 
needs further studies.

3.5 Dopamine system

Dopamine (DA) is a neurotransmitter of catecholamine, and it is involved in 
various central nervous system functions, including social motivation and social 
reward. A correlation between DA transporter and receptor-associated gene muta-
tions and ASD clinical symptoms has been reported by numerous studies [100–102]. 
Some DA system-targeting psychotherapeutic medicines have exhibited good efficacy 
in improving ASD clinical symptoms, suggesting the critical roles of DA system in 
mediating behaviors of ASD patients. Many PET studies have been conducted on DA 
system, however, no consensus has been drawn on changes of DA transporters, recep-
tors and precursor in the brains of ASD patients.

3.5.1 DA precursor

Dopa, the precursor of DA, can be absorbed, metabolized, and stored by  
dopaminergic endings, and [18F]FDOPA imaging can be used to analyze DA synthesis 
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in brain. Using [18F]FDOPA PET, Ernst et al. analyzed the brain DA synthesis differ-
ence between 14 ASD children and controls [103], and they found a 39% reduction in 
DA ratio in anterior medial prefrontal cortex/occipital cortex of ASD children com-
pared with controls. Another study found increased [18F]FDOPA inflow value (Ki) in 
the striatum and frontal cortex of ASD patients compared with control group [104]. 
However, other similar studies did not detect significant difference in dopamine pro-
duction by striatum between ASD patients and controls [105, 106]. The inconsistent 
results of these studies might be due to the heterogeneity of the study subjects.

3.5.2 DA transporter

A study using [11C]McN-5652 to detect 5-HTT and using [11C]WIN-35,428 to mea-
sure DAT observed a remarkably higher DAT binding in the orbital prefrontal cortex 
of ASD patients when compared with controls. Moreover, in the orbitofrontal cortex 
of ASD patients, the DAT binding was inversely correlated with 5-HTT binding [80].

3.5.3 DA receptor

Fernell et al. conducted a PET study using [11C]NMS on ASD children treated with 
R-BH4 (a tyrosine hydroxylase cofactor in the serotonin and catecholamine biosyn-
thesis pathways), and found a 10% reduction of dopamine receptor 2 (D2R) from 
pre-treatment abnormally high levels to after treatment normal levels in the caudate 
and putamen of ASD children compared with controls with improvement in ASD 
symptoms [107]. Fujino et al. used [11C]SCH23390 PET to explore the differences in 
dopamine receptor 1 (D1R) between ASD patients and controls, and they found the 
D1R binding in the anterior cingulate cortex, striatum, and temporal cortex was posi-
tively correlated with emotional perception scores, while negatively correlated with 
ASD detail attention scores [108]. However, no significant differences were observed 
in the anterior cingulate cortex, striatum, and temporal cortex. Another study using 
[11C]raclopride PET found decreased D2R/D3R binding in left caudate nucleus and 
bilateral putamen in ASD group compared with the control group [109].

3.6 Amino acid neurotransmitters

Protein synthesis is critical and necessary for a series of processes in the brain, 
including long-term memory, synaptic plasticity, and experience-dependent develop-
ment. Atypical synapse protein synthesis is very important in ASD due to the close 
correlation between ASD and single-gene mutations, such as in neuroprotein 1, shank 
3, and glial 3/4 [110]. The basic protein components are amino acids, therefore, quan-
titative analysis of amino acids and their receptors can help reveal abnormal protein 
synthesis in ASD.

3.6.1 Gamma-aminobutyric acid

Gamma-aminobutyric acid (GABA) is a key inhibitory neurotransmitter, which 
plays a crucial role in regulation of development and synaptic pruning. GABA dys-
function can induce imbalance in excitation/inhibition of the nervous system, which 
is closely correlated with ASD [111]. Previous human genetics studies found numer-
ous mutations in the GABAA receptor gene as well as genes related to GABA synthesis 
in ASD patients [112, 113]. Autoradiography studies revealed reduced GABAA in the 
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hippocampus and anterior cingulate cortex of ASD patients [114, 115]. Studies on 
rodent ASD models of found a prolonged neuronal excitation caused by early GABA 
inhibition, which may be an underlying ASD induction mechanism [116]. A substan-
tial evidence indicates that GABA changes might relate to ASD, however, current PET 
studies on GABA are very few.

PET has been widely used to explore the roles of GABA in ASD pathogenesis. 
A study performed by Mendez et al. using [11C]RO15–4513 PET found markedly 
decreased GABAA α5 subtype levels in the bilateral amygdala and NAc in the brains of 
ASD patients compared with controls [117]. These results provide support for further 
study of GABA system abnormalities in ASD patients. However, another study using 
[18F]FMZ or [11C]RO15–4513 did not find differences in either GABAA receptors or 
GABAA α5 subtype in any region of the brain between ASD and control groups [118]. 
Fung et al. measured GABA concentrations using 1H-MRS and total GABAA recep-
tor densities using [18F]FMZ PET. [18F]FMZ PET showed no significant difference 
in GABAA receptor density in the left dorsolateral prefrontal cortex (DLPFC) and 
bilateral thalamus between the ASD and control groups However, 1H-MRS detection 
revealed a significantly higher GABA/Water ratio in the left DLPFC of ASD patients 
compared to the control group [119].

3.6.2 Glutamate

Due to the imbalance in brain excitation/inhibition in ASD patients, glutamate is 
also a focus of ASD neuroimaging research [120]. A series of glutamate receptor spe-
cific probes including [11C]ITMM, [11C]MMPIP, and [18F]FPEB have been reported, 
which can specifically bind to metabolic glutamate receptor 1 (mGluR1), metabolic 
glutamate receptor 7 (mGluR7), and metabolic glutamate receptor 5 (mGluR5), 
respectively [121–124]. However, only [18F]FPEB has been widely applied in clinical 
ASD PET research.

The correlation between glutamate system imbalance and ASD has been demon-
strated by animal model studies using [18F]FPEB PET. of a Shank3 complete knockout 
mouse model (Shank3B−/−) showed that of A significantly increased mGluR5 BPND 
was observed in the thalamus, striatum, amygdala, and hippocampus in Shank3B−/− 
mice compared with normal mice as shown in [18F]FPEB PET imaging [125]. Using 
[18F]FPEB PET, Fatemi et al. found a remarkably higher [18F]FPEB BPND in the 
cerebellum and posterior central gyri of ASD patients [126]. A negative relationship 
between [18F]FPEB BPND and age was observed in the cerebellum, but not in the 
posterior central gyrus. A positive relationship was observed between precuneus [18F]
FPEB BPND and sleepiness scale score on the Abnormal Behavior Checklist (ABC), 
while a negative relationship was observed between cerebellar [18F]FPEB BPND and 
ABC hyperactivity subscale, ABC inappropriate speech subscale, and ABC total score. 
These results showed altered mGluR5 binding in key regions of ASD patient brains, 
indicative of abnormal glutamate signaling in these areas, which might influence 
ASD symptoms. Brašićet al., used [18F]FPEB PET to study the mGluR5 distribution in 
brain of patients with fragile X syndrome (FXS), TD and idiopathic autism spectrum 
disorder (IASD) [127], and they observed a significantly increased mGluR5 expres-
sion in the cortical regions of IASD patients when compared with TD patients, while 
they observed a significantly decreased mGluR5 expression in all regions of FXS 
patients when compared with TD patients.

Currently, some mGluR7 and mGluR1 probes are also under investigation. Future 
imaging studies will elucidate more pathophysiological mechanisms of glutamate in ASD.
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3.6.3 Leucine

Leucine impacts neuron protein synthesis and plays a critical role in dendritic 
spines regulation, therefore functions in neuropsychiatric diseases [128]. Shandal et al. 
investigated the leucine involvement in protein synthesis using [11C]Leucine PET [129], 
and found increased protein synthesis in the temporal lobe language region of stunted 
children with PDD. Consistently, previous studies showed abnormal protein synthesis 
in the language region and abnormalities in the temporal lobe region of children with 
PDD and developmental delay. However, another study reported no significant dif-
ferences in cerebral protein synthesis between patients with Fragile X syndrome and 
controls using [11C] Leucine PET for measurement [130]. In contrast, another study 
using robust radiolabeled assay found decreased protein synthesis in peripheral blood 
mononuclear cells (PMCS) and platelets of patients with Fragile X syndrome when 
compared with controls [131]. Taken together, these studies suggest that more research 
is needed to demonstrate the correlation between leucine abnormality and ASD.

3.6.4 Acetylcholine

A series of studies showed that inhibition of acetylcholinesterase (AChE) attenu-
ated inattention, aggression, and overall ASD symptoms in both ASD patients and 
ASD animal models [132–134], indicative of the critical roles of the cholinergic 
system in ASD etiology. However, only one PET study was reported. A lack of cholin-
ergic innervation was observed in the fusiform gyri of ASD patients when using the 
acetylcholine analog [11C]MP4A to detect the activity of acetylcholinesterase [135]. 
Additional targeted PET studies in the future will help clarify the role of cholinergic 
dysfunction in the pathogenesis of ASD.

3.7 Neuroinflammation

Immune-mediated mechanisms are considered to be among the pathophysiologi-
cal factors leading to ASD [136]. Inflammation including microglial activation and 
related changes of microglial pathology has been found in central nervous system of 
ASD patients, and many psychotropic agents have exhibited direct effect on microglia 
[137]. However, the correlation between microglia and ASD remains unclear.

Microglia play critical roles in development of immunity and central nervous 
system. The translocator protein (TSPO) is an important neuroinflammation imaging 
biomarker, which is overexpressed in activated microglia. A series of TSPO probes 
have been developed including [11C]PK11195, the first generation, [18F]FEPPA, [11C]
PBR28 and [11C]DPA713, the second generation and [11C]ER176 and [18F]GE180, the 
third generation [138, 139]. Suzuki et al. investigated microglia activation differ-
ences between ASD patients and controls using [11C]PK11195 [140], and they found 
increased [11C]PK11195 binding in prefrontal cortex, fusiform gyrus, midbrain, 
cerebellum and cingulate cortex in ASD patients compared with controls. Another 
study using [11C]PBR28 reported a lower regional TSPO expression in bilateral pre-
cuneus/posterior cingulate gyrus, bilateral temporal gyrus, bilateral insular cortex, 
superior limbic gyrus, and angular gyrus of brain in ASD patients than in controls 
[141]. These two studies reported inconsistent results, possibly due to the heterogene-
ity of ASD patients or the influence of TSPO gene polymorphism. The applications of 
more TSPO probes have been reported [142–145]. Future imaging studies will help us 
understand the relationship between neuroinflammation and ASD.
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A series of novel neuroinflammation targets and corresponding probes have 
been developed including cyclooxygenase (COX)-1 and its specific probe [11C]PS13, 
monoamine oxidase B (MAO-B) and its specific probe [11C]SL25.1188, colony-stim-
ulating factor 1 receptor (CSF1R) and its specific probe [11C]CPPC, and purinergic 
P2X7 receptor (P2X7R) and its specific probes [11C]JNJ-54173717 (JNJ-717), [18F]
JNJ-64413739, and [11C]SMW139, as well as cyclooxygenase (COX)-2 and its specific 
probe [11C]MC1. These probes have been successfully applied in neuroimaging to 
explore the potential functions of these targets in neuroinflammation, as well as the 
potential relationships with ASD [24].

3.8 Arginine vasopressin

Arginine vasopressin (AVP) plays a series of physiological roles in mammals 
including increasing blood pressure, regulating social behavior, releasing adrenal 
corticosteroid, as well as antidiuretic activity [146, 147]. Since early animal studies 
have found that AVP plays critical roles in regulating biosocial behaviors, including 
parentage, mating, aggression and sociability, an increasing number of studies have 
focused on the correlation between AVP and ASD [148–150]. Regarding the differ-
ences in AVP contents between ASD patients and controls, although no consistent 
conclusion has been drawn, AVP related signaling pathways have been demonstrated 
to be promising and studies on them could help ASD diagnosis and treatment [151–
154]. V1a receptor antagonists have been shown to be able to regulate AVP functions, 
thereby improving the ASD symptoms. A novel V1a receptor antagonist of Balovaptan 
can improve the Vineland-II Adaptive Behavior Scale (including social interaction, 
daily living skills, and secondary endpoints of communication) in ASD adults [155], 
but not in ASD children and adolescents [156]. The V1a receptor has become a new 
focus of ASD research, and a series of V1a receptor probes including [11C]SRX246, 
[18F]SRX246 [157], [11C](1S,5R)-1 [158], and [11C]PF-184563 [159] have been devel-
oped recently. These PET probes have exhibited their values in in autoradiography 
and animal studies, however, they have not been applied in human studies yet. The 
development of PET probes that can be widely used inhuman ASD studies will help 
elucidate the relationship between AVP and ASD.

4. Conclusion

ASD is a disease induced by both environmental and heredity factors, and its 
major cause and induction process still remain unclear. Early and clear diagnosis of 
ASD is conducive to improving ASD symptoms in patients, thereby affecting treat-
ment efficacy. PET can be applied to quantitatively and dynamically evaluate cerebral 
glucose metabolism, task and resting states, neurotransmitter system biomarkers, 
and cerebral blood flow perfusion, explore ASD pathophysiology, and promote 
ASD therapeutic drug development, as well as in ASD diagnosis and treatment. The 
identification of ASD biomarkers and PET probes is critical in ASD diagnosis, and 
drug development and evaluation. Numerous ASD associated biomarkers have been 
identified in cerebral blood perfusion, glucose metabolism, neuroinflammation, and 
neurotransmitter systems. However, due to the differences in ASD subtypes, experi-
mental design (e.g., imaging conditions, anesthesia/sleep/awake, and/or task-state/
resting-state), and subjects (e.g., gender, IQ and age), contradictory conclusions may 
be drawn from different studies [160]. There a limitation in the current ASD studies. 
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The PET imaging studies showed that there might be differences in the pathophysi-
ological mechanisms for different ASD subtypes and therefore different results may 
be observed and different conclusions may be drawn for different ASD subtypes. 
Therefore, more attention should be paid on this in future ASD PET studies to explore 
the possible differences in the pathophysiological mechanisms of different ASD 
subtypes, and selection of experimental subjects and design of experiments should 
be determined and performed based on these differences to provide more valuable 
references for clinical diagnosis and treatment of ASD [161].

In this chapter, several ASD related targets, including cerebral blood perfusion, 
cerebral glucose metabolism, neuroinflammation, arginine vasopressin receptor, 
neurotransmitter system, as well as the corresponding probes and their applications 
in ASD imaging studies and the experimental results are summarized. PET studies 
using different probes can obtain similar results, while PET studies using the same 
probe can also produce different results due to the heterogeneity of ASD patients and 
the influence of TSPO gene polymorphism [162]. Therefore, although identify new 
biomarkers and develop novel PET probes are very helpful for ASD study, evaluation 
the application value of each probe in the existing system is difficult. Therefore, it is 
crucial to seek and investigate the associations between a probe, a biomarker, and a 
specific ASD subtype at molecular level [163], which is the most valuable exploration 
direction in future ASD studies.

PET molecular imaging is very helpful for ASD diagnosis and treatment, how-
ever, there are still some limitations and difficulties in execution. First, patients are 
required to lie on a machine for PET/MR and PET/CT scanning, and protection from 
radiation is required during the imaging process, so high coordination of patients is 
very important. Second, ASD patients often have a large age span and significant dif-
ferences in IQ , so professional technicians need to train some patients to make them 
get familiar with drug injection, task process or even anesthesia operation and adapt 
to scanning environment. Therefore, the joint efforts of patients, doctors, techni-
cians, nurses, researchers, as well as other specialists in neuropsychiatry, rehabilita-
tion, and nuclear medicine to promote continuous advancements in ASD research, 
diagnosis and treatment.
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Chapter 10

May Big Data Analysis Be Used to
Diagnose Early Autism?
Terje Solsvik Kristensen

Abstract

In this paper, a technique for early autism identification is presented. Both a multi-
layered perceptron (MLP) neural network and a support vector machine (SVM) have
been used for classification. Detection of early autism is important, since the prognosis
to treat autism is then much better. The patterns of both methods to use have been
extracted from high-performance liquid chromatography data in urine. The training
samples consist of two types, one from normal children and one from children with
autism. The classification rate has been estimated for both algorithms to about 80% or
better. The algorithm that gave the best result was SVM. The program that we used to
do the analysis we have developed in Java. A lot of work remains to improve the
results and increase the recognition rate of the data. The parameter values used in
both networks and also the configuration of the networks are not yet optimal. This
could be solved by using a particle swarm optimization (PSO) method. We have not
yet been using a deep learning network, for instance, a TensorFlow network to raise
the classification rate of the different algorithms. We have not yet made a classifica-
tion between different types of autism of the autism spectrum. All this belongs to
future work.

Keywords: autism, HPLC spectra, MLP, SVM, PSO, TensorFlow

1. Introduction

Autism is usually diagnosed by a series of behavioral tests and symptoms [1].
Autism effects the information processing in the brain by changing how the nerve
cells (neurons) and their synapses are connecting and organizing themselves. What is
triggering this process is not yet understood. Globally, about 25 million people is
estimated to suffer from autism. Autism is therefore a huge problem to solve.
However, at the moment there is no known cure for it.

Suffering from autism may be identified early at an age of 5 months. However, a
clear diagnosis is usually not possible before the children are one and half year or three
years old. There seems to be a growing evidence that the earlier the behavioral
therapies of autism are started, the better the chances are for the children to be able to
live relatively normal lives when growing up.

Autism may be linked to metabolic abnormalities, and these metabolic changes
may be detectable in the children’s urine. By using high-performance liquid
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chromatography (HPLC) spectral data [2], we have found that children of the autism
group and the normal group seem to have distinct chemical fingerprints in their urine.

An early test may soon be a reality to identify children at risk for developing early
autism. The urine of children with autism may have a certain chemical signature. This
indicates also that there can be certain substances in the urine that may trigger the
onset of autism [3, 4].

If we are able to develop a method to identify early autism by a chemical or
statistical test rather by observing a full-blown behavior, we can start the treatment
earlier. There also exist scientists that are linking autism with the production of toxins
that may interfere with the brain development [5]. One compound that may be
identified in the urine is N-methyl nicotinamide (NMND) which also has been asso-
ciated with Parkinson’s disease. There are also scientists that are arguing for that
autism may be associated with metabolic products of certain bacteria that must be
identified [6].

However, this work is on how to use a multi-layered perceptron (MLP) neural
network [7, 8] and a support vector machine (SVM) [9], to classify between HPLC
samples belonging to normal children and samples belonging to children suffering
from autism.

The organization of the chapter is as follows: in Section 2, the data is described, and
in Section 3 the feature extraction techniques used have been presented. Section 4
defines a MLP neural network and the algorithm used for training it is defined. In
Section 5, the SVM network and training algorithm for such a network is presented
and in Section 6 we present the results of both a small-scale experiment and a proof of
concept experiment. Section 7 gives the conclusion. In Section 8, we present further
work on how we may use more advanced technology to confirm and validate the
results achieved in this chapter.

2. The data

The HPLC data was recording by a company Tipogen ltd. at Bergen Hightech
Centre, Norway. The company went corrupt some years ago. These of the first exper-
iment was based on 30 samples of urine spectra from both normal and autism chil-
dren. The aim of this first experiment was to verify a so-called proof of principle. First,
we want to find out if datamining based on machine learning algorithms could be used
to verify autism using HPLC spectra of children [2]. Figure 1 shows how HPLC
spectra look like.

The first axis represents what is called “retention time.” This represents the peak ID.
The second axis represents the intentions or the “peak area.” The data was delivered in
a spread sheet format. One spread sheet for normal children and one spread sheet for
children with autism.

3. Feature extraction

The sample length may vary for both control and autism data. This was not easy to
handle in an adequate way early in the analysis. An example of a pattern generated
from the data is given in Figure 2. Each sample has a specific number of peaks. The
different numbers of peaks belonging to each sample makes the analysis more com-
plicated and was an important parameter to be estimated in the recognition process.
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3.1 Pattern diagnostics

To discriminate patterns acquired from healthy individuals and individuals
affected from a disease is the most important aspect of a pattern diagnostic technique.
Pattern diagnostic is based on the analysis of a huge amount of HPLC data [2] and may
be used to find patterns to identify a disease.

Figure 1.
An example of a HLPC spectrum of a child with autism.

Figure 2.
HPLC peak extraction is generating by the data patterns.
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Mass spectrometry (MS) data in the blood is an alternative method to be used
[10, 11]. This method has been given promising results in detection of early cancer
[12] and may also be used to show early autism. Mass spectrometry data consists of a
set of m/z values (m is the atomic mass and z is the charge of the ion) and the
corresponding relative intensities of all molecules present with that m/z ratio. The MS
data of a chemical sample is thus an indication of the actual molecules. The data might
therefore be used to predict the presence of a disease condition and distinguish it from
a sample taken from a healthy individual.

4. Multi-layered perceptron

A multi-layered perceptron (MLP) network generally contains three or more
layers of processing units [7, 8]. The topology of such a network is shown in Figure 3.
Here, the network is containing three layers of nodes. The first layer defines the input
layer. The middle layer or the “hidden” layer consists of “feature detectors”—units
that respond to particular features that may appear in the input pattern. Usually, we
may have more than one hidden layer. The output layer is the last layer. The activities
of the output units are read as output from the network and define different categories
of patterns.

4.1 The hidden layers

A MLP network usually have many network layers connected by adjustable
weights. This removes the restriction that the network is only able to be able to

Figure 3.
A MLP network consisting of three layers of nodes.
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classify linear separable patterns that the ordinary perceptron network only is able to
do. By introducing many hidden layers, more complex patterns can be classified. By
inserting a new hidden layer, the network may learn more complex pattern, but at the
same time more hidden layers could decrease the rate of performance of the network.
Many degrees of freedom may then be introduced that are not really needed. This
depends, however, on the actual algorithm being used.

4.2 Training of MLP

A supervised learning algorithm is used to train theMLP network. The network is
presented to a set of training examples, where a target vector is given for each training
example. The target vector is then compared to the output vector. The weights of the
network are adjusted tomake the network perform better according to the training exam-
ples and targets defined. The training algorithmused in this chapter is the backpropagation
algorithm. This is a well-known learning algorithm used for classification [13–15].

Each node in the network is activated in accordance with the input of the node and
the node activation function. The difference between the calculated output and the target
output is compared. All the weights between the output layer, hidden layers, and the
input layer are then adjusted by using this error value. The sigmoidal function f(x) = 1/
(1 + e�x) is used to compute the output of a node, but other functions may also be used
andmay even give better performance. The weighted sum Sj =

P
wjiai is inserted into the

sigmoidal function, and the result of the output value from a unit j is given by:

f Sj
� � ¼ 1= 1þ e�Sj� �

, (1)

The error value of an output unit j is computed by formula:

δj ¼ tj � aj
� �

f ’ Sj
� �

(2)

tj and aj are the target and output value for unit j, and f´ is the derivative of the
function f. The error value calculated for a hidden node is given by:

δj ¼
X

δk wkj f” Sj
� �� �

(3)

From the formula, we see that the error of a processing unit in the hidden layer is
computed by the upper layer. Finally, the weights can be adjusted by:

Δwji ¼ αδj ai (4)

Here, α is the learning rate parameter.
Very often another parameter is also used in the MLP network. It is called the

momentum (β). This additional parameter can be very helpful in speeding up the
convergence of the algorithm and avoiding local minima [7]. By including momentum
in the Eq. (5), the next iteration step can be written as:

wji tþ 1ð Þ ¼ wji tð Þ þ αδj ai þ βΔwji tð Þ (5)

Here again α is the learning rate, β is the momentum, and Δwji is the weight change
from the previous processing step.
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5. SVM theory

SVM (support vector machine) is a computationally efficient learning algorithm
that now is being widely used in pattern recognition and classification problems [8].
The algorithm has been derived from the ideas of statistical learning theory to control
the generalization abilities of a learning machine [16, 17]. An optimal hyperplane is
learnt that classifies the given pattern that the machine is learning. By use of what we
called kernel functions, the input feature space can be transformed into a higher
dimensional space where the optimal hyperplane can be learnt. Such an approach
gives great flexibility by using one of many learning models by changing the kernel
function. A nonlinear mapping Φ : RD ! F where F represents the feature space and k
(x, x0) is a Mercer’s Kernel [18]. The inner product k(x, x0) of Φ, is defined by:

ɸ : RD ! F (6)

k x, x0ð Þ ¼ ɸT x0ð Þ ɸ xð Þ (7)

where the dimension D of the input space is much less than the dimension of the
feature space F. Mercer’s kernels are known mathematical functions (polynomial,
sigmoid, etc.… ) and therefore we can calculate the inner product of Φ without
actually knowing it. The learning algorithm selects support vectors to build the deci-
sion surface in the feature space. Support vectors are patterns (vectors) that are most
difficult to categorize and are lying on the margins of the SVM classifier. This map-
ping is achieved by first solving a convex optimization problem and then applying a
linear mapping from the feature space to the output space. The advantage of having a
convex optimization problem is that the solution is unique. This is in contrast to ANN
where we may have many local minima or maxima of the error function. Figure 4
illustrates visually the concept of SVM.

Figure 4.
The mappings of SVM.
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Calculating ɸ may be a time-consuming process and often not feasible. However,
Mercer’s theorem allows us to avoid this computation so there is no need to explicitly
describe the nonlinear mapping ɸ neither the image points in the feature space F. This
technique is known as the Kernel trick [19].

5.1 The SVM classifier

The concept of the SVM classifier is illustrated in Figure 5. Figure 1 shows the
simplest case where the data vectors (marked by ‘X’ s and ‘O’ s) can be separated by a
hyperplane.

There may exist many separating hyperplanes. The SVM classifier seeks the sepa-
rating hyperplane that produces the largest separation of margins. In a more general
case, where the data points are not linearly separable in the input space, a nonlinear
transformation is used to map the data vectors into a high-dimensional space (the
feature space) prior to applying the linear maximum margin classifier.

SVM has been initially designed to classify only binary data as in Figure 5. A multi-
class SVM, however, has been designed by allowing classification of a finite number of
classes [18]. This kind of learning assumes a priori knowledge of the data. In the case
of autism, we may then have different kinds of autisms (which is also the reality), and
the SVM algorithm may then be able to learn to categorize between them.

5.2 The kernel

SVM uses a kernel function where the nonlinear mapping is implicitly embedded.
The discriminant function of the SVM classifier can be defined as:

f xð Þ ¼
XN
i¼1

αiyi K xi, xð Þ þ b (8)

Figure 5.
A SVM classification maximizes the margins between the different classes.
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Here, K(�,-) is the kernel function, xi are the support vectors determined from the
training data, yi is the class indicator (e.g. +1 and �1 for a two class problem)
associated with each xi, N is the number of supporting vectors determined during
training, α is the Lagrange multiplier for each point in the training set, and b (bias) is a
scalar representing the perpendicular distance of the hyperplane from the origin.

A problem using SVM soon appears. As the dimension of data increases, the
complexity of the problem also increases. This is called the curse of dimension [20].
However, this may be overcome using the kernel trick from the Mercer’s theorem.

The most commonly used kernel functions are the polynomial kernel given by:

K xi,xj
� � ¼ xi

Txj þ 1
� �p

,where p>0 is a constant (9)

And the Gaussian radial basis function (RBF) kernel is given by:

K xi,xj
� � ¼ exp: � xi � xj

�� ��2=2σ2
� �

(10)

Here, σ > 0 is a constant that defines the kernel width.
The mapping to the output space is based on the Cover theorem [21] illustrated in

Figure 6. By transforming to a higher-dimensional space, we are able to categorize
nonlinear input as linear in the output space using this theorem. This means that what
is nonlinear in the input space becomes linear in the output space. In this way, we are
able to categorize nonlinear data by use of the SVM algorithm.

6. Experiments and results

A Java program was made to generate the patterns from the original HPLC data.
The generation of optimal selection of patterns was very much dependent on
computing the right number of peaks from the HPLC spectra.

The training and testing data that we used were written to file to later being read
into a Java program. The Java program developed for training uses the package

Figure 6.
The cover theorem.

178

Autism Spectrum Disorders - Recent Advances and New Perspectives



javANN (java Artificial Neural Network). This program was developed by the com-
pany Pattern solutions Ltd. [22] in Norway.

A Java program was then developed to change the format of data, so it could be
used in the LIBSVM toolbox [23] and be able to classify between a normal and an
autism child. Before the training started, a regularization parameter C (cost) has to be
determined. The value of C was determined experimentally. This is not an optimal
way to do it. The performance of the SVM classifier was optimal for C values from 100
and up to around 200. The SVM algorithm was tested on the same samples of data
(unseen) as the MLP algorithm was, and with a constant C equal 100 or 20n The SVM
algorithm also uses another constant ɤ (gamma) that has to be defined or the
algorithm may determine it by default.

6.1 MLP and SVM experiments

6.1.1 Small-scale experiments

In the first experiment, 18 samples were used for training and 12 samples were
used for testing. These are the samples that the algorithm never has seen before. In the
MLP experiments, the number of hidden nodes was selected to 100. The learning rate
was set to 0.1 and the momentum to 0.9. The number of iterations was set to 10,000.

The MLP algorithm has been tested on 12 unseen samples. The test data were
unknown to the system, but we knew what category they belong to. The performance
rate was then easy to calculate. The MLP network was able to correctly classify 11 either
as an autist or normal child. The best performance was estimated to 11/12 = 91.7%.

The SVM algorithm best performance was estimated to 83.4% where 10 of 12
samples were classified correctly. One false-positive sample was estimated on the
average. This corresponds to where a normal child was classified as an autist. This is a
far more serious mistake than a false-negative classification error where an autist is
classified as normal.

6.1.2 Large-scale experiments

The second delivery of data consist of 62 samples of autism children and 52
samples of normal children, totally 114 samples. In the second analysis, we wanted to
see if a proof of principle experiment in the first delivery of data and could be extended
to a proof of concept experiment. The training set consists now of 71 samples of data
and 43 samples of testing data.

The best performance of the SVM algorithm was estimated to 88.4% with a penalty
constant C = 100. This implies that 38 of 43 samples were correctly classified. The
average performance of using SVM was then estimated to about 85%.

The MLP network gave the best performance estimated to 81.4% with an average
value of 78.3%. This implies that 35 of 43 samples were classified correctly. The
average number of false-positive cases in both experiments was equal to 2 for both
algorithms.

7. Conclusion

Pattern diagnostics represents new ways to detect early diseases. This method may
also be used to classify for instance between different DNA sequences [24–26]. In this
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chapter, we have used it to diagnose early autism. Such an analysis requires only small
amount of urine to create the HPLC spectra. Mass spectrometry (MS) data is another
method that could be used, we believe. The most important aspect of such an analysis
is a very high throughput since both HPLC and MS spectra can be determined in short
time. An important aspect of this analysis is that the patterns themselves are inde-
pendent of the identity of proteins as a discriminator. The classification can then be
done before the identity of proteins is determined.

Both a proof of principle and a proof of concept experiment have been carried out,
and two quite independent algorithms have been used to analyze the data, Both
algorithms have shown consistently results with respect to early identification of
autism from their HPLC data.

8. Future work

The values of the parameters used in the algorithms are not optimal. The selection
of different parameter values has been carried out by doing experiment. A lot of
tuning of the parameter values are needed to be able to adapt the algorithms to the
given data. One method for optimization is particle swarm optimization (PSO) [27].
This method can be used to determine optimal values of the different parameters, for
both the neural network and SVM. PSO is now used very much in different types of
applications.

Another aspect of the MLP neural network used is that we have used a sigmodal
activation function. However, there are other types of neurons which can be used to
introduce nonlinearities in the computation. Tanh neurons use a similar kind of
nonlinearity as the sigmodal function, but the output of Tanh range from �1 to 1
compared to the sigmodal function where the output is ranging from 0 to 1. Tanh may
in many cases give better performance of the neural network.

A different kind of nonlinearity is used by the restricted linear unit (ReLU) neuron.
It uses the function f(x) = max (o,x) and may in many cases give the best performance
of the ANN.

8.1 Particle swarm intelligence

Computational swarm intelligence (CSI) may be defined by algorithmic models
based on the idea where the design of these algorithms came from the study of bird
flocks and ant swarms to simulate their behaviors in computer models. These simula-
tions show great ability to explore a multidimensional space and quickly turned into a
quite new domain of algorithmic theory. A swarm can be defined as a group of agents
cooperating to achieve some goal.

PSO is based on an intrinsic property of swarms to execute complex tasks by
defining a self-organization process [28]. This is a new way to explore the high-
dimensional search space to find optimal solutions. Birds are similar to particles that
fly through a hyperdimensional space. The social tendency of individuals is used to
update the velocity of the particles. Each particle is influenced by the experience of its
neighbors and their own knowledge. The norm is that the agents should behave with
no centralized structure. The local interactions between the agents often lead to
emergency of global behavior [29–32]. The particles in the multidimensional space,
the search space, represent all feasible solutions of a given problem. By using a fitness
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function, their positions are updated in the process of finding an optimal or near-
optimal solution.

How may this be used to improve the results of recognition of early autism? For a
neural network, we could use PSO to find a correct configuration of the network. To
determine the correct number of neurons in the hidden layer, we could then find the
optimal value of the learning rate and momentum of the network.

For the SVM network, we may use of the PSO algorithm to find optimal values for
the gamma and cost parameters. We could for instance also use a global PSO algo-
rithm [31] to find these values. So far we have not done this, but it belongs to our
future work.

8.2 Deep learning: backpropagation with TensorFlow

Deep learning is another approach that may be used to achieve better performance
of the recognition of early autism. A deep neural network is in its simplicity a neural
network with many hidden layers [33]; see Figure 7. The more the hidden layers, the
deeper the network is. As the neural network gets deeper, the processing power to
train the network increases substantially. We may also increase the number of nodes
in each hidden layer – often called the width of the network. Multiple frameworks of
neural networks exist today. Maybe the most used is the TensorFlow [34] which is an
open-source machine learning library developed by Google.

In TensorFlow, numerical computations are processed using data flow graphs
(illustrated in Figure 8). The data is represented as Tensors. A Tensor in TensorFlow
may be described as a typed multidimensional array. Nodes in the data flow graph are
called ops (short for operations). Each op takes zero or more Tensors as input and
performs some computation and outputs zero or more Tensors.

The edges in the graph represent Tensors communicated between the nodes of the
graph. Figure 8 illustrates a TensorFlow data graph.

We could also apply a TensorFlow backpropagation algorithm as in [34]. To create
a TensorFlow network, we need to break the networks into Tensors. We also have to

Figure 7.
A simple and deep learning network.
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define the input data. Then, we need to represent our input as Tensors. We then also
need placeholder operations to hold the data.

In the backpropagation algorithm, the cost function is minimized. If we want to
see visually what is happening during the learning process, we may introduce a graph
and create a TensorFlow session.

To optimize the neural network, different hyperparameters need to be tuned. This
may be done by using for instance the PSO method discussed before. These
hyperparameters are as follows:

Figure 8.
A TensorFlow Data graph.
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• Number of hidden layers

• Number of nodes in each hidden layer

• Activation function

• Optimization algorithm

• Cost (or error) function

• Learning rate and momentum

• Epochs (iterations)

When using a standard gradient descent algorithm to find the minimum cost
function or global error, the weights are updated after each iteration. However, by
using a stochastic gradient descent algorithm, we may use small batches from the
dataset in each iteration.

While standard gradient descent performs a parameter update after each run
through the whole training set, a stochastic gradient descent performs a parameter
update after each batch. According to LeCun et al. [35], one should use stochastic
gradient descent if the training set is large (more than a few hundred samples) and
redundant, and the task is classification.

The deeper and wider the network is, the more computational expensive it is to
train the network. When using gradient descent, one could use the method
“GradientDescentOptimizer” in TensorFlow. The algorithm then converges within rea-
sonable time. By introducing a great number of hidden layers and/or a large number
of nodes in each hidden layer, we will not necessarily increase the accuracy of the
network. However, it may give better performance.

Figure 9.
Gradient descent in a deep learning network.
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Figure 9 shows how the cost decreases when using gradient descent of small
batches from the dataset in each iteration. An example of a learning curve using a deep
learning network with stochastic gradient descent may looks like the one given in
Figure 9. For the configuration of the network we may, for instance, use up to 10
hidden layers with a number of 10–20 nodes in each layer.

We have not yet used a deep learning network to classify between an autist and a
normal child, but this belongs to do in the future. We may also use such a deep
learning network for introducing different kinds of autism in the autism spectrum and
be able to classify between them, based on their HPLC spectrum data.
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Perspective Chapter: Synaesthesia 
in Children with Autism – 
Observations Related to Language 
Evaluation and Therapy
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Abstract

Synaesthesia is a nonpathological sensory perception that happens when a particular 
sensory stimulus elicits a sensory response in another modality. For example, hearing 
a word results in the perception of colors. Autism, a neurodevelopmental disorder, is 
characterized by differences in sensory perception (hyper/hypo). Some research has 
been done to understand the co-existence of synaesthesia in autism. Although autism 
and synaesthesia seem to be unrelated, the prevalence of synaesthesia in autism is three 
times higher than in the general population. This could be attributed to the excessive 
neuronal connections and activities in both conditions. Based on clinical observations  
and case studies, this chapter talks about how some of the problems that children with 
autism spectrum disorder (ASD) have with processing their senses contributes to 
synaesthetic ability. It also talks about how understanding and using these similarities 
helped the children develop their language skills.

Keywords: synaesthesia, ideasthesia, sensory processing disorder, savant syndrome, 
Asperger’s syndrome

1. Introduction

Synaesthesia is a perceptual phenomenon that occurs when a specific sensory 
domain is stimulated, resulting in the involuntary participation of a second sensory 
pathway. For example, reading a text can cause a color or taste sensation. An inducer 
is a stimulus that causes synaesthetic sensations, whereas “concurrent” refers to an 
internally generated synaesthetic sensation [1]. Individuals who experience such 
synesthetic sensations are referred to as “synaesthetes’. Literature reports an initial 
claim that such a perception is false or rather a lie. However, consistency in percep-
tion has been a hallmark of synaesthetic perception [2]. The onset of synaesthesia 
could be that children are typically born with a synaesthetic disposition, which may 
be the result of denser synaptic connectivity in infancy, cortical regions that are less 
organized to assume domain-specific functions, and an innate propensity to respond 
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synaesthetically [1]. The cortical organization during later development could lead 
to a reduction in this perception, which could be reflected in adolescence and later 
adulthood [2].

The perception of synaesthesia is typically bimodal or multimodal. Bimodal 
perception occurs when stimulation of one sensory modality is felt in another sensory 
modality [3]. For instance, colored hearing (sounds that cause colors to appear), 
colored olfaction (when a smell causes one to see colors), or audio motor (when the 
sounds of various words cause various bodily postures or motions), etc. Multimodal 
synaesthesia occurs when a sensory stimulus simultaneously activates multiple sensa-
tions, such as hearing and seeing. A child might taste the sound’s color while hearing 
it, see it, and feel it tickle his skin.

A weak synaesthetic perception hypothesis state that infants are born unable to dis-
criminate stimuli from multiple modalities and respond to them as a sum of energy per-
ceived across modalities. Infant perception studies as early as 1 month suggest an inability 
to perceive cross-modal differences between visual and oral stimulation [2]. A stronger 
hypothesis on synaesthetic perception describes synaesthetic perception as a result of 
poorly functioning cerebral systems and unorganized functionality of the young brain in 
infancy [2]. Infants are born with higher synaptic connections, which, as they develop, 
undergo a process of synaptic deletion to aid in more specialized sensory perception.

2. Autism and synaesthesia

Autism spectrum disorder (ASD) is a neurodevelopmental disorder that typi-
cally manifests between 18 and 36 months of age and is characterized by impaired 
social communication and socialization. Autism is characterized by stereotypical 
behaviors, and the recent inclusion of atypical sensory processing (auditory, visual, 
and tactile) has sparked an interest in studying synaesthesia in ASD [4]. Recent 
DSM-V (Diagnostic and Statistical Manual fifth edition) criteria for ASD include 
impairments in sensory processing, which are of increasing significance given that 
60–96% of children with ASD are likely to have such differences, according to the 
literature [5]. The inclusion of atypical sensory processing in the DSM-V reiterates 
the importance of such deviance in perceptual processing due to an underlying 
neural process. This unusual processing has been observed in visual, auditory, tactile, 
olfactory, gustatory, and proprioceptive stimuli. The work of Treffert documents the 
presence of extraordinary skills for music perception in individuals with differences 
in auditory perception and drawing skills, and hyperlexia (ability to read graphemes 
without formal teaching) in individuals with visual processing differences, which are 
key features to be used for intervention [6]. Treffert also argues that these talents are 
possessed by children with ASD due to sensory processing differences and, although 
deviant, could be used to facilitate language, socialization, and independence.

Language impairment appears to be the most common characteristic among 
children with ASD. Language acquisition may be difficult, or even if a language is 
present, is inefficient for social communication. Due to their capacity to use rote/
formulaic language, there is frequently a tendency that expressive language appears 
to be superior to receptive language [6]. Additionally, they have problems compre-
hending verbal language and have semantic impairments that make it difficult for 
them to interpret figurative or allusive language. Some exhibit echolalia, which is 
a mere repetition of heard utterances. There are instances where verbal stimming 
and self-talk (repetitive utterances/sounds) are noticed as a part of vocal behavior. 
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Despite using verbal language for such rote language, they do not show any interest in 
volitional communication. Some of them with minimal verbal language tend to use 
these formulaic utterances for need-based communication. Although there is a global 
understanding of the narrow and bizarrely organized language development such 
a difference in development signifies a difference in underlying language process-
ing. Even though there are behavioral and neuroscientific explanations for language 
problems in people with ASD, no research has been done on how sensory differences 
impact language development or how to see these skills in a positive light.

There are several points of intervention for language impairment in ASD depending 
on the various classes of explanations that are presented in the research. The majority 
of the intervention programs for autism are based on operant conditioning techniques 
like “Applied Behaviour Analysis” (ABA), which focuses on the acquisition of behavior 
through repeated training. The explanations of the sensory processing issues in ASD 
are the foundation of sensory-based therapies like “Auditory Integration Therapy.” 
However, given that sensory processing issues of various types and degrees would affect 
language development in ASD, exploring such parallel perceptual processing in ASD is 
one way to approach it from a sensory-perceptual standpoint. This in turn would con-
tribute to developing a concrete sensory-perceptual-based strategy for intervention. It 
is therefore imperative to comprehend the sensory-perceptual processing that underlies 
language impairment in light of behavioral traits and therapeutic findings.

Although autism and synaesthesia appear to be unrelated, synaesthesia is three 
times more common in autism than in the general population [7], which could be 
attributed to excessive neuronal connections and activities in both conditions. A 
pilot study on the prevalence of synaesthesia in individuals with Asperger’s syn-
drome reports a higher presence of phoneme-grapheme synaesthesia in individuals 
with Asperger’s syndrome compared to the typical population. The genes related to 
synaesthesia are often similar to those linked to individuals with autism spectrum 
disorder [4]. Ward et al. [8] studied the atypical sensory processing in individuals 
with synaesthesia and autism using the Glasgow Sensory Questionnaire. The observa-
tions from the study showed that such atypical sensory processing could be a shared 
feature between these individuals.

Studies evaluating the global perception task reveal a heightened sensitivity of 
the parvocellular visual pathway in the visual processing of individuals with autism 
spectrum disorders and synaesthetes [9]. The synaesthetes appear to be able to use 
their out-of-the-ordinary experiences as mnemonic devices and even exploit them 
when learning new abstract categories [10].

The concept of savant in autism has been reported for the last 200 years. The 
literature shows such savant abilities in children with autism could be due to the 
underlying synaesthetic abilities [11]. Individuals with savant syndrome typically 
possess extraordinary skills in a specific area, despite having a degree of intellectual 
impairment. The literature suggests that these exceptional abilities can also be linked 
to excellent sensory discrimination and synaesthetic ability as a skill. Not only can 
synaesthesia account for a high cognitive profile, but it can also foster unique abilities, 
such as the effortless, intuitive, and inductive acquisition of new languages [12].

The cognitive abilities of any individual are highly dependent on the sensory 
perceptual experiences they gain to develop a sensorimotor contingency. The per-
ceptual abilities due to different sensations cause different actions. The ability of an 
individual to mirror others’ experiences depends on their perception being mapped 
with others. Therefore, the perceptual differences between individuals with ASD 
could cause difficulty in developing a theory of mind. The perceptual differences in 



Autism Spectrum Disorders - Recent Advances and New Perspectives

192

individuals with ASD, mediated by their synaesthetic abilities, could be the cause of 
heterogeneity in their cognitive deficits and processing styles [13].

The narrative of Tammet, an individual with Asperger’s syndrome (AS) who could 
memorize pi to 20 thousand decimal places, suggests that he used a different strategy to 
chunk information for numbers and letters, which was attributed to the combined effect 
of his condition (AS) with the existing synaesthetic ability [1]. The case is an example of 
the contribution of synaesthetic ability to exceptional memory for numerals.

Sensory processing dysfunction in individuals with autism spectrum disorder 
(ASD) emphasizes the need for sensory-based, targeted intervention [14]. These 
distinctions in sensory processing would also reveal any underlying synaesthetic skill, 
which, if utilized during language intervention, could assist in eliciting the required 
verbal response. The synaesthetic experiences of individuals with autism spectrum 
conditions are commonly misunderstood or overgeneralized as a sensory processing 
disorder. Synaesthesia is a behavioral phenomenon whose existence and qualities can 
only be appreciated if the individual expresses them effectively. Given that autism 
is a social communication disorder, the ability to express these experiences vividly 
becomes limited, and hence only an inferential comprehension of the client’s experi-
ence is possible. There are varied opinions related to the impact of synaesthesia on 
children with ASD and the relevance of this research for cognition, memory, and 
language in the typical population.

3. Language and synaesthesia

Ramachandran and Hubbard [15] assert that synaesthetic perception could explain 
the evolution of language and argue that the evolution of proto-language could not 
happen through mere natural selection. The claim is explained by three important 
observations. First observation is based on visual description experiments that denote 
visual representation for phonemes (synaesthesia between object appearance and 
sound contour). The second explanation posits a nonarbitrary connection between the 
motor movements for speech and the corresponding auditory phonemic representa-
tion mapped in the brain, thereby enabling the verbal output for the auditory sequence 
of phonemes for objects by sensory-motor synaesthesia (synaesthesia between sound 
contour and vocalization). The third explanation is a bootstrapping mechanism that 
happens with a motor-motor-based mapping called synkinesis, which insists on the 
coexistence of two motor movements with a single word. Therefore, synaesthesia has 
been viewed as one of the constraints in the evolution of proto-language.

Language seems to have an important role in synesthetic perception as the major-
ity of the synaesthetic inducers are linguistic. For example, letters, digits, words, and 
especially words in a series [16]. Synaesthetic ability often seems to impact percep-
tion, language, memory, cognition, creativity, and imagery [8]. The literature [17, 18] 
posits synaesthesia as a tool to evaluate the structures of language. The psycholin-
guistic studies on morphological processing and visual word recognition reiterate the 
use of synaesthesia to understand language processing. These results are restricted 
to color-word associations and do not detail the processing mechanism [19]. The 
accounts of cross-modal sensory association in language processing have been 
described and argued about for years; one such description by Jacobson mentioned by 
Reichard et al. [20] explains that children tend to naturally process sounds and words 
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by associating them with colors. They not only assign colors to letters, and numbers 
but also to words, phrases, and sentences for processing the linguistic unit easily and 
utilise it as a mnemonic device to recall.

Individuals with synaesthesia often process words in line with their perception, in 
addition to semantic or verbal encoding. For example, an individual with grapheme-
phoneme synaesthesia could code a word as a pattern of colors. In free verbal recall, 
Radvansky et al. [21] found that synaesthetes were less influenced by semantic factors 
than controls, implying that they may rely more on perceptual encoding.

Watson et al. [10] assert that children’s synaesthetic abilities can be exploited to 
accomplish various literacy learning tasks. They also claim that when toddlers develop 
the capacity to classify colors between the ages of 4 and 7, they tend to use this ability 
to master letters and words. The multisensory processing of stimuli facilitates supe-
rior word and letter recognition. The synaesthetic parallel that a child has established 
with a familiar inducer could be used to symbolize a different component of the 
inducer that the child is striving to learn. The research says that synaesthesia could 
complement verbal cognition, which is less abstract and has more information.

Despite synaesthesia being a sensory-perceptual phenomenon, it does have a 
role in cognitive processing and is frequently assumed to aid high-level semantic 
mechanisms. The belief that synaesthesia involves sensory-to-sensory connection 
has been modified, and researchers have incorporated semantic mediation into this 
process. This recent semantically mediated cross-modal correspondence is equivalent 
to ideasthesia. Ideathesia suggests that synaesthetes are not born with these sensory 
associations but acquire them through a conscious process of associating meaning 
with a stimulus. It is also argued that these associations occur when synaesthetes have 
trouble assigning meaning to stimuli during the learning process, a phenomenon is 
known as “semantic vacuum” [22]. According to the theory of ideasthesia, children 
are exposed to abstract concepts such as letters, numbers, and days of the week, 
from which they construct entire semantic networks, and they use synaesthesia to 
enhance the semantic association process. The tendency of autistic children to acquire 
abstract concepts rather than meaningful words for verbal communication skills may 
be related to these semantic association difficulties. It could be possible for them to 
utilize their synaesthetic ability to overcome this obstacle.

The synaesthetic abilities of autistic children, whether innate or acquired as a 
result of an initial semantic vacuum, can be utilized to help their language develop-
ment. Therefore, the clinician’s knowledge of synaesthesia is crucial for identifying 
the experience, understanding the child’s perceptions, and regulating it so that 
language skills can be facilitated. This compelled us to investigate synesthetic skills in 
children with ASD and their potential applications in language intervention. During 
the intervention, we made behavioral and incidental observations that urged us to 
connect synaesthetic skills to these children’s behaviours. During language interven-
tion, it was explicit that children with ASD have adapted their ways to compensate  
for their sensory issues.

Given that children with ASD may have atypical processing of any sensory stimuli, 
the use of language intervention materials influenced by typical development must 
be validated. The superior sensory processing skills often associated with coexisting 
synaesthesia could be of significant help in language intervention. In the following 
sections, four case studies explain how such synaesthetic skills can help children with 
ASD in language intervention.
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4. Case studies

4.1 Case 1

Master B presented with receptive and expressive language disorder and ASD 
when he was 3 years old. After years of therapy, he remained nonverbal and was not 
benefitting from alternative communication strategies because he lacked the accep-
tance and attention skills necessary to use them. At the age of nine, his speech and 
language skills were reevaluated with the intention of beginning language interven-
tion with a new therapist. Despite his inability to speak on his own, he had a distinct 
speech pattern that allowed him to sing songs with more than three words per line 
and appropriate lyrics. He used random words at will but never responded to the 
communication. When an attempt was made to engage him in writing with support, 
albeit illegibly, his parents and clinician were surprised to observe him holding a pen 
and signaling the clinician to hold his wrist for support. He was writing while watch-
ing a YouTube video on his phone, which appeared to be audio motor synaesthesia 
[23–25]. He writes as he hears Mr. Bean’s theme song, which is played at the end of 
each episode. He wrote about his wants and dislikes, along with his thoughts on cur-
rent events. The writings were cross-checked with real-time events in his day-to-day 
life, and it assisted him in transitioning from the frame of being noncommunicative 
and nonresponsive to verbal communication to being a communicator with support 
through an altered modality, i.e., writing. Ramachandran et al. assert that a senso-
rimotor type of synaesthesia, specifically a motor response to auditory stimuli, could 
have contributed to the evolution of language as a system. There could be a mapping 
of motor (oral) response to an auditory stimulus, but in this case, he used a tone with 
no lyrics, just high-pitched instrumental music that helped him write with support 
(motor response). Although their argument explains sensorimotor synaesthesia 
in terms of typical language evolution, the similarity in stimulus (auditory) and 
response (motor movements) makes us consider that it could also explain such atypi-
cal behavior too.

4.2 Case 2

Master C presented with receptive and expressive language disorder and ASD 
when he was 2 years old. The parent report and clinical observations revealed that he 
never engaged in meaningful voluntary communication and never spoke more than 
a few words on his own. The child had a greater proclivity for rote language, better 
memory for alphabets and numbers, and delayed echolalia for longer phrases like 
Bible verses, but he did not attempt meaningful voluntary communication. Whenever 
he was excited, he typically had a verbal response with the word “Truck.” The child’s 
alphabet recall was exceptional, and he showed a heightened interest in drawing (self 
and clinician). The pre-printed materials used during language therapy, such as flash-
cards and real objects, were of no great interest to the child, but simple line drawings 
of trucks did elicit a time-locked response, i.e., as and when the clinician would draw 
a truck and model him, he would say “Truck” in response to the model. The word 
“truck” was used as a verbal response inducer to elicit additional verbal responses. 
Using a line drawing of a truck and my target vocabulary, we created simple mental 
maps to assist him in expanding his vocabulary. If the target word was an ‘apple’, for 
example, a line drawing of an apple would be drawn above the truck, and the child 
would be modeled to name it. He was able to produce a verbal response with little 
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practice. He eventually began to adapt to this mode of intervention, and this hap-
pened quickly. He then began responding to a line drawing of the target vocabulary 
to be established without the drawing of the truck every time. He now labels pictures. 
He began responding to the therapist and initiating communication on his own.

4.3 Case 3

Miss D presented with receptive and expressive language disorder and ASD 
when she was 2 years old. The sensory integration profile of the child revealed a 
hyposensitivity to auditory and visual stimuli. Although language intervention began 
immediately after the diagnosis, the child was nonverbal until the age of four and had 
no voluntary communication. Following a protocol change, language therapy focused 
on utilizing her visual seeking while also identifying her ability to make sounds for 
orthographic forms in English (grapheme-phoneme synaesthesia). A letter-inspired 
sounds or words, which she expressed as soon as she saw the letter. This was an inci-
dental finding when the clinician tried to use phonic sounds to aid her vocalization. 
The clinician would write alphabets in the child’s hand and say the phonics sounds 
and then attach words to them, e.g., the alphabet “A” would be written in her hand or 
on a white sheet followed by the clinician’s model of the sound ‘a-a-a’ and then a word 
like “apple” would be added at the end of the model for that alphabet. She responded 
to the text with sounds and was able to recall the words. As she could recall the words 
used as a target vocabulary, incidentally, we observed that the mere presentation of 
text could elicit a verbal response (Hyperlexia). She read the words without mis-
pronunciation, although she was unaware of their meanings. We then exploited this 
reading ability by pairing pictures with text to expand her vocabulary. The synaes-
thetic ability was not only used to elicit a verbal response, but it was also used to elicit 
sentences, conversational speech, and narration. Although it could be argued that the 
phenomenon of ‘hyperlexia’ led to language production, the ‘hyperlexia’ itself could 
be interpreted as being due to grapheme-phoneme synaesthesia [26, 27].

4.4 Case 4

Master X presented with receptive and expressive language disorder and ASD at 
the age of two and had self-initiated rote language, primarily communicating with 
numbers and alphabets. It was not reciprocatively voluntary communication, he 
used the numbers at his will. He often seemed to express himself through numbers. 
This behavior of heightened number sensing is more common in children with ASD 
[28]. For example, the parent-reported an incident that happened 1 day as he was 
playing with his cousin running along a railway track that was drawn in the shape of 
the number 8. The next time he wanted to play the track game, he would simply call 
out “eight” several times. The parents were puzzled until they recognized what shape 
the number 8 he wanted to have. They attempted to address his request by providing 
him with puzzles with an 8 shape and eight objects of play that he used, not know-
ing whether he was asking for the number or count of 8 or a sticker 8. The potential 
of numbers to act as a verbal response inducer was exploited with this child, and 
the target word was placed with the numbers. The child responded to the secondary 
association for the primary inducer number and said something when the primary 
inducer number was paired with the target vocabulary. The clinician capitalized on 
this behavior and started getting a verbal response to the clinician’s writing of numer-
als on his hand or paper. The clinician paired the number with a target word. The 
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clinician initially wrote the numbers one by one and modeled them for the child to 
recall and get an immediate response. The numbers were then paired with simple line 
drawings of the target word, e.g., apple will be depicted as 1 (apple as a line drawing) 
to get the desired response. The child was able to respond to the words paired with the 
numerals.

5. Conclusion

Although the synaesthetic perception is considered a sensory experience, it 
has ramifications for language learning and processing. Synaesthesia has been 
linked to changes in perception, language, memory, and creativity. The claims of 
Ramachandran and Hubbard, on the contribution of synaesthesia in the evolution of 
language, inspire the speech-language pathologist to explore its impact on atypical 
language development. Differences in sensory perception may be one of the causes 
of the onset of rote language in children with ASD. The most common feature in the 
cases mentioned above is the use of rote language. The presentation of rote language 
varies across individuals, with one having superior verbal recall for numerals, the 
other for letters, and so on. The ability to recall these mnemonic-ordered verbal 
expressions can be exploited in language intervention. Although there are various 
presentations, the basic proclivity for rote language suggests that it should be used to 
learn a functional language [29]. The observations described here as case examples are 
inferential and incidental. Despite an early diagnosis and intervention, the children 
remained unresponsive to stimuli or methods used for language intervention until 
the intervention was facilitated by their perceptual processing skills, as demonstrated 
by these case studies. Complete profiling of the synaesthetic skills in children with 
ASD is important to understand the underlying perception that could be exploited 
to facilitate language. Children’s heterogeneity and inter-subject variability must not 
interfere with the understanding of the existing synaesthesia. The perceptual skills 
of children with ASD are sparsely recorded and documented in language evalua-
tions. The sensory processing differences cannot be bypassed while addressing the 
language impairment in these children. These sensory differences have implications 
for understanding phenomena such as synaesthesia, which could be exploited for 
language learning during the intervention. The narrative accounts of individuals on 
the spectrum give an understanding of how they perceive the world differently. The 
difference in perception is often explicit in their verbal and non-verbal behaviours. 
When these verbal and nonverbal behaviors are observed, analyzed cautiously, and 
related to their specific activities of interest, the underlying synaesthetic skills can 
be understood and utilized. There is a research gap in mapping the existing sensory 
profile in children with ASD to the synaesthesia types due to the heterogeneity in the 
presentation of both conditions. However, as a saying by Carl Jung goes, “In all chaos, 
there is a cosmos, in all disorder, there is a secret order.” The order behind these two 
heterogeneous scenarios must be explored to develop protocols for language interven-
tion for children with ASD.
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Chapter 12

Cognitive Behavioral Treatment 
of Anxiety in Children and 
Adolescents with ASD
Alan Lincoln, Shamiron Bales, Angela Woolard  
and Felicia Pryor

Abstract

Children and adolescents with a neurodevelopmental disorder experience 
vulnerabilities and coping deficits that contribute to the likelihood of developing 
co-occurring anxiety disorders. The development of anxiety disorders, including 
social anxiety disorder, is very often reported in children and adolescents with autism 
spectrum disorder (ASD). Cognitive behavior therapy (CBT) has strong evidentiary 
support both in combination with medication and as a stand-alone treatment for 
anxiety disorders in general and more specifically for phobic-type anxiety in children, 
adolescents, and adults. Moreover, specific manualized CBT is an evidentiarily sound 
method for treating anxiety in children and adolescents with ASD.

Keywords: ASD, autism, autism spectrum disorder, anxiety, social anxiety,  
cognitive behavior therapy, computer facilitated CBT, CBT, cCBT

1. Introduction

Individuals with autism spectrum disorders (ASD) have increased vulnerability 
to the development of other co-occurring neuropsychiatric disorders, including both 
neurodevelopmental disorders such as attention deficit disorder (ADD), intellectual 
disability, developmental coordination disorder, and learning disability, as well as 
other neuropsychiatric and medical disorders such as Gilles de la Tourette’s disorder, 
epilepsy, depressive disorders, and anxiety disorders. We use the term co-occurring 
instead of comorbid, where the latter term suggests some common etiological rela-
tionship with ASD. Such potential for comorbidity does seem probable for some of 
the disorders that do co-occur such as Tourette’s syndrome or ADD, presumably due 
to abnormalities of systems used in the regulation of dopamine, but to date, all that 
is really known remains hypothetical about such relationships. It is also reasonable 
to conclude that when a child begins to develop ASD, for which there is overwhelm-
ing evidence of neuropathologic, neuropathophysiologic, and substantial genetic 
influence on etiology, the evident symptoms used to diagnose the disorder are well 
preceded by the atypical development of the brain. It is also reasonable to conclude 
that such differences in brain development lead to secondary consequences on various 
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brain functions early in development involving attention, perception, the ability to 
construct social-communication schemes, and the exercise of effective executive 
control for goal-oriented behavior. The dysfunction of these secondary consequences 
then leads to vulnerability in basic learning, the development and ability to engage 
in reciprocal social relationships, the cognitive flexibility to develop effective adap-
tations to internal and external stress, increased conflict with the environment, 
and more unsuccessful efforts to receive positive rewards. Additive vulnerabilities 
increase the potential for a substantial degree of anxiety in children and adolescents 
with ASD [1–4]. Specifically, it has been reported that nearly 40% of children and 
adolescents with a diagnosis of ASD meet clinical criteria for at least one co-morbid 
anxiety disorder [5], and those with high-functioning ASD experience more anxiety 
than those with ASD and accompanying intellectual impairment [6, 7].

While it is beyond the scope of this chapter to review the various vulnerabilities or 
relationship among vulnerabilities of persons with ASD to the potential development 
of anxiety disorders, there is recent evidence that different patterns of functional 
connectivity may be associated with persons who have ASD with and without co-
occurring anxiety [8]. In a resting state functional magnetic resonance study compar-
ing matched samples of persons with ASD with and without anxiety to non-ASD 
controls, they reported different patterns of functional connectivity in brain regions 
previously identified in persons with anxiety disorders [9, 10]. Findings suggest 
comorbid anxiety in ASD may be associated with disrupted emotion monitoring 
processes supported by amygdala-dorsal anterior cingulate cortex/medial prefrontal 
cortical pathways [8] Such findings would be favorable to the idea of a comorbid 
versus co-occurring relationship between the association of ASD and anxiety. 
Notwithstanding such evidence of comorbidity, a finding that could eventually lead 
to interventions related to core etiology, this chapter will focus on current evidence-
based behavioral interventions for children and particularly children with ASD.

However, it is also worth discussing the nature of anxiety vis-à-vis the devel-
opment of anxiety disorders. Anxiety disorders are defined in various ways, but 
generally through consensus opinion involving experts. These experts agree on 
various symptoms necessary to meet the criteria for some specific anxiety disorder 
(e.g., social anxiety disorder, generalized anxiety disorder, separation anxiety dis-
order, etc.) and once some consensus is reached by a professional association those 
symptoms along with some other considerations such as the duration of symptoms 
becomes the diagnosis, at least for some period of time until a new revision is made. 
Alternative methods employ such criteria in developing questionnaires which, when 
developed properly, generally have better reliability and validity than the original 
symptom-based classification. Thus, different types of anxiety can be assessed using 
psychometric measurements. This is generally required if one was to conduct research 
about anxiety or assess and measure anxiety in some formal way over time.

However, anxiety can also be considered a dimensional symptom that cuts across 
many types of psychological conditions that lead to human suffering. People experience 
anxiety to situational stress, threat, trauma, and uncertainty. Anxiety can be triggered 
by various medications, substances, medical conditions, and even the onset of other 
psychiatric symptoms such as hallucinations or delusions. So, the unwanted conditions 
that lead to anxiety are experienced by most humans from time to time throughout 
their lifespan. However, it is clear that we evolved as a species to have the potential to 
experience anxiety not as an evolutionary goal to increase our vulnerability to anxiety 
disorders but to enhance the potential that we could survive long enough to get our 
genes in the gene pool. Most psychologists and psychiatrists would, in fact, argue that 
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some anxiety is not only beneficial for survival but that in the right doses can improve 
motivation and serve as a signal or discriminant stimulus to evoke an adaptive coping 
response when a person is under such stress or threat. Consequently, our goal in the 
behavioral treatment of anxiety disorders is to help the individual normalize and better 
tolerate their response to anxiety, and in particular, to learn more effective coping 
strategies that lessen the overreliance on avoidant coping and increase the potential for 
more problem-solving coping and interpersonal problem-solving coping.

2. Prevalence of childhood anxiety disorders

The Centers for Disease Control reports the prevalence of anxiety disorders among 
children and adolescents to be 9.4% (https://www.cdc.gov/childrensmentalhealth/
data.html). Mohatt et al. [11] reported that children and adolescents are often diag-
nosed with separation, generalized, and social anxiety disorders. The chapter sections 
will detail: (a) anxiety disorders in youth, (b) co-occurring anxiety in youth with ASD, 
(c) treatment for anxiety in youth populations, (d) CBT for youth with ASD, (e) CBT 
for youth with ASD and co-occurring anxiety, (f) computerized CBT for the treatment 
of anxiety, (g) computer-assisted models of treatment for youth, and (h) computer-
assisted CBT for the treatment of anxiety in youth with ASD and co-occurring anxiety. 
The final section of the literature review will be the summary and conclusion.

3. Anxiety disorders in youth

The Diagnostic and Statistical manual of Mental Disorders (5th ed.; DSM-5; 
American Psychiatric Associated [12]) stated that pathological anxiety, across ages, 
may be described by persistent or extensive degrees of anxiety and avoidance associ-
ated with subjective distress or impairment. However, when it comes to children, 
normal and pathological anxiety can sometimes be hard to distinguish [13]. Oddly, 
the high rates of symptoms of anxiety disorders in children and adolescents may itself 
be responsible for this diagnostic difficulty. Because of its commonality within the 
community, with some portion of anxiety during childhood and adolescence deemed 
developmentally appropriate, clinicians may pay less attention to the issue and over-
look clinically significant symptoms of the disorder [13]. Usually, children manifest 
various types of fears and anxieties in their normal course of development and these 
fears and anxieties are difficult to immediately characterize as pathological [14–16]. 
This makes distress an unreliable and inadequate criterion for establishing that 
children are experiencing pathological anxiety. This problem forms unique dilemmas 
when one attempts to distinguish among normal, subclinical, and pathological anxi-
ety states in children. Beesdo et al. [17] claimed that children at younger ages might 
face problems with communicating cognition, emotions, and avoidance, as well as the 
associated distress and impairments to their parents, doctors, and diagnostic clini-
cians. This creates a new host of problems for detecting childhood anxiety disorders.

According to Beesdo et al. [17], it is during childhood and adolescence when anxi-
ety symptoms and syndromes usually first materialize. In fact, childhood and adoles-
cence are considered the core risk phases for individuals to develop anxiety-related 
illnesses, ranging from mild symptoms to significantly interfering anxiety disorders.

The nature of clinically-significant anxiety disorders as a whole almost guarantees 
that the individual, regardless of age, will have significant and negative impacts on 
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their social and personal development, causing marked impairment of family life, 
academic achievement, and relationships with peers [18–20]. Because of poor social 
functioning, anxious youth tend to have fewer friends and less social support dur-
ing childhood and adolescence, and experience victimization in many arenas [19]. 
Anxiety disorders in childhood and adolescence are not only extremely common but 
the resultant distress of living with both the symptoms and the functional conse-
quences of the disorder are associated with lifelong psychiatric disturbance [21].

Prevalence of childhood anxiety disorders has been reported between 2.6 and 
41.2% [22]. Children and adolescents are most commonly diagnosed with separation 
anxiety disorder (SAD), generalized anxiety disorder (GAD), and social phobia (SoP) 
[11]. Childhood anxiety disorders usually persist into adulthood, making children at 
risk of having psychiatric disorders in the future [17]. Anxiety disorders among chil-
dren are linked to considerable developmental, psychosocial, and psychopathological 
complications.

4. Co-occurring anxiety in youth with ASD

ASD is a neurodevelopmental disorder that is multifaceted. Individuals with ASD evi-
dence persistent deficits in social communication and social interaction across multiple 
contexts and restricted, repetitive patterns of behavior, interests, or activities [12]. In 
addition to the core deficits, individuals with ASD also struggle with many co-occurring 
features. Among children with ASD, it is estimated from 57.5% to 96.4% meet the criteria 
for at least one co-occurring psychiatric disorder [3, 23, 24]. The most recent United 
States Centers for Disease Control (CDC) report on prevalence rates of ASD suggested 
approximately one per 44 children (of 8-year-olds when the diagnosis can be reliably 
assessed, https://www.cdc.gov/ncbddd/autism/addm.html). This is an increase from an 
estimate of one per 68 children receiving an ASD classification by the CDC I 2014 [25].

5. Prevalence of co-occurring anxiety in youth with ASD

Children with ASD have been found to have higher rates of internalizing disorders 
compared to typically developing children or children with other primary diagno-
sis such as attention deficit hyperactivity disorder (ADHD) or conduct disorder 
[24, 26, 27]. Internalizing disorders are comprised of behaviors and emotions that 
are directed inwards and include mood disorders and anxiety disorders. Leo Kanner 
[28] first described infantile autism and noted common features among his cases were 
anxiety-related features. For example, Kanner [28] reported the insistence of same-
ness or repetitive behaviors were observed across cases. He wrote:

The child’s behavior is governed by an anxiously obsessive desire for the maintenance 
of sameness that nobody but the child himself may disrupt… Changes of routine, of 
furniture arrangement, of a pattern, of the order in which every day acts are carried 
out, can drive him to despair. (p. 245)

Current literature on anxiety in youth with ASD primarily focuses on individuals 
with HFA and AS [2, 4, 24, 29]. It has been estimated that nearly 40% of children 
and adolescents with a diagnosis of ASD meet clinical criteria for at least one co-
occurring anxiety disorder [5]. Systematic reviews of the literature investigating the 
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prevalence of anxiety in children and adolescents with ASD have been conducted 
[5–7, 30]. White et al. [6, 7] reviewed 40 publications. Of the 40 identified, 11 studies 
specifically examined the prevalence and reported rates of anxiety ranging between 
11% and 84% in a population age range of 2–20 year-olds. In the review, only two 
studies were identified as reporting the prevalence of anxiety symptoms that met 
diagnostic criteria [1, 31], versus reports of clinical impairment or anxiety symptoms. 
MacNeil et al. [30] reviewed 13 studies with an age range of 2–19 years old. The mean 
prevalence rating of anxiety was neither scored nor reported due to the small number 
of identified studies and variation in outcome variables. It was concluded, however, 
across studies the findings were comparable in that youth with ASD experience 
increased levels of anxious symptomology that varied across types of anxiety [30]. 
van Steensel et al. [5] used a meta-analytic technique to review 31 studies. The review 
aimed to examine which of the primary anxiety diagnosis identified in the Diagnostic 
Statistical Manual (4th ed., text rev.; DSM-IV-TR; American Psychiatric Association 
[32]), occurs most in the ASD youth population. The researchers identified 10 
additional studies that had been published since White et al. [6, 7] and MacNeil et al. 
[30]. Van Steensel et al. [5] reported across studies, a mean of 39.6% of children 
and adolescents with ASD meet the criteria for at least one co-occurring anxiety 
disorder according to DSM-IV diagnostic criteria. The meta-analysis of each specific 
anxiety disorder revealed the most frequently observed anxiety disorder in the ASD 
population less than 18 years of age, was specific phobia (SP) (29.8%). Furthermore, 
commonly occurring anxiety disorders also included obsessive-compulsive disorder 
(OCD) (17.4%) and SoP (16.6%) [5]. The prevalence rates of specific co-occurring 
disorders have differed by study. Researchers have also reported prevalence rates as 
follows: SP (8.5–44.3%), OCD (6.4–37%), SoP (7.4–29.2%), agoraphobia (6.4–7.9%), 
SAD (0.5–12%), GAD (2.4–13.4%), and panic disorder (1.1–10.1%) [1, 3, 31].

5.1 Models of anxiety in youth with ASD

Anxiety in children with ASD differs from anxiety in neuro-typical children due 
to behavioral manifestations and routine rigidity [33, 34]. Thus, the severity and 
typology of maladaptive behaviors exhibited by individuals with ASD in response 
to phobias and fears compound the difficulty of treating individuals with ASD 
compared to other groups [35]. Making diagnosis even more difficult is the fact that 
the presentation of anxiety is often atypical for youth with ASD relative to the DSM 
diagnostic criteria of said disorders [36]. As noted by Lecavalier et al. [37], the diffi-
culty in diagnosing anxiety disorders in children and adolescents with ASD may stem 
from the fact that some maladaptive behaviors intrinsic to the diagnosis of ASD can 
make it unclear if such behaviors are the result of anxiety or are simply ASD related. 
For example, social avoidance is a factor in the diagnosis of children with social 
anxiety although it is intrinsic to the ASD diagnosis. Children with ASD are also likely 
to protest separation from caretakers, a behavior that, in a neuro-typical child might 
lead to a diagnosis of separation anxiety. Other common behaviors observed in youth 
with ASD relate to key features of anxiety disorders, such as the diagnostic criteria for 
sleep disturbance and simple phobia [37].

It is apparent that multiple factors impact the co-occurring nature of anxiety 
in youth with ASD. Common factors represented in the literature include: level of 
cognitive functioning or ability, age, and as previously stated, level of functioning on 
the autism spectrum as related to subgroups, and specific deficits or the presence of 
highly interfering behaviors [15, 16, 38–41].
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5.2 Assessment of anxiety disorders in ASD population

The variability in prevalence rates of anxiety in youth with ASD can be attributed 
to a number of factors. Specifically, variations in assessment procedures and tools can 
produce differing prevalence estimates [42–44]. Also, core features of ASD overlap 
with diagnostic markers of anxiety that make it difficult for clinicians to determine 
if the anxiety symptoms are functioning independently of an ASD diagnosis [45]. 
Overall, psychometric assessment of measures used to identify co-occurring or 
comorbid disorders in ASD youth is lacking and greatly needed [46]. For these 
reasons it is important that a multimodal approach be used when assessing anxiety 
disorders in ASD youth [44].

Grondhuis and Aman [47] conducted a comprehensive review of the recent literature 
(2000–2011) specifically focusing on the assessment of anxiety in children and adoles-
cents with ASD. The authors identified the most commonly used assessment tools and 
provided information on each of their strengths and weaknesses (see [47]). Ultimately, a 
total of 10 scales were identified as being the most commonly used tools to assess anxiety 
in ASD youth; Autism Comorbidity Interview—Present and Lifetime Version (ACI-PL), 
Anxiety Disorders Interview Schedule —Child and Parent reports ADIS-C/P, Autism 
Spectrum Disorders—Comorbid for Children (ASD-CC), Baby and Infant Scale for 
Children with Autistic Traits (BUSCUIT), Behavioral Assessment System for Children-2 
(BASC-D), Child Behavior Checklist (CBCL), Child Symptom Inventory (CSI), Multi-
dimensional Anxiety Scale for Children—child and parent report (MASC-C/P), Social 
Anxiety Scale for Children—Revised (SASC-R), and Spence Child Anxiety Scale—child 
and parent report (SCAS-C/P). Of the 10 instruments, only four (ACI-PL, ADIS, MASC, 
and SCAS) capture four or more dimensions of anxiety, whereas the remaining are 
limited in their ability to obtain a broader range of anxiety symptoms [47].

Given the complexities in assessing an internalizing disorder such as anxiety in 
youth with ASD, when selecting assessment measures, particularly a self-report 
measure, the individual’s developmental level should be a key consideration [48]. 
When monitoring progress over time, the utility of multiple methods is necessary as 
children with ASD may have difficulty recognizing the change in their own behavior 
and typically report inconsistently with informant reports [48].

5.3 Impact of co-occurring anxiety on youth with ASD

The presence of anxiety in youth with HFA often exacerbates the deficits in social 
interactions and contributes to secondary behavioral difficulties [44]. A study by 
Eussen et al. [49] showed that lower quality social relations and lowered symptoms in 
children with high-functioning ASD led to higher levels of anxiety. The participants 
in the study were 134 school-aged children with ASD with and without a diagnosed 
anxiety disorder. The researchers discovered a positive relationship between low qual-
ity social relations, HFA, and high anxiety levels. The researchers reported that intel-
ligence had no impact on the severity of anxiety symptoms. The authors ultimately 
suggested that future therapeutic interventions include the improvement of social 
relations as a goal in order to reduce levels or severity of anxiety in high-functioning 
children with ASD who demonstrate low social relation skills [49].

Individuals with ASD have difficulty in the area of social interaction, and often 
have difficulty engaging with others in a meaningful and developmentally appropri-
ate manner. Their significant impairment in reciprocal social communication skills 
and high levels of anxiety with avoidant symptoms and atypical behaviors add an 
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additional barrier to successful social functioning. Consequently, those with ASD may 
experience even more isolation from their neuro-typically developing peers [49–51].

In their study, Chang et al. [50] examined the link between anxiety and the degree 
of social functioning impairment in children with ASD. A total of 53 participants 
presented with a diagnosis of ASD and at least one anxiety disorder. SoP was the 
most prevalent disorder among the participants and according to the authors, the 
most problematic. If left untreated, SoP could extend through adolescence and into 
adulthood, impairing the development and maintenance of close relationships [50]. 
Although high-functioning children with ASD often have average cognitive abili-
ties, their social impairment impedes their ability to interact with others. The study 
participants ranged in age from 7- to 11 years old and took a research evaluation to 
determine their levels of anxiety as well as depression and other disorders. They 
showed that SoP might have a greater negative functional impact than other types of 
anxiety on children with ASD. The researchers suggested CBT for children with ASD 
who are high functioning, noting that children without comorbid intellectual disabili-
ties would make more progress through direct instruction [50].

6. Treatment for Anxiety in youth populations

The field of child psychology is faced with the critical issue of how to effectively 
treat and remediate the cognitive, behavioral, and emotional difficulties that are 
causing distress and psychopathology in childhood [52]. Before research being explic-
itly conducted with child participants, much of the framework for treating anxiety 
disorders in youth was derived from research with adult populations [53]. Currently, 
the most empirically supported modality of intervention for treating child anxiety 
disorders is CBT [54, 55]. CBT is an educational model that has been widely used to treat 
depressive and anxiety disorders [56]. The six central components of CBT include: (1) 
psychoeducation, (2) somatic management, (3) cognitive restructuring, (4) problem 
solving, (5) exposure, and (6) relapse prevention [57].

A primary goal of CBT for anxiety is to help the individual learn to recognize 
arousal and to use these signs as cues to implement anxiety-management strategies 
[58]. Psychoeducation provides information about common symptoms or problems 
associated with the individual’s chief complaint [59]. Somatic management assists 
with further developing awareness and control over physiological and muscular reac-
tions to anxiety. Typically, the individual is taught relaxation strategies such as deep 
breathing or progressive muscle relaxation. The exercises are intended to be utilized 
throughout the treatment protocol, initially requiring facilitation by a therapist, and 
eventually are performed independently by the individual. Cognitive restructuring 
teaches the individual to identify and modify any anxious self-talk in their internal 
dialog [60]. Problem-solving skills are taught to improve the client’s ability to address 
concerns related to their condition. Problem-solving techniques are used to cope with 
anxiety symptoms. The individual learns that after recognizing and identifying the 
problem, they can then utilize learned techniques to manage their anxiety, weigh the 
consequences of each alternative, and ultimately choose and follow through with a 
plan [60]. Exposure provides systematic and controlled exposure to stimuli that have 
provoked anxiety in the past. Exposure tasks can be facilitated in session with the 
individual and therapist and can also be completed independently and documented 
as part of homework assignments. Exposure tasks allow the individual to practice 
skills, strategies, and problem-solving techniques in relevant contexts [60]. Relapse 
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prevention is the final component to CBT and can be taught in a variety of ways. 
For children, it is often most beneficial to teach relapse prevention strategies with 
reinforcement and self-evaluation [61]. For example, a therapist might teach a child to 
judge the effectiveness of his/her efforts and reward him/herself accordingly. Relapse 
prevention strategies are taught to increase the repertoire of appropriate behaviors 
and responses of the individual [58]. By judging the effectiveness of their efforts, a 
child can learn to identify the favorable aspects of how he/she handled a situation as 
well as those things they may want to do differently [61].

6.1 Effectiveness of CBT in treating childhood anxiety

Currently, the first-line intervention for treating anxiety disorders in youth is CBT. 
Both group and individual CBT are considered efficacious interventions [62, 63]. 
Stuhlmiller and Tolchard [64] considered CBT to be the most effective nonpharmacolog-
ical treatment for anxiety disorders. These and other positive results of CBT for treating 
childhood anxiety and other childhood disorders have led to an increase in demand for 
CBT interventions in this age group [62]. Kendall et al. [65] noted that approximately 
60–65% of youth with anxiety disorders treated with CBT show an immediate and 
meaningful reduction in anxiety symptoms following treatment. Additionally, Donovan 
and March [66] note that 65–85% of children and youth no longer meet the criteria for 
diagnosis of their primary anxiety disorder after completing CBT.

Kendall [67] conducted the first RCT to investigate the effectiveness of CBT for 
children diagnosed with an anxiety disorder. Kendall [67] randomized 47 children 
aged 9–13 years with anxiety disorders (SAD, GAD, and SoP) to either an active 
treatment CBT group (n = 27) or a wait-list control group (n = 20). Diagnoses were 
determined using the ADIS-C/P [68]. For the treatment condition, the Coping Cat 
Workbook [67] was utilized for treatment procedures and the children utilized The 
Coping Cat Notebook to complete homework tasks. The individual therapy sessions 
occurred once a week for approximately 17 weeks and included education and facilita-
tion of behavioral strategies to assist the child in (a) recognizing anxious feelings and 
somatic reactions to anxiety, (b) clarifying cognition in anxiety-provoking situations, 
(c) developing a plan to help cope with the situation, and (d) evaluating performance 
and administering self-reinforcement as appropriate.

For treatment outcomes, Kendall [67] utilized a 2 × 2 mixed factorial analysis of 
variance and the results revealed positive treatment outcomes for the active treat-
ment of CBT condition. Children in the treatment condition demonstrated significant 
improvement from pre- to post-treatment on measures of self- and parent-reported 
distress and coping abilities, observation of anxious child behaviors, and overall diag-
nostic classification. Post-treatment 64% of participants in the treatment condition no 
longer qualified for an anxiety disorder diagnosis whereas only 5% of the participants 
in the wait-list condition did not qualify for an anxiety disorder diagnosis at the end 
of the waitlist period. These findings support the use of the Coping Cat protocol for 
the treatment of children with anxiety disorders [67]. Since the initial publication of 
evidence for the effectiveness of The Coping Cat treatment protocol in treating anxiety 
in youth, researchers have replicated results [67] with a variety of children with regards 
to ethnicity, gender [69] and cultures  [70, 71]. Furthermore, long-term treatment gains 
have been demonstrated after 2 years post-completion of treatment [61].

Glenn et al.’s [72] study of CBT sought to determine the impact of treatment fre-
quency and intensity and the extent of patient engagement on outcomes of CBT used 
in the treatment of anxiety disorders. The study sample consisted of 439 patients who 
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voluntarily chose CBT as a treatment modality. The researchers compared high and low 
treatment dosage and high and low patient engagement and compared it to predictors 
of 12 and 18-month outcomes for patients who took part in a randomized controlled 
trial of the coordinated anxiety learning and management intervention and received 
CBT treatment for anxiety with and without medication in primary care settings. Data 
collected by the authors during and after treatment, determined that high attendance 
and completion of homework assignments predicted better outcomes across measures 
at both 12 and 18 months, and high commitment to CBT predicted high outcomes for 
all measures at the 18-month mark. Thus, the study suggested that high treatment 
dosage and high engagement in CBT for anxiety disorders could predict more consid-
erable reductions in the symptoms of anxiety and depression. The study implied that 
the more engaged the client is in the intervention, and the more CBT they receive, the 
bigger the reductions of anxiety and depression symptomology.

Because anxiety disorders in childhood are among the most prevalent, finan-
cially burdensome, and psychologically distressing of childhood psychiatric 
disorders, the need for efficacious treatment protocols is a societal imperative [73]. 
In the results of Erford et al.’s [73] meta-analysis, the authors determined that by 
themselves, face-to-face counseling, medication, and psychotherapy have only a 
small to medium effect on the treatment of anxiety in children. However, after the 
thorough analysis of 80 clinical trials of CBT used with children and adolescents, 
they determined that both individual and group CBT was the most efficacious in 
the treatment of anxiety disorders in this population. The study researchers also 
found that long-term counseling/psychotherapy treatment had long-lasting positive 
effects beyond the treatment for anxiety and SP but acknowledged the need for 
research to fill the gap regarding the long-term effects of such therapeutic interven-
tions. The use of CBT as an effective treatment for child and adolescent anxiety 
disorders within the typically developing population has become the first-line 
intervention for its effectiveness and overall positive impact on reducing symptom 
severity and improving global functioning [74].

7. The application of CBT for youth with ASD

The use of behavioral modification techniques is not new to the treatment of 
autism spectrum disorder, as theoretically-related applied behavioral analysis 
interventions have been successfully helping to reduce the maladaptive behaviors 
associated with the disorder [75]. There is now a body of literature that suggests 
CBT can be an effective intervention for youth and adults with ASD, but with con-
siderations that still need to be resolved such as small to medium effect sizes, effect 
sizes that vary by measures used to assess the outcome, outcome measures assessed 
by self-report that may be biased toward small or non-significant effect sizes, and 
relatively small sample trials [76]. Moreover, CBT has been applied to persons with 
high-functioning autism (HFA) and Asperger syndrome (AS) who have sufficiently 
developed language and cognitive skills which, are heavily relied upon to success-
fully engage in CBT. Specifically, the ability to identify and understand emotions and 
cognitions in oneself and others, referred to as the theory of mind [77], are necessary 
to utilize tasks and strategies taught in CBT. These abilities are often core challenges 
for children with ASD [77] however, children with HFA and AS have been found to be 
similar in their abilities to perform theory of mind tasks when compared to typically 
developing children [78].
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Hare [79] published the first study employing CBT methods to treat co-occurring 
symptoms in ASD. In a single case study, Hare [79] utilized CBT to treat depres-
sion and self-harm in a 26-year-old man with AS. Subject “B,” had previously been 
diagnosed with schizophrenia, but at the time of the referral for treatment, he 
exhibited no psychotic symptoms nor was he taking anti-psychotic medication. B 
was diagnosed with AS in primary school, however, no practical help or interventions 
were received. B’s intellectual abilities were reported in the low normal range at the 
ninth percentile level. B’s speech was limited as was his nonverbal communication. 
His verbal comprehension, short-term, as long-term memory were reported as well 
developed and assessed by observation and psychometric assessment. Furthermore, B 
was reported to have adequate literacy skills. B was administered the Beck Depression 
Inventory (BDI) and obtained a score of 29, indicative of severe depression. At the 
time of referral, chief complaints and behaviors causing the most concern were self-
harm in the form of cutting his forearms with broken glass and excessive drinking 
while alone. A clinical interview revealed B’s self-harm behaviors were often preceded 
by negative thoughts and verbalized dysfunctional assumptions such as ‘life says you 
should have a girlfriend’ and that he had ‘been dealt a bad hand’ [79].

A treatment plan was individualized and consisted of 10 weekly, 30–60 minute ses-
sions followed by five biweekly sessions. Therapy goals were elicited at the beginning 
of the intervention session and included the client being able to “make up his mind, 
to express his feelings, and not to be nervous with women and in social situations in 
general” ([79], p. 221). B completed a BDI before each session and the material for 
each session was based on his pattern of responding to the inventory [79]. B kept a 
diary during treatment and his retrospective entries were also built into the framework 
of each session’s materials. B’s diary entries were written in a naturalistic manner. 
Adaptations were made from the usual CBT protocol to individualize treatment for B. 
For example, the intervention method was chosen due to B’s difficulty with face-to-
face communication and sustained dialog and his interest in using numbers to describe 
his emotional state [79]. Additionally, B’s key care worker was present throughout all 
of the sessions, and was encouraged to take on a co-therapists role.

Therapy consisted of drawing connections between B’s actions and thoughts 
and the negative emotional states that preceded them. Dysfunctional assumptions 
were identified and challenged. B was instructed to state evidence for a particular 
belief and identified alternative ways to construct an event or situation. Through this 
approach, B was able to find accurate and appropriate sources of information upon 
which to base his emotional state. Lastly, B was introduced to alternative and non-
injurious behaviors to cope with emotional discomforts such as anger and frustration. 
Journaling thoughts, exercise, distraction, and relaxation techniques were used as 
coping skills and alternatives to self-injurious behaviors [79].

The outcome of treatment for B was assessed in the following ways: BDI score, 
observation of self-harm behavior, and attainment of therapeutic goals [79]. 
Outcomes were assessed pre-treatment, throughout the course of treatment, and 
post-treatment. B’s BDI scores evidenced significant stable reduction following 
the initial 6 weeks of the intervention. B’s initial score of 29 on the BDI decreased 
to 13 at the end of the treatment stage. At 6 months post-treatment, B’s BDI scores 
had slightly increased to 19, and at 8 months post-treatment, he scored 20 on the 
measure of depression. B’s outcome results suggested his depression had improved 
at the final stage of treatment, then worsened following the end of the intervention 
phase, however, not to its pre-treatment level [79]. With regard to B’s therapy goals, 
he had achieved two of his three stated therapy goals: being able to make up his mind 
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(e.g., was able to make decisions related to looking for adult education classes) and 
being able to express his feelings (e.g., began to use writing to express his feelings and 
communicate with others). B did not meet his therapy goal of reducing social anxiety 
with females, as he was not able to generalize skills learned and practiced in the 
therapy session to real-life situations. In Hare [79], results suggested that the use of a 
CBT approach with the AS population could be useful. The findings paved the way for 
additional research examining the utility of CBT methods with the ASD population.

Since the publication of Hare [79], the use of CBT principles as effective interven-
tions for youth with ASD has continued to be extensively examined. An intervention 
titled Program for the Education and Enrichment of Relationship Skills (PEERS) is an 
evidenced-based social skills program that utilizes the teaching methods of traditional 
CBT to teach social skills to adolescents with ASD and other social challenges [80]. 
The CBT treatment program has been examined through multiple clinical trials and 
reported to be effective in improving the social outcomes in youth with ASD [81–83].

The use of CBT, often with modifications, helps to make the modality more effec-
tive for use with this population [84]. The majority of studies employing CBT meth-
ods with the ASD population have been conducted with modifications [48]. Wood 
et al. [85] suggested using hands-on activities or visual aids to assist with facilitating 
concrete discussions and clarifying the lesson. Cardaciotto and Herbert [86] modi-
fied a CBT protocol to treat SoP by adding a social skills training component to the 
treatment. The modification Were done in the single case design to target the client’s 
impairments in verbal, non-verbal, and paralinguistic communications. Assessment 
of SoP on outcome measures administered throughout treatment revealed a steady 
decline in SoP severity. Cardaciotto and Herbert [86] concluded that at the end of 
treatment the client no longer met diagnostic criteria for symptoms related to SoP.

Ames and Weiss [87] focused their study on the modifications necessary to treat 
anxiety in a child with ASD, aggression, and mild intellectual impairment with 
traditional CBT. CBT is the primary treatment for typically developing children and 
high-functioning children with ASD with anxiety and mood disorders. The study 
was qualitative and used one participant in a case-study format. The modifications 
necessary related to the participant’s diagnosis of ASD, and included the use of visual 
aids, decreased verbal commands, role-play, the inclusion of special interests, visual 
social stories, direct parental participation, and physical play activities. The research-
ers determined that the use of modifications was useful in the treatment of ASD 
children, but acknowledged the lack of quantitative support for the modifications as 
the gains noted were anecdotal in nature. Although largely identified as an effective 
treatment for youth with ASD and co-occurring psychiatric or behavioral issues, 
researchers suggest that continued research is necessary to further strengthen the 
support that CBT is an efficacious modality for the population [88, 89].

8. CBT for youth with ASD and co-occurring anxiety

In the past decade, CBT has steadily emerged in the literature as an efficacious 
treatment modality for youth with ASD and co-occurring anxiety [85, 88, 90–92]. 
Across the current literature, positive outcomes are consistently reported, providing 
mounting evidence for CBT as an effective treatment modality for anxiety in indi-
viduals with ASD [85, 88, 90, 93–100].

Sofronoff et al. [90] published the first account of utilizing an RCT of a CBT inter-
vention for anxiety in youth with AS. The study aimed to answer two primary questions, 
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“whether a brief CBT intervention for anxiety would effectively reduce symptomology 
in children diagnosed with AS” ([90], p. 1157) and “whether there would be a positive 
effect of parent involvement on children’s use of the strategies and therefore an increase 
in effectiveness.” ([90], p. 1157). The study consisted of 71 child participants with AS 
aged 10–12 years. The presence of anxiety symptomology was established via parent 
report and the SCAS-P was used to obtain baseline anxiety level. Participants were 
randomized to one of three intervention groups: CBT intervention 1 (child only), CBT 
intervention 2 (child + parent), or waitlist control. Within each intervention group, 
participants were matched on age, sex, baseline anxiety level, IQ , baseline level of 
depression measured by the Children’s Depression Inventory (CDI), and baseline level of 
AS symptomology measured by the Childhood Asperger Syndrome Test (CAST).

There were eight CBT intervention 1 groups and nine CBT intervention 2 groups 
that were each comprised of three participants and two therapists. Parents from the 
CBT intervention 2 groups formed two parent groups and were trained by a therapist 
to work as co-therapists in all components of the intervention. The waitlist group 
completed CBT intervention 2 following their final waitlist assessment. Graduate 
student therapists provided the CBT intervention for all groups and they received on-
going supervision [90]. The intervention took place in a clinic setting and consisted 
of six weekly two-hour-long sessions. The first session included discussing happiness 
and relaxation, with activities to compare emotions in specific situations. Session two 
discussed the effects of anxiety and introduced the concept of a “tool box” to teach 
children various strategies to “fix” their negative emotions and anxiety. Session three 
focused on social and thinking tools, including cognitive restructuring techniques 
and how to get help from other people when feeling negative emotions or anxiety. 
In the fourth session, a “fear thermometer” was introduced to offer the children a 
visual aid in rating the level of anxiety in certain situations. Session five utilized 
social stories to teach emotion management strategies. Lastly, session six consisted of 
participants working together to create self-management plans.

Outcomes were measured by the SCAS-P, the Social Worries Questionnaire 
(SWQ ), and a standardized observational measure of coping strategies generated 
by children called James and the Math Test. Assessment measures were completed 
at three time periods: Time 1 pre-treatment (baseline), Time 2 post-treatment, and 
Time 3 follow-up (6 weeks post-treatment). Scoring was completed by intervention-
blind raters and yielded high inter-rater reliability (99%) [90].

The researchers used a series of repeated measures analyses of variance to com-
pare parents’ reports of child anxiety across time and between groups. Results from 
Sofronoff et al. [90] revealed significant reductions in parent-rated symptoms from 
Time 1 to Time 3 on both the total score and on all sub-scales of the SCAS-P and 
SWQ. Furthermore, James and the Math Test showed a significant increase in the 
number of adaptive coping strategies generated by each child to deal with anxiety-
producing situations. There were also significant differences between the two CBT 
intervention groups, as measured by the SCAS-P, at Time 3 with the CBT intervention 
2 group showing greater improvement, suggesting parent involvement in the program 
produced greater Outcome for the participants [90].

Overall, the results of this study demonstrated that CBT was effective in reducing 
symptoms in a child with AS [90]. The researchers reported that the CBT intervention 
was well accepted by the children and their parents. Some identified limitations of 
the study were focused on the nature of data collection. Outcome measures consisted 
of two parent report measures. As only parent report was utilized, parents may have 
expected their children to improve because of their participation in the program. The 
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authors suggested that future research collect data from multiple informant measures 
and that behavioral change be assessed as well [90].

McNally Keehn et al. [93] conducted the first study to examine the effectiveness 
of the Coping Cat program in reducing anxiety in children with ASD. The researchers 
conducted a randomized control trial including 22 children ages 8–14 years old. The 
participants included in the study achieved an IQ ≥ 70 and met diagnostic criteria for 
one or more principal anxiety disorders (GAD, SoP, SAD). Twelve participants were 
randomized to the CBT condition and 10 were randomized to the waitlist/control 
(WL) condition. The study utilized the ADIS-P [68] as the primary outcome measure 
and the SCAS-C/P [101] and MASC-C/P [102] as secondary outcome measures to 
assess for clinically significant anxiety.

Results of the data analysis showed that ratings for principal anxiety disorders in 
the CBT group dropped below the clinical cutoff (<4) at post-treatment as measured 
by the primary outcome measure [93]. Specifically, 58% of children in the CBT condi-
tion no longer met the criteria for their primary anxiety diagnosis at post-treatment 
assessment while 100% of children in the WL condition continued to meet the criteria 
for the principal anxiety diagnosis at post-WL assessment. Furthermore, 36% of the 
CBT condition participants remained free from meeting diagnostic criteria for their 
primary anxiety diagnosis at the two-month follow-up suggesting that treatment 
gains from the modified Coping Cat program were maintained. Given the positive 
findings from the research study, the authors suggest that a modified version of the 
Coping Cat program could be a possible first line of treatment for children with ASD 
and co-occurring anxiety [93].

In another 12-week trial comparing CBT to treatment as usual (TAU) in 45 
children, ages 7–11, Storch et al. [103] reported significant improvement in anxiety 
symptoms. After randomization, children in the CBT group were given 16 sessions of 
manualized CBT that included psychoeducation, cognitive components, exposure, 
homework, and parent meetings employing the Behavior Interventions for Anxiety 
with Autism [104]. Eighteen of 24 children in the CBT group improved relative to 3 of 
21 children in the TAU group. Gains were was maintained for most of the CBT group 
at 3 months. A total of 38% (9/24) of children in the CBT group achieved clinical 
remission at post-treatment versus 5% (1/21) of those in the TAU arm (p < .01).

This same team also reported positive results in an older cohort of children and ado-
lescents ages 11–16 [105]. In a similar randomized trial comparing sixteen weekly, CBT 
sessions, 11 of 16 in the CBT group showed significant improvement compared to 4 of 15 
in the TAU group based on blind ratings of symptoms taken at prescreening, posttreat-
ment, and a 1-month follow-up. Moreover, gains were generally maintained at follow-up.

Wood et al. [104] examined the efficacy of CBT for use with youth diagnosed 
with ASD and comorbid anxiety. They used a modified version of a modular CBT 
program originally designed for preteens with ASD, called Behavioral Interventions 
for Anxiety in Children with Autism (BIACA) to treat early adolescents with ASD co-
occurring anxiety. The study participants included 33 adolescents between the ages 
of 11 and 15, whom the researchers randomly assigned to attend 16 CBT sessions or to 
be placed in the waiting list control group. The CBT group experienced 79% symptom 
improvement at the end of the study as measured by the Clinical Global Impressions-
Improvement scale, as compared with 28% of the waitlist group. Their findings 
provided additional support that CBT was an effective treatment for ASD youth who 
have clinically significant levels of co-occurring anxiety.

Wise et al. [99] completed a small open trial of a manualized CBT program on 
seven 16–20 year-olds with ASD to treat anxiety. Over their 16-week trials that 
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included psychoeducation, cognitive therapy, and exposure, significant improvement 
in anxiety was found on clinician-rated measures.

9. Computerized CBT for the treatment of anxiety.

Computerized CBT is a modern version of CBT developed to meet the needs of 
those who are diagnosed with or experience the symptoms of anxiety disorders and 
who, for a variety of reasons, do not use a therapist-guided CBT program. Barriers 
to treatment for anxiety include but are not limited to the accessibility of services, 
financial issues, lack of knowledge of appropriate services, and long waiting periods 
[106–108].

Andrews et al. [18] found that though treatment for anxiety has largely proved 
efficacious, low numbers of adults suffering from depression and anxiety actually 
seek therapeutic interventions. The researchers looked at the efficacy of the use 
of computer-based therapy for individuals with depression and anxiety. For their 
quantitative, retrospective cross-sectional study, the authors gathered 2670 abstracts 
on the subject of computer-based psychological treatment of depression, and anxiety 
disorders, calculated the effect size and determined the difference between the two 
conditions. Ultimately 22 studies were used in their analysis, and it was determined 
that even though the individuals had limited contact with a clinician, computerized 
CBT was a viable treatment for the disorders. When compared to face-to-face treat-
ment, it offered the clients increased access to treatment, and had similar approval 
rates. Effect sizes obtained in the reviewed studies were substantial and the results 
indicated short-term and long-term benefits. The researchers concluded that comput-
erized CBT is an efficacious and acceptable treatment [18].

A study by Amir and Taylor [109] noted that though GAD is a common and often 
debilitating disorder, many individuals who suffer from it do not seek or receive the 
most effective treatment. The quantitative research study included 21 participants who 
were seeking treatment for GAD and were willing to utilize a 6-week computerized 
home-based treatment program. The program contained two elements, an attention 
modification program (AMP) and a brief computer-delivered CBT module (cCBT). 
Of the 21 participants, 14 individuals, or 67% of participants, completed the program, 
and the treatment resulted in a clinically significant reduction in symptoms for pro-
gram completers. The researchers reported considerably lower clinician and self-rated 
symptoms of GAD and 79% of the 14 study participants no longer met the DSM IV’s 
criteria for GAD at the end of the program, with 36% classified as in remission.

Additionally, in their qualitative study, Barazzone et al. [110] found that comput-
erized CBT programs build on certain features of the therapeutic alliance, such as the 
idea of empowerment, which helps to establish the therapeutic relationship and con-
tribute to the achievement of positive mental health outcomes. Barazzone et al.’s [110] 
study used three online computerized CBT programs for depression to determine 
how well the therapeutic alliance was established and maintained electronically. The 
researchers analyzed data from the three computerized CBT programs using a deduc-
tive qualitative approach based on a matrix-based analytic method called framework 
analysis. The researchers looked for features within the three programs that could 
establish, develop, and maintain a therapeutic alliance. The study researchers deter-
mined that there was considerable evidence showing that the computerized therapy 
programs contained features associated with the establishment, development, and 
maintenance of the therapeutic alliance.
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More recently, Bowler et al. [111] tested the prediction that computerized CBT and 
cognitive bias modification for interpretation (CBM-I) would reduce anxiety better 
than for a wait-list control group. The study participants were 63 mostly Caucasian 
adults who reported high levels of anxiety. Researchers randomly assigned participants 
to one of the three groups and obtained self-reported levels of anxiety, depression, 
attentional control, and threat-related interpretive bias at four time periods.

All participants, except those in the control group, reported clinically significant 
reductions in social and trait anxiety and depression levels.

Thus, combined studies reveal that computerized CBT is an efficacious and poten-
tially cost-effective treatment for anxiety and depression when access to therapist-led, 
face-to-face cognitive behavioral therapy is limited [108, 110].

10. Computer-assisted models of treatment for youth

Multiple studies detailing the efficacy of using computerized CBT as a treatment for 
anxiety and depression in adults exist [18, 109–111]. There is also now a growing body of 
research focused on the efficacy of computerized CBT for use with youth [66, 112–117].

Craske et al. [112] describe a computer-assisted CBT program designed to provide 
evidence-based treatment for the four types of anxiety disorders usually observed in 
primary care settings. These anxiety disorders are panic disorder, posttraumatic stress 
disorder, GAD, as well as SoP. The researchers described the structure and format of 
this CBT program and showed evidence of the program’s effectiveness. They gathered 
13 clinicians utilizing this program and interviewed them about their perceptions of the 
program. The researchers found that the clinicians using the program all had positive 
views and see it as very helpful to the youth with these disorders. The patients showed 
great commitment to attendance and homework compliance with this program. The 
patients also understood the program material better and even acquired CBT skills.

Moreover, the clinicians who used the program reported that improvements were 
seen across the four types of principal anxiety disorders. Patients diagnosed with these 
different disorders showed improvements to the same degree as one another when it 
came to their self-ratings of self-ratings of anxiety, depression, and expectations for 
improvement. The researchers concluded that computer-assisted CBT programs could 
enable an effective practice-based system for spreading evidence-based mental health 
treatment across primary care settings while making sure that there would be treat-
ment fidelity even in the hands of novice clinicians [118].

Holmes et al. [119] also discussed the effectiveness of using computer-based 
interventions as possible alternatives to treating children dealing with anxiety dis-
orders. The researchers designed the study after identifying the gap in the literature 
exploring the feasibility and efficacy of computer-delivered treatment of anxiety in 
child patients as opposed to the frequently-studied adult populations. The researchers 
found that the internet might be an effective way of delivering CBT targeting children 
suffering from anxiety disorders since it has reportedly been effective for adults [119]. 
Computerized CBT programs can be effective either as a stand-alone internet treat-
ment or a combined clinic and internet program. The researchers, however, questioned 
whether a computerized program is better than a clinic-based treatment program, 
especially for children. The researchers claimed that as of now, firm conclusions on this 
cannot yet be drawn, although it seems that internet approaches may be acceptable and 
beneficial for a significant proportion of children dealing with anxiety disorders, with 
their parents being satisfied with the process and outcomes [119].
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In 2008 Kendell and Khanna introduced CCAL: The Coping Cat CD Rom 
[120, 121]. Khanna and Kendall [122] evaluated the feasibility and acceptable effects 
of CCAL, a computer-assisted CBT intervention for anxiety in youth based on the 
Coping Cat program framework. The researchers randomly assigned 49 children, 33 
of whom are males from ages 7 to 13 and of different ethnicities, to CCAL, individual 
CBT (ICBT), and a computer-assisted education, support, and attention (CESA) 
condition. All therapists came from the community or were Psy.D. or Ph.D. trainees, 
some of whom were trained, others untrained, in practicing CBT for child anxiety. 
The researchers conducted independent diagnostic interviews and self-report 
measures at pre- and post-treatment and 3-month follow-up. At post-treatment, the 
researchers found that children who went through the ICBT or CCAL showed greater 
improvement than the children who underwent CESA. In addition, these improve-
ments were sustained at follow-up, with no significant differences between the chil-
dren who underwent ICBT and children who underwent CCAL [122]. At the 3-month 
post-treatment follow-up, 70% of those treated with CCAL, 81% of those who used 
the ICBT program, and 19% of those using the CESA program no longer met the 
criteria for their anxiety disorder. The parents of the children all provided satisfactory 
ratings for the treatments. However, the CCAL and ICBT children provided higher 
satisfaction ratings than the CESA children. Khanna and Kendall [122] concluded that 
CCAL is feasible, acceptable, and beneficial for children dealing with anxiety. This 
research provided further support for the effectiveness of computer-assisted modali-
ties in delivering empirically supported treatments.

Spence et al. [123] compared online versus clinical delivery of CBT to treat anxiety 
disorders in adolescents. This comparison has been the question of most researchers in 
computer-assisted CBT treatment. Even though the safety and benefits of computer-
assisted CBT treatments for children have been established by several researchers, they 
could not draw a firm conclusion as to whether computer-assisted treatments are better 
than clinical treatments. Spence et al. [123] tried to close this research gap. To deter-
mine this, they gathered 115 clinically anxious adolescents aged 12–18 years and their 
parent(s). Adolescents were randomly assigned to online delivery of CBT, clinic-based 
delivery of CBT, or WL control conditions. Those in the treatment groups were given 
equivalent CBT content. The researchers conducted clinical diagnostic interviews and 
questionnaire assessments 12 weeks after baseline and at 6- and 12-month follow-ups. 
They found that both online delivery and clinic-based delivery of CBT treatments are 
beneficial. Children in these two delivery modes of CBT experienced greater reductions 
in anxiety diagnoses and anxiety symptoms compared with the WL control. These 
improvements were maintained or further enhanced for both conditions, with minimal 
differences between them, at 6- and 12-month follow-ups. Therefore, the researchers 
cannot say online delivery is better than clinic-based delivery. In particular, 78% of 
those who underwent the online delivery program no longer met the principal anxiety 
diagnosis criteria at the 12-month follow-up. Around 80.6% of the patients in the 
clinic-based delivery group experienced the same. This shows that the two types of CBT 
treatments offer no relatively different outcomes and that both are effective. Ratings 
of treatment credibility from both parents and adolescents were high for both types of 
programs. Satisfaction ratings by adolescents were equivalent for the two types of CBT 
treatments [123]. However, parents of children in the clinic-based delivery of CBT treat-
ments are a bit more satisfied than those whose children underwent the online delivery 
model. Still, the researchers concluded that online delivery of CBT, even if children 
experienced minimal therapist support, is equally efficacious as clinic-based, face-to-
face therapy in treating anxiety disorders among adolescents [123]. The online-based 
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treatment is also far more accessible [123]. This approach is an effective alternative for 
those who do not engage in face-to-face clinical treatment.

Blocher et al. [124] recognized that anxiety disorders are prevalent among children 
suffering from epilepsy and designed a study that would determine the efficacy, 
adaptability, and feasibility of a manual-based, computer-based CBT intervention 
for anxiety disorders in children with epilepsy. They gathered 15 children (aged 
8–13 years) with epilepsy and dealing with anxiety disorder and asked them to 
complete 12 weeks of a manualized computer-assisted CBT. The children and their 
parents were interviewed at baseline with semi-structured questions. They were also 
asked to complete surveys before, during, and after treatment to determine their 
symptoms of anxiety, depression, and behavior problems. The researchers found that 
there were apparent reductions in symptoms experienced by the children in relation 
to anxiety and depression at the completion of the intervention and the 3-month 
follow-up. Aside from the children, the parents asserted that they observed fewer 
anxiety symptoms and a reduction in behavior problems. No adverse events were 
reported for any of the participants. The researchers, therefore, were able to conclude 
that computer-assisted CBT intervention for children with epilepsy and anxiety dis-
orders is safe, effective, and feasible. They asked that this treatment form be included 
in future intervention studies dealing with children suffering from anxiety disorders.

A study by Donovan and March [66] determined the efficacy of a computerized 
CBT program for preschoolers with anxiety disorders. The computerized CBT pro-
gram was parent-focused and therapist-assisted. The study authors required parents 
to complete a series of diagnostic interviews and parent-report questionnaires to 
determine the severity of anxiety symptoms of their combined 52 children ranging 
in age from 3 to 6-year-old. The researchers randomly placed the children into either 
the program group or informed them that they were on the waiting list, a group that 
then served as the control group. The parents participated in diagnostic interviews 
and filled out parent-report symptom severity questionnaires at the program’s start 
and again after 6 months. Post-treatment assessments revealed that 39% of par-
ticipants versus 25% of the control group showed significantly reduced symptoms 
at the end of the program. At the 6-month review, 70% of the preschoolers who 
had participated in the program group no longer had their initial anxiety disorder 
diagnosis. The results indicate that computerized CBT is efficacious for preschoolers 
with anxiety disorders.

Donovan et al. [106] detail how technology can decrease the barriers to treatment 
for children and adolescents, and study the benefits and weaknesses of using various 
computerized CBT programs to treat anxiety. Mentioned briefly was the efficacy of 
using a computer-based program for the treatment of adolescents with ASD. The study 
authors detailed a program called “BRAVE ONLINE,” a computer-based CBT program 
for treating anxiety in children and adolescents. The program treats children aged 
7–17 and has shown efficacy for both age groups. Although there is also a parent-based 
program for use with younger children, the results currently remain unpublished.

Ebert et al. [113] also studied the possibility of using computerized CBT treat-
ments to alleviate the symptoms of anxiety and depression in children and adoles-
cents. The researchers used data from 13 randomized trials that used 796 children and 
adolescents as participants to determine the effectiveness of symptom reduction when 
using computerized CBT programs to treat the symptoms of anxiety and depression 
in that population. They ultimately discovered that computerized CBT is an effective 
treatment modality relative to face-to-face treatment services for lessening anxiety 
and depression symptoms in young people up to age 25.
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Researchers such as Vigerland et al. [116] suggested that most clinicians continue 
to lack the knowledge of or experience with the use of computerized CBT, even 
though computerized CBT has proven effective for treating anxiety in children and 
adolescents. In fact, many researchers believe that it should be the primary treatment 
for anxiety disorders in this age group [116]. In their 2014 study, Vigerland et al. [116] 
surveyed 156 mental health clinicians on their attitudes toward using computerized 
CBT to treat anxiety in children and adolescents. Although many clinicians (73%) 
viewed computerized CBT as an effective preventative measure, and 75% of the clini-
cians studied acknowledged its usefulness in the treatment of mild to moderate anxi-
ety, most reported that they did not want computerized CBT to be freely accessible 
online. The mental health practitioners were reportedly concerned with the severity 
of symptoms, the age of the client, and the lack of human support during treatment. 
Thus, most clinicians wanted to see computerized CBT administered within a mental 

Name of program and website Ages Facilitated support

Camp Cope-A-Lot
https://www.workbookpublishing.com/camp-cope-a-lot.html

11–13 Professional and/or 
parent

SMARTCAT
https://apps.apple.com/us/app/smartcat-3-0/id1511786912

7–13 Professional

Treasure Hunt
https://www.treasurehunt.uzh.ch/en.html

9–13 Professional

BRAVE
https://www.taptap.io/app/65756

8–12
9–13

Professional

Mayo Clinic Anxiety Coach
https://anxietycoach.mayoclinic.org/anxiety/

Child/adol. Self-help

REACH
Patwardhan et al. [125]

9–11 Not specified

DARE 8–12 Therapist

https://apps.apple.com/us/app/dare-panic-anxiety-relief/
id1034311206

Cool Little Kids
https://coollittlekids.org.au/login

3–6 Not specified

Pesky gNATs Island
https://peskygnats.com/peskygnats/

9–17 Professional

Think, Feel, Do
Stallard et al. [63]

11–16 Professional

Cool Teens Program
https://www.c4tbh.org/program-review/cool-teens/

14–17 Professional

MoodGYM
https://moodgym.com.au/

Not specified Teacher

Unnamed; Tillfors [126] Not specified Professional

Kids-accident
Cox et al. [127]

Not specified Parents

Adapted from Tozzi et al. [115].

Table 1. 
Current evidence-based computer facilitated applications for treating anxiety in children.
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health or primary care facility to ensure the involvement of face-to-face interaction in 
combination with the computerized CBT interventions [116].

Tozzi et al. [115] completed a meta-analysis of 197 articles with 19 meeting criteria 
for review of acceptable technology with treatment and prevention programs for 
anxiety in children and adolescents. Fourteen technology-based CBT treatments were 
identified as meeting efficacy standards. Seven were appropriate for children and 
seven for adolescents. The programs they identified can be seen in Table 1.

Despite questions of accessibility, the use of computerized CBT is now a grow-
ing trend in the treatment of anxiety disorders for children, adolescents, and adults 
alike [128–130], but the use of computerized CBT for children and adolescents with 
co-occurring ASD is not as prevalent. Thus, future research will likely include the 
efficacy of computerized CBT for use in youth populations with ASD [131].

11.  Computer-Assisted CBT for the treatment of anxiety in youth with 
ASD and co-occurring anxiety

Children and adolescents with ASD have unique needs regarding the treatment of 
their disorder, and in most cases, behavioral analysis interventions were the preferred 
treatment [75]. The success of behavioral interventions combined for the treatment 
of ASD, and cognitive behavioral interventions for the treatment of co-occurring 
anxiety disorders are largely unknown and represent a significant gap in the research. 
Although it is known that CBT is an effective treatment for use with youth with co-
occurring anxiety disorders and ASD, future research needs to determine the efficacy 
of computer-assisted CBT for the treatment of this population [117, 132–135]. Zabel 
recently completed a dissertation at Philadelphia College of Osteopathic Medicine, 
Department of Psychology, investigating the efficacy of CCAL CD Rom for treating 
anxiety symptoms in children with ASD. The single case study revealed inconsistent 
results on the overall reduction of anxiety symptoms in the participants diagnosed 
with ASD. The study utilized a small sample (n = 4) with no control group. According 
to Zabel [135] the 12-week CCAL intervention was “generally successful in decreasing 
some symptoms of anxiety for each of the participants” (p. 111). However, results 
on outcome measures yielded no statistically significant changes in symptom sever-
ity and were inconsistent across scales, subscales, and participants. The variability 
observed across outcome data was attributed to participant heterogeneity and a 
small sample size. Although quantitative data analysis did not reveal a statistically 
significant change in the participants’ self and parent report outcomes measures, 
the researcher discussed valued qualitative information obtained during the study. 
For example, Zabel [135] discussed overall parent-reported satisfaction with the 
intervention and observed improvement in the participant’s ability to approach their 
fears as they progressed through the intervention. Results from this first-known study 
on the efficacy of CCAL in treating anxiety in children with ASD offered valuable 
limitations identified that will benefit researchers wishing to continue examining the 
potential efficacy of CCAL, an empirically supported intervention program in youth 
with co-occurring ASD. To date, no known studies investigating the efficacy of CCAL 
have been conducted utilizing a larger sample size or RCT design.

Most recently, our group [95] reported the results of a crossover design showing 
the efficacy of a computer-assisted intervention program for youth with ASD who 
also experience co-occurring anxiety. The computer-assisted cognitive behavior 
program, CCAL was compared to control intervention, another computer-assisted 
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program, The Social Express (TSE), that does not employ CBT nor is targeted for 
the treatment of anxiety. TSE is designed to improve social skills in youth with 
ASD. Participants had a principal anxiety disorder and a current diagnosis of ASD. 
Participants received 12 sessions of CCAL or 12 sessions of TSE. Outcome measures 
were obtained at intake, upon completion of the first intervention of the trial, and 
upon completion of the second intervention of the trial. CCAL was efficacious for 
treating anxiety. Participants who completed CCAL demonstrated significant clini-
cal reductions in anxiety when compared to participants who completed TSE. The 
study obtained an NNT = 2.17 which is comparable or superior to those reported by 
pharmacological research examining evidence-based approaches to treating pediatric 
anxiety [136]. While a multi-modal treatment approach has been found most effec-
tive in treating anxiety in youth [136], there remains the potential for adverse events 
with psychopharmacological interventions. A small dropout rate for CCAL, and the 
intervention required minimal financial support interventions, CCAL and TSE, also 
both showed some limited improvement in social skills.

12. Conclusions

Anxiety is a frequent co-occurring condition in persons with ASD and particu-
larly children and adolescents with ASD. During the past decade, multiple clinical 
trials have demonstrated significant evidence that CBT employed to treat anxiety in 
children and adolescents with ASD was generally effective and clearly constituted 
an evidence-based intervention treatment modality. Effect sizes, while significant, 
ranged from small to large depending on the study and particularly on outcome 
measures. Virtually all of the trials reported in this chapter were relatively small with 
treatment samples of less than 30 participants receiving CBT. This suggests the need 
for larger randomized trials.
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Chapter 13

Naturalistic Developmental 
Behavioral Interventions as  
Value-Based and Culturally 
Adapted EBPs for Autistic 
Individuals
Mian Wang, Rachel Schuck and Kaitlynn M.P. Baiden

Abstract

Naturalistic Developmental Behavioral Interventions (NDBIs) are child-centered 
and motivation-based interventions for autistic children. Though they hold great 
promise due to their naturalistic implementation and focus on children’s strengths, 
there have been recent calls to improve NDBIs such that they are more aligned with 
the neurodiversity approach. Central to this argument is the notion that autistic cli-
ents and their families should find the intervention acceptable. This chapter describes 
how NDBIs differ from other behavioral interventions, what their strengths are, 
and how they can continue to be improved. More specifically, we focus on expand-
ing target NDBI outcomes to include more distal, family centered variables (such as 
family quality of life); improving the social validity of NDBIs; and how NDBIs can be 
implemented using a tiered support system.

Keywords: naturalistic developmental behavioral intervention, motivation-based 
intervention, ASD, neurodiversity, social validity of intervention, evidence-based practice

1. Introduction

A steady increase in the prevalence of autism across the globe and growing 
demands for service and support have drawn increasing attention from policy 
makers, researchers, and practitioners in the field of health care, mental health care, 
and disability services. A recent systematic review, synthesizing 99 estimates from 
71 studies of the prevalence of autism spectrum disorder (ASD) worldwide, sug-
gests that approximately 1% of children are diagnosed with ASD around the world 
and that the prevalence data in 2012 and 2021 are not much different from a global 
point of view [1]. However, there are a number of countries (e.g., Australia, France, 
Korea, and the USA) reporting a noticeable ascending trend of autism prevalence. 
For instance, in the USA, the prevalence of autism has been rising, and it is rising 
very rapidly according to the CDC. When the CDC started systemic screening in 
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2000, the ratio of 8-year-old children with ASD was about 1:166, and it has increased 
fourfold to 1:44 as of 2020 [2]. In response to the increasing autistic population and 
huge demands for high-quality service and support, there have been intensifying 
efforts in researching and developing effective intervention approaches for support-
ing autistic individuals to improve specific outcomes such as social communication 
and interaction skills and enhance holistic outcomes like quality of life. Over the last 
several decades, a wide array of psycho-educational interventions has been developed 
and researched, leading to the need for a systematic way of determining which of 
these interventions are most effective for autistic individuals. As such, the field has 
identified its own methods for identifying what we know as evidence-based practices 
(EBPs), which are seen as the “gold standard” in the field of autism intervention.

In this chapter, we will discuss current EBPs in the autism intervention literature. 
We begin with an introduction of the most commonly identified EBPs and a brief 
summary of some major methodological and ethical concerns of these psych-edu-
cational approaches. In the pursuit of potential remedies for addressing these issues 
and concerns, we introduce Naturalistic Developmental Behavioral Interventions 
(NDBIs; [3]), as a highly regarded intervention model with a strong evidence base, 
and potential value-based and culturally adapted evidence-based practices that can 
help address some of the underlying methodological and ethical concerns in autism 
interventions and support. We will then delineate both promises and limitations of 
NDBIs. Lastly, we evaluate the areas in which NDBIs need to be further improved, as 
well as implications for clinical practice and future research.

2. Evidence-based practices in autism interventions and support

There is a plethora of research on autism interventions that have been conducted 
in the last five decades. This research has sought to answer a critical question: how 
do we effectively support autistic individuals and their families? As a result of this 
research, the field has been able to identify a set of interventions that have proven 
to be effective and demonstrated positive outcomes for autistic individuals. The 
field knows these as evidence-based practices (EBPs). Currently, there are two main 
groups that have evaluated the extensive literature to determine which interven-
tions and intervention packages qualify as evidence-based practice—the National 
Standards Project [4] and National Professional Development Center (NPDC) on 
autism spectrum disorders. Through a thorough literature review, NSP has identi-
fied 14 established evidence-based practices and 18 with emerging evidence [4]. The 
NPDC identified 27 evidence-based practices [5]. Most of these identified EBPs are 
based on behavioral principles.

Based on the NPDC standards, in order to meet the criteria as an evidence-based 
practice, there must be positive evidence to support the intervention strategy with 
at least two high-quality experimental or quasi-experimental group design studies 
that have been conducted by two different researchers or research groups, or at least 
five high-quality single-subject design studies conducted by at least three different 
researchers or research groups, totaling at least 20 participants. A practice could also 
meet this standard if there is one high-quality randomized or quasi-experimental 
group design study and a minimum of three high-quality single-subject design 
studies conducted by at least three different researchers or research groups across all 
studies [5]. The NSP standards for established evidence-based practices are similar 
and require either two group designs or four single-subject design studies that have 
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a minimum of 12 participants with no conflicting results or a minimum of three 
group designs of six single-subject designs with a minimum of 18 participants, with 
no fewer than 10% of studies having conflicting results. Additionally, the NSP has a 
scoring system for ensuring these studies are of high quality [4].

Even with these standards, there have been criticisms of evidence-based practices 
used with autistic children from both methodological and ethical perspectives (e.g. 
[6]). These issues identified are not only with the literature base, but also with the 
practical implications of the use of EBPs in clinical settings. In terms of methodologi-
cal issues, there have been concerns with both the quality of the review methods for 
determining the evidence-based interventions for autistic children, as well as issues 
with the quality of individual study designs and protocols. Specifically, Sandbank 
et al. [7] identified three major concerns with the reviews of the National Standards 
Project (NSP) and National Professional Development Center (NPDC) on Autism 
Spectrum Disorders: the attempt to blend evidence from different research design 
methodologies (single-subject and group designs) though there is no agreed upon way 
of doing so, limited information about the extent of intervention effectiveness and 
for which populations, and the lack of summarizing the effects of any given inter-
vention. In addition to these clear issues with synthesizing the literature on autism 
interventions, there has been a multitude of common methodological issues that are 
seen across individual studies. Specifically, critics have expressed concerns over the 
strong focus on single-subject design versus group design and randomized controlled 
trials (RCTs) as well as the focus on short-term outcomes, with little attention paid 
to long-term effects [8]. On a similar note, an additional concern is that there is a 
lack of focus on adverse outcomes in the literature on autism interventions [9, 10]. 
Finally, there are concerns about who is conducting the research. This comes with the 
lack of autistic involvement in autism research, the lack of research on autistic input 
on evidence-based practices, and the limited social validation measures used in the 
autism intervention literature [11–13]. Moreover, researchers and research groups 
who are conducting this intervention literature often fail to identify any potential 
conflicts of interest (COI), though they are often relevant, calling into question the 
potential for bias within these studies [14].

Even more concerning than the methodological shortcomings are the ethical 
concerns that have been voiced by autistic self-advocates in recent years. We have 
identified a number of ethical concerns that have been brought up regarding the 
implementation of commonly used evidence-based practices for autistic children. 
Chief among these concerns are: the unethical history of behavioral intervention, 
the focus on normalization of autistic recipients, and the emphasis on compliance 
(a more detailed discussion is provided in a later section regarding limitations of 
Naturalistic Developmental Behavioral Interventions).

2.1 Naturalistic developmental behavioral interventions

One example of a manualized EBP approach for autistic children is Naturalistic 
Developmental Behavioral Interventions (NDBIs; [3, 15]). NDBIs are a set of inter-
vention models that combine behavioral principles with insights from developmental 
psychology. Intervention models considered as NDBIs include pivotal response 
treatment (PRT; [16]), Early Start Denver Model (ESDM; [17–19]), Project ImPACT 
[20], incidental teaching (IT; [21]), enhanced milieu teaching (EMT; [22]), and Joint 
Attention Symbolic Play Engagement and Regulation (JASPER; [23]). All NDBIs 
emphasize child-centered learning focused on meeting the child where they are and 
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using their interests to improve their motivation to learn [3]. NDBIs have built a large 
evidence base of both single-subject studies and randomized controlled trials, though 
methodological issues such as publication and detection bias and reliance on parent 
report measures [7, 24] weaken the evidence base. Nonetheless, a recent meta-analysis 
still found that NDBIs had the most promising evidence base compared to other 
interventions for autistic children [7].

Implementation of NDBIs should occur in natural environments, throughout the 
child’s daily routines, at home, or at school. They were originally in part created to 
combat some of the issues clinicians saw with more typical, structured ABA, such 
as lack of motivation and generalization [25]. As such, all NDBIs share common 
components such as following the child’s lead, shared control, natural reinforcement, 
and reinforcing non-perfect attempts. For example, if a child loves cars, playing with 
toy cars might be used to teach words such as “car,” “go,” or “fast.” The child’s interest 
in cars would thus motivate them to practice such words in a fun, enjoyable environ-
ment. It is also important in NDBI implementation to have shared control between 
children and adults, as opposed to more structured ABA, where the clinician usually 
directs interactions and has control over the materials [26]. This shared control gives 
the child agency but also allows the adult the chance to create learning opportuni-
ties (for example by holding out the car and asking the child, “what color is this?”). 
Natural reinforcement is also a hallmark of NDBIs. Natural reinforcement differs 
from external reinforcement in that the reinforcement is the natural consequence 
of whatever the child just did. For example, if the child wants to play with a car and 
says, “car,” or answers the question about the color of the car, the adult contingently 
reinforces them with the car (not with candy, a sticker, or a token). Lastly, NDBIs 
encourage clinicians to reinforce attempts, as opposed to pushing for fully correct 
responses. For instance, a child might approximate the word car by saying “cah” or 
they might say a car is “pink” when it is actually red. By reinforcing these non-perfect 
attempts, children learn that it is the effort that matters to the adults in their lives.

3.  Maximizing family intervention fit: cultural adaptations, neurodiversity, 
and strengths-based approaches

Family involvement is always a core aspect of NDBIs. Parents should be involved 
in goal setting as well as the intervention implementation; in fact, to maximize the 
use of the natural environment, most NDBIs specifically incorporate parent training 
such that parents can act as intervention providers [27]. However, simply involving 
parents in discussions about goals and teaching them to implement NDBIs does not 
guarantee that the interventions are meeting the families’ needs. Therefore, research-
ers and clinicians must ensure that intervention recipients are involved in ways that 
are meaningful to them, whether that is more or less involved or involved in different 
ways. We present three areas that could lead to improvements in family intervention 
fit: adapting interventions to fit different cultures, incorporating a neurodiversity 
approach, and emphasizing strengths-based approaches.

3.1 Culturally adapted EBPs

Cultural adaptations of EBPs, which have emerged as an area of study in other 
fields (e.g., clinical psychology, see Lau [28]), seem to be absent as a focus of EBP 
discourse in the context of delivering quality service and support to autistic students 
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for better life outcomes. In particular, a fundamental assumption about the universal 
applicability and effectiveness of EBP to all populations in the field of mental health 
care and service appears to be a flawed one when evidence of EBP effectiveness is 
solely based on the results of certain populations (e.g., White students of suburban 
middle-class families) [29]. Likewise, there seem to be similar issues about the legiti-
macy of implementation and dissemination of EBPs to populations of color in special 
education considering that most EBPs have been developed without even taking 
account of the cultural context of ethnic minority communities and cultural identity 
of those presumably being served (e.g., autistic individuals).

Castro and colleagues define the concept of cultural adaptation as: “a planned, 
organized, iterative, and collaborative process that often includes the participation of 
persons from the targeted population for whom the adaptation is being developed” 
([30], p. 215). Cultural adaptation also concerns the process of adjusting an evidence-
based intervention protocol by taking language, culture, and context into account to 
make it compatible with the cultural patterns, meanings, and values of those being 
served [31]. Culturally adapted EBPs for autistic individuals can help not only clarify 
and specify what ought to take place in adaptation for obtaining an optimal balance 
between adaptation and clinical implementation fidelity that leads to important 
implementation outcomes such as acceptability and appropriateness, but also define 
and clarify the necessary knowledge, skills, and roles of those facilitating the imple-
mentation process and the timeline and sequence of adaptations in the implementa-
tion process [32].

3.2 What is neurodiversity?

Many critiques of behavioral intervention can be tied to the fact that applied 
behavioral analysis (ABA) usually uses the medical model of disability to “treat” 
autism. Under this view, autism is seen primarily as a medical issue, with “reduction 
of autism symptoms” and appearing more “normal” as intervention targets. This is in 
direct contrast to the model of neurodiversity, which sees autism as a different—but 
not inherently bad—type of brain wiring. In her writing, Judy Singer [33], the soci-
ologist who coined the term “neurodiversity,” described it as similar to biodiversity, in 
that different types of brains contribute to the ecological fitness of a society. Harvey 
Blume’s essay in The Atlantic, which introduced the term to the public in 1998, also 
used the word in this way: “Neurodiversity may be every bit as crucial for the human 
race as biodiversity is for life in general. Who can say what form of wiring will prove 
best at any given moment?”

Today, the term “neurodiversity” is used in multiple different ways [34]. The first 
is similar to the way Singer [33] and Blume [35] described neurodiversity: as a biologi-
cal fact. Everybody’s brain is different, which by default implies that there is diversity 
in human neurology (hence, neuro-diversity). The second way “neurodiversity” is 
often used refers to the ways this biological fact is utilized in everyday life (known 
as the neurodiversity paradigm (Walker [34] or neurodiversity approach [36]). 
According to Walker [34], there are three fundamental aspects of the neurodiversity 
paradigm/approach: neurodiversity is a beneficial form of diversity; there is no 
“average” or “normal” brain; and social dynamics affecting other forms of diversity 
(such as gender and race) are also at play when it comes to neurodiversity. Dwyer’s 
[37] breakdown of the neurodiversity paradigm/approach is similar: there are no 
ideal minds; neurodivergent people should be accepted, not normalized; and society 
plays a large role in disabling neurodivergent individuals. Dwyer [36] also highlights 
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that many advocates have adopted their own personal definitions of neurodiversity. 
For example, Bailin’s [38] definition of the neurodiversity approach is inherently 
political: “primarily a call to include and respect people whose brains work in atypical 
ways, regardless of their level of disability.” All of these definitions of neurodiversity 
relate back to autistic activist Jim Sinclair’s [39] Do not Mourn For Us speech (see [40] 
for a historicization of this speech) where Sinclair implored parents to accept their 
autistic children and to stop seeing autism as a tragedy, explaining that autism is not 
something that can (or should) be removed from an individual. They highlighted that 
autism is a way of being (not an appendage or a “shell”) and that autistic individuals 
are not stuck behind an impenetrable wall, incapable of building relationships with 
others. Sinclair acknowledges that parents may need to grieve the loss of their idea of 
an “ideal” child, but having an autistic child in and of itself is not a reason to grieve. 
This emphasis on acceptance of difference is the backbone of neurodiversity.

3.3 Common misconceptions about neurodiversity

Though neurodiversity hinges upon the biological fact of differences in brains, 
many misconceptions arise when the neurodiversity approach is applied to indi-
viduals with disabilities such as autism. Den Houting [41] brings up three common 
misconceptions. First, some critics feel that the neurodiversity approach views 
autism and other neurological disabilities as simply differences and not disabilities, 
implying that this approach effectively erases disability (e.g., [42]). Advocates 
highlight that this is just simply untrue—while the neurodiversity approach 
does see neurological variation as differences that should be respected, they still 
acknowledge the potentially disabling properties of such differences [38, 41, 
43–45] (den Houting, 2018). While some contend that the disabling aspects are 
solely due to the social environment (e.g., [41]), others reject a strict social model 
and recognize that impairments localized in the individual can themselves be 
disabling (e.g., [37, 43]).

Another common critique is that the neurodiversity approach really only 
applies to those who have higher IQ and who can verbally self-advocate (e.g., [42]; 
numerous posts on the National Council for Severe Autism’s blog, e.g., [46]). 
Den Houting [41] argues this ignores the fact that ability profiles of autistic 
individuals are not always consistent, or they might be great at something 1 day 
but struggle with it the next. Therefore, to assume that someone who can speak 
verbally is all-around “high-functioning” is incorrect. Ballou [43] and den Houting 
[41] also highlight that some neurodiversity self-advocates are in fact minimally 
verbal autistics (though den Houting acknowledges that there is a need for greater 
representation of non- or minimally speaking individuals within the movement). 
Ballou also makes the point that even if some individuals cannot traditionally 
 self-advocate verbally, their other communicative acts should still be listened to 
and respected.

The last critique discussed by den Houting [41] is that, because neurodiversity 
advocates call for acceptance, they think neurodivergent people do not need any 
support. While this is not espoused by nearly any proponent of the neurodiversity 
paradigm, den Houting [41] sees this critique as stemming from a disagreement 
regarding the outcomes of support services. Those who support the neurodi-
versity approach call for supports that emphasize quality of life (e.g., [47]) and 
accommodations (e.g., [48]), whereas its critics tend to utilize the medical model 
wherein autistic individuals should be remediated and normalized. It is therefore 
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a mischaracterization to say that neurodiversity proponents do not want disabled 
individuals to receive supports; they just want supports in place that are accepting 
and validating of one’s neurotype.

3.4 Strength-based approaches to interventions/supports for autistic individuals

Though many early interventions for autistic individuals use the medical model 
to understand and “intervene upon” autism, there are researchers who feel that the 
neurodiversity paradigm and early intervention can coexist, particularly if clinicians 
listen to autistic perspectives regarding intervention goals, procedures, and outcomes 
[49–52]. Therefore, understanding neurodiversity is crucial for professionals who 
work with autistic people, as it can help the field move away from a focus on deficits 
and normalization and toward figuring out what autistic people actually want and 
need. One way for interventionists and support professionals to embrace neurodiver-
sity in their practice is to use strengths-based approaches. Such approaches recognize 
that everyone, no matter what challenges they might face, has strengths and that such 
strengths must be acknowledged and leveraged in education, support services, and 
employment to ensure individuals enjoy a high quality of life.

In typical intervention/education for autistic children, deficits are identified 
through standardized tests and questionnaires, and plans such as individualized 
education programs (IEPs) are created in order to remediate these problem areas. 
These plans typically leave little room to document strengths [53], implying either 
that disabled children do not have strengths or that their strengths do not matter 
in comparison to their deficits. For example, a child’s joint attention abilities may 
be overshadowed or even ignored if the child often needs to run and jump around 
the room while listening, as their IEP might call for them to sit still. Furthermore, 
some challenges faced by autistic individuals can be viewed as strengths depending 
on the context [54]. For example, perseverance on specific topics is often perceived 
as a problem, though it could be reconceptualized as excellent focus and expert 
knowledge. Autistic individuals have been shown to have a multitude of different 
strengths [55, 56], and capitalizing these interests and passions can be a way to 
motivate individuals to learn things they may have not been interested in doing 
previously [57, 58].

4. Promises and limitations of NDBIs

Despite cumulative evidence of the effectiveness of EBPs for autistic children 
suggested by several systematic literature reviews [4, 5], there are a great number of 
methodological and ethical concerns raised in the more recent meta-analytic review 
by adopting more sophisticated research methods with respect to the evidence base 
of EBPs in general (e.g., behavioral interventions) and NDBIs specifically [7, 14, 24]. 
NDBIs, emerging as valued-based approaches, have begun to address many of these 
methodological and ethical concerns in the implementation process of interventions 
and support for autistic children. NDBIs exhibit numerous promises in promoting 
strengths-based approaches, centering autistic voices, and eventually improving 
efficacy and effectiveness of interventions and support for autistic individuals in 
naturalistic settings, and also shed light on the future landscape of culturally adapted 
and value-based EBPs for helping and supporting autistic individuals to achieve 
 better life outcomes.
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4.1 Promises of NDBIs

NDBIs hold many promises, not just in their encouraging efficacy [7], but also 
in their philosophical underpinnings. As discussed above, NDBIs excel in their 
strengths-based approach to teaching children, focusing on what they can do and not 
what they cannot. Emphasizing child choice over clinician-directed tasks helps boost 
child motivation, which allows for a more positive, fun intervention environment. 
By demonstrating to children that effort is more important than perfection, children 
build confidence to try new things.

The use of naturalistic intervention settings and natural reinforcement also 
addresses some of the shortcomings of more traditional EBPs. By learning that 
good things happen during natural interactions, children are able to more easily 
generalize these skills across environments. For example, a child who learns during 
an NDBI intervention session that requesting a favorite toy result in getting that toy 
will find that that same behavior results in the same natural reinforcement at school. 
Furthermore, there is no need to constantly ensure that providers are all using the 
same external reinforcers across settings (e.g., making sure that teachers are using 
the same crackers at school as the interventionist uses at home), since the (natural) 
reinforcement is built into all learning opportunities. All these above-mentioned 
attributes of NDBIs attest to its strong embracement of the ecological perspective of 
child development and its applications in establishing child-centered and home-based 
interventions since NDBIs are typically implemented in autistic children’s natural 
contexts (e.g., home and community settings) through everyday routine interac-
tions with caregivers. This will likely improve the social and ecological validity of 
interventions and support for autistic children. In addition, NDBIs hold promises 
as developmentally appropriate practices which are broadly adopted in early child-
hood education and service for all children with exceptional learning needs given 
that the learning targets and objectives of NDBIs are guided by early developmental 
sequences. NDBIs also have the capability of being highly culturally responsive, as 
they emphasize setting goals that are important to the family [59, 60] and family 
professional partnership [61]. This emphasis on family thus should include interven-
tion considerations related to culture. Several studies of culturally adapted NDBIs 
have shown promise. For example, researchers in China adapted the ESDM cur-
riculum to emphasize vocal tones and include examples of eating relevant to Chinese 
society (e.g., pictures of chopsticks instead of forks) [62]. In India, Project ImPACT 
was adapted based on initial parent feedback. Changes included adding more psycho-
education about autism, teaching parents about play, and including extended family 
members as intervention providers [63]. Additionally, several NDBI manuals have 
been translated into languages other than English, such as Italian [64] and Chinese 
[65] versions of the ESDM manual.

Cultural context is also important when considering NDBIs’ potential alignment 
with the neurodiversity approach. Some in the autistic community see themselves 
as part of an autistic cultural community that is distinct from other groups [66]. 
Just as NDBIs have the capability to be culturally adapted to fit other ethnic or racial 
groups, NDBIs have the potential to be culturally adapted to be aligned with autistic 
culture [52].

In contrast to most of the evidence-based behavioral interventions which pre-
dominantly focus on proximal outcomes of behavioral changes and skill acquisition, 
NDBIs cast emphasis on broader goals and long-term outcomes (e.g., social inclusion, 
rights, emotional, physical, and material well-being, self-determination, and quality 
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of life). For example, PRT aims at training autistic children in their pivotal areas of 
motivation, self-initiation, and self-management that can lead to effective learning of 
both proximal outcomes such as cognitive, social, and other functional and life skills 
and distal outcomes like self-determination and quality of life.

4.2 Limitations of NDBIs

Apart from numerous promises that NDBIs can bring to improve outcomes of 
interventions and support for autistic children, we also acknowledge some limitations 
of NDBIs. Similar to those generic methodological issues identified with evidence-
based practices in autism interventions above, NDBIs exhibit methodological limita-
tions on the issues such as the quality of the review methods for determining the 
intervention effectiveness (e.g., primarily synthesizing the effects of the different 
interventions using a narrative approach and lack of using meta-analytic methods) 
and the quality of study designs and protocols (e.g., evidence base of NDBIs is 
primarily backed up by a research literature of plenty of single subject design studies 
and limited number of RCTs and rigorous group experimental design studies). NDBI 
RCTs are also hindered by the same methodological issues that autism intervention 
studies face more generally [24].

Another shortcoming in autism intervention studies is missing conflict of inter-
est (COI) statements [9]. Chief among the potential COI issues are: (1) the author 
was the intervention model developer; (2) the author is employed to provide the 
intervention or is affiliated with an institution that provides said intervention; (3) the 
author receives direct payments for services or items related to the intervention (e.g., 
training materials, books, providing training); and (4) the study uses a commercially 
available measure that was developed by the author [9]. Lack of transparency in 
reporting these conflicts can cast doubt on the validity of the evidence base of the 
NDBIs interventions. It is important that researchers should adequately report any 
potential conflicts of interest in the NDBIs intervention studies.

Even more concerning than the methodological shortcomings are the ethical 
concerns that have been voiced by autistic self-advocates in recent years regarding the 
implementation of commonly used interventions for autistic children. Three major 
complaints stand out: the unethical history of behavioral intervention, the focus on 
normalization of autistic recipients, and the emphasis on compliance. While NDBIs 
in theory have attempted to address some of these problems, some of these concerns 
remain relevant to these more naturalistic approaches. More specifically, NDBIs have 
sought to improve upon the early iterations of behavioral interventions, focusing on 
reinforcement instead of aversive punishments.

However, goals of intervention, regardless of if it is through the use of NDBIs or 
more structured, traditional behavioral approaches, are often based on neurotypical 
standards defined by non-autistic people. This has been linked to autistic masking or 
camouflaging, the phenomenon that autistic people often feel the need to mask their 
autism traits in an effort to fit in (see [67, 68]). What is most concerning is that mask-
ing has been linked to poor mental health outcomes [69]. Though the implementation 
of NDBIs is not directly associated with the act of suppressing autistic traits, the 
common goals of these practices are. For instance, teaching vocal language or social 
conversational skills based on neurotypical norms are common goals of these inter-
ventions. In fact, most NDBI research focuses on improving “social communication” 
and “language” skills [24], with very few NDBI studies focusing on using alternative 
communication modalities [70].
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The other major ethical concern with NDBIs is the issue of compliance [71]. This 
goes hand in hand with the focus on normalization, as autistic children are taught 
compliance around neurotypical behaviors, such as engaging in specific conversational 
behaviors, or forced eye contact, both of which have been known to be targets of 
NDBIs. Though there is no doubt that NDBIs seek to provide an increase in autonomy 
for children participating in the intervention (through the use of child choice/following 
a child’s lead), the use of reinforcement to get children to do certain things or engage in 
certain behaviors can inadvertently place too much emphasis on compliance, even in 
these more gentle, naturalistic approaches. As such, NDBI researchers and clinicians 
need to pay attention to the practical ways in which they are using NDBIs to ensure that 
the client always maintains their autonomy and that skills being taught are meaningful 
to the client, so that quality of life and autonomy are prioritized over compliance.

Yet another concern lies with the positionality of the researchers. Historically, it 
has been neurotypical persons conducting research on interventions and delivering 
interventions for autistic people, with little involvement from the autistic community. 
This issue is relevant across all intervention research, including that of NDBIs. The 
evidence base for all interventions would be significantly strengthened with the 
increase of autistic researchers involved in these studies, as well as an increase in 
research and clinical practices that seek autistic feedback on intervention methods 
and practices to determine which practices are even found to be appropriate and 
effective by autistic people themselves.

The last concern on NDBIs intervention studies has to do with its historical focus 
on short-term outcomes, and lack of attention to long-term effects [7]. Though 
immediate effects of an intervention are of obvious importance, it is concerning 
that there have not been more longitudinal studies. This concern is of particular 
importance in light of the voiced concerns from autistic self-advocates that inter-
ventions for autistic children have resulted in trauma [72]. Moreover, given that 
autistic individuals are at a greater risk for mental health issues such as anxiety and 
depression in adulthood [73], there is a great need to evaluate the long-term effects 
of these interventions being deemed as “effective” in the short-term to ensure that 
long-term outcomes are just as positive. On a similar note, an additional concern 
is that there is a lack of focus on adverse outcomes in the literature on autism 
interventions [10, 14]. Just because something is found to be effective in terms of 
identified outcome measures, it does not mean that it is without adverse effects on 
its participants, and as such it is equally important to specifically evaluate these in 
all intervention studies.

In addition, it is noted that in systematic reviews and quantitative syntheses, 
positive outcomes proximal to intervention targets are often reported as evidence of 
intervention effectiveness for autistic children [24, 74]. Few studies conduct follow-
up measures of child and family outcomes beyond 3–6 months after interventions 
and support are delivered to autistic children and their families [8]. Long-term 
outcomes of interventions for autistic adults are even more concerning. Some research 
results seem to portray a troubling picture on the long-term outcomes of adults with 
autism suggesting that adults with ASD have rather limited social integration, poor 
job prospects, and high rates of mental health problems and that overall outcomes 
for autistic adults in the areas of jobs, relationships, independent living, and mental 
health are considerably poorer than their same age neuro-typical peers [75]. A recent 
meta-analysis of studies of quality of life (QOL) for individuals with ASD across 
the lifespan suggests that autistic adults including those with higher intellectual and 
verbal functioning have poorer QOL than their peers without ASD [76].
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5. Implications for future research and practice

Sandbank et al. [7] and Crank [24] both point out that, while NDBIs are a promis-
ing intervention type, evidence from randomized controlled trials indicates that the 
evidence base relies too heavily on parent report, which could inflate effect sizes. This 
must be addressed in intervention research. However, two important notes must be 
made: (1) parents may actually be able to detect subtle clinically significant changes 
in their children that are not picked up on by more standardized measures; and (2) 
even a “placebo-by-proxy” effect could lead to positive outcomes [77]. For example, 
parents might be highly encouraged after an NDBI trial because they saw improve-
ments in their child’s socio-communicative abilities that they had not witnessed 
before. Perhaps they then slightly overestimate their child’s language improvements 
on a post-study questionnaire. While it is true that the effect size may be inflated 
by the parent’s self-reported data, it is also possible that this family will continue to 
implement the intervention because they are so happy with it, which could lead to 
further language improvements. That said, future research can still do a better job of 
accurately capturing parent-reported outcomes. For example, qualitative methods 
such as interviews or free-response questions could be used to corroborate quantita-
tive questionnaire data and explore why parents might be overestimating certain 
things. Furthermore, new questionnaires should be specifically developed to measure 
parent-reported changes in child behavior, as it is generally not considered psycho-
metrically valid to use instruments in ways in which they were not originally intended 
and designed [78, 79]. Instead of using instruments designed as clinical diagnostic 
tools (e.g., the Vineland Adaptive Behavior Scales [80] or the Social Responsiveness 
Scale [81]), instruments must be specifically designed and validated to measure 
within-person, longitudinal change in parents’ perceptions of their child’s abilities.

Though context-bound outcomes can be useful [7, 82], researchers must ensure 
that they are also including outcome measures that evaluate generalization. For 
example, many PRT studies rely on parent–child interaction videos to evaluate changes 
in communication (e.g. [59, 60, 83, 84]). Though parents are not necessarily always 
instructed to implement PRT (e.g., Hardan et al. say that “parents were instructed to 
try getting the child to communicate as much as possible” (p. 886)), it is likely that 
parents knew they were instructed to use PRT, especially since these same videos were 
used to assess PRT fidelity, and the majority of parents did indeed meet fidelity. While 
these video clips are important in that they demonstrate that children are responsive to 
PRT while it is being implemented, it is not clear that improvements in socio-commu-
nicative skills would necessarily generalize to other environments where PRT was not 
being directly implemented, such as at home with their family or at school. Therefore, 
we suggest that other observational measures be included, such as interactions with 
adults not involved in or trained in the intervention, interactions with other children 
such as siblings or classmates, and/or natural interactions at home (e.g., see [85] for a 
discussion of using 16-h at-home recordings to analyze vocal reciprocity).

In addition to the importance of improving outcome measures of autistic children’s 
generalized gains from interventions and support, there seem pressing needs to incor-
porate more distal outcomes of autistic individuals such as: changes of autism core 
characteristics, changes of the implementation process (e.g., person-centered and 
family centered planning that emphasizes preferences of autistic individuals and their 
families), and environment (e.g., sustainable family routine), and holistic measures 
of improved relationship and satisfaction with enhanced well-being (e.g., family and 
professional partnership and individual and family quality of life) in intervention 
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effectiveness studies. More research needs to be conducted by including longer 
follow-up assessments of all above mentioned distal outcomes of autistic individu-
als and their families. Furthermore, future research ought to examine how different 
aspects of multicomponent intervention programs like NDBIs affect different types 
of outcomes. Additionally, adopting recent intervention research models like the 
Sequential Multiple Assignment Randomized Trial (SMART; [86]) in the future 
research of NDBIs can help researchers and interventionists not only systematize the 
application of a personalized approach to NDBIs [87] but also investigate the course 
of change for adapting the intervention processes to autistic children who are viewed 
either as a treatment “non-responder” or as “hidden victim” of adverse effects of the 
intervention [52]. By taking an additional measure to ensure the validity of NDBIs, 
we can benefit from employing participatory action research in the future research of 
NDBIs in which autistic individuals and their families are included in the process at all 
stages of the clinical trial or clinical program development.

5.1 Implications for practice

First, increased uptake of NDBIs is needed throughout the clinical community. 
Regrettably, many behavior interventionists have a limited understanding of 
NDBIs [88], and community implementation is lacking [89]. Further training is 
thus needed in how to implement NDBIs effectively. Furthermore, it is important 
for clinicians to understand the need to actively consider cultural adaptations, 
neurodiversity, and emphasizing strengths when working with autistic children and 
their families. Crucially, these should not be after-thoughts that are only addressed 
when NDBIs are implemented outside the United States or when a family points out 
that something is not in line with their values. Clinicians should bring these topics 
up from the beginning, regardless of the client’s cultural background, in order to 
establish that these are meaningful aspects of the intervention that are taken  
seriously by the provider.

Clinicians must also always take autistic perspectives into account. As suggested 
by Schuck et al. [52], this may mean hiring autistic consultants or behavior analysts, 
or if that is not possible, staying up to date on what the autistic community is saying 
via academic literature and social media. This also applies to the perspective of the 
autistic intervention recipients themselves. If recipients are old enough and can com-
municate via speaking or writing, interviews or questionnaires can be administered 
to assess how clients are feeling about the intervention. For younger clients and/or 
those who use other means of communication, other types of treatment acceptability 
measures should be used (e.g., assessing child affect [90]).

Furthermore, intervention goals need to be neurodiversity affirming. That is, 
goals need to be based on autism acceptance and should not encourage children to 
go against an autistic way of being [52, 91]. Feedback from autistic adults can help 
clinicians and researchers develop more neurodiversity-friendly goals. For example, 
pushing children to exclusively use spoken language over other communication 
alternatives is seen by many to be pushing neurotypical standards on autistic children 
who have different communication needs (Schuck et al., under review). Additionally, 
autistic adults view many social intervention goals (e.g., improving communica-
tion skills; learning skills of conversation) skeptically (Baiden et al., under review). 
Relatedly, clinicians must always center autistic clients’ strengths. Emphasizing 
strengths can improve children’s self-esteem and confidence, lead to skill generaliza-
tion, and ultimately lead to improvements in quality of life.
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Apart from ensuring the appropriate and respectful goals of the interventions, 
it is crucial for both researchers and clinicians to examine if the implementation of 
NDBIs is appropriate and respectful and the intensity of NDBIs is appropriate as 
well. Autistic individuals and their families as well as professionals alike often expect 
to receive some common intervention recommendations (e.g., intervention variety 
and intensity). For example, it is noted that intensive behavioral interventions, 
delivered at 25–40 h per week, are the most frequently recommended intervention 
for young children with autism. However, Sandbank et al. [9, 14] contend the notion 
that “greater intervention intensities were associated with greater intervention gains” 
(p. 341). Research evidence shows that NDBIs, often provided at an intensity rang-
ing typically from 10 to 20 h per week, can help autistic children achieve significant 
gains in multiple targeted and untargeted areas of interventions.

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 14

An Intersubjectivity  
Parental-Based Intervention 
(I-PBI) for Preschoolers with ASD
Paola Venuti, Silvia Perzolli and Arianna Bentenuto

Abstract

Given the influence of parents’ qualities and dyadic characteristics on child 
developmental outcomes, recent findings strengthened the importance of involv-
ing caregivers during the intervention to increase dyadic syntonization levels and to 
extend the acquisition of competencies in naturalistic contexts. The Intersubjectivity 
Parental-Based Intervention (I-PBI) presented throughout this chapter is delivered 
involving caregivers in two different modalities: first, in the therapeutic setting, 
together with the child to support interactions within the dyad. Second, the focus is 
on the parental representation of the child and the caregivers in their role. Trained 
psychologists deliver the intervention after receiving specific licenses on developmen-
tal intervention models for children with autism spectrum disorder (ASD). Finally, 
the team is constantly supervised at least once every month by an expert psycho-
therapist. Unlike parent-mediated intervention and parent training, the I-PBI does 
not require home assignments or fidelity schedules, and the therapist entirely delivers 
the intervention. Throughout this chapter, the structure and therapeutic techniques 
of the intervention will be presented. Further, results considering the child’s develop-
mental trajectories and changes in caregiver-child interaction will be discussed.

Keywords: autism spectrum disorder, intervention, parental involvement,  
caregiver-child interaction, Italian context

1. Introduction

Parents are genetically predisposed to intuitively capture and understand chil-
dren’s signals with typical development. However, parents may struggle to understand 
the signs and needs of children with autism spectrum disorder (ASD), and their 
approaches might not always be successful.

Given the influence of parents’ qualities on child developmental outcomes, recent 
findings strengthen the importance of involving caregivers during the intervention 
to increase dyadic syntonization levels and extend the acquisition of competencies 
in naturalistic contexts (e.g., home) [1–4]. Currently, many guidelines [5, 6] recom-
mend parental inclusion during intervention with children with ASD. A significant 
amount of research showed that involving the parent during the intervention 
enhances outcomes in children with ASD [3, 7–11]. Specifically, parental involvement 
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during intervention seems to be extremely important in order to guarantee the 
adaptation to the child’s difficulties and impairments, allowing the child to respond 
with enhanced communicative and social development [9], long-term symptom 
reduction [12], and to generalize these outcomes across settings [13]. Further, marked 
difficulties in social communication and responsiveness in parents of children with 
ASD might create a potential barrier to care for their children. In line with this, recent 
findings suggest that parental involvement was able to guarantee more noticeable 
results considering caregivers.

Interestingly, some research found a significant relationship between the degree of 
change in parental interaction and the rate of the child’s improvement [14], underly-
ing the importance of the dyadic relational aspects in child developmental outcomes. 
Because parents are central in ensuring success and a good prognosis, it is critical 
to include them throughout the intervention process. These findings shed new light 
on the idea that if parents are adequately informed during the intervention and if 
they constantly deliver intervention strategies in naturalistic contexts, the intensity 
of the intervention dwindles on intervention outcomes. In line with this, caregivers 
can continue to teach competencies to their children in the home context, improv-
ing parent-child interactions and increasing the amount of treatment they receive. 
Findings considering the evaluation of Naturalistic Developmental Behavioral 
Interventions (NDBI) are mainly focused on child outcomes demonstrating the 
improvements in both child’s social engagement and cognitive development [4]. 
Child gains are predominantly assessed through outcome measures using standard-
ized instruments such as Autism Diagnostic Observation Schedule [15] and Griffiths 
Scales [16–22]. Although empirical efforts have been made in this field, most of the 
research on interventions for ASD is focused on child outcomes more than parental 
outcomes [23]. However, a recent systematic review underlined the importance of a 
greater focus on both parents to provide tailored intervention [24]. Some evidence 
in this field showed that parents increased well-being and quality of life after being 
involved in the therapeutic setting with their children [25, 26].

2. Intersubjectivity parental-based intervention (I-PBI)

With this chapter, we want to present and describe an intervention plan that 
has been implemented in the Laboratory of Observation, Diagnosis, and Education 
(ODFLab) of the Department of Psychology and Cognitive Science, University 
of Trento (Italy). ODFLab is a clinical and research laboratory specialized in the 
multimethod assessment and evidence-based intervention programs for individuals 
with typical and atypical neurodevelopment. Specifically, the ODFLab is a national 
reference center for assessment and intervention for autism spectrum disorders 
(ASDs) and learning disabilities (LD). In the context of ASD, ODFLab implements an 
“Intersubjectivity Parental-Based Intervention” (I-PBI), which combines empirically 
validated scientific principles with guidelines following the Italian Health System 
[6, 27, 28]. This intervention integrates developmental and relationship-based princi-
ples with behavioral ones, taking inspiration from the elements of the American Early 
Start Denver Model [29, 30]. In addition, the I-PBI emphasizes the fundamental role 
of reciprocity between caregiver and child, supporting intersubjective exchanges and 
promoting the child’s intentionality during interactions. The purpose of the interven-
tion is to increase the intersubjectivity within the dyad, providing the child with the 



255

An Intersubjectivity Parental-Based Intervention (I-PBI) for Preschoolers with ASD
DOI: http://dx.doi.org/10.5772/intechopen.108672

relational experience to reach several stages of development. The intervention allows 
children with atypical development to establish empathy relations with the parent 
and acquire essential primary communication skills. Furthermore, given possible 
caregivers-child maladaptive interactive circuits in dyads with children with ASD, the 
I-PBI involves caregivers in the therapeutic setting to allow parents to learn appropri-
ate strategies to deal with their children. In addition, parents play a fundamental role 
in the generalization of child competencies. In fact, through parental involvement, 
caregivers may effectively use the acquired strategies in more naturalistic contexts 
(e.g., home). The intervention is adapted following the child’s age, specific interests, 
and individual functional profiles. Further, intervention goals are constantly changed 
and revised depending on the child’s developmental improvements. Moreover, 
unlike parent-mediated intervention and parent training, parental involvement does 
not require home assignments or fidelity schedules, and the therapist delivers the 
intervention entirely. In fact, during these weekly sessions, parents are not delivering 
the intervention, and therapists remain the key figures, structuring activities and 
creating opportunities for the caregivers and the child to interact and play together. 
Thanks to this, caregivers may have the opportunity to experience more functional 
interactions with their child characterized by more adequate proposals and signifi-
cant awareness of the child’s difficulties. This may lead to increased dyadic pleasure, 
increased parents’ self-efficacy, and significant motivation to interact with their 
children while reducing stress and frustration. This intervention also refers to the 
highly validated Preschool Autism Communication Trial - PACT [9] procedure aimed 
to enhance parental sensitivity and responsiveness, and consequently, being benefi-
cial in terms of more pronounced parental synchronous response to the child, child 
initiations with adults, and joint attention between parent and child. Considering the 
child, the intervention is based on three different levels: (1) Relationship, consisting 
of specific intervention on parent-child interaction; (2) Behavior, through learning 
adaptive modalities in the interaction with others by using alternative augmentative 
communication (CAA) and use of images or sounds in order to structure sequential 
organization of activities; (3) Development, consisting of individual rehabilitative 
interventions such as music therapy, psychomotricity, cognitive activation, speech 
therapy, and occupational therapy. Every intervention should be planned consider-
ing individual and specific characteristics. However, some primary indications are 
divided into four phases that would adapt to each child.

Phase 1 – Intensive Intervention: after diagnosis, the intervention should be 
intensive and highly structured, consisting of 6/8 hours per week (3/4 hours for 
individual rehabilitation and 3/4 involving parents during intervention). Further, 
meetings with parents alone are provided during this phase. The intensive interven-
tion should last a minimum of 6 months, depending on each case. Generally, this first 
phase can be considered concluded when the adult can interact appropriately with the 
child and contain him/her.

Phase 2 – Consolidation of Intervention: this phase consists of a maximum of 
4 hours of intervention per week in a group of peers to develop social play skills. 
However, during this phase, parents are supported by a psychotherapist or a psy-
chologist through meetings every 2/3 weeks.

Phase 3 – “Conclusion” of Intervention: there is no actual conclusion of the 
intervention, and support for families is always present. When children acquire 
suitable and sufficient abilities, they may receive other direct interventions in specific 
moments, such as challenging situations or essential transitions in life.
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2.1 Parental intervention

Considering parents, there are several phases below described in detail.
Phase 1 – Parent-Child Interaction: during this phase, the intervention setting is 

not highly structured to offer spontaneous and ecological interactions that are easily 
replicable at home or other contexts. The main goal of parent involvement in a therapy 
room is teaching adults to detect and promptly respond to the child’s cues, decreasing 
the child’s frustration and anxiety. During the first phase, especially during the first 
meetings, the therapist has a leading role in dealing with the child to comprehend 
which ways are appropriate and well accepted by the child, reactivating a synchronic 
interactive exchange. The therapist uses specific techniques to create an appropriate 
context within the dyad and help parents get closer to their children. The main focus 
of the intervention is the parent-child interaction and, in particular, the promotion 
of a synchronic and responsive interaction that acts as a framework for the child’s 
development. Therefore, working on identifying dysfunctional interactive patterns is 
fundamental to understanding how to replace them with more adequate and effective 
interactive methods. Improvements in relationship quality imply constant support to 
the parents to help them acquire the ability to maintain a balance between the child’s 
exploration and structured activities, respecting the timing and the methods of a child 
that follows different evolutionary paths. The main intervention objectives are:

• To increase the general level of emotional availability and the degree of reciprocal 
accessibility through a significant awareness to read and respond adequately to 
the partner’s emotional cues.

• To increase synchrony levels in the exchanges that occur in shared play moments. 
Another salient aspect of the work is the play with the child. After carefully ana-
lyzing the child’s level of functioning, the therapist selects the activities in line 
with the development and functional profile. The play activity can be without 
the object if the child can establish vis-a-vis or physical contact. The choice of 
the play is guided by the focus on the child’s attention.

• When the child is interested, the therapist will try to engage the child as long as 
possible, initially imitating what the child does and then gradually introducing 
elements of differentiation such as a different rhythm and the amplification of 
behaviors. To build an intersubjective exchange with the child, the therapist uses 
the imitation of all vocal, expressive, and motor behaviors or functional use of 
objects. The child’s imitation by the therapist allows the formation of primary 
intersubjectivity. The therapist’s purpose is not to push the child to imitate but to 
experience the feeling of being with another at his level by activating a series of 
basic social behaviors such as eye contact.

• To promote exploration through environmental structuring in which the therapist 
allows the child to use all objects and spaces of the therapeutic context.

• To regulate emotions through verbalization of emotional states. The therapist reflects 
on the emotional states and the child’s intentions with affective meaning. The thera-
pist explains this verbally so that the child lives the experience of being understood 
by the other. At the same time, the parent begins to attribute meaning to some 
child’s behaviors that often appear misunderstood, excessive, and inadequate.
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Phase 2 – Parental Representation: during this phase, every 2–3 weeks, parents 
meet another therapist, and through video recording technology, they discuss interac-
tive moments with their children. The intervention provides specific work on parents’ 
representations to build a more truthful image of the child and themselves as parents, 
enhancing their ability to reflect on their own and the child’s behaviors. In addition, dur-
ing these meetings, parents have the opportunity to share and discuss their difficulties, 
hopes, and worries. The intervention provides specific work on parents’ representations 
to build a more truthful image of the child and themselves as parents, enhancing their 
ability to reflect on their own and the child’s behaviors.

The meeting is divided into two phases: an initial one that follows the classic 
clinical interview method and a more structured one that involves video analysis. 
During the first phase, parents can talk freely about previous weeks’ events. The 
therapist intervenes to share and process painful feelings and to support positive 
affects when the parents tell pleasant episodes connected to the relationship with the 
child. In addition, the therapist gives several concrete suggestions on supporting and 
managing certain aspects of the child’s development. The therapist has previously 
selected clips of interaction that are first watched together and then commented on. 
The psychotherapist guides the parent in observing their behaviors’ effects on the 
child (e.g., respecting the child’s timing leads the child to respond to a request; or a 
too high-pitched voice causes the child’s withdrawal behaviors). These events are of 
such a short duration that, generally, no attention is paid to them during the flow of 
the interaction. However, observing, evaluating, and discussing their presence are 
fundamental for truthful caregivers’ representations.

Finally, parents are guided in the comprehension of their behavior through ques-
tions about feelings considering themselves and the child to promote their reflective 
function.

In summary, the therapist’s objectives in this phase are:

• To reduce adverse effects

• To increase the ability to reflect on children’s behavior

• To support a more realistic representation of the child

• To build a self-image as a parent

Phase 3 – Parent’s group: in this phase, different parents of same-aged children 
discuss their difficulties and worries, support each other, and share thoughts and 
ideas about parenting. Thanks to the confrontation with families of children in the 
same condition, parents may feel understood in their difficulties and less alone.

3. Highlights

To sum up, the I-PBI focuses on:

1. To increase the ability to structure the environment to make it accessible to the 
child.

2. To reduce behaviors that hinder the processes of exploration and self-regulation.
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3. To reduce negative effects such as boredom, disappointment, and hostility.

4. To increase the ability to reflect on the child’s behaviors, capturing the mental 
states hidden behind some anomalies and bizarre features.

5. To build an aware and truthful representation of the child’s difficulties and abilities.

6. To build an image of oneself as a more competent parent.

Trained psychologists deliver the intervention after receiving specific licenses 
on developmental intervention models for children with ASD. Finally, the team is 
constantly supervised at least once every month by an expert psychotherapist.

4.  Evaluation of parental involvement during intervention with children 
with ASD

The heterogeneity in the symptomatology of ASD also reflects in several interven-
tion outcomes [31]. Hence, it is difficult to identify one kind of intervention with the 
highest degree of efficacy compared with others, given that a specific intervention 
can be helpful for specific domains and patients but not for others [30, 32, 33]. A 
significant amount of research reported the efficacy of different kinds of interven-
tion on the developmental trajectories of children with ASD during the intervention 
[19, 20, 22, 34]. Previous literature on parental involvement focused more on the 
evaluation of treatment response, considering the child outcomes demonstrating 
the improvements in both child’s social engagement and their cognitive development 
[4], often without deepening dyadic and caregivers’ variables associated with the 
response. Moreover, some research showed that without involving caregivers, a child’s 
variables tend to remain more stable over time [9, 35]. Child gains are predominantly 
assessed through developmental outcome measures using standardized instruments 
such as Autism Diagnostic Observation Schedule [15] and Griffiths Scales [16]. 
However, these instruments, when used to assess the treatment outcomes longitudi-
nally, might suffer from the issue of sensitivity to change. Standardized diagnostic 
and cognitive test items are, in fact, neither proximal to the treatment nor necessarily 
sensitive to small changes in social communication and interactive skills that may be 
occurring as treatment progresses. For this, the detection of change may be enhanced 
by using observational measures of social responsiveness [36]. In line with this, 
analyzing the dyad’s interactive component through observational and behavioral 
measures might provide a sensitive-to-change perspective to investigate caregiver and 
child improvements in the relational context.

4.1 Changes in child developmental trajectories

In order to monitor preschool children with ASD during the parental-based 
intervention, children’s developmental trajectories have been analyzed before and 
after treatment. Evaluating the developmental trajectories of about 30 preschool 
children with ASD, we found an improvement of both cognitive and socio-
communicative domains [18]. We found a significant improvement in the general 
quotient of children exposed to the early intensive intervention line with previous 
literature [27, 29, 37].
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Specifically, our data showed that linguistic-communication abilities present the 
most improvements.

This may be in line with the ground idea of developmental models of treatment for 
ASD that focus on a wide range of socio-communicative abilities instead of rehabili-
tating specific areas of cognitive development [4, 21]. These findings may also be 
explained by the parental involvement that supports parents in displaying appropriate 
strategies in different contexts of the child’s life, extending effective social interac-
tions in naturalistic settings besides the laboratory room, leading to better children’s 
outcomes.

Another fundamental aspect is the decreased general behavioral expressions of 
ASD significantly, especially considering the socio-communicative area [38]. The 
social-affect area focuses on communicative abilities and social affect and consid-
ers different modalities and their integration. This supports the idea that treatment 
impacts developmental trajectories by improving a wide spectrum of socio-com-
municative abilities, including receptive and expressive communication, but also 
precursors of verbal communication such as gestures, imitation, and joint attention, 
fundamental elements to initiate or respond adaptively to the social exchange. 
Furthermore, in line with previous literature, interventions tend to focus more on 
supporting cognitive and social abilities rather than the restrictive and repetitive 
behaviors that tend to be more stable over time [39, 40]. Despite this, in the interven-
tion group, we found a slight change considering this domain, probably associated 
with the targeted work on anxiety reduction, emotions, and self-regulatory mecha-
nisms during the parental-based intervention.

This study shed new light on the developmental trajectories of children with ASD, 
strengthening the importance of specific work on early relationships to gain better 
outcomes and integrating different techniques during the intervention to optimize the 
child’s improvements.

4.2 Changes in parent-child interaction

Considering the role of caregiver-child interactions for the child’s development in 
both typical and atypical contexts, our intervention focused on relationship-based 
principles that aim to restore interactive circuits. Given the importance of parental 
involvement in the therapeutic setting and the paucity of studies highlighting paren-
tal and dyadic changes during the intervention, we analyzed caregiver-child dyads 
with ASD with several observative instruments that assessed the affective quality, 
play skill abilities, and parental speech.

An interesting result is a significant improvement in the mother’s general level 
of sensitivity, especially in the domain of awareness of timing during the interac-
tion, suggesting that mothers were more likely to wait for the appropriate moment 
to propose or interrupt the child during dyadic exchanges. In line with this, previous 
literature reported significant parents’ acceptance and comprehension of the child 
and more positive dyadic patterns [3, 41].

Further, some findings suggest that parents show changes in their interactive 
strategies pre and post-intervention [42], besides evolutions in child’s behaviors. 
In line with this, parents showed an increased ability to structure adequately the 
exchange with the child. Particularly, they seem to structure just the right amount 
according to the child’s needs, using both verbal and non-verbal strategies. These 
results are especially relevant in the context of ASD. In fact, given the impairments in 
communicative abilities, the use of verbal indications displayed by parents may not 
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be enough to scaffold an appropriate interaction effectively, and the use of nonverbal 
strategies plays a crucial role. While structuring is about guidance and mentoring, 
intrusiveness is the actual over-direction, over-stimulation, and interference in a 
child’s behaviors and activities. In particular, parents seemed to be more able to follow 
the children’s demands, interfering less with their activity. In line with this, verbal 
and physical interferences decreased significantly, indicating more suitability in 
dealing with children, which showed fewer signs indicating that the adult is intrusive 
in their activity. These results appear to be particularly relevant, considering that 
research in parenting in the context of neurodevelopmental disorders pointed out 
the tendency of caregivers to be more intrusive during interpersonal interchanges 
[43, 44]. Concerning the child, the increases found in the responsiveness domain 
might be influenced by more appropriate maternal behaviors during the intervention 
with parental involvement, which gives them the possibility to experience positive 
exchanges, first of all, mediated by the therapist and then gradually alone with the 
child. Therefore, the therapist gradually leaves space for the dyad, supporting them 
only when necessary to facilitate reciprocal attunement. By experiencing positive 
exchanges, parents might be more motivated and facilitated to reproduce specific 
social routines in the domestic context.

Another aspect that we took into consideration was play abilities during interac-
tions since play skills are related to cognitive skills, and play is considered a primary 
opportunity for learning, especially when carried out in the context of child-adult 
interactions [45]. On this basis, dyadic play during intervention represents a key 
mediator of the whole interactive process [46]. After the intervention, parents’ and 
children’s play levels are more associated. In particular, the child’s play was correlated 
with that of the parent after the intervention but not before, suggesting the presence 
of a greater ability for dyadic synchronization. This change reinforces higher levels 
of reciprocal syntonization, supporting the importance of directly intervening in the 
dyad to foster bidirectional exchanges.

Furthermore, considering the importance of parental linguistic elements in child 
development [47, 48], we also wanted to investigate longitudinal changes in parental 
speech pre and post-intervention. In fact, after the evaluation of affective and playful 
aspects during the intervention, we also aimed to examine how parents adapt their 
speech to their children over time. In line with the results considering increased 
relational affect, parents display more affective than informative speech after the 
intervention.

Further, parents increased their descriptions of the child’s actions, suggesting an 
enhanced verbal structuring while sharing the attentive focus on what the child is 
doing during the exchange, supporting a non-intrusive linguistic style. It is relevant 
to note how sensitive and responsive modalities that parents acquired during the 
intervention also reflect on their linguistic speech directed to children. Linguistic and 
affective elements together seem relevant for the child’s involvement.

5. Conclusion

The ground idea of the parental-based intervention is working with parents, 
rather than working for parents, to find personalized modalities to deal with a child 
with ASD. In fact, during treatment, parents acquire adequate strategies to respond to 
the child’s signals, leading to more extended and more functional exchanges with the 
child. On the other side, it extends strategies in a more naturalistic setting, helping 
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the child maintain and generalize competencies. During intervention with parental 
involvement, the therapist acts as a promoter of the exchange, supporting both the 
partners in establishing functional and adaptive social routines in which caregivers 
can experiment with themselves adequately and pleasantly, following their spontane-
ous adaptation to the child.

Coherently, after the intervention, the affective quality of the exchange results in 
enhanced syntonization to the child’s needs with greater structuring abilities in a less 
interfering way. The involvement of caregivers should not only consider the work in 
the therapeutic setting with the child and the therapist, but a guided re-elaboration 
provided by the therapist to the parents alone is necessary for decoding strategies, 
observing the strengths and weaknesses of their child and themselves as parents. 
Thanks to this, parents may have better tools to understand the child’s communicative 
signs. The increased awareness becomes a protective factor in preventing secondary 
deficits emerging from dysfunctional interactions when the fathers do not understand 
the child’s difficulties.
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Chapter 15

What Therapy for My Child? 
Features, Strengths, and Gaps to 
Fill for the Implementation of Early 
Autism Interventions
Giulia Purpura and Annarita Contaldo

Abstract

Scientific literature suggests the neurobiological value of early intervention for 
children at risk of ASD and of other neurodevelopmental disorders, because it is 
based on the promotion of brain plasticity mechanisms in an ecological, noninvasive, 
and evidence-based way. Moreover, several authors suggest the greatest efficacy 
of early rehabilitation programs, involving both the parents and the children, is 
to improve not only sensory-motor and cognitive outcomes but also child-parent 
interactions and the wellness of the familiar system. In this chapter, the neurobio-
logical fundaments and features for the early intervention and the most recent early 
approaches for children at risk of ASD (behavioral, developmental, naturalistic 
developmental behavioral, and parent-mediated interventions) will be explained.

Keywords: autism spectrum disorder, early intervention, behavioral interventions, 
developmental interventions, naturalistic developmental behavioral interventions, 
parent-mediated interventions

1. Introduction

During the last two decades, new findings and data about neurobiological 
features, clinical characteristics, and impact on quality of life of autism spectrum 
disorder (ASD) were incredibly bloomed and these new pieces of knowledge also 
influenced the idea of taking charge and rehabilitation of children, adolescents, and 
adults with ASD. Moreover, the biopsychosocial ICF-CY perspective contributed to 
a change of view on this topic because it was demonstrated as this perspective can 
efficiently capture functional abilities and disabilities in developing individuals for 
tailored intervention planning [1].

About this, Palisano and colleagues [2] marked the importance of considering 
the health of individuals with childhood-onset neurodevelopmental conditions as an 
emergent set of capacities that develop over a lifetime to enable them to interact suc-
cessfully within their biological, physiological, psychological, and social environments 
and realize their potential and well-being. According to these authors, rehabilitation 
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programs must take into consideration that health development is a nonlinear adaptive 
process. It occurs through person-environment transactions that can be transformative 
in enabling individuals with neurodevelopmental conditions to actively participate in 
their social environment. In this way, every different period of life can contribute in 
different ways to the construction of a developmental trajectory, in line with the needs, 
priorities, concerns, opportunities, and experiences of the individual with a disability 
and his/her family in order to reach desired social roles [2, 3].

Obviously, the first periods of life are particularly important and difficult in this 
process; parents must cope with a series of unforeseen stresses and readapt their life 
on the basis of ASD, from the diagnosis to the choice of the rehabilitation program. 
If on one hand, the great growth of pieces of knowledge allowed a big improvement 
of early and specific approaches for children at risk of ASD, on the other hand, the 
parents are often confused and isolated in the understanding of what is the best type 
of intervention for their child.

As a matter of fact, the presence of high levels of stress in parents of children with 
ASD was widely demonstrated [4, 5], and also for these reasons early interventions 
could have the potential value, as well as exploiting the greater predisposition to 
modify itself of the brain during developmental age, also of ensuring parents have the 
resources they need to manage stress associated with caring for their child.

The developmental process occurring in the human brain during fetal life and 
during early childhood is the result of an intricate continuous interaction between 
genes and environment, activity, and experiences [6]. In particular, in early child-
hood, individuals go through the most complex, dramatic, and important phases of 
maturation, although brain changes and adaptation are part of a long-lasting process 
that continues throughout the whole life [7]. During this stage of neurodevelopment, 
cognitive and social behaviors cannot be understood in isolation, but their develop-
ment is strictly interlinked to sensory-motor systems and motives and opportunities 
of the child in their environment [8]. So, in line with these points, in this chapter, 
the neurobiological fundaments and features for the early intervention and the most 
recent early approaches for children at risk of ASD will be explained.

2. Neurobiology of early intervention in ASD

The term “early intervention” includes all measures aimed at preventing develop-
mental disabilities, ensuring neuroprotection, and providing optimal environmental 
conditions [9].

Their implementation is strongly related to the concept of neural plasticity which 
is a fundamental property of the central nervous system (CNS) and denotes several 
capacities including the ability to adapt to changes in the environment and to store 
information in memory associated with learning [10]. For this reason, experience-
dependent neural plasticity is increased in the developing brain than in the adult 
brain, and it is usually adaptive and beneficial for permitting neurodevelopment 
during fetal life and during the first three postnatal years. Some of its basic mecha-
nisms (for example, neurogenesis, programmed cell death, myelinations, and others), 
although started before birth, continue to be very high in the first-year post-term [6]. 
Moreover, it was widely demonstrated that specific time windows, named critical 
periods, are present and staggered throughout the first years of postnatal life for the 
most important brain functions (for sensory systems, motor development, language, 
and higher cognitive functions), and, in these periods, the corresponding neural 
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circuits display a heightened sensitivity to acquire instructive and adaptive signals 
from the external environment for its maturation [11].

The effect of sensory experience on brain sensitivity is addressed by numer-
ous researchers in understanding how to maximize the extraordinary potential of 
brain plasticity in neurorehabilitation for possible restorations in presence of brain 
dysfunctions. Since this, refinement and maintenance of appropriate neural con-
nections have been made possible in laboratory by paradigms specifically devoted to 
increasing the quality and intensity of environmental stimulation, such as envi-
ronmental enrichment (EE). EE is “a combination of complex inanimate and social 
stimulations”, and its main goal is to improve the animal’s quality of life by provid-
ing them with a combination of multisensory/cognitive stimulation, increased 
physical activity, and enhanced social interactions and by eliciting natural explor-
ative behaviors [12].

The possibility of modifying neural circuitry through environmental experiences 
suggested the idea of taking advantage of the EE in several conditions: the benefits 
of EE on synaptic plasticity, sensory development, and cognitive processes have been 
investigated in developing, adult, and aging animals and at a later stage in animals 
with several neurologic and genetic disorders [13–16]. In many cases, EE enhanced 
brain weight, neurogenesis, dendritic branching, synapse formation, and neuroana-
tomical components, with consequent changes also in behavior and learning [17].

These findings were very important for the field of pediatric neurorehabilitation 
because the EE paradigm is ecological, noninvasive, and well thought-out to enhance 
the neuroplasticity through experience, and for this reason, several research groups 
investigated and demonstrated the profound and positive effect of intensive and 
multisensory stimulation during early stages of life on the human brain [18].

For example, some authors suggested the effect of early multisensory stimulation 
on visual development of infants at risk of developmental disorders [19–21], and 
Pineda and collaborators also underlined the presence of a growing body of evidence 
supporting the use of early sensory interventions in the neonatal intensive care 
units, which can be safe and potentially important for optimizing infant and parent 
outcomes [22].

More recently, this line of research is expanding in order to understand if this 
type of early approach can have effects on social abilities and also, in this case, results 
appear very promising. In animal models, profound and long-term beneficial effects 
of early social environmental stimulation were found, encouraging the use of non-
pharmacological interventions for the treatment of social defects in neurodevelop-
mental diseases [23–25].

Consequently, all these findings inspired the development of new protocols for 
children at risk of ASD, in which sensory-motor and social impairments are the most 
distinguishable symptoms in early stages: for example, recently Whittingham and col-
leagues [26] published the ENACT protocol (ENvironmental enrichment for infants; 
parenting with Acceptance and Commitment Therapy), which is the first randomized 
controlled trial to test a very early intervention for infants at risk of ASD (infants 
with one or more biological siblings or a biological parent diagnosed with ASD). It is 
implemented within the first six months of life and structured by a combination of 
parent-mediated very early intervention with parental mental health support.

In conclusion, it is widely supported by neurobiological and behavioral findings, 
the positive value of early intervention for children at risk of ASD and of other neu-
rodevelopmental disorders. For these reasons, several evidence-based models were 
developed and implemented in the last twenty years.
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3. Contemporary approaches for young children at risk of ASD

Taken as a whole, these data highlight the importance of early intervention in 
the rehabilitation process of children with neurodevelopmental disorders, although 
several questions remain open regarding some characteristics, such as intensity, focus, 
setting, and participants.

From a metanalysis of Fuller and Kaiser [27] emerges that the mean study age (of 
analyzed manuscripts) was associated with treatment effect size on social commu-
nication outcomes and that optimal social communication outcomes were observed 
when the mean age of the participants was 3.8 years, with positive effects diminishing 
somewhat after that age. However, clinical and experimental findings suggest that to 
be maximally effective, early intervention must be intensive, active, and tailored for 
each individual and family-centered [17].

Already Bonnier [9] underlined the greatest efficacy of programs involving both 
the parents and the children, to improve not only cognitive outcomes but also child-
parent interactions. Moreover, an important point to consider is the fact that the 
families are now well informed, in particular thanks to Internet and social networks, 
and they know earlier about the risk of neurodevelopmental disabilities; this, on one 
hand, is an important aspect for a good success of the prevention and early detection 
programs, on the other hand, it could increase anxiety level of the parents, especially 
of children at risk of ASD. As a matter of fact, raising children with ASD can have 
a profound impact on caregivers, who, if guided by professionals, can benefit from 
strengths-based, future-focused supports early in their parenting experience [28].

According to Zwaigenbaum and collaborators, the central role of parents has been 
emphasized in the context of intervention of young children with or at risk of ASD: 
interventions could be designed to incorporate learning opportunities into everyday 
activities, capitalize on “teachable moments,” and facilitate the generalization of skills 
beyond the familiar home setting [29].

Rehabilitation, therefore, must be individualized to not only the infant and his/her 
brain dysfunctions but also to the family circumstances, and it should provide support 
to parents, on account of their fundamental role in child’s development. To this end, 
Novak and Morgan [30] recently suggested the “key drivers of plasticity and learning” 
in context of early intervention for children at risk of neurodevelopmental disabilities 
(see Figure 1): (1) training-based interventions harnessing experience-dependent 
plasticity, which means using interventions that specifically train an infant to perform 
a skill; (2) environmental enrichment that includes toys and exercise equipment to 
promote voluntary, self-initiated actions and learning and motivating but a repetitive 
challenge in an ecological context; (3) parent-child interactions, for promoting parent-
child bonding, responsive parenting and the wellness of the familiar system.

Based on these requirements, the main approaches currently used in the context of 
early intervention for children at risk for ASD are described below.

3.1 Behavioral interventions

Behavioral interventions were among the first developed and clinically tested 
approaches for improving outcomes for ASD children and are based on operant learn-
ing [31]. They are characterized by discrete stimulus presentation, prompted exhibition 
of the desired response, and provision of positive feedback [6]. Although this type of 
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intervention is profoundly changed in comparison with the first models of the years ’60 
and ’70, also now behavioral approaches maintain some fundamental characteristics, 
in particular, the high intensity of the hours of therapy and the use of reinforcement 
to increase skills and reduce “autistic behaviors”. The most commonly used behavioral 
program that provides direct intensive service to young children with ASD and their 
families is the “Early Intensive Behavioral Intervention” (EIBI), implemented under the 
supervision of personnel trained in applied behavior analysis (ABA) procedures [32]. 
EIBI uses a specific teaching procedure with a 1:1 adult-to-child ratio and the imple-
mentation in either home or school settings for a range of 20 to 40 hours per week, with 
children from one to four years old. In this model, the analysis of functional behavior 
is used to develop individualized intervention targets where complex behaviors are 
broken down into specific steps and reinforced to gradually approximate the desired 
behavior and ultimately enhance learning [33, 34].

In 2018, a Cochrane Systematic Review focused on the evidence of the effective-
ness of EIBI in increasing functional behaviors and skills, decreasing autism severity, 
and improving intelligence and communication skills for young children with ASD 
[35]. The evidence supports the use of EIBI for some children with ASD, especially 
with discrete effects on the adaptive behavior, cognitive functions, and language. No 
evidence was found about the improvement of autism severity or problem behaviors. 
However, the authors suggested interpreting the results with caution since the quality 
of the evidence of these studies is low and the methodological rigor remains a weak 
point, above all for the small sample size in the studies analyzed and for the use of 
non-randomized research designs [35]. So further research is necessary to estimate 
the effect of this rehabilitative approach.

Figure 1. 
Graphic representation of main elements for the implementation of early intervention, according to Novack and 
Morgan [30].
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3.2 Developmental interventions

Developmental interventions are based on the idea that emotional development 
plays a key role in areas such as language, cognition, visuo-spatial processing, and motor 
development. For this reason, these interventions focus on improving the synchrony, 
reciprocity, and duration of parent-child or child-child interactions as a pathway for 
ameliorating deficits in social communication and generating cascading improvements 
in developmentally related skills. These approaches are primarily delivered in the 
context of everyday routines such as play, and intervention goals are chosen based on 
the typical sequences of social communication and language development [31].

In this context, certainly “Developmental, Individual-differences, Relationship 
based (DIR) Floortime Model” is the most known. DIR was developed by Greenspan 
and Wieder for children between two and 12 years [36]. It aims in the first instance 
on affection and, according to this model, the parental engagement is an essential 
element for child improvement [37]. During the implementation of model, the use 
of “floor-based play” technique with the child addresses the main purpose of the 
intervention; floortime sessions are guided by the child, focusing on pretend play and 
conversation, and the intervention is tailored to the child’s specific needs in addition 
to an individualized and strength-based program for the child [38].

Although some high-quality studies suggest that developmental-based interven-
tions can improve some core challenges associated with ASD, particularly difficulties 
in social communication [31], both DIR model and the other developmental models 
were not specifically implemented for young children, and this point could be consid-
ered a limitation. For this reason, Solomon and collaborators implemented the “Play 
and Language for Autistic Youngsters (PLAY) Project Home Consultation program”, 
based on DIR model by Greenspan and Wieder, but specific for young children ages 
three to five years old with ASD [39]. These authors, by a randomized controlled trial 
(RCT), demonstrated positive effects of this model on parent’s abilities to sensitively 
respond and effectively engage their child, on shared attention and initiation of ASD 
children during play, and on improvement of autism symptomatology.

3.3 Naturalistic developmental behavioral interventions

Recently, the increasing of naturalistic developmental behavioral interven-
tions (NDBIs), rooted in both applied behavioral and developmental sciences, has 
become imponent. NDBIs use natural environments, behavioral strategies, and 
personal interests to motivate the child and teach developmentally appropriate skills. 
Moreover, these models utilize several techniques for exploiting all possible opportu-
nities for learning for the child and employ individualized treatment goals; they focus 
on child-initiated teaching episodes, capitalize on natural reinforcement and child 
motivation, and can include adult imitation of the child [40]. In NDBIs, reciprocal 
imitation is considered a useful strategy to promote social engagement in children 
with ASD, particularly in children with low developmental levels [41].

Examples of early intervention based on this approach are “Pivotal Response 
Treatment” (PRT) for children between two and seven years [42–44], “Early 
Start Denver Model” (ESDM) from 12 months to 48 months of life [45, 46], “Joint 
Attention Symbolic Play, Engagement Regulation” (JASPER) for children between 
one and eight years [47, 48], and “Reciprocal Imitation Training” (RIT) recently 
implemented also for toddlers from birth to three years [49].
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Some NDBIs are focused interventions designed to address a specific and cru-
cial behavioral area, others are comprehensive interventions that target the entire 
range of developmental domains, including cognition, social abilities, language, 
play, and motor systems, considering both abilities in emergency and vulnerabili-
ties of children. Skills are usually not taught discretely or in isolation, but rather in 
the course of the child’s typical daily interactions, experiences, and routines, with 
multiple materials and by multiple people [50]. Through these early intervention 
models, it is occurring as a shift of the main goal away from the reduction of core 
autistic traits and toward the improvement of well-being and optimization of 
individual potential [40].

Sandbanck and collaborators in a recent review [31] highlighted the presence of 
several RCTs in support of NDBIs. These studies suggest that NDBIs may be not only 
particularly useful for supporting development of social communication, language, 
and play but also for reduction of caregiver stress and for improvement of parental 
abilities.

3.4 Parent-mediated interventions

Parental involvement is good early treatment practice for ASD because it is 
one of the factors associated with a better outcome for children, but this type of 
approach may also support family outcomes, including parent-child interactions 
and caregiver empowerment [51]. In parent-mediated interventions, parents are 
taught a combination of techniques to promote the child’s social engagement, lan-
guage, imitation, and play skills. Parents are also trained to become more responsive 
to the children’s communication style and needs, with an effect also in emotional 
regulation [52].

Many of the early interventions explained above, both NDBI types, such as ESDM 
and JASPER, and development-based, such as DIR and PLAY models, despite being 
implemented through direct contact with the child, involve the parent in the session. 
As a matter of fact, several studies about this type of interventions showed many 
effects both in children and parent outcomes [39, 53–56].

Moreover, in 2013, a Cochrane systematic review found some evidence for 
effectiveness of parent-mediated interventions for young children with ASD, most 
particularly in proximal indicators within parent-child interaction but also in 
more distal indicators of child language comprehension and reduction of autism 
severity [51].

In this context, there are also models involving exclusively the work with the 
parents and in which the aim of the intervention is first to increase parental sensitiv-
ity and responsiveness to child communication, to reduce mistimed responses, and to 
promote new strategies in them, with a secondary increment of the child’s communi-
cation. These parent-mediated interventions utilize techniques such as modeling and 
video-feedback; some examples are the “PArent-mediated Communication-focused 
Treatment in children with autism” (PACT), for parents of ASD children from two 
to eight years [57], and a model implemented in “British Autism Study of Infant 
Siblings, based on Video Interaction for Promoting Positive Parenting program” 
(iBASIS-VIPP), for parents of children with an age range of 7–12 months of life [58]. 
Studies about these two types of models found a clear benefit for parent-child dyadic 
social communication, an improvement of attention of the infant to parent, and of 
adaptive behavior.
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4. Future directions

The new pieces of knowledge about brain functions and dysfunctions have 
profoundly changed the methods of detection, diagnosis, and intervention of neuro-
developmental disorders, such as the ASD. Moreover, the available evidence suggests 
that skills improve when they are practiced intensively in a playful daily caregiving 
setting, in which families must have an active role in the promotion of the health of 
their child [6].

It is also true that research in this field is complex and continually ongoing, also 
because manifestations of ASD, outcome measures, and contexts may be extremely 
heterogeneous. Although data about early intervention are promising, especially 
for daily living and sensory-motor skills of these children, the results must be 
considered with caution, for this great variability of measures, subjects, and types of 
intervention [59]. Certainly, it is widely recognized that greater implementation of 
RCTs in this field of rehabilitation is needed to provide better indications to profes-
sionals and parents.

However, as suggested by Vivanti [60], the concept of “evidence-based” is multi-
faceted, especially in the field of ASD, and “being able and willing to keep up with the 
evidence requires an appreciation that the evidence base in the field reflects a provisional 
state of affairs, rather than an unmodifiable truth”.

Maybe, parents and professionals should understand that it does not exist a perfect 
and effective intervention for all children, but the choice can depend on a lot of vari-
ables, such as the symptoms’ severity, the age of child, the presence of co-occurring 
disorders, the environmental factors, the learning opportunity and the environmental 
adversities, and others. However, a relevant intervention target should be to avoid 
the “normalization of the autistic behavior”, and rather take into consideration the 
well-being of individuals and their families, respecting their neurodiversity, but at 
the same time, trying to optimize the individual potential and the reach of the desired 
role within the society [40].
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Abstract

The regulation underlies numerous developmental processes during the life cycle
and intervenes in sensory processing, attachment, management of the self in relation
to the other and the environment, the attunement of the affects, experimentation of
interactions, the configuration of relationships, resilience, and intersubjectivity. The
regulation typically occurs from the earliest stage of life. The child defines his inter-
active style mediated by his motor dimension through appropriate processing of
stimuli adapting himself to the physical and social environment through the tonic
dialogue and he also reaches the ability to manage, control, and attunement of affects
and emotional states within complex dynamics in adulthood with more developed
cognitive skills through the “tonic dialogue”. The construct emerges on a neurobio-
logical and neuroanatomical basis, which describes the individual subject’s peculiar
way of reacting and relating to the world: the temperament. The relational and reac-
tive style modifies and defines itself in a strictly individual manner based on the
subject’s life experiences, especially of social nature. The interactive modes, the rup-
tures, and the repairs that characterise the relationship with the primary caregiver
leave an imprinting that the subject retains throughout his life which will define his
relational style, as much as it may change according to the interacting part. From the
pathological front, regulatory disorders require a global, highly specific rehabilitative
treatment which aims at the developmental needs of the child. Neuro and psychomo-
tor therapy of developmental age intervenes in all aspects of regulatory disorders and
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plays a role that is not only rehabilitative and abilitative but also preventive, as
reduces the risk that the disorder may evolve into further clinical conditions,
especially of a psychopathological nature.

Keywords: regulation, attunement, neuro and psychomotor therapy of
developmental age, transversal competencies, regulatory disorders, setting

1. Introduction

Regulation deficit frequently occurs in comorbidity in clearly nosographic-defined
neurodevelopmental disorders. Nevertheless, the difficulty of isolating regulatory
disorders in developmental age, and proceeding with exclusive diagnoses of the
disorder, often undermines its progressive assessment and its evolution into disorders
that continue in the development of the subject under evaluation and treatment.
Regulatory disorders are therefore alterations that are present but not always classified
as main disorders as much as secondary and they require accurate reading abilities
and identification as they invoke concepts such as intricacy, mutability, and transience.

2. Affects regulation and tonic dialogue—self and hetero regulation
and RM

The regulation is a construct that is intrinsic to every individual and in every era of life,
regardless of whether the developmental trajectory can be identified as typical or not.

The regulation intervenes in a plurality of conditions; among these appears to be
particularly relevant the capability to congruously elaborate internal and external stimuli
of sensory, perceptive, or social nature, to develop appropriate and adaptive responses.

Hill [1] speaks of affect regulation, the affects are distinguished into two categories:
the primary affects which are defined as the somatic representation of the organism’s
state, namely that which produces a sensation from the arousal signalling of our
internal organs and the categorial affects, which are identified in emotions.

During development, as well as at every stage of life, it is necessary to structure
stable affections that can create favourable conditions for implementing new skills
and allow attunement to others because of the social necessity that characterises the
human being. Recognising the affections, building them, and keeping them steady
over time is an indispensable condition for the basis of an individual’s development.
The state of homeostasis occurs, in fact, when we are regulated within the boundaries
of our “window of tolerance”. The concept of “window of tolerance” is systematised by
D. Siegel in [2], who defines it as that ideal space, graphically included between two
parallel lines, in which the subject oscillates daily in a variable manner; boundaries of
our window of tolerance are represented by the two lines, one leaning towards the
high state of arousal (hyper-arousal) and the other one leaning towards a low state of
arousal (hypo-arousal). On the other hand, when the threshold of the arousal
decreases or increases transcending the abovementioned boundaries, we are in a state
of “dis-regulation”. What enables us to come back to an optimal state of regulation is
the personal ability of resilience, defined by Cicchetti as “the ability of individuals to
recover their functioning after exposure to stress-induced dysregulation”. Freud [3] speaks
of a “protective shield against stimuli”, a barrier with which the child is naturally
endowed and it protects himself from external stimuli that could potentially exceed
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his threshold of sensory analysis. More recently, we come to Erikson [4], who states
that the little child, like everyone else, possesses certain optimal levels of stimulation,
below which stimulation will be sought and above which it will be avoided.

The child actively regulates the exchange with the outside world, as everyone does
at all ages. Individuals with different psychiatric disorders seem to have different
thresholds, typically higher or lower concerning the quantity and duration of tolerated
stimulation.

Becoming dysregulated is a common occurrence in daily living. Adaptive func-
tioning is maximised when a controlled condition can be recovered effectively. The
subject should have primarily well-regulated loved ones since only in this way he can
engage in new and fruitful situations and relate to others more effectively since his
relational availability is implemented. This availability out to be a condition that is not
always experienced optimally in various disease patterns, as it could also be altered
secondarily precisely because of atypicality and dysfunctional regulation processes. If
there is dysregulation of loved ones there could be a condition of ineffectiveness and
fallibility of relationships and pasts, as well as a negative condition that could lead to
the development of inappropriate response strategies to the condition of insecurity in
relationships.

The regulation skills are built over time by structuring themselves above a neuro-
biological and genetic substratum such as temperamental profile and the subject’s
experience, especially of the social nature with the caregiver of reference. Tempera-
ment, which has a not negligible neurobiological matrix, is defined by how the subject
approaches his surroundings, stably delineating the reactive quality that characterises
the child, and regulating the responses given to environmental and social stimuli.

The relationship with the parent, especially in the neonatal period, is crucial in the
definition of hetero-regulatory processes, which take time to shape since at birth there
are only primitive forms of self-regulation such as self-consolation, thumb sucking,
and then moving on to strategies such as distraction management. The role of the
other in the process of defining regulation is not only limited to that containing
availability that shapes the attachment bond but is also important for the modelling
mechanisms that the subject uses from the observations of others to be able to
delineate his peculiar regulation strategies.

Mother and child learn in their interactive exchange, to take turns and read each
other’s signals, maturing progressively finer modes of interpretation. These experi-
ences are for Bowlby [5] translated into Internal Operating Models (I.O.M) of Attach-
ment, which can be defined as a “package” of cognitive-affective-relational
interpersonal behaviours that mediate attachment relationships throughout life. These
mother-child interactive modes develop as internalised actions managed by implicit
processes, constituting an automated mode of relating to the attachment figure. The I.
O.M also fulfils an assimilative function, which in principle has an adaptive value that
is not always realised. Social experiences are filtered and absorbed and on the bases of
performed expectations, relationships are interpreted. This condition, which leads to
the management of attention, perception, and representation, enables what happens
to the individual to be read and interpreted based on experiences. There are primary
and secondary attachment models, depending on the specific attachment figure. The
ability to regulate emerges from the attachment relationship, which is precocious and
pre-verbal and is defined starting from a state of non-autonomy by the child.

The structuring of regulation strategies follows, clearly, the subject’s overall devel-
opment trajectories: the child refines his emotional and behavioural reading skills of
the other, gives meanings and relates in a progressive more coherent manner.
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Communicative-linguistic development also provides an increasingly valid and effec-
tive tool for the child to channel the emotions and his emotional and affective contents
on this channel. Cognitive development, which from 18 months onwards, by the
Piagetian memory, proceeds more and more towards the structuring of the symbolic
capacity, gives the child an important tool for structuring congruent self- and hetero-
regulatory strategies. The first real form of modulation of one’s states of regulation
mediated by others is the tonic dialogue. In the earliest stages of development, being
able to modulate oneself in relation first to the other and then to the environment
occurs through contact exchange in the early construction of the mother-child dyad.

In the early stages, regulation passes through the condition of exclusively
exchanging muscle tone, where it is typically the mother who initially modifies herself
according to the child’s “questions and reactions”. Over time, the child perceives a
modification of the Other according to the expression of his needs, observing the
purely motor aspects. The tone acts as a balancer of the exchange, adapting to the
child’s needs, and acts as means of communication in which conditions such as safety,
stability, boundaries, and affection are involved. Subsequently, the child will gradu-
ally use the tonic dialogue through the exercise of mutual regulation with the mother,
to engage in expressive and receptive communication with the environment, express
needs, consciously modified his muscle tone, and regulate emotions and adaptive
responses according to the appropriately processed stimulus.

These milestones of human development pass through five major areas of adaptive
child development, within the first early interactions that are:

1.Biological regulation: the ability to regularise all biological processes, including
nutrition and sleep-wake rhythm. It occurs during the first month of a child’s life
and allows the first social encounters to take place, which need to be regulated
and made stable and to which the child is naturally predisposed as demonstrated
by his innate sensitivity and reactivity to the caregiver’s voice, expression, and
gestures. Within this first phase, it is relevant to speak of “modelling”, to which
reference must be made and to which both the parental couple and the infant are
subjected. Modelling consists of specific “adjustments”, that are unique to each
relationship; therefore, it is appropriate to recall Sander’s [6] theory of “Cross-
Fostering”, whereby mutual adaption occurs specifically for each parent-child
pair. The progressive evolution of the first social exchanges is also mediated by
early imitative processes, which take on a much higher social value than the mere
repetition and motor and gestural learning: neonatal imitation is constituted as a
social and primarily communicative linking tool, which is conveyed in order or
not to accept the behaviour of the CG. A deficit condition in the abovementioned
skills produces cascading alterations in motor, communicative, cognitive, and
social learning.

2.Vis-à-vis exchanges: the ability to adjust one’s facial expression in relation to what
is proposed in front of our field of vision or about specific sensory stimuli. This
competence is present from the age of 2 months since we need to allow our visual
sense organ to mature so that we can move from paying attention only to the
contours of stimuli to an increase in visual acuity. The first socialising smiles
appear at this stage, progressing into more direct and prolonged visual contact.
This development passes through the mother’s modulation of the levels of
activation and synchronisation of the child’s gaze, which will lead to the
developmental maturation around the seventh month of the no longer

284

Autism Spectrum Disorders - Recent Advances and New Perspectives



indiscriminate smile. At this stage of development, the “Turn Taking”, the
alternation of roles, is experienced; it is later observed more in vocal exchanges,
as the child and parent influence each other. The aim is to create a very early
form of “conversation” untethered from tonic dialogue to keep the created
interaction stable. The main characteristic of the exchange is contingency,
understood as the temporal dimension of the exchange, characterised by
rhythmic behaviour, matching, and mirroring, which in interactive experiences
emerge facilitating self-regulation and dyadic regulation in the child and the
dyad, and laying the foundations for empathic competencies. The
communicative-social tool that defines these relationships is the referential gaze;
looking at each other and imitating facial expressions are the manifestation of the
interactive coordination established in the dyad. This condition, which
Trevarthen calls “primary intersubjectivity”, is realised through neonatal imitation
and proto-conversations and is based on brain circuits capable of integrating
expressing eye, mouth, voice, hand movements, and posture.

3.Sharing of topics: a progressive form of regulation that consists of the beginning to
shift the attention to situations outside the dyad but needing to share them first
through the gaze, and later with the capacity for attention and action on the same.
This stage, which appears in typical development from the age of 5 months,
provides a condition of increased flexibility in the child’s attention capacity, who
will be able to shift attention towards an element outside the dyad; at the same
time, motor-fine skills also allow this form of experimentation, in line with
cognitive development. Initially, the child will experiment alone with the object,
and later he will integrate the new experience with the object and the caregiver.
This is where the skills of “co-orientation” appear, leading to two or more people
dwelling on the same common focal point. This is the key to start of the
structuring of what Trevarthen calls “secondary intersubjectivity”.

4.Reciprocity: a condition that leads to the emergence of the interest in and
recognition of the Other, so that it begins to be more flexible in finding a common
focus. It is the stage that appears between 8 and 9 months and allows the child to
engage simultaneously in different activities, which previously could only be
experienced through a single experience, without being able to integrate perceived
stimuli. Reciprocity brings the child to the experimentation of playing roles with
the partner that is now coordinated and exchangeable. Reciprocity must be
implemented by the concept of “intentionality”, which allows one to plan one’s
behaviour and anticipate its consequences so that the child can fully participate in
social interactions. This condition must provide from the child’s point of view,
flexibility and elasticity in managing the regulation of affections and emotionality
such as can support him in the first real social relationships in experimentation.
The qualitative refinement of the second dimension of intersubjectivity, combined
with the physiological maturations that the child experiences from the cognitive
point of view, makes him aware that the other also has his attentional focus and
thus inserts him into an exchange articulated by requesting and declarative
messages. The maturation of secondary intersubjectivity allows the subject to
mature from what was once a form of attention definable as “mutual”, whose main
focus is the other in its physicality and expressiveness, called “joint” (or shared),
which is precisely the condition in which both partners focus their attentional
resources on a common focus interest.
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5.Symbolic representation: an area with strong connotations linked to both cognition
and language development. It is defined as the child’s ability to use verbal and
symbolic tools in relationships and exchanges with others, in order not only to be
able to carry out an exchange in the present but also to reflect on them once they
are concluded. This last stage begins to develop between 9 and 10 months, but is
consolidated once discrete levels of communication have been reached; the
ultimate aim is to impose oneself based on social references read in the
environment. Trevarthen, in connection with this, argues that the language
which the child acquires after the first year of life is the cumulative effect of the
maturation of primary and secondary subjectivity. The child looks around him
for clues, both in expression and in the behaviour of others, which should lead to
his assessment of the situation. This process must include the ability to process
the understanding of the event, whereby the child must through the acquisition
of sensory perceptions and also the sum of all the reactions produced by others
towards oneself and towards the environment, implements one’s own search for
social references. From 9 months onwards, the child experiences a real
evolutionary drive in the motor, cognitive, emotional, social, and communicative
spheres. He becomes fully aware of the physical and mental differentiation from
the other; however, the child’s regulatory strategies seem to be strictly dependent
on the dyadic system in which he is embedded. Intersubjectivity can also be
understood also from a dynamic systems perspective, as self-awareness
goes beyond mere bodily boundaries to include the other who self-regulates
himself [7, 8].

During interactions with the adult, the child often experiences “mismatches”,
which are moments of dyssynchrony that generate negative emotions and stress. This
stress, which is typical of every relationship, can be caused by various conditions, such
as lack of emotional synchronisation, unclear signals or not being understood cor-
rectly. Most mother-child dyads constantly reach a state of mismatch, which they
manage to repair in subsequent interactions. The stress that is spoken of as resulting
from the lack of synchronisation is, however, a springboard to go on to build what are
“coping” strategies, which are functional to the structuring of the child’s character,
and, in successful cases, capable of providing the child with an important sense of
efficacy and competence; they can then be generalised in different contexts, with an
important adaptive value.

In case of unsuccess, the child experiences many failures and to equally curb the
negative feelings resulting from the mismatch, he structures self-regulatory strategies
that limit the interactive-social capabilities.

Various coping strategies can be experienced by the child, chosen based on ele-
ments which are not only contextual but also purely temperamental; summarised by
Gianino into the following:

• Signalling, which can be positive, neutral or negative, while maintaining the
objective of remaining in the sharing;

• Attention elsewhere, on an object or on himself;

• Self-consolation, using one’s own body includes: oral stimulation, rocking,
intertwining fingers;
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• Withdrawal;

• Escape;

• Gaze avoidance/visual exploration.

When the child uses strategies which are different from signalling, renounces both
social involvement and sometimes involvement with objects, trying to self-regulate.
The individual differences that characterise the children and their modes of expres-
sion in terms of emotional manifestations and the prevailing mood tone seem to
originate from the way of functioning of the adult-child dyad, who are partners in an
affective communicative exchange.

The goals that the child sets include social, relational, and self-centred goals, such
as achieving internal homeostasis. The driving force behind the activity is always the
motivation, which resides in the final idea that the child structures, and is fuelled by
the emotional equipment (positive and negative) that animates the child. The set goals
are not always successfully achieved, and the experiences of fallibility that the child
may experience are not uncommon. However, the negative experience of failure, with
its negative emotional corollary, is an ambivalent experience which can lead both to
reshape of the strategy resulting in success and also to renunciation. The child does not
have all the resources he would need to achieve all his goals, and this is a risk factor for
experiencing repeated failures, and consequently repeated negative emotional experi-
ences. Nevertheless, this does not happen, as the child is placed in an interactive
context, in a system of affective communication, in which the child’s efforts are read,
interpreted, and supported by the CG; from a functional point of view, the messages
that the child sends to its CG are called by Tronick and Gianino “hetero-directed
regulatory behaviours”, emphasising their regulatory function in relation to the behav-
iour of the interacting subject.

On the other hand, behaviours such as self-stimulation or averting one’s gaze are
referred by the same to as “self-directed regulatory behaviour”, that the child engages to
regulate, control, and modify its affective state. The distinction between self-directed
and hetero-directed regulatory behaviour is not always clear; what is certain is that
these are behaviours that are part of the child’s repertoire for dealing with stressful
situations that can generate negative affections and excessive positive affections that
can turn into distress situations.

These behaviours are so important because they act to allow the child to contain
the potentially disruptive effects of his emotions, the uncontrolled expression of
which could interfere with the implementation of strategies aimed at the fulfilment of
the child’s goals. Both self-directed and hetero-directed regulatory behaviours allow
the child to exercise control over his emotional state, interact with those around him
and act on the world around him.

Children and adults are placed in mutually coordinated interactions, where the child
quickly takes an active part in communication with a global emotional involvement that
can have positive and negative connotations. However, developmental trajectories are
highly individual and singular, and this has been explained by Tronick and Gianino as
an outcome of the differences and qualitative characterisations of the communication
systems in which the subjects are embedded, and by the number and manner in which
negative and positive emotional experiences are lived and dealt with. Normally, both
conditions are experienced and then balanced towards a positive connotation of the
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interactive experience; in abnormal experiences, however, there is a longer duration of
periods of interactive failure. The authors suggest that the full experience of success-
failure-repair of interactive errors and the transformation of negative affect into posi-
tive affect, of interactional-transformative errors of negative affection into positive,
produce beneficial effects on the child’s development, enhancing their hetero-directed
affective and communicative competence, increasing self-regulatory skills and contrib-
utes to delineating differentiation with the outside world, and self-identification.

On the contrary, as might be expected, the chronic experience of failure in abnor-
mal interactions produces negative effects on the child’s development.

Adopting a self-directed style of regulation, the child changes his focus and turns
his attention to the control of negative affects and their effects on disorganised
behaviour. Focusing on this strongly self-centred goal limits the experiential reper-
toire on the external world, not only in relational terms but also in exploratory terms
leading to a potential slowdown in cognitive development. The effect on self-esteem is
then not negligible: the child will have an image of himself as ineffective, thus
tendentially negative self-esteem. The attachment bond will undoubtedly be dis-
turbed: the parent will be perceived as unreliable.

This developmental trajectory is never determined by a single event, but rather by
the slow accumulation of interactive and affective experiences with different people
and events.

In order for the attunement (regulation of arousal) between Mother and Child to
take place there are a series of stimulations, especially at the sensory level, that
stimulate different behaviours in each type of relationship:

• Predictable and tolerable form of Hyper-stimulation;

• Intolerable forms of Hyper-stimulation;

• Intolerable forms of Hypo-stimulation;

These three forms generate different responses according to each pair being
examined, they often reduce to being as variables as predictable but also
unpredictable.

The processes of attunement with the other involve numerous states, such as:

• Lack of attunement,

• Selective attunement,

• Imperfect attunement,

• Modulations,

• Inauthentic attunement,

• Excessive attunement.

Attunement is the key to opening the door to the intersubjectivity between people,
which can be used both to enrich one’s mental life through the partial union with
another and to impoverish it by keeping a part of one’s inner experience strictly to
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oneself. Thanks to his early emotional-cognitive-social skills, the child can establish
intersubjective connections with others from an early age. The process of emotional
attunement, together with infants’ early imitative capacities, enables them to connect
with their caregivers. Infants, in fact, precociously enter into social interactive
sequences, through vocalisations, gestures, and glances, in a progressively more
attuned manner with caregivers of reference. In the structuring of intersubjectivity,
the motor matrix cannot assume a marginal role; “intercorporeality” is a fundamental
aspect of it. It includes, in fact, a mechanism of recognition of the other’s body as
similar to one’s own, due to the sharing of similar aims and purposes towards which
we direct ourselves. Intersubjectivity is properly defined as an experience of “mental
contact with the other that takes place during interpersonal communication” [9, 10]
(Trevarthen, 1998). Attachment and intersubjectivity are closely related; being
attached to someone implies the possibility of developing an intersubjective connec-
tion, just as the intersubjective connection with someone can be the first step in
forming an attachment bond with that person.

Intersubjective interactions are organised in developmental sequences according to
Singer and Hein [11], who speak in particular of four sequences:

• Emotional contagion: this occurs when an emotion (e.g., sadness expressed through
crying) is transferred to another person (e.g., a child crieswhenhe hears another do so
in turn), without being aware that the emotion felt originates from another person.

• Empathy: occurs when the individual, aware of the difference with the other,
shares the other’s emotions.

• Compassion: it arises when there is not only an understanding of the other
person’s emotions but also a feeling of sorrow and a drive to improve the other
person’s situation.

• Theory of mind: is the ability to attribute mental states (beliefs, intents, desires,
emotions, knowledge) to oneself, and others, and to understand that others have
mental states different from one’s own [12].

Manenti [13] speaks of intersubjectivity as a dimension that matures after the
individuals involved in the relationship pass through prior relational dimensions. The
subject, in fact, needs the others not to be a subject but to live as a subject. Arriving at
an intersubjective dimension is a condition that goes beyond the idea that human
beings are intrinsically open to sociality since it describes a situation in which the
subject is open to the relationship to define not only the relationship but also himself.
The intersubjective dimension is composed of mutual changes and exchanges of
personal resources, which delineate and define the identity of the involved subjects.

Specifically, Manenti [13] speaks of:

• The Relational Dimension of the Self: it conveys the readiness of the I to open up to
build social relationships with a “you”. To open up means to give oneself to
confrontation, exchange ideas, and cooperate.

• Interpsychic dimension: it takes place at the moment when the “Selves” open to the
relationship have entered into contact, which is not yet at a level where the “Self”
reciprocally exchanges information about themselves. The contact could be
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regulated by norms that, on the contrary, isolate the individual “Self” even more,
protecting them from mutual interferences.

• Interpersonal dimension: it is a dimension that marks a step forward. The two
“Selves” available to the relationship, once in contact have established exchanges,
characterised by mutual regulation, reciprocity, acceptance, and understanding.

• Intersubjective dimension: this is the dimension that goes beyond empathy,
sharing, and acceptance. In the intersubjective dimension, the two “Selves” not
only have a contact that leads them to have exchanges but also show themselves
to be available to each other to allow themselves to be changed, transformed and
redefined, thus building a new identity. In the relational fusion, the “Self” fades
into the background.

Themodel that explains how in the above-mentioned interactive experiences there is
structuring and evolution of regulation skills is theMutual RegulationModel. TheMutual
RegulationModel [14, 15] theorises that duringmother-infant interaction the partners
have interactional goals and, to achieve them, have different skills at their disposal. The
ultimate goal is mutual regulation, which is identified as an interpersonal state of pleasure
and attachment. To establish this condition, bothmust jointly regulate the interaction
through interactive behaviours, namely affectivemanifestation. Thus, the child actively
participates in this condition, using the tools at his disposal (smiles, vocalisations, postural
adjustments) and his affective system, differentiated already at birth.

Despite this, the mutual regulation process contemplates and recognises the possi-
bility that interactions may encounter physiological failures, due to misunderstanding
of the other’s behaviour or the implementation of inappropriate behaviour. These
conditions, identifiable as “mismatch” in their physiological occurrence, generate neg-
ative affections (anger, contempt, sadness) in the child and motivate him to adapt and
seek the most functional means of repairing the mismatch and relieving the experi-
ence of positive affection (joy, demonstrated interest). However, this can only be
achieved in the presence of a sufficiently sensitive partner. Positive and negative
affections allow the child to regulate the interaction to achieve the aforementioned
reciprocal regulation.

The Regulation Model, defines that the actions carried out by the child through the
use of his affective apparatus are used to regulate his interaction, this implies the
ability on the part of the child to regulate his affective responses, since within the
interaction he has to regulate two aspects of the affect:

• TheQualitative Dimension: what the child feels and expresses about the interaction;

• The Quantitative Dimension: all those temporal or intensity parameters of
affection that are usually measured through parameters such as threshold,
latency, ascending time, intensity, and recovery time of an affective
manifestation.

In accordance with the mutual regulation model, when there is a disconnection
between the partners, the child signals to the partner to change the mismatched
behaviour, and the responsive and sensitive partner modifies the stressful condition,
relieves the child’s distress, and helps the child to regulate his affective state.
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For this reason, self-regulation and interactive regulation are complementary to
each other, just as they should be understood as sides of the same coin when assessing
the child’s social behaviour.

3. Regulatory disorders

Alterations in regulation are transversely present in every clinical picture in devel-
opmental age with peculiar ways of expression. Immaturity in the ability to self-
regulate can lead to the expression of oppositional, impulsive, aggressive behaviour.
This condition may fade naturally, following the child’s psychological growth and
development trajectory, or it may exacerbate to become a fully disordered condition.

De Gangi, Porge, Sickel, and Greenspan, in a longitudinal study conducted on a
population of 4-year-old children, described the progression of dysregulation symp-
toms towards a pathological trajectory in terms of developmental, sensorimotor, and/
or emotional-behavioural deficits at 4 years of age, suggesting that children with an
untreated regulatory disorder may not overcome behavioural difficulties.

To be able to distinguish between actual symptoms of the disorder (which may
result in psychopathology) and the transient phase of life, age-specific diagnostic
criteria would be required. Since these diagnostic criteria do not currently exist, the
disorder category has not yet been included in standardised nosography systems such
as DSM 5 or ICD-10.

The first to have formulated diagnoses for regulatory disorders was Greenspan [16]
who defined regulatory disorders as the co-presence of three fundamental characteristics
that negatively affect sensory processing abilities and are expressed through:

• Sensory difficulties,

• Sensory-motor difficulties,

• Information processing difficulties.

These characteristics are due to an excessive or limited reactivity to sensory stim-
uli, which qualitatively impairs it and the expression of motor skills, and has an impact
both at the level of coordination and movement planning. This manifests itself as a
clear difficulty in organising movements in sequence.

In regulation disorders, a specific behavioural pattern is usually present,
characterised by:

• Disorders concerning the control of action,

• Attention disorders,

• Behavioural disorders,

• Disturbance in the modulation of affective states and interaction with others.

Regulation disorders are characterised by difficulties in regulating behaviour,
physiological process, attention, motor skills, and in organising a calm, vigilant or

291

Perspective Chapter: “The Knowing How to Regulate Oneself”– Transversal Competence...
DOI: http://dx.doi.org/10.5772/intechopen.109536



positive affective state. A child with a regulatory disorder is particularly difficult to
manage from the earliest days.

Soon, this generalised dysregulation has negative side effects on the family envi-
ronment and can lead to chronic stress in parents, which will be further reflected in
the quality of the child’s responses.

The child may present dysregulation in sleep regulation, feeding or sphincter
control, as well as in the area of gross or fine motor skills, in the ability to maintain
attention on a detail (or conversely persist on a specific detail), in affects (abrupt
transitions from serenity and joy to sadness and anger), in behaviour (aggressive/
impulsive).

An early and important dysfunction in the process of affective regulation, inhibi-
tory control, behavioural regulation, etc. can impact functions such as sleep, feeding,
and sensory reactivity, predisposing the child to structure relational disorders and
symptoms that can be traced back to psychopathological conditions. Clinical symp-
toms include hypersensitivity, impulsivity, irritability, and hyper/hypo reactivity,
with an impact on sleep and feeding. In addition, regulatory disorders may be present
and persist even at school age.

The diagnosis of these conditions is complex and also requires the presence of
specific sensory difficulties (perception and proprioception of stimuli).

Considering among the causes, children with the most difficult temperament,
those with regulatory disorder correspond to a minority at the extreme of this cate-
gory. These problematic characteristics are generally of a constitutional or maturation
nature, but it should not be forgotten that the quality of care may accentuate the
difficulties or, on the contrary, diminish them. In the first case, children are exposed
to a very high risk of developing other behavioural disorders in later childhood.

These conditions are relatively rare and data on their prevalence in the population
are relatively inaccessible, due to the recent diagnostic framing, and certain clinical
configurations can be difficult to distinguish from other early developmental difficul-
ties. Treatment consists of providing the best support to the parents, who will have to
transfer their regulatory strategies to the child. A successful diagnostic framing, as
always, proves to be fundamental and can prevent problematic behavioural and social
patterns from developing in the future.

According to what can be deduced, given that regulation is implicated in all stages
of growth and development and continues through development, it allows us to tune
in to all the stimuli to which the individual is constantly subjected; it can only be
stated, that in addition to specific regulation disorders, there is a strong presence of
alterations in motor, affective, emotional, mentalising regulation, and all conditions
concerning higher cognitive processes such as executive functions, in the comorbidity
of developmental and neurodevelopmental diagnoses.

The six capacities of Emotional and Social Functioning are:

• Attention and regulation (the beginning is typically observed between birth and
3 months): the infant observes and pays attention to what is happening around
him with all senses, such as looking, listening, touching, and moving. The infant
can remain sufficiently regulated to maintain attention and interact without hypo
or hyper-reacting to external or internal stimuli. As the child, over time, reaches
higher levels of functioning, his ability to maintain a sustained and continuous
flow of interactions provides evidence of his capacity for age-appropriate
attention and regulation.
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• Formation of relationships or mutual engagement (the beginning is typically
observed between 3 and 6 months): the infant develops a relationship with an
emotionally available caregiver for the primary purpose of comfort, security, and
pleasure. As development progresses, through the support of the caring
environment, the infant becomes able to experience the full range of positive and
negative emotions, remaining engaged in the relationship.

• Two-way intentional communication (the beginning is typically observed between 4
and 10 months): the infant uses gestures, including purposeful displays of
affection, to initiate a mutual “conversation”. Simple gestures, such as reaching out
to be picked up or pointing to an object that is interesting to him, become a more
complex sequence of gestures during the second year of life. Two-way
communication becomes a real conversation as the child develops verbal language.

• Complex gestures and problem solving (the beginning is typically observed between
10 and 18 months): the child uses emerging symbolic skills and language to
acquire what he wants or desires—namely to solve problems. Single gestures are
replaced by complex sequences of gestures and actions (e.g., leading a parent
towards the desired object). As soon as the child develops language, he uses
words and gestures for communication and problem-solving.

• Use of symbols to express thoughts and feelings (the beginning is typically observed
between 18 and 30 months): the child, using imaginative play and language,
begins to express thoughts, ideas, and feelings through symbols. A child can
communicate what he imagines through role play, dressing up, and playing with
dolls. Imaginative play can represent real-life experiences and stories that the
child has known through stories, books, videos, and television. In play scenarios,
the child projects his feelings into the characters and actions.

• Logical connection of symbols and abstract thinking (the beginning is typically
observed between 30 and 48 months): the child can logically connect and process
sequences of ideas. He uses logically interconnected ideas in preservations
concerning everyday life events and imaginary stories. The stories of children
who have reached this level of functioning typically have a beginning, middle,
and end. The child can understand abstract concepts, reflect on feelings, and
articulate lessons learned from experience.

Attention must be given to all diseases into which a particular regulation problem
may develop in childhood, later puberty, and adulthood, in addition to the presence of
comorbidity with other diagnoses.

The Diagnostic Classification 0–3 and later the 0–5, proposes different types of
regulation disorders that mainly concern the dysregulation of certain basic rhythms
(sleep, feeding) and sensory processing, which may however be part of a phenomenal
expression of broader and more complex pathologies affecting neurodevelopment.

All disorders related to regulation deficits found in the Diagnostic Classification
DC:0–3 and DC:0–5 as well as in the Diagnostic and Statistical Manual of Mental
Disorders are proposed below:

Disorders of regulation about sensory processing for Diagnostic Classification
DC:0–3 are reported:
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- Sensory processing regulation disorder which is divided into three forms:

• Hypersensitive (Type A Fearful-Cautious);

• Hypersensitive (type B Negative-Provocateur);

• Hyposensitive/Hyporesponsive (Type A distracted-hard to engage);

• Hyposensitive/Hyporesponsive (type B self-centred);

• Impulsive looking for sensory stimulation.

For the diagnostic classification DC:0–5 we include among the main disorders of
sensory processing regulation:

• Sensory Hyperresponsiveness Disorder;

• Sensory Hyporesponsiveness Disorder;

• Other Sensory Processing Disorder.

Sleep-Wake Regulation Disorders for the Diagnostic Classification DC:0–3 are
reported:

• Sleep Behaviour Disorder;

• Falling Asleep Disorder;

• Night Waking Disorder.

The Diagnostic Classification DC:0–5 adds:

• Partial Arousal Sleep Disorder;

• Childhood Nightmare Disorder.

Regulation Disorders in relation to Anxiety Disorders for the Diagnostic Classification
DC:0–3 are reported:

• Separation Anxiety Disorder;

• Generalised Anxiety Disorder;

• Social Phobia.

The Diagnostic Classification DC:0–5 adds to DC:0–3:

• Selective Mutism;

• Inhibition to Novelty Disorder;
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• Other Childhood Anxiety Disorder

Eating Regulation Disorders for the Diagnostic Classification DC:0–3 are reported:

• Feeding Disorder Related to Regulatory Status;

• Feeding Disorder Related to Caregiver-Child Reciprocity;

• Childhood Anorexia;

• Sensory Aversion to Food;

• Eating Disorder associated with co-existing medical conditions;

• Eating Disorder associated with insults of the gastrointestinal tract.

The Diagnostic Classification DC:0–5 adds to DC:0–3:

• Hyper-Eating Disorder;

• Hypo-Eating Disorder;

• Atypical Eating Disorder.

Mood Regulation Disorders for the Diagnostic Classification DC:0–3 are reported:

• Childhood Depression;

• Major Depression;

• Depressive Disorder NOS.

In the Diagnostic Classification DC:0–5, there is a transition into:

• Depressive Disorder of Childhood;

• Other childhood mood disorders;

• Anger and aggression dysregulation disorder of childhood.

This disorder may later evolve into:

• Conduct Disorder;

• Oppositional Defiant Disorder (ODD);

• Disruptive Behaviour Disorder or irritability.

Regulation Disorders in attachment and adaptation for both Classifications DC:0–3
and DC:0–5 are reported:
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• Adjustment Disorder.

While only for DC:0–5 there is present:

• Reactive Attachment Disorder.

Regulation Disorders in affective and relationship disorders for Classification DC:0–3:

• Relationship and Communication disorder;

• Regulation Disorder in Affective Disorders.

While only for DC:0–5 there is:

• Childhood Specific Relationship Disorder.

Disorders of Regulation in Multisystemic Developmental Disorders (DC:0–3) or
Neurodevelopmental Disorders:

• Autism Spectrum Disorder (ASD);

• Attention Deficit/Hyperactivity Disorder (ADD/ADHD);

• Developmental Coordination Disorder (DCD).

4. Rehabilitative conclusion and setting

The Regulation Disorder, because of the mistake in attunement and the lack of
recovery of it, generates in the child conditions of strong frustration both towards the
environment in which he lives and especially towards his parents. In fact, the term
“regulation” indicates, in a very general way, the child’s ability to adapt to environmental
requests in ways that respond to contextually defined expectations. This capacity depends on
a series of variables that can be schematically ascribed to three categories:

• the threshold of sensory receptors responsible for collecting environmental stimuli;

• The efficiency of the central control processes in charge of stimulus processing;

• The modulation of affective states activated by different stimuli.

It is necessary to consider the transversality of the construct in every phase of any
subject’s life, and in developmental age, it is precisely the condition that assumes an
important adaptive value in the process of cognitive and emotional growth. From the
perspective of therapeutic treatment, it is crucial to remember not only the extreme
precocity onset of the RD but also the frequent alterations in regulation skills that may
be seen in distinct nosographic images.

In rehabilitation, this disorder, as far as the treatment of the child is concerned, has a
strong “habilitative” connotation, since the aim is to create newcapacities in the child,who
experiences and has experienced the difficulty of being able to tune in with theOther.
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The “re-habilitative” connotation is aimed at the parent, who is disorganised,
unregulated/untuned to the specific requests of the child and in the most extreme
situation disturbed in reading and experiencing the relationship itself.

In any sort of treatment, it is effective to rely on Therapists who use the reading
and the conducting of the treatment in an integrated manner. A good therapist must
be able to balance the needs of the child, which must be focused on experimenting
with a new attunement of affections; and the delicate nature of working with the
parent, who must be able to recognise and become aware of his attunement challenges
with the child, and then gradually succeed in re-entering into an appropriate relation-
ship with the therapist’s assistance.

The main objectives of the initial phases of treatment are:

• the Quality of the Interaction between therapist and child is aimed at encouraging
the stimulation of potential areas of development and supporting the integrative
processes necessary for self-regulation;

• The Profile Building, Monitoring and Checking of the child’s growth path.

The rehabilitation process aims at the condition of regulation “from the outside”
facilitated by the therapist to allow the child to progressively access self-regulation
and subsequently, at the mentalisation of affective states as a premise for the
realisation of full awareness of the Self. The therapeutic approach favoured in the
developmental age to act on regulation is bottom-up; the regulation of affection is
mediated by the bodily dimension, to try to create a stabilisation of a relationship
that evolves on a tonic, postural, spatial, temporal, and motor level, experienced
especially in the sensorimotor setting, where a form of implicit communication
takes place.

Furthermore, a top-down dialogic and reflexive approach should not be neglected,
which is not universally applicable in developmental rehabilitation. Therapeutic
change first passes through the implicit and automatic dimensions and then reaches
the conscious, reflexive, and verbal processes.

To be able to objectively and congruously define a developmental disorder, it is
necessary to define the child’s Functional Profile, which will allow the formulation of
the Rehabilitation Project. This last comes with specific short-medium and long-term
objectives, to which the use of strategies and facilitations will be added; this will make
it possible to achieve the objectives specified for a particular treatment.

The functional profile defines the characteristics of the disorder for which
the child is being observed, but also outlines the child’s areas of strengths and
weaknesses in all functional areas, taking into account the peculiarities of his
significant environment. For the definition of the functional profile there are two
fundamental moments:

• The evaluation, extended from the disorder to the child and more generally to the
context. It is a process of knowledge, which also involves the adoption of specific
assessment tools;

• The translation of the elements that emerge from the assessment into codified
categories (ICF codes) so that they can be transferred to a notation sheet that can
be read instantly by all the members of the rehabilitation team. The team can
identify the therapy goals thanks to the functional profile.
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The therapist’s approach must be in accordance with the WHO’s (World Health
Organisation) proposed Bio-Psycho-Social model, according to which the subject’s
assessment must also thoroughly examine all the Personal and Environmental Factors
that support the realisation of their activities and participation, in addition to factors
related to Body Functions and Structures.

The rehabilitative intervention is composed through the activities of:
- Functional assessment of the child. It is implemented through standardised pro-

cedures and tools, to start a cross-sectional knowledge process that defines the child
and his development within the context of his living environment. The purpose of the
functioning assessment is to determine the child’s overall functioning, which includes
areas of strength and weakness, as well as personal and environmental traits that may
promote or obstruct the child’s growth.

• Identification of the objectives. Once the functional profile has been defined,
objectives are identified in relation to the real needs of that individual child, in
that personal developmental phase, and in that specific environmental context.
The choice of the objectives must be functional to the realisation of a specific and
generalisable rehabilitation project, aimed at favouring the child’s growth as an
individual which is known and shared by all the operators, who with different
capacities and with different modalities and professionalism, intervene to realise
it. This principle envisages multidisciplinary work aimed at overcoming the
self-referentiality of individual operators;

• Choice of the most suitable strategies for achieving the identified goals. This phase also
follows directly from the child’s functional profile, which helps us to understand
and suggest which contexts, approach modes, play proposals, and characteristics
of activities are most congenial to the child and which, as such, guarantee his
more immediate and complete involvement;

• Checking the results against the objectives previously identified. This is the phase in
which the reliability of the assessment is carried out, the suitability of the
objectives identified and the validity of the strategies adopted to achieve them are
verified. It is important to constantly update the checking phase, due to the not-
always-cyclical course of the developmental age. This makes it possible to
reformulate the rehabilitative programme according to the child’s needs at a
given time.

The concept of an interactive profile, which results from the articulation between
the observational-interactive function and the evaluative function (comparison of
typical and atypical development) is particularly significant in choosing and identifi-
cation of objectives (introduction of facilitators, which makes the observation of
emerging competencies possible).

The definition of an interactive profile allows one to identify the child’s expressive
traits, situate them in the area of potential development, and specify the therapy
goals, and intervention plan. Regarding the nosographic classification in which the
subject is placed, the functional assessment of the subject assumes a predominating
role. Therapeutic work is not centred on the disorder but rather on the functions and
aims to develop effective strategies with the residual resources so that the subject can
live in his life context more adaptively. After the functioning profile and therapeutic
goals have been established, the course of treatment is outlined specifically for each.
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Neuro and psychomotor therapy of developmental age (TNPEE, Ministerial
Decree no. 56 of 17 January 1997) [17] consist of rehabilitative (but also habilitative
and preventive) interventions in all kinds of neurological, neuropsychological, and
psychopathological disorders of the developmental age. The TNPEE is in charge of a
subject that is still being built, thus it is important to understand and acquire personal
ways of reading and perceiving events, a matrix of manifest behaviour, self-regulation
strategies, and individual reactive modes that point to hetero-regulatory abilities. The
work always starts from the areas previously identified as zones of proximal develop-
ment; this strengthens the relationship and the sense of self-efficacy within a thera-
peutic setting that is safe and predictable and where the child can experience himself
in the motor, physical, cognitive, and emotional dimensions. The therapeutic rela-
tionship is always a privileged goal, implicit, and intrinsic in the treatment: it is in fact
the engine of changes, as well as a solid base on which to live effective therapeutic
experiences. The TNPEE is the child’s emotional and physical container, the mirror in
which the child’s actions are reflected, the external regulator, and the source of
security from which the child draws in the therapeutic context. The TNPEE has a
plastic and flexible personality, which modulates his modes of interaction in relation
to the subject in front of him so that he can embody this ideal of trust and can act as
external support to build and generalise effective self and hetero-regulation skills. In
the therapeutic relationship, moments of conflict and mismatching will also be neces-
sary to be effective: these are moments in which the threshold of the child’s window of
tolerance is tested and an attempt is made to go beyond it and then to bring the subject
back to a condition of homeostatic balance through strategies to built together and
then generalise in significant living environments. The therapeutic intervention takes
place, mainly, within a peculiar setting dimension, which due to its intrinsic charac-
teristics, acts as a promoter in the organisation of the therapeutic experience of the
patient and the dyad it forms with the TNPEE. The term setting etymologically
derives from the verb “to set” translated as “to arrange, place, establish, stage”. In the
“-ing” form it is translated as the frame, the scenario, and the environment within
which the action takes place. The first meaning encompasses the concept of the
normative dimension of the setting, which refers to the definition of times and places
in which the therapeutic session takes place, thus identifying not only emotional and
representative boundaries for the patient but also organisational and managerial
boundaries concerning the parental figures. The second meaning refers to the
organisational aspects of the setting: a defined space and time acquire unique mean-
ings from patient to patient in the way they are managed and organised. The setting of
neuropsychomotor therapy can be analysed both in its temporal and spatial dimen-
sions; from the temporal point of view, the therapy, which typically has a duration of
45–50 minutes appears to be marked by four main times: reception time, the time
reserved for sensorimotor activities, time for structured activities, and time for the
therapy concluding synthesis. The time scansion is not equal, but the longest times
are, of course, those dedicated to the actual activities; as much as shorter, the time
dedicated to the beginning and the end of the therapy has an important significance,
as the subject experiences the therapy sessions with continuity and he can resume and
reintroduce matured contents and at the end of the therapy will always come out
newly reconstituted. The temporal scansion is then fully reflected in the spatial one;
the first and the last therapy time tend to take place on a bench next to the room door.
It is an intimate but foundational social moment. The time devoted to the sensorimo-
tor space is spent in a dedicated space, which tends to be jointly organised between
TNPEE and the child. It is the time when one fully experiences one’s own bodily and
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tonic dimension, in a condition of fusion and physical investment. The child can see in
the TNPEE his physical and emotional container and at the same time, the TNPEE
fully supports all the expressive indexes, emotional elaborations, and cognitive and
symbolic representations that the child elaborates, supporting, in particular, the har-
monious development of social, communicative, motor, and cognitive skills. This is
the space dedicated to pillows, balls and mats, which can be organised, structured, and
deconstructed according to the patient’s needs. Once this time is completed, the
physical setting is rearranged, since clarity and legibility are necessary for the final
purposes of it. In the structured space, which typically contains chairs, tables, and
cabinets the child is reconstituted, focusing on the implementation of neuropsycho-
logical, cognitive, and communicative skills. The therapeutic relationship thus knows
a new aspect. And also, the continuity of the dyad in different environments and
activities allows the child to discover the other and himself in different dimensions.
The final moment has an imposing regulatory potential in the global reading of the
therapeutic session. The circle that closes is necessary to settle every interpretation,
the lived experiences take on full meaning. Together with the rehabilitative interven-
tion “aimed” at the child, it is not disregarded the Active Involvement of the Parents in
treatment. Parents must be involved in both the planning and implementation phases
of the intervention, to make them active partners and not consider them passive
referents, bearing in mind the characteristics of the parental couple and the
socio-cultural context.

The intervention for parents is also highly individualised and includes the
following phases:

• Definition and individuation of needs and resources (observational/assessment
phase);

• Identification and sharing of the intervention (phase of the programme);

• Evaluation of the change (verification phase);

Intervention with parents involves:

• Gathering and documenting information from various life contexts;

• Access to a common understanding of skills and difficulties;

• Focusing attention on resources rather than weaknesses.

The tools used to achieve these objectives are interviews, administration of
questionnaires, viewing family films, viewing filmed therapy sequences and/or
observation through a one-way mirror, and joint play sessions.

The importance of avoiding an attitude of “educational palsy” from the parents and
the consequent tendency to observe the “delegating” problems solving to experts, is an
attitude that must be discouraged from the outset, seeking to restore the parent’s sense
of competence and effectiveness.

It is necessary to progressively reorganise a system in which the parents’ role is
critical and decisive for the child’s development. Often, experiences of inadequacy and
incompetence in managing difficulties may emerge in parents, so it is appropriate to
provide some general suggestions, namely:
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• Place stimulation in the child’s area of potential development and never on the
deficient area, to avoid increasing the sense of ineffectiveness that is already
naturally inherent in the condition;

• Maintain, while involving the family, the specificity of contexts, roles, and
strategies, as the risks associated with “treated” family and/or educational
environments are well known.

• Articulate the activation of stimulation areas in the family and/or the educational
environment according to the child’s actual developmental profile by providing:

◦ opening play areas of intersubjectivity adapted to the child’s specific
interactive profile;

◦ identification of educational strategies aimed at the harmonisation of the
child’s rhythms and the evolution of adaptive capacities and the related
tonic, postural, and motor structure;

◦ The organisation of sensory experiences adapted to the child’s
neuropsychological profile.

All this translates into an integrated system of collaboration and help, which is
articulated in an enabling model that pays attention to the subjects, the contexts
involved, and the strategies [18].
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