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Abstract: The diagnostic criteria and treatment approaches of autism spectrum
disorders (ASD) have changed greatly over the years. Currently, diagnosis is
conducted mainly by observational screening tools that measure a childs social
and cognitive abilities. The two main tools used in the diagnosis of ASD are DSM-5
and M-CHAT, which examine persistent deficits in interaction and social com-
munication, and analyze responses to “yes/no” items that cover different develop-
mental domains to formulate a diagnosis. Treatment depends on severity and
comorbidities, which can include behavioral training, pharmacological use, and
dietary supplement. Behavior-oriented treatments include a series of programs
that aim to re-condition target behaviors, and develop vocational, social, cogni-
tive, and living skills. However, to date, no single or combination treatments have
been able to reverse ASD completely. This chapter provides an overview of the
current diagnostic and treatment strategies of ASD.
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INTRODUCTION

Autism spectrum disorders (ASD) are complex, highly heritable neurodevelop-
mental diseases characterized by individuals with a combination of behavioral
and cognitive impairments. These include impaired or diminished social com-
munication skills, repetitive behaviors, and restricted sensory processing or inter-
ests (1-3). Swiss psychiatrist Eugen Bleuler first coined the term autism in 1908
to describe symptoms associated with severe schizophrenia, hallucinations, and
unconscious fantasy in infants. Since then, the classification, diagnosis, and mean-
ing of autism have radically changed (4). Between the 1940s and 1980s, ASD was
described as abnormalities in language development, display of ritualistic and
compulsive behaviors, and disturbance in interpersonal relationships. In the
1970s, sensory deficits in infancy were recognized in autistic children and became
a defining feature of ASD (4). In 1980, the 3™ edition of the American Psychiatric
Association’s (APA) Diagnostic and Statistical Manual of Mental Disorders
(DSM)-11D), listed autism as a subgroup within the diagnostic category of perva-
sive developmental disorders (PDD) to convey the view that there is a broader
spectrum of social communication deficits. The PPD contained four categories:
infantile autism, childhood-onset PDD, residual autism, and an atypical form (5).
At this point, it was recognized that the previously described symptomatology
resembling schizophrenia was not a component of ASD because of the research
conducted by Kolvin Rutter and others in the early 1970s. Consequently, child-
hood schizophrenia was excluded from DSM-III (1, 4). In the 1980s, Wing and
Gould placed autistic children on a continuum with other abnormal children and
discussed autism in behavioral terms rather than psychosis (4, 6).

Asperger’s syndrome, an ASD named after Hans Asperger, who first described
its symptomatology in 1944, gained prominence in the ASD literature due to the
works of psychiatrist Lorna Wing, who coined the term in 1976 (4). In 1981, Wing
proposed that autism is part of a wider group of conditions that share commonali-
ties, including impairments of communication, imagination, and social interac-
tions. Asperger’s syndrome was eventually included in the DSM-IVin 1994 (7). In the
mid to late 1980s, works by Simon Baron-Cohen, Uta Frith, and Alan Leslie led to
the hypothesis that autistic children lacked “theory of mind”, which is the ability
to attribute mental states to others and ourselves, an essential component of social
interaction (8). In 1990, autism was first classified as a disability (9). Moving to the
present day, due to the difficulty in defining and distinguishing between the vari-
ous PDD, DSM-5 and the International Classification of Diseases 11" revision use
‘ASD’ as a blanket term and distinguish individuals using clinical specifiers and
modifiers (1). Our knowledge of pathology, etiology, and behavior of ASD contin-
ues to evolve. Nowadays, ASD is widely recognized as a somewhat common condi-
tion that, for many, but not all, requires lifelong support (2).

DIAGNOSIS

The diagnostic features historically associated with ASD are a triad of impaired
social interactions, verbal and nonverbal communication deficits, and restricted,
repetitive behavior patterns. These core features are observed irrespective of race,



Diagnosis and Treatment of ASD

ethnicity, culture, or socioeconomic status. However, ASD individuals tend to dif-
fer from one another, so one feature may be more prevalent than another (2, 10)
(see Chapter 1). Despite recent advancements, there are currently no reliable bio-
markers for ASD (11). Consequently, today’s clinical diagnosis of ASD is based on
assessing behaviors as outlined in APAs DSM-5 criteria (2, 12). Other disorders
that may co-occur with ASD. These include psychiatric disorders such as atten-
tion deficit hyperactivity disorder (ADHD), which is considered the most com-
mon comorbidity in people with ASD (~ 28%) (13), along with other conditions
and diseases including anxiety and phobias, dissociative disorders, depression,
bipolar disorder, and episodic mood disorders (13, 14). Physiological disorders
(e.g., gastrointestinal disorders) and genetic disorders (e.g., fragile X syndrome)
may also be prevalent (2, 14).

Hallmarks of ASD and gender prevalence

In 2010, the prevalence of autism was estimated to be 1 in 132 individuals (7.6
per 1,000), affecting approximately 52 million people globally (15). However,
estimates can vary due to the diagnostic methodologies used and the definition of
ASD adopted in studies. It was approximated in 2016 that 1 in 54 children in the
USA was diagnosed with ASD (16). Generally, there appears to be epidemiological
evidence of ASD sexual dimorphism. ASD is more prevalent in males than females
in a ratio of 3:1, ranging from 2:1 to 5:1 (17). However, it has been proposed that
females are more likely to be diagnosed with ASD later than males or may never
be diagnosed (18). Biological determinants are now under investigation to resolve
whether females have better adaptation/compensatory behaviors or if diagnostic
biases play a role (19, 20).

Persistent issues with social communication can manifest in various contexts.
For example, ASD individuals may persistently fail to hold a normal conversation
or have an unorthodox approach to social situations. Some ASD individuals may
also present deficits in non-verbal communication behaviors such as difficulty
maintaining eye contact or abnormalities in using or understanding body lan-
guage or gestures. ASD individuals may also have trouble understanding relation-
ships or social interactions that may lead them to have difficulties developing and
maintaining relationships (2). Repetitive or restricted behavioral patterns include
movements, speech, play, use of objects, resistance to change, and insistence on
sameness. In addition, fixations on certain interests with abnormal focus or inten-
sity or periods of hyperactivity and hypoactivity in response to sensory inputs are
also associated with ASD. These symptoms are mostly present in early life but may
not fully manifest until social interaction is warranted. These symptoms can be
somewhat masked later in life by coping strategies learned (2).

Early signs and symptoms

Early identification and evaluation of ASD in children has become an important
public health objective due to the potential association between early intervention
and improved development of children with ASD (21-23). Early presentation of
ASD often occurs due to parental concerns spurred by recognizing some of the
hallmarks of ASD previously outlined (24), which has increased due to greater
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awareness of ASD hallmarks among parents, healthcare specialists, and childcare
workers (25). Some video studies suggest that it is possible to identify symptoms
of ASD in children as young as 6-12 months old (26, 27). There is increased
interest to monitor the emergence of ASD prodromes such as reduced motor con-
trol or abnormal social development in the first year of life (24, 28). As research
has developed, it is now known that the prevalence of ASD is particularly high in
preterm infants (29), indicating a requirement for additional vigilance in the pre-
term population.

Diagnostic tools

Numerous diagnostic guidelines of varying quality are available (30). The essen-
tial features of ASD diagnosis include observing a child’s relationship and
exchange with their parents and with an individual unknown to the child dur-
ing unstructured and structured assessment activities and a detailed history of
the child’s development (1). ASD diagnosis can occur at any age but most fre-
quently occurs early in childhood. Although there is a lack of a universal screen-
ing instruments, public health systems in various countries in Europe such as
Spain and Ireland have programs in place to identify young children with ASD
(~ 18-30 months) using M-CHAT (Modified Checklist for Autism in Toddlers)
and similar tools (31). The sensitivity of these screening methods has been
questioned as they fail to identify most children with ASD before their parents
have already reported delayed development (32). There may also be racial dis-
parities in early diagnosis of Black and Hispanic children versus white children,
which has been reported in the United States. It was found that the first evalu-
ation of ASD in Black children is less likely to occur by 36 months of age than
in white children with ASD (40% early evaluation of black children versus 45%
of white children) (33).

Inconsistencies aside, several standardized screening tools exist to diagnose
ASD at an early age, many of which focus on high-risk individuals, e.g., with a
family member previously diagnosed with ASD (24). These include the Screening
Tool for Autism in Toddlers and Young Children (STAT™), a 20 min observation
of young children, established in 2000. The longer and widely researched Autism
Diagnostic Observation Schedule (ADOS™) is a 45 min observation conducted
by a professional or clinician to diagnose ASD from 12 months to adulthood (31).
There also exists screening tools suitable for research, such as the Diagnostic
Instrument for Social Communication Disorders (DISCO) and the Autism
Diagnostic Interview-Revised (ADI-R) (31) in the UK. Other screening tools such
as the Social Responsiveness Scale (SRS), the Social Communication Questionnaire
(SCQ), and the Childhood Autism Rating Scale (CARS) can be used to assess a
child’s symptoms of ASD. While many tools to screen and diagnose ASD exist, two
of the leading autism diagnostic tools in use today are DSM-5 and M-CHAT
(Modified Checklist for Autism in Toddlers).

DSM-5

Since 2013, DSM-5 has been used as a diagnostic tool for ASD worldwide (1, 12).
According to DSM-5, to be diagnosed with ASD, a child must have persistent
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deficits in the following three areas of social communication and interaction:
(i) social-emotional reciprocity; (ii) developing, understanding, and maintaining
relationships; and (iii) nonverbal communication. In addition, at least two of the
following four behaviors should be present: (i) inflexible to changes in routine;
(i) restrictive or fixated interests that may be abnormal in focus or intensity;
(iii) hypo- or hyperactivity in response to sensory input or abnormal fixation with
sensory aspects of the environment; and (iv) repetitive movements, speech, or use
of items. Symptoms should be present early in the development (in some cases
symptoms may be masked in early stages and become prevalent later) and cause
clinically significant impairment of function. Finally, ASD may be suspected if the
symptoms cannot be better explained by other causes of intellectual disability or
developmental issues.

DSM-5 is unique in that it classifies ASD as a spectrum that now also includes
Asperger’s syndrome. DSM-5 also recognizes that early symptom onset can occur
or that the manifestations of ASD may not be recognized until later in childhood
or even adulthood, even in those who were monitored early in life (34).
Furthermore, under the repetitive and restrictive diagnoses domain, sensation-
seeking behavior, and hypo-sensory and hyper-sensory responsiveness are now
included in DSM-5 in contrast to earlier iterations (1, 35). DSM-5 also allows for
dual diagnoses of ASD and other comorbidities such as ADHD (28% of ASD indi-
viduals have ADHD) or other co-occurring conditions such as psychiatric disor-
ders (e.g., anxiety, depression, aggression) or genetic disorders (e.g., fragile X
syndrome) (31). As a result, DSM-5 is one of the most reliable diagnostic tools of
ASD and is trusted internationally. DSM-5 is also used by the Centers for Disease
Control and Prevention in the USA (30), UK’ National Institute for Health and
Care Excellence Guideline (36), and New Zealands Autism Spectrum Disorder
Guidelines (37).

M-CHAT

M-CHAT, derived from the less sensitive Checklist for Autism in Toddlers (CHAT),
and the less common Communication and Symbolic Behavior Scales (CSBS) (38)
have become mainstream among parents and even professionals due to their low-
cost and accessibility (39). M-CHAT is reliable and has been independently
assessed in primary care settings (40, 41). M-CHAT is available internationally in
several different languages (42, 43), and it can now even be accessed electroni-
cally via tablet devices (44). The M-CHAT is intended to screen children aged
between 16 and 30 months. It contains 23 ‘yes/no’ items that span several devel-
opmental domains and encompasses an interview with parents to clarify parent
questionnaires and reduce the possibility of false positives (24). This checklist
relies on the parent’s report of the child’s behaviors and skills rather than the
observations of a professional. Since 2009, the M-CHAT-revised with follow-up
(M-CHAT-R/F) has been validated and is used widely (39). The M-CHAT-R/F)
now has 20 ‘yes/no’ items, includes a component for a professional such as a clini-
cian to review, and only necessitates a follow-up interview for those who are per-
ceived to be of medium ASD risk (39).
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TREATMENT

Whether and to what extent ASD can or should be treated is a controversial topic,
especially considering the noticeable heterogeneity within ASD children. Many
approaches are available to improve the abilities and skills, and quality of life of
individuals with ASD (45-48). These approaches involve families, clinical practi-
tioners, and educators (49). However, to date, information on positive outcomes
of a specific intervention, and the mechanism that leads to these improvements is
scant (50). In this section, we provide an overview of the current interventional
approaches to treat individuals with ASD.

Behavioral therapy

Depending on the severity and comorbidities, many treatment approaches are
available but only a few of these approaches are considered ‘evidence-based’ with
proven benefits (51).

Educational and behavioral interventions play a central role in addressing
communication, social skills, play, daily living competencies, academic skills, and
inappropriate behavior (52—-54). The varied symptoms and functioning levels of
autistic individuals requires individualized treatments (55). There is consensus on
the importance of providing therapy as soon as possible, immediately after diag-
nosis or even in the case of suspected diagnosis (56-61). The involvement and
training of parents (62-64), siblings, and peers are also important (65).

Applied Behavior Analysis (ABA) is one of the widely used evidence-based
approaches (66). ABA interventions operate under the principle of re-conditioning
target behavior. The main principle is breaking down specific skills or activities
into small elements, and teaching these in a progressive and systematic manner
through reinforcement. It has shown substantial improvements in language, 1Q,
and academic skills (67, 68). Discrete Trial Training (DTT), Early Intensive
Behavioral Interventions (EIBI), Pivotal Response Training (PRT), and Verbal
Behavioral Intervention (VBI) are different types of ABA intervention. DTT is for
preschool (3-5 years old) individuals, and it is conducted in a classroom setting
(69). It breaks down learning outputs and uses trials of 5 parts to simplifying
instructions and teach skills. The parts include cue, prompt, response, conse-
quences, and inter-trial intervals to teach a desired response. EIBI are used for early
detection in children who are younger than three years old. VBI involves various
protocols that target language and speech (70-72). ABA and DDT are criticized for
targeting certain behavior but not the inner motivations underlying such behavior,
and its moderate effectiveness in adaptive behavior and socialization (73). Koegel
et al. developed a more naturalistic approach to compensate for some of these limi-
tations: the Pivotal Response Treatment (PRT) (73). While ABA is highly structured
and led by a therapist, PRT targets key areas (rather than individual behavior) such
as motivation, self-management, and initiative in social interaction through play-
based and child-initiated activities. The goal is to produce a positive change in the
pivotal behaviors that are supposed to lead to improvements in social, communi-
cation, and play skills. Often used to complement ABA or DTT approaches in
structured settings, PRT is offered in natural environments.
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TEACCH (Treatment and Education of Autistic and related Communication-
Handicapped Children) is commonly used in association with ABA for early inter-
vention (74, 75). This framework was developed in the 70s by Scholper and
colleagues. It targets the development of vocational, social, and living skills and
teaches these skills in a structured environment where a sequence of activities is
organized predictably, often associated with visual prompts (e.g., individualized
visual schedules), to support the establishment of learning routines. TEACCH can
be used across different environments.

Developmental models focus on teaching skills essential to a child’s develop-
ment, such as emotional relationship and regulation, social communication, and
various cognitive abilities. These models usually involve clinical observation of a
child’s social responses, review of the child’s developmental history and evaluation
of the child’s response to treatments, and in some cases, biomedical evaluation
(e.g., genetics). Several developmental models are currently available that show
positive outcomes: the Denver Model, the Early Start Denver Model (ESDM), the
developmental individual difference (DIR), the Relationship developmental inter-
vention (RDI), and the Responsive Teaching (RT).

The Denver model is one of the most studied developmental models devel-
oped initially by Rogers et al. (76). Therapists focus on deficit areas, particularly
at the level of imitation, understanding and sharing emotions, theory of mind,
and social perception but follow the developmental sequence of normally devel-
oped children. Interventions aim at creating a warm environment and positive
relationship between children and adults. Teaching mainly occurs in naturalistic
settings, involving parents as co-therapists. As the vital role of early intervention
is widely acknowledged and the benefits of the Denver Model appreciated, the
model has been adapted to toddlers and preschoolers, giving way to the ESDM.
Significant improvements in adaptive behavior, language, and 1Q were identified
in randomized control trials (77).

DIR was developed by Dr. Greenspan in the 1980s and his focus was on ‘floor
time’ and ‘child-led’ play. DIR also focuses on the childs development. It com-
prises a series of strategies to enhance relationships and social/emotional commu-
nication to support cognitive and emotional development. Instead of identifying
deficits, it focuses on meeting the child at his/her developmental levels (e.g., in
terms of shared attention and self-regulation, engagement and relating, back and
forth interactions and communications, play and symbolic thinking). It also
acknowledges the different sensory and motor profiles of the individual by assess-
ing and working on motor planning and sequencing, sensory processing (visual,
auditory, proptioceptual), and modulation. Finally, it leverages the children’s
strengths by establishing relationships and environments that support such
strengths to develop emotional, social, and cognitive capabilities. Growing evi-
dence seems to support this approach (74, 78).

RDI focuses on activities that facilitate interactive behavior and positive
engagement in social relationships to motivate the child to learn social skills and
sustain social relationships (74). The program is based on the assumption that
autistic children lack flexible thinking, and so it helps them develop dynamic
intelligence to cope with changes and new information. RDI has six objectives:
emotional referencing, social coordination, declarative language, flexible think-
ing, relational information processing, foresight and hindsight. Evaluations of this
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approach seem promising, showing reductions in autistic symptoms and increased
mainstream placement (79).

Other developmental approaches under the label of “Skill-based developmen-
tal training” are also available. These include PECS (Picture Exchange
Communication System) and PBS (Positive Behavior Support). PECS is used in
children who are non-verbal as it is an augmentative communication system
based on exchanging flashcards with images (replacing or integrating speech). It
is based on the ABA principles of prompt, reinforce, reward success/correct, and
error. Evidence supporting this approach is accumulating (80), but more evidence
is needed (81). PBS is a comprehensive intervention that include ABA, normaliza-
tion/inclusion movements, and person-centered values (82). The main goal is to
help the children become more autonomous and less dependent on family mem-
bers and therapists. One of the distinguishing features of this approach is the idea
that changes must occur in the social system and the surrounding environment in
which the individual is in, rather than the individual alone (83). This more
‘humanistic’ approach to treatment tries to focus on manipulating antecedent trig-
gers to maladaptive behavior rather than showing the adverse effects of such
behavior. Two PBS techniques have been developed: one is called the antecedent-
based techniques (84) and involves the use of visual schedules to build activity
patterns and offer choice (84), and the other focuses on understanding the prob-
lem behavior and developing educational strategies and reinforcements to improve
lifestyle (85).

Several approaches with unproven benefits are also available. These include
sensory integration therapy, auditory integration, music therapy, and animal-
based therapy. Sensory integration therapy focuses on the neurophysiological
processing of sensory information, which is known to be different in autistic
individuals. The goal is not to teach a skill or correct behavior but to allow the
child to interact with an environment in an adaptive way, thus developing a cop-
ing mechanism to correct the underlying sensory-motor dysfunctions (86). The
treatment involves engagement of full body movements in environments
designed to offer tactile, proprioceptive, gravitational, auditory, visual, and ves-
tibular stimulation. Auditory integration therapy is based on sensory abnormali-
ties and language disorders often associated with auditory issues. Treatment
involves exposing children to filtered and modulated music (in terms of volume
and pitch). Tt is based on the assumption that continued exposure to modulated
sounds can functionally modify the central auditory processing system, thus
impacting language and behavior (87). Animal-based therapy is another inter-
vention that has generated enthusiasm (88). There are several types of animal-
based intervention, involving dogs, horses, and dolphins. For example,
dolphin-therapy consists of interacting with dolphins in captivity (51). It is
believed that these animals can help humans communicate better with one
another. Horse-riding therapy is another animal-based intervention based on the
idea that it involves multiple functioning domains, including social, cognitive,
and gross motor (89). It is also believed that the movements during riding help
children self-regulate and demonstrate improvements in distractibility, attention,
and social motivation (90). Horse-riding is also called exercise intervention
(along with jogging, martial arts, swimming, or yoga/dance), which can result in
improvements in numerous behavioral outcomes, including stereotypical behav-
ior, social-emotional functioning, cognition, and attention (91). Music therapy is
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based on the assumption that certain processes in musical improvisation and
coordination with other music players may help autistic individuals develop
social interaction and communicative skills. Music therapy may help in the emo-
tional and motivational responses of the involved individuals, though conclusive
results are still lacking (92).

Pharmacological and dietary interventions

The most commonly prescribed drugs for individuals with ASD are Abilify (aripip-
razole) and Risperdal (risperidone). While the FDA has approved these drugs for
use in individuals with ASD, they have not been developed specifically to treat
ASD. For example, aripiprazole is an atypical antipsychotic (93). In addition,
comorbidities such as gastrointestinal problems (reflux, chronic constipation, and
diarrhea) occur in 46-85% of children with ASD (94, 95). Seizures occur in
11-39% of ASD cases (96). Sleep problems, depression, emotional reactions and
behaviors, sinusitis, headaches, mood swings and bipolar disorders are other
observed comorbidities (97). Melatonin could effectively treat sleep disturbance
and insomnia by improving sleep onset (98-101). Pediatric insomnia is also
treated using antihistamines, alpha-2-agonists, benzodiazepines, and chloral
hydrate (102). In addition, valproic acid has been used to treat mood swings and
bipolar disorders and seizures in people with ASD (103). Another drug for sei-
zures is dimethylglycine (104).

The effects of chelation therapy with 2,3-dimercaptosuccinic acid (DMSA) or
2,3-dimercaptopropane-1-sulfonate (DMPS) to bind and eliminate heavy harmful
metals (105), intravenous immunoglobulins to regulate immune response
(106, 107), and hyperbaric oxygen therapy to decrease the inflammation by
increasing the oxygen levels (108) have been equivocal. Gastrointestinal therapy
is a diet program that aims to introduce a gluten-free/casein-free diet, considering
that peptides derived from gluten and casein may be involved in the origins of
autism. No significant beneficial results were reported after this intervention
(109). Diet interventions also include introducing vitamins and minerals to restore
metal homeostasis, which is crucial for the normal neurodevelopment and brain
function. Vitamins B6, C, magnesium, and Omega-3 fatty acids may be linked
with improvements in the behavior of children with ASD (110-113).

Several experimental therapies are currently in development. For example, the
use of ampakines in the treatment of ASD is presently investigated. Ampakines act
as positive modulators of synaptic AMPA-type glutamate receptors. Pre-clinical
studies have shown that the ampakines CX1837 and CX1739 can improve learn-
ing, memory, and social behaviors in animal models of ASD (114). Insulin-like
growth factor 1 (IGF-1) is altered in ASD. Besides many other physiological func-
tions, IGF-1 reduces inflammation by modulating cytokine levels and synapse
function. IGF-1 was shown to have beneficial effects in Rett syndrome and ASD
(115, 116). Similarly, intranasal insulin has shown promising effects in children
with Phelan McDermid Syndrome (22q13.3 deletion syndrome), a disorder with
frequently occurring autistic behaviors (117, 118). Insulin and IGF-1 activate
insulin receptors. Intranasal insulin thereby modulates the Ras-MAPK pathway.
Trofinetide (NNZ-2566), currently in phase 3 for Rett syndrome and phase 2 for
Fragile X syndrome, is a modified form of glypromate, a protein fragment result-
ing from IGF-1 metabolism in the brain (119). AMO-01 is another RAS-MAPK
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modulator that has been shown to rescue the neuronal phenotype in multiple
knockout mouse models of intellectual disability. This drug is currently in Phase 2
clinical trials (120). Thus, targeting IGF-1 signaling seems a promising strategy
for the future treatment of ASD.

CONCLUSION

ASD is a lifelong condition that may result from different genetic and environmen-
tal factors. ASD phenotypes vary considerably from one person to another, com-
plicating the diagnosis and treatment strategies. Although significant results have
been achieved in the ASD diagnosis, there are no consistent ASD biomarkers at
the moment. Over the years, the diagnostic tools have increased. Early identifica-
tion of children with ASD allows selecting a suitable treatment to improve com-
munication, social and living skills, and reduce maladaptive behaviors and
comorbidities. Although significant progress has been made, the therapeutic
options to treat individuals with ASD remain limited.
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