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Aims and Scope of the Series

Mental health is frequently linked to the nervous system. Conversely, disturbances
in the nervous system often lead to mental health problems. However, this linkage
is not as clear as it is commonly accepted. Mental health is usually described using
subjective terms, which are based on psychological and psychiatric symptomatol-
ogy. Diagnosis of a mental illness is made through the presence of the subjective
symptoms characterizing the illness.

On the other hand, the nervous system has been deeply investigated using ob-
jective measures, including molecular, genetic, imaging, pharmacological and
physiological ones. It is essential to combine objective views of the nervous system
with subjective perspectives on mental health to develop an integrative approach
to understanding human cognitive functions and achieving overall well-being. In
this book series, experts in various fields of the nervous system and mental health
will present their views on these challenging topics.
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Preface

This Edited Volume is a collection of peer-reviewed, relevant research chapters that
explore key developments in the field of Developmental Disorders. The book includes
scholarly contributions from various authors and is edited by an expert in the field.
Each contribution comes as a separate chapter complete in itself but directly related to
the book’s topics and objectives.

The book includes 10 chapters:

1. A Mechanistic Common Denominator of Neurodevelopmental Disorders and a
Therapeutic Approach

2. The Metabolic Evaluation of the Patient with a Developmental Disorder
3.Independent Living for Persons with Neurodevelopmental Disorders

4.Lysine Acetyltransferase 6A and Its Paralog: From Biological Functions to
Neurodevelopmental Disorders, Cancer and New Therapeutics

5.Neuromuscular Adaptations to Exercise Training in People with Intellectual
Disabilities

6. Motor Developmental Delay

7.Heterogeneity in the Neurocognitive Characteristics of Developmental Dyslexia:
Theoretical Approaches and Research Findings

8. Autism: Its Foundation and Practical Implications

9. Autism Spectrum Condition: An Update on its Understanding and Clinical
Perspective

10. Utilizing Transcranial Electrical Stimulation (TES) to Individualize Social
Learning Therapy with Autistic Adults and Adults with High Traits of Autism
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Chapter 1

A Mechanistic Common
Denominator of
Neurodevelopmental Disorders
and a Therapeutic Approach

Hagit Friedman

Abstract

Neural development is a highly intricate process that begins at the molecular level
and culminates in the formation of complex neural circuits. This developmental
journey involves a cascade of events influenced, synchronized, and controlled by
genetic, epigenetic, and ambient factors. The enigma of developmental disorders is
a continuously growing scientific and clinical issue. Various fetal injuries and birth
trauma increase babies’ vulnerability to developmental problems. These pronounce
impairments in the proliferation and plasticity of synapses and brain circuits.
Developmental impairments manifest in delayed developmental milestones, sensory
dysregulation, cognitive difficulties, seizures, abnormal muscle tone, and more. The
DSM-5 sorts developmental disorders into clusters, appearing with high comorbidity
among themselves: intellectual developmental disability, communication disorder,
ASD, ADHD, motor disorders affecting developmental milestones since infancy,
and specific learning disorders. Individuals affected with developmental disorders
may exhibit a spectrum of impairment severity and experience varying degrees of
symptoms and deficits, despite having the same diagnosis. The wide range of associ-
ated symptoms and severity result in various levels of mental, emotional, and physi-
cal consequences. Despite the diverse expressions, developmental disorders share a
common cellular mechanistic denominator—intracellular mitochondrial function,
affecting a variety of intra—and intercellular functions. A mechanism-oriented
intervention would minimize developmental neurological and functional deficits.
Low-power laser therapy is a nonintrusive painless therapeutic tool. Employing laser
acupoint stimulation to auricular and body clinically proven locations generates a
novel and powerful, neuro-based therapeutic approach, to improve neurodevel-
opmental track of infants and children. In the chapter, I discuss and analyze these
scientific clinical issues.

Keywords: neurodevelopmental disorder, brain development, child development,

acupoint laser stimulation, low-power laser therapy, laser acupuncture, auricular laser
acupuncture
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Understanding Developmental Disorders

1. Introduction
1.1 Neurodevelopmental syndromes

Neurodevelopmental syndromes, a continuously growing issue, are impair-
ments in the growth and development of the brain and CNS that are pronounced in
avariety of emotional, cognitive, motor, and social skills [1]. Neurodevelopmental
disorders are a heterogeneous assemblage of early onset mental and physical impair-
ments negatively impacting the nervous system development [2], causing one’s
malfunction in various domains of life (i.e., personal, social, academic, and occupa-
tional) depending on the deficits caused. Individuals affected with developmental
disorders may exhibit a spectrum of impairment severity and experience varying
degrees of symptoms and deficits, despite having the same diagnosis. The wide range
of associated symptoms and severity result in various levels of mental, emotional,
and physical consequences [3].

The DSM-5 sorts neurodevelopmental disorders into six key clusters, appearing
with high comorbidity among themselves as follows:

Intellectual developmental disability, also termed general learning disability,
influences learning ability, information processing, abstract thinking, and problem-
solving. It is expressed in typically limited adaptive behavior through daily living
activities. Global developmental delay is categorized under intellectual disability and
is diagnosed when various areas of intellectual functioning are involved [4].

Communication disorder influences one’s ability to understand or apply language
and speech to efficiently participate in a conversation [5]. It also involves deficiencies in
verbal and nonverbal communication [6]. Communication delays/disorders can range
from sound substitution to the failure to understand or use one’s mother tongue [7].

Autism spectrum disorder (ASD) is the joint name for neurodevelopmental injuries
characterized by abnormal social interaction, communication problems, restricted
variety of repetitive and inflexible patterns of behavior and areas of interest, and
typical motor impairments. ASD severity and specific symptoms vary widely, modi-
fying a person’s ability to understand and interact with others and to adapt to com-
mon circumstances. A result of autism dimensionality is considerable variability in
the nature and extent of support required. ASD diagnosis is based on the presence of
ASD symptoms, causing significant impairment in multiple functional aspects [8].

Attention deficit hyperactivity disorder (ADHD) is a neurodevelopmental disorder
characterized by interrupted executive function, inducing prevalent and persistent
symptoms of inattention, hyperactivity, impulsivity and emotional dysregulation
[9-11]. ADHD emotional regulation core symptom [12, 13] stems from disturbed
executive function [14-20]. Additional difficulties in self-regulation (i.e., manage-
ment, inhibition, and sustained attention) may cause inadequate professional
accomplishment and social difficulties [21, 22], leading to diminished quality of life
[23]. ADHD is associated with other neurodevelopmental and mental disorders and
nonpsychiatric disorders, which can cause additional impairment [11].

Motor disorders affect developmental milestones since infancy including developmen-
tal coordination disorder, stereotypic movement disorder, tic disorders (i.e., Tourette’s
syndrome), and apraxia of speech.

Specific learning disorders are difficulties in information processing that can
display in various learning disabilities. When someone has multiple learning dif-
ficulties, it is named comorbidity of learning disabilities or dual diagnosis of learning
disabilities.
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2. Nervous system development: From molecules and synapses to cells
and circuits

Neural development is a highly intricate process that begins at the molecular level
and culminates in the formation of complex neural circuits. This developmental jour-
ney involves a cascade of events influenced, synchronized and controlled by genetic,
epigenetic, and ambient factors.

The molecular foundation of brain neural development lies in gene expression
and signaling pathways. Gene regulatory networks orchestrate the differentiation of
neural stem cells into neurons and glial cells, for maintaining the balance between
proliferation and differentiation in neural progenitors [24-26].

Signaling molecules, including the Wnt, Sonic Hedgehog (Shh), and Bone
Morphogenetic Protein (BMP) pathways, play pivotal roles in directing cell fate.
These pathways guide neurogenesis, shaping the developing brain’s architecture.
Neurotrophic factors like Brain-Derived Neurotrophic Factor (BDNF) are essential
for neuronal survival and synaptic plasticity, support neuron survival, and drive the
growth and differentiation of neuronal circuits [27-29].

Neurogenesis and gliogenesis, the generation of neurons and glia cells, occurs
through a tightly regulated process involving neural stem cells that provide the neces-
sary signals for the transition from a proliferative state to differentiation [30]. Glial
cells, which include astrocytes, oligodendrocytes, and microglia, develop concurrently
with neurons. These cells are critical for normal neuronal function, maintaining
homeostasis, and modulating synaptic activity [31-33]. The collaborative interplay
between neurons and glia is essential for healthy brain development [34].

Synaptogenesis, the formation of synapses, is a defining phase of neural develop-
ment, in which neurons establish connections through the sprouting and elonga-
tion of axons and dendrites, guided by molecular cues and adhesion proteins. The
establishment of developed neuronal connections depends on synchronized action
of many distinct molecules, including any of which could potentially be changed by
genetic variation and mutation. During this step, excitatory and inhibitory synapses
are formed, allowing for the integration of information. The balance between these
synapses is crucial for proper circuit development and function, directing behavior
and cognition [35-39].

As neurons mature, they connect to form complex circuits. Circuit formation is
a complex interplay of guidance cues and synaptic selection, ultimately leading to
the functional connectivity that underpins behavior. Axonal guidance mechanisms
ensure that connections are made accurately, leading to the establishment of func-
tional networks. This process involves a combination of molecular signals and cellular
performance [40-46].

Following initial synapse formation, a refinement process occurs where excess
connections are pruned. This “use it or lose it” principle is essential for optimizing
network efficiency and functionality. The maturation of neural circuits is marked by
myelination (formation and wrapping of myelin sheaths around axons by oligoden-
drocytes), enhancing the speed and accuracy of electrical transmission. This process
is critical for efficient communication between neurons [47-51].

Neural plasticity, particularly during critical periods of development, allows
circuits to adapt based on experience, shaping the neural architecture in response
to environmental input. Factors such as stress, nutrition, and exposure to toxins can
disrupt normal developmental processes, emphasizing the importance of a supportive
environment for optimal brain development [52].
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Hence, normal neural development is a complex interplay of molecular signals,
cellular processes, and environmental influences to establish functional neural
circuits. Understanding this dynamic process is essential for unraveling the mecha-
nisms underlying brain development and function and the potential consequences of
neurodevelopmental disorders. As we continue to explore this intricate normal route,
the integration of molecular, cellular, and circuit-level insights paves the way for
advancements in understanding developmental pathology and efficient intervention.

Major anomalies from the proper developmental route in early brain development
may cause damage to neural proliferation and synapse formation [53].

There may be various internal and external causes for neurodevelopmental dis-
orders, influencing the development of brain circuits during various developmental
time windows—Dbefore or after birth. These include genetic abnormalities, metabolic
diseases, immune syndromes, infection, placental function, birth trauma, damaged
microbiome, nutritional aspects, physical trauma, toxic environmental factors, and
more [54-63].

During the many years of research, conducted using many scientific approaches
and numerous scientific tools, multiple factors involved in neurodevelopmental
disorders were identified (i.e., missing or abnormal synaptic proteins and enzymes,
deformed neural circuits, and more) [64-71]. This yielded an insight that neurodevel-
opmental disorders are multifactorial. Yet recently, it has become evident that there
is one basic, active, long-lasting common denominator that links between the injured
factors in the developmental path.

3. Mitochondria: Neural common denominator of neurodevelopmental
impairments

Mitochondria are important factors in neuronal development and function. Often
referred to as the powerhouses of the cell, mitochondria are essential for producing
the energy required for neural development and for various cellular functions. Beyond
energy metabolism, mitochondria are involved in processes such as iron metabolism
and calcium homeostasis. Moreover, mitochondria are associated with normal and
defective cell proliferation and participate in cellular apoptosis. Each eukaryotic cell
may have hundreds to tens of thousands of mitochondria, depending on cellular
function and energy consumption. Brain cells, being experts in cellular communica-
tion, require a lot of energy for their development, circuit wiring and message transfer.
Therefore, brain cells contain many mitochondria. Recent studies have highlighted
the mitochondrial critical role in the wiring of human brain circuits, indicating that
proper mitochondrial function is fundamental for normal neuronal development and
function [52].

Mitochondrial diseases are common faults, with approximately 0.02% prevalence
in population and up to 0.5% of infants with mtDNA mutations [72, 73]. Main mito-
chondrial syndromes have been traditionally defined as rising from mitochondrial
DNA mutations (mtDNA) or nuclear DNA (nDNA). In fundamental mitochondrial
syndromes, high energy demand tissues are affected, causing neurologic, vision,
hearing, neuromuscular, neurodevelopmental, and behavioral abnormalities.

Mitochondrial function can be influenced by environmental stimuli producing
reactive oxygen species (ROS) that, with stress, trigger a lack of energy causing a
primary mitochondrial disorder [74]. Mitochondrial disfunction can affect DNA,
protein, and lipids.
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Mitochondrial disorders include a decrease or increase in mitochondrial function,
depending on the cause and the developmental time window, and may lead to neuro-
nal damage. It was found that neurodevelopmental impairment (or susceptibility to
mental-emotional injury) may be the result of mitochondrial disorder and abnormal
mitochondrial physiology [52, 75-78].

Recent studies have highlighted the role of mitochondrial disorder/dysfunction
in neurodevelopmental disorders, such as ASD, ADHD, intellectual disability, and
speech delay. Moreover, specific mitochondrial disorders and dysfunctions have been
identified in connection with certain neurodevelopmental disorders [72-74, 79-81].

Specifically, of the above DSM mentioned NDD’s sections, creatine formation
involves the mitochondria, and creatine is necessary in the use of ATP. Hence, in cases
of mitochondrial disturbance of the creatine pathway, individuals exhibit intellec-
tual and language disorders [82]. Additionally, ADHD and ASD were found to have
several biological factors, including increased oxidative stress, increased toxic metal
burden, decreased methylation, mitochondrial dysfunction, and cerebral hypoperfu-
sion. These mutual features imply mitochondrial dysfunction plays a key role in the
development of both conditions [83], probably with distinction depending on the
lesion developmental time window and specific brain circuits involved.

Hence, the etiology of neurodevelopmental disorders involves damage to the neu-
ral mitochondria and inflammation, which causes neural circuits’ injury—impaired
proliferation of contact points (= synapses) between neural cells and impaired neural
circuits construction plasticity. In other words, damage to mitochondrial function,
causing reduced cellular energy production, may lead to neural deterioration. As cells
of the nervous system contain a lot of mitochondria, this is especially significant for
neurons and glial cells [84-86].

Mitochondrial function is greatly affected by environmental factors, and impaired
mitochondrial function is linked to environmental triggers [87-93]. Therefore, it is
important to focus intervention and therapy on improving patient’s mitochondrial
function, using a safe and noninvasive tool that has been scientifically proven to
overcome the environmental impact.

4. Novel therapeutic approach
4.1 Acupoint stimulation

Despite recent technological and scientific advances, there is currently no definite
cure for neurodevelopmental impairments. Recent studies have shown that acupoint
stimulation has promising results improving clinical symptoms of various cognitive
injuries (memory impairment, language impairment, executive dysfunction, and
decreased functional capacity) and enhancing brain function, significantly outper-
forming other interventions (including western pharmacology) [94-105].

At the intracellular level, one of the neuroprotective mechanisms by acupoint
stimulation in the treatment of cognitive injury is anti-apoptosis (= anti-programed
cell death), as apoptosis of hippocampal or cortical neurons is an important factor
in cognitive injury [106, 107]. Programmed cell death consists of mitochondrial
receptor tracks—intracellular and the cell membrane tracks. Injury signs by inflam-
mation, poisonous proteins, and oxidative stress, may cause apoptotic cascade tracks,
triggering neural apoptosis and cognitive injury. Acupoint stimulation acceler-
ates neural survival mainly by adjusting genes and factors that participate in the
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mitochondria-dependent intracellular tracks of programed cell death, such as NF-«B,
Bax, Fas, p53, and Noxa [108-117].

Another intracellular neuroprotective mechanism by acupoint stimulation in
the treatment of cognitive injury is anti-oxidation, as the imbalance between oxida-
tive and antioxidant systems leads to damage in hippocampal neurons. Acupoint
stimulation regulates the production of pro-oxidative stress factors (NO and
iNOS) [118-120], and hippocampal superoxide anions, thereby reducing oxidative
stress [121, 122].

Moreover, acupoint stimulation was shown to have anti neuroinflammation
properties. A key component of neuroinflammation in the central nervous system is
microglial activation, causing the release of large quantities of inflammatory media-
tors and the induction of neuronal apoptosis [123, 124]. Acupoint stimulation regu-
lates microglial polarization [125], decreases microglial activation in the hippocampal
CAl region [113, 126], and reduces the production of pro-inflammatory cytokines
such as (TNF-a), IL-6, and IL-1p [126-128].

In the neural inter-cellular and circuit level, acupoint stimulation was shown
to modulate neural regeneration and neuroplasticity, by enhancing growth factors
BDNF, bFGF, and EGF. Moreover, acupoint stimulation has influenced synaptic
functional plasticity and structure by monitoring the cAMP/PKA/CREB, BDNF/
TrkB-PI3K/AKT/GSK-3p, signaling tracks, and excitatory transmitter innervation
(glutamatergic, dopaminergic, noradrenergic, and cholinergic), promoting neural
regeneration [129-136], sprouting of neural extensions, and modulating synaptic
plasticity [137-164].

These effects of acupoint stimulation contribute to the recovery of hippocampal
and cortical cells and restore their activity and connectivity. These pathways, as
shown by molecular, cellular, and neuroimaging findings, facilitate the amelioration
of cognitive injury by acupoint stimulation [165-178].

Our low power laser protocol is based on:

# Physics characteristics of laser beam (including wavelength and frequency)—
These are selected in accordance with patient’s signs and symptoms.

# Suitable acupoints for laser stimulation—These acupoints are selected in
accordance with western auricular findings, traditional Chinese/Korean/Japanese
medicine, and neuroanatomy and neurophysiology, relating to the patient’s clinical
picture.

4.2 Low power laser approach: Physics characteristics of the LASER tool

Employing low power laser, we use an innovative and well-known scientific and
therapeutic approach to solve neural developmental injury.

Laser acupoint stimulation is a nonintrusive approach that has been successfully
adopted and developed in recent years, with scientific documentation in high-level
journals and books. Laser acupoint stimulation is widely used in clinical practice,
being employed to decrease inflammation, edema, and chronic injuries; to advance
healing of lesions, deep tissues, and neural extensions; and to reduce nerve damage
and pain.

Low-power laser heals neural injuries, including neurodevelopmental disorders,
through targeting the main elements of the pathological mechanism—reducing tissue
oxidative stress and reducing the concentration of inflammatory proteins, tuning
mitochondria energy production, and accelerating the creation of ATP and nerve
growth factors.
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LASER apparatuses produce electromagnetic radiation with constant wavelength,
phase, and polarization, affecting living tissues and biological systems by nonthermal
means [179]. Hence, applying this noninvasive procedure is safe even for the care of
high-risk patients [180-182].

Acupoint stimulation using a low-power laser device begins exact changes in
brain action, which are sensed by the patient as a recovery (i.e., no pain, no neural
inflammation, etc.). These changes are measured and quantified by brain imaging
[183, 184]. Hence, when the right therapeutic features are activated (laser capacity,
beam wavelength, rate, interval, and acupoint settings), the laser beam decreases
tissue oxidative stress and rises cellular ATP production, upgrading cell metabolism,
and decreasing inflammation [185, 186].

As the aim of low-power laser are basic units of body cells, it successfully fights
many injuries and ailments, including healing of soft tissues, reducing inflammation,
and relieving chronic and acute physical and mental pain [187-192] (additional low-
power laser clinical applications are detailed in Ref. [52]).

Our laser system creates beams with wavelengths in the range of red and blue light.

In addition to raising the construction of cellular energetic coin = ATP, as mentioned
above, low-power laser Infrared beam can encourage the release of NO (nitric oxide)
and CCO (cytochrome c oxidase) and regulate ROS, intracellular organelles’ membrane
activity (mainly the mitochondria), transmembrane calcium flux, and more [193-197].

Moreover, in eukaryote cells, low-power laser creates a shift toward higher oxidation
in the total redox potential of the mitochondria; as a result, ATP levels and blood flow
increase, and the availability of oxygen in damaged brain circuits is improved [198].

Red to near-infrared wavelength laser beam has a healing effect on local and
systemic injuries and affects the functioning of the brain and additional internal
organs. Moreover, red/NIR wavelengths are within the living tissue “optical window,”
allowing optimal tissue penetration depth, into shallow to deeper tissue layers.

Blue wavelength (405 nm) laser beam improves therapy energetic results, being
absorbed by NADH (1st unit of the cellular respiratory chain), showing five times
higher absorption compared to red laser wavelength [199].

Hence, bichromate laser radiation (red and blue wavelength range) yields a bigger
change in the mitochondria redox potential, increasing the proton-motive force and
thereby ATP cycle is enhanced [200] (for additional physics details see in Ref. [52]).
This change at the cellular-molecular level is manifested clinically and functionally.

4.3 Clinical considerations: Specific locations for acupoint stimulation

Acupuncture, an old therapeutic approach, has been long used by clinicians
around the world to overcome and cure chronic/acute medical situations, using
intrusive metal needles. World Health Organization recommended acupuncture for
the treatment of at least 20 pathologies, including pain, in patients at risk [201-203].
In addition, acupuncture has been shown to have potential benefits for a variety of
mental disorders [204-208].

Therapy of cognitive impairment using acupoint stimulation shows promising
results. The acupoints chosen in scientific publications were mostly found on upper
and lower limbs and the head and neck (GV20, ST36, GV24, GV14, HT7), with GV20
being most popular. Stimulation of acupoints centered on GV20 showed the best
therapeutic effect in clinical studies [209, 210], with high degree of similarity. For
coping with cognitive impairment and neuroinflammation, stimulation of acupoints
GV20 and ST36 was most efficient.
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However, these most efficient acupoints for cognitive impairment [208, 211] are
located near skull vertex, on fontanels and along cranial suture lines, and were punc-
tured to depth of 20-25 mm obliquely [212, 213]. With young age patients, needle
acupuncture/direct laser stimulation over skull acupoints and open suture fontanels
should be avoided. Hence, instead of over-fontanelle skull direct acupoint needling,
we use laser acupoint stimulation over distal and auricular acupoints [52, 214, 215].

5. Conclusion and recommendation

Low-power laser is an appropriate therapeutic tool for all patient populations.
Laser acupoint stimulation is noninvasive, flexible, and diverse yet always based on
the physical characteristics of the laser beam and its therapeutic effects on human
body cells through specific somatotopic skin locations. Hence, even patients at risk,
including old and sick or fragile babies with neurodevelopmental injury, may be
suitable candidates for laser therapy, using evidence-based protocols tailored for
their needs.

As we know, the molecular and cellular mechanisms of laser acupoint stimulation
and as it has been proven clinically efficient with no damage or pain, we conclude that
it is the kindest therapy we may offer patients with neurodevelopmental injuries.
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Chapter 2

The Metabolic Evaluation of the
Patient with a Developmental
Disorder

Arzu Selamioglu

Abstract

Metabolic evaluation plays a critical role in the diagnosis and management of
patients with developmental disorders. This process involves a thorough assessment
of the patient’s medical history, physical examination, and a series of specialized
laboratory tests. Key tests typically include blood and urine analyses to measure
amino acids, organic acids, and other metabolic markers, alongside genetic testing to
identify mutations linked to metabolic disorders. This chapter provides an in-depth
examination of the metabolic evaluation process, detailing the tools used and the
interpretation of the resulting metabolic profiles. Additionally, it explores the meta-
bolic diseases most commonly associated with developmental disorders and empha-
sizes the importance of early detection. Identifying metabolic abnormalities early
can lead to targeted interventions, such as dietary modifications, enzyme replace-
ment therapies, and other medical treatments, which significantly improve clinical
outcomes. In patients with developmental disorders, timely and accurate metabolic
evaluation not only aids in diagnosis but also facilitates personalized treatment plans,
ultimately improving quality of life and long-term prognosis.

Keywords: inborn metabolic disorder, developmental delay, intellectual disability,
autism spectrum disorder, diagnostic evaluation, metabolic screening,
remove metabolic screening

1. Introduction

Developmental disorders, as categorized in the Diagnostic and Statistical Manual
of Mental Disorders, 5th Edition (DSM-5), encompass a wide range of neurodevelop-
mental conditions. These include intellectual disability (ID), global developmental
delay (GDD), communication disorders (such as language disorder, speech sound
disorder, childhood-onset fluency disorder, and social/pragmatic communication
disorder), autism spectrum disorder (ASD), attention deficit/hyperactivity disor-
der (ADHD), specific learning disorders (including difficulties in reading, written
expression, and mathematics), and motor disorders (such as developmental coordi-
nation disorder, stereotypic movement disorder, and tic disorders) [1].

23 IntechOpen



Understanding Developmental Disorders

Inborn metabolic disorders (IMDs) are caused by genetic defects in enzymes or
carrier proteins involved in the synthesis or breakdown of proteins, carbohydrates, or
fatty acids. While each inherited metabolic disorder is rare individually, their col-
lective incidence ranges from 1:800 to 1:2500, showing significant phenotypical and
genetic heterogeneity [2]. The latest classifications list nearly 1500 IMDs across 124
categories, with new conditions regularly being discovered [3].

Developmental delay is a key symptom of various IEMs that manifest at an early
age. Routine metabolic testing in children with GDD has shown a diagnosis rate
of 0.8-2.5% for IEMs. However, a detailed metabolic reassessment has identified
the causative IEM in up to 14% of patients previously classified as having GDD of
unknown origin [4]. Understanding the general characteristics of developmental
delays due to IEMs is crucial for accurate identification and appropriate follow-up
through metabolic evaluations.

Firstly, developmental delays caused by IEMs are often global, meaning they affect
all areas of development to some extent. Behavioral issues such as severe irritability,
impulsivity, aggression, and hyperactivity are common, with typical examples seen
in disorders like Krabbe disease (globoid cell leukodystrophy), Sanfilippo disease
(mucopolysaccharidosis (MPS) type III), and Hunter disease (MPS type II). Motor
automatisms and stereotypic behaviors are also frequently observed. Self-harm, such
as compulsive thumb or finger chewing, which can lead to severe injuries, is a hall-
mark symptom of Lesch-Nyhan syndrome in boys. Secondly, developmental delays in
children with IEMs are generally progressive. These children may initially experience
anormal developmental period, followed by a gradual regression of milestones. While
this progression may be subtle at first, it eventually becomes more noticeable as the
gap between children with GDD and their healthy peers widens over time. Thirdly,
delayed development is often accompanied by other neurological dysfunctions
such as abnormal muscle tone, sensory deficits, seizures, pyramidal tract signs, and
extrapyramidal or cranial nerve impairments [4].

IMDs have been identified in patients previously misdiagnosed with intellectual
developmental disorders (IDD), ASD, or ADHD of unknown etiology. Early diagnosis
of IMDs is crucial, as many of these disorders are progressive, deteriorating, and
often treatable. Timely identification in newborns allows for prompt interventions,
which can significantly reduce morbidity, mortality, and disability [5]. Metabolic
diseases can be the underlying cause of developmental disorders, and evaluating
these disorders from a metabolic perspective creates opportunities for treatment that
could vastly improve patient outcomes. Developmental disorders often have complex
neurodevelopmental, biochemical, and genetic components. Thorough metabolic
evaluations not only help ensure accurate diagnosis but also expand treatment options
and improve the quality of life for affected individuals.

2. Key considerations in patient history for metabolic disease

In view of the non-specific presentation of many IMDs, it is necessary to search for
metabolic clues to initiate specific IMD investigations. As with all disorders, the basis
of diagnosis relies on a good history and careful examination with subsequent inves-
tigations [6]. A comprehensive medical history, including a three-generation family
tree and examination, is necessary prior to considering any investigations. Hereditary
factors can potentially be inferred from the family history, especially if there are
patterns of recurrent miscarriages, stillbirths, or deaths during infancy or childhood.
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Additionally, if other children in the family show signs of developmental delays or
learning disabilities, particularly among first- and second-degree relatives, this may
further suggest a genetic component. In males with GDD or learning difficulties,
special attention should be given to maternal male relatives with similar challenges, as
this could indicate an X-linked genetic cause. Ethnic background is also important, as
certain rare recessive disorders tend to occur more frequently in endogamous popula-
tions, such as the Irish Traveler or Roma communities. For example, the Irish Traveler
population exhibits a higher prevalence of conditions like galactosemia, MPS type I,
I-cell disease, glutaric aciduria type I, and Cohen syndrome, all of which are associ-
ated with developmental delays or learning difficulties, sometimes with only subtle
clinical signs [7].

It is important to diagnose IMDs because there are many effective treatments, and
early diagnosis greatly enhances the chance of a better outcome. These molecules
are key to cell-cell signaling and embryogenesis, and therefore, they are present in
the neonatal period with dysmorphic features. Such conditions include the peroxi-
somal disorders—for example, Zellweger syndrome and the congenital disorders of
glycosylation (CDG). The failure to break down complex molecules results in their
accumulation, which presents with dysmorphic features. These are not obvious at
birth, with a few exceptions such as I-cell disease, although rarely, storage disorders
can present as hydrops fetalis.

Further clues may be gained from the obstetric history. Previous multiple spon-
taneous abortions may indicate previously affected fetuses that were non-viable.
Hyperemesis is associated with fat oxidation disorders, as are frank hepatic symptoms
such as acute fatty liver of pregnancy and the more severe HELLP syndrome (hemoly-
sis, elevated liver enzymes, and low platelets).

Children may also unknowingly avoid certain foods as they feel unwell and there-
fore self-treat to some degree. Classic examples include low-protein intake in children
with urea cycle defects and the avoidance of sweets, resulting in perfect dentition
in hereditary fructose intolerance. IMDs have an associated impact on develop-
ment. This impact may be minor, so direct inquiry into all areas of development is
important. It is also crucial to remember that IMDs can present at any age and are not
restricted to neonates and young infants [6].

Seizures in IMDs, often myoclonic or partial complex, are frequently resistant
to anticonvulsant therapy. Movement disorders such as dystonia and chorea may be
associated with inherited metabolic diseases. Diseases affecting the white matter may
present as changes in muscle tone, either hypotonia or hypertonia, and may manifest
as delays or loss of motor functions. Examples of such diseases include leukodystro-
phies such as Canavan disease and Alexander disease, as well as certain lysosomal
disorders. Some inherited metabolic diseases can cause neuronal migration defects.
Peroxisomal disorders and CDG are part of this group. Stroke is an unusual condition
in children and should raise suspicion of homocystinuria and MELAS (mitochondrial
encephalopathy, lactic acidosis, and stroke-like episodes). Fabry disease and some
CDG are also associated with stroke [8].

A detailed patient history can also reveal cases where neonatal metabolic screening
was insufficient. This is particularly relevant for individuals born before newborn
screening programs were established or for immigrants from countries with inad-
equate screening protocols. Disorders like phenylketonuria, homocystinuria, galacto-
semia, congenital hypothyroidism, and mild forms of maple syrup urine disease can
cause GDD or ID, sometimes without obvious symptoms. These conditions should
be considered in patients fitting the aforementioned scenarios, especially since
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treatments are available. Early detection of these conditions can significantly improve
patient outcomes, making thorough assessment critical. Additionally, it is important
to note that around 20% of homocystinuria cases may go undetected by standard
newborn screenings conducted on days 3-4 due to insufficient protein exposure [7].

3. Key considerations in physical examination

A comprehensive examination of all systems, along with a current developmental,
functional, or cognitive skills assessment, should be performed. This includes noting
any abnormal growth measurements, dysmorphic features, or congenital abnormali-
ties that might suggest a syndromic etiology. Neurocutaneous markers may indicate
phakomatoses such as neurofibromatosis type 1, tuberous sclerosis, or Sturge-Weber
syndrome. Subtle signs of spinal dysraphism are often associated with developmental
abnormalities. Additionally, hepatosplenomegaly or cardiomyopathy may suggest an
IMD [7].

The physical examination should assess for possible dysmorphology, hepato-
splenomegaly, and cutaneous markers of neurocutaneous syndromes, as well as the
presence of dermal sinuses, hair tufts, or other subtle signs of spinal dysraphism in
the sacral region. Furthermore, height, weight, and head circumference should be
measured. In patients with developmental disorders, measuring head circumference
is crucial for assessing possible underlying conditions such as microcephaly. A notable
genetic factor associated with microcephaly is the loss of function in the SMPD4
gene, which has been linked to a specific developmental disorder. This disorder is
characterized by microcephaly, arthrogryposis, and other congenital abnormalities,
often accompanied by a simplified gyral pattern in the brain, cerebellar hypoplasia,
and hypomyelination. SMPD4 regulates critical cellular pathways involving sphin-
golipids, which impact cell proliferation and differentiation. Loss of function in this
gene disrupts these processes, leading to severe developmental outcomes [9].

Additional signs and symptoms can help identify the causes of GDD. Most IMDs
do not have specific features easily identifiable through examination and present with
generalized symptoms secondary to metabolic decompensation. Classical dysmorphic
syndromes resulting from defects in embryogenesis include peroxisomal disorders
such as Zellweger syndrome (large fontanelle, bulbous forehead, profound hypotonia,
ptosis, and jaundice), CDG (e.g., inverted nipples, fat pads, cerebellar dysgenesis,
pericardial and pleural effusions, and ascites), and sterol synthesis defects (Smith-
Lemli-Opitz syndrome—upturned nose, prominent forehead, syndactyly of the
second and third toes, hypotonia, and genital anomalies). Storage disorders that
develop coarse features and hepatosplenomegaly include the MPSs, such as Hurler
and Hunter syndromes.

Ophthalmic examination is critical because many disorders exhibit ocular signs.
Oil-drop cataracts are present at birth in most infants with galactosemia, which can
be easily missed as only the edge of the cataract is visible due to their transparency. If
untreated, these cataracts will mature, but early treatment usually results in complete
resolution. In sphingolipidoses, a cherry red spot develops due to abnormal lipid
deposition around the fovea. The contrast between the pale lipid deposits and the red
fovea creates this characteristic appearance. Pigmentary retinopathy is seen in many
IMDs, including mitochondrial cytopathies, fatty acid oxidation defects, and peroxi-
somal disorders. Eye movements may also be abnormal, including external ophthal-
moplegia in mitochondrial cytopathies, leading to reduced eye movement in all planes
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of gaze. Limitation of downward gaze is a feature of Gaucher disease, particularly
noticeable when descending stairs, leading to unsteadiness and compensatory
head-thrusting. In the late-infantile/juvenile forms of Niemann-Pick type C, vertical
supranuclear gaze palsy may also be an early sign. Ptosis is found in many conditions,
including peroxisomal and mitochondrial disorders [6].

Cardiac manifestations in IMDs include cardiomyopathy and arrhythmias.
Arrhythmias may be episodic, as seen in fatty acid oxidation defects, or persis-
tent, such as heart block in Kearns-Sayre syndrome, a mitochondrial disorder.
Cardiomyopathy may present with signs of heart failure, including excessive sweating
and shortness of breath while feeding. Patients typically present with chest symp-
toms, and an x-ray revealing cardiomegaly indicates cardiomyopathy. Both dilated
and hypertrophic cardiomyopathies are seen in IMDs, and it is essential to recognize
that dilated cardiomyopathy may have originated as hypertrophic. Thus, it is prudent
to investigate both causes of hypertrophic and dilated cardiomyopathies. Myopathy is
commonly associated with IMDs, such as infantile Pompe disease (glycogen storage
disease type II (GSDII)), characterized by marked hypertrophic cardiomyopathy,
hypotonia, myopathic facies, and a prominent tongue. However, sick children with
cardiomyopathy tend to be hypotonic, making the distinction less obvious. The
presence or absence of organomegaly may provide clues when considering an IMD. It
is important to remember that glycogen is stored in the liver, muscles, and kidneys. A
child presenting with marked hepatomegaly in the absence of splenomegaly should
raise suspicion of a GSD. Splenomegaly can occur in GSDs, particularly type IV,
secondary to liver disease. Massive hepatomegaly and splenomegaly are suggestive of
a storage disorder, such as the MPSs. Splenomegaly greater than hepatomegaly is seen
in storage disorders, particularly Gaucher disease. Neurological features of IMDs are
extremely varied, but it should be remembered that a sick neonate usually presents
with hypotonia, so normal or increased tone may indicate an IMD. Odors are also
often reported as helpful in diagnosing an IMD [6].

4. Diagnostic evaluation of patients with developmental disorders for
inborn metabolic diseases

4.1 Biochemical and metabolic analyses

For the first tier non-targeted screening, a range of blood and urine tests are
recommended. Blood tests include ammonia, lactate, plasma amino acids, total homo-
cysteine, acylcarnitine profile, copper, folate, and ceruloplasmin. Urine tests should
assess organic acids, purines and pyrimidines, creatine metabolites, oligosaccharides,
and glycosaminoglycans (GAGs). These tests provide a comprehensive screening
approach to identify potential metabolic abnormalities. After conducting a clinical
assessment, the use of appropriate diagnostic laboratory tests, brain imaging, and
other evidence-based evaluations is essential for establishing a diagnosis and creat-
ing a care plan. Furthermore, there is an increased focus on identifying “treatable”
causes of GDD, recommending metabolic screening for IEM in children with GDD
of unknown origin. For the second tier targeted testing, the following biochemi-
cal and molecular analyses should be considered: whole blood manganese levels,
plasma cholesterol, the plasma 7-dehydroxy-cholesterol to cholesterol ratio, plasma
pipecolic acid and urine amino adipic semialdehyde, plasma very long-chain fatty
acids, plasma vitamin B12 and folate, and the serum and cerebrospinal fluid (CSF)

27



Understanding Developmental Disorders

lactate to pyruvate ratio. Enzyme activities in leukocytes, including arylsulfatase A,
biotidinase, glucocerebrosidase, and fatty aldehyde dehydrogenase, should also be
evaluated. Additional tests include urine deoxypyridinoline, CSF amino acids, CSF
neurotransmitters, and the CSF to plasma glucose ratio. Coenzyme Q measurement in
fibroblasts is recommended, along with molecular analyses for specific genes such as
CAS5A, NPC1, NPC2, SC4MOL, SLC18A2, SLC19A3, SLC30A10, SLC52A2, SLC52A3,
PDHA1, DLAT, PDHX, SPR, and TH. These tests provide more targeted insights into
potential metabolic and genetic disorders. Certain tests, such as plasma homocyste-
ine, ammonia, and acylcarnitine profiling, were not included in first-line investiga-
tions. These tests should only be performed in specific clinical scenarios, such as
elevated plasma methionine or in cases with suspected fatty acid oxidation disorders
(FAODs). Plasma ammonia analysis is not recommended as a first-line test due to the
risk of false positives. Plasma acylcarnitine profiling should be considered for cases
with hypoglycemia, hypotonia, or cardiomyopathy, as it helps identify disorders
related to energy metabolism [7].

Folate plays a crucial role in several metabolic processes, including nucleotide
synthesis, amino acid metabolism, and methylation reactions, which are essential
for normal brain development. Disruptions in folate transport or metabolism, such
as genetic abnormalities or the presence of autoantibodies to folate receptor alpha
(FRar), can impair these processes, leading to developmental disorders. Folate defi-
ciency during pregnancy has been associated with an increased risk of neural tube
defects and other neurodevelopmental disorders, including autism. Furthermore,
conditions like cerebral folate deficiency syndrome, characterized by low levels of
5-methyltetrahydrofolate (5-MTHF) in cerebrospinal fluid, have been linked to severe
neurological symptoms in children. Supplementation with folinic acid has been
shown to reverse or alleviate symptoms in many cases, particularly in individuals with
autoantibodies to FRa [10].

Key metabolic tests include qualitative urinary organic acids (UOA), which are
diagnostic for organic acidurias and certain other disorders. Plasma amino acids
(AA), collected pre-prandial, are critical for diagnosing aminoacidopathies and help-
ful in identifying mitochondrial and urea cycle defects. Plasma lactate, which must be
collected under specific conditions for accuracy, can indicate mitochondrial disor-
ders, organic acidemias, and FAODs. Venous blood gas with an anion gap calculation
may reveal metabolic acidosis or lactic acidosis, while plasma creatine phosphokinase
levels may be elevated in muscular dystrophies, mitochondrial diseases, and FAODs.
Plasma glucose levels are also informative, as low levels can indicate FAODs or organic
acidemias, and post-prandial elevations may suggest glycogen synthase deficiency.

A full blood count and blood film can reveal abnormalities like macrocytic or
normocytic anemia, neutropenia, or thrombocytopenia, often linked to metabolic
conditions. Plasma liver function tests can help diagnose disorders like tyrosinemia,
UCDs, or mitochondrial diseases, while plasma urea and electrolytes provide insights
into renal tubular dysfunction. Plasma bone profiles assess phosphate resorption,
which may be reduced in mitochondrial or renal tubular disorders. Thyroid function
tests can detect hypothyroidism, which can contribute to GDD or LD. Paired plasma
and urine urate/creatinine ratios can indicate defects in purine metabolism or kidney
function, while total urine GAGs screen for MPS [11].

To facilitate the diagnosis of treatable conditions, several specialized tests should
be performed depending on the suspected disorder. For CDG, serum transferrin or
N-glycan profiling is indicated. Disorders of amino acid metabolism require plasma
amino acids, plasma ammonia, and plasma acylcarnitine testing. Plasma total
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homocysteine levels are essential for diagnosing methionine synthase deficiency
(homocystinuria with megaloblastic anemia). For glycine encephalopathy due to
aminomethyltransferase or glycine decarboxylase deficiency (nonketotic hypergly-
cinemia), CSF and plasma amino acids should be evaluated. GLUT1 deficiency can
be detected using the CSF to blood glucose ratio. Urine oligosaccharides and GAGs
testing help diagnose disorders of complex molecule degradation, while plasma
(oxy-)sterols screening is important for Niemann-Pick disease types C1 and C2. For
pyruvate dehydrogenase complex deficiencies, both CSF and blood lactate ratios are
critical. Plasma very long chain fatty acids should be measured for X-linked adreno-
leukodystrophy and plasma cholestanol for diagnosing cerebrotendinous xanthoma-
tosis. Urine purines and pyrimidines testing is required for disorders of nucleobase,
nucleotide, and nucleic acid metabolism, and copper and ceruloplasmin levels are
vital for identifying hereditary ceruloplasmin deficiency, Menkes disease, and Wilson
disease. Disorders of trace elements and metals necessitate testing of serum zinc,
sialotransferrins, manganese, and CSF lactate, while CSF neurotransmitter analysis
is essential for neurotransmitter disorders and disorders of vitamin and cofactor
metabolism [11].

4.2 Genetic analyses

The comprehensive care for individuals with neurodevelopmental disorders pri-
marily involves the pursuit of an underlying etiological diagnosis, typically through
genetic evaluation, alongside appropriate diagnostic explanations and referrals to
evidence-based treatments and supports for families. Identifying a genetic etiology
can provide insight into prognosis, clarify recurrence risk, guide clinical manage-
ment, and connect patients and families to condition-specific resources and support.
Given the diagnostic yield and potential clinical and personal benefits of genetic test-
ing, there is a consensus that all individuals with GDD, ID, and/or autism spectrum
disorder should undergo genetic testing. Despite this recommendation, data suggest
that only a small proportion of children with ASD and ID receive genetic testing.
Genetic testing has become the standard practice for diagnosing various neurode-
velopmental disorders, and it is highly likely that the criteria for testing will expand
in the near future. Clinically, a genetic etiology might be suspected and verified
through gene-specific testing or, more frequently, through chromosomal microarray
(CMA) analysis, exome sequencing (ES), or FMR1 CGG repeat analysis for Fragile
X syndrome. These tests are typically conducted as a routine part of the assess-
ment for patients with ID, GDD, or ASD, particularly in cases where no clinically
recognizable syndrome is present. Genome-wide chromosomal microarray (CMA)
is recommended as a first-line test for patients with ASD, ID, GDD, and/or multiple
congenital anomalies. CMA detects copy number variants (CNVs), which are gains
or losses of chromosomal material. In certain cases, these gains or losses can affect
gene function, potentially impacting health and development. Additionally, CMA can
identify regions of homozygosity, which may aid in the detection of genetic condi-
tions caused by uniparental disomy, such as Silver-Russell syndrome or Angelman
syndrome. While CMA can detect CNVs, it has limited capability in identifying bal-
anced chromosomal rearrangements (e.g., translocations, inversions), mitochondrial
genome imbalances, epigenetic abnormalities, or low-level mosaicism. CMA detects
copy number variants (CNVs) with a diagnostic yield ranging between 15 and 20%.
Exome sequencing (ES), on the other hand, examines the protein-coding regions
of the genome to identify genetic variants, with a diagnostic yield of 31-36%. ES is
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particularly effective in diagnosing patients with ID, GDD, and ASD. In contrast,
gene panel testing is more targeted and can detect genetic variants such as mosaicism
with greater depth, but it lacks the broad scope of ES. Additionally, ES offers the
advantage of reanalysis over time, allowing for an increase in diagnostic yield as new
genetic information emerges. Fragile X syndrome, caused by the loss of function

of the FMR1 gene, is considered one of the most common inherited genetic causes
associated with ID and ASD. Approximately 99% of Fragile X syndrome cases result
from the expansion of the unstable CGG repeat sequence in the 5’ untranslated region
(UTR) of the FMR1 gene. In the general population, individuals typically have 44 or
fewer CGG repeats, while more than 200 repeats lead to methylation and transcrip-
tional silencing of the gene. Since the FMR1 gene is located on the X chromosome,
mutations can result in variable phenotypes in males and females. FMR1 CGG repeat
analysis is commonly performed using PCR and Southern Blot techniques and yields
four main categories of results: normal (<44 repeats), intermediate (45-54 repeats),
pre-mutation (55-200 repeats), and full mutation (>200 repeats) [1].

The diagnostic yield of Fragile X testing varies depending on study design and the
characteristics of the population being tested. In individuals with ID, the diagnostic
yield ranges between 0.5 and 6%, whereas in ASD populations, this rate is generally
lower, ranging between 0.23 and 1.2%.

These include chromosome microarray, Fragile X (FMR1 gene) testing, Rett
syndrome testing, brain MRI/spectroscopy, electroencephalography and other neu-
rophysiological tests, and thyroid function assessments. Additionally, comprehensive
audiological and ophthalmological screening should be conducted to rule out any
treatable primary sensory deficits in all patients presenting with IDD [1].

For many years, biochemical screening has been recommended as a first-line etio-
logical investigation for individuals with GDD or ID. However, in cases of isolated ID,
the diagnostic yield of initial biochemical screening is very low, around 1%, rising to
5% when specific neurological features are present. ES has now emerged as one of the
most cost-effective and powerful diagnostic tools for ID, with an average diagnostic
yield of 36%. It has significantly enhanced the identification of unspecific or atypical
phenotypes and led to the discovery of hundreds of previously unknown genes [12].

It is important for clinicians providing care to children and adolescents with
neurodevelopmental disorders to understand these common tests and their role in
delivering the best medical care and to facilitate the genetic etiologic evaluation of
these patients by ordering tests or collaborating with genetic specialists.

5. Multisystem evaluation in developmental disorders

The age of onset and clinical progression provide key insights into the metabolic
nature of the disease, with multisystem involvement being common. Organs such as
the liver, spleen, muscles, bones, skin, and connective tissues are frequently affected.
A comprehensive initial evaluation for children with undifferentiated developmental
delay should include a thorough developmental assessment, neurological exami-
nation, brain imaging, electrophysiological studies (such as auditory brainstem
responses, visual and somatosensory evoked potentials, nerve conduction studies,
and electromyogram), and radiographs of the hands, chest, and spine to check for
dysostosis multiplex. Additionally, a range of metabolic tests including plasma and
urinary amino acid analysis, urinary organic acid analysis (even in the absence of
metabolic acidosis), plasma ammonia levels (preferably 2 hours after a protein meal),
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plasma lactate, urinary MPS screening, and urinary oligosaccharide screening should
be conducted. This evaluation helps in detecting early-stage, treatable IEMs and
establishes a baseline for monitoring the disease’s natural progression [4].

In patients with developmental disorders, metabolic diseases should be strongly
suspected when findings such as ID, epilepsy, coma episodes, specific lesions on MRI,
hearing defects, fundoscopic abnormalities, or signs of cerebral ischemia are present.
Additionally, if the patient presents with symptoms such as splenomegaly, skeletal
anomalies, muscle involvement, elevated transaminases, hepatomegaly, liver diseases
like cirrhosis, dilated/hypertrophic cardiomyopathy, heart failure, arrhythmias, or
hematological disorders (such as cytopenias, vacuoles on peripheral smear, hemoly-
sis, bone marrow abnormalities, or thrombosis), they should be further evaluated for
potential metabolic diseases [8].

6. Inborn metabolic diseases associated with developmental disorders

Disorders of amino acid metabolism, such as phenylketonuria, homocystinurias,
and maple syrup urine disease, typically present after birth with white matter changes
in the brain. These conditions may resemble behavioral disorders like ADHD or ASD,
and neuropsychiatric symptoms such as anxiety and depression are also common.
While dietary restrictions help stabilize many patients, the long-term outcomes,
particularly in older individuals, are not well documented.

Organic acidurias, such as propionic acidemia and methylmalonic acidemia, are
often associated with abnormalities in the basal ganglia and white matter lesions.
These disorders may resemble cerebral palsy or other motor disorders. Despite strict
management, patients may continue to experience ADHD, learning disabilities, and
optic atrophy, and exacerbations can lead to motor delays during adolescence.

Neurodegenerative diseases such as glutaric aciduria types 1, 2 and Canavan dis-
ease are marked by severe postnatal brain abnormalities, including cerebellar atrophy
and cortical damage. These disorders often cause early developmental regression,
spasticity, seizures, and premature death.

Metal accumulation disorders, such as Wilson disease (copper) and neurodegen-
eration with brain iron accumulation (NBIA), lead to progressive neurodegeneration.
Wilson disease can cause motor dysfunction, tremors, and psychiatric symptoms if
untreated. NBIA disorders are similarly severe, progressing to motor dysfunction and
cognitive decline despite treatment efforts.

Inborn errors of amino acid transport, such as those affecting the large neutral
amino acid transporter or glutamine synthetase, result in significant neurological
outcomes. These conditions may involve hypomyelination, cerebral atrophy, and
congenital microcephaly. They frequently present with ID or ASD-like features, and
while treatment can provide stability, the long-term outlook remains uncertain.

Neurotransmitter metabolism defects, such as those affecting monoamine syn-
thesis, typically manifest early in life with dystonia, seizures, and developmental
delays. These conditions can mimic Parkinsonism or cerebral palsy. Treatments, such
as L-Dopa, may stabilize the disease, though severe forms may not be compatible with
life.

Metabolic epilepsy syndromes, such as SSADH deficiency, present with seizures,
ataxia, and ASD-like features. While treatments can help manage seizures, the
progression of neurological impairment continues, and mortality rates remain high in
severe cases.
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Disorders of glycine and lipoate metabolism, including nonketotic hyperglycin-
emia, result in profound neurological symptoms such as neonatal encephalopathy,
epilepsy, and severe ID. While milder forms of these diseases may lead to moderate
ID, severe forms often result in early death.

Disorders that affect GABA, glutamate, and glycine receptor function, such as
mutations in SLC25A12 or NMDA receptor defects, cause a range of neurological
and psychiatric symptoms, including epilepsy, ID, and behavioral issues like ADHD.
While treatments such as clonazepam can alleviate some symptoms, severe mutations
can result in fatal outcomes.

Copper and manganese deficiency disorders lead to severe early encephalopathies.
For instance, Menkes disease, resulting from copper deficiency, leads to seizures and
developmental delays, often resulting in early death without treatment. In contrast,
manganese deficiency causes cerebellar atrophy and profound ID, though treatment
may stabilize the condition [13].

Fatty acid metabolism disorders, such as DHA transporter defects, present with
microcephaly, developmental delays, and spasticity. These conditions are often fatal
without intervention. Similarly, vitamin and cofactor deficiencies, such as biotinidase
or B12 deficiencies, can result in seizures and developmental delays, though these
conditions are often treatable with appropriate supplementation [14].

Defects in phospholipid metabolism, such as those caused by mutations in
PLA2G®6, result in neurodegeneration, dystonia-parkinsonism, cognitive decline, and
psychiatric symptoms. While treatments may stabilize some symptoms, neurodegen-
eration often progresses, and long-term outcomes are poor.

CDG significantly interfere with brain development, particularly in fetal life. These
disorders often present with cerebellar involvement and structural abnormalities. CDG
should be considered in any case of unexplained multi-organ involvement and neurologi-
cal symptoms, as early intervention can be life-saving in some forms of the disease [13].

Mitochondrial disorders, such as those caused by SLC25A19 mutations, result in
severe neurodevelopmental abnormalities, including microcephaly and basal ganglia
necrosis. While some forms can be treated with thiamine supplementation, severe
cases are often fatal [15].

GAG and oligosaccharide catabolism disorders, such as Sanfilippo disease (MPS
type III), which lead to progressive cortical and subcortical atrophy with symptoms
like behavioral problems and cognitive decline. Sialidosis and mucolipidosis cause
myoclonic epilepsy, developmental delays, and progressive blindness. These disorders
typically show no antenatal abnormalities but progress after birth, with neurodegen-
eration leading to death.

Complex molecule synthesis defects related to phospholipid metabolism, such as
choline kinase deficiency, SERAC1, and ABHD12, result in a range of neurodevelop-
mental issues, including ID, ASD-like symptoms, spasticity, and dystonia. Most of
these disorders mimic neurodevelopmental conditions early on but later progress into
neurodegenerative diseases, with few effective treatments available.

Disorders involving phospholipid inositides (PI3K/AKT) regulate cell growth and
brain development. Mutations in genes like PLA2G6 result in neurodegeneration due
to iron accumulation in the brain, leading to symptoms like dystonia-parkinsonism,
cognitive decline, and psychiatric disorders. Another example is PNPLA6, which
causes cerebellar atrophy and is associated with several neurodegenerative disorders,
including hereditary spastic paraplegia and Gordon-Holmes syndrome. These dis-
orders lead to progressive neurological decline, with varying severity and outcomes
based on the specific mutation.
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Sphingolipid metabolism defects, such as CERS1 and FAHN, primarily result in
late-onset neurodevelopmental disorders and neurodegeneration. These disorders
typically present in childhood with symptoms like progressive myoclonic epilepsy,
cognitive decline, and spastic paraplegia. GM3 synthase deficiency presents with
early symptoms resembling Rett syndrome, such as profound developmental regres-
sion and stagnation, and typically evolves into a neurodegenerative disorder.

AKTS3, PIK3R2, and PIK3CA mutations, which cause congenital macrocephaly and
overgrowth disorders. These conditions result in abnormally enlarged brain size and
ID, but their progression tends to be more stable, behaving similarly to neurodevelop-
mental (NDEV) disorders rather than progressive neurodegeneration.

SNAP29 (CEDNIK syndrome), a neurocutaneous syndrome characterized by
cerebral dysgenesis, early severe ID, microcephaly, ichthyosis, and keratoderma.
Patients show cortical dysplasia and polymicrogyria. Although the long-term out-
comes are uncertain, the condition is generally considered stable. Disorders involving
SNARE proteins such as NAPB, STXBP1, and others, present with microcephaly,
hypomyelination, and cerebellar atrophy. These disorders frequently result in early-
onset epileptic encephalopathy, ID, neuropsychiatric signs, and movement disorders.
They are classified as neurodevelopmental disorders, but long-term data on their
progression are limited.

SV protein dysfunctions also impact endocytosis and trafficking, as shown by
disorders like Rabenosyn-5 deficiency, which leads to complex phenotypes, including
early infantile spasms, epilepsy, ID, and vitamin B12 deficiency with methylmalonic
acidemia accumulation. These conditions can lead to stability with appropriate man-
agement. VPS15 deficiency causes severe cortical and optic nerve atrophy, spasticity,
pseudobulbar palsy, hearing deficits, and late-onset epilepsy, but stability may be
achieved with treatment.

Autophagy disorders, such as AP-5 (SPG48) and EPG5 (Vici syndrome), promi-
nently affect the central nervous system. SPG48 causes hereditary spastic paraplegia
with ID and white matter lesions, initially presenting as a neurodevelopmental
disorder but later evolving into a neurodegenerative disease. Vici syndrome is a mul-
tisystem disorder with progressive postnatal microcephaly, profound developmental
delay, motor impairment, nystagmus, and sensorineural deafness, often leading to
neurodegeneration.

WDR45 (BPAN: SENDA syndrome) can present with neurodegeneration with
brain iron accumulation (NBIA) features, including ID, seizures, spastic paraplegia,
and Rett-like symptoms. In adolescence, these patients may experience a progression
to parkinsonism, dystonia, and optic atrophy, evolving from neurodevelopmental
disorders to neurodegeneration.

SNX14 is another disorder listed, associated with cerebellar atrophy, GDD, ASD,
hypotonia, absent speech, and progressive cerebellar atrophy. Patients often present
with progressive neurological symptoms, including ataxia, seizures, and a storage
disease phenotype.

The section on tRNA synthetases describes how mutations in mitochondrial tRNA
(mt-tRNA) synthetases lead to severe neurological diseases that typically evolve
toward neurodegeneration. These disorders involve white matter, cerebellar, and
brain stem abnormalities. For example, RARS2 (mt arginyl-tRNA synthetase) pres-
ents with perinatal encephalopathy, lethargy, hypotonia, epilepsy, and microcephaly.
Similarly, DARS2 (mt aspartyl-tRNA synthetase) causes childhood to adulthood-
onset leukencephalopathy, cerebellar ataxia, and spinal cord dysfunction, often
with elevated lactate levels. TARS2 (mt threonyl-tRNA synthetase) leads to early
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psychomotor delay and hypotonia, while VARS2 (mt valyl-tRNA synthetase) causes
developmental delay, seizures, facial dysmorphism, and lactic acidosis in childhood.

Sytoplasmic tRNA synthetase disorders result in severe neurological phenotypes,
including hypomyelination, microcephaly, seizures, sensorineural hearing loss, and
developmental delay. These disorders, in addition to neurological symptoms, can also
involve liver dysfunction and lung disease. Mutations in five ARS genes have been
implicated in dominant Charcot-Marie-Tooth (CMT) disease and related neuropa-
thies. Specific tRNA synthetases mentioned include glycyl (GARS), tyrosyl (YARS),
alanyl (AARS), histidyl (HARS), and tryptophanyl (WARS), with disease mecha-
nisms often involving defects in peripheral nerve axons [13].

In patients with ADHD, certain IMDs should be considered, including X-linked
adrenoleukodystrophy, phenylketonuria, metachromatic leukodystrophy, Niemann-
Pick disease type C, 4-hydroxybutyric aciduria, Sanfilippo A and B syndromes,
beta-mannosidosis, and atypical nonketotic hyperglycinemia. For patients presenting
with mania or bipolar disorder, metabolic conditions like ornithine transcarbamylase
deficiency, acute intermittent porphyria, and Wilson disease should be considered.
Additionally, in patients exhibiting psychosis, possible metabolic conditions to con-
sider include metachromatic leukodystrophy, Niemann-Pick type C, Wilson disease,
occipital horn syndrome, Hartnup disease, and methylenetetrahydrofolate reductase
deficiency [8].

7. Treatment options

After a diagnosis of an inborn metabolic disease, the patient should be evaluated
for specific treatment options. Early and accurate diagnosis through metabolic and
genetic testing is critical to effective intervention. The treatment landscape for IEM
spans various approaches, including dietary management, cofactor supplementation,
enzyme replacement, stem cell transplantation, and emerging gene therapies. By
2011, 81 treatable IEMs were identified as causes of ID, with more recent discoveries
such as dihydrofolate reductase deficiency and hypermanganesemia now treatable
with interventions like folinic acid and chelation therapy [8]. Currently, 89 treatable
IEMs are recognized, covering a broad spectrum of metabolic categories, including
amino acid and organic acid metabolism, mitochondrial disorders, lysosomal storage
diseases, urea cycle disorders, and vitamin/cofactor-related conditions [11].

Mitochondrial and metabolic disorders are increasingly understood to contribute
to neurodevelopmental disorders like ASD, ADHD, GDD, and ID. As the “power-
houses” of cells, mitochondria play a crucial role in brain development and function.
When mitochondrial dysfunction occurs, it can lead to reduced energy production,
increased oxidative stress, and neuroinflammation, negatively affecting cognitive and
motor abilities.

Research also indicates that abnormalities in fatty acid metabolism may play a
role in conditions like ADHD, dyslexia, dyspraxia, and ASD. Essential fatty acids,
such as omega-3 and omega-6, are vital for brain development, and disruptions in
their metabolism can lead to cognitive and behavioral challenges. Studies show that
individuals with these conditions often have lower levels of highly unsaturated fatty
acids and elevated enzyme activity, such as phospholipase A2. Early detection of fatty
acid imbalances, coupled with targeted supplementation, may help mitigate these
symptoms. For example, NAXD deficiency leads to severe neurodevelopmental issues
such as neurological regression, cardiomyopathy, seizures, and skin lesions, which
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worsen during periods of illness. While treatments like vitamin B3 supplementation
show promise, further research is needed to confirm their efficacy.

Defects in fatty acid oxidation and amino acid metabolism disrupt cellular energy
balance, resulting in developmental regression, motor impairments, and cognitive
deficits. Early detection enables timely intervention, slowing disease progression, and
improving long-term neurological outcomes. Patients with neurodevelopmental dis-
orders, particularly those with suspected metabolic origins, should undergo thorough
metabolic assessments. Tailored mitochondrial therapies could greatly enhance the
quality of life for affected individuals.

8. Conclusion

The metabolic evaluation of patients with developmental disorders is an essential
process for identifying underlying inborn errors of metabolism (IEM) that could
contribute to neurodevelopmental delays and dysfunctions. Early and precise diagno-
sis of these metabolic conditions allows for the implementation of tailored interven-
tions, including dietary modifications, enzyme replacement, and emerging therapies
such as gene therapy. These treatments can significantly enhance patient outcomes,
reducing the morbidity and mortality associated with many IEMs.

The body of research and clinical data supporting the integration of metabolic
and genetic testing into the diagnostic process for developmental disorders provides
a strong case for the inclusion of these evaluations in standard medical practice. By
embracing a comprehensive, multidisciplinary approach to diagnosis and treatment,
clinicians can offer more effective care, ultimately improving the quality of life and
prognosis for individuals affected by metabolic diseases and related neurodevelop-
mental conditions.
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Nomenclature

5-MTHF methyltetrahydrofolate

AA amino acids

ADHD attention deficit/hyperactivity disorder
ASD autism spectrum disorder

CDG congenital disorders of glycosylation
CMA chromosomal microarray

CNVs copy number variants

CSF cerebrospinal fluid

DSM-5 diagnostic and statistical manual of mental disorders, 5th edition
ES exome sequencing

FAODs fatty acid oxidation disorders

FRa folate receptor alpha

GAGs glycosaminoglycans

GDD global developmental delay
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HELLP haemolysis, elevated liver enzymes, low platelets

ID intellectual disability

IDD intellectual developmental disorders

IEM inborn errors of metabolism

IMD inborn metabolic disease

MELAS mitochondrial encephalopathy, lactic acidosis, and stroke-like
episodes

MPS Mucopolysaccharidoses

NBIA brain iron accumulation

TARS2 mt threonyl-tRNA synthetase

VARS2 mt valyl-tRNA synthetase
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Chapter 3

Independent Living for Persons
with Neurodevelopmental
Disorders
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Abstract

Independent living is essential for individuals with neurodevelopmental disorders,
as it directly enhances their dignity and well-being. This chapter introduces a ground-
breaking redefinition of independence, moving beyond mere physical autonomy to
focus on the critical aspects of decision-making, daily life management, and active
community participation. It offers a novel view of independence as a continuum,
where individuals with neurodevelopmental disabilities require varying degrees of
support. Autonomy is achieved through a dynamic, personalized process involving
self-determination, tailored assistance, and environmental adaptations, empowering
individuals to live according to their unique preferences and fully engage in society.
What sets this approach apart is its emphasis on independence not as a fixed end
goal but as a flexible, evolving process that adapts to the strengths and needs of each
individual. The chapter highlights the critical role of adaptable support systems—
such as life skills education, community services, and vocational programs—as
essential components for fostering greater independence. The innovative focus on
person-centered planning ensures that support is customized to the individual, mov-
ing away from outdated, one-size-fits-all models. Moreover, this chapter addresses
societal barriers and attitudes, particularly in employment and housing, that restrict
opportunities for these individuals. It also explores the transformative potential of
assistive technologies, such as communication devices and smart home systems, as
powerful tools that can significantly enhance independence and overall quality of life
for individuals with neurodevelopmental disorders.

Keywords: neurodevelopmental disorders, independence, assistive technology,
person-centered planning, inclusion

1. Introduction

This chapter introduces a novel dimension of independence taking into consider-
ation that independent living is a fundamental aspect of human dignity and well-
being, particularly for individuals with neurodevelopmental disorders (NDDs). The
concept of independent living encompasses more than just the ability to live alone; it
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involves the capacity to make personal choices, manage one’s own life, and partici-
pate fully in the community. For NDDs—such as autism spectrum disorder (ASD),
attention-deficit hyperactivity disorder (ADHD), intellectual disabilities (ID), and
specific learning disorders achieving a level of independence is both a significant
personal milestone and a broader societal challenge. NDDs encompass a range of
conditions marked by abnormal development of the central nervous system (CNS),
resulting in brain dysfunctions that emerge later in life. These disorders may be
linked to neuropsychiatric issues or difficulties with motor skills, learning, lan-
guage, or non-verbal communication [1]. The impact of these disorders varies
widely among individuals, with some experiencing mild difficulties that require
minimal support, while others face profound challenges that necessitate extensive
assistance throughout their lives [2]. Despite these challenges, the desire for inde-
pendence is a common goal among NDDs. Independence in this context does not
necessarily mean complete autonomy, but rather the ability to live a life that is
self-directed and fulfilling. This includes managing daily tasks such as cooking,
cleaning, and personal hygiene, making decisions about one’s own life, engaging in
social relationships, and participating in the workforce. Independence is understood
as a continuum where individuals achieve autonomy through a dynamic process of
self-determination, personalized assistance, and environmental adjustments, which
allow them to live according to their preferences and fully engage in society. This
flexible and person-centered approach reflects the importance of tailoring interven-
tions to individual strengths and goals. The need for adaptable support systems is
critical, including life skills education, vocational programs, and community-based
services, which help individuals achieve greater autonomy. Achieving such indepen-
dence can significantly enhance the quality of life and contribute to a sense of
self-worth and purpose [3]. However, the path to independent living for NDDs is
often obstructed by a variety of barriers [4]. As noted by Jeste [5], cognitive ability
plays a crucial role in determining the potential of individuals with ID to live
independently. This is closely tied to self-determination, competence, self-esteem,
and self-advocacy [6]. Cognitive impairments can make decision-making and
problem-solving difficult, while social communication challenges can hinder
interactions with others. Health significantly impacts the ability of individuals with
ID to manage their lives with minimal support from others. However, from birth, ID
face challenges, as they may encounter physical and mental health issues, including
cognitive decline [7]. Behavioral issues, such as impulsivity, anxiety, or difficulty in
managing stress, can further complicate daily living. Additionally, sensory process-
ing difficulties can make routine activities, such as shopping or using public trans-
portation, overwhelming and stressful [8]. These challenges underscore the need for
comprehensive support systems designed to help NDDs achieve as much indepen-
dence as possible. Over the past several decades, there has been a growing recogni-
tion of the importance of such support, leading to the development of a wide range
of services and interventions. These include specialized education programs that
focus on life skills training, community-based support services that provide assis-
tance with daily living, and the use of assistive technologies that help individuals
communicate, learn, and manage tasks more effectively [9]. Agarwal [10] high-
lighted that education plays a key role in improving the ability of individuals with ID
to achieve greater freedom and employment opportunities, as it is fundamental to
leading a meaningful life. This involves experiences centered on social inclusion,
skill development, integrated work opportunities, and career training, all of which
contribute to independent living. Academic support and training have shown
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significant improvements in various aspects of independence, such as enhancing
self-advocacy, functional communication, self-determination, daily living skills,
building confidence, and better community engagement [11]. One of the key
strategies in promoting independent living is person-centered planning. This
approach involves tailoring support to the individual’s unique strengths, prefer-
ences, and goals. Rather than focusing solely on the limitations imposed by the
disorder, person-centered planning emphasizes the individual’s capabilities and
potential. This approach not only empowers individuals to take control of their lives
but also ensures that the support they receive is aligned with their personal aspira-
tions and needs [12]. In addition to individualized support, the broader social
context plays a crucial role in enabling independent living. Societal attitudes toward
disability have evolved considerably, with an increasing emphasis on inclusion and
accessibility. This shift has been reflected in policies and legislation designed to
protect the rights of individuals with disabilities and to ensure their access to the
same opportunities as everyone else. For example, the Americans with Disabilities
Act (ADA) [13] in the United States and similar legislation in other countries have
been instrumental in removing barriers and promoting equal opportunities for
individuals with disabilities [14]. Policies and regulations have been recognized as
key elements that can significantly influence the decision for independent living
among individuals with ID [15]. Having a safe and comfortable home equipped with
good facilities, such as convenient access to transportation and services, is essential
for achieving successful independent living for ID [16]. Nevertheless, significant
challenges remain in ensuring that these rights are fully realized in practice. Many
NDDs still face discrimination and exclusion, particularly in areas such as employ-
ment and housing. Furthermore, the transition from childhood to adulthood can be
particularly difficult, as many of the supports that are available during school years
are no longer accessible once an individual reaches adulthood. This gap in services
can make it challenging for individuals to continue progressing toward indepen-
dence [17]. As we look to the future, it is clear that ongoing efforts are needed to
support independent living for NDDs. This includes not only improving existing
services and supports but also continuing to advocate for policies that promote
inclusion and accessibility. Research and innovation will also play a crucial role,
particularly in the development of new technologies and interventions that can
enhance independence. Recently, assistive technology has gained popularity for its
ability to enhance the functioning and independence of individuals with ID, thereby
supporting their well-being and empowerment [18] and increasing the potential to
greatly improve the quality of life for NDDs [19]. Mobile technology and gadgets
have proven to be effective tools for self-prompting, enabling instructions for daily
living skills to be provided in natural settings [20]. Furthermore, technology ensures
equitable access and opportunities for ID to engage in society. According to Bennett
etal. [21], transportation remains one of the most critical and challenging aspects
for ID when it comes to traveling. This chapter will explore the multifaceted nature
of independent living for persons with neurodevelopmental disorders. It will
examine the specific challenges faced by these individuals, the support systems that
have been developed to address these challenges, and the strategies that can be
employed to enhance their independence. Through a comprehensive analysis of both
individual and societal dimensions, the chapter aims to provide a deeper under-
standing of what it means to live independently with a neurodevelopmental disorder
and how various stakeholders can contribute to making this goal a reality for more
individuals.

41



Understanding Developmental Disorders

2. Overview of neurodevelopmental disorders

NDDs represent a broad category of conditions that arise due to atypical develop-
ment and functioning of the brain and central nervous system. NDDs comprise ID;
communication disorders; ASD; attention-deficit/hyperactivity disorder (ADHD);
neurodevelopmental motor disorders, including tic disorders; and specific learning
disorders [22]. Research has suggested that common molecular pathways may explain
the range of clinical symptoms seen in NDDs. As a result, comorbidity of two or more
of these conditions is often observed. For example, a combination of ID, ASD, and
epilepsy is frequently reported in individual patients [23]. These disorders generally
manifest early in childhood, typically before school age, and have a significant impact
on a range of developmental domains including cognitive, motor, language, and social
functioning.

A key feature of neurodevelopmental disorders is that they usually begin in
childhood, before puberty. Unlike many neuropsychiatric conditions, these disorders,
including ADHD, ASD, intellectual disability, and learning and communication
disorders, tend to follow a stable course rather than the fluctuating pattern of remis-
sion and relapse often seen in mood disorders and schizophrenia that emerge after
puberty. These conditions are marked by early-onset neurocognitive impairments and
are more prevalent in males [24]. The clinical variability seen in NDDs is mirrored
by significant genetic diversity, making it difficult to identify a clear genetic cause in
most cases. Unlike Mendelian disorders, which are driven by one or two harmful vari-
ants in a single gene, NDDs are complex conditions influenced by numerous genetic
factors, with environmental elements playing a major role. Only a small portion of
NDDs are linked to straightforward genetic causes. This presents the ongoing chal-
lenge of developing more effective methods to connect specific phenotypes with their
underlying genetic components in NDDs [22]. Moreover, there is significant overlap
between these disorders and their associated symptoms, further justifying the need to
consider them as a related group [25].

The Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition
(DSM-5), provides a comprehensive framework for understanding and classifying
neurodevelopmental disorders. The DSM-5, published by the American Psychiatric
Association in 2013 [8], categorizes neurodevelopmental disorders into several
distinct subtypes, each with specific diagnostic criteria that guide clinicians in diag-
nosing and managing these conditions [8]. ID are defined by significant limitations
in both intellectual functioning, which includes reasoning, learning, and problem-
solving, and adaptive behavior, which encompasses a range of everyday social and
practical skills. Intellectual functioning is typically measured using standardized tests
of intelligence, with disability defined as a score more than two standard deviations
below the population mean. Adaptive behavior is assessed across conceptual, social,
and practical domains, including skills such as communication, social participation,
and independent living. ID originate during the developmental period, and the degree
of impairment can range from mild to profound, affecting the level of supportan
individual may need throughout their life [26]. Other neurodevelopmental disorders
categorized under the DSM-5 include specific learning disorders, which involve
difficulties in specific areas of academic performance, such as reading (dyslexia),
writing, or mathematics (dyscalculia), in the presence of an intelligence quotient
(IQ) that falls within the normal range and which are not better accounted for by
an uncorrected auditory or visual acuity. Communication disorders encompass a
range of deficits affecting language, speech, and communication abilities. Language
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disorders are characterized by persistent difficulties in acquiring and using language,
impacting both verbal and nonverbal forms of communication, and are more com-
monly expressed as issues with articulation rather than comprehension. Speech
sound disorder (SSD) involves challenges in producing speech sounds that are not
appropriate for a child’s developmental level, while social (pragmatic) communica-
tion disorder (SCD) presents difficulties in the social use of language and nonverbal
communication, which can lead to challenges in social interactions and relationships;
childhood-onset fluency disorder (COFD), commonly known as stuttering, is among
the most frequently recognized speech disorders. It is characterized by challenges
in maintaining smooth speech and proper timing patterns. Research indicates that
communication disorders, along with specific learning disorders and developmental
coordination disorders, are among the most common neurodevelopmental condi-
tions. Global prevalence rates for these conditions are estimated to range from 5 to
10% for communication disorders, 5% for specific learning disorders, and 5 to 8% for
developmental coordination disorders [27]. Motor disorders, including developmen-
tal coordination disorder and tic disorders, affect motor skills development and coor-
dination. Developmental coordination disorder (DCD) is characterized by challenges
in gross and fine motor skills; in contrast, tic disorders involve involuntary, repetitive
movements or vocalizations known as tics. Both conditions can significantly impact
an individual’s ability to function effectively in daily life. ADHD is the most common
neurodevelopmental disorder in children. It is characterized by symptoms of inat-
tention, hyperactivity, impulsivity, or a mix of these, which must lead to functional
difficulties in various areas of life, including home and school environments [5]. ASD
is one of the most widely recognized neurodevelopmental disorders. ASD is charac-
terized by persistent deficits in social communication and social interaction across
multiple contexts, along with restricted, repetitive patterns of behavior, interests, or
activities. These symptoms typically emerge in early childhood, often before the age
of three, and vary widely in severity. Some individuals with ASD may have significant
intellectual impairments, while others may possess average or even above-average
intelligence. The spectrum nature of the disorder means that individuals can experi-
ence a wide range of challenges, from difficulties in everyday social interactions to
profound impairments in verbal communication and behavior [8]. Due to this vari-
ability, the support needs of individuals with ASD can differ dramatically, requiring
highly individualized intervention strategies [28].

Each of these disorders, while distinct, shares a common origin in the disruption
of typical brain development and function, leading to impairments that can have a
profound impact on the individual’s ability to navigate daily life [8]. The prevalence
of neurodevelopmental disorders has been steadily increasing over the past several
decades, a trend that has significant implications for public health, education sys-
tems, and social services worldwide. The rise in diagnosis rates can be attributed to
a combination of factors, including greater awareness, improved diagnostic criteria,
and potential environmental and genetic influences that are not yet fully understood
[29]. ASD, for example, has seen a dramatic increase in prevalence rates. According
to the Centres for Disease Control and Prevention (CDC), the prevalence of ASD in
the United States has risen to approximately 1 in 54 children as of 2020, compared to
1in 150 children in 2000 [30]. This increase reflects not only improved diagnostic
practices but also a broader recognition of the spectrum nature of autism, which
includes individuals with a wide range of abilities and challenges. The growing
number of individuals diagnosed with ASD highlights the need for expanded services
and supports to accommodate this population, from early intervention programs to
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adult services that promote independent living. ADHD is similarly prevalent, with
estimates suggesting that approximately 5% of children worldwide are diagnosed
with the disorder [31]. ID affects an estimated 1-3% of the global population, with
variations in prevalence rates depending on the criteria and methods used for diagno-
sis [32] with greater prevalence in developing countries, likely due to a higher number
of births and limited availability of adequate healthcare services [27]. The impact
of these disorders on individuals and their families is profound, as these conditions
often require lifelong support and intervention. Individuals with NDDs are at a higher
risk for a range of health problems, including mental health disorders, and may face
significant barriers to accessing education, employment, and social inclusion.

These disorders often present with a range of cognitive, behavioral, social, and
sensory challenges that interfere with an individual’s ability to function indepen-
dently in everyday life:

* Cognitive challenges: Neurodevelopmental disorders, such as specific learn-
ing disabilities, autism spectrum disorder, and attention-deficit/hyperactivity
disorder (ADHD), often share a key characteristic: They are commonly linked to
impairments in domain-general cognitive functions like attention, memory, and
executive functioning [33]. These cognitive deficits are believed to contribute to
the various functional challenges experienced by children with these disorders,
including academic struggles, behavioral issues, and social isolation. These chal-
lenges may include difficulties with attention, executive functioning, memory,
and intellectual abilities. For example, children with ADHD often struggle
with sustaining attention, organizing tasks, and following through on instruc-
tions, which can hinder academic performance and daily task completion [34].
Similarly, individuals with intellectual disability may have limited intellectual
functioning, affecting their capacity to understand complex concepts, make
decisions, and engage in abstract thinking [26]. These cognitive impairments
can lead to significant difficulties in achieving educational goals, maintaining
employment, and managing daily responsibilities.

* Behavioural challenges: Behavioural disorders, also known as behavioural chal-
lenges, are another critical aspect of neurodevelopmental disorders, often mani-
festing as hyperactivity, impulsivity, repetitive behaviours, and self-injurious
actions, as well as auto- and hetero-aggressive behaviours. In individuals with
ASD, repetitive behaviours and insistence on sameness can disrupt daily routines
and create challenges in adapting to new environments or changes in routine [8].
Additionally, aggression, tantrums, and noncompliance are common behavioural
issues in children with neurodevelopmental disorders, which can strain family
dynamics and hinder social interacions [35]. Behavioural interventions are often
necessary to manage these behaviours and improve the individual’s ability to
function in various settings.

* Social interaction difficulties: Social interaction difficulties are a hallmark of
many neurodevelopmental disorders, particularly ASD. Individuals with these
disorders often struggle with understanding social cues, engaging in reciprocal
communication, and forming relationships. For example, individuals with ASD
may have difficulty interpreting facial expressions, body language, and tone
of voice, leading to challenges in building and maintaining social connections
[36]. These social deficits can result in social isolation, difficulties in forming
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friendships, and challenges in participating in group activities. Moreover, social
interaction difficulties can contribute to anxiety, depression, and other mental
health issues, further complicating daily living and overall well-being [37].

* Sensory processing issues: Sensory processing issues are prevalent in NDDs,
affecting how they perceive and respond to sensory stimuli. Sensory processing
difficulties can manifest as hypersensitivity or hyposensitivity to sensory input,
such as noise, light, touch, and movement. For instance, individuals with ASD
may exhibit extreme sensitivity to sounds, textures, or lights, leading to discom-
fort, distress, or avoidance behaviors [38]. These sensory challenges can interfere
with daily activities, such as dressing, eating, and participating in social events,
as well as impact the individual’s ability to function in environments like school
or the workplace. Sensory processing issues often require specialized interven-
tions, such as occupational therapy, to help individuals manage their sensory
responses and improve their participation in daily life [39].

Even though NDDs may experience changes as individuals mature, leading to
potential improvements over time, the overall progression of these disorders generally
remains stable. As a result, it is common for these conditions to persist into adult-
hood, and individuals may also develop new, concurrent issues [27]. The early onset
and the persistent nature of these disorders throughout an individual’s lifespan make
them particularly challenging, not only for the individuals affected but also for their
families, caregivers, and the broader community. NDDs represent a significant public
health concern, affecting more than 3% of children globally [40]. The societal costs
associated with these conditions are substantial, encompassing direct costs such as
healthcare and special education services, as well as indirect costs related to lost pro-
ductivity and the need for long-term care [32, 40]. The societal impact of neurode-
velopmental disorders extends beyond the individuals and families directly affected.
These conditions place a considerable burden on public health systems, educational
institutions, and social services [41]. The need for specialized educational programs,
early intervention services, and long-term care creates significant economic demands.
For example, the lifetime cost of supporting an individual with ASD in the United
States is estimated to be between $1.4 million and $2.4 million, depending on the
level of intellectual disability [15]. This economic burden is shared by families, who
often face significant out-of-pocket expenses, as well as by society, which bears the
costs of providing necessary services and support. Furthermore, neurodevelopmental
disorders have implications for social policy and advocacy. As the prevalence of these
disorders continues to rise, there is an increasing need for policies that promote inclu-
sion, accessibility, and the rights of individuals with disabilities [41]. This includes
ensuring that NDDs have access to appropriate educational opportunities, healthcare
services, and employment options, as well as supporting their transition to indepen-
dent living [14]. The growing recognition of the importance of these issues has led to
significant advances in legislation and policy, such as the Americans with Disabilities
Act (ADA) [13] in the United States that seeks to protect the rights of individuals with
disabilities and promote their full participation in society [16]. In summary, the rising
prevalence of neurodevelopmental disorders and their significant societal impact
underscore the importance of continued research, advocacy, and the development of
effective interventions. As our understanding of these disorders grows, so too must
our commitment to supporting NDDs in achieving their full potential and leading
fulfilling, independent lives.
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3. The independent living concept in the neurodevelopmental
disorder field

Independence is a central concept in the philosophy of independent living, par-
ticularly for individuals with disabilities. It refers to the capacity to make choices and
decisions about one’s own life, to control one’s environment, and to participate fully
in society without unnecessary reliance on others [42]. Independence, in this con-
text, is not an absolute state but rather exists on a continuum that ranges from total
dependence to complete independence [43, 44]. This continuum acknowledges that
while complete independence may be an ideal, in reality, every individual, regardless
of their abilities, experiences varying degrees of dependence and interdependence
throughout their lives [21]. The concept of independence is deeply tied to the broader
goals of self-determination and autonomy. It encompasses a wide range of behaviors
and skills that enable individuals to manage their daily lives, make informed deci-
sions, and engage in meaningful activities. These skills include everything from basic
self-care and household management to more complex tasks such as financial man-
agement, employment, and social participation. The degree of independence that an
individual can achieve is influenced by various factors, including personal capabili-
ties, available support, and environmental barriers [43, 44]. In the realm of disability
studies and advocacy, independence is not merely about physical or functional
autonomy but also about the ability to exert control over one’s life and to live accord-
ing to one’s values and preferences [42]. This perspective challenges the traditional
medical model of disability, which often focuses on deficits and the need for care,
and instead promotes a social model that emphasizes removing societal barriers and
providing the necessary support to enable independence [45].

3.1 Historical perspective on independent living for persons with disabilities

The independent living movement has its roots in the broader civil rights move-
ments of the 1960s and 1970s. During this time, there was a significant shift away
from the institutionalization of people with disabilities, which had been the dominant
approach for much of the twentieth century. Institutionalization often involved
isolating individuals with disabilities in large, segregated facilities where they had
little control over their lives and few opportunities for personal growth or social
participation [45]. In response to these conditions, disability activists, many of
whom were individuals with disabilities themselves, began to advocate for the right
to live independently in the community. This advocacy led to the development of
the independent living philosophy, which asserts that people with disabilities should
have the same opportunities as others to live in their communities, make their own
decisions, and participate fully in all aspects of life [46, 47]. One of the key milestones
in the history of the independent living movement was the establishment of the first
Centre for Independent Living (CIL) in Berkeley, California, in 1972. Founded by Ed
Roberts, a disability rights advocate who had experienced firsthand the challenges of
navigating life with a disability, the Berkeley CIL provided a model for other centers
across the United States and around the world. These centers offered a range of
services, including peer support, advocacy, and assistance with accessing community
resources, all aimed at empowering individuals with disabilities to live independently
[48]. The movement gained further momentum with the passage of the Americans
with Disabilities Act (ADA) [13] in 1990, which provided legal protections against
discrimination and ensured greater access to public spaces, services, and employment
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opportunities for people with disabilities. The ADA marked a significant victory for
the independent living movement, enshrining the principles of independence and
inclusion into law. Internationally, the United Nations Convention on the Rights of
Persons with Disabilities (CRPD) [49], adopted in 2006, further solidified the right to
independent living as a fundamental human right. The CRPD called for the inclusion
of people with disabilities in all aspects of society and emphasized the importance of
providing the necessary support to enable them to live independently in their com-
munities. The right to independent living (IL) for individuals with ID is explicitly
affirmed in Article 19 of the Convention on the Rights of Persons with Disabilities
(CRPD) [49], which guarantees the right to choose where and with whom to live. This
implies that individuals must be able to exercise their autonomy, with society provid-
ing the necessary support to make this possible. At its core, IL emphasizes the right of
everyone to have equal opportunities for choice, decision-making, and freedom [50].
The principles of IL uphold the right of every individual to control their own life,

live with dignity, and fully participate in society as any other citizen. People should
be empowered to take charge of their own journey toward independent living. This
global recognition has influenced policies and practices in many countries, leading to
a continued shift away from institutional care toward community-based living and
independent living programs [51].

3.2 The role of supports in achieving independence

While independence is a central goal of the independent living movement, it is
important to recognize that achieving and maintaining independence often requires
support. Support can take many forms, including personal assistance services,
adaptive technologies, and modifications to the physical environment. These sup-
ports are essential for enabling individuals with disabilities to perform daily tasks,
manage their lives, and participate in their communities. Personal assistance services,
for example, can help individuals with disabilities with tasks such as bathing, dress-
ing, and eating, allowing them to live in their own homes rather than in institutions.
Adaptive technologies, such as mobility aids, communication devices, and environ-
mental controls, can empower individuals to interact with their environment more
effectively and independently. Environmental modifications, such as ramps, acces-
sible bathrooms, and universal design principles, can remove physical barriers that
might otherwise limit a person’s ability to live independently [52]. Moreover, the con-
cept of interdependence is crucial in understanding the dynamics of independence.
Interdependence acknowledges that all individuals, regardless of ability, rely on
others in various ways throughout their lives. This reliance is not a sign of weakness
or failure to achieve independence but rather a natural part of the human experience.
Recognizing interdependence helps to reframe independence not as an all-or-nothing
state but as a process of maximizing personal autonomy while also acknowledging the
role of support and relationships in achieving one’s goals [21].

3.3 The importance of independence and social inclusion in enhancing quality
of life

The emphasis on independence in the independent living philosophy is closely tied
to the broader goal of enhancing the quality of life for individuals with disabilities.
Several research studies have revealed that gaining independence and having the abil-
ity to manage their own lives and disabilities greatly enhances the quality of life for
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people with disabilities [53]. Independence allows individuals to have greater control
over their lives, make decisions that reflect their values and preferences, and engage
in activities that are meaningful to them. This autonomy is critical for psychological
well-being, as it contributes to a sense of self-efficacy, personal dignity, and fulfill-
ment [47]. Social inclusion is another key component of the independent living phi-
losophy. Inclusion refers to the full participation of individuals with disabilities in all
aspects of community life, including education, employment, recreation, and social
activities [54]. Social inclusion is essential for breaking down the barriers of isola-
tion and discrimination that have historically marginalized people with disabilities.

It promotes a sense of belonging and ensures that individuals with disabilities have
the same opportunities to contribute to and benefit from their communities as others
[55]. The relationship between independence and social inclusion is reciprocal. While
independence empowers individuals to participate in their communities, social inclu-
sion provides the context in which independence can be fully realized. For example,
accessible public transportation allows individuals to travel independently, while
inclusive workplaces provide opportunities for meaningful employment. Together,
independence and inclusion create a foundation for a higher quality of life, enabling
individuals with disabilities to lead fulfilling and self-directed lives [51]. Despite the
progress made in promoting independent living, there remain significant challenges
in achieving full independence and inclusion for all individuals with disabilities,
particularly those with ID and autism. Research on the independence of these popula-
tions is still limited, with most studies focusing on specific skills and involving small
sample sizes. The outcome measures used in these studies are often narrow, limiting
the generalizability of the findings [56, 57]. Moreover, while there are tools avail-
able to assess adaptive functioning and functional abilities, there is a notable lack of
validated instruments specifically designed to evaluate independent living skills on a
broad scale. Such tools are crucial for developing personalized programs that support
independence by providing detailed information on an individual’s abilities, potential
barriers, and support needs [58]. Without accurate and comprehensive assessments, it
is difficult to design interventions that effectively promote independence and ensure
that individuals can achieve the highest possible level of autonomy. To address these
challenges, future research should focus on developing and validating tools that can
assess independent living skills across a wide range of contexts and populations.
Additionally, there is a need for longitudinal studies that examine the long-term
outcomes of independent living programs, particularly in terms of quality of life,
social inclusion, and psychological well-being. By expanding the research base, it will
be possible to create more effective and individualized supports that can help people
with disabilities achieve their full potential for independence and inclusion [59]. In
conclusion, the concept of independence is at the heart of the independent living
philosophy, which seeks to empower individuals with disabilities to lead self-directed
lives and participate fully in society. Independence is not an absolute state but exists
on a continuum, with varying degrees of dependence and interdependence being a
natural part of the human experience. The independent living movement has made
significant strides in promoting the rights of people with disabilities to live inde-
pendently and be included in their communities, but there is still work to be done.
Achieving true independence requires not only the removal of societal barriers but
also the provision of appropriate supports that enable individuals to exercise auton-
omy and control over their lives. As research continues to advance, there is a need for
more comprehensive tools and studies to better understand the factors that contribute
to independence and to develop interventions that can enhance the quality of life for
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people with disabilities. Ultimately, by embracing the principles of independence and
social inclusion, society can create an environment where all individuals, regardless
of ability, can thrive and contribute to the richness of the human experience.

4. Challenges to independent living for persons with intellectual
disabilities

Independent living for individuals with ID represents an important goal in foster-
ing autonomy and improving quality of life. Achieving this level of independence,
however, is fraught with a range of challenges that span cognitive, social, behavioral,
and sensory domains. This chapter explores these challenges in depth, highlighting
the barriers that individuals with ID face and the implications for their ability to live
independently.

4.1 Cognitive and learning challenges

Cognitive challenges are a defining feature of ID and significantly impact an
individual’s capacity for independent living. One of the primary cognitive challenges
is in decision-making and problem-solving. Individuals with ID often exhibit difficul-
ties in evaluating situations, considering the potential consequences of their actions,
and making informed decisions [60]. This can manifest in everyday tasks, such as
budgeting, where individuals may struggle to prioritize expenses or save for future
needs. Similarly, meal planning can become a complex task due to difficulties in
selecting appropriate ingredients, balancing nutrition, and managing cooking times.
Navigating public transportation is another example, where understanding routes,
schedules, and payment methods can be overwhelming, leading to anxiety and
avoidance of these essential activities. Memory and information processing are also
significantly impaired in individuals with ID. Short-term memory deficits can lead to
challenges in retaining important information, such as daily schedules, medication
routines, or instructions for using household appliances [61]. These memory issues
can result in missed appointments, improper use of medications, or an inability to
complete daily tasks effectively. Furthermore, individuals with ID often process
information more slowly, which can affect their ability to learn new skills, adapt to
changes, or respond to emergency situations [47]. The need for repeated instructions
and extended time for task completion can contribute to frustration and a sense of
dependency, further complicating the goal of independent living. These cognitive
and learning challenges necessitate tailored support strategies, such as the use of
visual aids, step-by-step instructions, and frequent repetition to reinforce learning.
Cognitive behavioral therapy (CBT) and other structured interventions can also help
individuals develop better decision-making and problem-solving skills, enhancing
their ability to manage daily life independently [62].

4.2 Social and communication barriers

Social interaction is a critical component of independent living, yet individuals
with ID often face significant barriers in this area. Social anxiety and isolation are
common among individuals with ID, largely due to difficulties in understanding and
interpreting social cues [63]. These individuals may struggle with recognizing facial
expressions, interpreting body language, or understanding the tone of voice, which
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are all crucial for effective communication. As a result, they may misinterpret social
situations, leading to misunderstandings and conflicts. For example, a person with
ID might perceive neutral feedback as criticism or fail to recognize when someone

is being sarcastic, leading to confusion and hurt feelings. The difficulties in social
communication often result in social withdrawal, as individuals with ID may choose
to avoid interactions altogether rather than risk negative experiences. This isolation
can exacerbate feelings of loneliness, depression, and low self-esteem, which are
already prevalent in this population [64]. Social isolation can also limit opportunities
for learning and practicing social skills, creating a vicious cycle where a lack of social
interaction further impedes the development of these essential skills. In addition

to social anxiety, individuals with ID often struggle with making and maintaining
friendships. The challenges in understanding social norms and expectations can make
it difficult to engage in reciprocal relationships. For instance, they may have trouble
initiating conversations, maintaining eye contact, or participating in group activities.
These social difficulties can lead to exclusion from social groups, further reinforcing
feelings of isolation. Communication barriers extend beyond social interactions to
include difficulties with both expressive and receptive language. Individuals with ID
may have limited vocabulary or struggle with forming coherent sentences, which can
make it challenging to express their needs and desires [65]. This can lead to frustra-
tion and behavioral issues, as individuals may resort to inappropriate behaviors to
communicate when they feel misunderstood. On the other hand, receptive language
difficulties can make it hard for individuals to follow instructions, understand

rules, or process complex information. This can affect their ability to navigate social
situations, follow directions from caregivers, or understand public announcements,
such as safety instructions on public transportation. To address these barriers,
interventions such as social skills training, speech therapy, and the use of assistive
communication devices can be highly effective. These tools can help individuals with
ID develop better communication skills, enhance their social interactions, and reduce
feelings of isolation, thereby supporting their efforts to live independently.

4.3 Behavioral and emotional regulation

Behavioral and emotional regulation is crucial for the successful management of
daily life, but many individuals with ID experience significant challenges in these
areas. Managing stress and anxiety is particularly difficult for this population, as
they may lack the coping mechanisms necessary to deal with everyday stressors
[35]. Individuals with ID often experience heightened levels of anxiety in response
to changes in routine, unfamiliar environments, or social interactions. This anxiety
can manifest in various ways, such as agitation, withdrawal, or even aggression. For
example, an unexpected change in their daily schedule might trigger a severe anxiety
response, leading to a meltdown or refusal to participate in activities. Impulsivity and
hyperactivity are also common behavioral issues in individuals with ID, particularly
those with comorbid conditions such as attention-deficit/hyperactivity disorder
(ADHD) [66]. These behaviors can interfere with an individual’s ability to focus on
tasks, follow through with plans, or adhere to social norms. Impulsivity might lead
to rash decisions, such as spending money on unnecessary items or engaging in risky
behaviors without considering the consequences. Hyperactivity, on the other hand,
can make it difficult for individuals to sit still, concentrate on tasks, or engage in
activities that require sustained attention, such as reading or attending appointments.
Emotional dysregulation can further complicate efforts to live independently. Many

50



Independent Living for Persons with Neurodevelopmental Disorders
DOI: http://dx.doi.org/10.5772/intechopen.1008380

individuals with ID struggle with identifying and expressing their emotions appro-
priately, leading to difficulties in managing anger, frustration, or sadness [63]. This
emotional instability can result in outbursts, self-harm, or withdrawal, which can
strain relationships with caregivers, peers, and community members. Moreover, the
inability to regulate emotions effectively can make it challenging to maintain employ-
ment, adhere to daily routines, or engage in social activities, all of which are essential
components of independent living. Addressing these behavioral and emotional
challenges often requires a multifaceted approach. Behavioral interventions, such as
applied behavior analysis (ABA), can help individuals develop better self-regulation
skills by reinforcing positive behaviors and reducing maladaptive ones. Additionally,
therapeutic approaches, such as cognitive-behavioral therapy (CBT) and mindfulness
training, can teach individuals coping strategies for managing anxiety and stress,
improving their overall emotional well-being. Medication may also be prescribed in
some cases to manage symptoms of hyperactivity, impulsivity, or anxiety, though this
should be part of a broader, individualized treatment plan.

4.4 Sensory processing issues

Sensory processing issues are another significant barrier to independent living
for individuals with ID. Sensory processing refers to the way the nervous system
receives and interprets sensory information from the environment, such as sights,
sounds, smells, tastes, and touch [67]. Many individuals with ID experience either
hypersensitivity (over-responsiveness) or hyposensitivity (under-responsiveness)
to sensory stimuli, which can interfere with their ability to perform daily tasks and
participate in social activities. Hypersensitivity can make certain environments or
activities overwhelming for individuals with ID. For example, loud noises, bright
lights, or crowded spaces might be intolerable, leading to anxiety, distress, or avoid-
ance behaviors. This hypersensitivity can make it difficult for individuals to engage in
everyday activities such as grocery shopping, attending social events, or even using
public transportation. In some cases, hypersensitivity to touch might make tasks like
dressing or grooming uncomfortable, leading to challenges in maintaining personal
hygiene. Conversely, hyposensitivity can result in a lack of awareness or response to
sensory stimuli that others might find uncomfortable or even painful. Individuals
with hyposensitivity might not notice when they are too cold or too hot, leading to
inappropriate clothing choices. They might also have a high tolerance for pain, which
can be dangerous if it leads to injuries going unnoticed and untreated. Additionally,
hyposensitivity can affect proprioception (the sense of body position), making it dif-
ficult for individuals to navigate spaces, perform coordinated movements, or engage
in fine motor tasks such as cooking or writing. Sensory processing issues can also
impact sleep, which is essential for overall health and well-being. Individuals with ID
might experience difficulties falling asleep or staying asleep due to sensory sensitivi-
ties, such as being disturbed by minor noises or changes in temperature. Poor sleep
can exacerbate other challenges, such as cognitive impairments, emotional dysregu-
lation, and behavioral issues, further complicating efforts to achieve independent
living.

To address sensory processing challenges, occupational therapy (OT) can be
highly beneficial. OT interventions often include sensory integration therapy,
which helps individuals develop a more balanced response to sensory stimuli.
Environmental modifications, such as creating sensory-friendly living spaces with
dim lighting, soundproofing, or weighted blankets, can also help individuals manage
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sensory sensitivities. Additionally, sensory diets—planned activities that provide the
sensory input individuals need—can help regulate their sensory systems, improving
their ability to function independently.

5. Support systems for independent living

The ability of NDDs to live independently is greatly influenced by the availability
and effectiveness of various support systems. These systems, which include family
and caregiver involvement, educational support, community-based services, and
assistive technology, are crucial for promoting autonomy and improving quality of
life. This chapter provides an in-depth exploration of these support mechanisms,
highlighting their roles in fostering independent living for individuals with ID.

5.1 Educational support: Importance of individualized education programs (IEPs)

Education is a critical component of preparing individuals with ID for inde-
pendent living, and individualized education programs (IEPs) are central to this
process. IEPs are customized educational plans that address the specific academic
and functional needs of students with disabilities [68]. These plans are developed
collaboratively by educators, parents, and specialists, ensuring that the student
receives the support necessary to succeed academically and develop essential life
skills [68]. IEPs play a pivotal role in ensuring that students with ID are equipped
with the tools they need for independent living. Beyond academic goals, IEPs often
include objectives related to daily living skills, such as personal care, money manage-
ment, and social interaction. These skills are crucial for helping students transition
from the structured environment of school to the more independent setting of adult
life [69]. Moreover, the legal framework provided by the Individuals with Disabilities
Education Act (IDEA) ensures that schools are obligated to provide these tailored
services, thus reinforcing the importance of education in promoting independence
[70]. Life skills training is an integral component of educational support for indi-
viduals with ID. This training provides students with practical skills that are directly
applicable to everyday life, including cooking, budgeting, personal hygiene, and
communication. Educational programs that incorporate life skills training into their
curriculum play a crucial role in preparing students for the challenges of independent
living [71]. The three key areas of daily living skills (DLS), as outlined by Sparrow
etal. [72], include personal skills (like brushing teeth, showering, taking medication,
and managing one’s health), domestic skills (such as cleaning, cooking, and doing
laundry), and community skills (like managing time, budgeting, and securing and
maintaining a job). Developing DLS usually involves receiving instruction, practic-
ing, and getting feedback from others before achieving independence. Mastery of
DLS is crucial for reaching adult milestones, such as managing college courses, hold-
ing a job, and living independently. For instance, skills like washing work uniforms,
showering, keeping track of a work schedule, and arranging transportation are
necessary for holding part-time or full-time employment [73]. Life skills training
is typically delivered through a combination of classroom instruction, hands-on
practice, and real-world experiences. For example, students may learn cooking
techniques in a classroom setting and then apply these skills in a kitchen environ-
ment, with the support of instructors. This approach not only reinforces learning but
also builds confidence as students successfully complete tasks on their own [73, 74].
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Additionally, life skills training often includes community-based experiences, such
as shopping or using public transportation, which are essential for achieving inde-
pendence in adult life [75]. The transition from school to adult life is a particularly
critical period, and life skills training during this time is essential for ensuring that
individuals with ID are prepared for the responsibilities of independent living.
Programs that focus on transition planning, including job training, independent liv-
ing skills, and community integration, are vital for helping students make a success-
ful transition to adulthood [75].

6. Community-based support services

Community-based support services are fundamental to enabling independent
living for individuals with ID. Supported living arrangements are a key compo-
nent of these services, offering individuals the opportunity to live independently
while receiving the support they need [73]. These arrangements can vary widely,
from shared housing with other individuals with disabilities to independent
apartments with visiting support staff, or living in a family home with assistance
from caregivers [46]. Supported living is designed to promote autonomy by
allowing individuals to make decisions about their daily lives while having access
to support when necessary. This model encourages the development of self-care
skills and decision-making abilities, as individuals are responsible for managing
their household, finances, and personal care, with support provided based on
their level of need [76]. Research has shown that individuals in supported living
arrangements experience higher levels of satisfaction with their living situation
and demonstrate improved social and life skills compared to those in more restric-
tive settings [52]. The success of supported living arrangements often depends
on the quality of the support provided [77]. Effective support includes not only
assistance with daily tasks but also opportunities for socialization, community
participation, and personal growth. Programs that emphasize the development
of social networks and community ties are particularly successful in promoting
long-term independence and quality of life [46].

6.1 Community integration programs

Community integration programs are another crucial aspect of community-based
support services. These programs are designed to facilitate the full participation of
individuals with ID in their communities by providing opportunities for socialization,
recreation, and employment. Integration into the community is essential for reducing
social isolation and fostering a sense of belonging, which are important for indepen-
dent living [78]. Community integration programs may include a variety of activities,
such as social clubs, sports teams, volunteer opportunities, and cultural events. These
activities provide individuals with ID the chance to interact with others, develop
social skills, and build relationships. Furthermore, these programs often include sup-
port for accessing public services, such as transportation, healthcare, and education,
which are essential for independent living [79]. Effective community integration also
involves addressing barriers to participation, such as physical accessibility, transpor-
tation, and social stigma. Programs that proactively work to remove these barriers
and provide inclusive opportunities are crucial for enabling individuals with ID to live
independently and fully participate in society [80].
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6.2 Vocational training and employment support

Vocational training and employment support are key components of com-
munity-based services that promote independent living. Employment provides
individuals with ID not only with financial independence but also with a sense
of purpose, self-esteem, and social connection. Vocational training programs are
designed to equip individuals with the skills necessary to obtain and maintain
employment, whether in supported or competitive work environments [75]. These
programs often include job coaching, on-the-job training, and ongoing support
to ensure that individuals with ID can succeed in the workplace. Additionally,
employment support services assist with job placement, helping individuals
find positions that match their skills, interests, and abilities. The availability of
vocational training and employment support is critical for enhancing the inde-
pendence and quality of life of individuals with ID [81]. The employment rates
and labor force participation of individuals with intellectual and developmental
disabilities (IDD) present significant challenges across various national contexts.
Research indicates a lack of common definitions and metrics in studies, compli-
cating comparisons of outcomes [82]. The criteria for identifying this population
often vary widely, with many studies suffering from inadequate characteriza-
tion of participants regarding comorbidities and ability levels. Disability status
is frequently self-reported rather than clinically confirmed, which affects the
accuracy of employment data [83]. Common terminology, including “intellectual
disability,” “developmental disability,” and “autism,” often lacks clarity, blurring
distinctions between clinical diagnoses and functional profiles. Additionally,
employment outcomes are conceptualized differently across countries, particu-
larly where segregated work environments, such as sheltered workshops, exist,
leading to inflated statistics on employment rates. Francescutti et al. [84] high-
light that individuals with IDD face lower employment rates compared to other
disability groups. Their work underscores the impact of co-occurring intellectual
and psychiatric disorders on employment outcomes, emphasizing the need for
contextual factors to be considered in understanding labor market participation.
For example, their analysis points out that only 24.1% of Canadians with devel-
opmental disabilities were employed, with even lower rates for those with autism
[85]. In the United States, only 27.8% of adults with developmental disabilities
were employed at any time, and their earnings were typically much lower than
those of their non-disabled peers. Furthermore, the presence of co-occurring
conditions, such as mental health disorders, complicates employment prospects.
Research has shown that individuals with both ID and psychiatric conditions
encounter additional barriers, resulting in even lower rates of labor force par-
ticipation [84]. This evidence emphasizes the necessity for tailored employment
support programs that consider the unique needs of individuals with IDD, aiming
to foster greater inclusivity and improve overall employment outcomes.

6.3 Role of family and caregivers

Individuals with ID and their families can contribute to promoting indepen-
dent living (IL). The transition from a welfare model to a community-based one
requires a change in the role of families, who need to support the path to autonomy
for people with ID [50]. Family support is often the bedrock upon which the lives
of individuals with ID are built. Families provide not only practical assistance
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but also emotional and psychological support, which is essential for the develop-
ment of independence. Family members frequently act as advocates, ensuring

that individuals with ID have access to necessary services and opportunities that
promote autonomy [86]. The involvement of families is particularly crucial during
transitional periods, such as moving from school to adult life, where the focus shifts
toward independent living. However, families often find this process complex and
stressful, and they are concerned that the available options are not adequate [50].
Research has consistently demonstrated that individuals with strong family support
systems exhibit better outcomes in terms of social integration, life skills develop-
ment, and overall well-being [70]. The transition to adulthood is a critical time
when the role of the family often expands to include helping the individual navigate
complex systems, such as healthcare, housing, and employment. Families that
actively engage in planning and preparation during this phase are instrumental in
ensuring a smoother transition to independent living [87]. However, the demands
on families can be intense, leading to stress and potential burnout. Therefore, access
to respite care and external support services is crucial to sustaining family involve-
ment over the long term [88]. Additionally, training programs designed to enhance
the skills of family members in supporting independence can be highly beneficial.
These programs equip families with strategies to encourage self-reliance while
providing the necessary support [89]. Caregivers, whether they are family members
or professionals, are essential in fostering independence among individuals with ID.
They provide direct support in daily activities, such as personal care, meal prepara-
tion, and medication management, while also encouraging the development of life
skills that are critical for independent living [90]. The approach that caregivers take
can significantly impact the individual’s ability to live independently. A person-cen-
tered approach, which focuses on the strengths and preferences of the individual, is
particularly effective in promoting autonomy [89]. Professional caregivers are often
trained to use specific techniques that help individuals with ID develop and main-
tain independence. These techniques might include using visual schedules, breaking
tasks into manageable steps, and providing consistent routines that foster a sense

of control and confidence in the individual [90]. The relationship between the
caregiver and the individual is also crucial; a relationship based on trust and mutual
respect can greatly enhance the individual’s confidence and willingness to take on
new challenges [90]. Furthermore, the concept of “dignity of risk” is increasingly
recognized in caregiving practices. This concept involves allowing individuals with
ID to take reasonable risks as part of their growth toward independence rather

than overprotecting them. While safety is always a concern, allowing individuals to
make decisions, even if they might fail, is essential for building self-confidence and
problem-solving skills [91]. However, the low expectations of families and profes-
sionals regarding the success of these paths often lead them to make decisions on
behalf of individuals with ID, limiting their ability to express their own desires. The
lack of communicative support and adequate information are further obstacles that
prevent people with ID from taking control of their own lives [50]. Experts note
that professionals are concerned about the risks associated with individuals with

ID living independently, despite some authors, like Hawkins et al. [92], arguing
that risk is a necessary aspect of services. Additionally, professionals tend to have
low expectations about the ability of people with ID to create and follow through

on plans for independent living. This combination of low expectations and risk
aversion can lead to a preference for institutional settings and for professionals and
organizations to take over decision-making.
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6.4 Use of technology to aid communication, daily living, and learning

Assistive technology plays a pivotal role in supporting individuals with ID in their
pursuit of independent living. These technologies range from simple tools that aid in
daily living tasks to sophisticated devices and software that enhance communication,
learning, and mobility [93]. The use of assistive technology can significantly improve
the quality of life for individuals with ID by enabling them to perform tasks indepen-
dently, communicate more effectively, and participate more fully in educational and
community settings [94]. For individuals with communication difficulties, assistive
technology can provide vital support. Augmentative and alternative communication
(AAC) devices, for example, allow individuals to express themselves and interact
with others more easily. These devices range from simple picture boards to complex
speech-generating devices that can be customized to the user’ specific needs [95].
The use of AAC devices has been shown to improve communication outcomes and
social participation for individuals with ID [96]. In educational settings, assistive
technology can facilitate learning by providing students with tools that accommodate
their specific needs. For example, software programs that offer text-to-speech, voice
recognition, or visual aids can help students with ID engage with academic content
more effectively. These technologies can also be used to teach life skills, such as money
management or cooking, through interactive and accessible formats [97]. Assistive
technology also supports independent living by aiding in daily tasks. Devices such as
medication reminders, automated home systems, and adaptive cooking tools enable
individuals with ID to manage their daily routines with greater independence [98].
These tools not only enhance independence but also provide a sense of control and
confidence in one’s ability to manage life’s challenges. The range of assistive devices
and software available for individuals with ID is vast and continues to grow as tech-
nology advances. Some commonly used devices include the following:

* Communication devices: Speech-generating devices, such as Dynavox or iPads
with communication apps, enable individuals with speech impairments to
express themselves and interact with others.

¢ Daily living aids: Tools such as adaptive utensils, dressing aids, and medication
dispensers help individuals perform daily tasks independently.

* Learning tools: Educational software, such as Clicker 7 or Boardmaker, offers
visual and interactive learning opportunities that cater to the needs of students
with ID.

* Mobility aids: Devices such as adapted bicycles, walkers, and wheelchair-accessi-
ble technology allow individuals with physical disabilities to move around more
freely and safely.

* Environmental control systems: Smart home technologies, including voice-
activated lights, thermostats, and security systems, provide individuals with ID

greater control over their living environment.

The effectiveness of these technologies depends on their proper use and the
support provided to individuals in learning how to use them. Training and ongoing
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support are essential to ensure that individuals can maximize the benefits of these
devices and incorporate them into their daily lives [98]. In conclusion, assistive tech-
nology is a powerful tool that can significantly enhance the independence and quality
of life for individuals with ID. By providing support in communication, daily living,
and learning, these technologies enable individuals to participate more fully in society
and achieve their goals of independent living.

7. Strategies for promoting independent living

Promoting independent living for individuals with ID involves a multi-dimen-
sional approach that includes person-centered planning, life skills training, behavioral
interventions, social skills development, employment and vocational training, and
appropriate housing options. This section delves into these strategies in detail, pro-
viding a comprehensive overview of how they contribute to enhancing the autonomy
and quality of life for individuals with ID.

7.1 Person-centered planning

Person-centered planning (PCP) is a core strategy for supporting individuals
with ID in achieving independent living. PCP focuses on aligning support services
with the individual’s personal goals, preferences, and values rather than applying
a uniform set of interventions. This approach ensures that the individual’s voice is
central to the planning process, leading to support strategies that are both mean-
ingful and effective [99]. By fostering active participation in decision-making,
PCP enhances engagement and satisfaction, contributing to better overall out-
comes for individuals with ID [80]. Before setting goals, it is essential to conduct
a thorough assessment to identify the individual’s needs, preferences, and quality
of life. Assessments should focus on various dimensions, including functional
abilities, social participation, and personal aspirations. The Quality of Life and
Support Needs Model provides a comprehensive framework for evaluating these
aspects, emphasizing the importance of both subjective and objective measures
[9]. One valuable assessment tool in this context is the Adult Independent Living
Measurement Scales (AILMS), which evaluates individuals’ abilities across mul-
tiple domains critical for independent living, such as self-care, household man-
agement, and community involvement [100]. The AILMS provides a structured
approach to measuring progress and identifying areas where additional support
may be needed. By integrating these assessments into the PCP process, support
plans can be more accurately tailored to the individual’s current capabilities and
goals. Effective goal setting is integral to PCP. Goals should be specific, measur-
able, attainable, relevant, and time-bound (SMART) to facilitate clear planning
and progress tracking [101]. Goal setting involves not only identifying desired
outcomes but also outlining the steps necessary to achieve them. This process
requires regular monitoring and evaluation to ensure that the plan remains
relevant and responsive to the individual’s evolving needs and circumstances [16].
Regular progress reviews are essential for assessing whether goals are being met
and for making adjustments as needed. These reviews help in recognizing achieve-
ments, addressing barriers, and refining the support plan to better align with the
individual’s changing aspirations and needs.
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7.2 Life skills training

Life skills training is a critical component in fostering independence. By teaching
essential skills such as cooking, cleaning, and budgeting, individuals with ID gain the
ability to manage daily tasks and responsibilities effectively. These skills are foun-
dational for self-sufficiency and contribute to a higher quality of life [1]. Life skills
training typically includes practical instruction in areas such as meal preparation,
household maintenance, and financial management. For instance, cooking classes
might cover topics such as meal planning, safe food handling, and using kitchen
appliances. Cleaning training might involve teaching organization, hygiene practices,
and proper use of cleaning products. Budgeting education often includes understand-
ing financial concepts, managing expenses, and planning for future needs [102].

7.3 Behavioral interventions

Behavioral interventions grounded in cognitive behavioral therapy (CBT) and
applied behavioral analysis (ABA) are essential for fostering independence among
NDDs. ABA, in particular, provides a structured, evidence-based approach that is
highly effective in promoting the development of skills necessary for independent
living, such as self-care, social interaction, and adaptive functioning. This approach
utilizes systematic, data-driven methods to modify behavior and teach new skills,
making it a cornerstone of effective behavioral interventions. ABA operates on the
principles of behaviorism, which emphasizes the role of reinforcement and environ-
mental factors in shaping behavior. This approach is distinguished by its focus on
measurable outcomes and individualized interventions, ensuring that strategies are
tailored to meet the specific needs of each individual [103]. Central to ABA is the con-
cept of using empirical data to guide the development and implementation of behav-
ior change programs. This involves conducting thorough assessments to identify the
antecedents and consequences of behaviors, which informs the creation of individual-
ized behavior plans aimed at promoting positive outcomes and reducing maladaptive
behaviors. One of the significant strengths of ABA is its ability to provide detailed,
personalized support that enhances the individual’s capacity for independent living.
Various evidence-based strategies have been identified for improving adaptive behav-
iors, including daily living skills (DLS). These strategies involve behavioral techniques
like direct instruction, reinforcement, chaining, task analysis, and prompting, along
with the use of technology, visual aids, and video modeling. Interventions incorporate
avariety of these approaches to help adolescents learn and refine DLS during ses-
sions, and then generalize these skills to their home and community environments.
Research has shown these methods to be effective in teaching adaptive behavior
skills to individuals with ASD [73]. For example, ABA can help individuals develop
essential life skills, such as managing personal finances, maintaining a household,
and navigating social interactions. Through systematic instruction and reinforce-
ment, individuals learn how to perform daily tasks independently and efficiently.

The approach is highly structured, often involving the breakdown of complex tasks
into smaller, more manageable steps. This method not only facilitates learning but
also ensures that individuals can gradually build confidence and competence in their
abilities. In addition to its practical applications, ABA emphasizes the importance of
creating supportive and adaptive environments that minimize triggers for challenging
behaviors. This involves making modifications to the individual’s surroundings and
daily routines to reduce stressors and promote positive interactions. For instance,
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adjustments might include organizing a living space to minimize distractions or
establishing consistent routines to provide stability and predictability. By focusing

on environmental factors and behavioral triggers, ABA helps create conditions that
support successful independent living. Furthermore, ABA incorporates ongoing data
collection and analysis to monitor progress and make necessary adjustments to inter-
ventions. This continuous feedback loop ensures that interventions remain effective
and responsive to the individual’s evolving needs. Regular assessment of behavioral
outcomes allows practitioners to refine strategies, reinforce successful behaviors, and
address any emerging challenges. Positive behavior support (PBS) complements ABA
by providing a broader framework for understanding and addressing behavior. PBS
focuses on identifying the underlying causes of challenging behaviors and developing
comprehensive behavior support plans that incorporate proactive strategies. These
plans often include teaching new skills, modifying the environment to reduce behav-
ioral triggers, and applying positive reinforcement to encourage desired behaviors
[104, 105]. PBS is designed to be both proactive and preventive, aiming to enhance the
individual’s quality of life by promoting positive behavior and reducing the occur-
rence of challenging behaviors. Research has demonstrated the effectiveness of PBS
in improving behavior and engagement among individuals with ID, underscoring

its value in promoting independent living [104]. By integrating PBS principles with
ABA techniques, practitioners can provide a holistic approach that addresses both
immediate behavioral concerns and long-term goals for independence. The applica-
tion of ABA and PBS in promoting independent living has far-reaching implications.
These behavioral interventions support individuals in developing the skills necessary
to manage their daily lives effectively, participate in social and occupational activities,
and achieve greater autonomy. By providing tailored support and addressing both
behavioral and environmental factors, ABA and PBS create a robust framework for
enhancing independence and improving overall quality of life.

As the field continues to evolve, ongoing research and advancements in behavioral
science will further refine these approaches, ensuring that they remain effective and
responsive to the needs of NDDs. The commitment to evidence-based practices and
individualized support will be crucial in advancing the goals of independent living
and ensuring that all individuals have the opportunity to lead fulfilling and autono-
mous lives.

7.4 Social skills development

Developing social skills is vital for independent living. Individuals with neu-
rodevelopmental disabilities (DNS) often face challenges in social skills, such as
maintaining eye contact, initiating and sustaining conversations, and engaging
appropriately with others. As they mature and seek more independent experiences
like employment, higher education, and living on their own, it becomes crucial for
them to develop these skills. Programs designed to enhance social interaction focus on
teaching effective communication, relationship-building, and social problem-solving
skills. There are various methods for teaching social skills, including task analysis,
social stories, script fading, and prompting. These programs often use structured
teaching methods, role-playing, and social stories to facilitate skill development
[106]. The effectiveness of social skill development is enhanced when practiced in
natural settings, as some of these techniques facilitate interactions in real-world envi-
ronments [107]. Social skills training may cover areas such as initiating and maintain-
ing conversations, understanding social cues, and managing interpersonal conflicts.
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Evidence suggests that such training improves social interactions, reduces isolation,
and enhances the quality of life for individuals with ID [108]. By participating in these
programs, individuals with ID gain the skills necessary for forming and maintaining
meaningful relationships. Building and maintaining relationships involves teaching
individuals how to navigate social interactions effectively. Strategies include practic-
ing conversation skills, expressing emotions appropriately, and engaging in reciprocal
interactions [109]. Creating opportunities for social participation, such as joining
community groups or recreational activities, is also crucial. Encouraging individuals
to pursue shared interests can help them develop social connections and friendships.
Additionally, providing ongoing support and guidance in social situations helps
individuals manage challenges and strengthen their relationships over time [65].

7.5 Employment and vocational training

Employment is a key factor in achieving independent living. Meaningful employ-
ment provides not only financial stability but also a sense of purpose and social
inclusion. Research highlights the positive impact of employment on quality of life,
community integration, and personal satisfaction for individuals with ID [81].

Existing research typically emphasizes the customization of job opportunities
through approaches like customized employment (CE). CE is a person-centered
method that involves two main stages: (1) discovery, where an individuals skills,
goals, and potential job opportunities are explored and (2) job carving, in which
individuals or professionals collaborate with employers to identify and negotiate
appropriate open or competitive job opportunities that align with the needs and
support requirements of both the employer and employee [110].

Programs that match individuals with ID to suitable job opportunities based
on their skills and interests are crucial for ensuring meaningful employment. Such
programs often involve collaboration with employers, job coaches, and support staff
to secure appropriate job placements [75]. Job coaching and supported employment
models are effective strategies for facilitating successful employment outcomes. Job
coaching provides individualized support to employees with ID, including assistance
with job tasks, workplace interactions, and adaptation to the work environment [111].
Job coaches work closely with both the employee and the employer to ensure that the
individual’s needs are met and that they can perform their job effectively. Supported
employment models, such as the individual placement and support (IPS) model,
empbhasize finding competitive jobs in the open labor market and providing ongoing
support to ensure job retention [112]. These models have been shown to improve
employment outcomes and job satisfaction for individuals with ID, supporting their
ability to live independently and participate fully in the workforce [84].

7.6 Housing options

Selecting appropriate housing is a crucial aspect of promoting independent living
for individuals with ID; however, many adults with intellectual and developmental
disabilities (IDD) face challenges in finding and maintaining housing that meets their
behavioral support needs. Adequate housing for adults with IDD typically includes
features like good lighting, ventilation, durability, cleanliness, safety, and a balance
between privacy and communal spaces. Effective supported housing also incorporates
universal design principles, appropriate fixtures and appliances (e.g., lever handles
instead of doorknobs), personalized touches (e.g., choosing paint colors), access to
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meaningful activities (e.g., visual and physical access to outdoor areas), and a home-
like feel with a variety of private and shared spaces. Adults with IDD have expressed
a desire for housing that promotes independence and privacy while allowing access to
social networks and community involvement [113].

Various housing models offer different levels of support and independence. Group
homes provide a shared living environment with on-site support staff who assist with
daily activities and care. This model is suitable for individuals who require moderate
support while benefiting from a communal living arrangement [114]. Independent
apartments offer greater autonomy, allowing individuals to manage their own living
space while having access to external support services as needed. This model is ideal
for those who are capable of handling daily living tasks independently but may still
require occasional assistance [45]. Regardless of the housing model, ensuring that
the living environment is safe and supportive is paramount. Safe housing features
include accessibility, security, and emergency preparedness. Supportive environments
offer necessary services such as personal care assistance, social support, and access
to community resources. Creating a supportive housing environment enhances the
individual’s ability to live independently and contributes to their overall well-being
and quality of life [115, 116].

8. Policy and advocacy

The policy landscape supporting independent living for individuals with ID
is shaped by several critical laws and regulations designed to enhance accessibil-
ity, equity, and opportunities for this population. Prominent among these is the
Americans with Disabilities Act (ADA) [13], enacted in 1990, which provides com-
prehensive protections against discrimination for individuals with disabilities. This
landmark legislation ensures equal access to public services, employment, and accom-
modations, and mandates that government entities and private businesses make
reasonable modifications to facilitate the participation of individuals with disabilities
in all aspects of public life [13]. Similarly, the Individuals with Disabilities Education
Act (IDEA), first passed in 1975 and reauthorized in 2004, guarantees students with
disabilities access to a free and appropriate public education. IDEA emphasizes the
importance of individualized education programs (IEPs) tailored to each student’s
unique needs, which include transitional services aimed at preparing students for
adulthood and independent living (Individuals with Disabilities Education Act,
2004). Both pieces of legislation are instrumental in setting a framework for support
and inclusion but require effective implementation to realize their full potential.
Government and non-governmental organizations (NGOs) play pivotal roles in both
enacting and enforcing these policies. Federal agencies, such as the U.S. Department
of Education and the Administration for Community Living [117], oversee compli-
ance and provide guidance to ensure that educational and community services adhere
to legal standards [117, 118]. NGOs, including the National Disability Rights Network
[119] and The Arc [120], advocate for the rights of individuals with ID by engaging in
policy advocacy, providing resources and support, and ensuring that the needs of this
population are addressed at both state and federal levels [119, 120]. These organiza-
tions also play a crucial role in bridging gaps between legislative intent and real-world
practice by offering training, resources, and advocacy to support the effective imple-
mentation of policies. Advocacy for independent living is further reinforced by the
promotion of self-advocacy and the efforts of advocacy groups. Self-advocacy, where
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individuals with ID learn to express their own needs and preferences, is a funda-
mental aspect of promoting autonomy and independence. Empowering individuals
to advocate for themselves helps them gain greater control over their lives and deci-
sions, thereby enhancing their quality of life [121]. Advocacy groups and organiza-
tions, such as The Arc and the National Association of Councils on Developmental
Disabilities, are vital in this context. They work tirelessly to influence policy, raise
awareness, and provide resources that support independent living for individuals
with ID [120]. These groups also engage in lobbying efforts, participate in policy
formulation, and offer support services that help individuals navigate the complexi-
ties of their rights and available resources. Despite these efforts, significant challenges
remain in the implementation of policies designed to support independent living.
One major issue is the gap between policy and practice. While laws like the ADA and
IDEA establish high standards, discrepancies often arise in how these laws are applied
across different regions and service providers. Variations in local resources, training,
and enforcement can lead to uneven access to services and support [122]. To address
these issues, several recommendations have been proposed. These include increasing
funding for support services, enhancing training for service providers to ensure they
are well-equipped to meet the needs of individuals with ID, and establishing more
robust mechanisms for monitoring and enforcing compliance with existing laws [60].
Additionally, efforts to streamline and standardize policy implementation across
different jurisdictions can help mitigate these gaps and ensure that the benefits of
legislative frameworks are realized more consistently.

9. Case studies and real-life examples
9.1 Case study 1: Independent living for an individual with autism

Giovanni, a 24-year-old diagnosed with ASD, faced numerous obstacles in his
pursuit of independent living. His primary challenges included sensory sensitivi-
ties, difficulties with executive functioning, and struggles with social interactions.
Sensory overload from everyday stimuli, such as bright lights and loud noises, often
caused Giovanni considerable distress. Additionally, his executive functioning
difficulties made it challenging for him to plan, organize, and execute daily tasks,
such as managing household chores and personal finances. Socially, Giovanni found
it hard to navigate complex social environments, which affected his ability to build
and maintain relationships. To address these challenges, a comprehensive support
plan was developed. The plan began with modifying Giovanni’s living environment
to reduce sensory triggers. This included installing dimmable lights, using noise-
canceling headphones, and creating a quiet space where Giovanni could retreat
when overwhelmed. A structured daily routine was introduced, incorporating
visual schedules and reminders to help Giovanni stay organized and manage his time
effectively. Occupational therapy focused on developing coping strategies for sensory
processing issues and improving daily living skills. Social skills training was provided
to enhance Giovanni’s ability to engage in social interactions, and cognitive behavioral
therapy (CBT) was employed to address anxiety and build resilience. Additionally,

a personal care assistant was hired to help with essential tasks such as grocery shop-
ping and meal preparation. This support was crucial in helping Giovanni maintain a
clean and organized living space while also alleviating some of the stress associated
with daily responsibilities. Giovanni’s journey toward independent living saw notable
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improvements as a result of the implemented strategies. He reported a significant
reduction in sensory-related distress, better management of daily tasks, and increased
confidence in social situations. The personalized environment adjustments proved
essential in creating a comfortable living space tailored to his sensory needs. One
critical lesson learned was the importance of flexibility and ongoing assessment in
support plans; Giovanni’s needs evolved over time, necessitating regular adjustments
to his support strategies. The case underscores the value of a multifaceted approach
that combines environmental modifications, therapeutic interventions, and practical
assistance to achieve successful independent living outcomes for individuals with
autism.

9.2 Case study 2: Vocational training and employment for an individual with ID
and ADHD

Sara, a 30-year-old woman with ID and ADHD, encountered significant difficul-
ties in maintaining stable employment due to her symptoms, including inattention,
impulsivity, and difficulties with time management. Sara’s previous employment
history was marked by frequent job changes, driven by performance challenges
related to her ADHD. Her struggle to stay organized and manage time effectively
often resulted in missed deadlines and incomplete tasks, contributing to a cycle of
job instability. To improve Sara’s employment prospects, a tailored vocational support
plan was established. This plan included vocational training that focused on building
specific skills relevant to her strengths and areas of difficulty. Workshops on time
management, organizational skills, and effective strategies for maintaining focus
were integral components of the training. Additionally, Sara was paired with a job
coach who provided ongoing support and practical strategies to help her manage her
ADHD symptoms in the workplace. The job coach worked with Sara to develop cus-
tomized organizational tools, such as digital reminders and task management apps,
and provided coaching on techniques for sustaining attention during work tasks. Sara
was placed in a job that offered flexible scheduling and the option to work remotely,
which helped accommodate her need for a less structured work environment. Regular
check-ins with a career counselor ensured that any emerging issues were addressed
promptly, and adjustments to her work plan were made as needed. The interventions
led to substantial improvements in Sara’s employment situation and overall quality
of life. She successfully secured a stable position that matched her skills and allowed
for flexibility, which was critical in managing her ADHD symptoms. The vocational
training and job coaching significantly enhanced her ability to perform effectively
at work, resulting in improved job satisfaction and reduced job turnover. Sara’s
increased job stability not only boosted her self-esteem but also contributed to her
overall sense of independence and well-being. This case highlights the importance of
tailored vocational support and flexible work arrangements in achieving employment
success for individuals with ADHD.

9.3 Case study 3: Life skills training for an individual with an intellectual
disability

Michele, a 28-year-old with an intellectual disability, experienced considerable
difficulties with daily living skills, including cooking, budgeting, and personal
hygiene. These challenges often resulted in a disorganized living environment and
financial mismanagement, which impacted his independence and overall quality of
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life. Michele’s difficulty with these tasks stemmed from his intellectual disability,
which affected his ability to understand and manage complex processes. To address
these challenges, a comprehensive life skills training program was implemented. This
program included practical exercises and role-playing activities to teach Michele
essential skills, such as meal preparation, budgeting, and personal care. Family
members played a crucial role in supporting Michele by providing guidance and
encouragement during the learning process. They were actively involved in setting
up a structured routine and creating a supportive home environment conducive to
learning. Community resources also played a significant role. Michele participated

in local life skills workshops and supported employment programs designed to
enhance daily living skills and foster greater independence. These programs provided
hands-on training and opportunities for Michele to practice skills in real-life set-
tings. Community support networks, such as local disability advocacy organizations,
offered additional resources and guidance to ensure that Michele had access to the
necessary support services. Michele’s progress was notable in several areas. He became
more proficient in managing his daily routines and demonstrated improved financial
management skills. His living environment became more organized, and he was

able to maintain personal hygiene more effectively. However, challenges remained,
particularly in maintaining consistency and managing unexpected changes to his
routine. Continued support from his family, community programs, and ongoing

life skills training were essential in addressing these areas of improvement. The case
emphasizes the importance of a collaborative approach involving family, community
resources, and structured training to support the development of independent living
skills for individuals with ID.

10. Conclusions

Independent living is a fundamental objective for NDDs. It encompasses more
than merely residing in one’s own space; it involves the ability to manage daily life
effectively, engage in meaningful social and occupational activities, and lead a
fulfilling life with autonomy and dignity. The pursuit of independent living is critical
as it empowers individuals to develop self-reliance, participate fully in society, and
experience an enhanced quality of life [121]. However, achieving independent living
for NDDs presents several challenges. These challenges include cognitive and learning
difficulties that impact decision-making and problem-solving, social and communi-
cation barriers that hinder interaction and integration, and sensory processing issues
that affect daily activities [122]. Addressing these challenges requires a multifaceted
approach that involves robust support systems. Family support structures, individual-
ized education programs (IEPs), vocational training, and community-based services
are vital components of this approach. For instance, individualized support plans and
life skills training help individuals manage daily tasks and navigate social environ-
ments, while vocational training provides essential skills for employment. Looking
ahead, several emerging trends and research directions promise to further enhance
independent living for NDDs. Technological advancements play a pivotal role in this
area. Innovations such as smart home technologies, assistive communication devices,
and adaptive software are transforming how individuals manage daily activities and
interact with their environment [100]. These technologies offer personalized solu-
tions that cater to individual needs, making independent living more accessible and
manageable. Additionally, ongoing research into personalized and evidence-based

64



Independent Living for Persons with Neurodevelopmental Disorders
DOI: http://dx.doi.org/10.5772/intechopen.1008380

practices is crucial for developing effective interventions and supports. Continued
advocacy and policy development are equally important. Advocacy groups and poli-
cymakers must work together to address the gaps between policy and practice, ensur-
ing that NDDs receive the resources and support they need. This includes pushing

for legislation that accommodates evolving needs and addresses disparities in service
availability [120]. Advocates also play a critical role in raising awareness and driving
systemic change to create inclusive environments that support independent living.
Promoting independence for NDDs has broader societal benefits. It not only enhances
the lives of individuals but also contributes to a more inclusive and equitable society.
By supporting the independence of all individuals, regardless of their abilities, society
benefits from diverse perspectives, increased participation in community life, and the
fulfillment of human potential. As we move forward, it is imperative that we continue
to invest in research, support systems, and policy enhancements to ensure that every
individual has the opportunity to live independently and achieve their full potential.
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Chapter 4

Lysine Acetyltransferase 6A and Its
Paralog: From Biological Functions
to Neurodevelopmental Disorders,

Cancer and New Therapeutics

Arezousadat Razavi and Xiang-Jiao Yang

Abstract

Post-translational modifications of histones, such as lysine acetylation and meth-
ylation, significantly influence chromatin structure in the eukaryotic nucleus. Lysine
acetyltransferase 6A (KAT6A) and its paralog, KAT6B, participate in a variety of cel-
lular processes crucial for normal development by influencing cell cycle progression,
cell differentiation, signal transduction and responses to cellular stress. Studies using
knockout mouse models have revealed the important effects of KAT6A and KAT6B
on development, with the absence of the former resulting in embryonic lethality and
the loss of the latter causing brain anomalies. Moreover, both KAT6A and KAT6B are
implicated in hematopoiesis, including regulation of hematopoietic stem cells and
development of various blood cells. These two enzymes also play important roles in
neurodevelopment, heart formation, body segment identity, skeletogenesis and cra-
niofacial development. This review is aimed to provide a brief overview of research
on KAT6A and KAT6B, especially about their molecular structure and biological
functions. Also explored are the latest findings on involvement of KAT6A and KAT6B
in governing chromatin functions, gene expression and cellular processes, including
roles in histone acetylation and their interaction with other epigenetic regulators.
Furthermore, emerging evidence links KAT6A and KAT6B dysfunction to human
diseases, with a particular focus on neurodevelopmental disorders and cancer, which
has also led to novel therapeutic strategies.

Keywords: ClinVar variant, germline mutation, somatic mutation,
neurodevelopmental disorder, cancer, histone acetylation, acylation

1. Introduction

Composed of DNA and histones, chromatin in unique to the eucaryotic nucleus.
Post-translational modifications (PTMs) of histones are highly important for
regulating chromatin structure [1]. In higher organisms, there are three major
groups of histone acetyltransferases (HATSs), including the GNAT (Gcn5-related
N-acetyltransferase), MYST (MOZ- and p300/CBP families [2-4]. The MYST family
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of histone acetyltransferases plays a crucial role in chromatin modifications [3].
Initially, the first three founding members of the MYST family were initially identi-
fied in the budding yeast and from leukemia human patients [5, 6]. This family is
composed of five members, including Tip60 (HIV Tat-interactive protein of 60 kDa),
MOZ (monocytic leukemia zinc finger protein), MORF (MOZ-related factor), HBO1
(histone acetyltransferase binding to ORC1), and MOF (male-specific lethal on the
first), which have been formally renamed as KATS5, KAT6A, KAT6B, KAT7 and KATS,
respectively, due to their ability to acetylate many non-histone proteins [3]. A notable
characteristic of the MYST family members is the highly conserved MYST domain,
which comprises an acetyl-CoA binding motif and a zinc finger. This domain serves
as the catalytic core and enables the five HATS to acetylate histone proteins, affecting
chromatin accessibility and regulating transcriptional activity [2, 7].

The MYST family of HATs has homologs in eukaryotic organisms, including yeasts
and plants [8]. These HATs form multisubunit complexes, with those by KATS con-
served from yeasts to mammal species, whereas those by the remaining KATs are only
conserved from worms to humans [4, 8]. Dysfunction of these HATS is linked to many
human diseases, including cancer, in agreement with the notion that they participate
in many important nuclear processes like DNA repair, transcriptional activation, and
cell cycle regulation [9].

KAT6A and KAT6B are involved in a range of developmental processes from
embryonic development to organ formation. Notably, they contribute to neural
development through controlling neural progenitor proliferation and differentiation
and regulating neural stem cell maintenance [10, 11]. This review aims to provide
an overview of KAT6A and KAT6B about their molecular and biological functions,
as well as their direct links to diseases. We will also describe therapeutic strategies
targeting KAT6A and KAT6B [12].

2. Domain organization of KAT6A and KAT6B

KAT6A and KAT6B function in multiunit complexes sharing the trimeric BRPF1-
INGS5 (or ING4)-EAF6 subcomplex [13, 14]. KAT6A, KAT6B, BRPF1, ING4 and ING5
contain chromatin reader domains for recognizing and binding to specific PTMs
on histone tails, and consequently stabilizing the HAT complex on specific regions
of chromatin for further chromatin modification and gene regulation [13, 14]. This
epigenetic complex contributes to various cellular mechanisms from cell cycle regula-
tion and apoptosis to hematopoiesis, embryonic development, skeletal patterning and
neurodevelopment [13-16]. In this section, we discuss domain composition of MOZ
and MORF, and emphasize their roles in catalyzing histone acetylation and recogniz-
ing histone modifications, for consequently understanding the functioning at the
chromatin level.

The NEMM domain (N-terminal part of Enok, MOZ/MORF) is located at the
N-terminus of KAT6A and KAT6B [8]. It has sequence homology to the N-terminal
regions of the Drosophila Enok protein and the human MOZ and MORF proteins.
Some similarities have been found between the C-terminal part of NEMM domain
and Histones H1 and H5; however, the exact function remains unclear [8]. There is
an H-15 like domain within this region which promotes nuclear targeting [8] This
domain has been proposed to have a role in transcriptional regulation [17].

The double PHD fingers (PHD1 and PHD2) are tandem plant homeodomains
within KAT6A/KAT6B [8]. The double PHD fingers are capable of recognizing
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histone H3 tails, particularly acetylated H3K14 and H3K9 [18, 19]. This interaction
may facilitate the recruitment of KAT6A/B to specific chromatin regions and promote
acetylation of nearby histone H3 tails [20].

The MYST catalytic domain is responsible for the histone acetyltransferase activity
of KAT6A and KAT6B [8]. The MYST domain transfers an acetyl group from acetyl-CoA
to the e-amino group of lysine residues on histone tails [21]. Studies on recombinant
MOREF indicate that the full-length protein shows higher activity than the MYST domain
in isolation. This suggests that other domains or interactions with additional proteins
might regulate the HAT activity of the MYST domain [8]. Mutations in this domain have
shown to affect the catalytic activity of the protein and protein stability [8].

The acidic domain is located in the C-terminal region of KAT6A or KAT6B and is
rich in two negatively charged amino acid residues, glutamate and aspartate [8]. In
KAT6B, most mutations in this domain are related to Genitopatellar syndrome [10],
arare genetic disorder characterized by lower extremities, genitals, and brain abnor-
malities. This domain might have transcriptional activation activity, and its overall
negative charge might facilitate protein-protein interactions [22].

The serine- and methionine-rich (SM) domain is located at the C-terminus of
KAT6A and KAT6B, and as the name indicates, is enriched in serine and methionine
residues [8]. While both MOZ and MORF contain SM domains, there is a notable
difference in their composition. The SM domain of MOZ contains an insertion of a
proline/glutamine-rich (PQ) stretch absent in the SM domain of MORF. Interestingly,
the presence of this PQ stretch in MOZ appears to reduce its activation potential
compared to the SM domain of MORF [19]. The SM domain has been implicated in
transcriptional activation, possibly through interactions with other transcriptional
regulators [17]. The SM domain can significantly enhance transcriptional activity
when fused to DNA-binding domains like Gal4 or LexA. This activation function has
been observed in both mammalian cells and yeast, suggesting a conserved mechanism
across species [19] These domains work together to regulate the chromatin targeting,
histone acetylation, and transcriptional functions of the KAT6A/KAT6B-containing
complexes. Mutations affecting these domains can disrupt the normal functions of
these complexes and lead to developmental disorders and cancers (Figures 1 and 2).

3. Molecular and cellular functions of KAT6A and KAT6B

3.1Role in regulating gene expression

KAT6A and KAT6B contribute to gene regulation by acetylating histone H3 at
different lysine residues iz vitro, but mainly lysine 23 in vivo [23, 24]. KAT6A and
KAT®6B function as key regulators of gene expression. They achieve this through their
HAT activity, which modifies histones, the proteins responsible for packaging DNA.
This modification, known as acetylation, affects DNA accessibility to transcription
factors, hence influencing gene expression levels. KAT6A primarily acetylates H3K9
and H3K23, while KAT6B focuses on H3K23 acetylation, although it can also acetylate
H3K9 and H3K14 [25].

MOZ and MOREF contain several distinct domains. These include the NEMM
domain, a double plant homeodomain (PHD) finger, the MYST domain, and regions
rich in glutamate/aspartate and serine/methionine [15]. The glutamate/aspartate-rich
and serine/methionine-rich domains are located in the C-terminal portion of MOZ/
MOREF proteins. Research has shown that these domains play a role in activating
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Figure 1.

Mutation profile of KAT6A and KAT6B in neurodevelopmental disorders. (A-B) Mutations in KAT6A (A)
and KAT6B (B) are associated with different phenotypes. Mutations ave visualized acvoss the KAT6A (A) and
KAT6B (B) proteins and their domains. Yellow, blue, purple, red, and green reflect two, three, four, five, and

six mutations in specific amino acids of the proteins, respectively. (C-D) Phenotype present in patients with

the KAT6A (C) and KAT6B (D) mutations. Delayed speech and language development ave the most common
phenotype across the samples with KAT6A mutations. Y-axis indicates the number of patients, and X-axis shows
phenotypes. All analyses and visualizations in all panels were done based on data downloaded from DECIPHER
v11.27.

transcription [17, 19]. Research findings provide evidence for this role, demonstrat-
ing that the serine/methionine-rich domain can interact with and stimulate the
activity of several transcription factors, including RUNX1, RUNX2, and TP53 [26,
27]. Additionally, chromosomal translocations frequently result in leukemic protein
fusions involving MOZ/MOREF. In these fusion proteins, the glutamate/aspartate-rich
and serine/methionine-rich domains are typically missing. This loss may interfere
with the usual MOZ-regulated gene expression patterns, which could lead to cancer
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Figure 2.

Mutation profile of KAT6A and KAT6B in different types of cancer. (A-B) Mutations present in different
protein domains of KAT6A (A) and KAT6B (B) across 33 cancer types are visualized. Mutations are profiled

and visualized based on the domain and their location in the KAT6A and KAT6B proteins. Yellow, blue, purple,
red, and green veflect two, three, four, five, and six mutations in specific amino acids of the proteins, respectively.
(C-D) Presence of different genetic abnormalities in the KAT6A (A) and KAT6B (B) genes in different types

of cancers. Data for all genetic abnormalities for different cancers are downloaded from cBioPortal. The top 10
cancer types based on the percentage of patients (Y-axis) carrying KAT6A and KAT6B genetic abnormalities are
visualized. Color key highlights the type of genetic abnormalities in each cancer type.
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development [28]. RNA polymerase 2 may interact with N-terminal region (1-84)

of MOZ, likely playing a role in gene regulation [29]. Furthermore, this N-terminal
region may identify unmethylated CPG islands on DNA both iz vivo and in vitro. This
recognition is essential for guiding MOZ/MOREF and its histone acetyltransferase
(HAT) activity to specific genomic locations [29]. The winged helix 1 (WH1) domain
plays a crucial role in identifying unmethylated CpG sites. It works in conjunction
with the winged helix 2 (WH2) domain to attach to nucleosomes [29, 30].

The N-terminal region of MOZ or MORF protein contains the double PHD finger
(DPF) and MYST domains, which have been extensively investigated. Initial studies
revealed that the DPF domain interacts with the N-terminal portion of the histone H3
tail, facilitating the protein’s association with chromatin. Interestingly, this interaction
is enhanced when either lysine 9 or 14 on histone H3 (H3K9 or H3K14) is acetylated.
However, modification or methylation of lysine 4 on histone H3 (H3K4) signifi-
cantly weakens this interaction [31]. Recent biochemical, structural, and chromatin
immunoprecipitation (ChIP) studies have revealed a specific iz vivo communication
mechanism involving the DPF domain [32]. This domain recognizes acetylated lysine
14 on histone H3 (H3K14ac), which is deposited by another histone acetyltransferase,
HBO1/KAT?7. This recognition then prompts MOZ/MOREF to acetylate lysine 23 on
histone H3 (H3K23) in the surrounding area [33].

Initial laboratory experiments examining the histone acetyltransferase activity of
MOZ’s MYST domain demonstrated its ability to acetylate isolated histones H3, H4,
and H2A. However, the domain alone was insufficient to acetylate histones within
nucleosomes [14, 19, 27]. A small region in the MYST domain’s C-terminal part is
responsible for interaction with BRPF1 [14]. This interaction allows MOZ to acetylate
histone H3 tails within nucleosomal structures efficiently. Furthermore, BRPF1 aug-
ments MOZ’s ability to coactivate transcription, suggesting that the formation of this
complex aids MOZ in targeting specific genomic regions to stimulate gene expression.

The MOZ-BRPF1 acetyltransferase complex possesses multiple chromatin-
interacting domains, leading to various proposed mechanisms for its chromatin
recruitment. For instance, ING4/5 and BRPF1 appear to guide the complex to active
transcription sites through their affinity for H3K4me3 [34] or H3K36me3 [35].
Additionally, MOZ’s C-terminal region has been shown to interact with various
transcription factors [26, 27, 36, 37], potentially directing the complex to specific
gene subsets. The complex’s ability to recognize particular histone post-translational
modifications suggests that its positioning is influenced by other histone-modifying
complexes, such as the recognition of HBO1-deposited H3K14ac by the MOZ DPF
reader domain [33].

3.2 Role in DNA damage response and cellular senescence

MOZ/KAT®6A plays a crucial role in DNA repair by recognizing and responding to
DNA double-strand breaks (DSBs). When a DSB occurs, the surrounding chromatin
is modified, notably through the phosphorylation of histone H2AX to form y-H2AX,
which signals the recruitment of repair proteins, including KAT6A. It interacts with
y-H2AX and other DNA damage response proteins, facilitating its localization to the
DSBs. Once at the break site, MOZ promotes chromatin remodeling, making the DNA
more accessible to other repair proteins. The recruitment of MOZ to DSBs is facili-
tated by its interaction with the DNA damage response protein 53BP1. At these sites,
MOZ acetylates histone H4 on lysine 16 (H4K16), which is crucial for the accessibility
of chromatin structure and the subsequent recruitment of DNA repair factors [38].
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This process is essential for homologous recombination (HR), an error-free repair
pathway that uses a homologous sequence as a template to accurately repair the break,
thereby maintaining genomic stability and preventing mutations that could lead to
cancer [38-41].

Furthermore, the involvement of BRPF1 in this process has also been demon-
strated. BRPF1 depletion leads to a decrease in H3 acetylation levels in response to
DNA damage, suggesting that BRPF1 is important for MOZ-mediated histone acetyla-
tion during the DNA repair process [42].

KAT6A is a key factor in the DNA damage response and premature cellular
senescence pathways. It directly interacts with p53, a key tumor suppressor protein,
and is essential for p53-dependent regulation of p21 expression in response to DNA
damage. Upon cellular stress such as UV irradiation, MOZ is recruited to promy-
elocytic leukemia nuclear bodies (PML-NBs), also known as nuclear domain, and
plays a crucial role in cellular stress responses and apoptosis, where it forms a ternary
complex with PML and p53. This interaction enhances MOZ’s ability to acetylate p53
at lysine residues K120 and K382, which in turn promotes p53-dependent p21 expres-
sion. The acetylation of p53 by MOZ appears to play a role in selective gene regulation,
particularly favoring p21 expression over other p53 target genes like Bax [43].

The importance of MOZ in the DNA damage response is further emphasized
by experiments with MOZ knockout mouse embryonic fibroblasts (MEFs). These
MOZ-deficient cells show impaired p21 expression and fail to arrest in G1 phase in
response to DNA damage [32]. Moreover, loss of MOZ contributes to resistance to
PML-induced premature senescence, suggesting its crucial role in the DNA damage-
induced senescence pathway. The study also reveals an interesting regulatory mecha-
nism involving Akt kinase. Akt-mediated phosphorylation of MOZ at T369 inhibits
its interaction with PML, thereby suppressing p53 acetylation and p21 expression,
and consequently preventing premature cell senescence. However, in cellular stress
situations like arsenic exposure, hypoxia and UV radiation, PML suppresses Akt
activity, leading to increased PML-MOZ interaction, enhanced p21 expression, and
p53-dependent premature senescence. This provides a novel link between the PI3K-
Akt signaling pathway and p53-mediated cellular responses to DNA damage [43].

Moreover, the researchers found that a leukemia-associated MOZ-CBP fusion
protein inhibits p53-mediated transcription, suggesting that disruption of normal
MOZ function might contribute to leukemogenesis [43]. Interestingly, p53 has been
shown to regulate the expression of MOZ itself, creating a feedback loop. Under
normal conditions, p53 represses MOZ expression, but this repression is relieved
under stress conditions, allowing for increased MOZ-mediated acetylation of p53 and
other targets [44].

While BRPF1’s direct involvement in p53 acetylation is less clear, its role as a
scaffold protein in the MOZ complex suggests that it likely facilitates MOZ’s interac-
tion with and acetylation of p53. BRPF1 depletion has been shown to affect cellular
responses to stress, including DNA damage responses [42].

3.3 Roles in pathological processes

Mutations in KAT6A and KAT6B genes can lead to developmental disorders collec-
tively termed as KAT6 syndromes. These syndromes are characterized by intellectual
disability, developmental delay, and various neurological and physical abnormalities
[10]. The specific characteristics and severity of these syndromes vary depending on
the location and type of mutation. Missense mutations often affect highly conserved
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residues within the MYST domain or other functionally important regions, poten-
tially altering protein function [22].

Both KAT6A and KAT6B exhibit complex and context-dependent roles in cancer
development. They can function as oncogenes, promoting tumor growth, or as tumor
suppressors, inhibiting cancer progression. This duality is evident in their involve-
ment in different types of cancer [10].

KAT®6A is frequently involved in chromosomal translocations in acute myeloid leu-
kemia (AML), leading to the formation of fusion proteins with altered functionality
that contribute to leukemogenesis [10, 45]. For instance, KAT6A fusion with CREB-
binding protein (CBP) disrupts normal gene regulation, affecting cell differentiation
and proliferation, ultimately driving the development of AML [10, 45-47].

In solid tumors like glioblastoma (GBM), KAT6A overexpression contributes to
tumor growth by activating the PI3K/AKT signaling pathway, a pathway crucial for
cell growth and proliferation [25]. KAT6A achieves this by upregulating the expres-
sion of PIK3CA, a gene encoding a subunit of the PI3K enzyme. Notably, the sources
demonstrate that silencing KAT6A in GBM cells suppresses their proliferation, migra-
tion, and colony formation, suggesting a potential therapeutic target [25].

KAT6B is also implicated in solid tumors, with its overexpression observed in
ovarian high-grade serous carcinomas (HGSCs). This overexpression is associated
with poor patient prognosis, highlighting its potential as a prognostic marker. The
sources, however, primarily focus on KAT6B’s role in ovarian cancer and do not
provide direct evidence for KAT6A’s involvement [48].

KAT6B proteins exhibit a variety of roles in other cancers. For example, KAT6B
overexpression is linked to poor prognosis in ovarian, breast, and hepatocellular
carcinomas, while its downregulation inhibits cell cycle progression and reduces
tumor cell proliferation and migration. Conversely, KAT6B acts as a tumor suppressor
in small cell lung cancer and gastric cancer, where its low expression correlates with
diminished patient survival [10].

MicroRNAs (miRNAs) are small non-coding RNA molecules that regulate gene
expression, including the expression of KAT6A and KAT6B. These miRNAs can fine-
tune KAT6 protein levels, influencing cancer development and response to therapy.
For instance, KAT6A is both a target and a repressor of miR-223, creating a feedback
loop. Dysregulation of miR-223 expression can affect KAT6A levels, contributing to
AML development and potentially influencing treatment response [10].

4. Roles of KAT6A and KAT6B in animal development
4.1 KAT6A in mouse embryonic development

MOZ forms a multi-subunit complex that exhibits acetylation activity towards free
histones H3, H4, H2A, and H2B i vitro [14, 19, 49-51]. This enzymatic function has
significant implications for gene regulation, as histone acetylation in the vicinity of
gene promoters is correlated with transcriptional upregulation. Notably, the acetyla-
tion activity of the MOZ complex has been demonstrated to modulate the expression
of HOX genes, which are critical regulators of embryonic development [52].

MOZ’s histone acetylation activity plays a crucial role in HOX gene regulation.
These genes are essential for determining the anterior-posterior (head-to-tail) axis
during embryonic development. They control the identity of body segments and
the development of limbs and organs. This is evidenced by the fact that inhibiting
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histone deacetylases (HDACs) rescues the phenotypic effects of MOZ depletion in
zebrafish, particularly the reduced expression of HOXB genes essential for head
formation [53, 54].

Mechanistic studies have shown that MOZ is vital for skeletal development in
the head region of zebrafish [54]. Interestingly, BRPF1 knockout studies in zebraf-
ish produce similar effects to MOZ knockout, suggesting that BRPF1 does not have
MOZ-independent functions in skeletal development [49, 50]. This mechanism
appears to be evolutionarily conserved, as MOZ knockout mice also exhibit defects in
craniofacial and caudal skeletons [49]. MOZ has an important impact on HOX genes,
specifically affecting the anterior expression boundary of HOX genes (Hoxc8/9) [55].

Moreover, MOZ plays a crucial role in embryonic development by regulating the
expression of several essential transcription factor families, including homeobox
(HOX), T-box (TBX), and distal-less homeobox (DLX) genes. Studies in zebrafish and
mice have demonstrated MOZ’s importance in regulating developmental HOX genes
[53-55]. Knockout experiments have revealed that MOZ deletion decreases H3K9 acety-
lation marks at specific Hox genes, without affecting global H3K9ac levels, as shown by
chromatin immunoprecipitation (ChIP) assays [55]. This suggests that the MOZ-BRPF1
complex specifically regulates H3K9ac at developmental genes during embryogenesis.
The complex’s role in histone acetylation is further supported by BRPF1 knockout stud-
ies in zebrafish, which produce effects similar to MOZ knockout [49].

4.2 Role of KAT6A in hematopoiesis

KAT6A exhibits a direct and crucial function in the process of hematopoiesis
[45]. It functions as a potent co-activator of the RUNX1 transcription factor, which
is widely recognized as the master regulator of hematopoiesis. This co-activator role
suggests a mechanistic explanation for MOZ’s critical involvement in hematopoietic
processes [27, 56]. MOZ deletion in mice negatively affects hematopoiesis and leads
to embryonic lethality [57, 58]. The acetyltransferase activity of MOZ is essential for
proper hematopoiesis, as demonstrated by studies on mice with mutations in MOZ’s
catalytic site [45]. Moreover, BRPF1 has been reported to be important for MOZ-
mediated acetylation in hematopoietic stem cells (HSCs) and its depletion could
significantly reduce H3 acetylation in bone marrow [42].

MOZ and MLL (mixed-lineage leukemia) cooperate in regulating HSCs mainte-
nance and differentiation. They co-regulate several genes crucial for hematopoiesis,
including HOX genes [27, 57]. MOZ regulates the expression of key hematopoietic
transcription factors. For instance, it’s involved in the regulation of RUNX1, a
crucial factor in definitive hematopoiesis [27]. As well, MOZ and MLL are involved
in repressing the INK4A-ARF locus in HSCs. This locus encodes for pl6INK4A and
pl4ARF (p19ARF in mice), key regulators of cellular senescence [59]. By repressing
the INK4A-ARF locus, MOZ and MLL contribute to decreased cellular senescence in
HSCs, which is crucial for maintaining their self-renewal capacity [59]. Chromosomal
translocations involving MOZ or MLL can lead to leukemogenesis. For example, the
MOZ-TIF2 fusion protein, resulting from t (8;16) translocation, has been associated
with AML [27].

4.3 Roles of KAT6A and KAT6B in neurodevelopment

KAT6A and KAT6B play crucial roles in neurodevelopment. These proteins
acetylate histones and non-histone proteins, influencing gene expression and various
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cellular processes vital for nervous system development. KAT6A, particularly, has
been identified as a regulator of HOX genes, which are critical for patterning the body
during development, including the nervous system. HOX genes ensure the proper
organization and differentiation of cells along the anterior-posterior axis, impacting
brain segmentation and the formation of neural circuits. In zebrafish, loss of KAT6A
function leads to defects in hindbrain development, consistent with its role in main-
taining HOX gene expression [10].

Both KAT6A and KAT6B have been implicated in craniofacial development, a pro-
cess intimately linked to the development of the peripheral nervous system. Cranial
neural crest cells, which contribute to the formation of facial structures, cranial
nerves, and ganglia, are particularly sensitive to disruptions in KAT6A/B function.
Research indicates that KAT6A is required for the proper migration and differentia-
tion of neural crest cells, impacting the formation of cranial ganglia and the develop-
ment of cranial nerves [53]. In mice, loss of KAT6A function can result in craniofacial
abnormalities, including cleft palate, highlighting its importance in coordinating
these developmental processes [10].

KAT6B, has been directly linked to neurogenesis, the process of generating new
neurons. Studies in mice have shown that Kat6b is essential for the development of
the cerebral cortex. Loss of Kat6b function disrupts cortical development, impacting
the production and migration of neurons. This finding suggests that KAT6B is crucial
for maintaining the neural stem cell pool and regulating their differentiation into
mature neurons [8, 45].

Since BRPF1 is a key subunit of the MOZ histone acetyltransferase complex,
BRPF1 has also implicated in neurodevelopment. BRPF1 knockout in mice leads
to multiple defects in brain development, including reduced forebrain size, corpus
callosum agenesis, and impaired learning and memory. This study highlighted the
importance of BRPF1 in neurodevelopment [60].

The MOZ complex, including BRPF1, is responsible for acetylation of histone H3
at lysine 23 (H3K23ac). This specific histone modification is associated with active
gene expression. H3K23ac is enriched at promoters and enhancers of genes involved in
neural development. It has been reported that MOZ and its paralog MORF (KAT6B) are
the primary acetyltransferases responsible for H3K23ac in neural progenitor cells [24].

Furthermore, MOZ and BRPF1 regulate the expression of key neurodevelopmen-
tal genes. MOZ acetylates and activates the transcription factor Neurogenic 2 (Ngn2),
a key regulator of neuronal differentiation. This acetylation is crucial for Ngn2’s
ability to promote neurogenesis [61]. Moreover, KAT6A/B interact with transcription
factors crucial for neurodevelopment, such as RUNX1, which is essential for proper
development of the central nervous system and hematopoiesis [10].

4.4 Role of KAT6A in controlling immunity and regulating CD8" T cell responses

KATB6A is crucial for the long-term repopulation of hematopoietic stem cells,
which are the precursors of all immune cells, including T cells [58]. KAT6A, is shown
to maintain the transcriptional activity of the CD8 gene locus by acetylating histones
(specifically at the promoter and E8I enhancer regions). An important part of this
process is maintaining CD8 co-receptor expression, and thereby, strong TCR signal-
ing during T cell activation. In KAT6A-deficient CD8+ T cells, the surface expression
of the CD8 co-receptor is significantly reduced during clonal expansion, leading to
impaired TCR signaling. This reduction is linked to decreased histone H3 lysine 9
acetylation (H3K9ac) at the Cd8 locus and diminished transcription of the CD8a gene.
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The absence of KAT6A results in a marked decrease in the number of effector-like
memory CD8" T cells, which are critical for the immediate immune response.

In contrast, the formation of long-lived memory T cells (which are crucial for
lasting immunity) is less affected. This selective impact on T cell subsets suggests that
KAT6A-mediated histone acetylation at the Cd8 locus is particularly important for
sustaining effector-like memory T cells while having a minimal effect on long-lived
memory T cells. Moreover, removing the CD8 E8I enhancer, a regulatory element
essential for maintaining CD8a expression, phenocopies the loss of KAT6A. Both con-
ditions result in downregulated CD8 expression and similar defects in T cell function
and memory formation, reinforcing the idea that histone acetylation at the CD8 locus
by KAT6A is crucial for regulating T cell fate. The lack of KAT6A-mediated acetyla-
tion diminishes CD8 expression, destabilizes the CD8-TCR complex, and leads to
weakened antigen-specific signaling, compromising the generation and maintenance
of effector-like memory T cells [62].

4.5 Role of KAT6A in regulating B cell development

KAT6A was found to be crucial for optimal germinal center (GC) responses. In
secondary lymphoid organs, germinal centers are specialized areas where B cells
proliferate, undergo somatic hypermutation, and change antibody classes. KAT6A-
deficient mice showed a reduction in the size and number of germinal centers follow-
ing immunization. In the absence of KAT6A, there was a decrease in the quantity of
Ki67+ (a marker of cell proliferation) B cells, which supported this [63].

Interestingly, despite the impaired germinal center response, the formation of
short-lived plasma cells was not significantly affected in KAT6A-deficient mice. This
indicates that KAT6A has a distinct function in the germinal center reaction rather
than in all aspects of B cell differentiation [63] One of the most striking findings
was the severe impairment in the generation of antigen-specific memory B cells in
KAT6A-deficient mice compared to wild-type controls, potentially leading to reduced
long-term antibody responses and highlighting the importance of KAT6A in main-
taining long-lasting immunity [63].

5. KAT6A and KAT6B in neurodevelopmental disorders

As stated before, mutations in MOZ have been associated with neurodevelop-
mental disorders [22]. KAT6A mutations cause KAT6A syndrome (also known as
Arboleda-Tham syndrome), a neurodevelopmental disorder characterized by intel-
lectual disability, global developmental delay, microcephaly, hypotonia, and distinc-
tive facial features, arises from pathogenic variants in the KAT6A gene (Figure 1D)
[64]. A majority of reported KAT6A syndrome cases involves de novo heterozygous
truncating mutations in the KAT6A gene, often leading to the loss of the C-terminal
transactivation domain. These mutations lead to the production of truncated KAT6A
proteins. Truncating mutations in KAT6A result in haploinsufficiency, where only
one copy of the gene is functional, leading to reduction in the wild-type KAT6A pro-
tein level and impaired histone acetylation [22]. The severity of the phenotype may be
influenced by the location of the truncating mutation. For example, late-truncating
mutations (exons 16-17) in KAT6A are associated with more severe intellectual dis-
ability and a higher prevalence of certain syndromic features, such as microcephaly,
neonatal hypotonia, and gastrointestinal complications, compared to early-truncating
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mutations [64]. While truncating mutations are more common, missense mutations
in KAT6A have also been reported. These mutations, which alter a single amino

acid in the protein, can have variable effects on KAT6A function and contribute to

a broader phenotypic spectrum [65]. The clinical presentation of KAT6A syndrome

is diverse, reflecting the widespread impact of KAT6A on neurodevelopment. Key
features include intellectual disability and global developmental delay, which are hall-
mark features of KAT6A syndrome. The severity can range from mild to profound,
with individuals often exhibiting significant delays in motor, language, and cognitive
milestones [64, 65]. KAT6A mutations could affect neural stem cell proliferation and
differentiation, leading to a reduced number of neurons and ultimately contributing
to microcephaly [11]. Hypotonia is commonly present in KAT6A syndrome, often
manifesting as delayed motor development and difficulty with feeding. While the
specific mechanisms remain unclear, it’s possible that KAT6A mutations affect genes
involved in neuromuscular junction formation or muscle fiber development [10].
Individuals with KAT6A syndrome often share certain facial characteristics, including
a broad nasal tip, thin upper lip, bitemporal narrowing, and low-set or posteriorly
rotated ears [65]. Neurobehavioral and psychiatric features are not common among
individuals with KAT6A syndrome, but they can exhibit various neurobehavioral and
psychiatric features, including autism spectrum disorder-like behaviors, attention
deficits, anxiety, and aggression [64]. One study observed decreased expression of
schizophrenia-related genes in the prefrontal cortex, accompanied by reduced levels
of H3K9ac and H3K14ac at their promoters. This suggests a potential role for reduced
histone acetylation in the dysregulation of neurotransmission-related genes, which is
often observed in schizophrenia [11, 65].

KAT6B mutations lead to two main syndromes: Say-Barber-Biesecker-Young-
Simpson variant of Ohdo syndrome (SBBYSS) and genitopatellar syndrome (GPS).
These syndromes share common features like developmental delay, intellectual
disability, hypotonia, and distinctive facial features, but also have distinct clinical
presentations (Figure 1E) [10].

The clinical presentation of KAT6B disorders is highly variable, even among
individuals with the same KAT6B mutation [66]. Mutations in the proximal part of
exon 18 of KAT6B are often associated with the more severe GPS phenotype. These
mutations may lead to the production of a truncated protein with altered functional-
ity, potentially resulting in a dominant-negative or gain-of-function effect [65, 66].
Mutations located more proximally in the gene or in the distal part of exon 18 are
typically associated with SBBYSS or an intermediate phenotype. These mutations are
thought to primarily result in KAT6B haploinsufficiency, where the reduced amount
of functional KAT6B protein leads to a milder phenotype [66]. Most KAT6B muta-
tions are de novo; however, a few cases of familial inheritance have been reported
(Figure 1E) [10, 66].

6. KAT6A and KAT6B in cancer

KAT6A and KAT6B can function as both oncogenes and tumor suppressors, depend-
ing on the specific cancer type and context. Chromosomal translocations in KAT6A
which are leading to fusion proteins and KAT6A overexpression in ER+ and GBM
are examples of oncogenic activity [10]. As an example of tumor suppressor activity,
KAT®6B acts as a tumor suppressor in small cell lung cancer and gastric cancer [10].

Low KAT6B expression in these cancers correlates with a diminished patient survival.
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In small cell lung cancer, KAT6B downregulation is thought to promote tumor growth
by reducing the expression of BRM, a catalytic subunit of the SWI/SNF chromatin
remodeling complex [10].

6.1 KAT6A in development of acute myeloid leukemia (AML)

In AML, specific chromosomal translocations involving the MOZ gene lead to
the formation of fusion proteins that combine MOZ with other proteins such as CBP,
p300, or TIF2. These fusion proteins retain the acetyltransferase activity of MOZ, but
also gain new functions or lose regulatory controls, contributing to leukemia [45].
MOZ-CBP, resulting from the chromosomal translocation t(8;16) (pl11; p13)), is one
of the most well-characterized. It combines MOZ with CBP, another acetyltransferase.
The MOZ-CBP fusion protein has enhanced transcriptional activity and can aberrantly
activate genes that should remain silent, leading to uncontrolled cell proliferation
[46, 47]. MOZ-p300, resulting from chromosomal translocation t(8;22) (p11;ql3),
fuses the N-terminal part of MOZ to the C-terminal part of p300. The resulting fusion
protein can recruit other transcriptional regulators, which will further disrupt typical
gene expression [19, 47]. While MOZ-CBP affects CBP, MOZ-P300 involves the p300
acetyltransferase. The fusion protein can disrupt normal acetylation patterns, leading
to the activation of oncogenes or repression of tumor suppressor genes [47].

MOZ-TIF2 fusion protein, resulting from the chromosomal inversion inv. (8)
(pl1ql13), has been implicated in the pathogenesis of acute myeloid leukemia (AML).
This chimeric protein combines elements from two distinct functional entities: MOZ,
amember of the MYST family of histone acetyltransferases (HATs), and TIF2, a
nuclear receptor coactivator known to interact with CREB binding protein (CBP)
[67]. Mechanistic investigations have revealed critical structural requirements for
the leukemogenic activity of MOZ-TIF2. The C2HC nucleosome recognition motif of
MOZ is essential for cellular transformation, suggesting the importance of chromatin
targeting in the oncogenic process. The histone acetyltransferase activity of MOZ is
dispensable for the transforming capacity of the fusion protein [67]. This mechanistic
insight suggests that the MOZ-TIF2 fusion results in a gain of function for MOZ,
contributing to leukemogenesis through altered chromatin interactions and aberrant
recruitment of transcriptional coactivators.

6.2 KAT6B in ovarian cancer

MYST4(KAT6B) is overexpressed in ovarian high-grade serous carcinomas
(HGSCs) and this overexpression has been linked to decreased patient survival in
advanced-stage HGSCs. MYST4 is significantly overexpressed in HGSCs compared to
other ovarian cancer types, like endometrioid carcinomas and clear cell carcinomas
[68]. This overexpression is correlated with diminished patient survival, particularly
in advanced-stage HGSCs (FIGO stage III/IV). This observation suggests that MYST4
could serve as a potential prognostic marker for HGSC patients (Figure 2D-E) [68].
As itis indicated in the graphs, we could see that most ovarian cancers related to
KATG6A/B are due to amplifications.

Knockdown of MYST4 in three different cell lines [A2780 (ovarian cancer), SKBR3
(breast cancer) and Huh7 (hepatocellular carcinoma)] significantly reduced cellular
proliferation, migration, and cell cycle progression, suggesting that MYST4 promotes
tumor growth and progression [68]. In vivo studies using Huh7 cells in a mouse xeno-
graft model further confirmed these findings. Mice injected with MYST4-knockdown
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Huh?7 cells developed significantly smaller tumors compared to those injected with
control Huh7 cells, providing strong evidence for MYST45 role in tumor growth [68].
Based on these findings, the study suggests that targeting MYST4 could be a potential
therapeutic strategy for treating advanced solid tumors, including HGSCs, that overex-
press MYST [68]. Moreover, MYST4’s role in tumorigenesis might involve regulating
the RAS/MAPK signaling pathway via histone H3 acetylation, further supporting its
connection to epigenetic modifications and cancer development [68].

6.3 KAT6A in glioblastoma multiforme

Glioblastoma multiforme (GBM) is the most common and aggressive primary
brain cancer. One study, using U87 GBM cells, found that KAT6A expression is
correlated with PIK3CA expression [25]. KAT6A upregulates PIK3CA expression to
activate the PI3K/AKT signaling pathway (crucial pathway involved in regulating a
variety of cellular functions, including growth, proliferation, survival, and metabo-
lism), contributing to glioma tumorigenesis. Inhibiting KAT6A suppressed cell
proliferation, migration, colony formation, and tumor development in an orthotopic
mouse xenograft model [25]. KAT6A acetylates lysine 23 of histone H3 (H3K23),
which then recruits TRIM24, a nuclear receptor binding protein. TRIM24 activates
PIK3CA transcription, enhancing PI3K/AKT signaling. Overexpressing activated
AKT or PIK3CA rescued the growth inhibition caused by KAT6A silencing, while the
pan-PI3K inhibitor LY294002 counteracted KAT6A’s growth-promoting effect [25].
The study concluded that KAT6A plays a crucial role in glioma formation and could
be a potential therapeutic target for GBM treatment [25].

6.4 KAT6A in endometrial serous sarcinoma (ESC)

KAT6A and MYC amplifications are associated with Endometrial Serous
Carcinoma (ESC) worse clinical outcomes [69]. KAT6A amplifications correlated
with shorter progression-free survival and overall survival, while MYC amplifications
were linked to advanced disease stage [69]. KAT6A is newly identified as a potential
driver in ESC pathogenesis, suggesting new therapeutic targets for this aggressive
cancer type (Figure 2D-E). As it is indicated in the graphs, endometrial cancer is the
most common cancer related to KAT6A/B mutations.

7. Therapeutic strategies targeting KAT6A and KAT6B
71 KAT6A /B inhibitors as therapeutics against leukemia

KAT6A is frequently found to be chromosomally translocated in various hemato-
logical malignancies, leading to the formation of fusion genes like KAT6A-CBP and
KAT6A-TIF2. These fusion genes contribute to the development of acute myeloid
leukemia. Similarly, chromosomal translocations in KAT6B have also been identified
in various cancers [12]. Inhibiting KAT6A and KAT6B can suppress tumor growth and
induce cellular senescence. These altered KATs are important for maintaining the prolif-
erative capacity of cancer cells and they could be a potential target for cancer therapies.
WM-8014 and WM-1119 are identified as competitive inhibitors of KAT6A [70].
Crystal structure analysis revealed these compounds compete directly with acetyl-CoA
in the binding site, leading to reduced H3K14 acetylation globally and H3K9 acetylation
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at specific gene loci. The compounds trigger cell cycle arrest in GO/G1 phase and cellular
senescence through the p16INK4A-p19ARF pathway, as demonstrated in mouse embry-
onic fibroblasts. It has been found that WM-8014 led to a concentration-dependent
reduction in the level of E2f2 mRNA and Cdc6 mRNA which play an important role in
cell cycle progression and DNA replication, accompanied by an upregulation of both
splice products of the Cdkn2a locus, Ink4a (inhibits CDK4 and CDK6) and Arf (stabi-
lizes p53 by inhibiting its degradation, also functioning as a tumor suppressor) [12].

7.2 KAT6A/B inhibitors as therapeutics for treating ER" breast cancer

KAT6 operates through complex epigenetic and hormonal regulatory pathways
in ER+ breast cancers. As histone lysine acetyltransferases, KAT6A and its paralog
KAT6B specifically catalyze H3K23 acetylation (H3K23ac), which is crucial for lineage-
specific gene transcription. In ER+ breast cancer, KAT6A appears to function as an
epigenetic activator of ERa, thereby influencing estrogen receptor signaling pathways
and hormone-dependent breast cancer growth [71]. KAT6A critical role in Era (estro-
gen receptor alpha protein) signaling is conducted through both direct and indirect
mechanisms, directly by regulating ERa gene (ESRI) expression and protein levels,
and indirectly by modulating pioneering transcription factors like FOXA1 and GATA3,
while also affecting ER target genes such as TFF1 (Trefoil Factor 1), which are crucial
for estrogen-responsive cellular processes. KAT6A inhibition triggers various cellular
effects, including cell cycle arrest in G1 phase, increased apoptosis through enhanced
caspase 3/7 activity, and modulation of multiple signaling cascades including glucose
metabolism, VEGF signaling, TP53 transcription, DNA repair, and PIK/AKT pathways.

The amplification of KAT6A is one of the most notable amplifications on 8p11-
P12, and its strategic location in this 12-15% breast cancer amplicon implicates it as a
potential driver oncogene. Its impact on cell cycle regulation and ability to influence
tumor cell proliferation is evidenced by the observation that its inhibition induces
cell senescence [71]. The clinical significance of KAT6A in breast cancer is evaluated
by the effectiveness of its inhibitor, PF-07248144. Particularly in ER+ breast cancer,
it has been demonstrated that after administration of this drug, a median reduction
of atleast 70% from baseline in H3K23Ac levels in peripheral blood mononuclear
cells was achieved. This evidence suggests a potent KAT6 target inhibitor effect, as
H3K23Ac is a marker of KAT6A and KAT6B activity [71]. Moreover, there is a reduc-
tion in H3K23Ac levels in tumor biopsies from patients, indicating the inhibitory
effect on H3K23ac extends to the tumor microenvironment [71].

CTx-648 (PF-9363) is another newly discovered KAT6A/B inhibitor. This selec-
tive KAT6A/B inhibitor is a benzisoxazole compound and has shown efficacy against
KAT6A-high ER+ breast cancer leading to a decrease in H3K23 acetylation. This
decrease in H3K23ac contributes to chromatin remodeling and limits the accessibility
of crucial regulatory regions, including the ESR1 promoter. This reduced accessibility
leads to the downregulation of ER expression and the disruption of estrogen signal-
ing, ultimately hindering the growth of ER" breast cancer cells [72].

8. Conclusion

The KAT6A/KAT6B-BRPF1 complexes constitute a sophisticated epigenetic
regulatory system with crucial roles in development, cellular homeostasis and human
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diseases. BRPF1 functions as a scaffold protein within the tetrameric complexes [14,
34], containing multiple functional domains [15]. The domains work in concert with
KAT6A and KAT6B, each of which contains an NEMM domain, two PHD fingers,
aMYST catalytic domain and a serine/methionine-rich domains [17], to regulate
histone acetylation and propionylation at lysine 23 of histone H3 [23, 24, 73]. The
complexes are essential for embryonic development, hematopoiesis, neurogenesis,
and skeletal formation [49, 53, 54], while also regulating critical cellular processes
including cell cycle progression, DNA damage response, and cellular senescence

[39, 41]. Mutations and dysregulation of the complexes lead to various pathological
conditions: KAT6A and KAT6B germline mutations lead to two different develop-
mental disorders [22, 64-66]; BRPF1 mutations cause Intellectual Developmental
Disorder with Dysmorphic Facies and Ptosis (BRPF1 syndrome) [23, 74, 75], charac-
terized by developmental delays and distinct facial features; KAT6A translocations
are implicated in acute myeloid leukemia through fusion proteins like MOZ-CBP

and MOZ-TIF2 [45-47]; KAT6A drives glioblastoma progression through PI3K/AKT
pathway activation [25]; and KAT6B overexpression is associated with poor prognosis
ovarian cancer [68]. The complexes also play significant roles in immune regulation,
particularly in CD* T cell responses [62] and B cell function through germinal center
reactions [63]. Therapeutic targeting of these complexes is promising, with inhibitors
like WM-8014 and WM-1119 demonstrating effectiveness in cancer treatment by
inducing cellular senescence [12], while BRPF1 inhibitors show potential in treating
ER" breast cancer [76] and liver cancer [77]. Recent research has also revealed the
complexes’ involvement in DNA damage response pathways, where they interact with
P53 and contribute to cellular stress responses [43, 44]. Therefore, since their initial
identification almost three decades ago [5, 6, 17], KAT6A and KAT6B are known to
play important roles in diverse cellular process and have become valuable new drug
targets.
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Chapter 5

Neuromuscular Adaptations to
Exercise Training in People with
Intellectual Disabilities

Hojjatollah Siavoshy

Abstract

Based on the principle features compatibility exercise, many neuromuscular
responses to exercise training occur based on the type, intensity, duration, and
volume adjustment training. Several occurring join the four major categories, include
aerobic exercise (endurance), anaerobic exercise, strength training, and training
speed and power, each compatibility related to the demand. In this review, we sum-
marize compatibility by neuromuscular in response to each of these exercises that
take place joins the presentation and then also with a new search, the studies and
research tips were also undertaken regarding the compatibility in the brain and cen-
tral nervous system that occur in response to exercise training the material also offers.

Keywords: neurological adaptation, brain adaptation, resistance training, strength
training, aerobic training, endurance training, anaerobic training, speed training

1. Introduction

Exceptional children need special education and services to flourish their potential
talents. These people themselves are divided into seven categories of people with
visual disabilities, hearing disabilities, physical and movement disabilities, behavioral
disorders, learning disorders, multiple disabilities, and intellectual disabilities [1].
Various definitions have been used for intellectual disabilities, but the definition that
most experts have accepted is the definition of “The American Association on
Intellectual and Developmental Disabilities (AAIDD),” which is the most specialized
organization in the field of intellectual disabilities. Based on this definition, “intel-
lectual disabilities refers to the general performance of intelligence, which is signifi-
cantly two standard deviations lower than the average of common intelligence tests,
that is, Stanford-Binet and Wechsler tests, and at the same time, it is accompanied by
deficits in adaptive behavior during the development and growth period [2].” After
many years, the theories of intellectual disabilities are now focused on an approach
called the “whole child approach” [3], which emphasize all the factors that character-
ize abnormal development and provide a complete description of development in
people with intellectual disabilities. In line with this perspective, there is a good
consensus among theorists that sports and free time can play an essential role among
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children and adolescents with intellectual disabilities and functional deficiencies

[4, 5]. Recent studies have confirmed this hypothesis that regular physical activity is
closely related to improved reaction time [6] and better working memory [7] in
children with intellectual disabilities. The background of research up to now has
confirmed a causal relationship between regular physical activity and brain develop-
ment, especially in the prefrontal area of the cerebral cortex [8, 9]. Movement
problems are commonly reported in intellectual disabilities people, among the
symptoms of intellectual disabilities are defects in cognitive and motor functions
[10]. Intellectual disabilities hurt people with disabilities by reducing motor activities,
which is revealed by defects in vision and motor coordination, limited motor accu-
racy, prevention of emotions, and problems in learning new activities [11, 12]. Due to
defects in cognitive and motor functions in people with intellectual disabilities, these
people engage in less activity during life or are even inactive throughout the stages of
life [10, 13]. People with intellectual disabilities are much weaker in performing tasks
that include a combination of two activities; they also significantly have problems
with static and dynamic balances, so this weakness is manifested by unbalanced
movements and an increased probability of falling [14]. Falls that lead to injury is very
common in intellectual disabilities people [15]. A relationship between balance and
gait in falls has been well demonstrated [16]. Some research has shown that people
with intellectual disabilities have a relatively high rate of falls and face an increased
risk of fall injuries [17, 18]. Children with intellectual disabilities are less active during
puberty [19]. This is especially important for intellectually disabled teenagers because
of their lower cardiovascular fitness compared to their healthy peers [20]. The reason
for their lower readiness is not known, but part of it can be due to their lower maxi-
mum heart rate (HRPeak) (about 30% lower than expected), which may cause a
decrease in physical activity level, respiratory problems, and muscle strength [20, 21].
Individuals with intellectual disabilities are also more prone to developing cardiovas-
cular diseases [22], diabetes [23], osteoporosis, and obesity and, therefore, are more
prone to a significant and early decline in performance compared to their age [24].
Research has also shown that, except for flexibility, there is a significant relationship
between the levels of intelligence and other factors of physical fitness in intellectually
disabilities students. This means that students who have a higher level of intelligence
have better balance, muscular endurance, strength, speed, and cardiorespiratory
endurance, and in other words, the lower the level of intelligence, the lower the
physical fitness factors [25]. However, although it is agreed among theorists that
children with intellectual disability can enjoy the benefits of sports training, people
with intellectual disabilities face many obstacles to participating in sports programs,
such as the need for someone to exercise with them [26], and the need a suitable
program [27]. Sports adjustments for this group include the need for close supervi-
sion, motivational support, and the need to gain assurance of doing sports at the
appropriate intensity [28, 29] and improving social interactions [27]. It seems that
one of the most important obstacles is a sedentary lifestyle with a lack of motivation
and difficulty in maintaining a planned sports activity protocol for sufficient periods
[30]. On the other hand, the participation and involvement of people with intellectual
disabilities in organized sports activities are limited by environmental factors such as
access to gyms, lack of an expert teacher or coach, and limited access to exercises [31].
These factors are often closely related to known barriers, ranging from dependence on
others in moving to beliefs about limiting medical conditions related to special
disabilities or prejudices about reducing physical and behavioral skills. All these
factors in the long run can cause some families to overprotect their disabled children
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and reduce or limit the participation of these people in sports activities [32]. It also
seems that the degree of influence of sports programs is influenced by personality
characteristics, such as age and degree of intellectual disability. Thus, younger people
and those who are on the border of intellectual disability show more improvement
after specific movement exercises than people who have a higher level of intellectual
disability [29]. In 1965, the American Association for Health, Physical Education, and
Recreation (AAHPER) started implementing a project that was active in the fields of
recreation and preparation for people with intellectual disabilities, and its goal was to
increase the amount of recreation and preparation body skills of the people with
intellectual disabilities [33, 34]. Later, this project expanded its scope of action to all
cases of disabilities, including intellectual disabilities, and after that, the levels of
research in the field of movement needs of the disabled and norm-making and the
standardization of physical fitness tests for people with intellectual disability
increased; for example, the set of Eurofit Special Tests, the Brockport Physical Fitness
Test, and the Canadian Standardized Test of Fitness can be mentioned, which are
used to measure physical fitness factors in people with intellectual disabilities have
been exposed. It may be possible to consider physical fitness as qualitative efficiency
in activities while performing assigned duties without feeling excessive and abnormal
fatigue, as well as recovery and returning to a suitable initial state after hard physical
work by using reasonable rest and preparation to participate in subsequent activities;
which is a general term consisting of a combination of physical fitness factors such as
cardiovascular capacity, muscular strength, muscular endurance, and flexibility [35].
Through some tests, it is possible to detect the level of these factors in people, and in
case of a significant decrease in the scores of these physical factors, can be taken to
improve these factors, because, for example, reducing the levels of cardiorespiratory
endurance in people exposes them to the risk of many health problems such as
obesity, cardiovascular diseases, and diabetes [36].

Improving the life expectancy of people with intellectual disabilities and people
with Down syndrome requires knowing the conditions that frequently occur in
adults in these communities, and health workers should be aware of it because this
group of people is especially susceptible to infections of the urinary tract, respiratory
and gastrointestinal tract; at least part of which may be explained due to the severe
disturbance in the secretion of some biomarkers of the immune system [37].

Good muscle strength is especially important for people with intellectual dis-
abilities and people with Down syndrome because the workplace activities of these
people emphasize physical skills rather than cognitive and mental skills, and muscle
weakness, as an effective physical component in doing things, can be a serious
problem in these people [29]. Also, muscle weakness can affect the ability of these
people to perform daily life activities, such as walking, and strength improvement can
be accompanied by positive changes in functional activities and work-related skills in
individuals with intellectual disability [29]. Destruction, atrophy, and loss of muscle
cells are associated with decrease in muscle strength [38].

The excessive obsession of parents and guardians of people with intellectual
disabilities in taking care of these people and the fear of getting injured during sports
programs prevent this group of people from participating in sports programs, and
such phenomena strengthen the hypothesis that these people from In terms of physi-
cal fitness profile and physiological and anthropometric variables, they have a lower
status compared to their healthy peers without intellectual disability [39]. Also, on
the other hand, it can be said that people with intellectual disabilities may not be able
to participate in sports programs due to some restrictions or that these people cannot
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follow the instructions and learn sports compared to healthy people without intel-
lectual disabilities, that this phenomenon can reduce the benefits they get from these
sports programs [29, 40]. It seems that the special conditions of these people and sep-
arating them from the communities without an intellectual disability can be a major
reason for not participating in sports programs and consequently having a sedentary
life [41]. The evidence shows that the chronic conditions of people with intellectual
disabilities, apart from the limitations it creates for them, also affect their families

in financial, social, emotional, behavioral, and cognitive abilities, and families with
children with intellectual disabilities are under a lot of psychological pressure [42]. It
seems that people with intellectual disabilities have a more or equal need for physical
fitness and health of the cardiovascular and musculoskeletal systems to live a healthy
life with health and prevent diseases and premature death compared to healthy
people [43]. On the other hand, due to intellectual disabilities, they cannot engage in
jobs that require mental and cognitive skills and work in environments with mental
busyness, and the activities entrusted to them emphasize physical skills more than
mental and cognitive skills [29, 40]. Apart from this, as people with intellectual dis-
abilities get older, they need more strength and physical fitness to gain independence
in doing personal work and daily life activities, and the ability to have an independent
life is a key factor for people with intellectual disabilities; therefore, In this group of
people, having muscle strength, general and special endurance, flexibility and other
physical fitness factors is a key factor to ensure the quality of life and independence
in performing assigned tasks and personal tasks [29]. Due to a sedentary lifestyle and
reduction of physical activities, with increasing age, the condition of physical fitness
worsens and this phenomenon increases dependence on others in doing personal
work and tasks assigned to them [44].

Therefore, based on the materials and points that have been said, people with intel-
lectual disabilities have a lower level of physical fitness compared to people without
intellectual disabilities [29]. Reducing physical fitness due to its effects on overweight
and obesity leads to some risks related to inactivity, and this problem shows itself more
in people with intellectual disabilities [45]. For this reason, it is necessary to provide
opportunities for people with intellectual disabilities to be more involved in physical
activities, so that, as a result, they can have a healthy lifestyle along with the health
and wellness benefits of physical activities and reduce the death rate and increase life
expectancy and health, to be able to achieve improvements in doing personal work
and living an independent life; in this regard, people with intellectual disabilities or
their parents and guardians, teachers and sports coaches, health workers, or anyone
who is in some way connected with these people should be responsible for intelligent
and efficient planning and designing and compiling activities. Sports for this group
of people should have the tools and equipment to be able to measure and evaluate the
level of physical fitness of people with intellectual disabilities so that using these data
and also using the principles of training and exercise science, determine the intensity,
duration, and number of sessions of sports training programs and also consider the
progress of training programs and possible changes during the periods of exercise
programs by measuring and monitoring the level of physical fitness achieved. Also,
in the prescription of any activity or exercise program, the individual abilities of each
person should be taken into account to avoid health risks that may arise due to incor-
rect and inappropriate prescription of an activity or exercise program. Therefore,
measuring and evaluating physical fitness levels in people with intellectual disability
is especially important [34]. Despite this, most of the sports and exercise tests have
been standardized for people without intellectual disability and healthy societies,
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and the generalization of these tests and norms to people with intellectual disability

is not reasonable and logical due to their little physical activity. Therefore, according
to the above, determining the physical fitness normative data for this group of people
in society is an undeniable fact because if there are such suitable and appropriate tools
for people with intellectual disabilities, it is better to plan for their design and activities
and sports exercises, and by measuring and monitoring the level of physical fitness

of these people, it is possible to determine the level of progress and improvement,
efficiency and ensure the effectiveness of exercise training programs. And also, it is
better to recognize the problems of motor development and physical fitness of these
people and plan to solve them in training sessions. To achieve this goal, a suitable mea-
surement tool is needed that can be implemented easily and at the lowest cost without
using complex sports equipment anywhere.

The exercise tests that are used to measure physical fitness factors in special
schools are the tests that are often normalized and standardized on people without
intellectual disabilities, while, as mentioned before, the level of physical fitness of
people with intellectual disabilities is often lower than their peers without intellectual
disabilities [29, 40]. Therefore, these tools that have been standardized and normal-
ized (normative data) in societies without intellectual disability are not suitable tools
for measuring the physical fitness factors of people with intellectual disabilities. In
this regard, a series of special exercise tests have been prepared and compiled for
these people, for example, the Eurofit Special Test (EST), the Brockport Physical
Fitness Test (BPFT), and the Canadian Standardized Test of Fitness (CSTF). The
CSTF was first designed and standardized in Canada in 1981 on communities without
intellectual disabilities and then standardized and normalized (normative data) on
people with intellectual disabilities in Canada [46, 47] and Iran [39]. However, each
of these tests has its disadvantages; for example, the Brockport physical fitness test
set requires special complex sports equipment to be implemented, and most special
schools do not have equipment and facilities to measure such physical fitness factors.
Therefore, it is not possible to do it in most of these special schools, and no matter
how accurate and reliable these tests are, if they are not implemented everywhere,
they will not have good generalizability.

2. Neural and muscular adaptations to sports training

Although the structure and metabolic and physiological characteristics of ath-
letes have been studied over the years, the physiological mechanisms that support
the effectiveness and effect of exercise programs on neuromuscular adaptations
remain unclear. Available scientific information mainly focuses on observations and
comparisons.

Many adaptations occur in the nerve and muscle department in response to
physical activities. The four main categories include aerobic (endurance) exercises,
anaerobic exercises, strength exercises, and speed and strength exercises.

High levels of athletic performance result from years of rigorous, consistent train-
ing combined with excellent planning. During these years, athletes try to adapt their
bodies and functions to the specific needs of that sport. The level of compatibility can
be determined using functional capabilities; or in better words, it can be expressed as:
“More compatibility, better performance.”

Training adaptation is the result of changes that result from regular repetition of
sports. Such structural and physiological changes are the result of special pressures
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that athletes put on their bodies with continuous and non-stop activity, which depends
on the volume, intensity, and repetition of sports exercises. Physical exercises are
beneficial only if they lead to adaptation to the force due to the pressure applied to the
body during the activity, and if these pressures are not enough, no adaptation will hap-
pen. On the other hand, if these pressures are unbearable and beyond a person’s ability,
there is a possibility that they will cause injury or overtraining. The time required to
achieve high levels of adaptation depends on the complexity of the skill and the physi-
ological and psychological difficulties of that sport or activity; so, more difficult and
complex sports require a longer time for neuromuscular and functional adaptation.

Regular and organized training programs create many changes in the body;
although researchers have reported more functional and physical changes in endur-
ance athletes [48, 49], most athletes witness neuromuscular, biochemical, and cardio-
pulmonary changes in their bodies, and of course, psychological improvements and
improvements also occur after physical training.

The studies conducted on anatomical adaptations also indicate that intense
sports activities reduce the strength of bone constituents. On the other hand, it
can be safely said that the mechanical properties and characteristics of bones do
not depend on the chronological age of people but are caused by the mechanical
pressures applied to the athlete. For this reason, low-intensity sports training at
early ages may stimulate the longitudinal growth and thickness of long bones, while
high-intensity and intense training may stop bone growth [50].

However, researchers believe that bone adaptations due to exercise are a func-
tion of people’s age. So, the bones of immature people are more sensitive to periodic
changes in exercise load compared to the bones of adults. However, doing strength
training at a young age accelerates the maturation process and leads to permanent
retardation of bone growth [50]. Therefore, sports exercises should be performed
with the aim that the pressure applied to the body is such that it causes adaptation
responses of the body and not worsening the body condition.

In athletes who perform strength and power exercises with an intensity close to
the maximum muscle contraction, the cross-sectional area of their muscle fibers
increases, which is called muscle hypertrophy. Most muscle growth and muscle
weight increase are caused by hypertrophy, but sometimes muscle growth can be
caused by increasing the amount of proteins in muscles or the longitudinal division of
muscle fibers, which is called muscle hyperplasia.

Usually, researchers attribute superior performance in strength and speed events
to genetic factors and dominant muscle fiber type. However, Simoneau et al. [51]
stated that muscle fiber type composition cannot be determined by genetics alone.
Researchers have seen conflicting results when converting fast-twitch to slow-twitch
muscle fiber types. Some results have confirmed that when the stimulation is appro-
priate, there is a capacity to convert one type of muscle fiber to another; therefore,
the adaptation of the muscle fiber type can depend on the nature and duration of the
appropriate training program and the pre-training conditions of the athlete; there-
fore, it is not considered a genetic factor alone.

We can fully understand the explosive power performance enhancement and
biocompatibility of specific training stimuli. Gravity naturally provides most of the
mechanical stimuli that drive structural muscle growth in everyday life and exercise;
therefore, it seems reasonable to imagine that higher gravity conditions could affect
the muscle mechanics of highly trained athletes. Researchers have reported improve-
ments due to rapid adaptation to higher simulated gravity fields. They postulated that
adaptation occurs in both muscle function and metabolic processes [52].
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Improved performance is also associated with changes in the neuromuscular
system. During maximal or submaximal sustained activities, the average firing rate of
a motor unit increases over time. This neuromuscular strategy can increase the length
of time athletes can sustain a contraction. During prolonged submaximal activity,
as fatigue develops in active motor units, the recruitment of new motor units also
maintains force output. However, when maximal voluntary contractions continue,
units with the highest initial frequency show the greatest reduction.

Short-duration activities and high-speed activities cause low enzyme adaptations
(protein substances that cause chemical reactions) and increased creatine phosphate
(CP). More intense activity causes faster functioning of this enzyme and more
metabolism of oxidative glycolysis. It can be mentioned that hypertrophy increases
the activity of oxidative enzymes. Aerobic activity is not enough to change the
processes of glycolysis. Consequently, the more an athlete participates in training, the
more hypertrophied his slow-twitch fibers will be [53].

Moderate-intensity and long-duration endurance exercise increases aerobic capac-
ity, mostly due to increased myoglobin (the part that binds and releases oxygen),
mitochondrial enzymes (both in number and size), glycogen stores, and oxidative
capacity. The main adaptations to long-term activities include increased respiratory
capacity and respiratory rate, increased oxygen transport, increased cardiac output,
and structural changes in the volume and number of muscle mitochondria; therefore,
the increase in maximum oxygen consumption indicates an increase in aerobic capac-
ity in long-term activities and an increase in enzyme activity in active muscles. An
important benefit of increasing enzyme levels is the oxidation of fatty acids, which
improves the body’s ability to use fats as an energy source. Researchers believe that the
increase in mitochondria and muscle myoglobin explains about 50% of the increase in
maximal oxygen consumption. The other 50% is probably explained by better oxygen
transport through the cardiovascular system [54]. Also, dominant aerobic exercises
significantly increase anaerobic capacity.

Many adaptations occur in the nerve and muscle department in response to physi-
cal activities. The four main categories include aerobic (endurance) exercises, anaero-
bic exercises, strength exercises, and speed and power exercises. They are explained
about them, and then we discuss the adaptations of the brain and central nervous
system and the events that happen to these organs during physical activities.

2.1 Neural and muscular adaptations to aerobic (endurance) exercises

A possible benefit of neuromuscular adaptations to slow, long-distance exercise is
the development of neuromuscular patterns. It should be noted that the strengthen-
ing of neuromuscular patterns during low-intensity sports activity does not neces-
sarily reflect the neuromuscular demands of the competition. Therefore, endurance
athletes must train at a high-intensity range to facilitate the neuromuscular adapta-
tions employed in the activity rhythm.

In recent years, other complementary strength training methods, such as plyomet-
ric exercises, have been developed. Plyometric training is a form of strength training
that is increasingly advocated by strength and conditioning coaches in elite endurance
athletes. In a recent paper, the same group examined several athletic factors includ-
ing 5 km sprint time, running economy, 20 m sprint maximum speed, vo2max, and
maximum running speed before and after 9 weeks of explosive strength training in
22 elite male cross-country runners [55]. Athletes were divided into a control group
and an experimental group, and each group replaced 3 and 32% of their normal
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training volume with explosive training, respectively. Explosive exercises included
basic speed exercises and various plyometric exercises. After 9 weeks of training
program in the experimental group, a significant improvement in the performance of
two 5 km was observed, but this was not observed in the control group. It has previ-
ously been suggested that the observed improvements in performance may be due to
an increase in Vo2max or lactate threshold (LT). However, no changes in Vo2max and
lactate threshold were observed in most phases of the study. Correlation of the data
showed that the improvement in the performance of two 5 km was the result of the
increase in running economy and muscle power, which is defined as the ability of the
neuromuscular system to produce power during maximal exercise when glycolytic or
oxidative energy production is high and muscle contraction is possible limited. The
authors of this paper went on to show that running economy is likely to be affected by
explosive strength training through increased neuromuscular properties, leading to
greater stiffness and efficiency of the muscle structure. Support for this theory was
provided by additional data obtained by examining cross-country skiers. The effect of
strength training in increasing aerobic endurance performance when evaluated on an
ergometer for cross-country skiing was investigated by Hoff et al. [56]. Elite athletes
were studied for 8 weeks with resistance training (three times per week, three sets of
six repetitions, 3-4 minutes rest between sets at a workload of 85% of one-repetition
maximum). With more emphasis on summoning maximum force in concentric move-
ments suggested by researchers, especially neuromuscular adaptation is targeted.
Following the training program, several positive results were observed, which include
the power evaluated by a maximum repetition, the time to reach the peak of the force,
the time of relaxation, and the economy of activity, which were all increased.

2.1.1 Local muscular endurance

Local muscle endurance is the extent to which specific muscle groups can continue
to contract against a certain load for a period or a certain number of repetitions,
which is determined by the type of muscle contraction, the rate of contraction, the
rate of repetition, and the amount of resistance. The limiting factors of muscle endur-
ance are the amount of exercise of muscle groups and their neuromuscular control,
and it has nothing to do with cardiorespiratory or cardiovascular factors [57].

2.2 Adaptations to anaerobic endurance training

Unlike aerobic endurance adaptation exercises that occur both centrally and
peripherally, anaerobic capacity adaptation occurs peripherally and often within
muscle cells. Unfortunately, limited well-controlled scientific studies are measuring
physiological adaptations to high-intensity exercise; however, a summary of key find-
ings regarding neuromuscular adaptation to anaerobic exercise is shown in Table 1.

The major adaptations that enhance ATP-CP capacity and, therefore, lead to
increased short-term anaerobic endurance include:

¢ Intramuscular CP and ATP reserves.
e Intramuscular free creatine stores.

* Concentration and activity of key enzymes (creatin-kinase and myo-kinase).
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Duration Type of activity Adaptations Non-adaptations Reference
6 weeks Intermittent hill 1 17% maximum treadmill ~ VO2max Houston and
running test anaerobic power Thomson [58]
1 14% peak blood lactate Composition of
1 15% high-energy muscle fibers
phosphates
8 weeks Sprint training 1 20% peak muscle lactate Sharp etal. [59]
< intramuscular pH*
1 46% PFK activity
6 weeks Speed ergometer bike, 1 Peak blood lactate Wingate Jacobs et al. [60]
two to three times a 1 % of all muscle fibers performance
week 1 PFK activity
2 x 15 seconds and 2 x | Mb
30 seconds in week 1
Increase to 15 x 6
seconds and 30 x 6
seconds
6 weeks Running on a treadmill 110% MAOD in both Peak blood lactate Medbo and
three times a week. groups Burgers [61]
Or: 3 x 2 minutes,
8 minutes rest
Or: 8 x 20 seconds, with
about 5 minutes of rest
3 weeks Bike ergometer at full 1 Mean power at 2 out of VO2max Jenkins et al. [62]
speed 10 speeds Plasma volume
6 x 10 seconds of speed, 1 Peak power in three out blood sugar
24 seconds of rest of four speeds
A total of 10 sessions 1 Peak blood lactate
<« PH post-exercise®
8 weeks Running on a treadmill, 1120% peak power in Muscle buffering Nevill et al. [63]
three to four times a 30-second speed test capacity (in vitro)
week 16% mean power in Metabolic

Maximum 30 seconds x
2, 10 minutes rest
Maximum 6 x

10-6 seconds,

54 seconds rest

2 x 5-2 minutes at 110%
VO2max, 5 minutes rest

30-second speed test

1 muscle lactate
post-exercise

| blood pH post-exercise

responses to a
2 minutes test at
110% VO2max

*The lack of change in muscle and blood pH after passive exercise indicates an increase in buffering capacity. 1 increase,
| decrease, < unchanged.

Table 1.

Findings and research about adaptations to anaerobic exercises.

The major adaptations that develop the capacity of the glycolytic system and
consequently improve long-term anaerobic endurance include:

* Glycolytic enzymes (e.g., PFK and phosphorylase).

* Intracellular and extracellular buffer capacity.

These and other adaptations to vigorous exercise are discussed below.
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2.2.1 Capacity of ATP-CP

Short-term anaerobic endurance training increases resting intramuscular CP and ATP.
An increase in free creatine, which is used to regenerate CP, is often observed following
exercise. When substrate stores are upgraded, the time of this pathway and its contribu-
tion to ATP-PC depletion during maximal activity seem to be similar for trained and
untrained subjects. It has been shown that anaerobic exercises increase the concentration
of creatine kinase and myo-kinase in fast-twitch muscle fibers [64]. However, there is
little evidence for such adaptations in response to other forms of anaerobic exercise.

2.2.2 Glycolytic capacity

Long-term anaerobic endurance training has been shown to increase glycogen
metabolism during high-intensity activity and to increase post-exercise muscle acidity
and blood lactate, indicating a high or low level of anaerobic glycolysis. Blood lactate
concentration after exercise has a direct relationship with performance in short-term
intense sports. As a result, sports scientists often use blood lactate concentration after
exercise to show the anaerobic contribution of activity. The concentration of lactate in
the blood is usually at its peak after a few minutes of intense exercise, and the high-
est concentration is observed in a maximum exercise of 2-3 minutes. This increase in
anaerobic glycolysis may be in response to increasing the activity of special enzymes or
increasing the buffer capacity to overcome metabolic acidosis. An increase in glycolytic
enzymes improves the rate of ATP regeneration in glycolysis. As a result, the intensity
of activity will be available in short-term activities. Sharp et al. [59] and Jenkins et al.
[62] showed that the increase in muscle buffering capacity due to exercise leads to an
increase in blood lactate with no change in blood and muscle pH (Table 1). This is due
to the increase in the buffer capacity that cleans the hydrogen ions produced by lactic
acid catabolism, and as a result, the amount of glycolysis and the intensity of exercise
remain constant, and therefore, the concentration of blood lactate increases.

2.2.3 Other adaptations
2.2.3.1 Performance

Performance tests are often used in sports science laboratories to assess the anaero-
bic capacity of specific sports in a controlled environment. These tests may be used
to evaluate the effectiveness of anaerobic exercise in increasing anaerobic endurance.
Perhaps the reason for this is due to the non-specialization of some specific methods
used in determining anaerobic capacity; however, some research has shown consis-
tency in several physiological measurements in the absence of continuous improve-
ment in laboratory functional tests. For example, Jacobs et al. [60] found that 6 weeks
of training resulted in several adaptations that were not associated with development
in the Wingate functional test (Table 1). These results suggest that cellular adapta-
tions are not required in the development and improvement of performance, or the
Wingate test is not sensitive for assessing anaerobic capacity.

2.2.3.2 Muscle fiber composition

The question of whether people’s muscle fiber composition is determined by
genetics or is the result of athletes’ long training has been debated for many years.
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The first study that showed that athletes in different disciplines are characterized by
a different share of fiber types was published in 1972 [65]. The next work of the same
group showed that endurance training can increase the percentage of slow-twitch
fibers by 36% [66]. These results were supported by Tesch and Karlsson [67], who
reported that long-distance runners had more slow-twitch fibers in the latissimus
dorsi and deltoid medius, 60% and 49%, respectively, compared to marathon kayak-
ers, who showed the opposite profile that the slow-twitch fibers in the middle deltoid
and the broad outer deltoid were 71% and 41%, respectively. The difference in fiber
composition between trained and untrained people, and actually between trained
and untrained muscles, is evidence that long-term training and not heredity alone
determines muscle fiber characteristics. Major changes in slow-twitch fibers have
been less demonstrated by anaerobic exercise; however, muscle variability may allow
adaptations in short-duration, high-intensity athletes. The selective hypertrophy of
muscle fibers by exercise is evidence for this claim. Gollnick et al. [65] pointed out the
high hypertrophy of slow-twitch fibers in endurance athletes, while Klarsson et al.
[68] showed that although there is no difference between the percentage of muscle
fiber composition in the brachial and latissimus dorsi in speed kayakers, the fast-
twitch muscle fibers The biceps brachii had hypertrophy and a larger cross-sectional
area than the vastus externus muscle (following opposite numbers). Therefore, both
this muscle fiber composition and selective hypertrophy are the result of special
physical exercises. Contemporary understanding of skeletal muscle suggests that
classifying fibers into three distinct types is probably too simplistic, but rather, there
is a continuum of fiber types based on biochemical characteristics, all of which show
adaptations to physical activity [40].

2.2.3.3 Aerobics

Anaerobic endurance exercises should be performed at high intensities to obtain
the required training adaptations. As previously emphasized, aerobic fitness is high for
short bursts of intense activity, especially during a full training session. In addition,
recent research has shown that the effective way to develop aerobic power (VO2max)
is to perform repetitions of short-term intense activities with an active rest period,
for example, a 30-second burst at 100% VO2max with 30 seconds of recovery at 50%
VO2max is suitable [69]. Therefore, it is possible that training for anaerobic endurance
has some effect on VO2max, which is especially important for athletes participating in
semi-endurance disciplines that require a large share of aerobic and anaerobic energy
and whose performance depends on both aerobic and anaerobic endurance.

2.2.3.4 Nervous

It is thought that anaerobic endurance training may be the result of an increase in
the athlete’s mental toughness or pain tolerance. This may occur when the individual’s
performance may not be the only factor in the development of untrained individuals.
However, the high-intensity nature of anaerobic training probably requires high levels
of mental strength and coordination. Short-term anaerobic endurance exercises with
maximum speed-power output can be the result of more and simultaneous use of
movement units. As a result, the production capacity of muscle power increases. Such
neural adaptations occur relatively quickly in response to exercise. This is demon-
strated by the innate response to resistance training and when strength gains are
achieved without any concomitant hypertrophy.
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By knowing the physiological needs and performance limitations in sports events,
training programs can be designed based on scientific principles. Special exercises
aimed at the required physiological adaptations reduce the functional limitations of
people and, as a result, increase the athlete’s performance.

2.3 Strength

In general, the initial improvement in strength is often due to neuromuscular
changes. The reason for the initial increase in strength is often achieved by neu-
romuscular adaptations that do not require an increase in protein synthesis, while
subsequent increases in strength are related to muscle hypertrophy [70]. The response
to strength training is very specific depending on the type of light combinations and
training loads used in the neuromuscular system; that is, different training methods
cause a certain type of adaptation. However, it is necessary to pay attention to the
effects of various exercises and their general transfer to sports movements [64].

However, muscle force production is determined not only by muscle cross-sec-
tional area and contractile fiber type density but also by neuromuscular conduction
generated by the nervous system. The main factor determining the pattern of using
motor units is determined by the amount of force used in the motor activity. The size
of the muscle is the main factor suggested for the use of motor units [71]. When the
intensity of contractions increases from close to the rest state, the involvement of the
motor unit is contracted according to the size of the contraction in order of character
and hierarchy, so the force generation potential is also such that the smallest motor
units during low force contractions are employed, that is, slow oxidative fibers (type
I) followed by fast oxidative fibers (type IIa), then fast glycolytic fibers (type IIb)
(with low threshold) and finally fast glycolytic fibers (type IIb) (with high threshold)
are used to produce the maximum force of muscle contractions. For the fast-twitch
fibers to be recruited and therefore receive the training effects, the exercise must be
intense. Also, if the position of the body changes, even if the muscle acts at the same
intensity, the order of recruitment can change [72]. For example, the recruitment of
movement units of the pectoralis major muscle during the flat bench press movement
is selected differently than the incline bench press movement.

Also, the production of new force in motor units or muscles can be modified and
adjusted by transmitting the frequency of nerve impulses on the motor end plate,
which is known as the firing rate. Therefore, type (IIb) twitch fibers are used when
a very high amount of neuro-motor impulses are available. The force generation
capability of a single motor unit can change up to 10 times depending on the stimula-
tion of nerve stimuli; therefore, the maximum force production in compliant muscles
is determined by the highest possible number of used motor units and the highest
amount of neuro-motor stimulation.

For the unconscious coordination of body movements and muscle activity to
approach the maximum level, the production of maximum force must be done vol-
untarily. Inherently, the neural program to produce maximum force from the motor
cortex or cortex is received and controlled by the stimulation of the upper levels of
the brain; thus, maximal strength efforts are responded to by maximal motor arousal
or motivation.

The action of the antagonist’s muscles provides a supportive space during the
activity of the agonist’s muscles following a strong contraction to prevent damage to
the active joints. Antagonist muscle activity in stabilizing and supporting by slowing
the rate of contraction is a proposed mechanism for muscle contractions to prevent
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injury. The torque of the opposing muscles is about 10% of the torque of the sympa-
thetic muscles, but it inherently acts as an inhibitor that is the main torque reducer in
voluntary movements.

2.3.1 Neurological changes

People who have never done strength training cannot initially use all the motor
units up to the maximum stimulation threshold to perform their maximum effort.
As aresult, the person cannot provide the necessary potential to produce force in
the involved muscles. During the first stage of preparation for resistance exercises,
adaptation in neural control is the factor of using motor units up to the maximum
stimulation threshold. The production of greater force is created by adaptation in
motor units, and the use of new motor units, as well as the ability to produce force
to integration and unity, are dependent on all motor units. Also, increasing muscle
activity through exercises may create more nerve excitation in individual units, which
causes more force to be provided through the uniform use of all muscle fibers.

Electromyography (EMG) is one of the methods of recording the conduction
and transmission of electric current in a muscle. Although it is difficult to fully
explain the true shape of neural adaptations from EMG data, the sum of integrated
electromyography (IEMG) signals recorded from a working muscle that increases
following strength training can provide information about whether more motor units
are being recruited or motor units are stimulated with a higher intensity. The ratio of
EMG activity in terms of muscle force can provide information about the sequence
of movement units used during an activity. Moritani and DeVries [73] noted that
following 8 weeks of resistance training, a decrease in EMG activity was observed
for greater force production. Therefore, the reduction in the force EMG ratio has
made researchers believe more in the selectivity and sequential recall factor of the
company of motor units for contraction, which is determined by the increase in force
production due to exercise. A large number of studies have also demonstrated that an
overall increase in neural excitability is associated with an increase in strength levels.
Hikkinen and Komi [74] reported an immediate and observable increase of 34-35%
in IEMG activity within the first few weeks of quadriceps training. It has been
reported that increasing efferent nerve stimulation, increasing motor neuron excit-
ability, and reducing nerve messages in inhibitory pathways such as muscle spindles
help to stimulate the active muscle.

It has also been proven that when an agonist muscle is trained, the EMG activity
in the antagonist muscle decreases. Hakkinen et al. [75] demonstrated a sustained
5-10% decrease in biceps EMG activity during maximal forward movement exercises
when leg extensor strength increased by approximately 20-30% following 6 months
of strength training in leg press was observed in elderly people. Researchers have
stated that non-training of the antagonist’s muscle following training in the agonist’s
muscle causes a reduction in the opposition of the traction force of the extrinsic
contraction by collective action in the muscle fibers of the antagonist’s muscle. The
independent activity of the antagonist muscle is not eliminated during the contrac-
tion of the agonist muscle, as it is necessary to help stabilize the joint during exercise
and acts as a support mechanism. However, the inactivation of the antagonist muscle
increases the tension ability of the agonist muscle as a special effect. In addition, Lee
etal. [76] proved that more activity in the synergistic muscles of the arm improves
wrist stability and exercise performance. In addition, for the ability to produce
more force in the agonist muscles, it should be accompanied by less inhibition of
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the activity of the antagonist muscles because for more stability in the execution of
the correct form of movement, more action is needed in the activity of the assisting
muscles in active muscle.

2.3.2 Time of nerve and muscle adaptation

The creation of maximum force is the result of the amount of nerve conduc-
tion and the use of muscle and the type of contraction fibers through training
[64]. However, the contribution of neural changes and increase in muscle volume
to increase in maximal force production does not occur simultaneously. Hakkinen
etal. [75] proved that the increase in force production at the end of the first 8 weeks
of introvert and extravert exercises equals an increase in IEMG. In addition, when
athletes without strength training begin resistance training, a weak relationship
between increases in strength and increases in muscle fiber cross-sectional areas
[77] or muscle diameter [73] is obtained. It has been proven that an increase in the
amount of neural excitation and the use of motor units above the threshold have the
largest contribution to the increase in force production; also, the aforementioned
issue and its importance in participation for force production is greater than muscle
volume [70]. It has been shown that during the early stages of strength training (first
2-8 weeks), the musculoskeletal system “learns” how to apply force. Changes in the
type of contractile proteins, as shown by the change in the type of myosin heavy
chains and the type of myosin ATPase enzymes, can be seen from the beginning of
resistance training programs.

2.3.3 Kinaesthetic stability and control

It is common for experienced athletes to experience a lack of motor control when
performing a dumbbell chest press when all previous training has been barbell chest
press. In addition, there is a high dependence between exercises that exclusively
involve movements in the sagittal and frontal planes, while there is little depen-
dence in both the transverse planes and the combination of one or more parts of the
movements.

2.3.4 Activity speed

Exercising at low speeds may cause inhibition of nerve impulse activity because
the speed reduction is in the direction of contractile excitation; therefore, it has been
proven that low-speed training is more suitable for muscle hypertrophy, and high-
speed training causes neural adaptations of strength.

Table 2 shows a general plan that follows the most common methods in training
repetitions. In a resistance training session that tends to be ‘neurologically’ heavy,
during the handling of such heavy loads, the neuromuscular system endures severe
fatigue as measured by a reduction in maximal voluntary neural activity, that is, a
reduction in the ability to produce maximal force and a reduction In the force-time
characteristic of force application, to perform a small number of maximum repeti-
tions, it is necessary to produce maximum muscle forces, and as a result, maximum
motivation should be created in the athlete. Maximum force execution takes more
time than power-oriented movements during execution. Power development during
efforts cannot produce maximal adaptation in power due to spending more time to
develop maximal power. Maximal force development during efforts may not result
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Type of activity Neurological adaptations Muscle adaptations (hypertrophy)
One to three maximum repetitions, High Moderate

strength/power

Three to six maximum repetitions, High Moderate to high

strength/power

Six to twelve maximum repetitions, Moderate High

moderate to high strength gains

More than 12 repetitions maximum, Low Moderate
high increase endurance

Table 2.
Differentiation in neural adaptations and muscular adaptations in the vange of training repetitions [78].

in the ability to produce absolute maximal force because movement velocity plateaus
when high resistances are used. This method, that is, the implementation of high
resistances with the ability to produce absolute maximum force during a training
session, in addition to neural changes, should be considered as a primary stimulus for
strength adaptation.

However, when an athlete trains with heavy resistance, or trains with high accel-
eration and low mass, or trains with moderate mass and acceleration, they experience
very distinct and important physical and performance adaptations and responses
because the load components and acceleration act in the direction of high force
production and it has been proven that they are special and important stimuli for
neuromuscular and metabolic adaptations [79].

The combination of metabolic factors and mechanical loads experienced by a
muscle means that the muscle has acquired the first stimulus to adapt the muscle
fibers and the genetic expression of their phenotype. As muscle fibers do not exist in
separate types, but as it was said, they are placed in a hierarchy from slow to fast-
twitch characteristics that determine the motor units of the muscle fiber type and
innervate them, and phenotypic, genetic expression in the characteristic of the type
of contraction fibers as an adaptation factor is expressed [64].

2.4 Neuromuscular adaptations to speed and strength training

Neural adaptations to speed training have been widely reviewed throughout [80];
however, most of them were carried out by Hakkinen [78] which can be summarized
as follows: (1) increasing the activity of agonist’s muscles in the leg, (2) decreasing the
activity of antagonist’s muscles in the leg, and (3) advanced activation of synergist
muscles. Increases in muscle activity are commonly assessed through testing using
EMG, with many exercise studies showing increases in the overall electrical activity
of the exercised muscles during maximal contractions. This increase in EMG quantity
suggests that the number of motor units recruited has increased or the motor units are
excited at higher rates. Or a combination of the two occurs. While these adaptations
will increase the maximum contraction force. Faster improvement in the amount
of force increase is an additional neural adaptation that can happen, if the exercises
include rapid maximal efforts or so-called ballistic contractions with submaximal
loads. This adaptation returns to before and is caused by the increased level of excita-
tion of motor units at the beginning of the movement [81]. As a result of such neural
adaptations, both the maximum force increases and the power and speed increase
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much faster. These changes may become apparent after 2 weeks of speed training and
promote hypertrophy changes in the trained muscles [70]. It has also been revealed
that resistance training, which combines heavy loads with low repetitions and light
loads with more repetitions at very high ballistic movement speeds, probably has
maximum neural adaptations and minimum hypertrophy adaptations in trained
muscles [82]. In short, such researches show that various types of resistance training
can cause a specific relationship in the force-speed curve diagram. Examining the
exercises that have been done to date have reported results in favor of lighter explosive
resistance exercises to increase jumping power and speed [83-85].

However, Blazevitch and Jenkins [86] found no difference in the outlook for
high-velocity versus low-velocity training, while Aargaard et al. [87] reported a 15%
increase in strength growth after 14 weeks of heavy resistance training. In addi-
tion, it should be remembered that the so-called explosive resistance exercises are
determined based on a percentage of the maximum strength. This setting is normally
between 30 and 60% of a one-repetition maximum associated with a resistance that
provides maximum power output for the upper and lower body [88]. Therefore, the
quality of explosive resistance training is directly related to maximal reinforcement
levels that enable stronger athletes to train and perform higher absolute force outputs.
Resistance exercises, in any given training cycle, should probably start with a base
increase in maximum strength. There is some experimental evidence to prove the
usefulness of such light and heavy resistance exercises [89].

Limited experimental studies support a relationship between short-term power
output (speed endurance) and maximal strength [80, 90]. The dependence of these
relationships is that the actions performed at the same absolute load after the training
period become less boring. This appears to be because stronger muscles require less
neural activity, as shown by muscle EMG tests [70].

Unfortunately for sprinters and other strength athletes, available evidence sug-
gests that prolonged exercise may change the profile from IIb (fast-twitch glycolytic)
to Ila (fast-twitch oxidative glycolytic) and finally to type I (slow-twitch oxidative),
but this transformation in the opposite direction, that is, from slow contraction to
rapid contraction, is probably not possible [89, 91]. An exception to the latter claim
was made by Almeida-Silveira et al. [92] using intense exercise and a stretch-shorten-
ing cycle in rats to produce a significant increase in type 2 fibers in the soleus muscle.
This effect of exercise in humans is still under study, although interestingly, human
muscles contract faster when exposed to long-term disuse [93]. These latter observa-
tions provide clues to the mechanisms by which muscle fibers shift from fast-twitch
to slow-twitch with strenuous exercise, regardless of whether it is associated with
strength, speed, or endurance exercise.

Early experiments involving surgery and changing the nerves of fast-twitch and
slow-twitch muscles showed that nerves determine the contractile and metabolic
properties of muscle fibers. In further investigations, it was seen that the special qual-
ity of the nerve and the total amount of electrical activity transferred to the muscle
cells in contact with a certain level of mechanical tension determines whether its
muscle fibers are slow-twitch or fast-twitch [93]. So the genetic change to regulate the
production of the slow-twitch myosin type 1 isoform, and related proteins, appears to
be through intense stimulation of the relevant nerve to the muscles being used in that
state, or indeed, the muscles under heavy exercise. Similarly, type IIb tissues, which
normally receive relatively few nerve impulses, do not produce slower isoforms of
myosin unless they are altered by increased contractile activity and, thus, electrical
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activity. In this sense, genes regulate the expression of myosin twitch phenotypes,
which can exist as default genes because they appear largely in the absence of vigor-
ous activity. For example, it has been shown that the soleus muscle of the foot, when
immobilized in a shortened position or exposed to hypo-gravity, expresses myosin
fast-contraction genes [93].

Training for a strength event such as the high jump is characterized by dynamic
explosive movements of short duration but with maximal intensity. Such activity,
according to the principle of the size of motor unit recruitment, according to which
motor units are used regularly and in order from smaller and slower motor units
to larger and faster motor units according to the force and speed requirements of
the contraction, all motor units are used regardless of the speed of contraction in a
trained athlete applies [94]. Type 2 fast-twitch fibers appear to show greater hyper-
trophy with a variety of regular resistance exercises than type 1 fibers [95], which
is probably due to the selective regulation of androgen receptors [96]. Therefore,
intense high-resistance training of the type performed by high jumpers and other
strength athletes may simply result in selective hypertrophy of type 2 fibers because
these fibers are much more responsive to such stimulation when they are used. One
proposed explanation is that the selective hypertrophy of type 2 fibers may result
from the selective use of these faster motor units in dynamic and ballistic-type move-
ments; it means the reversal of the “Size Principle.” Although there is evidence that
type 2 motor units may be preferentially recruited to fast eccentric and concentric
contractions [97], there is also considerable evidence to support the persistence of
the “size principle” [98].

3. Adaptations and responses of the brain and central nervous system to
sports activities

By studying the research carried out in the field of sports activity, we can reach the
important point that many adaptations caused by sports activity can take place in the
central nervous system (brain and spinal cord) and ultimately lead to the improve-
ment of sports performance.

It can point out the general point that the occurrence of physiological changes
such as adaptations of the nervous system in most sports is more important than
anatomical changes such as increasing muscle mass. It is worth mentioning that due
to the lack of tools, there is little information available to measure the amount of
changes in the nervous system compared to other factors such as anatomical changes
(muscle volume).

Research background to date has confirmed the causal relationship between
regular physical activity and brain development, especially in the prefrontal cortex.
Regular physical activity improves neuro-trophy by controlling the maintenance,
growth, and differentiation of neurons, synapses, and angiogenesis, and as a result
improves cognitive functions such as processing speed, control and planning strate-
gies, and working memory [8, 9].

In order with this perspective, there is a good consensus among theorists that
sports and physical activities can play an essential role in functional adaptations
among children and adolescents [4, 99] and the elderly [100, 101]. Recent studies have
confirmed the hypothesis that regular physical activity is closely related to improved
reaction time [6] and better working memory [102] in people.
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The studies conducted on mice show that a combination of sports programs and
environmental enrichment is one of the conditions that increase sensory-motor
stimulation and decrease cerebral cortex inhibition through increasing cell prolif-
eration, neurogenesis, and gliogenesis in the hippocampus [103]. Specifically, the
decrease in brain volume is closely related to the hypoplasia of the hippocampus,
cerebral cortex, and white matter, as well as a significant decrease in the number of
nerve cells [104, 105].

Recent experiments have provided evidence of changes in electroencephalography
(EEG) activity and cognitive task performance in individuals after moderate-inten-
sity exercise, particularly in the areas of the frontal lobe, rectal gyrus, and medial
gyrus [9, 102, 106].

However, little information is available about the structure of intervention pro-
grams that improve motor skills. Shin and Park [106], in a meta-analysis, researched
the effects of movement programs on people with intellectual disabilities. In short,
short-term interventions (31-60 minutes) and continuous programs that are repeated
four times a week have the most effects. It also seems that the effectiveness of these
programs is influenced by personality characteristics, such as age and the degree
of intellectual disability; in other words, younger people and those who are on the
border of intellectual disability after specific movement exercises compared to people
who have a higher level of intellectual disability, show more improvement. It seems
that the disorder in the mental functioning of children with borderline and mild men-
tal disabilities is related to the reduction of their physical functioning [107-109]; these
findings confirm the hypothesis that motor and intellectual domains are strongly
related to each other in people.

4, Conclusion

Exercise as an effective physical activity can help strengthen and adapt muscles. By
doing regular sports exercises, the muscles will be able to adapt to high pressures and
different extreme changes. Also, exercise can increase muscle strength, flexibility,
and endurance; therefore, exercising regularly can help improve the structure and
function of muscles and reduce injuries caused by daily activities.

Relatively, even short-term training programs can produce many adaptations in
selected neuromuscular indicators [110]. The most plausible explanation for these
results is the use of different types of muscle fibers, nerve activity, and the use of
different types of energy sources, which are different according to the intensity and
duration of exercise. Body muscles are composed of comparable proportions of
fast-twitch and slow-twitch fibers [111]. Systematic changes in training variables such
as training duration, training intensity, and type of exercise in sports programs act as
facilitator of adaptations needed for all types of muscle fibers and neurons that acti-
vate them [96]. In addition, these changes lead to a similar change and transformation
in the used energy source, which is used again to provide energy. Another explanation
may be that the groups that trained with heavier training loads and used the timed
program experienced more significant adaptations and performance improvements
than the control group [112].

The responsible mechanisms that cause improvements in muscle through these
adaptations may be related to changes in local enzyme activity and individual muscle
fiber properties, which in turn may have positive effects on neuromuscular, biome-
chanical, and metabolic performance [113].
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Chapter 6

Motor Developmental Delay

Daphne Golden

Abstract

During development, motor skill acquisition occurs in a relatively similar sequence
and emerges at a consistent age range with a level of variability and clustering of
skills. Deficits or disorders within the infant or child’s movement systems or ele-
ments of motor control processing can lead to motor delays. As motor development is
foundational for advanced motor skills, delays could impact function and participa-
tion throughout the lifespan. The trajectory of development in infants and children
with developmental delays, including motor, can be altered with early intervention
and environmental exposure. Recent research has focused on the detection through
testing of infants to promptly diagnose and initiate interventions, maximizing
development and lifelong success. Patterns in the development of early motor skills
are studied to lead to the diagnosis and intervention of DCD and other conditions in
associated developmental domains. The abnormal or delayed acquisition of move-
ment and motor milestones can be an indicator of future developmental delays in
other domains and even conditions. Thus, early intervention of motor developmental
delays could be far reaching in skill acquisition in the foundational skills fundamental
achieving encompassing majority of life skills.

Keywords: motor, developmental delay, movement, motor skills, intervention

1. Introduction

Movement is fundamental for environmental engagement, which is crucial for
human existence. It is essential for nearly all aspects of life, including socialization,
navigating the environment, dressing, and manipulation [1, 2]. Movement skills
develop during infancy and continue to grow and adapt throughout life, allowing
engagement within the environment. Initial typical movements and motor skills show
a consistent sequential pattern of development. They act as building blocks, gradually
gaining flexibility and adaptability [3], forming the bases for more complex skills
[4]. In addition, motor skills promote exploration and learning, sparking further
development not only in motor skills but in multiple developmental domains [2]. The
impact abnormalities or delays in developing these early foundational motor skills
can have on socialization, communication [5, 6], cognition, and perceptual necessary
for function, ADLs, career, and recreation over a lifespan cannot be overstated [4, 7].
In the early twentieth century, Bayley began documenting and establishing a typical
development framework, allowing for a method to monitor and identify delays [8].
Ultimately, identifying irregularities and delays in a child’s development allows for
intervention to eliminate or reduce the impact of motor delays.
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2. Normal motor development

Although variability exists among individuals, movement and clusters of motor
skills emerge in young children and infants, typically within similar age ranges.

In early infancy, spontaneous elicited, and reflexive movements dominate [9, 10],
fostering movement exploration [1, 9, 10]. Gradually, intentional movements begin
to develop, replaced with controlled movements [9, 11]. These controlled movements
lead to the acquisition of motor skills and milestones, each new skill built upon previ-
ously acquired skills [4]. When referring to motor skills, there are two main catego-
ries: gross motor, involving large movements such as sitting, crawling, and walking,
and fine motor, more precise movements such as manipulative skills, grasping, and
handling objects [1, 12]. Internal factors promoting learning through exploration of
movement and environment guide trajectories and patterns.

Motor skill development tends to occur directionally in a cephalocaudal and
proximal to distal manner. Typically, the cephalocaudal maturation and progression
of motor skills occur by gaining control, first in the areas closest to the brain or CNS,
then extending downward into the legs. The neck develops control, followed by
the trunk and eventual extremities [1, 13]. The initial development of neck control
allows the child to interact with the environment, particularly visual engagement,
promoting further motor, sensory-perceptual, and cognitive growth. This engage-
ment facilitates further development of milestones, including reaching, propulsion,
crawling, and walking. Control of the body progresses proximally to distally, with
earlier skills acting as building blocks for more complex skills [4, 13]. In alignment
with this proximal-distal growth, the gross motor tends to proceed with multifaceted
fine motor developmental tasks [13]. For example, mastery of large proximal muscles
for gross motor independent sitting proceeds the ability to perform upright distal
muscles for the fine motor task of manipulating a toy [14].

Reflexes and synergistic patterns dominate early in development, and through
experience, movements become more flexible and adaptable [1-3, 9]. Spontaneous
and primitive reflexes are internally driven and sometimes triggered by external
stimuli leading to learning through engagement of the body with the environment.
Example: The primitive reflex of an ATNR promotes eye-hand engagement, which
leads to the development of eye-hand coordination by proprioceptors responding to
the position of the neck. When turning to the right, the right arm extends, placing
the eyes in the direction of the hand, fostering an early connection between visual
and motor systems [1]. Initially, in synergistic patterns, a group of muscles activate as
aunit and dominate the movement; however, through practice, one gains flexibility
and variability in controlling and isolating movements and muscle group activation
[3]. In sitting and standing, postural reactions activate groups of muscles to keep the
body within the center of gravity, maintaining an upright posture [15]. As people
develop, they advance, becoming flexible and able to adapt when encountering
changing terrains. Early movement is innate and becomes increasingly controlled,
allowing for variability, and flexibility to adapt to the environment [2, 3].

Action required for motor skill development is not only influenced by the indi-
vidual; however, environmental factors, task exposure and practice, socioeconomic
factors, and cultural factors also play a role [3, 11]. Movement is embodied and
dependent on the individual’s current status, which constitutes physical and physi-
ological factors such as musculoskeletal, sensory, cardiopulmonary. As well as motor
control with sensory-perceptual and cognition [2, 3]. Perception action coupling plays
a crucial role in the motor process [16]. The environmental influences include factors
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such as space to engage in practice, availability of toys or stairs, nutrition, and social
interactions [2, 3, 17]. Through experience and engagement in different environments
and levels of practice, children learn to adapt and refine their actions [17]. Greater
practice walking improved onset of independent and overall walking skills Hospodan,
[18]. The availability of these opportunities influences the progression and mastery of
motor skills. Social and cultural influences such as customs and interactions with sib-
lings, peers, and parents. Caregivers may or may not promote social engagement [2].
Thus, development is multifaceted and dependent on the individual, environment,
and experiences during the process, which is particularly important during early life.

3. Abnormal motor development

Motor developmental delay can manifest as a delay or deviation in the age of
typical acquisition of movement and motor skills. Often, minor or transitory delays
in attaining motor skills fall within a normal range of variation [19]. However, when
a child presents with a continual or substantial delay, it may reflect abnormalities in
their environment, movement experiences, and/or social and cultural factors. The
individual infant or child may have an underlying condition or deficit during criti-
cal periods of early development. For example, genetic abnormalities such as Down
Syndrome [19-21] often present with hypotonia and congenital heart defect and
cognitive deficits [22], which can negatively influence motor development. Similarly,
children with Developmental Coordination Disorder (DCD) impairments in motor
processing and control, which impact their ability to acquire motor skills [23].

Musculoskeletal and neuromuscular changes also can result in abnormal or delayed
motor development. Condition like cerebral palsy, which result from central nervous
system (CNS) damage, frequently leads to neuromuscular and musculoskeletal changes.
These individuals often present with muscle spasticity, resulting in decreased range of
motion, abnormal bony alignment, and interfere with motor function [24]. Preterm
infants with underdeveloped systems often experience delays in overall motor skill acqui-
sition. The risk for motor developmental delay increases exponentially with decreased
gestational age [25]. Additionally, physical changes such as Diastrophic Dysplasia which
includes short stature is associated with a motor developmental delay [26].

Environmental and external factors also play significant roles in motor develop-
ment. Infants exposed to alcohol (Fetal Alcohol Syndrome), toxins, infection and
malnourishment prenatally are at risk for motor deficits [12, 19, 20, 27]. Engagement
and practice of motor skills are critical for development and progression. One study
found that daycares with larger areas for the child to explore after 6 months facilitated
motor development more effectively than in environments with a higher caregiver-to-
infant ratio [17]. Increased daily tummy time has been associated with earlier onset
of prone skills [28]. A greater amount of time practicing walking led to an earlier age
and improved walking skills [14, 18].

Socioeconomic status, cultural practices, and the mother’s education level can also
influence motor development [2]. The cultural practice of binding girls’ feet in China
[29] impaired walking, and cradling in Tajik delayed the achievement of crawling,
standing, and walking later [30]. The amount of time spent watching television below
the age of two showed an inverse relationship with motor development [31].

Motor development delays are typically multifactorial rather than resulting from
a single alteration in the individual or environment. For example, children with cystic
fibrosis (CF), a genetic disorder with an 8% greater prevalence of developmental
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delay, experience malabsorption in the gastrointestinal system, leading to malnour-
ishment and chronic obstructive pulmonary disease (COPD), causing respiratory
problems. Frequent and lengthy hospitalizations particularly with those exceeding
60 days are associated with developmental delays [32]. As previously noted, the
ability to explore and move were at risk for developmental delay [17, 29]. Conditions
in individual and environmental factors impacting motor development are often
interconnected and do not occur in isolation.

4. Identification of a motor developmental delay

Children with considerable variation in the child’s age of motor skill acquisition
on milestone checklists, screens, and norm-referenced testing establish suspicion or
identification or classification of a developmental delay [33]. Most are administered
by observing the infant or child’s movement and skill, performing a physical exami-
nation, and/or completing questionnaires. Untrained individuals play a crucial role in
identifying abnormal development, such as parents being the first to identify whether
a child achieves typical motor milestones such as sitting, standing, and walking [12].
Delays and the absence of meeting milestones can be a red flag for a potential devel-
opmental delay [1, 19, 20].

Routine developmental screenings administered by physicians and healthcare
providers through parent surveys, physical examinations, and checklists often iden-
tify infants and young children with a potential gross motor delay [19, 34]. When a
developmental delay or abnormality is suspected based on history, screens, or parental
concerns, a referral to specialists, including physical therapists, early interventional-
ists, developmental pediatricians, or other specialists where a more specific norm-
referenced developmental test may assist the physician or psychologist to establish a
“diagnosis” or classification of a developmental delay. Age equivalents, z scores [20]
and percentiles signify the degree of delays where the child falls in relation to their peer
[35]. The delay may result from a cluster or a scattering of missed or abnormal skills.
The identification of the type and extent of delay informs the intervention strategies.

The motor domain in developmental tests is typically divided into gross and fine
motor skills, often each further broken down into components. For example, the
Peabody Developmental Motor Scales, Second Edition (PDMS-2) categorizes the gross
motor quotient into reflexes, locomotion, and object manipulation and the fine motor
quotient into grasping and visual-motor integration [35, 36]. The Bayley III breaks motor
down based on posture, dynamic movement and balance [36, 37]. Generally, observing
movement and/or motor skills provides scores, with assessments including unfacilitated
movement found on the Bayley and/or facilitated movement with verbal instruction on
the PDMS-2. Tools will also use elicited examination and/or questionnaires like the Ages
and Stages Questionnaire [36]. Most developmental tests use a quantitative approach,
scoring whether a child performs or does not perform a particular skill. However, some
assessments, like the Alberta Infant Motor Scale (AIMS), also assess the quality of the
skill performance, providing a more nuanced view of the child’s motor development and
providing additional information to direct intervention [38, 39].

4.1 Selection of developmental tools based and purpose and other characteristics

The selection of developmental assessment tools depends on the purpose and
characteristics of the infant or child being evaluated. Short-duration tools and
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parent questionnaires are particularly valuable for individualized identification

and large-group screening due to quick administration. Such as the Ages and Stages
Questionnaire (ASQ) and the Parents’ Evaluation of Developmental Status (PEDS)
which require less expertise. These tests are also designed to identify potential deficits
or delays in motor skills that require further investigation and referrals [22, 40].

Comprehensive developmental assessments are used to pinpoint specific areas
of deficit. For example, the Peabody Developmental Motor Scales, Second Edition
(PDMS-2), includes detailed sections with 225-241 questions on Motor Quotientss,
offering precise insights [35]. In contrast, the Ages and Stages Developmental
Inventory Screening Tool relies on only 30 questions which includes all domains [41].
The comprehensive tools assist in developing tailored intervention plans. They also
often assist in diagnosing DD and establishing the need for further evaluation of
underlying conditions [20].

Other tests focus on early motor development used to facilitate early identification
and predict potential delays or underlying conditions. Tools like the Test of Infant
Motor Performance (TIMP) and Gross Motor Assessment (GMA) have the potential
for identifying infants at risk for conditions such as respectively Cerebral Palsy (CP)
[42] and motor delays [43] enabling timely interventions and serving as outcome
measures in research. Recent tests administered in early infancy emphasize the
observation of the quality and presence of spontaneous movements occurring prior to
the development of controlled motor skills such as the GMA and TIMP. These obser-
vations help to identify early motor patterns [44, 45].

Unlike norm-referenced tests, which determine where a child falls relative to the
general population, criterion-based developmental tests assess a child’s performance
of specific motor skills. Results assist in the development of interventions. The
Hawaii Early Learning Profile (HELP) Checklist tests for defined skills and provides
possible curriculum for you to use to assist in the growth of the skills the child has not
mastered.

Selecting the appropriate tool also is dependent on factors, such as the child’s age
range, cognitive level, attention span, and developmental delays in other domains.
Example: the PDMS-2 has detailed instructions and requires the child to follow
specific directions [25], thus the test may not be suitable for children with attention
deficits. A more observational or less instructional tool like the Ages and Stages may
be more appropriate in such cases [41].

The population based on the condition of the child influences the selection of the
tool. Some tests have been validated in one population but not the other, so results
may not be as reliable or valid for that group. Such as PDMS-2 is norm-referenced test
to the general population and Cerebral Palsy, but not for Muscle Dystrophy [35].

The child’s age significantly impacts the selection of developmental tests, as each
test design assesses motor development within a specific age range. For example, the
Alberta Infant Motor Scale (AIMS) focuses on motor skills in infants [39], while the
Bruininks-Oseretsky Test of Motor Proficiency, Second Edition (BOT-2) assesses
older children [36].

5. Interventions

Generally, if a child’s delay is more than —2 standard deviations from the norm,
they are considered to have a significant delay [20, 46], qualifying them for inter-
vention [47]. Intervention for developmental delays is provided through outpatient
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services and state or locally run programs. Early Intervention services are available for
children from birth to 3 years old and children over 4 years old typically transition to
School-Based Services [48]. However, school-based interventions have a limitation:
the impairment must interfere with the educational process to qualify [34]. Therefore,
many families also rely on outpatient services.

Early identification of developmental delays is essential, as early intervention
can alter a child’s development trajectory across multiple domains, not just motor
skills. Early movement and motor skills are measurable and observable earlier in
development than other domains. Consequently, investigating early infant observa-
tional tools like the TIMP (Test of Infant Motor Performance) and GMA (General
Movements Assessment) is on the front as tools for early indicators of developmen-
tal conditions. Movement assessment results have been found to be associated with
future diagnoses of Cerebral Palsy and Autism Spectrum Disorder (ASD) [45, 49].
Early motor skill delays identified through the DAYC (Developmental Assessment of
Young Children) and BSID (Bayley Scales of Infant Development) indicate a higher
risk for cerebral palsy [50].

Additionally, early intervention for motor delays can impact multiple developmen-
tal domains due to their interdependency with motor skills. For example, motor skill
development has been predictive of expressive language deficits [51]. An association
was found between Motor skill development and the development of social cognition
[52], cognitive abilities [53], language [54], problem-solving skills [55], and commu-
nication [56]. Locomotion is associated with perception, spatial cognition, and emo-
tional development [5] while crawling has been linked to anger-emotion regulation
[571, and receptive language development [5, 58]. Example: It has been speculated
that this relationship is the motor skill, locomotion, promotes exploration and social
interaction [14], exploration of objects [6], and greater caregiver interaction allowing
for development of these other domains.
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Chapter 7

Heterogeneity in the
Neurocognitive Characteristics
of Developmental Dyslexia:
Theoretical Approaches and
Research Findings

Maria Chalmpe and Filippos Vlachos

Abstract

The aim of this chapter is to reveal the heterogeneity in the neurocognitive pro-
files of children with developmental dyslexia. Over several decades of research on
developmental dyslexia, various hypotheses, both cognitive and biological, have been
proposed regarding the causes of the disorder. Most of these hypotheses suggest the
presence of a single deficit as the primary cause of the disorder. However, recent stud-
ies have indicated that children with dyslexia often exhibit combinations of deficits
across different cognitive domains. Furthermore, recent findings have suggested that
the single deficit hypotheses are insufficient to explain the full spectrum of symptoms
associated with developmental dyslexia. The observed diversity in cognitive profiles
aligns with modern theoretical models that highlight the importance of multiple
neurocognitive deficits in developmental dyslexia. At the same time, recent studies
have confirmed the existence of distinct cognitive subtypes among individuals with
dyslexia, emphasizing the heterogeneity of the disorder. A deeper understanding of
this heterogeneity can lead to more sophisticated diagnoses with the use additional
tests that assess a broader range of abilities that would help describe a more complete
individual neurocognitive profile for each child diagnosed with dyslexia. This would
result in the design and implementation of more targeted interventions that would
meet the individual needs of each student with dyslexia, allowing them to develop
their full potential.

Keywords: developmental dyslexia, neurocognitive deficits, single deficit hypotheses,
multiple-deficit models, children

1. Introduction

Developmental dyslexia (DD) is classified as a neurodevelopmental disorder [1, 2]
with a genetic and neurobiological basis, affecting an individual’s ability to develop
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and acquire adequate reading skills. Despite having a normal intellectual level and
receiving appropriate education, individuals with dyslexia face difficulties in word
recognition, decoding, and phonological processing. This disorder is considered the
most common learning disability among the school population [3], with prevalence
rates ranging from 5% to 15% [4].

Frith [5] attempts to describe DD by identifying three distinct but interconnected
levels. The first level is biological (genetic and neurobiological), where the causes of
dyslexia can be investigated. The second level is cognitive, providing information on
how biological causes are linked to individual behavior. The third level is behavioral,
where one can directly observe the difficulties exhibited by individuals with dyslexia.
Thus, Frith proposes an etiological model within which theoretical approaches to DD
should be framed [5]. According to this model, in addition to the cognitive and bio-
logical hypotheses that have been proposed, the symptoms of the disorder, as well as
environmental factors (social and cultural), that influence individuals with dyslexia
should also be considered.

Modern perspectives on DD and its causes, based on Frith’s etiological model and
its three levels of analysis, aim to describe the disorder by uncovering the relation-
ships between these levels [6]. However, various cognitive and biological approaches
have been proposed, often differing in terms of etiology and the interpretation of
the diverse linguistic, sensory, and motor symptoms observed in individuals with
dyslexia.

The inability of these single deficit theories to fully account for the etiology
of dyslexia, along with ongoing disagreements among scientists regarding the
establishment of a universally accepted definition of the disorder, has led the
scientific community in recent years to develop multifactorial approaches. These
theories attempt to explain the causes of dyslexia and its symptoms by considering
multiple factors [7-11].

The aim of this chapter is to reveal the heterogeneity in the neurocognitive profiles
of children with developmental dyslexia. The following sections will explore the
main cognitive and biological approaches regarding the causes of DD. Additionally,
the multiple deficit models will be presented, highlighting the heterogeneity of the
disorder and suggesting that most children with DD exhibit a combination of neuro-
cognitive deficits while also acknowledging cases of individuals with isolated deficits.
These contemporary models support the heterogeneity of the disorder and the
existence of distinct subtypes among children with dyslexia, characterized by their
performance in different tasks. We expect that through the documented presentation
of these approaches and models, the reader will be able to understand the complex
nature of DD, as well as the heterogeneity of its neurocognitive characteristics. A
deeper understanding of this heterogeneity can lead to more sophisticated diagnoses
with the use additional tests that assess a broader range of abilities which would help
describe a more complete individual neurocognitive profile for each child diagnosed
with dyslexia. This would result in the design and implementation of more targeted
interventions that would meet the individual needs of each student with dyslexia,
allowing them to develop their full potential.

2. Cognitive approaches of DD

Researchers who have investigated the causes of DD from the perspective of cogni-
tive processes seek to explain the difficulties faced by people with DD by focusing on
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differences in their cognitive functioning. The aim of these approaches was to identify
the central deficit responsible for these difficulties. In this context, several theoretical

approaches have been proposed that highlight the multidimensional challenges exhib-
ited by children with DD. In this chapter, the most significant cognitive hypotheses on
DD will be presented, as derived from the study of the existing literature.

2.1 Phonological deficit hypothesis

The most dominant and widely recognized cognitive hypothesis for DD is the
phonological deficit hypothesis [12, 13]. This hypothesis argues that the core deficit
in DD is a phonological deficit that is present in most individuals with DD. A possible
dysfunction in phonological processing is considered responsible for the difficulties
in written language, particularly in reading, experienced by students with dyslexia
[14, 15]. According to the phonological deficit hypothesis, individuals with dyslexia
struggle with tasks requiring phonological awareness [16], phonological memory
[17], and rapid automatized naming [18, 19].

Experimental studies suggest that the phonological deficits in individuals with
dyslexia cannot be explained by dysfunctions in auditory mechanisms but are
instead linked to deeper linguistic deficits [20]. A recent longitudinal study [21] has
highlighted that children at high risk of developing a phonological deficit are five
times more likely to develop dyslexia as they grow. In the same direction, a study [22]
involving 56 children with dyslexia from Hong Kong showed significant differences in
phonological performance between subgroups of children with dyslexia and control
groups, confirming the presence of a phonological deficit. Moreover, research indi-
cates that for a large percentage of children with dyslexia, difficulties in phonological
processing are directly related to their reading difficulties [23]. Deficits in phono-
logical skills and processing have been associated with deficits in verbal short-term
memory [24-26].

Research [27] demonstrated that individuals with dyslexia exhibit lower levels of
phonological awareness compared to proficient readers, regardless of age or reading
level. Similar findings suggest that children with dyslexia experience deficits in short-
term memory, reinforcing the connection between memory and reading ability [28].

At the same time, researchers studying the neurobiological basis of dyslexia
confirm that the phonological deficit is associated with brain dysfunctions, particu-
larly in the left angular gyrus and Wernicke’s area, which are crucial for phonological
processing and reading [16, 29].

Although the phonological deficit hypothesis has gained wide recognition, in
recent years, it has come under examination and does not have general acceptance
[18]. While the hypothesis of a single phonological deficit dominated the dyslexia
literature from the 1980s to 2000 [6], more recent research has identified additional
deficits, in visual or auditory processing as well as motor impairments in students
with dyslexia [8, 30]. Such studies have led some researchers to argue that the
co-occurrence of these additional difficulties, along with the phonological deficit
in individuals with dyslexia, cannot be fully explained by the phonological deficit
hypothesis as the sole cause of dyslexia [31, 32].

2.2 Temporal processing deficit hypothesis

The temporal processing deficit hypothesis suggests that individuals with dyslexia
struggle to efficiently process visual and/or auditory stimuli, especially when these
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stimuli alternate rapidly [33-35]. This generalized difficulty in temporal process-
ing may explain the phonological, visual, and motor difficulties that children with
dyslexia exhibit [36].

In 1985, Tallal and his colleagues [35], using six variables related to rapid sensory
processing and reproduction, classified their sample into two groups: individuals
with language disorders and those without. A decade later, Farmer and Klein [33],
in a review of studies evaluating visual and auditory discrimination, confirmed that
individuals with dyslexia show significant differences compared to typically develop-
ing individuals. Furthermore, other research on stimulus sequence discrimination
showed lower performance in individuals with dyslexia compared to control groups
in 9 out of 15 conditions studied [35]. These findings support the idea that dyslexia
could be due to a deficit in brain circuits that process auditory information at a fast
rate [36].

However, this hypothesis has faced criticism, mainly due to confusion between
temporal and sequential processing [37]. Mody and colleagues [37] demonstrated
that individuals with dyslexia exhibit deficits in temporal sequence perception that
are more related to phonemic distance than to temporal sequencing. Nevertheless, in
clinical practice, cases of children with dyslexia who experience difficulties in various
aspects of temporal processing are observed, such as difficulty in naming sequences
of temporal concepts, perceiving temporal duration, and organizing memory events
in a temporal sequence [38].

A study that investigated the nature of DD in the Spanish language revealed lower
performance in children with dyslexia in all tasks assessing temporal processing.

This finding was observed in comparison to two control groups: the first comprised
children matched by chronological age, while the second included children matched
by reading age [39]. Additionally, a study using eye-tracking technology with univer-
sity students with dyslexia [40] revealed that dyslexic students took longer to process
information and respond, indicating problems with temporal processing. Difficulties
in auditory system temporal processing at early stages were also shown in a study
using electroencephalography (EEG) [41]. The difficulty in temporal processing of
visual information may result from dysfunction in visual-auditory coordination,
which affects grapheme recognition and their connection with abstract concepts in
verbal memory [42].

The temporal processing deficit hypothesis may be linked to the phonological
deficit hypothesis and the magnocellular deficit hypothesis (a biological hypothesis
for DD, which is presented at Section 3.2.2), as all seem to be related to difficulties in
sensory processing of stimuli that change rapidly and sequentially [36].

2.3 Automatization deficit hypothesis

Automaticity is defined as the process that allows individuals to perform skills
without conscious control, making them automatic [43]. Individuals with DD often
struggle with fluency in skills that typically become automatic through repeated
practice [43, 44]. Consequently, they face notable challenges in areas like reading,
needing additional time and effort to develop automaticity [36].

Additionally, some behavioral symptoms of dyslexia have been attributed to defi-
cits in automatization [43]. More specifically, besides phonological deficits, individu-
als with dyslexia may exhibit deficits in balance and motor skills [43, 45], in the speed
of processing visual and auditory stimuli [46], as well as in skills that require closed
eves [47]. In a study evaluating children with dyslexia, through cerebellar tests and
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phonological assessments, researchers found that all children exhibited phonological
deficits, while 50% of them also displayed motor difficulties [48]. Another study [49]
found that children with dyslexia demonstrated deficits in motor skills. Similarly,
more recent research [50] revealed reduced automatized functioning in dyslexic read-
ers, with delays in naming and visual-orthographic processing. In another study [51]
involving children with dyslexia, it was found that these children exhibited deficits

in automatization during reading, leading them to develop specific strategies for text
comprehension.

These deficits of dyslexics in automatization have been linked to dysfunction of
the cerebellum, a structure of nervous system that is responsible for motor control
and adaptive learning [36]. Cerebellar dysfunction may sufficiently explain motor,
visual, auditory, and cognitive difficulties that dyslexic people often experience [52].

2.4 Attention deficit hypothesis

Another hypothesis that attempts to explain the deficits associated with DD is the
attention deficit hypothesis [53-55]. According to this hypothesis, attention deficits
interfere with the process of encoding letter sequences, leading individuals with dyslexia
to confuse letters and the forms of visual words [55]. Such a visual attention deficit may
reduce perceptual capacity and coexist with the phonological deficit in DD [53].

In their study, Zoubrinetzky and colleagues assessed 142 children with dyslexia
and classified them into four cognitive subgroups: children with a phonological
disorder, children with a visual attention disorder, children with a combination of
both, and children with no disorder [56]. Although the research did not identify clear
subtypes of dyslexia based on cognitive profiles, it showed that cognitive deficits may
be associated with different behaviors in reading and spelling. Another study [53]
assessed phonological skills and visual attention in a large sample from France and
United Kingdom indicated that visual attention skills, like phonological skills, are
critical for reading and that dyslexia may be due either to a phonological deficit or to a
visual attention deficit.

An additional study evaluating children from France highlighted that 92.1% of
children with dyslexia exhibited a phonological deficit, while 28.1% also displayed
visual attention deficits [57]. Similarly, recent research [58] has found that visual
attention deficits are directly related to reading fluency and may be influenced by the
reading strategies children use.

Furthermore, studies have shown that visual attention deficits often coexist
with auditory attention deficits [59]. Facoetti and his colleagues found that children
with dyslexia display both visual and auditory attention deficits, which may hinder
the development of phonological skills [54]. Finally, Vidyasagar and Pammer [60]
proposed that phonological deficits in individuals with dyslexia result from a visuo-
spatial attention deficit, while Ruffino and colleagues [61] demonstrated that there is
a correlation between spatiotemporal attention and phonology.

Overall, several studies the last two decades indicate that children with dyslexia
exhibit attention deficits, which often coexist with phonological deficits.

2.5 Memory deficit hypothesis

Memory is a fundamental brain function involved in the continuous processing
of incoming information [62]. It is defined as the ability of an individual to encode,
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process, and recall information received in the past [63], and it is categorized into
three levels: short-term, long-term, and working memory [64].

Working memory, as a higher cognitive skill, is involved in many activities, from
simple linguistic tasks to complex verbal comprehension tasks [65]. It is defined as
the system responsible for retaining and processing new information. Research has
shown that deficits in working memory play a significant role in dyslexia [66]. In
children with dyslexia, working memory deficits affect phonological and visuospatial
skills, and these deficits often persist in adulthood [24, 67].

Difficulties in written language, particularly reading, are also associated with
problems in verbal memory [24, 25, 67, 68]. These difficulties appear both in child-
hood and in young adults [68]. Research found that the performance of children with
dyslexia on phonological memory tasks, such as nonword repetition, depends on their
capacity for phonological storage, making these tasks reliable indicators for predict-
ing dyslexia deficits [69].

A recent study by Gray et al. [70], which evaluated many children with and
without language disorders, has demonstrated that children with dyslexia exhibit
significant deficits in working memory. The authors emphasized that evaluating
working memory provides critical information about children’s broader cogni-
tive function. In another study, Schuchardt and colleagues assessing children
with dyslexia, dyscalculia, or both disorders found that children with dyslexia
primarily exhibited deficits in phonological and working memory [68]. Deficits in
both phonological and visuospatial memory in children with dyslexia have been
confirmed in a recent study in Greece [71]. Additionally, a study [41] involving
students with dyslexia or dyscalculia showed that children with dyslexia had
deficits in verbal memory and processing speed.

Finally, neuroimaging studies using functional magnetic resonance imaging
(fMRI) suggest that brain structures related to working memory, such as the frontal
lobes and the cerebellum, show reduced activation in individuals with dyslexia, indi-
cating the neurobiological basis of the obtained deficit and supporting the neurologi-
cal origin of the disorder [72].

2.6 Anchoring deficit hypothesis

The anchoring deficit hypothesis [73] attempts to explain the difficulties faced
by individuals with dyslexia. According to this hypothesis, the problems exhibited
by dyslexic individuals are attributed to the inability to form specialized anchors
during stimulus perception, which disrupts the dynamic relationship between
perception and perceptual memory. These anchors function as reference points
that facilitate the sensory processing of future stimuli and enhance the ability to
retain and recall them [73].

This hypothesis is supported by research data indicating that difficulties in the
dynamics of perception, which also affect short-term memory, may explain a wide
range of challenges experienced by individuals with dyslexia [73]. These difficulties
are related to phonology, working memory, auditory and visual perception, as well as
sensitivity to environmental stimuli [73].

In typically developing individuals, the ability to create “anchors” around stimuli
is observed, allowing for faster and more accurate processing of stimuli upon subse-
quent appearances [73, 74]. In contrast, individuals with dyslexia seem to be unable
to sufficiently utilize stimulus repetitions, which contributes to their difficulties in
processing information.
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2.7 Double deficit hypothesis

The double deficit hypothesis offers an alternative approach to understanding DD,
positioned between hypotheses that attribute the disorder to a single deficit and those
that propose multiple deficits. According to this hypothesis, individuals with dyslexia
exhibit deficits in both phonological processing and naming speed, which refers to the
ability to quickly name words or objects [75]. These two deficits are not considered
independent but complementary, with individuals who exhibit both being more likely
to experience severe reading difficulties [76].

This hypothesis identifies four subtypes of DD, based on the presence or absence of
phonological deficits and deficits in naming speed [77]. Specifically, it includes indi-
viduals with phonological deficits, individuals with naming speed deficits, individuals
with both deficits, and those with neither deficit. Supporters of the hypothesis empha-
size that children exhibiting both phonological and naming speed deficits face more
severe reading difficulties compared to those presenting only one of these deficits.

Research supports the double deficit hypothesis and confirms the existence of differ-
ent subtypes of dyslexia. A study that evaluated a large number (671) of children with
reading difficulties confirmed the heterogeneity of DD, identifying subtypes with and
without phonological deficits [78]. Additionally, a longitudinal study showed that those
with a double deficit had significantly lower reading and spelling performance com-
pared to children with only a phonological deficit or only a deficit in naming speed [79].

Further research [80] also confirms that children with written language difficul-
ties simultaneously exhibit deficits in phonological awareness and naming speed,
reinforcing the close relationship between these two deficits. Moreover, studies [49,
81] support that children with low performance in both phonological awareness tasks
and naming speed tasks are at a higher risk of developing reading difficulties later.

However, supporters of the phonological deficit hypothesis view the double-
deficit hypothesis as a variation of the phonological theory, arguing that deficits in
naming speed and working memory are part of a broader phonological disorder [76].

In sum, many studies have tried to reveal the cognitive basis of DD and several
relevant hypotheses have been formulated. This body of research is continued in our
days, and hypotheses are still evaluated to enrich the understanding of DD, recogniz-
ing the complexity of the disorder and the heterogeneity of its manifestations.

3. Biological approaches

In recent years, significant advances in the field of biology, particularly in the
branches of genetics and neurobiology, have expanded our ability to understand the
causes of the deficits exhibited by individuals with dyslexia in these areas. Biological
approaches suggest that the difficulties faced by individuals with dyslexia have a
genetic and neurological basis [5, 36]. The differences observed in individuals with
dyslexia may be related to abnormalities in brain structure [82] and/or variations in
their brain activation patterns during cognitive activities [18].

3.1 Genetic basis of DD

Many studies have documented the complex genetic etiology of DD [83]. Genetic
factors play an important role in the emergence of the disorder, with difficulties in
written language exhibiting a considerable heritability [84].
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The first studies in this examined families of dyslexics and an increased preva-
lence of dyslexia observed in such families [36, 85]. Additionally, twins’ studies and
molecular-genetic studies in families with members presenting specific reading
difficulties further support the hereditary basis of dyslexia [86]. The research shows
that children are more likely to develop dyslexia when there is a family history of the
disorder.

The last decades, research have focused on identifying genetic markers on specific
chromosomes associated with dyslexia [85]. Studies examine genetic regions that are
inherited alongside genes linked to the reading disorder, with the aim of identifying
genetic vulnerability loci [85]. The literature has reported 12 genetic loci and several
genes that are potentially associated with the occurrence of dyslexia [85, 87]. A study
that examined 165 families with members who had dyslexia [88] showed that the
interactions between genes involved in brain development and environmental factors
can explain dyslexia through a predisposition/stress model.

Overall, the research data demonstrate that the genetic predisposition to DD is
strong, although the exact mechanism of inheritance remains unclear, as it does not
follow Mendelian inheritance laws [36].

3.2 Neurobiological basis of DD

Studies aimed at examining the neurobiological basis of DD have for a history of
more than five decades. In the early phases of research, in the late 1970s and mid-
1980s, pioneers such as Galaburda and his colleagues [89, 90] studied the anatomy of
the brains of individuals with dyslexia symptoms who had died [82]. Galaburda was
the first to undertake such research, examining structural abnormalities in the brains
of these individuals.

Over the past three decades, research in the field of dyslexia has advanced with
the use of neuroimaging techniques, such as magnetic resonance imaging (MRI),
functional magnetic resonance imaging (fMRI), magnetoencephalography (MEG),
and other techniques that provide valuable information about the structure and the
function of the brain in living individuals. From these studies, three main hypotheses
have emerged regarding the neurobiological basis of DD.

3.2.1 Hypotheses of atypical structure and function in linguistics centers of brain

The research by Galaburda and his colleagues, which began in the late 1970s,
revealed significant morphological differences and abnormalities in the cellular
structure of the brains of individuals with dyslexia, particularly in the temporal
region of the left hemisphere around the Sylvian fissure [90]. These areas are directly
associated with language processing. Subsequent studies using positron emission
tomography (PET) showed reduced activity in the left posterior parietal cortex
during word recognition, suggesting structural and functional differences between
the two hemispheres of the brain in individuals with dyslexia [29]. Additionally,
dysfunction in the insula, which connects Wernicke’s area to Broca’s area, may
contribute to reading difficulties, as these areas do not function collaboratively in
dyslexic individuals [29].

The use of MRI has allowed for extensive study of the brains of living individu-
als with dyslexia. MRI studies have shown reduced gray and white matter volume,
decreased brain gyrification, increased size of the corpus callosum, and asymmetries
in the structures of the cerebellum and temporal lobe [91]. A recent study has also
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showed that the overall brain volume of individuals with dyslexia is smaller compared
to that of typically developing individuals [82].

Studies using fMRI reveal reduced activation of cortical areas, such as the tem-
poral gyrus and the area around the Sylvian fissure, in children with dyslexia [92].
Additionally, reduced activity has been recorded in the frontal cortex and the tempo-
roparietal cortex, which are critical for language processing and reading [93].

Studies with magnetoencephalography (MEG) have also shown reduced activation
in the temporoparietal region and the associative visual cortex, while simultaneously
increased activation has been observed in the right temporoparietal region and the
inferior frontal gyrus [94]. These findings support the existence of neurobiological
differences related to DD.

Overall, the research data demonstrate significant differences in the structure and
function of the brains of individuals with dyslexia, especially in the linguistic centers,
compared to typically developing individuals. Such studies using various neuroimag-
ing techniques highlight the contribution of neuroscience to understanding DD and
explaining its symptoms through its neurobiological background.

3.2.2 Hypothesis of magnocellular deficit

According to the magnocellular deficit hypothesis, reading difficulties are attrib-
uted to the reduced development or dysfunction of magnocells, which are large
neurons that play a significant role in temporal perception and motor processes [95].
Studies have shown that individuals with dyslexia may exhibit dysfunction in this
system, which affects the processing of sensory information and, consequently, learn-
ing and language processing [36].

The magnocellular hypothesis was based on neuroanatomical studies [96] that
revealed abnormalities in the visual and auditory magnocellular systems in individu-
als with dyslexia. These abnormalities may lead to difficulties in decoding rapidly
changing sounds, which in turn create phonological deficits. Similar problems are
observed in the visual magnocellular system, which is responsible for processing
rapidly moving visual stimuli. Its dysfunction results in blurry visual representations,
affecting the visual processing of letters and words [97].

Despite the evidence supporting the magnocellular hypothesis, some studies have
questioned its broad application to all individuals with dyslexia [98]. The magnocel-
lular hypothesis has faced criticism, primarily because it does not adequately explain
all the symptoms of dyslexia in all individuals. Research does not always succeed in
identifying the expected deficits in auditory and visual processing [36]. Furthermore,
phonological deficits cannot be predicted solely based on difficulties in auditory
processing [99], suggesting that the magnocellular hypothesis is insufficient for fully
understanding the complexity of dyslexia.

3.2.3 Hypotheses of deficit in cevebellar function

The cerebellum is one of the main brain structures responsible for controlling
motor functions and optimizing automatic motor skills [100]. Additionally, it actively
participates in reading and cognitive skills in general [101]. Specifically, when pro-
cessing information related to linguistic and magnocellular brain areas, this infor-
mation passes through the cerebellum [36]. A dysfunction in the cerebellum could
negatively impact reading and explain the various deficits exhibited by individuals
with dyslexia [36, 52].
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This notion is supported by neuroanatomical studies, neuropsychological data,
and functional imaging research, indicating that cerebellar deficits may play a crucial
role in the manifestation of DD. Based on this framework, the cerebellar dysfunction
hypothesis was proposed, according to which mild motor difficulties and articulation
problems in dyslexics may stem from cerebellar abnormalities [43, 52]. Articulation
difficulties may lead to problems with the representation of phonological features of
speech, which in turn affect the development of phonological awareness and, conse-
quently, the reading ability [43, 52].

Cerebellar dysfunction may also explain the poor handwriting quality observed in
individuals with dyslexia, as the cerebellum is critical for coordinating and automat-
ing the motor skills required during writing. Additionally, difficulties with articula-
tion and spelling can be attributed to efforts to read correctly, which are accompanied
by reduced phonological awareness and deficits in automatization [52].

According to the cerebellar dysfunction hypothesis, approximately 80% of chil-
dren with dyslexia exhibit cerebellar deficits [52]. Studies over the past two decades
have attempted to confirm this hypothesis. For example, a study involving elementary
school students aged 8-12 demonstrated that children with dyslexia performed
worse on cerebellar and cognitive tests compared to the control group and those with
ADHD, as well as having slower articulation speed [102].

Similar studies have shown that children with dyslexia also exhibit motor dif-
ficulties, which may be due to cerebellar dysfunction [52]. Research assessing motor
skills [103] confirmed that children with dyslexia performed worse on balance and
motor coordination tests. Another study [104] found that children with dyslexia had
reduced performance in static and dynamic balance tests, partially supporting the
cerebellar deficit hypothesis.

However, the cerebellar deficit hypothesis faces two main limitations. First, not all
individuals with dyslexia exhibit motor difficulties [97]. Second, this hypothesis does
not account for the sensory processing difficulties observed in dyslexia. Nevertheless,
proponents of this hypothesis acknowledge the existence of different dyslexia sub-
types, which may stem from distinct dysfunctions of the cerebellum or the magnocel-
lular system [52].

4. Contemporary models of multiple deficits

For several decades researchers considered DD as the result of a single deficit
[7, 10]. However, advances in science and the complexity of the difficulties faced
by individuals with dyslexia have led to a more multifaceted view of the disorder.
Today, with the development of assessment methods and the study of dyslexia
from various scientific disciplines, there is discussion of the heterogeneity of the
disorder, and the prevailing view is that its causes are multiple [2]. The diverse
and often conflicting hypotheses regarding the etiology of dyslexia lead some
scientists to suggest that the disorder is likely the result of multiple deficits, with
single or double deficit theories showing significant weaknesses to explain all the
deficits of dyslexics [7].

The last decade, several researchers challenge the existence of a single deficit,
emphasizing the heterogeneity of the disorder [105]. According to these studies,
individuals with dyslexia face, in addition to phonological difficulties, other chal-
lenges such as visual, auditory, motor, and balance problems. While the phonological
deficit may be the dominant cause of dyslexia, it can also occur independently of
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other sensory disorders [97]. Biological approaches support the idea that dyslexia may
be due to brain differentiations, making its basis purely neurobiological.

At the same time, no single deficit has been identified that can explain the full
range of dyslexia symptoms [11]. Moreover, the single deficit model cannot explain
the comorbidity between various learning disorders, which often coexist without
being independent [11, 106].

In conclusion, it is regarded necessary to transition from single deficit theories
or dual-deficit theories to models of multiple deficits. These new models explore
the relationships between different levels of analysis (genetic, biological, cognitive,
behavioral, environmental, etc.) to further illuminate the causes of dyslexia [6, 11].

4.1 Multiple deficit model

Pennington [7] challenged the idea of a single cognitive deficit for the explanation
of the causes of dyslexia, particularly due to its comorbidity with other developmental
disorders, and introduced the Multiple Deficit Model (MDM) in the literature. This
model is based on Frith’s etiological approach [5], which asserts that understanding
DD requires a combined study of biological and cognitive approaches, as well as the
symptoms and environmental influences affecting individuals with dyslexia. MDM
has since become one of the most contemporary and accepted theoretical approaches
to the multifactorial etiology of dyslexia.

According to this model, DD can be understood through four levels of analysis:
etiological, neurological, cognitive, and behavioral. At the etiological level, genetic
and environmental risk and protective factors interact to lead to the onset of dyslexia.
At the neurological level, differences in brain function are recorded, resulting from
the influence of the etiological factors. At the cognitive level, the dominant cognitive
deficits associated with structural and functional changes in the brain are highlighted.
At the behavioral level, cognitive deficits manifest as symptoms and difficulties in
individuals with DD [7].

Several recent studies have supported this model. Heim and colleagues [8] tested
Pennington’s model [7] by studying students with dyslexia in Germany. Their results
identified three subcategories of dyslexia based on different cognitive deficits, such as
phonological deficits, phonological and auditory deficits, as well as attention deficits.
Similarly, Menghini and colleagues [9] studied children with dyslexia in Italy and
confirmed the existence of multiple cognitive deficits, focusing on deficits in execu-
tive functions and phonological memory.

Other studies [12, 107] also support MDM, indicating that processing speed is a
common risk factor for both dyslexia and ADHD, reinforcing the theory of comorbid-
ity between the two disorders. Studies [30, 97] have also identify the existence of
sensorimotor deficits in individuals with dyslexia, alongside phonological deficits. A
study conducted on a sample of 78 children with dyslexia from Poland revealed the
existence of three distinct subtypes of dyslexia, characterized by deficits in attention
and visual search [108]. Additionally, a recent study in Greece [109] has also high-
lighted the existence of distinct neurocognitive subtypes of DD. In this study, 101 stu-
dents diagnosed with dyslexia were classified into three different subtypes based on
their performance across a wide range of tests that assessed the phonological domain,
memory, attention, visual and auditory processing, visuomotor skills, and processing
speed. In conclusion, recent research data have reinforced the view that dyslexia is the
result of multiple deficits rather than a single deficit, supporting Pennington’s model
[7] and confirming the multifactorial nature of the disorder.
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4.2 Hybrid model

A more recent theoretical approach that has emerged in the literature on the etiol-
ogy of dyslexia is the hybrid model [10]. The hybrid model incorporates all previous
hypotheses regarding the causes of dyslexia and allows for the formation of cognitive
profiles in dyslexic individuals, which may include either a single deficit or a combi-
nation of multiple deficits. This model emphasizes the complexity of the disorder,
and the heterogeneity observed among individuals with dyslexia.

This model was confirmed by a research conducted in Portugal, which included 36
children diagnosed with dyslexia [110]. The children were assessed in tasks of phonologi-
cal awareness, rapid automatized naming, verbal short-term memory, and vocabulary.
The results showed that the children could be divided into two subgroups: the first
exhibited low performance in both phoneme deletion and rapid naming, while the second
group had deficits only in phonological awareness, without problems in rapid naming.
This confirms the existence of different cognitive profiles in dyslexia.

Similar findings were obtained in a study conducted with a sample of 285 students
from Indonesia, 46 of whom were at risk of dyslexia [111]. The results indicated that
some children at high risk for dyslexia exhibited either single or multiple deficits,
while others showed no deficits in phonological tasks. These findings further support
the hybrid model as an explanatory framework for DD, highlighting the heterogeneity
of cognitive deficits that may present in individuals with dyslexia.

The hybrid model offers a comprehensive approach that reflects the complexity of
dyslexia and emphasizes the need for flexible assessment and intervention methods,
considering the unique cognitive profiles of everyone.

4.3 Intergenerational multiple deficit model

Just 2 years later, the Intergenerational Multiple Deficit Model (iMDM) appeared
in the literature [11], building on the MDM [7] and adding a new level of analysis.
The fifth level of analysis introduced focuses on parental characteristics and the
family environment, highlighting the heritability and the intergenerational transmis-
sion of risk and protective factors. Heritability can provide insights into how these
factors are passed from generation to generation through genes and the environment
in which children are raised [11].

According to the iMDM, parents transmit genetic factors that influence their chil-
dren’s cognitive abilities, which interact with the environment to shape their cognitive
profiles. The proportion of children with dyslexia who have at least one parent with
the same disorder ranges between 34% and 66% [112]. A study of 182 children with
a history of dyslexia confirmed that the reading abilities of parents are predictive
factors for the development of dyslexia in children, especially through phonological
awareness and processing speed, which are also linked to dyscalculia [11].

Thompson and his colleagues [113] continued in this direction, confirming the
intergenerational nature of dyslexia and assessing phonological awareness, rapid
automatized naming, and executive functions as predictive factors of the disorder.
Additionally, research [114] confirmed that reading skills are 64% heritable, support-
ing the association across all family members.

In summary, contemporary multiple deficit models support the complexity and
neurocognitive heterogeneity of DD. These models of DD emphasize the need for
future research that considers both genetic and environmental influences in the study
of the disorder.
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5. Conclusion

The aim of the chapter was to reveal the heterogeneity in the neurocognitive
profiles of children with developmental dyslexia. Through the presentation of various
single deficit approaches that have been proposed in the literature regarding the
causes of dyslexia, as well as more recent models suggesting the existence of multiple
deficits, we sought to determine whether a stable and recurring set of cognitive
characteristics can be systematically identified in a significant percentage of these
children.

According to recent findings, DD is recognized as a complex and heterogeneous
disorder [7-9, 11, 56, 109, 115], characterized by multifactorial deficits rather than
single deficits, as earlier researchers had proposed [34, 35, 43]. Recent research data
have confirmed that most individuals with DD exhibit a combination of neurocogni-
tive deficits, although cases of individuals with single deficits are not excluded.

Contemporary scientific studies indicate that dyslexia is characterized by varied
neurocognitive profiles, or “fingerprints,” as Heim and Grande [18] describe. These
profiles are related to differences in brain activation patterns in individuals with
dyslexia, which supports the heterogeneous neurobiological nature of the disorder
[18]. The heterogeneous and multifactorial neurobiological basis of dyslexia has been
repeatedly confirmed in recent years. For example, differences have been identified
in several brain regions (e.g., left inferior frontal gyrus, left superior temporal gyrus,
fusiform gyrus) following neuropsychological and neuroimaging evaluations of a
large sample of individuals with dyslexia [116]. These findings reinforce the multi-
factorial interpretation of the behavioral deficits that characterize dyslexia and its
heterogeneity.

Recent findings have demonstrated differences in brain anatomy, particularly in
the ratio of gray to white matter, between individuals with dyslexia and those with
typical development. Individuals with dyslexia show reduced gray matter density in
specific brain regions. Moreover, it has been observed that the gray-to-white matter
ratio varies depending on the dominant cognitive deficit (phonological, magnocel-
lular, auditory attention), confirming with neurobiological terms the heterogeneity of
the disorder [115].

A meta-analysis of neuroimaging studies [117] revealed that the absence or
reduced activation of the left temporo-occipital cortex during reading and visual-
phonological tasks, as well as decreased function of the dorsal left parieto-frontal
cortex, is linked to deficits in attention and motor skills. These findings support a
multifactorial etiology of dyslexia, indicating that various neural networks may be
involved in its manifestation.

The heterogeneity of this neurodevelopmental disorder and the observation
that DD can affect abilities beyond language underscores the need for improving
the diagnostic process. Currently, the diagnosis of this developmental disorder is
primarily based on tests that assess children’ intelligence and reading abilities, often
overlooking other difficulties that these children may face, such as concentration,
memory, visual and auditory perception, information processing, and motor coordi-
nation. However, a significant percentage of children with DD exhibit a combination
of deficits rather than isolated difficulties.

As aresult, a diagnostic system that does not consider variations across different
neurocognitive domains fails to provide a comprehensive understanding of the causes
of dyslexia for everyone. Although the results of reading tests provide useful informa-
tion about reading progress, they do not adequately capture the cognitive deficits and
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disorders that contribute to its manifestation [56]. Administering additional tests that
assess a broader range of abilities would help describe a more complete individual
neurocognitive profile for each child diagnosed with dyslexia.

At the same time, the existence of neurocognitive subtypes of DD highlights the
need for individualized educational programs that target the specific strengths and
weaknesses of each student. To date, most educational interventions have focused on
the phonological domain. However, research studies [8, 9, 30] indicate the presence
of multiple deficits in individuals with dyslexia. Identifying the individual charac-
teristics of each student can significantly contribute to the creation of more effective
personalized educational interventions [110].

In summary, this chapter highlighted the heterogeneous and multifaceted nature
of DD, emphasizing the need for a more comprehensive approach in both its diagnosis
and treatment. The identification of distinct subtypes, with different neurocognitive
deficits, among children with dyslexia leads to the conclusion that DD can no longer
be viewed as the result of a single deficit but as a multifactorial disorder related to
variations across several neurocognitive domains. Understanding these variations
and documenting the individual neurocognitive profiles of each child with dyslexia
could help to achieve for earlier and effective diagnosis using a variety of tests that
assess a broader range of abilities that would help describe a more complete individual
neurocognitive profile for each child. Such diagnosis would result in the development
of personalized educational interventions, with more targeted strategies suited to the
profiles of individual children.
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Chapter 8

Autism: Its Foundation
and Practical Implications

Wenn B. Lawson

Abstract

The following chapter explores and explains what ‘lies beneath’ the diagnosis of
autism. The foundation for this chapter is based on original knowledge grounded
in the theory of monotropism, heralded in the 2005 paper by Murray, Lesser and
Lawson. The work on monotropism began in the 90’s and has been followed through
until present times. Current research is supportive of the monotropism theory of
autism which posits autism as ‘a matter of attention), specifically ‘monotropic atten-
tion’ When attention is captured by interest (for whatever reason) it occupies the
whole of one’s attention. This impacts concepts such as being literal (not reading
between the lines), missing the subtle cues of social interaction and highlighting or
underwhelming our sensory systems, challenges with object permanence and being
misunderstood. But it also leads to incredible strengths and allows for one’s passion to
be a source of joy, stability and an aid to mental fitness. When an individual’s autism
is understood and accommodated, self-compassion can flourish and we can live life to
the best of our ability. This chapter offers original knowledge to aid the understanding
of autism that has not previously been accommodated.

Keywords: autism, monotropism, object permanence, interoception, attention

1. Introduction

The DSM-5 [1] lays out the criteria for an autism assessment (challenges with
communication, social interaction and the experiences of human senses) but it does
not explain why these exist or what lies ‘beneath’ the criteria for autism. This chapter
explains what the very foundation of autism is, neurologically, and the impact our
Autistic monotropic cognitive style has upon how we understand and process daily
life. It is this unique understanding that adds knowledge to our overall understanding
of autism and how best to support Autistic individuals. Like other developmental
differences autism appears to change over time but can be hard to understand and
accommodate. This chapter seeks to explain what autism is and where its challenges
stem from. It is written by an Autistic researcher and British Psychologist who is a
theorist on the concept of ‘monotropism’

The Autism Spectrum includes developmental differences from regular develop-
ment that impact how an individual communicates, how they relate socially and
how they experience the information from their external and internal sensing
systems [1]. Currently between 1in 100/1 in 40 individuals being born will be
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somewhere on the Autism spectrum; which is more than 1% of the world’s popula-
tion [2, 3]. Autism is only one spectrum area of developmental differences, but the
recognised numbers have increased dramatically over the past two decades [4].
Maybe the world is ready for us!

Traditionally, autism was recognised as occurring mainly in children and males;
females did not occur in the statistics. Autism was largely viewed as a catastrophe that
cost society financially and emotionally [5-9]. Also, autism was only viewed as a tragic
‘deficit disorder’ and millions of dollars were spent on finding a cure [10, 11]. However,
questioning these long-held beliefs has led to a broader understanding of autism as
part of neurodiversity [12] and the further term within neurodiversity, that of neu-
rodivergence (See: Ref. [13]): Legault et al. [14], due to diverging from the typical. No
longer, however, do we view Autism as a tragedy and increasingly, we are listening to
the experiences and voices of autistic people. This does not mean that being in a world
that does not accommodate autism is without its challenges; there are many. But the
more understanding we have of autism and monotropism, and how it impacts on us as
Autistic people, the better it will be for everyone (http://monotropism.org).

Possibly a big part of the shift away from the ‘medical model’ and towards the
biopsychosocial model [15] (all minds are of equal value in their diversity) adding to
the richness of humanity, has led to being open to listening to the Autistic Voice. As
such, Autistic people are adding to the discourse and to autism research as Autistic
researchers [16]. Once it was believed that Autistic people lacked empathy and we did
not have ‘a theory of mind’ [17, 18] but this has radically changed in the last decade
or so [19, 20]. Now, as we move into the age of neurodiversity and the understanding
that ‘all minds’ contribute to the wonderfully colourful world of being human, we
recognise neurodivergence as simply diverging from the majority but not from being
human [21].

Another development that has occurred, building on from the work of Murray
etal. [22, 23] and Lawson [24, 25] is the notion of monotropism. The authors of the
2005 paper suggest that monotropism is responsible for all the criteria used to assess
for autism [1] and all the social and communication differences experienced by
autistic people [24-28].

Monotropism is explained as ‘single attention’ focussed and complete in that,
as a scarce resource, being ‘mono’ means having all of one’s attention captured and
not having any free attention for other things. It is illustrated by the image of a torch
beam illuminating a narrow field and only highlighting those ‘things’ captured by
the narrow light. Whereas non-autistic people operate on the ‘polytropic’ channel of
attention, which is like the wider, broader and less intense torch beam.

Behaviourally we see in autism a tendency to notice only that which is within the
attention tunnel and not to notice other aspects outside of the focussed attention.
This is different in non-autistic people. The non-autistic or polytropic cognitive style
allows non-autistic individuals to change attentional focus quite quickly, moving
them between various interests and even allowing them to show interest when they
are not interested [22, 23, 25]. For social connectivity, rapid shifting of attention and
general societal connection is important. So, the polytropic cognitive style is more
suited than the monotropic cognitive style to social interaction, unless the interac-
tion is based upon shared interest. Monotropic individuals thrive when they can use
passionate interests that lead to deeper connections, possible new inventions, flow
states and productivity [28]. The downside of the monotropic cognitive style are
times of inertia [29], rumination [30] and awkwardness in social situations outside
of mutual interest [31].
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As we come to understand the autistic monotropic cognitive style in autistic indi-
viduals we will notice other challenges that impact autistic lives. These are connected
to areas of poor object permanence and a lack of noticing the information from the
internal sensing system (interoception) as well as a heightened or underwhelming
experience of the external sensory world [1, 27].

1.1 Object permanence (OP)

Object permanence is the understanding that things continue to exist even when
we can not see or sense them. It is like knowing your pet, (family, bedroom, clothes,
iPad and so on), are at home even when you are away and cannot see them [27]. The
flip side to the ‘coin’ of ‘OP’ is that moving on from comprehending the ‘permanence’
of an object, person, place, season, time and so on, is the generalisation of that
meaning. This means something can be permanent, but also temporary. For example,
a person could be choking on food eaten but then move on from choking to being able
to swallow and not be choking anymore. Typically, individuals appreciate and accom-
modate both sides of the OP coin. We understand something can be both permanent
and temporary, as well as only permanent or only temporary. This generalisation of
knowledge allows us to move past and beyond an understanding that may be ‘black
and white’ to various shades of grey, but without losing context. OP understanding in
autism, however, can be challenging.

For most people, understanding OP develops before the age of 12-18 months [27].
However, for many of us as Autistic individuals, we might experience OP differently.
Experiencing OP differently is a flow on state from being monotropic and having all
our attention taken over by the one thing currently before us [22-24]. This ‘occupied
attention’ can affectively ‘knock out’ any connection to aspects of our usual daily lives,
including people, seasons, expectations and objects around us, if we ca not see them.

1.2 How being ‘mono’ might impact our sense of OP

As an autistic individual, object permanence differences might show up in our life
in several ways:

1. Emotional reactions:

* We might feel worried or upset when familiar objects are moved or are out of
sight.

* We may feel confused or unsure when loved ones leave the room.

* We might find it challenging to manage our emotions during changes or
transitions due to not knowing what comes next or what to expect.

2. Daily life impact:

* We may find it difficult to handle changes in our routines because it is dif-
ficult to forward think. Forward thinking requires a split in our attention.
We attend to ‘now’ but also to ‘after’. Being monotropic and having all our
attention only on ‘now’ makes it very difficult to appreciate consequences or
attend to the ‘after’
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* We might become very attached to specific objects or places because they keep

us grounded, are familiar and ‘protect’ against ‘change’

We may find it hard to adapt when things in our surroundings change because
we can not imagine or picture what it means when things change. For example,
is it really the same room, the same person? This occurs because the person
may belong to that setting and is understood only in that context. For exam-
ple, a child encounters a teacher from their school in the Supermarket and says
to them; “What are you doing here, you should be at school’!

3. Relationships and attachment:

* We might find it challenging to form or maintain relationships because people

seem so changeable and unpredictable, so how can we trust or be sure? The flip
side of this can be that we ‘over attach’ and become possessive.

We may feel anxious when separated from caregivers or loved ones as they are
part of ‘us’ and it feels wrong without them. It is hard to imagine them still in
our world if they are out of sight.

We might find it difficult to understand people still care about us even when
they are not physically present because we may lose connection with the feel-
ing that we usually have when we are with them in person.

4.How we process information as Autistic people:

* We may have unique ways of understanding and interacting with our environ-

ment that often depend upon familiarity.

* We might find it challenging to think about things we can not see or touch.

1.3 Helpful strategies

Here are some strategies that might help manage object permanence challenges [24]:

1.Plans:
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* We can use picture schedules or calendars to show our daily activities and any

expected changes. For unexpected or unanticipated changes put a comment
into our calendar, diary or schedule that says: ‘sometimes changes occur that
we were not expecting, this is uncomfortable but is OK. We can prepare/think
of what to do instead’. This might mean checking in with our list of ‘alternative
ideas’, with a family member or a friend for support.

We may like to create photo albums or digital galleries of important people and
places. I have these on my mobile phone and can look at them (helping to keep
them present) whenever I want to.

We may prefer to have picture cards to represent objects or people that are
temporarily away. I keep mine in my wallet (e.g., a family photo).
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2. Consistent routines:

* We can try to keep our daily routines as regular as possible. If this leads to

more anxiety though, it is OK to make plans as we think about things, allow for
changes, and have important contact information on our phones.

We can ask family and friends to give us clear explanations and visual cues (if
we think these might help) before changes happen. For example, an idea of
colour changes before someone redecorates.

We can create a predictable environment that helps us feel comfortable and
safe. For example, use a headset to reduce noise levels, wear shades (sun-
glasses) and have an item of clothing/or fiddle object (cap, umbrella, bracelet,
etc.) that we can interact with and help us feel calm.

3. Comfort objects:

* We can have a special item that helps us feel good (in our pocket or on our

person). I have a particular T-shirt I wear, a soft bear keyring I can hold, and
pictures I like to look at on my phone.

* We can use these during transitions/times of change or when separated from

others, to help us feel OK.

4. Using technology:

* We can use video calls to see and talk to someone when they are away, this

helps reassure us they are still ‘here’.

* We can use apps with picture schedules, reminders or location tracking for

reassurance.

* We can use countdown timers or apps to help us know when to expect changes

or when to expect someone to return.

5.Calming techniques:

* Practicing mindfulness (focussing on the present moment) or on our breath-

ing can help us manage if we are worried.

We can develop personalised ways to calm ourselves when feeling stressed. For
example, I like to hum or look at pictures on my phone.

We can write a social story (short description of a particular situation, event or
activity) to help us understand and prepare for changes. For example, The bus
usually leaves at 9.00 am. But sometimes the bus is delayed. I can wait longer
for the bus or/and I can phone family or a friend to let them know and check in
on what to do next.

6. Adapting our environment:
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* We can try to keep our home or workspace consistent and familiar. I try to put
the linen in my linen cupboard in a space labelled for it, such as single sheets,
double sheets, Queen sized sheets, hand towels, bath towels and so on.

* Itry to keep any room changes (furniture, etc.) to a minimum. I avoid unnec-
essary changes to how my room is arranged.

* I make the spaces in my home sensory friendly. This helps to reduce the overall
stress in my environment. I also have lots of soft animals, fidget things and
dim lights. These help me, but we are all different, so we need to explore what
works for us.

7.Gradual practice:

* If we want to, we could slowly increase the time we are separated from impor-
tant objects or people... knowing we can connect with them again.

* We can practice games or activities related to object permanence in a safe,
supportive setting (like hide and seek with family).

* We can celebrate our successes in managing separations, no matter how small,
but it is also OK if we still feel uncomfortable.

1.4 Remember

* Our autistic experience with object permanence is unique to us, so it might be
different for different people.

e Itis okay to feel challenged or frustrated sometimes — our feelings are valid.
Having a feeling does not make something ‘true’, it is a feeling that could change
with our circumstances.

* These strategies are suggestions — feel free to adjust them to what works best
for you.

1.5 Professional support

Working with a psychologist or therapist can provide additional support in man-
aging object permanence challenges:

1. Supportive strategies:

* Develop personalised ways to build an understanding of object permanence,
(e.g., read about the concept, explore what others have found helpful, practice
using photos, taking an object with you, wearing an item of clothing that
connects you to past and present, use text or messaging as reminders to self
and others).

* Use techniques, as outlined above, and even gradual exposure to being sepa-
rated, but with support, to reduce anxiety related to separation.
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2. Thought strategies:

* Learn techniques to challenge worried thoughts: look up concepts associated
with Mindfulness: https://wwwwisebrain.org/wellspring-institute.

* Develop different ways of thinking about our understanding of object perma-
nence (e.g., nothing really leaves our world (unless in a spaceship) because our
planet has gravity; We carry ‘love’ and those close to us in our ‘emotions heart’;
I can always ask and check in with trusted friends and/or family).

3.Managing emotions:

* We can learn and practice techniques to handle distress and anxiety (e.g., our
emotions are all OK to experience, no emotion is bad. But, they are feeling
states that change and will go away; it is OK to miss someone or/and some-
thing, it’s also OK to connect differently with other good things that help us
feel good again, like speaking with a friend, listening to our music, reading
a favourite book or watching our programmes on TV or on our streaming
media, spending time with our community where we feel safe and belong)
See: https://langleygroup.com.au/10-strategies-for-managing-emotions/.

* We can develop personalised coping strategies that support us in challenging
situations (sometimes we need help to do this, and we may find spending time
with friends who help us or seeing a counsellor/psychologist can be useful).
But we need to be sure whatever we do it needs to involve people who GET
autism and GET us!

1.6 External sensing system

Our external senses, such as: seeing, hearing, tasting, touching, smelling,
Proprioception (knowing which part of our body is in touch with another body part)
and vestibular (knowing where we are in time and space) all contribute towards feed-
ing our brain information to help keep us upright, safe from harm, connected to our
external world and aware of things outside of our body [32, 33]. They usually operate by
co-operating with each other and helping us build an appropriate picture of our world.
For example, we can see flowers, birds, water, sky and so on, as well as hear the buzz of
insects, smell the flowers, know if it is day or night and avoid walking places that are not
safe. But these senses do not alert us to being hungry or needing the toilet [33, 34].

Usually, our external senses work in synchrony but, being monotropic can mean that
our sensing system is easily overwhelmed by one sense over another, meaning we notice
information from one sense but not the other. So, being in a situation where sound is
experienced as being too loud might mean we do not notice we are walking into danger,
or we need to stop to avoid danger (e.g., crossing a road) [32]. This is a processing issue
and happens due to our monotropic cognitive style as Autistic people [24].

Adapting our environment so it is ‘sensory friendly’ is OK at home because hope-
fully, we are in control of what’s going on inside our own home. We can wear clothes
that are not scratchy, we can have soft furnishings, avoid bright lights, use colour
and décor that suit us and enable us to be comfortable. We can choose the level
of sound we need, whether to eat amongst/with other people or on our own, and
choose to eat food we are happy with that does not feel uncomfortable due to texture,
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colour or taste. But, outside of home life can be very different! The sounds can be too
loud, the lights too bright, it is difficult to avoid being amongst too many people and
becoming overwhelmed and overloaded! I have my shades (sunglasses) with me, my
headset or noise cancelling headphones, my cap that I can pull down over my eyes

if the light is too bright, and I can eat Take Out or away from others. It is easier for
me to take what I need into the outside world, often not designed for monotropic
people, so I can cope better.

Exploring what we each need to enable us to function well in a sensory world that
might not cater to us is vital. There are a number of ‘online’ checklists for sensory
functions such as https://www.sensorysmarts.com/sensory-checklist.pdf building a
profile of what works for you is so important and this is your ‘Right’ to enable you to
be safe and comfortable in the world we all share.

1.7 Internal sensing system (interoception)

Interoception is our eighth sense [33]. It refers to our perceptions of what is going
on inside our bodies. Interoception helps develop our connection to self because
when we understand how we feel, we learn to connect to ourselves and connect to
others. In autism, because we are monotropic our internal sensing system can be
‘offline’ or not noticed due to our attention being occupied by whatever has cap-
tured us (passionate interest, our emotive state such as anxiety, feeling unwell, an
expectation and so on). Interoception comes from our Neuroception which is the
autonomic, unconscious sense that warns the body of danger [34]. But interocep-
tion is a whole system of sensing that includes messages from inside our body being
sent to our brain so we can act on this if needed. It lets us know when we are hungry,
thirsty, tired, unwell, in need of the bathroom, the temperature we feel so we can
wear the appropriate clothing, sexual desire, heart rate and related breathing and
much more [33]. Interoception connections appropriately allow us to know our
mood and how to respond to it [35].

Overarching theme: Interoception contributes to bodily autonomy which is crucial
for a sense of self and quality of life. As Autistic people, we may need to be supported
in developing adaptive interoceptive skills that support our wellbeing.

Currently not a whole heap of research exists in connection to interoception in
autism which means there are aspects of theory and knowledge we are missing.

Some questions to ask ourselves as Autistic individuals or for others to be aware of
as they live, love and/or work with us. What are the interoceptive differences seen and
experienced by autistic monotropic individuals?

1. Both benefits and challenges

* What are the implications for differentiation between sensations? Is this more
about processing and if so, what are the implications for meaning-making and
emotion, as well as self-care, autonomy and relating to others?

* In monotropism there are fluctuations in interoception perception accord-
ing to available attention, our environment, our age and current demand
onus [24].

* As such they will not be static but changeable. Being context-dependent means
we might notice at some times but not at other times.
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e Stress and arousal impact interoception connection in a big way, so lowering
stress and, at times, heightening arousal can be useful [33, 34].

* The interventions that work best for us as autistic people must be individually
planned with us and suit our personality, socioeconomic status and general
culture.

2.Inter-individual variability will mean:

* There will be differences between hypo- and hyper-awareness according to
those things named above.

The implications for wellbeing are manifold

* Aswe learn how to ‘notice’ our interoceptive senses our ability to self-manage
and build a sense of autonomy is increased.

* Once our interoception connection flows more positively we will be better
able to regulate our responses to our own feelings and to what we notice about
others.

* We can build awareness of pain and mood changes which will lead to better
emotional and physical health.

This all comes together as we build a better sense of body ownership and mental
fitness.

Research has found that a great way to build interoceptive awareness is by pairing
physical activity with mental focus [33]. So, as we practice particular exercises and
attend/focus on specifics of these our brain works to link them together. As I notice
my breathing, for example, I can help reduce my heart rate which lowers ‘panic’ mode
and reduces anxiety.

A great helpful site is: https://neurodivergentinsights.com/blog/
autism-interoception.

Also see: https://studentwellbeinghub.edu.au/media/erkfigg4/swh_getreadytole-
arn_selfregulationresource-2023.pdf

And: https://reframingautism.org.au/
interoception-knowing-yourself-inside-and-out/

2. Conclusion

The original contribution in this chapter increases knowledge of autism and why
we are who we are. This chapter has uncovered and explored the detail beneath the
criteria for an assessment for autism. Just telling us that, as Autistic people, we have
challenges with communication and social interaction, as well as we experience our
senses differently from non-autistic people, does not tell us why or what’s causing
this or how to help us be better equipped to live in this world we all share, which is
not set up for us. By looking at what’s ‘beneath our autism’ we can better understand
ourselves, better equip ourselves to live differently, better arm ourselves to have an
answer for who we are, and be better able to live a life that leads to autonomy and
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mental fitness. Every Autistic person is different. As well as being monotropic we
each have our own personality, our own likes and dislikes, our own culture and so

on. These aspects of who we are also need consideration and will contribute to the
experience of our daily lives. Focussing upon our strengths and finding support for
our challenges is every human’s right. This chapter helps to put the above into focus
and enable the reader to understand autism and themselves in a positive light. A great
free resource for Autistic individuals to help us build mental fitness as we work to
understand our autism can be found here: https://www.edx.org/learn/mental-health/
curtin-university-autism-and-mental-health
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Abstract

Autism spectrum condition (ASC) is a multifaceted neurobiological entity
characterized by challenges in communication, social interaction, and a pro-
pensity for repetitive behaviors. The conceptualization of ASC has evolved
significantly since Paul Eugen Bleuler first introduced the term “autism” in
1912. This chapter traces the historical development of ASC, emphasizing its
trajectory from a focus on deficits for a recognition of individual strengths and
diversity within the spectrum. Current estimates suggest a rising prevalence of
ASC, attributed to both expanded diagnostic criteria and increased awareness.
The clinical perspective on ASC underscores a range of symptoms affecting
various domains, from social communication to emotional regulation, informing
a comprehensive diagnostic and intervention framework. As research continues
to illuminate the genetic, neurobiological, and environmental underpinnings
of the condition, effective management strategies—ranging from psychological
to pharmacological interventions—are being refined. Despite advancements,
challenges remain in understanding ASC’s complexities and improving support
systems for affected individuals and their families.

Keywords: autism, spectrum, neurodevelopmental, etiological diversity, management
principles

1. Introduction

Autism spectrum condition (ASC) is a complex neurobiological entity which holds
challenges in communication and social interaction, and has some repetitive behavior.
The term “spectrum” contains a wide range of symptoms, which varies across individ-
uals affecting their daily usual activities [1]. The affected individual has an inherent
focus on its own internal world which very much fits the term autism meaning autos
in Greek literature. This idea was first introduced in 1912 by Swiss psychiatrist Paul
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Eugen Bleuler, who used it to describe a form of self-centeredness in individuals with
schizophrenia, highlighting difficulties in social engagement [2, 3]. Over time, the
concept evolved, with Hans Asperger and Leo Kanner expanding its meaning in the
1930s to include specific behavioral patterns observed in children, leading to today’s
classification of ASC. In the modern context, autism encompasses a broad range

of behaviors and developmental challenges, particularly in social communication.
The term reflects both strengths and difficulties experienced by individuals on the
spectrum. Its etymological roots underscore the unique internal experiences of those
with ASC, emphasizing the need for empathy and supportive interventions to help
them navigate the external social world. Additionally, broadening diagnostic criteria
might explain the increasing prevalence, though other factors cannot be ruled out [4].
The outlook for individuals with ASC has improved over the past 50 years with more
people able to speak, read, and live in the community. However, many still face chal-
lenges in working full time or living independently [5].

2. Historical perspective of autism spectrum condition

In 1908, Eugen Bluerler used the word autism to describe a subset of schizo-
phrenic patients who were especially withdrawn and self-absorbed. In 1943, Leo
Kanner, an American Psychologist, published a paper describing 11 highly intelligent

Specific DSM-4 DSM-5 ICD-10 ICD-11 Relevance
description of classification  classification classification classification
ASD
General Utilized a ASD is asingle ASD isclassified  ASD closely Critical for
classification multiaxial diagnosis under the alignswiththe  diagnosisand
system for encompassing Pervasive DSM-5, usinga  treatment
diagnosis, several previously =~ Developmental  single “Autism planning.
categorizing separate disorders.  Disorders Spectrum
disorders into umbrella, with Disorder”
five axes. specific codes. diagnosis and
specifying
associated

features such
as intellectual
and language

impairments.

Autism Included Classified as part F84.0 - Autism  6A02: Autism Facilitates
multiple of ASD; requires Spectrum Spectrum understanding
specific deficits in social Disorder. Disorder of social
categories: communication interaction
Autistic and restricted difficulties.
Disorder, behaviors.

Asperger
Syndrome,
PDD-NOS,
Childhood
Disintegrative
Disorder.
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Specific DSM-4 DSM-5 ICD-10 ICD-11 Relevance

description of classification  classification classification classification

ASD

Asperger Defined as Now included F84.5 - No differential ~ Facilitates

Syndrome adistinct under ASD; Asperger’s classification understanding
diagnosis lacks significant Syndrome, merged with of social
with criteria language delay. distinctly ASD. interaction
focusing recognized. difficulties.
on social
interaction
difficulties
and restricted
behaviors.

Rett Syndrome Classified as Considered a F84.2 - Rett Merged with Distinguishes
one of the separate diagnosis; ~ Syndrome, ASD. genetic-based
characteristics  notincluded under classified conditions;
of ASD with ASD criteria. separately impacts
specific due to genetic treatment
diagnostic origins and approaches
criteria. distinct and research

features. focus on
genetic factors
in autism.

Childhood Classified as Recognized asone  F84.3 - Merged with Highlights

Disintegrative aseparate of the conditions Childhood ASD. the need

Disorder disorder, previously Disintegrative for specific
characterized classified under Disorder; diagnostic
by regression ASD but now part  characterized recognition;
of acquired of the broader by a significant indicates
skills after ASD diagnosis. regression in significant
aperiod skills. regression
of normal of skills over
development. time, guiding

different
intervention
strategies.

Pervasive A catch-all Incorporated F84.9 - PDD- Merged with Important

Developmental diagnosis for as part of ASD; NOS; used for ASD. for capturing

Disorder Not individuals previously used children who cases that

Other Specified ~ exhibiting for cases not demonstrate don't fit neatly

(PDD-NOS) some but not fitting specific ASD symptoms into the other
all criteria for categories. but do not fully categories;
other PDDs. meet criteria emphasizes

for any specific the need for

ASD diagnosis. individualized
diagnostic
and treatment
approaches.

It is classified as ASD in a single diagnosis encompassing several previously separate disorders as per DSM 5 and even
in ICD11 ASC closely aligns with the DSM-5, using a single “Autism Spectrum Disovder” diagnosis and specifying
associated features such as intellectual and language impairments.

Table 1.

Nosological variation in the description of autism spectrum condition acvoss classificatory system.
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children who displayed “a powerful desire for aloneness”. Later their condition was
named “early infantile autism.” Hans Asperger a German scientist in 1944 described
a “milder” form of autism now known as Asperger’s syndrome. “Refrigerator moth-
ers” was the term popularized by Bruno Bettelheim in 1967 suggesting that lack of
warmth and affection was the cause of autism. In 1980, “Infantile autism” was listed
in the DSM for the first time. In 1988, a popular movie “Rain Man” was released to
create public awareness of autism. In 2007, the United Nations adopted the slogan
“Light it Up Blue”. In 2013, DSM-5 folds all subcategories of the condition into one
umbrella diagnosis of ASC.

ASC encompasses five specific conditions: “Autism, Asperger’s Syndrome, Rett
Syndrome, Childhood Disintegrative Disorder, and Pervasive Developmental Disorder Not
Otherwise Specified (PDD-NOS),” which are characterized across different nosologi-
cal classifications (Table 1). [Since DSM-5 and ICD-11, ASC has been unified into
a single diagnosis, which replaces previously separate disorders such as Asperger’s,
Childhood Disintegrative Disorder, and PDD-NOS. This shift toward a single “autism
spectrum condition” classification with specific criteria for intellectual and language
impairments aligns these systems and enhances clarity for diagnosis and treatment
planning. This unified approach acknowledges the spectrum nature of autism and
helps clinicians focus on individual symptoms and support needs, rather than catego-
rizing patients into rigid subtypes.]

It gives the description of ASC across various classificatory nosology [6]. It is clas-
sified as ASD in a single diagnosis encompassing several previously separate disorders
as per DSM-5 and even in ICD-11, and ASC closely aligns with the DSM-5, using a
single “autism spectrum disorder” diagnosis and specifying associated features such
as intellectual and language impairments.

3. Epidemiology of autism spectrum condition

The prevalence of ASC varies across several studies. In one study, around 1%
of children aged 9-10 years exhibit some form of ASC. This estimate aligns with
earlier studies but higher than several other studies with narrower definitions of
autism. The male-female ratio was 3.3:1, increasing to 8.3:1 for consensus autism.
Additionally, lower identification rates are observed among children of less edu-
cated parents, highlighting the necessity of standardized screening and diagnosis
methods to reduce bias [6]. Globally, the prevalence of ASC has been steadily
increasing. In the United States, current estimates suggest that approximately 1 in 36
children are diagnosed with this condition, a significant rise in the condition from 1
in 150 in 2000 and 1 in 44 in 2018 [7, 8]. The increase can be attributed to expanded
diagnostic criteria and heightened awareness rather than a true rise in incidence.
This condition is notably more common in boys than girls, with boys nearly four
times more likely to receive a diagnosis. Current estimates show that 1 in 34 boys
and 1 in 154 girls are identified with ASC [6], emphasizing the need for improved
understanding of how autism may present differently in males and females. The
prevalence varies across racial and ethnic groups. According to data from the
“Centers for Disease Control and Prevention (CDC),” the highest prevalence rates
are found among Hispanic and Asian/Pacific Islander children in the United States,
followed by Black and White children. These differences may reflect the variations
in healthcare access, awareness, and diagnostic practices [8].
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4. Etiopathogenesis of autism spectrum condition

4.1 Neurobiological factors involved in etiopathogenesis of autism spectrum
condition

Brain growth patterns: ASC is associated with abnormal brain growth, with
reduced head size at birth followed by rapid growth in early infancy, particularly in
the frontal lobe, cerebellum, and limbic structures. This growth slows later in child-
hood and is linked to deficits in social, communication, and motor abilities [9, 10].
Studies show overall brain enlargement, increased subcortical white matter, and
disruptions in white matter tracts involved in social functioning. The functional MRI
(fMRI) reveals reduced functional connectivity in areas related to language, memory,
and social cognition [11]. ASC is associated with abnormal neuronal organization,
such as smaller and more numerous cortical mini-columns, and a loss of Purkinje cells
in the cerebellum [12]. The abnormalities suggest that key events in ASC development
occur during early gestation, although the specific timing remains uncertain [13]. The
HGF/MET pathway, crucial for neuronal development, shows genetic variations in
ASC, affecting immune regulation and brain structure. Reelin is crucial for neuronal
migration and cortical layering. Genetic studies have found associations between
RELN and ASC, with some evidence showing altered levels of Reelin in autistic
brains. However, results have been inconsistent, and further research is needed [14].
Neurotrophins like Brain-Derived Neurotrophic Factor (BDNF) play significant roles
in the neuronal development and plasticity. Abnormal levels of BDNF might be
involved in autism pathogenesis. Genetic changes in CADPS2, a gene related to BDNF
regulation, have also been linked to autism. The “FMR protein (FMRP)” contributes
to neuronal plasticity and regulation of “group I (mGluR).” Loss of FMRP leads to
increased “mGluR5” signaling activity and adversely affects synaptic plasticity [15].

Postmortem neuroimaging: The social, linguistic, and behavioral challenges indicate
that the disorder impacts a variety of neural systems with different functions. The
initial damage was localized but later spread, leading to more extensive impairments.
Individuals who struggle with processing complex information show the broad cortical
abnormalities. Those with emotional and social difficulties exhibit issues within the
limbic system. In the cerebellum, there is a reduction in the number of Purkinje and
granule cells. These irregularities, along with an absence of gliosis, suggest a prenatal
origin. Within the limbic system, there are decreases in neuronal size, less branching
of dendrites, and a higher density of neurons. The enlargement of the amygdala in
autism is accompanied by a reduction in the total number of neurons. One theory is
that autism primarily arises from abnormalities in the amygdala-cortical loop system,
which helps regulate social and cognitive processes related to social perception [16].

In reaction to socially important stimuli, individuals with ASC experience increased
amygdala activity. During “theory of mind” tasks, which involve recognizing and attrib-
uting emotional states to others, fMRI studies show activation of the right temporal lobe
and other regions in typically developing individuals. This difference is thought to stem
from a dysfunction in the “mirror neuron system (MNS).” Furthermore, atypical patterns
of frontal lobe activation have been observed during tasks related to face processing [17].

In ASC, there are several biomarkers that result from interactions of genes and
environmental factors. These biomarkers result from abnormal signaling in the 5-HT
system, the mTOR-linked synaptic plasticity mechanisms, and alterations of the GABA
inhibitory system. Changes in 5-HT cause alterations in neuronal migration and
growth in the brain may be associated with autism. Several studies found increased
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total brain volume in children <4 years of age, whose neonatal head circumferences
were normal. By about age 5 years, however, 15 to 20% develop macrocephaly in
autistic children with alteration of the size of amygdala. The size of the striatum has
also been found in several studies to be enlarged, with a positive correlation of striatal
size with the frequency of repetitive behaviors [18, 19].

4.2 Neurotransmitters involved in etiopathogenesis of autism spectrum condition

There are multiple biological neurochemicals found to alter in the patient of ASC
as highlighted in Table 2 [20].

4.3 Genetical factors associated with autism spectrum condition

There are multiple genes and their interaction with the environment plays a vital
role in the pathogenesis of ASC (Table 3) [21].

4.4 Suspected immunological factors in genesis of autism spectrum condition

Various studies have suggested that immunological incompatibility, where maternal
antibodies target the fetus, could contribute to the development of autistic traits. In chil-
dren with autism, their lymphocytes interact with maternal antibodies, which raises the
possibility that the fetal neural tissue might be damaged during pregnancy. This theory
is still under investigation. Additionally, there have been instances of autism linked to
viral infections. A major debate exists regarding whether the MMR (measles, mumps,
rubella) vaccine could be a potential cause. However, the majority of research does not
support any causal connection between vaccination and autism [22, 23].

Aspect Points

Serotonin Altered serotonin levels and receptor binding in ASD; both elevated and reduced
serotonin levels observed. Genetic variations in serotonin-related genes and
pharmacological responses suggest its involvement in ASD.

Glutamate and Abnormalities in glutamatergic and GABAergic signaling in ASD. Changes in glutamate

GABA receptor genes and GABA receptor levels may affect cortical development and plasticity.

Synaptic and Disruptions in synaptic proteins like Neuroligins, Neurexins, and SHANK3, which

dendritic changes are crucial for synaptic formation and function. Mutations in these proteins impact
neurodevelopment.

Abnormalities in Macrocephaly (enlarged head size) is common in some autistic individuals, linked to

brain growth genetic factors like mutations in the PTEN gene. Tuberous sclerosis, with high autism

comorbidity, also affects similar pathways.

Role of non-genetic Genetic factors alone do not account for all ASD phenotypes. Non-genetic factors such
factors as environmental influences, epigenetic changes, and maternal factors play a significant
role.

Disturbance of functional connectivity together with alteration of neurochemicals arve the consistent findings in the
patient of autism. The abnormal binding of sevotonin, GABA, glutamate, etc., at dendyitic and synaptic level may
explain the poor development of communicative, language, and social aspect in autism [20].

Table 2.
Neurotransmitters involved in autism spectrum condition.
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Aspect

Details

Heritability

Autism is highly heritable, with estimates ranging from 50 to 90%.

Twin studies

Higher concordance rates in monozygotic (identical) twins (up to 90%) compared to
dizygotic (fraternal) twins (up to 30%).

Family studies Siblings of individuals with autism have a 10-20% increased risk of developing autism.
First-degree relatives often show milder autistic traits.

Chromosomal Associated with conditions like Fragile X Syndrome and Rett Syndrome.

abnormalities Chromosome 15q11-13 duplications and deletions have been linked to autism.

Gene mutations and
variants

Single-gene mutations (e.g., SHANK3, NRXN1, PTEN) associated with autism.
Copy number variations (CNVs), deletions, or duplications in specific genes increase
risk.

Common gene pathways

Genes involved in synapse formation and function, neuronal communication, and brain
development are often implicated (e.g., CNTNAP2, NLGN3, NRXN1).

Polygenic risk

Autism is polygenic, meaning multiple genes contribute to the risk, each with a small
effect size.

Epigenetics

Environmental factors can influence gene expression through DNA methylation and
histone modification, potentially affecting autism risk.

Gene-environment
interaction

Genetic predisposition may interact with environmental factors (e.g., prenatal
exposure to toxins, maternal infections) to increase the likelihood of developing
autism.

De novo mutations

Some cases of autism are associated with de novo (new) mutations not inherited from
parents, often affecting critical genes for brain function.

Mitochondrial
dysfunction

Evidence suggests that mitochondrial dysfunction may be linked to autism, with
maternal inheritance patterns sometimes observed.

Syndromic autism

Autism associated with specific genetic syndromes, such as:
Fragile X Syndrome

Rett Syndrome

Tuberous Sclerosis Complex

Down Syndrome

Non-syndromic autism

Cases without known syndromic causes but influenced by multiple genetic and
environmental factors.

Gender differences

Autism is 4-5 times more common in males.
X-linked genes and hormonal factors (e.g., fetal testosterone) may play a role.

Gene editing and future
research

Advancements in CRISPR and other gene-editing technologies offer potential for
understanding and potentially addressing genetic mutations linked to autism.

Autism has no genetic variability and has complex interaction with the environment. The salient features are polygenic
pattern, gene-environmental interaction, syndromic association, epigenetic changes, some degree of mutation, and

heritability [21].

Table 3.

Genetical association of autism spectrum condition.

4.5 Fetal environmental factors in genesis of autism spectrum condition

The fetal environment, including maternal conditions such as obesity, diabetes,
hypertension, infections, and prenatal exposure to drugs “(e.g., Valproate, SSRIs)”
and hormones, may contribute to ASC by affecting fetal brain development through
neuroinflammation, oxidative stress, and neurotransmitter disruptions [24-26].
Lifestyle factors such as smoking, alcohol use, and poor nutrition also increase the
risk. Additionally, toxic exposures, including air pollution, heavy metals, and pesti-
cides, are linked to a higher risk of ASC.
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Infants who are later diagnosed with ASC appear to have a higher occurrence
of prenatal and perinatal complications. These complications include advanced
maternal and paternal age at the time of birth, maternal bleeding during preg-
nancy, gestational diabetes, birth trauma, fetal distress, low birth weight, low
Apgar scores, congenital malformations, ABO or Rh factor incompatibility, and
hyperbilirubinemia. Many obstetric complications that increase the risk for ASC
also contribute to hypoxia, which could serve as a potential underlying risk fac-
tor [27, 28].

Parental age: Advanced parental age, especially paternal, increases the risk of ASC
due to genetic mutations, DNA methylation changes, and possible intergenerational
effects. Meta-analysis shows that each 10-year increase in maternal age raises the risk
by 18%, while paternal age increases it by 21% [29].

Sex steroids: Elevated fetal exposure to sex steroids, particularly testosterone, is
linked to ASC. The “male brain theory” suggests that ASC reflects an extreme form of
male cognition, with higher fetal testosterone levels associated with traits like reduced
eye contact, vocabulary, and empathy. Genes involved in sex steroid synthesis are also
related to ASC traits, and studies of amniotic fluid show increased sex steroids in ASC
cases, supporting this connection [19].

Polycystic ovarian syndrome in mother: Mothers with PCOS, especially with comor-
bid obesity, have a higher risk of having children with ASC. Women with PCOS also
show a higher prevalence of ASC [30].

Obesity: Mixed evidence exists, but extreme maternal weight conditions, such
as obesity or underweight, are linked to a 36% increased ASC risk, especially with
additional pregnancy weight gain [31].

Maternal diabetes: Maternal diabetes raises ASC risk by 48-62%, with early gesta-
tional diabetes (before 26 weeks) increasing the risk by 42% [32].

Maternal hypertension: Pregnancy-related hypertensive disorders, like “preeclamp-
sia”, increase ASC risk by 35% [33].

Maternal infections: Maternal infections during pregnancy, especially with fever,
double the ASC risk, potentially through immune system activation and inflamma-
tion [34].

Perinatal factors: Prematurity, cesarean delivery, low birth weight, and hypoxia are
linked to ASC, though they are not primary causes [35].

Medications during pregnancy: Drugs like valproic acid and SSRIs during pregnancy
may elevate ASC risk, with valproate strongly linked to malformations and develop-
mental delays [36].

Maternal smoking and alcohol consumption: Maternal smoking is possibly linked to
ASC, particularly with intellectual disabilities. Alcohol shows no strong connection to
ASC [37].

Maternal nutrition: Deficiencies in vitamins like D and iron, short inter-
pregnancy intervals, and mineral imbalances (e.g., zinc and copper) may increase
ASC risk [38].

Vaccination: The MMR vaccine has been scientifically disproven as a cause of
ASC [39].

Toxic exposures: Air pollutants, heavy metals (mercury, lead), and pesticides are
associated with higher ASC risk [24].

Psychosocial factors: While not a cause, maternal stress, migration, and adverse
conditions can affect ASC severity and developmental challenges [40].

Protective factors: Prenatal supplementation with folate, omega-3 s, and probiotics
may offer some protection, though more research is needed [41].
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5. Clinical characteristics of autism spectrum condition across various
domain of classification

ASC has a variety of symptoms and behaviors [42-46] that vary from person to
person as highlighted in Table 4. [The core symptoms can generally be grouped into:
lack of social communication, difficulty interpreting social cues and engaging effec-
tively, poor language development, delays in speech and conversational difficulties,
and repetitive and eccentric behaviors, including sensory sensitivities and preferences
for routines. Additionally, emotional regulation challenges, struggles with managing

Characteristic

Description

Relevance

Issues with social

.

Difficulty interpreting and

This can lead to misunderstandings and conflict

interaction responding to social cues. in social settings, affecting relationships and
¢ Challenges in forming and social integration.
maintaining friendships. e Struggles in building social connections can
« Preference for being alone or .result in feelmgs' of isolation or loneliness,
L - L impacting emotional well-being.
engaging in solitary activities.
. it i i i i -
+ Limited eye contact or facial In'dlcates Hotentlal avoldan?e of SOlell 51t1'1
. ations, which can further hinder social skills
expressions.
development.
* May signal disinterest or discomfort, making
social interactions less engaging and effective.
Issues with * Speech or language develop- * Early delays can affect children’s ability to
communication ment delays. communicate effectively, limiting their social

Difficulty initiating or main-
taining conversations.
Unusual speech patterns, such

as echolalia (repetition of
words).

Less frequent use of gestures
and nonverbal communication.

interactions and relationships.

Impairs the ability to connect with others,
which is essential for building relationships.

Can be viewed as unusual in typical settings,
making meaningful communication difficult.

Nonverbal cues are crucial for effec-
tive communication; absence can create
misunderstandings.

Repetitive actions and
narrow interests

Repetitive movements like hand
flapping or rocking.

Strong preference for routines
and distress over changes.

Intense interest in specific topics
or hobbies.

Attachment to unusual objects
or parts of items.

These behaviors can serve as self-soothing
mechanisms, helping individuals manage
anxiety or sensory overload.

A need for structure can lead to anxiety during
transitions, complicating daily functioning.

These interests can provide individuals with a
sense of identity and opportunities for social
connection with like-minded peers.

Such attachments can be comforting and serve
a purpose in emotional regulation.

Sensitivity to sensory
inputs

Heightened or diminished reac-
tions to sensory stimuli, such as
lights and sounds.

Unique interest in sensory
experiences, like specific smells

or bright lights, etc.

-Sensory sensitivities can lead to discomfort or
overwhelm in various environments, impacting
daily activities.

May indicate a unique perspective and can be
harnessed for engagement in recreational or
therapeutic activities.
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Characteristic Description Relevance
Regulating emotions ¢ Difficulty managing emotions * Can lead to miscommunication and conflict
and behavior and behavior. with others, further complicating social

e Struggles with anxiety, depres- Interactions.

sion, or other mental health * These challenges can exacerbate social interac-
issues. tion issues and hinder effective communication.

¢ Meltdowns or shutdowns during ¢ Such responses can disrupt social situations,
stress or sensory overload. leading to isolation and difficulties in social
integration.

The gross category of the symptoms ASC may be grouped into lack of social communication, poor language
developmental, vepetitive eccentric behavior, emotional numbness, poor sensitivity to sensory inputs.

Table 4.
Clinical descriptive of various domains characterized the autism spectrum condition.

emotions, may complicate social relationships.] [This structured table can assist in
understanding the multifaceted challenges individuals with ASC may face, informing
diagnostic and intervention approaches.]

The gross category of the symptoms may be grouped into lack of social com-
munication, poor language development, repetitive eccentric behavior, emotional
numbness, and poor sensitivity to sensory inputs. They have poor communication or
deficit in communication creating conflict with others, further complicating social
interactions, leading to isolation and difficulties in social integration.

6. Assessment of autism spectrum condition

Diagnosing ASC involves a comprehensive evaluation that includes clinical
observations, standardized tools, and input from parents, caregivers, and sometimes
teachers. The process typically includes multiple steps and tools to ensure a reliable
and valid diagnosis.

6.1 Screening tools for autism spectrum condition

Autism detection in early childhood (ADEC): This manual was developed by Young
in 2007. It was created to incorporate various domains necessary as screening tools for
detecting autism in children aged 12 to 36 months. It consists of 16 specific behaviors
that are believed to reflect the core deficits of autism in very young children. These
behaviors were identified through retrospective parental reports and video analysis
and have been clearly defined to allow for reliable measurement [47]. The ADEC
manual demonstrates strong reliability, as evidenced by Cronbach’ alpha values
ranging from .85 to .93 (indicating robust internal consistency), a test-retest reliabil-
ity coefficient of r = .83, and an interrater reliability intraclass correlation coefficient
(ICC) of .83 [48].

Modified checklist for autism in toddlers, revised (M-CHAT R/F) is a screening tool
of two stages based on parent reports developed to evaluate the risk in children aged
16 to 30 months, which consists of 20 yes-or-no questions that focus on key devel-
opmental areas related to ASC, enabling quick identification of children who may
need further evaluation. The reliability and validity of the M-CHAT-R/F have been
confirmed, with optimal scoring identified through receiver operating characteristic
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curves. Children with an initial total score of >3 and a follow-up score of >2 have a
47.5% risk of being diagnosed with ASC and a 94.6% risk of any developmental delay
or concern. An algorithm using three risk levels is recommended to enhance clinical
utility, reduce the age of diagnosis, and facilitate early intervention [49].

Scoring: Except for 2, 5, and 12, in all other responses, “NO” indicates ASC risk;
and for items 2, 5, and 12, “YES” indicates ASC risk. The M-CHAT R algorithm maxi-
mizes psychometric properties: LOW RISK: Total Score is 0-2; if the child is under
24 months, rescreen to be done after 2 years of age. No further action is required
unless surveillance indicates risk. MEDIUM RISK: Total score is 3-7; follow-up to be
administered (second stage of M-CHAT-R/F) to get additional information about
at-risk responses. If the M-CHAT R/F score is 2 or more, it indicates that the child has
screened positively. In this case, the necessary action is to refer the child for a diag-
nostic assessment as well as an eligibility evaluation for early intervention services.
Conversely, if the follow-up score ranges from 0 to 1, the child has screened nega-
tively, and no further action is needed unless monitoring suggests a potential risk. The
child should undergo rescreening at upcoming well-child visits. For those classified as
HIGH RISK with a total score between 8 and 20, it is permissible to skip the follow-up
and refer the child directly for diagnostic assessment and eligibility evaluation for
early intervention [50, 51].

The Autism Spectrum Screening Questionnaive (ASSQ ) is an initial screening
tool with 27 question assessments completed by parents or teachers for children
and adolescents aged 6 to 17, particularly for those with high or normal IQs or mild
intellectual disabilities. A total score between 0 and 54 with higher scores indicates
more characteristics. A score of 13 or above suggests a probable diagnosis, with a 90%
true positive rate and a 22% false positive rate [52]. The total scale has a high internal
consistency with an alpha reliability coefficient of 0.90 and good convergent validity,
as evidenced by a strong Pearson correlation of r = .75 between parent ratings on the
ASSQ and the Rutter scale [53, 54].

The First Year Inventory (FYI): It is a 63-item parent-report screening tool for
12-month-old infants at risk. It focuses on two developmental domains: social com-
munication and sensory regulatory functions. The FYI uses a scoring algorithm with
risk scores (0, 1, or 2 points) based on item response frequencies in a normative
sample. Each of the eight constructs and the two domains generates a quasi-logarith-
mic risk score ranging from 0 to 50. The domain scores are averaged to produce a total
FYT risk score, with higher scores indicating more atypical behaviors. The FYI risk
score is then converted to a percentile score for easier interpretation [54, 55]. In a large
community sample study by Turner Brown et al. [55], the First Year Inventory (FYI)
2.0 demonstrated the following diagnostic accuracy for predicting ASC at age 3 when
using a two-domain cutoff criterion (Social Communication domain score >22.5 and
Sensory Regulatory domain score >14.75) at 12 montbhs. It has a sensitivity of 44.4%
and a specificity of 98.9% [56].

6.2 Diagnostic tools for autism spectrum condition

International Clinical Epidemiology Network (INCLEN) Diagnostic Tool for ASC
(INDT-ASC) [57] consists of two sections: Section A with 29 symptoms/items, and
Section B with 12 questions aligned with DSM-IV-TR criteria, including details about
time of onset, symptom duration, scoring, and a diagnostic algorithm. The tool takes

45-60 minutes to administer and uses a trichotomous response option (“yes,” “no,”
“unsure/not applicable”). Clinicians or psychologists must observe and score the
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child’s behavior, and in case of discrepancies between parental reports and inter-
viewer observations, the tool specifies which should take precedence. A diagnosis of
ASC requires > six symptoms/items, with two from impaired communication and
restricted repetitive behavior. The tool demonstrated high diagnostic accuracy, with
a0.97 AUC, 98% sensitivity, 95% specificity, a 91% positive predictive value, and a
99% negative predictive value when compared to expert diagnoses based on DSM-
IV-TR criteria.

Autism Diagnostic Observation Schedule, Second Edition (ADOS2) is a semi-
structured assessment designed to evaluate communication, social interaction, and
play in individuals with ASC. Behavioral and language observations are coded across
five areas: language and communication, social interaction, play and imagination,
stereotyped behaviors, and other behaviors with codes ranging from 0 (no abnormal
behavior) to 3 (markedly abnormal behavior), with additional codes for specific
language abilities or unscored items. It has a sensitivity of 60-95% and a specificity of
75-100% [58-60].

Autism Diagnostic Interview-Revised (ADIR) is a revised edition of the original
Autism Diagnostic Interview (ADI). It is a standardized, semi-structured interview
designed for caregivers of individuals. It provides a diagnostic algorithm based on
the “ICD-10 and DSM-IV” criteria. Scoring is based on the interviewer’s judgment of
the behaviors described by the caregiver, using a coding system similar to the original
ADI. Most items are scored as 0 (no definite behavior), 1 (probably present but not
fully meeting criteria), or 2 (definite abnormal behavior), with a score of 3 indicat-
ing extreme severity. The scoring typically reflects current behavior, with specific
age-related items having age restrictions [61]. Internal consistency of the domain
scores ranged from .54 to .84. While there were some similarities with other measures
of adaptive behavior, psychopathology, and autism, the ADIR was shown to uniquely
measure autism [62].

Social Responsiveness Scale, Second Edition (SRS2): The Social Responsiveness Scale,
Second Edition (SRS2) is a 65-item rating scale designed to assess social behavior
deficits related to ASC, as defined by the DSM-IV-TR. It can be completed by mul-
tiple raters who know the individual well, takes 15-20 minutes, and can be scored
by hand or computer. The results are presented as T-Scores across five subscales:

Social Awareness, Social Communication, Social Cognition, Restricted Interests, and
Repetitive Behaviors, and Social Motivation in addition to an overall score. Norms for
the School-Age Form vary by the examinee’s gender and the rater’s relationship (parent
or teacher). The SRS2 has strong reliability, with internal consistency ranging from .94
to .96 and interrater reliability from .61 to .92. It also demonstrated strong content valid-
ity, effectively distinguishing individuals with ASC, with high sensitivity and specificity
(both .92) for the School-Age Form, though the Adult Form had lower specificity at .60.
Construct validity aligns with the DSM-5’s two-factor model of ASC [63].

The Indian Scale for Assessment of Autism (ISAA): It is an objective tool designed
to diagnose autism. It evaluates individuals through observation, clinical behavior
assessments, interaction-based testing, and input from parents or caretakers. It
consists of 40 items categorized into six distinct domains: Emotional Responsiveness,
Social Relationship and Reciprocity, Speech Language and Communication, Behavior
Patterns, Sensory Aspects, and Cognitive Component. Each, rated on a five-point
scale from 1(never) to 5(always), demonstrated a sensitivity of 93.3% and specificity
of 97.4%, with positive and negative likelihood ratios of 85.7 and 98.7, respectively.
The positive predictive value was 35.5%, and the negative predictive value was 0.08.
The reliability of the ISAA was good, but its validity was suboptimal in four out of six
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domains. The optimal threshold for distinguishing autism from non-autism was an
ISAA score of 70, according to the Receiver Operating Characteristic curve. However,
the agreement with the “Childhood Autism Rating Scale (CARS)” was low, with a
Kappa coefficient of 0.14 [64].

6.3 Assessments of behavioral and adaptive functioning of autism spectrum
condition

Vineland Adaptive Behavior Scales, Thivd Edition (Vineland3): The Vineland Social
Maturity Scale (VSMS), developed by “American psychologist Edgar Arnold Doll in
1935,” is a widely used tool for assessing social and adaptive functions in individuals
from birth to about 25 years. The test consists of 117 items across eight domains and
is typically administered by a caregiver. It provides valuable insights into a child’s
day-to-day functioning and has a strong correlation with intelligence (approximately
0.80). The VSMS has been adapted for various cultures, with differences in the
number of items, age range, and other aspects. The version standardized in India, for
example, has 89 items and assesses children from O to 15 years [65].

6.4 Electrophysiological assessment of autism spectrum condition

Some objective findings of autism include “Electroencephalographic (EEG)”
abnormalities, which may include diffuse and focal spikes, paroxysmal spike-and-
wave patterns, multifocal spike activity, and a mixed discharge. Abnormal EEGs are
significantly higher in mentally retarded autistic individuals. The high incidence of EEG
abnormalities and seizure disorders in autism was one of the first compelling evidence
of a biological basis [66]. A study found that individuals with ASC exhibit abnormali-
ties in P300 components, which may reflect deficits in cognition, attention, orientation
and working memory processing, particularly in decision making conditions [67].

7. Diagnosis of autism spectrum condition

The diagnosis has evolved with different versions of DSM and ICD to reflect the
update in understanding.

In DSM-1V (1994) and ICD-10 (1992), ASC was categorized under “Pervasive
Developmental Disorders (PDD),” which included Autistic Disorder, Asperger’s Disorder,
PDD NOS, Rett’s Disorder, and Childhood Disintegrative Disorder. The diagnostic
criteria focused on social interaction, communication, and repetitive behaviors. The
major issues were overlapping diagnoses, subjectivity in interpretation, and high
comorbidity with other disorders. In DSM-5 (2013) and ICD-11 (2018), ASC has
criteria of deficits in social communication, restricted behaviors, and early childhood
symptoms with issues of loss of specific labels like “Asperger’,” subjectivity in severity
levels, and the risk of missing subtle ASC presentations. Thus, we can draw the fol-
lowing conclusion: overlap with other conditions like ADHD complicates diagnosis,
evolving definitions hinder research comparisons, and cultural differences impact the
applicability of criteria [68-71].

7.1 Differential diagnosis of autism spectrum condition

The ASC has several differential diagnoses, some are described below [70]:
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Rett syndrome: Social interaction may be disrupted during a regressive phase
(1-4 years), resembling ASC. However, social communication improves after this
period, unlike ASC.

Selective mutism: Unlike ASC, children with selective mutism can communicate
effectively in certain environments, and they do not exhibit the restricted behaviors
typically associated with ASC.

Schizophrenia: Childhood-onset schizophrenia (COS) may resemble ASC early on,
but hallucinations and delusions distinguish it (as given in Table 5). [Although some
clinical features of ASC and COS can appear similar, key distinctions help differenti-
ate these conditions: Age of onset: ASC typically appears in the early developmental
years, whereas COS is very rare in children under 5. Behavioral patterns: ASC is
characterized by social and communication difficulties with repetitive behaviors,
while COS includes hallucinations, delusions, and thought disorders. Level of intel-
ligence and IQ patterns: Individuals with ASC often show a performance-verbal IQ
discrepancy, while COS typically presents with more evenly distributed IQ levels.
Seizure incidence: Higher in ASC than in COS. These criteria aid in distinguishing
between ASC and COS, particularly focusing on unique aspects of behavior, intel-
ligence, communication, and emotional expression.]

Intellectual disability without ASC: Differentiating ASC from intellectual dis-
ability can be challenging, but ASC is diagnosed when social communication is more
impaired than nonverbal skills.

Stereotypic movement disorder: Motor stereotypies seen in ASC may overlap, but
both can be diagnosed if self-injurious behavior is present.

ADHD: Attention issues and hyperactivity may coexist with ASC but can be
diagnosed separately if symptoms are more severe.

Criteria Autism spectrum disorder (ASC) Childhood-onset
Schizophrenia

Age of onset Early developmental period Rarely under the age of 5

Incidence 1% <1in 10,000

Sex ratio (M) 4:1 1.67:1 (slight preponderance
of males)

Family history of Not increased Likely increased

schizophrenia

Prenatal and perinatal Increased Not increased

complications

Behavioral Poor social relatedness; aberrant language, Hallucinations, delusions,

characteristics speech, or echolalia; stereotyped phrases; thought disorder

repetitive behaviors
Adaptive functioning Impaired Deterioration in functioning
Level of intelligence Wide range, maybe intellectually disabled (30%) Usually within normal

range, maybe low average

Pattern of IQ Typically higher performance than verbal More even

Grand mal seizures 4-32% Low incidence

The clinical feature of ASC and Schizophrenia closely resemble, however salient feature such as age of onset, behavioral
pattern, level of intelligence, communication skill, emotional expression help to differentiate such to entities in details.

Table 5.
Autism spectrum condition and childhood-onset Schizophrenia.
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Criteria Autism spectrum condition Language disorder (LD)
(ASC)

Incidence 1% 50f 10,000

Sex ratio (M) 4:1 Equal or almost equal

Family history of speech delay or <25% of cases <25% of cases

language problems

Associated deafness Very infrequent Not infrequent

Nonverbal communication (e.g., Impaired Actively utilized

gestures)

Language abnormalities (e.g., Present in a subset Uncommon

echolalia)

Articulation problems Infrequent Frequent

Intellectual level Impaired in a subset (about Uncommon, less frequently
30%) severe

Patterns of intelligence quotient (IQ) Typically lower on verbal than Often verbal scores lower than

tests performance performance

Impaired social communication, Present Absent or mild if present

restricted behaviors

Imaginative play Often impaired Usually intact

It describes the salient features which help to understand ASC and learning disovders such as level of intelligence,
communication pattern, language abnormality, and associated comorbidities.

Table 6.
Autism spectrum condition in comparison with language disorder.

Language disorders/social (pragmatic) communication disorder: Language disorders
impact a child’s ability to understand and use language but do not necessarily involve
the social interaction deficits and repetitive behaviors characteristic of ASC (as given
in Table 6).

8. Management strategies
8.1 Psychosocial interventions
8.1.1 Early intensive behavioral and developmental interventions

The UCLA (University of California Los Angeles)/Lovaas-based Model: It is an
intensive and manualized intervention primarily utilizing techniques derived from
Applied Behavior Analysis (ABA). This model is administered on a one-to-one basis
for many hours per week. In this setting, a therapist works with a child to practice
specific social skills, language usage, and other target play skills, with reinforcement
and rewards provided for accomplishments and mastery of skills [72].

Early Start Denver Model (ESDM): These interventions are administered in natu-
ralistic settings such as daycare, at home, and during play with other children. Parents
are typically trained to be co-therapists, providing training at home to develop basic
play and relationship skills. This model integrates applied behavior analysis tech-
niques and is focused on aiding very young children within their daily routines [73].
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Parent training approaches: It includes Pivotal Response Training, which teaches
parents to facilitate social and communication development within the home. This
method targets pivotal social behaviors for mastery by the child, which promotes
the natural generalization of social skills. Additional training focuses on language
acquisition, where interventions occur throughout the day with the child. The Hanen
More Than Words Program is another example of a parent training approach [74, 75].

8.2 Social skills approaches

Social skills training: Therapists typically provide social skills training to children of
various ages in a group setting. During these sessions, children receive guided practice
initiating social conversations, greetings, games, and joint attention. The program
often includes emotion identification and regulation instruction, teaching children to
label emotions and attribute emotional reactions in social situations. The overall goal
is for children to apply these techniques in everyday settings [76].

8.3 Behavioral interventions and cognitive behavioral therapy (CBT)

Behavioral therapy: Applied behavior analysis has proven somewhat effective in
reducing certain repetitive behaviors associated with autism. Early intervention is
particularly crucial for self-injurious repetitive behaviors. It may be necessary to
combine behavioral interventions with pharmacological treatments to adequately
manage symptoms [77].

Cognitive-behavioral therapy: This therapy has a significant evidence base from ran-
domized controlled trials demonstrating its efficacy in treating anxiety, depression,
and obsessive-compulsive disorders in children. Although there are fewer controlled
trials specific to children with ASC, at least two published studies have discussed
using CBT to treat repetitive behaviors in this population [78].

8.4 Interventions for comorbid symptoms

Neurofeedback: This is administered to influence symptoms of ADHD and anxiety
and to promote increased social interaction. This modality uses computer games that
reinforce desired behaviors while the child wears electrodes monitoring brain activity.
The objective is to prolong the electrical activity present during desired behaviors [79].

Management of insomnia in ASC: This may involve both behavioral and phar-
macological interventions. The most common behavioral intervention focuses on
altering the parent’s behavior toward the child at bedtime and throughout the night.
Reinforcement and attention to being awake are gradually reduced, leading to a
decrease in “staying awake” behaviors. Studies have indicated that massage therapy
before bedtime can improve sleep and provide relaxation [80].

8.5 Educational interventions

Treatment and Education of Autistic and Communication-Related Handicapped Children
(TEACCH) was developed in the 1970s at the University of North Carolina at Chapel Hill.
It employs structured teaching to assist children with ASC who struggle with perception.
This approach incorporates visual supports and picture schedules to aid in teaching aca-
demic subjects and socially appropriate responses. The physical environment is organized
to support visual learning, promoting autonomy and social interactions [81].
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Computer-based approaches and virtual reality utilize programs and games
designed to teach language acquisition and reading skills. For instance, let us face it!
The program teaches children to recognize faces through interactive computer games
targeting emotional expressions. Research demonstrates that children using this pro-
gram have improved focus on the eye region of a face and enhanced face-processing
skills. Various studies support the effectiveness of virtual reality environments in
facilitating social interactions and skills [82].

8.6 Pharmacological management of autism spectrum condition

Among the medications, “Risperidone” stands out as the most extensively studied
and effective option, particularly for children aged 5 years and older. It significantly
reduces symptoms such as tantrums and self-injury but is associated with common side
effects including weight gain and drowsiness. “Aripiprazole” has also shown efficacy in
treating irritability in slightly older children, though it shares similar adverse effects. In
contrast, “Clozapine and Haloperidol” are less favored due to significant side effects, and
sertraline has limited evidence for use in this domain. For hyperactivity and inattention,
methylphenidate and venlafaxine show promise, but their effectiveness varies and must
be weighed against potential side effects. Ongoing research is critical to refine dosages
better and identify effective treatment protocols for these aspects of ASC [83-85].

Addressing repetitive behaviors, both “fluoxetine” and “fluvoxamine” have demon-
strated effectiveness in reducing symptoms in children and adults, respectively, with
minor side effects noted. These pharmacological treatments offer additional avenues
for managing specific symptoms associated with ASC [86].

9. Challenges encountered by autism spectrum condition

Familiar issues: Families, with children diagnosed, face difficulties associated with
caregiving, service access, and managing behavior. These underscore the need for
effective coping strategies and support systems.

Social: Children with distinct behavioral and communication styles are at higher
risk of bullying and social exclusion, primarily due to their challenges in social
interactions and understanding social cues. This vulnerability can lead to negative
consequences, both psychosocial and emotional.

Academic: Face significant challenges in school settings due to rigid thinking
patterns, sensory sensitivities, and communication and executive functioning
difficulties. These challenges lead to increased stress and decreased participation in
educational activities, negatively affecting their learning experiences and outcomes.

Employment: Face significant difficulties that can extend into adulthood, par-
ticularly in finding and maintaining employment, achieving independent living,
and navigating adult responsibilities. These challenges lead to inherent social and
cognitive difficulties associated with ASC, which can impact their ability to interact
effectively in social settings and manage the complexities of daily life.

10. Conclusion

Our understanding of autism has changed over time, initially being viewed as a
form of developmental delay or mental retardation. Today, however, it is recognized
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as an independent neurological disorder of considerable significance, representing

a major public health issue and an area of extensive research. Researchers have faced
challenges in identifying precise causes for the disorder with limited success. Autism
has undergone various diagnostic changes and encompasses several areas, includ-

ing difficulties with social interaction and communication, repetitive behaviors,
restricted interests, heightened sensitivity to sensory stimuli, and struggles with
emotional regulation and behavior. The proposed causes of ASC involve a combina-
tion of genetic, neurobiological, and environmental factors, along with their complex
interactions. Various strategies are being developed to assist these children in reaching
their full potential and improving their social skills. Despite progress in genetics and
neuroscience, practical applications remain limited, and further research is essential
to better understand the disorder’s causes and how to manage it. Consequently,
significant efforts are necessary to provide personalized support, help families find
appropriate resources, and prepare for life transitions.
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Chapter 10

Utilizing Transcranial Electrical
Stimulation (TES) to Individualize
Social Learning Therapy with
Autistic Adults and Adults with
High Traits of Autism

Joan Esse Wilson and Claudia D. Tesche

Abstract

Autistic adults (individuals diagnosed with autism spectrum disorder or having
high traits of autism) without a co-occurring intellectual disability are observed to
have reduced social alignment with others and report experiencing reduced quality
of life with high levels of loneliness and a desire for improved relationships. While the
term heterogeneity is often used to describe the wide variety of symptoms and levels
of severity found across autistic individuals, current supports for social learning are
rarely individualized to account for heterogeneity. An approach utilizing individual-
ized transcranial electrical stimulation (TES) parameters may have considerable
potential to accommodate heterogeneity and improve the effectiveness of current
evidence-based social learning therapies by targeting specific brain regions and
processes, depending on each person’s unique needs. This chapter reviews current
literature on this topic and provides direction for the future.

Keywords: transcranial electrical stimulation, social learning, autism spectrum
disorder, transcranial direct current stimulation, social communication

1. Introduction

Autism spectrum disorder (ASD) is a highly heterogeneous neurodevelopmental
condition with core diagnostic domains of social communication impairments and
repetitive behaviors and restricted interests [1]. Successful social communication
is a complex process that not only requires the expression and reception of verbal
speech, but also the modification and coordination of many behaviors to achieve
social alignment [2]. Social alignment is a mostly unconscious phenomenon in which
people become more similar to a conversation partner by adjusting communication
features such as vocal speech prosody (patterns of voice stress or intonation), facial
expressions and gestures [3]. It is also suggested that social alignment reduces the
burden placed on the cognitive system, thus making social interactions easier, and
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possibly less anxiety filled [4]. Research has shown that individuals with ASD have
significantly lower social alignment when compared to their neurotypical peers [5, 6].
Social interactions require continual social decision-making based on rapid and
ever-changing environmental contexts. With the advent of powerful neuroimaging
tools, such as functional magnetic resonance imaging (fMRI) and magnetoencepha-
lography (MEG), we now have a view into the brain’s overall metabolism, dynamics,
and network-level connectivity during social interactions, further demonstrating the
complex and miraculous nature of social interactions [7].

Autistic adults without a co-occurring intellectual disability (hereafter referred to
as autistic adults—estimated to be 62% of autistic individuals) report experiencing
high levels of loneliness that negatively impact mental health [8], including a longing
for improved relationships and social interactions [9]. These relationships and inter-
actions include both personal and work settings, as well as exchanges experienced
during psychotherapy, thus limiting the possible benefits of mental health support.
Quality of life is also predicted by an autistic adult’s employment (reported to be the
lowest of any other disability group (cite)), with work settings that are frequently
below the intelligence and education of the individual (cite). Quality of life is also
predicted by an autistic adult’s level of social isolation, as well as by the levels of
psychological and/or social supports received [10].

2. Transcranial direct current stimulation (tDCS)

For decades, research utilizing functional and structural neuroimaging, elec-
trophysiology, metabolites and, most recently, gene expression, has informed the
neural and physiological bases for ASD and revealed a correlation between differ-
ences in brain structure/function with behavioral challenges that reduce the quality
of life experienced by autistic individuals [11]. However, current therapies neglect
to capitalize on what has been learned about the neural and physiological bases for
ASD and have focused instead on behavioral or pharmacological therapies that often
provide only modest results for alleviating core social and behavioral symptoms.
Approximately 56% of autistic individuals are prescribed at least one psychotropic
medication and 30% are prescribed three or more, despite experiencing negative and
often serious side effects, suggesting a need for more efficient and effective therapeu-
tic approaches that produce fewer negative side effects [10].

A promising approach to accelerating and/or enhancing traditional behavioral
therapies that also provides an alternative to pharmaceuticals is to induce weak
electrical currents in the brain. Two methods are now available, transcranial magnetic
stimulation (TMS) and transcranial electrical stimulation (TES). In TMS, a transient
burst of current flowing through a coil located over the scalp induces “mirror cur-
rents” in the brain. In TES, electrodes are placed directly on the scalp, with current
flow within the brain determined by the electrode locations and the conductivity
profile of the skin, skull and brain of the individual [12]. TMS and TES are known to
modulate metabolite concentrations, brain dynamics and behavior [13]. In both TMS
and TES, the amplitude of the induced current may be modulated in time to match
features of endogenous brain dynamics. TES also provides an opportunity to up- and
down-regulate brain activity by applying a constant amplitude current (transcra-
nial direct current stimulation, tDCS) for an epoch on the order of 5-30 minutes.
Importantly, tDCS devices are also affordable, lightweight, portable, and safe, mak-
ing them attractive for clinical use.

198



Utilizing Transcranial Electrical Stimulation (TES) to Individualize Social Learning Therapy...
DOI: http://dx.doi.org/10.5772/intechopen.1006563

tDCS has been shown to accelerate and/or enhance accuracy of performance
involving perception, mood, motor performance, and a multitude of cognitive func-
tions [14, 15]. Research has elucidated many of the underlying mechanisms of tDCS,
including the depolarization and hyperpolarization of neuronal membrane potentials
during stimulation, a modulation of the threshold for neuronal firing and the strength-
ening of glutamatergic synapses [16]. Local changes near the electrode site(s) include
tDCS-induced decreases in gamma-aminobutyric acid (GABA) that are associated with
increases in learning and performance, with long term effects that demonstrate the
regulation of neurotransmitters, such as dopamine, acetylcholine, and serotonin [13, 17].

While tDCS devices are currently only utilized in research settings, the U.S. Food
and Drug Administration (FDA) has granted an Investigational Device Exception
(IDE) for a clinical trial utilizing remotely-supervised tDCS (RS-tDCS) for use in
major depressive disorder (c.f. Soterix Medical Inc.). This approval suggests the possi-
bility of future clinical implementations of tDCS for use in a range of other disorders.
In particular, the use of RS-tDCS may be an attractive option for individuals with
social challenges, such as autistic adults, who often prefer predictable settings and
routines [18]. RS-tDCS would allow the stimulation to be delivered at a time and place
that is comfortable and familiar to the client, such as their home.

3.tDCS parameters for individualized stimulation protocols

While the term heterogeneity is often used when discussing ASD to describe the
wide variety of symptoms and levels of severity found across autistic individuals,
current social therapies are rarely individualized to accommodate heterogeneity and
often use a one-size-fits-all approach [19]. An important feature of TES is that the
stimulation parameters may be chosen to target specific brain regions and processes,
depending on each person’s unique needs. An individualized approach that includes
personalized TES parameters may have considerable potential to improve the effec-
tiveness of current evidence-based behavioral therapies. The regions of interest in the
brain may be selected by a consideration of previous neuroimaging studies that have
shown increased brain activation during a given task or behavior. Modulating brain
activity by placing tDCS electrodes over these brain regions has repeatedly shown
improved outcomes in those and similar tasks, especially when task performance is
conducted also during stimulation [20].

The choice of the tDCS parameters include the number, size and location of the
electrodes, the direction and amplitude of the current flow at each electrode site,
and the duration of the stimulation session. For example, a traditional electrode
montage may include two electrodes, an anodal (tending to depolarize neuronal cell
membrane potentials and increase cortical excitability) electrode and a cathodal
(tending to hyperpolarize neuronal cell membrane potentials and decrease cortical
excitability) electrode, energized by a 9-volt battery. The electrodes are often placed
within small, saline-soaked sponges to increase electrical contact with the skin. The
current amplitude and duration are controlled by electronics within the stimulation
device. The locations of both scalp electrodes matter. In the two-electrode montage,
current leading from the anodal electrode must be captured by the second cathodal
electrode. There may be significant depolarization/hyperpolarization of neuronal
cell membrane potentials induced during stimulation not only in the vicinity of the
anodal/cathodal electrode but also in other regions in the brain that lie within the flow
of the induced current.
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High-definition tDCS (HD-tDCS) may be used to focus the current flow induced
in the brain. In HD-tDCS, four small cathodal scalp electrodes may be placed around
a central anodal electrode. This limits the induced current to the vicinity of the
HD-tDCS electrode array. Care must be taken in the placement of the HD-tDCS array
on the scalp and in the choice of the spatial extent of the electrodes to ensure that the
induced current does indeed extend down into the cortex. Multiple electrodes may
also be located across the scalp to produce complex patterns of current flow.

A personalized map of the current flow in the brain can be calculated in detail for
a given electrode montage if an individual’s structural MRI is available. Theoretical
considerations make it impossible to determine a unique electrode montage from a
previously specified pattern of current flow, although an acceptable montage may be
determined by trial and error. Finally, the orientation of the current induced in the
brain with respect to the orientation of the cortical surface is important. An anodal
stimulation that generates an induced current flowing into one wall of a cortical sul-
cus may become, in effect, a cathodal stimulation on the opposing wall of the sulcus.
This can lead to considerable variability in the overall effect of stimulation between
individuals for a similar electrode montage depending on the shape of the cortical
surface [21].

Functional magnetic imaging (fMRI) may be used to identify brain regions that
are either underactive or overactive in a person compared to what may be typi-
cally seen, suggesting a potential choice of the locations and polarities (anodal vs.
cathodal) of the scalp electrodes. The expectation is often that up-regulation of an
underactive region with anodal stimulation will improve function. Evidence that this
is the case for a given individual may be obtained through simultaneous tDCS/fMRI.
Since the tDCS epoch typically lasts from 5 to 30 minutes, the concurrent fMRI data
may be utilized to reveal on-line changes in brain activity occurring under each elec-
trode site, as well as in other brain regions, during task performance. Since changes in
brain function observed during stimulation may be dissimilar to that which persists
after the termination of stimulation, behavioral and neuroimaging data should also
be recorded after tDCS.

Finally, the highly interconnected feature of the human brain suggests that any
change in brain function, even one limited by an HD-tDCS montage focused onto
alocalized neural population, may lead to unintended consequences. There is the
potential for the stimulation to affect not only the “target” neuronal population, but
also distant nodes of any network that includes this population. In addition, brain
networks containing nodes that overlap with those of the “primary network” may
also be affected. As a result, cognitive functions and behaviors seemingly unrelated to
those of interest in a given study may be affected by the stimulation. This is particu-
larly true if the stimulation modulates activity within a major brain hub in posterior
parietal or dorsolateral prefrontal cortex, or subcortical regions such as the cerebel-
lar cortex that are interconnected with multiple regions within the cerebral cortex.
Unintended consequences may be difficult to predict and easily overlooked, becom-
ing evident only on examination of results from a battery of neuropsychological tests.

4.tDCSin ASD

Evidence is beginning to accumulate that suggests that tDCS provides therapeutic
benefits for autistic adults across a variety of outcomes after employing targeted and
individualized stimulation (for a recent systematic review and meta-analysis, see
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Liu et al. [22]) One of the earliest applications of tDCS in ASD was based on fMRI
evidence that demonstrated the right temporal parietal junction (rTPJ) plays a crucial
role in social cognition and may be modulated with transcranial stimulation [23, 24].
Targeting anodal tDCS to rTP] improved social functioning in healthy individuals in
tasks involving perspective-taking and evaluation of self against others, suggesting
that anodal tDCS over this region may also improve aspects of social functioning in
individuals with ASD. Wilson et al. found that even a single session of 2.0 mA tDCS
for 30 minutes with the anodal electrode located over the rTPJ of autistic adults
improved performance for empathy, social cognition, and recognizing facial emotions
that convey threat when compared to placebo tDCS [25-27]. In this study, the cath-
odal electrode was located over the ipsilateral deltoid. As a result, the induced current
flowed not only within rTPJ but also throughout the right temporal cortex and right
cerebellum. Modulation of brain function in all of these regions may have contributed
to the improvement seen in social function. Cerebellum is of particular interest,

since cerebellar differences are known to occur in ASD. Cortico-cerebellar networks,
especially those involving the lateral cerebellar cortex, are known to participate in a
wide variety of cognitive functions [28]. Replacing this electrode montage with an
HD-tDCS electrode located over the rTP] would strongly reduce any current flow
through the cerebellum. This may reduce the potential for unintended consequences
of the stimulation, but also may produce a different therapeutic outcome.

A different electrode montage was employed in a study of attentional bias in
adults with autistic traits by English et al. [29] Anodal stimulation (2.0 mA fora
mean duration of 9.76 minutes) was targeted to the right posterior parietal cortex
(P4, International 10-20 electroencephalography (EEG) electrode location), a region
known to participate in attentional task performance. Attentional bias, similar to
what is utilized during face gaze to process others’ facial emotions, was significantly
increased following verum compared with sham stimulation. In this study, the
cathodal electrode was located over the vertex (Cz), eliciting a pattern of current flow
that was localized to cortical regions proximal to these electrodes. In this case, an
HD-tDCS montage located over P4 is likely to produce similar therapeutic benefits.

Recent studies have explored the effects of multiple sessions of tDCS. In a double-
blind, randomized clinical trial (RCT) by Han et al. [30], 105 adolescents and young
adults with ASD completed 10 sessions of tDCS applied over prefrontal cortex
(stimulation duration 20 minutes at 1.5 mA) while completing computerized cogni-
tive training. Electrode placement was motivated by the notion that atypical cortical
excitability in the prefrontal cortex contributes to core symptoms in ASD. The anodal
electrode was placed over Fp2 (right prefrontal cortex) and the cathodal electrode
over F3 (left prefrontal cortex), motivated by the observation of overactivation in
left, but not right, frontal cortex in ASD. The results showed significantly reduced
scores for social impairment and restricted, repetitive behaviors when compared with
sham tDCS.

The dorsolateral prefrontal cortex (DLPFC) is a common target for transcranial
stimulation in many studies involving both neurotypical participants and various
patient populations. In a study by Zemestani et al. [31], thirty-two children with
ASD (7-12 years of age) were randomly assigned to either 10 sessions of verum or of
sham tDCS. The anodal electrode was placed over left DLPFC (F3) and the cathodal
electrode over right DLPFC (F4), with verum stimulation at 1.5 mA for 15 minutes.
Improvement was seen in autism symptom severity with respect to communication,
theory of mind and emotional regulation following the last session and at a 1-month
follow-up. Interestingly, the choice of electrode polarity in the study by Zemestani
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et al. was opposite to that utilized in the study of Han et al. [30] Both protocols
produced significant improvement in some aspects of social function, but only the
Han et al. study reported reduction of restrictive, repetitive behaviors, suggesting
that tDCS stimulation parameters may be chosen to address different core diagnostic
domains of autism.

5. The future

These studies illustrate some of the challenges of designing potential tDCS
protocols for ASD. The parameter space for tDCS is large, with multiple potential
electrode montages, each producing a different pattern of current flow in the brain.
ASD is a highly heterogeneous neurodevelopmental condition, with the potential
for an individual-specific pattern of social communication impairments, repetitive
behaviors and restricted interests, as well as other challenges. Individualization of
the tDCS protocol, including not only the electrode montage but also the selection
of tasks and/or therapeutic environment presented to the individual during stimula-
tion, could be facilitated by a creating profile of each individual that extends beyond
a grouping defined by clinical symptoms to include neuroimaging data on brain
chemistry, metabolism, dynamics, and network-level connectivity. An important
first step has been taken by Buch et al. [32]. In this study, 12 subgroups of participants
were identified from resting-state fMRI data from individuals with ASD. Subgroups
included 4 verbal IQ dimensions, 4 social affect dimensions and 4 restrictive and
repetitive behavior dimensions, each with unique patterns of connectivity between
specific brain regions. These results are useful in the present context because the
subgroups were extracted by a network-level analysis of the functional connectivity
between brain regions, including both cerebral cortex and cerebellum. As a result, the
nodes of these networks could serve as potential targets for the design of the electrode
montage in tDCS. If resting-state fMRI data for an autistic individual were available, it
could be used in combination with clinical symptoms to select a set of these network
nodes as potential targets for tDCS. Probing the effect of one or more HD-tDCS arrays
onto these targets, or for more complex networks perhaps a more distributed current
flow pattern from an electrode montage, based on symptom severity and also on any
unintended consequences of the stimulation might usefully precede implementation
of a multi-session protocol designed to effect a long-term change of brain function.

Functional connectivity data extracted from resting-state fMRI scans are only
one of many measures that may be useful for the personalization of TES in ASD. This
approach could also be implemented with data from other brain imaging methodolo-
gies such as structural magnetic resonance imaging (sMRI), positron emission tomog-
raphy (PET) or MEG/EEG. The latter is of particular interest. MEG/EEG arrays have
sufficient temporal resolution to image brain dynamics in multiple frequency bands,
from slow theta-band activity (3-8 Hz) to high-frequency oscillatory activity in the
gamma-band (>40 Hz). For example, measures of local theta-gamma-band coupling
and a spectral Granger analysis of causal relationships across frontal and posterior
nodes of an extended network could be combined with network relationships derived
from fMRI scans to suggest target locations for the stimulation electrodes. In addition,
a parsing of an autistic cohort into groups based on the frequency-dependent MEG/
EEG measures motivates utilization of transcranial alternating current stimula-
tion (tACS), a form of TES in which the amplitude of the induced current oscillates
at a frequency that may either match/enhance local endogenous activity, recruit
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oscillatory activity across nodes of an interconnected network at a more functional
frequency, or selectively increase synchronization across the network.

An indication of the potential power of this approach is shown in a study by
Grover et al. [26]. Auditory working memory (WM) and long-term memory store
(LTM) are known to be reduced in healthy older compared to younger adults. In this
study, modulating brain activity with tACS was motivated by studies suggesting a role
for both theta (3-8 Hz) and gamma-band oscillatory activity in DLPFC and inferior
parietal lobe (IPL) in WM and LTM. Previous to this study, electrode montages have
included HD-tACS localized over either DLPFC or IPL, with inconsistent results.
Grover et al. found that WM was improved in older adults following theta-band, but
not gamma-band tACS applied over IPL on day 3 and 4 of a 4 consecutive day study,
and at a 1-month follow-up in 65-88 year old adults. In contrast, gamma-band, but
not theta-band tACS, applied over prefrontal cortex improved LTM on days 2-4 and
at the 1-month follow-up. Learning from this study, tACS may provide additional
stimulation protocols for the induction of long-lasting plasticity in networks that
are atypical in ASD with the potential to induce plasticity in specific networks with
characteristic oscillatory activity at the tACS drive frequency without inducing
unintended changes in other networks that are functional in the individual. What is
needed before implementation of this approach is a characterization of endogenous
activity in the multiplicity of networks associated with subgroups identified in the
fMRI data (i.e., verbal IQ, social affect and restrictive and repetitive behavior) or per-
haps, more appropriately, with subgroups that emerge from a frequency-dependent
analysis of MEG/EEG data.

In summary, the search for an individualized, targeted intervention with TES for
autistic individuals has just begun. There is already evidence for a significant clinical
benefit of this therapy, but also a considerable challenge in developing an optimized
protocol.
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