We are IntechOpen,
the world’s leading publisher of

Open Access books
Built by scientists, for scientists

6,900 186,000 200M

ailable International authors and editors Downloads

among the

154 TOP 1% 12.2%

Countries deliv most cited s Contributors from top 500 universities

Sa
S

BOOK
CITATION
INDEX

Selection of our books indexed in the Book Citation Index
in Web of Science™ Core Collection (BKCI)

Interested in publishing with us?
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected.
For more information visit www.intechopen.com

Y



Chapter

Autism: A Neurodevelopmental
Disorder and a Stratum for
Comorbidities

Marwa Mahmoud Saleh and Aya Adel

Abstract

Autism is a neurodevelopmental disorder which is more common in males
than females. It is characterized by social communication disorders and restricted
repetitive behaviors. There is wide heterogeneity in its etiology, clinical presenta-
tions, management and consequently prognosis. Although the etiology of autism
remains unclear, the most currently proven theory is that it is a complex neurode-
velopmental disorder that displays “brain network abnormalities”. fMRI studies
have shown decreased brain connectivity or functional synchronization between
frontal and more posterior cortical regions. Dynamic brain activity through high
resolution electroencephalograghy (EEG) has revealed local overconnectivity and
long-range underconnectivity. This disrupted connectivity pattern would involve
connectivity between hemispheres (corpus callosum), together with axonal and
synaptic connectivity within each hemisphere. Inconsistent morphometric changes
involving both gray and white matter structure also exist. Clinically, autism is
associated with multiple comorbidities (somatic, neurologic and psychiatric);
some of which are attention deficit hyperactivity disorder, dyspraxia, and sensory
processing disorders.

Keywords: autism, MRI findings, comorbidities

1. Introduction

According to the American Psychiatric Association’s Diagnostic and Statistical
Manual of Mental Disorders (DSM-5), autism spectrum disorders (ASDs) are char-
acterized by social communication impairment and repetitive restricted behaviors.
Autism is the commonest neurodevelopmental disorder in the scope of ASD. The
social impairment affects both verbal and nonverbal communication [1].

1.1 Social deficits

There is lack of social attention and attention shifting in the autistic children in
parallel with lack of development of joint attention skills [2]. The affected children
display emotional reactions that do not associate with the surrounding events. They
show negative emotions more frequently than positive emotions, without justifiable
cause for inducing either response. Their play patterns are solitary, and they do not
develop typical interactive social play with other children [3].

1 IntechOpen



Neurodevelopment and Neurodevelopmental Disorder

Abnormality in face perception is a core feature in autism. Face processing
includes unchangeable facial features as those relating to gender and identity and
changeable facial features such as emotional expression and gaze direction. Autistic
children ignore looking at faces of others and are unable to understand facial
expressions. Fixation time on the eye area of the face is reduced in ASD individu-
als. Opposite to what occurs in typically developing individuals, processing of gaze
direction in autism experimentally produced more activation in fusiform gyrus for
averted than for direct look. This was termed “covert attention,” as autistic indi-
viduals are visually attentive and perceptive, but in an atypical manner.

During recognition of neutral faces, the autistic children exhibit a reduced acti-
vation of fusiform gyrus, superior temporal sulcus, amygdala, and occipital lobes,
the primary areas for face recognition. In spite of this fact, autistic children showed
typical activation when looking at familiar faces like that of a mother. Inferior
temporal, middle, and inferior frontal gyri are also involved in face processing. It is
important to note that reduced connectivity in brain networks between areas of face
processing emerged as a holistic approach to explain the atypical face perception in
autistic children [4].

The social processing involves social cognition and social motivation. Social
cognition involves processes like attention, memory, and theory of mind, by which
the person infers the internal state of others. Social motivation resembles directing
attention to socially relevant stimuli and enjoying social activities. Both activities
depend on the function of face processing. So it is related to the areas of face pro-
cessing in addition to striatum (social interaction) and orbitofrontal cortex (social
motivation) [5]. Impaired connectivity in social executive functions is present in
ASD children [6].

1.2 Restricted repetitive behavior

Autistic individuals resist change in their daily routine or the familiar surround-
ings. They do not explore while playing, and the toys are manipulated with little
creativity or symbolic function. They are cognitively inflexible, as they may be
preoccupied with parts of objects, or attached to unusual objects or movements,
as watching the rotatory activity of fans. They could show stereotypic repetitive
behavior that may be injurious to self or others. They tend to have a repetitive sen-
sory motor behavior, insistence on sameness, and sometimes self-injurious acts [7].

2. Body
2.1Etiologies

Autism has a strong complex genetic basis. Abnormalities in gene expression
affect the molecular, synaptic, cellular, and brain network levels. There is variability
in results of brain imaging studies [magnetic resonance imaging (MRI) and diffu-
sion tensor imaging (DTI)] in autism, which report structural cerebral changes and
functional connectivity disruptions. Alterations in overall gray and white matter
volume and in regional lobes and gyri were witnessed.

Early brain overgrowth, especially in an early age of 2-3 years old toddlers
remains, however, one of the most replicated findings. Compared with typically
developing children, global gray matter (GM) and white matter (WM) volumes
were significantly increased and also right superior temporal gyrus regional GM
and WM volumes. Higher fractional anisotropy value was also observed in the
corpus callosum, posterior cingulate cortex, and limbic lobes of autistic children
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[8]. The converging findings of structural and white matter abnormalities in
autism suggest that alterations in neural anatomy of different brain regions may be
involved in the associated behavioral and cognitive deficits in this disorder.

Nevertheless, recent neural models of autism spectrum disorders have moved
the focus from a lesion model to connectivity disorder model. Aberrant conduc-
tivity between different brain regions in autism is currently the most frequently
addressed neurodevelopmental model. Minshew and Williams [9] have implicated
intra-hemispheric connectivity to be mainly involved in the disorder. Vissers et al.
[10] have studied functional and structural brain connectivity in individuals
with high functioning individuals with ASD. They supported the findings that
long-range cortico-cortical functional and structural pathways displayed weaker
connectivity in people with ASD than in controls, but with less evidence for local
overconnectivity. Other researchers have supported a local overconnectivity and
long-range underconnectivity pattern of brain functioning in autism through the
use of high-resolution electroencephalography (EEG) [11]. Cortical underconnec-
tivity between brain regions, especially the frontal cortex and more posterior areas,
is relatively well established in autism. This supports the view that there is weaker
coordination between different parts of the brain that should be working together
to accomplish complex social and language tasks. This is opposite to what is occur-
ring during normal development [12].

In this cerebral connectivity disorder of autism, the cerebellum has also been
strongly implicated. Although the role of cerebellum as error detector and coordi-
nator of movement and balance was the typical portrait of cerebellar function, yet
recognition of nonmotor functions of the cerebellum has recently come into view.
While some parts of the cerebellum are predominantly connected to sensorimotor
cortex, other connections project to cognitive and affective regions and comprise a
large fraction of cerebellar connectivity [13]. Impairment of these connections was
also reported in autism.

As a model for aberrant conductivity in autism, we could consider the reported
comments about deviations in corpus callosum, white matter, and neurotransmit-
ters. So, brain connectivity includes connectivity between the two hemispheres
done mainly by the corpus callosum (CC), or between multiple areas in the brain
accomplished by tracts in white matter and by synapses and neurotransmitters.
People need this connectivity as different regions of the brain need to communicate
in order to identify a face, understand, and respond to others and to different social
situations. Disruption of white matter tracts in regions related to social function-
ing is implicated in autism [14]. In autism, defective joint attention was related
to decreased connectivity and synchronization between posterior involuntary
attention related to responding to joint attention (RJA) and anterior volitional joint
attention related to initiating joint attention (IJA) [15].

The corpus callosum (CC) constitutes the main commissural tract between the
two hemispheres (more than 200 million axons). A study by Hardan et al. [16]
that investigated the corpus callosum by MRI-based morphometry has identified
decreased total volume of CC and several of its seven subdivisions. This was found
in other studies and could reflect in the form of social deficits, repetitive behavior,
and sensory processing abnormalities.

There are neural circuits for social cognition, which involves attention, memory,
motivation, and emotion. Abnormalities in social brain structures and circuitry that
are modulated by several neurotransmitters and neuromodulators have been linked,
through human fMRI and animal research, to disorders of social functioning as in
autism [17]. Neurotransmitter systems involved in autism spectrum disorders have
been identified as GABA, glutamate, serotonin, catecholamines, and acetyl choline
[18, 19].
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In the area of communication abilities, the gifts of memory, understanding,
emotional expression, and learning are used on a daily basis. Sometimes, these
abilities are disrupted due to deviant central nervous system development
(neurodevelopmental disease), which includes long-range underconnectivity and
local overconnectivity. Conditions like autism spectrum disorders (ASDs), and
attention-deficit hyperactivity disorder (ADHD), can emerge secondary to these
disruptions.

2.2 Comorbidities

Autism is in comorbidity relationship with many disorders as epilepsy [20],
with intellectual disability and with attention deficit hyperactivity disorder
(ADHD) [21]. Other disorders such as fragile X, Rett syndrome, and tuberous
sclerosis are also described. Intellectual disability, epilepsy, and ADHD can share
a common neurobiological basis and are factors of poor prognosis of autism [22].
Comorbidities are the main reasons for referral to outpatient clinics and admission
to hospitals. Among the most challenging co-existing dysfunctions are cognitive
impairment, hyperactivity, sensory processing disorders, and dyspraxia. They mask
and hinder proper diagnosis and are the cause of inadequate management
[23, 24]. That is why Gadow et al. [25] strongly recommend looking at the presence
of comorbidities before starting any treatment for autism.

Among the several comorbidities associated with autism, this chapter is going to
focus on three commonly encountered conditions: ADHD, dyspraxia, and sensory
processing disorders. ADHD, characterized by symptoms of inattention and
hyperactivity/impulsivity [1], is frequently associated with autism. The diagnosis
of this disorder is difficult to make when present concomitant with autism. In fact,
in previous versions of DSM, ASD and ADHD were regarded as distinct disorders.
The child was either diagnosed as ASD or ADHD, with a common negative impact
mainly on semantics and pragmatics in both of their language profiles. A diagnosis
of ASD was considered an exclusion criterion for the diagnosis of ADHD. However,
recent research recognizes considerable clinical, genetic, and neuropsychological
overlap between ASD and ADHD and within the DSM-5, and ADHD can now be
diagnosed in conjunction with ASD.

Both disorders share a portion of their heritable etiology. About 50-72% of
the contributing genetic factors overlap between ASD and ADHD. Furthermore,
similar deficits in executive function, social cognition, and motor speed have been
linked to both ASD and ADHD [26]. Both diseases have similar neuropathology
and also share similar symptomatology with considerable overlap in their core
and associated symptoms and a frequent overlap in their comorbid conditions.
Consequently, it is apparent that ASD and ADHD diagnoses belong to a broader
spectrum of neurodevelopmental disorders, an abnormal connectivity spectrum
disorder, which results from neural long-range underconnectivity and short-range
overconnectivity. Many psychopathological, neuropsychological, brain imaging,
genetic, and medical findings have suggested that these disorders are part of a
continuum [27].

There are some recorded similarities between these two disorders. First, males
are more commonly affected as having ASD or ADHD than females. A review of
automated medical records of children revealed the percentages of males evaluated
in ASD and ADHD groups were 80.4 and 77.7%, respectively [28]. Second, both dis-
orders are often diagnosed later during childhood. The respective median ages for a
diagnosis of ASD or ADHD were 4.7 and 6.4 years [29]. Third, these disorders share
symptomatology, showing considerable overlap in the core and associated symp-
toms, that is, issues with attention, impulsivity, repetitive behaviors, impairments
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in socialization and communication, anxiety, sensory processing abnormalities,
and ritualistic behaviors, such as counting, ordering, repeating or arranging [30].
Fourth, these disorders share neuropathology.

In clinical practice, the often reported co-occurrence of ASD and ADHD might
link them in several pathways: inattention/impulsivity and social ineptness; hyper-
activity and stereotypic, repetitive behaviors; and the semantic pragmatic language
deficit. The clinical links between ASD and ADHD are variable and strong, as well
as the neurodevelopmental basis [31].

Another comorbid disorder that occurs frequently with autism is dyspraxia.
Praxis is the ability to conceptualize, plan, and successfully complete motor actions
in novel situations. It is a naturally emerging skill that develops as the child interacts
successfully with people and objects in the environment and enables the child to
learn new skills by watching, imitating, and exploring.

Developmental dyspraxia is the failure to acquire the ability to perform appro-
priate complex motor actions. It is related to problems of transitive gestures (panto-
mimed tool use), intransitive actions (symbolic gestures such as waving goodbye),
imitative actions (such as imitating meaningless hand or body postures), motor
planning, and difficulty conceptualizing novel ways to interact with objects [32].
Many researches have illustrated that children with autism have difficulties in all
categorizations of developmental dyspraxia [33].

Autistic children have impaired motor function, including clumsy gait, impair-
ments in coordination, balance, and posture, and abnormal performance of skilled
gestures [34]. The deficient performance of skilled motor gestures secondary to
command, imitation, or tool use is actually one of the most consistent motor signs
in autism [35], which is also consistent with “developmental dyspraxia” [36].

Motor praxis concerns have been reported for children with ASD based on scores
from a variety of motor tests and movement observations. Autistic children have
been reported to show deficits in their ability to produce meaningful and meaning-
less gestures on command, imitate demonstrated gestures without objects, and
imitate gestures involving real or imaginary tool use. These praxis abilities require
the child to interpret sensory information and then formulate internal action
models. That is why some researchers suggested that impairments in dyspraxia
may contribute to the primary features of the disorder, including impaired social
interaction and communication skills [37].

Besides motor praxis dysfunction, speech-language pathologists have observed
co-occurrence of childhood apraxia of speech (CAS) with autism. CAS is difficulty
in coordinating volitional motor movements that are required for clear and intel-
ligible speech. It can be witnessed in verbal and nonverbal autistic children in the
form of defective vowel production, prosody, and difficulty in imitation of speech
sounds. This definitely augments the problem of social and language delay in autism
and presents a big obstacle in the pathway of verbal language. The possible presence
of this obstacle might to be considered and evaluated before the start of therapy
because comorbidity between autism and CAS is still vague, and verbal language
remains the ultimate goal of success of therapy from the parents’ perspective.

A recent research, however, has found autism and apraxia of speech to be highly
comorbid. A 3-year study on 30 children with communication delay has shown that
63.6% of children originally diagnosed as having autism had speech apraxia and
36.8% of children originally diagnosed with speech apraxia had autism. The drawn
conclusion from this study was that two-thirds of the children initially diagnosed
with autism also had apraxia [38]. It is advisable that children with autism are
observed for signs of apraxia and children with apraxia are observed for signs of
autism. This observation in clinical practice translates to the fact that language
delay in autistic children may not be purely of an “autistic” origin.
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A third comorbidity commonly occurring with autism is sensory processing
disorders (SPDs). Sensory processing means the brain’s ability to register, orga-
nize, and make sense of the information received through one’s senses. SPDs are
commonly encountered with autism and have recently been included among the
diagnostic criteria in DSM-5. They might even be encountered in children with
other developmental disabilities and in typically developing children as well.

When sensory processing is dysfunctional, the individual’s ability to cope with the
demands of the environment would be disrupted [39].

Suarez [39] have drawn a hierarchical classification of SPD, dividing it into
three main categories: sensory-based motor disorder (poor motor planning and/
or postural instability resulting from improper processing of information from the
senses), sensory discrimination disorder (inability to perceive differences and simi-
larities in data received from the senses which can make reading very challenging),
and sensory modulation disorder (impairment in intensity and nature of behavior
in response to sensory information). The latter subtype is the one commonly
encountered in autism, and it has three subcategories: sensory hyperresponsiveness,
sensory hyporesponsiveness, and sensory seeking.

Consequently, autistic individuals with SPD can be categorized into hypore-
sponsive, hyperresponsive, or sensory seekers. The hyperresponsiveness means
overreaction to sensations that are typically harmless or not even perceived by
others. Inappropriate behavior outbursts may be triggered by feeling textures on
the skin (clothes and food), movement activities (swinging), or hearing sudden
noises (doorbells). They are overcautious and resist changes in daily routine. The
hyporesponsiveness requires intense sensory input to attract the attention of the
child as sustained loud sound. Symptoms include not responding to name, or even
to painful stimuli. Sensory seeking is characterized by excessive drive for certain
sensory stimuli, as putting things in the mouth or touching people to the point of
annoying them. Sensory seeking may be injurious or disrupting to the development
of meaningful social relationships.

The proposed division of sensory modulation disorder into distinct subcatego-
ries serves theoretical understanding of the problem. Clinically, however, the autis-
tic children show a mixture of symptoms that belong to more than one subcategory.
They might be annoyed by ordinary sounds to the degree that they cover their ears,
and they might be attracted to very fine sounds as the sound of turning of a page, or
they might ignore a very loud sound [40]. Some researchers have reported positive
associations between hyporeactivity and social communication symptom severity,
whereas others have found that child hyperreactivity is likely to negatively affect
family life and social adaptive behaviors of school-age children [41].

Questions have arisen regarding the relation of restricted repetitive behavior
and sensory processing disorders (SPDs) in autism. Gabriels et al. [42] have sug-
gested the presence of a subgroup with frequent restricted repetitive behavior and
multiple abnormal sensory responses due to significant relationship between both.
Hyper- or hyporeactivity to sensory stimuli have actually been included in DSM-5
as one of the forms that exist under the title of “Restricted Repetitive patterns of
Behavior.”

3. Conclusion

Autism is a diverse manifold neurodevelopmental disorder affecting many of the
child’s abilities. Some disabilities are core features, while others are comorbidities.
The clinical picture therefore differs from one child to another. The main deficit in
neurodevelopment is that of aberrant connectivity.



Autism: A Neurodevelopmental Disorder and a Stratum for Comorbidities
DOI: http://dx.doi.org/10.5772/intechopen.82496

Author details

Marwa Mahmoud Saleh* and Aya Adel
Phoniatric Unit, Department of Otolaryngology, Ain Shams University, Cairo,

Egypt

*Address all correspondence to: marwa.saleh7@gmail.com

IntechOpen

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.



Neurodevelopment and Neurodevelopmental Disorder

References

[1] American Psychiatric Association.
Diagnostic and Statistical Manual of

Mental Disorders. 5th ed. Arlington, VA:

American Psychiatric Publishing; 2013

[2] Saleh M, Adel A. Joint attention
impairment in autism: Clinical picture,
rationale and functional MRI findings.
In: Fitzgerald M, Yip ], editors.
Autism. Rijeka, Crotia: IntechOpen;
2017. DOI: 10.5772/65662. Available
from: https://www.intechopen.com/
books/autism-paradigms-recent-
research-and-clinical-applications/
joint-attention-impairment-in-
autism-clinical-picture-rationale-and-
functional-mri-findings

[3] Hutman T, Chela MK, Gillespie-
Lynch K, Sigman M. Selective visual
attention at twelve months: Signs of
autism in early social interactions.
Journal of Autism and Developmental
Disorders. 2011;13(1):512-516. DOI:
10.1007/s10803-011-1262-5

[4] Nomi JS, Uddin LQ. Face
processing in autism spectrum
disorders: From brain regions to
brain networks. Neuropsychologia.
2015;71:201-216. DOI: 10.1016/j.
neuropsychologia.2015.03.029

[5] Hutchins TL, Prelock PA, Bonazinga
L. Psychometric evaluation of the
theory of mind inventory (TOMI):

A study of typically developing
children and children with autism
spectrum disorder. Journal of Autism
and Developmental Disorders.
2012;42(3):327-341. DOI: 10.1007/
s10803-011-1244-7

[6] Bernas A, Aldenkamp AP, Zinger

S. Wavelet coherence-based classifier:
A resting-state functional MRI study
on neurodynamics in adolescents with
high-functioning autism. Computer
Methods and Programs in Biomedicine.
2018;154:143-151. DOI: 10.1016/j.
Cmpb.2017.11.017

[71 Kim SH, Lord C. Restricted and
repetitive behaviors in toddlers and
preschoolers with autism spectrum
disorders based on the autism diagnostic
observation schedule (ADOS). Autism
Research. 2010;3(4):162-173. DOI:
10.1002/aur.142

[8] Xiao Z, Qiu T, Ke X, Xiao X, Xiao T,
Liang F, et al. Autism spectrum disorder
as early neurodevelopmental disorder:
Evidence from the brain imaging
abnormalities in 2-3 years old toddlers.
Journal of Autism and Developmental
Disorders. 2014;44(7):1633-1640. DOI:
10.1007/s10803-014-2033-x

[9] Minshew NJ, Williams DL. The

new neurobiology of autism: Cortex,
connectivity and neuronal organization.
Archives of Neurology. 2007;6:945-950.
DOI: 10.1001/archneur.64.7.945

[10] Vissers ME, Cohen MX, Geurts
HM. Brain connectivity and high
functioning autism: A promising path
of research that needs refined models,
methodological convergence, and
stronger behavioral links. Neuroscience
and Biobehavioral Reviews.
2012;36:604-625. DOI: 10.1016/j.
neubiorev.2011.09.003

[11] Barttfeld P, Wicker B, Cukier S,
Navarta S, Lew S, Sigman M. A big-
world network in ASD: Dynamical
connectivity analysis reflects a
deficit in long-range connections
and an excess of short-range
connections. Neuropsychologia.
2011;49:254-263. DOI: 10.1016/j.
neuropsychologia.2010.11.024

[12] Kana RK, Murdaugh DL, Libero
LE, Pennick MR, Wadsworth HM,
Deshpande R, et al. Probing the brain
in autism using FMRI and diffusion
tensor imaging. Journal of Visualized
Experiments. 2011;55:3178. DOL:
10.3791/3178



Autism: A Neurodevelopmental Disorder and a Stratum for Comorbidities

DOI: http://dx.doi.org/10.5772/intechopen.82496

[13] Strick PL, Dum RP, Fiez JA.
Cerebellum and nonmotor function.
Annual Review of Neuroscience.
2009;32:413-434. DOI: 10.1146/annurev.
neuro.31.060407.125606

[14] Barnea-Goraly N, Kwon H,
MenonV, Eliez S, Lotspeich L, Reiss
AL. White matter structure in autism:
Preliminary evidence from diffusion
tensor imaging. Biological Psychiatry.
2004;55(3):323-326

[15] Mundy P, Card ], Fox N. Fourteen-
month cortical activity and

different infant joint attention skills.
Developmental Psychobiology.
2000;36:325-338

[16] Hardan AY, Pabalan M,

Gupta N, Bansal R, Melhem NM,
Fedorov S, et al. Corpus callosum
volume in children with autism.
Psychiatry Research: Neuroimaging.
2009;174(1):57-61. DOI: 10.1016/j.
pscychresns.2009.03.005

[17] Fernandez M, Mollinedo-Gajate
I, Pefiagarikano O. Neural circuits
for social cognition: Implications
for autism. Neuroscience.
2017;370:148-162. DOI: 10.1016/j.
neuroscience.2017.07.013

[18] Mohammadi M. Comments on
Quaak, et al. The dynamics of autism
spectrum disorders: How neurotoxic
compounds and neurotransmitters
interact. International Journal of
Environmental Research and Public
Health. 2016;13(12):1207. DOI: 10.3390/
ijerph13121207

[19] Cetin FH, Tunca H, Guney E, Iseri
E. Neurotransmitter systems in autism
spectrum disorder. In: Fitzgerald M,
editor. Autism Spectrum Disorder.
Rijeka, Crotia: IntechOpen; 2015. DOI:
10.5772/59122. Available from: https://
www.intechopen.com/books/autism-
spectrum-disorder-recent-advances/
neurotransmitter-systems-in-autism-
spectrum-disorder

[20] Tuchman R, Rapin I. Epilepsy
in autism. Lancet Neurology.
2002;1(6):352-358

[21] Rommelse NNJ, Geurts HM,

Franke B, Buitelaar JK, Hartaman

CA. A review on cognitive and brain
endophenotypes that may be common
in autism spectrum disorder and
attention-deficit/hyperactivity disorder
facilitate the search for pleitropic

genes. Neuroscience and Biobehavioral
Reviews. 2011;35(6):1363-1396. DOI:
10.1016/j.neubiorev.2011.02.015

[22] Rutter M. Autism research,
lesson from the past and prospects
for the future. Journal of Autism
and Developmental Disorders.
2005;35(2):241-257

[23] Mouridsen SE, Brgnnum-Hansen H,
Rich B, Isager T. Mortality and causes of
death in autism spectrum disorders: An
update. Autism. 2008;12(4):403-414.
DOI: 10.1177/1362361308091653

[24] Périsse D, Amiet C, Consoli

A, Thorel MV, Gourfinkel-An I,
Bodeau N, et al. Risk factors of acute
behavioral regression in psychiatrically
hospitalized adolescents with autism.
Journal of Canadian Academy of

Child and Adolescent Psychiatry.
2010;19(2):100-108

[25] Gadow KD, Devincent CJ,

Schneider J. Predictors of psychiatric
symptoms in children with an autism
spectrum disorder. Journal of Autism

and Developmental Disorders.
2008;38(9):1710-1720

[26] Sokolova E, Oerlemans AM,
Rommelse NN, Groot P, Hartman

CA, Glennon JC, et al. A causal and
mediation analysis of the comorbidity
between attention deficit hyperactivity
disorder (ADHD) and autism spectrum
disorder (ASD). Journal of Autism

and Developmental Disorders.
2017;47(6):1595-1604. DOI: 10.1007/
s10803-017-3083-7



Neurodevelopment and Neurodevelopmental Disorder

[27] Kern JK, Geier DA, Sykes LK,

Geier MR, Deth RC. Are ASD and
ADHD a continuum? A comparison of
pathophysiological similarities between
the disorders. Journal of Attention
Disorders. 2012;19(9):805-827. DOI:
10.1177/1087054712459886

[28] Young HA, Geier DA, Geier

MR. Thimerosal exposure in infants
and neurodevelopmental disorders: An
assessment of computerized medical
records in the vaccine safety datalink.
Journal of the Neurological Sciences.
2008;271:110-118. DOI: 10.1016/j.
jns.2008.04.002

[29] Kern JK, Geier DA, King PJ,

Sykes LK, Mehta ], Geier MR. Shared
connectivity issues, symptoms, and
comorbidities in autism spectrum
disorder, attention deficit/hyperactivity
disorder, and tourette syndrome. Brain
Connectivity. 2015;5(6):321-325. DOI:
10.1089/brain.2014.0324

[30] Grzadzinski R, Di Martino A, Brady
E, Mairena MA, O’Neale M, Petkova

E, et al. Examining autistic traits in
children with ADHD: Does the autism
spectrum extend to ADHD? Journal of
Autism and Developmental Disorders.
2011;41:1178-1191. DOI: 10.1007/
s10803-010-1135-3

[31] Leitner Y. The co-occurrence

of autism and attention deficit
hyperactivity disorder in children—
What do we know? Frontiers in Human
Neuroscience. 2014;8:268. DOI: 10.3389/
fnhum.2014.00268

[32] Bodison SC. Developmental
dyspraxia and the play skills of children
with autism. The American Journal of
Occupational Therapy. 2015;69(5):1-6.
DOI: 10.5014/ajot.2015.017954

[33] MacNeil LK, Mostofsky SH.
Specificity of dyspraxia in children
with autism. Neuropsychology.
2012;26(20):165-171. DOI: 10.1037/
a0026955

10

[34] Gidley Larson JC, Mostofsky

SH. Motor deficits in autism. In:
Tuchman R, Rapin I, editors. Autism:
A Neurological Disorder of Early Brain
Development. London: Mac Keith Press
for the International Review of Child
Neurology Series; 2006. pp. 231-247

[35] Dowell LR, Mahone EM, Mostofsky
SH. Associations of postural knowledge
and basic motor skill with dyspraxia in
autism: Implication for abnormalities
in distributed connectivity and

motor learning. Neuropsychology.
2009;23(5):563-570. DOI: 10.1037/
a0015640

[36] Steinman K]J, Mostofsky SH,
Denckla MB. Toward a narrower, more
pragmatic view of developmental
dyspraxia. Journal of Child

Neurology. 2010;25(1):71-81. DOI:
10.1177/0883073809342591

[37] Bodison S, Mostofsky S. Motor
control and motor learning processes

in autism spectrum disorders. In:
Volkmar FR, Paul R, Rogers SJ, Pelphrey
KA, editors. Handbook of Autism and
Pervasive Developmental Disorders:
Vol. 2. Assessment, Interventions, and
Policy. 4th ed. Hoboken, NJ: Wiley;
2014. pp. 354-377

[38] Tierney C, Mayes S, Lohs S, Black
A, Gisin E, Veglia M. How valid is

the checklist for autism spectrum
disorder when a child has apraxia of
speech? Journal of Developmental
and Behavioral Pediatrics.
2015;36(8):569-574. DOI: 10.1097/
DBP.0000000000000189

[39] Suarez MA. Sensory processing in
children with autism spectrum disorders
and impact on functioning. Pediatric
Clinics. 2012;59(1):203-214. DOI:
10.1016/j.pcl.2011.10.012

[40] DeBoth KK, Reynolds S. A
systematic review of sensory-based
autism subtypes. Research in Autism
Spectrum Disorder. 2017;36:44-56



Autism: A Neurodevelopmental Disorder and a Stratum for Comorbidities
DOI: http://dx.doi.org/10.5772/intechopen.82496

[41] Ben-Sasson A, Carter AS, Briggs-
Gowan M]J. Sensory over-responsivity
in elementary school: Prevalence and
social-emotional correlates. Journal
of Abnormal Child Psychology.
2009;37:705-716. DOI: 10.1007/
s10802-008-9295-8

[42] Gabriels RL, Agnew JA, Miller

LJ, Gralla], Pan Z, Goldson E, et al. Is
there a relationship between restricted
repetitive behaviors and interests and
abnormal sensory response in children
with autism spectrum disorders?

Research in Autism Spectrum Disorders.
2008;2:660-670

11



