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Abstract

Autistic Spectrum Disorders (ASD) is an umbrella term that
describes a range of common neurodevelopmental
disorders affecting approximately 1% of the population. ASD
are characterized by multilateral shortages, such as
difficulties in communication and social interaction,
repetitive, stereotypical behaviors and a limited scope of
interests, mobility problems and disorders of language
development, as well. These deficits do not follow the
norm; on the contrary, great differentiation in their profiles
and severity is observed between different people. ASD
have, to a great degree, a hereditary, genetic basis however
up to a decade ago, the researchers focusing on their
neurobiological background were few. The present review
study is an attempt to shed light on the neurobiological
pathway of Autism Spectrum Disorder.

KEYWOI’dS: Autism spectrum disorder; Brain networks;
Connectivity

Introduction

The last decade, there has been an intense research
emphasizing on the polymorphous patterns of neurobiological
mutations present in ASD. The findings pertain to such diverse
differences compared to the neurotypical population in the

neural, structural-functional, molecular, endocrine,
electrophysiological and genetic levels and also in the
connectivity and neurotransmission levels, that many

investigators are led to a hypothesis of a radically different brain
organization [1-3]. Based on the neurobiological findings, we are
now able to explain about 10%-20% of ASD cases. In the
following sections, detailed descriptions of the neurobiological

differences of individuals with ASD are given compared to the
neurotypical population at various levels and their association
with the cognitive and behavioral profile of the observed
deficits.

One of the first confirmed findings is regarding the non-
normotypical brain over-development of people with ASD during
childhood. The majority of studies were conducted on infants or
children aged one year or over, for the duration of their
childhood. Thus, researchers hypothesize that this over-
development might be related to the first clinical symptoms of
autism, cognitive and behavioral, observed at this age [4]. For
example, in a recent study, Hazlett et al. examined the growth
rate of cerebral volume (white and gray matter) and cortical
thickness in children aged two years [5]. They also performed a
repeat measurement two years later. The results showed that
children with ASD had approximately 9% greater gray and white
matter volume compared to the control group at both time
points, while they did not differ in cortical thickness. Despite this
difference, the rate of brain development was the same
between the groups, as was indicated by the lack of intergroup
differences in cerebral volume between the two time points,
which according to the researchers is due to an increased
growth rate before the age of two. The study by Schumann et al.
resulted in similar findings, the difference being that the size and
growth rate of gray matter were greater in the anterior areas of
the brain (frontal, temporal, parietal) compared to the posterior
areas [6]. Moreover, non-normotypical over-development was
mainly observed in the temporal regions. In addition, in a rare
recent study, Calderoni et al. investigated the brain volume of
various structures in a group consisting entirely of girls with
ASD (2 to 7 years old) and a matched control group [7]. The
findings showed a 5% greater overall size of intracranial
structures in girls with ASD compared to the control group, and
a particularly noticeable enlargement in gray matter in the
superior frontal gyrus bilaterally and in the right temporo-
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parietal joint. Yet, it is worth noting that there are also a
percentage of researchers who did not confirm greater cerebral
size in persons with ASD [8].

However, developmental studies show that brain
development does not follow the same pattern during
adolescence and adulthood, when there seems to be greater
impairment of the brain tissue in people with ASD than in the
average population estimated the differences in the thickness of
the cerebral cortex between adolescents with high-functioning
autism and a matched control group. The findings showed that
people with autism had significantly less cerebral cortical
thickness compared to the control group, mainly in the left
temporal and parietal areas (e.g. in the superior temporal sulcus
and the posterior temporal, upper parietal and supramarginal
gyrus). In addition, it was shown that individuals with autism
had a significantly higher rate of cortical thinning in the left
fusiform/posterior temporal cortical area as they age compared
to the control group. These findings are supported by earlier
studies, as well, which indicated greater cortical atrophy,
reduced amygdala volume and reduced volume of the frontal
cortex in adolescents and adults with autism compared to
individuals with neurotypical development [9-15].

We are not yet sure regarding the significance of these
findings and the different age patterns of brain development in
individuals with ASD. In any case, it seems they are not directly
relevant to functionality during childhood or adult life [16]. For
example, Hutsler and Zhang observed that adolescents and
adults with ASD had significantly higher density of dendritic
spines than persons of normotypical development, and although
cerebral developmental disorders are often associated with the
existence of fewer dendritic spines, none of the individuals with
ASD had a smaller number than any person in the control
group[17]. These differences were mainly found in the second
superficial stratum of the temporal, frontal, and parietal areas
[18].

Amygdala

The amygdala constitutes a brain structure made up of 13
nuclei and is located under the hook of the temporal lobe, at the
anterior end of the hippocampal formation and the lower horn
of the lateral abdomen. It is part of the limbic system, connected
to many other areas of the brain, such as the frontal cortex, the
hippocampus, the cingulate cortex and the hypothalamus, and is
involved in higher processes, such as the regulation of emotion
and stress response, memory and learning, in particular of
emotionally charged stimuli, and social interaction; these
processes are often disturbed in ASD [19-25].

Indeed, many studies prove structural differences of ASD
individuals in the amygdala, mainly increased structural size and
higher growth rate, using current neuro-imaging methods
[26,27]. For example, Schumann et al. measured, by magnetic
resonance imaging, the size of the amygdale in 89 infants (boys
and girls) aged 1 to 5 years and found that infants who were
later diagnosed with autism had a larger amygdala size
bilaterally compared to neurotypically developing children
[28]. Additionally, the same researchers found that the size of
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the amygdala was proportional to the severity of the social and
communication deficits that these infants exhibited. It is worth
noting that the observed differences in the size of the amygdala
were more prominent in the girls involved in the study, an
indication of the effect of gender on brain organization. Similar
findings are reported in the study by Nordahl et al. as well, who
estimated the total volume of the cerebral cortex and of the
amygdala at two time points (at examination and 1 year after),
in 85 boys with ASD and a matched control group[29]. The
results showed that at both time points, infants with ASD had
higher cortical and amygdala volume compared to the control
group. Indeed, it was shown that the magnitude of the
difference was greater in the second measurement, only for the
amygdala, a fact which shows that in people with ASD, not only
the volume is greater but also the growth rate of the structure.
Similarly, Mosconi et al. examined the association between the
volume of the amygdala and the expression of specific behaviors
in children with ASD, at two time points (2 and 4 years) [30]. The
results indicated that in both measurements, children with ASD
had a larger amygdala bilaterally in relation to the control
group. Moreover, although there appeared to be a large increase
in the volume of the structure between the two time points,
there was no difference between children with ASD and a
control group, contrary to the findings of Nordahl et al.
[29]. Lastly, a study was conducted that emphasized the
significance of ensuring homogeneity of diagnoses in the
experimental group when such studies are conducted [31]. More
specifically, the researchers showed that children with ASD and
fragile X (chromosome) syndrome had a significantly larger
volume of caudate nucleus and a smaller amygdala compared to
children with neurotypical development. Rather, children with
ASD without the syndrome (e.g. idiopathic autism) showed
moderate enlargement of the caudate nucleus, but notably
enlarged amygdala compared to the control group.

Another inadequacy often observed in individuals with ASD is
problematic facial recognition capability, an inadequacy which
has been hypothesized to be due to dysfunction of the amygdala
[32]. The amygdala is over-activated by novel stimuli and its
response time is decreased through the person’s repeated
exposure to the same stimulus, a phenomenon
called familiarity. Recent studies show that in people with ASD
there is a different standard of functioning. Firstly, the response
time of the amygdala to new stimuli (e.g., an unknown person/
face) is slower compared with that in individuals of normotypical
development and secondly, this time does not tend to decrease
through repeated exposure to the same person/face as opposed
to the average population [31]. Indeed, in a recent study
by Kleinhans et al. it was found that amygdala activation in
people with ASD tended to increase with repeated exposure to
negatively emotionally charged individuals [33]. Moreover, while
in normotypical development subjects the right lateral fusiform
gyrus tends to present a similar activation pattern to that of the
amygdala, i.e. impaired response with repeated exposure to the
same stimulus, no functional differences of the area were seen
in subjects with ASD although activation of the amygdala
increased [34]. According to the researchers, this finding was
likely due to altered connectivity between the two regions.
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Hippocampus

Similar structural-functional differences have been reported
for the hippocampal region. For example, research by Dager and
colleagues unveiled a distinctly different form in the structure of
the hippocampus in children with ASD [35]. In fact, these
differences seemed to follow a different pattern in autism cases
from the cases of diffuse developmental disorder not otherwise
specified.

Frontal Cortex

Similarly, increased cortical volume in people with ASD has
also been observed in frontal sites. For example, in their cross-
sectional study, Carper and colleagues report a model of over-
increase in the cerebrum of children with ASD, where the frontal
sites (e.g. frontal cortex) exhibited notably larger volume
compared with posterior sites (e.g., occipital lobe). In a recent
study, Courchesne and colleagues posthumously examined the
prefrontal cortex of 7 children with ASD compared to 6 children
of normotypical development aged 2 to 16 years [36]. The study
findings revealed that subjects with ASD had 67% more neuronal
cells in total, of which 79% more in the lateral posterior
prefrontal cortex and 29% more in the medial prefrontal cortex
compared to the control group [10]. Also, the two groups
differed in the overall cerebral growth rate with age, as it was
found that people with ASD exhibited differences by an average
of 17.6% with age, contrary to the control group where
differences were only by 0.2% on average.

Temporal Cortex

Delay in language development constitutes one of the first
predictive factors of ASD in childhood [37]. Non-normotypical
linguistic development, according to many researchers, is
interpreted based on structural-functional differences in
temporal areas of the brain. For example, Redcay and
Courchesne indicated that children with ASD, aged 2-3 years,
had reduced connectivity to parts of the temporal cortex during
sleep compared to a matched control group [38]. A recent study
found differences in laterality of temporal lobe functions in
children with ASD [39]. The study researchers measured cerebral
activity while reading a fairy tale and found that children with
ASD had an inadequate response of the left hemisphere to sonic
speech prompts, while presenting a non-normotypical response
of the right temporal lobe.

Finally, as mentioned in a previous section, the difficulty
autistic people have in recognizing faces is typical, a function
seated on the temporal lobe and, specifically, on the fusiform
gyrus. A study by Van Kooten and colleagues indicated that
there are mutations in the fusiform gyrus in the brains of
autistic persons, and, specifically, a lower density and number of
neurons and average volume of neuronal cell pericarps [40]. No
similar differences were noted for the other regions examined,
such as the primordial visual cortex and the total cerebral
cortex.
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Electrophysiological Function

The ability to recognize faces in ASD was also investigated
using electrophysiological measurements. For example, one
study examined the electrophysiological function in 10-month-
old infants at high risk of developing ASD, as their sibling had the
disorder [41]. The researchers used Induced Dynamics and
estimated four values, i.e. P100, N290, P400 and Nc. The results
showed that the control group reacted more quickly to faces
rather than objects, as was estimated by the P400 index, a
difference that was not seen in the experimental group (infants
at a high risk of developing ASD). In contrast, a faster response
of infants with ASD to objects rather than faces was
observed (N290). This response to objects was significantly
greater compared to the control group, as was revealed by
the N290 and P400 dynamics. Similar deficits were also noted in
the study by Luyster, Wagner et al., who examined the
electrophysiological activity of the brain in infants exposed to
images of known and unknown faces [42]. The results suggested
that infants with normotypical development used more
attention resources (Nc) when looking at an unknown person
compared to a known one, a difference that was not confirmed
in the control group. In a further study, saccadic eye movements
were examined in infants with ASD and in children with
normotypical development, who had a first measurement at two
years and a repeat two years later. The researchers concluded
that children with ASD had a different pattern of ocular
movements when scanning a face in relation to children with
normotypical development. These differences became more
pronounced after two years. Moreover, children with ASD
tended to avoid looking at the image of the face at 4 years of
age [43].

Connectivity

Increasingly, findings indicate that cerebral function consists
of networks of sites that interact and cooperate. Recent studies
show that communication between areas of the brain is
probably disarranged in people with ASD. For example, some
theorists contend that there are communication difficulties
between frontal and posterior cerebral structures [44,45].

In persons with ASD, scarcity in social interaction is typical,
such as inadequate visual contact, lack of empathy, and inability
to understand figures of speech, humor etc. Current experts
claim that these deficits might be based on wider functional
differences in people with ASD. For example, Hoffmann et al.
found decreased connectivity between the left temporal voice
processing area and the upper and middle frontal gyrus
[46]. The same researchers revealed that connectivity mutations
were proportional to the severity of ASD symptoms and affected
sites that play a defining role in perceiving and interpreting
social stimuli. Specifically, the connectivity between the left
temporal area for voice processing and the limbic system, the
anterior cingulate gyrus and the middle frontal gyrus, and the
connectivity between the right temporal area for voice
processing and the frontal lobe, the anterior cingulated cortex,
the limbic system and the caudate nucleus declined as the
severity of autism symptoms ascended.



Interhemispheric Function

In a study by Dinstein and colleagues, distorted synchronism o
f the spontaneous cortical activity was observed in infants with
ASD, compared to infants of normotypical development. Indeed,
weak connectivity between the two hemispheres was detected
mainly in the posterior frontal gyrus and the superior temporal
gyrus, areas linked to speech comprehension and production
[47]. The strength of the connectivity of the two hemispheres
was inversely proportional to the severity of the ASD
symptoms. Furthermore, research by Ecker and colleagues
demonstrated that the left hemisphere is the one that exhibits
more distinct patterns of structural-functional alterations in
individuals with ASD, thus it is more sensitive to the
differentiation of these subjects from the neurotypical
population [48].

Mitochondrial Abnormalities

Research shows that up to 20% of autism cases are associated
with mitochondrial abnormalities. For example, Goh et al. found
peripheral markers of mitochondrial abnormalities in people
with ASD, such as elevated levels of lactic acid, which suggests
metabolic dysfunction, mainly in the locality of the cingulate
gyrus, a structure involved in many higher processes, such as the
regulation of emotion, cogitation and behavior regulation [49].

Endocrine Differences

Several studies demonstrate that the neurobiological
differences of people with ASD are also detected at the
endocrine level. A recent study by Spratt et al. in 20 children
with  ASD and 28 children without a history of
neurodevelopmental disorders uncovered a dysfunction of the
stress response axis in subjects with ASD [50]. The researchers
analysed the concentration of cortisol in the sputum of subjects
during rest, during exposure to a new environment and during
exposure to stress stimuli (drawing blood). At rest, the groups
had comparable cortisol levels. The groups showed high levels of
cortisol 20 minutes after blood sampling with the experimental
group having significantly higher anxiety levels. Also, 40 minutes
after drawing blood, the cortisol levels in subjects with ASD had
not returned to resting state levels, while they were completely
reset in the control group. Gender had no effect on the
results. These findings suggest that people with ASD are prone
to manifesting enhanced sensitivity of the Hypothalamic-
Pituitary-Adrenal axis to stress, while feedback of the axis is
delayed. A large, contemporary study by Baron-Cohen et al.
yielded comparable findings [51]. The researchers investigated
samples of amniotic fluid from all males born between 1993 and
1999 in Denmark and later diagnosed with ASD and compared
them with amniotic samples of individuals with normotypical
development. In the samples, the steroid hormone levels were
measured, and among them the cortisol levels, and were found
to be significantly increased in individuals with ASD compared to
subjects with normotypical development. This study was the
first large-scale study that unveiled the elevated prenatal activity
of steroid hormones in individuals with ASD.
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There are comparable findings indicating dysfunction regardin
g melatonin. Approximately 44%-83% of people with ASD
encounter sleep quality disruption, such as frequent nocturnal
awakenings and longer sleep onset latency, alterations that can
worsen the behavioral symptoms of autism. Research shows
that, indeed, melatonin levels are decreased in 65% of persons
with ASD due to dysfunction of the enzyme acetylserotonin O-
methyltransferase (ASMT). An ASMT polymorphism causes up to
50% drop in melatonin concentration [52-58].

Conclusion

Furthermore, a study of subjects with ASD from Italy, the
United Kingdom and Finland showed that these individuals have
a high percentage of several types of ASMT polymorphisms. In
addition, a study by Rossignol and Frye revealed that people on
melatonin medication had up to 80% improvement in the quality
of their sleep, with longer overall sleep duration and easier
onset. Also, a recent study by Carson and colleagues found that
some dysfunction of vasopressin may account for social
inefficiencies in children with ASD. The researchers compared
three groups (children with ASD, their siblings without ASD, and
one neurotypical development group) as to their blood
vasopressin levels and assessed their social functionality by
weighted tests. The results showed that although the groups did
not directly differ from each other, blood vasopressin levels
were positively correlated with subjects' performance in the
“Theory of Mind” and “Social Intelligence” tests. Finally, ASD
have been  associated with  elevated levels  of
growth hormone (GH) and of insulin-like growth
factor (IGF-1/) in cerebrospinal fluid. Specifically, Mills and
colleagues looked into the role of GH and IGF-1 in boys with ASD
and observed that these boys had significantly bigger head
perimeter, increased weight and body mass index, without
diverging from a matched control group in terms of height.
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