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Background. Despite the widely-held understanding that the biological changes that lead to autism usually occur during prenatal
life, there has been relatively little research into the functional development of the brain during early infancy in individuals later
diagnosed with autism spectrum disorder (ASD). Objective. This review explores the studies over the last three years which have
investigated differences in various brain regions in individuals with ASD or who later go on to receive a diagnosis of ASD. Methods.
We used PRISMA guidelines and selected published articles reporting any neurological abnormalities in very early childhood in
individuals with or later diagnosed with ASD. Results. Various brain regions are discussed including the amygdala, cerebellum,
frontal cortex, and lateralised abnormalities of the temporal cortex during language processing. This review discusses studies
investigating head circumference, electrophysiological markers, and interhemispheric synchronisation. All of the recent findings
from the beginning of 2009 across these different aspects of defining neurological abnormalities are discussed in light of earlier
findings. Conclusions. The studies across these different areas reveal the existence of atypicalities in the first year of life, well before
ASD is reliably diagnosed. Cross-disciplinary approaches are essential to elucidate the pathophysiological sequence of events that

lead to ASD.

1. Introduction

L1 Clinical Importance of Early Identification. Autism spec-
trum disorder (ASD) is a relatively common, neurodevelop-
mental disorder with onset of symptoms in the first few years
oflife. ASD is characterised by difficulties in social communi-
cation and repetitive or restricted interests and behaviours [1].
ASDs have high heritability and an unclear aetiology in many
cases [2]. ASD is diagnosed in around 1% of the population
[3, 4] and was once considered to be a rare psychological
disorder due to poor parenting [5]. Despite recent advances
in the ability to identify ASD earlier, diagnosis is frequently
not made prior to approximately three years. Currently, no
reliable predictors of ASD in infancy exist but characteristic
behaviours emerge during the second year which are used

to aid diagnosis [6-8]. Study into the neurological basis
of ASD before the age of three years is imperative [9, 10].
Reliable early identification of neurodevelopmental disorders
in childhood in primary care is important as it may improve
outcomes [11, 12]. Absence of robust biological markers for
identifying ASD has led researchers to focus on behavioural
anomalies in order to detect early symptoms of ASD [13].
A number of novel lines of investigation have been used
to this end, including retrospective coding of home videos
[14-16], prospective population screening [17-19], and “high
risk” sibling studies [20-22] as well as the investigation of
pre- and perinatal brain development and other biological
factors. Early social abnormalities are not easily identifiable
in the first year of life in infants who later receive a diagnosis,
since they may be present at subtle and subclinical levels.
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Motor abnormalities, in particular, may be one of the earliest
markers observable within the first year [23]. Recent reviews
(i.e., [24]) have found evidence for putative ASD biomarkers
including gastrointestinal factors [25], immune dysregulation
[26, 27], heavy metal toxicity [28-30], neurotransmitter
abnormalities [31-33], oxidative stress [34, 35], and elevated
levels of p-cresol in small children with ASD [36]. This
research suggests that ASD might best be considered to be
a multisystem disorder.

Prenatal life and the first three postnatal years are consid-
ered to be the optimal time in which to detect and examine
the earliest fundamental biological underpinnings of autism
[37]. This review specifically focuses on studies published
since the beginning of 2009 which investigated whether there
were neurological or pathophysiological abnormalities in the
first few years of life in individuals later diagnosed with
ASD. To our knowledge, this is the first review to focus only
on abnormalities within the first few years of life but there
have been recent reviews investigating neuroanatomical dif-
ferences in older children, adolescents, and adults [38, 39]. We
will address structural abnormalities (e.g., atypical volume
of neural sites, morphology), functional abnormalities (e.g.,
atypical activation of neural sites), and abnormalities of head
circumference. Genetic or environmental aetiologies which
may underlie pathophysiological abnormalities are outside
the scope of this review [40, 41].

Our understanding of the neural mechanisms that under-
lie the core symptoms of ASDs has advanced significantly
as a result of neuroimaging techniques [42, 43]. Magnetic
resonance imaging (MRI) affords the noninvasive in vivo
exploration of brain morphology [44] without any adverse
effects such as radiation exposure, a crucial feature, partic-
ularly when applied to young children [45]. Research on
older children through to adulthood with ASD has indicated
numerous differences in the neural structures compared to
typical developing children and adults. Particularly in the left
hemisphere regions, a substantial thinning of the cortex has
been observed in individuals with ASD [46] consistent with
earlier studies [47]. Increased grey matter in the primary and
associative auditory and visual cortex [48] and reductions
in regions within the corpus callosum [49] are just some
of the findings of brain morphological differences in older
individuals with ASD. Subtle differences in both behaviour
and brain structure have been discovered within the first
12 months in infants who are later diagnosed with ASD.
What is not known is whether any of these subtle differences
can be used as an early biomarker to identify infants at-
risk of a later ASD diagnosis [50]. Applying behavioural,
electrophysiological, and functional neuroimaging methods
during the first few years of life in individuals at risk of
ASD is essential [51]. The functional brain characteristics of
ASD during the time when the behavioural symptoms first
arise, around 8-36 months, are largely unknown. Functional
magnetic resonance imaging (fMRI) studies have primarily
been limited to studies using normal IQ adolescents and
adults with ASD [52].

Despite being very much in its infancy, detailed exami-
nation of the postmortem brain from individuals with ASD
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is an area of research which has substantially advanced our
understanding of the neurobiological underpinnings of this
disorder [53]. Most brain tissues examined have been from
adults with ASD, and so our knowledge of the characteristics
of the brain in young subjects with ASD is minimal [54].

2. Method

Internet-based bibliographic databases (PsycINFO and Web
of Knowledge) were searched to access studies which exam-
ined neurological differences in individuals with, or later
diagnosed with, ASD under the age of three years. Searches
were limited to references published from 2009 to the 21st
of November 2012 yielding 470 references. Search terms
used were “autis”,” “infan”)” “brain,” and “neuro”” Different
ordering of the search criteria entered into either database
did not result in any variations in the number of returned
abstracts. Duplicates were excluded prior to the retrieval of
references. Abstracts for each reference were obtained and
screened using the following criteria.
Inclusion criteria:

(1) human study population

(2) study must involve infants or toddlers under the age
of four.

Exclusion criteria:

(1) papers not published from January 2009 until 2Ist
November 2012

(2) paper not published in English
(3) dissertations

(4) book reviews.

The process of eliminating nonrelevant papers can be seen
in the flowchart (following PRISMA guidelines) later (see
Figure 1 for flowchart) [55]. We have reviewed studies which
contain a mixture of different diseases, albeit all presenting
with a somewhat similar autism phenotype.

3. Results

Table 1 includes all the studies which investigated neuro-
logical differences in individuals with ASD and provides
summary detail regarding study characteristics and findings.

3.1. Amygdala Abnormalities in Individuals with ASD. Intense
interest in the amygdala as the structure predominantly
underpinning ASD is not new. The function of the amygdala
is related to core clinical features of ASD such as emotion and
social behaviour. In addition to the abnormal developmental
trajectory of the amygdala, there is a concomitant early
overgrowth in ASD. Numerous studies demonstrate amyg-
dala abnormalities in individuals with ASD with increased
volumes [94-96] or decreased volumes [97-99] found. Other
studies have found no difference [100-102]. The association
between abnormalities of amygdala volume and attention to
eyes has been found in a study using a sample of older males
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