UNDERGRADUATE RESEARCH IN NATURAL AND CLINICAL SCIENCE AND TECHNOLOGY (URNCST) JOURNAL
Read more URNCST Journal articles and submit your own today at: https://www.urncst.com

REVIEW OPEN ACCESS

Neural Connectivity and Episodic Memory in Autism \'l) Check for updates

Spectrum Disorder: A Literature Review
Xalima Ali, BSc Student [1]*

[1] Faculty of Health Sciences, University of Waterloo, Waterloo, Ontario, Canada N2L 3G1

*Corresponding Author: xaali@uwaterloo.ca

URNCST Journal

“Research in Earnest”

Abstract

Introduction: There is a growing interest in the social and biological context of episodic memory in children with autism
spectrum disorder (ASD). Research has previously found that episodic memory deficits are overrepresented in this
population. In an attempt to learn why children with ASD are disproportionately impacted by episodic memory impairments,
this paper explores literature from 1970-2020 concerning the relationship between functional connectivity (FC), effective
connectivity (EC) and structural connectivity (SC) and episodic memory in children with ASD.

Methods: The method of this review involved an extensive literature search in scientific databases for experimental studies
and magnetic resonance imaging (MRI) data pertaining to episodic memory in children with ASD. The literature review was
conducted by searching for literature in electronic databases (Google Scholar, PubMed and MEDLINE) using the following
search words: “ASD and memory,” “episodic memory in ASD,” “connectivity in ASD”.

Results: In the studies reviewed, children with ASD consistently underperformed on episodic memory tasks relative to
typically developing children. Additionally, the MRI scans of the children with ASD showed hyper- and hypoconnectivity of
brain regions across the three connectivity metrics. The results indicated that the abnormalities seen in the FC, SC, and EC of
children with ASD is an area of research and intervention opportunity for clinicians.

Discussion: Research has found that interventions introduced early to children with autism have the potential to reduce
symptoms of ASD before adulthood. Therefore, it is important that early interventions related to improving episodic memory
are introduced to children early on to increase quality of life later. Additionally, future research must explore if connectivity
abnormalities contribute to ASD or if it precedes ASD diagnosis. As a result, clinicians may also consider adding episodic
memory deficits to the diagnostic criteria for ASD since it is overrepresented in this population.

Conclusion: Clarifying the relationship between ASD, connectivity, and episodic memory will improve the quality of life of
children with ASD in the future. This understanding will have broader implications in children and adults with ASD who
struggle with episodic memory in terms of improving their experience in education, work and personal life.
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Introduction autism research are largely due to the developmental

The diagnostic criteria for autism spectrum disorder
(ASD) from the Diagnostic and Statistical Manual of
Mental Disorders (DSM-5) characterizes ASD as the
combined difficulties in social communications and
interactions, and repetitive and restrictive patterns of
behaviours [1]. ASD can be a lifelong disorder and has a
wide spectrum of symptom severity impacting speech,
cognitive, and social abilities. According to a Centres for
Disease Control and Prevention report, the prevalence of
ASD has increased substantially in a short period of time,
currently estimated to impact 1 in 54 children [2].
Currently, no treatment exists to cure ASD, although
interventions are available to reduce symptoms impacting
social and cognitive ability. The etiology and risk factors of
autism are still being studied; however, most studies agree
that genetics are a risk factor. Inconsistency and gaps in
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differences existing within the diverse ASD population [3].

Clinicians are increasingly using magnetic resonance
imaging (MRI) to explore brain connectivity in ASD. An
MRI is a non-invasive procedure that uses computer-
generated radio waves and magnets to produce detailed
images of internal organs and tissues. Brain activity is
associated with relative concentrations of oxygen in local
blood supply. An increase in activity, is delineated by a
increase in oxygenated blood flow. The susceptibility to the
powerful magnets of the fMRI differs among oxygenated
and deoxygenated blood. fMRI interprets the differences by
measuring the blood-oxygen-level dependent (BOLD)
response. BOLD signals represent the net increase in blood
oxygenation following brain activity. MRI scans are useful
as a diagnostic tool for ASD and other developmental
abnormalities as clinicians can examine brain volume and
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connectivity before or after the onset of symptoms [4].
Brain connectivity is defined as the pattern of neural
anatomy or activity between distinct units within the
nervous system. One of these links is the temporal
correlation of neural connections referred as functional
connectivity (FC). FC is usually measured during resting
state fTMRI and, in principle, be estimated using any general
method for estimating statistical dependencies among time
series data. A FC analysis strives to identify the temporal
correlation between the changes in BOLD signals between
different brain regions. A higher FC would signify stronger
temporal correlation between the changes in BOLD signals
between different brain regions. fMRI (fMRI) observes FC
through the measurement of brain activity to detect
abnormalities in the brain’s functional anatomy that are
costly and difficult with other imaging techniques [4].
Another type of brain connectivity is the neural coupling
pattern known as effective connectivity (EC) [5]. EC
measures the relationship between human brain regions in
terms of their directed influence on each other. Unlike FC,
EC measures the effect of one brain region on another in a
particular direction, which can provide more insight into the
mechanisms underlying brain function, namely how one
region influences another. EC can be used to determine
which brain regions are exhibiting altered function and
influences on other brain regions. An estimated EC
measures the strengths of causal interactions within and
across brain areas by measuring the changes in BOLD
signal during time. A higher EC would demonstrate there is
a higher directional influence from one brain region to
another. fMRI can also observe effective connectivity in
order obtain insight on the performance of brain operations
[5]. A third type of connectivity is structural connectivity
which refers to the white matter tracts of interconnecting
brain regions (SC) [4]. Structural MRI examines the
anatomy and pathology of the brain which allows SC to be
observed in order to determine if there are irregularities in
the structure of the brain [4].A high structural connectivity
would indicate there is higher existence of white matter
tracts physically connecting brain regions. fMRI scans are
used to assess and explore brain activity while structural
MRI scans are used to examine the anatomy and pathology
of the brain [4].

Although not included in the DSM, there is increasing
evidence of ASD being associated with episodic memory
deficits [6]. Episodic memory is a category of declarative
memory that involves past events and individual
experiences, including knowledge of where and what
happened [7]. Several studies comparing children with and
without ASD found that the children with ASD experienced
more difficulty in recalling episodic memories [6].

Since previous studies have found evidence of the
association of episodic memory impairments and children
with ASD, the aim of this study was to perform a literature
review to examine why children with ASD are
disproportionately  impacted by episodic memory
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impairments through the analysis of different MRI studies.
Specifically, the results of studies using functional and
structural MRI will be analyzed in order to explore the
relationship between FC, EC, and SC and episodic memory
in children with ASD. Learning how memory is impacted in
children with ASD will pave the way for future learning or
intervention programs for children with ASD. Additionally,
with the insights from this study, new research avenues
involving the reversal or treatment of deficits in episodic
memory in children with ASD can be explored.

Methods

Research papers dating between 1970-2020 were
collected to examine how connectivity impacts episodic
memory problems associated with ASD. The literature
review was conducted by searching for literature in Google
Scholar, PubMed and MEDLINE. Search words that were
used to find the studies were the following: “ASD and
memory,” “episodic memory in ASD,” “connectivity in
ASD.” The inclusion criteria were all academic studies
found that explore connectivity in children with ASD using
functional and structural MRI data or experimental trials.
The exclusion criteria were any studies researching memory
types other than episodic memory or studying memory in
children without ASD.

Results

A common finding in studies examining this field of
literature is that children with ASD tend to face difficulty
and demonstrate poor performance when completing
episodic memory tasks [6]. Southwick et al. conducted a
study on children from ages 5-19, with and without ASD
that tested their memory functioning through a variety of
tasks and found that the group with ASD had reduced
episodic memory [8]. Researchers have highlighted the
growing support from functional neuroimaging that shows
that memory impairments in ASD can be explained through
investigating connectivity between different regions of the
brain [4].

FC and Episodic Memory in Children with ASD

Most FC studies reviewed had evidence of the
importance of FC during episodic memory retrieval. One
study used fMRI scans to compare the FC of neural networks
in children with ASD to children with no neurological
disorders [12]. Comparisons with controls revealed nine
networks with similar spatial patterns in these two groups.
Children with ASD, in comparison to controls , showed
decreased connectivity in the following areas: left gyrus
rectus, left middle occipital gyrus, right angular gyrus, right
middle frontal gyrus and right inferior frontal gyrus (IFG),
orbital part within the lateral visual network, the left IFG,
right precuneus, and right angular gyrus within the left
frontoparietal network [12]. Further research has found that
connectivity in these areas is vital to episodic memory in
early childhood [12]. Riggins et al. found that FC in those
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areas was positively associated with episodic memory in
children. Contrastingly, a study examining connectivity in
children with ASD found that hyperconnectivity was
associated with the memory impairments seen in children
with ASD. Monk et. al evaluated connectivity in children
with ASD and found that children with ASD had
hypoconnectivity of the posterior cingulate cortex (PCC) and
FG, however, hyperconnectivity was found between the PCC
and bilateral temporal lobes and right-hippocampal gyrus
[13]. Researchers such as Ozonoff et al. have evidence that
suggest severe symptoms associated ASD are a result of
memory deficits associated with FC abnormalities [14].

SC and Memory in Children

In all reviewed studies concerning SC and memory in
children with ASD, researchers found a widespread deficit of
white matter in the children with ASD. Fitzgerald et al. found
white matter abnormalities in the cingulum of children with
ASD, a structure in the limbic system involved in episodic
memory retrieval requirements such as attention, memory
retrieval, and emotional processing [9]. Several of the studies
reviewed conducted on children with ASD found
abnormalities regarding structural changes in the corpus
callosum. The corpus collosum is the largest white matter
structure in the brain and is vital for brain communication
[9]. Vogan et al. used diffusion tensor imaging, a subtype of
MRI neuroimaging, to show white matter differences in a
large sample of children with ASD [10]. The researchers
found the corpus callosum to be significantly smaller in
children with ASD and suggested that the impacts on
information processing may be linked to memory and
attention impairments [10]. Several studies have found that
children with ASD tend to have damage to the corpus
collosum and other structures in the brain that may be
negatively associated with episodic memory. Another study
involved the use of a standardized test and an episodic
memory task in order to examine the relationship between
the delineated white matter tract and episodic memory in
children [11]. The results of both the test and memory task
showed poor white matter connectivity between the
hippocampus and medial prefrontal cortex along with
difficulty in performing an episodic memory task [11]. In
their linear regression model, Ngo et al. showed that white
matter connecting the hippocampus to the inferior parietal
lobule predicts children’s performance on episodic memory
tasks [11]. Interestingly, although SC abnormalities were
found to be prominent in children with ASD, few studies
linked these SC impairments and episodic memory
impairments found in the children studied as a behavioural
phenotype for ASD.

EC and Episodic Memory in Children with ASD

Although there were much more studies in the review
concerning SC and FC, there were a few studies that
described how EC underlies episodic memory in children
with ASD [5]. One study observing EC to the precuneus
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and cuneus found decreased EC from the temporal pole to
the ventromedial prefrontal cortex, and lower activity in the
ventromedial prefrontal cortex [5]. This was consistent
across studies. Ren et al. found a combination of increased
and decreased EC in areas of the brain relative to controls
[15]. Firstly, they found lower EC in the middle temporal
gyrus and other temporal areas to the precuneus and
cuneus. Secondly, the researchers observed higher EC from
the hippocampus and amygdala to the temporal gyrus.
Results also showed that the prefrontal cortex areas had
higher EC with each other and with the precuneus and
cuneus. Lastly, there was decreased EC from the temporal
pole to the ventromedial prefrontal cortex. Ren et al.
discovered evidence supporting that EC of the anterior
hippocampus impacts episodic memory retrieval [15].

Discussion

These results indicate that episodic memory retrieval
functions in ASD are markedly different, and functional
connections play an important role in understanding
episodic recollection-related retrieval deficits in the ASD
children population. The overall findings suggest that
children with ASD have decreased connectivity in left
hippocampal networks relative to typically developing
children, suggesting they may depend more on local
memory systems that are related to non-relational learning.

Function Connectivity (FC)

A possible explanation for the limited successful
episodic memory outcomes of few ASD participants in some
FC studies is the independent use of the left anterior
hippocampus and parietal areas. The (name of model) (BBB)
model, a model of XYZ, suggests that the hippocampal
region is required to retrieve and construct mental images
during environment perception. An image of the perceived
environment is then maintained and manipulated by the
hippocampal region. This model proposes that episodic
memory will always be hippocampus-dependent if it is
associated with a rich mental image of its surroundings [16].
Historically, there has been evidence supporting that
hypoconnectivity, hyperconnectivity, and or the combination
of the two may underlie the episodic memory problems seen
in many children with autism [17]. One of the most accepted
opinions regarding autism and functional connectivity is that
ASD and the memory problems associated with it may result
from the combined effects of hypo and hyper functional
connectivity [12]. The abnormalities of these functional
networks may be indicative of ASD and identifying this
functional change may improve understanding of how
symptoms related to episodic memory deficits in people with
ASD are manifested.

Structural Connectivity (SC)

Overall, the findings from studies examining SC
demonstrate that children with ASD tend to have poor SC
relative to typically developing children. Specifically, there
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may be a weaker association between the white matter tracts
connecting specific brain areas and cognitive functions in
children with ASD, which may indicate less efficient brain
networks than those in typically developing children [9].
Findings showed that children with ASD tend to have
smaller a corpus callosum than controls. Previous studies
have showed how structural connectivity measures correlate
with the size of relevant regions of the corpus callosum.
Specifically, a larger corpus callosum is associated with
greater structural connectivity of the brain, and in turn,
greater episodic memory performance. This would be
another possible explanation to the episodic memory
impairment and structural connectivity associations [10]. The
results also showed that hippocampal-inferior parietal lobe
white matter plays an important role in determining episodic
memory performance [11]. Compared to other white matter
pathways, this pathway showed higher activity when children
were able to accurately perform an episodic memory task
than (?) [11]. Based on this evidence, it appears these
prefrontal areas have altered structural connectivity that may
also negatively affect neural communication in children with
ASD, and in turn-episodic memory.

Effective Connectivity (EC)

In terms of EC, previous MRI studies have found that
the ventromedial prefrontal cortex plays a crucial role in
contextual memory retrieval, memory consolidation, and
memory-guided decisions [5]. The results of previous
studies strengthen the theory that decreased EC in the
ventromedial prefrontal cortex may be associated with
episodic memory impairments found in children with ASD
[15]. Rather than distinguishing between recollection and
familiarity, some researchers proclaim that increased
hippocampal EC activity is associated with strong
memories and the lower EC found in children with ASD
may contribute to weaker episodic memory commonly
found in this population [15].

FC, SC, and EC

All in all, most findings were consistent with earlier
literature supporting that episodic memory impairments
found within children with ASD are largely due to brain
connectivity abnormalities. Decreased SC among ASD
children with episodic memory impairments was consistent
across studies, however there was a mix between hypo and
hyper connectivity among functional and effective brain
regions. A direct comparison is necessary to determine
whether the present findings of decreased SC in ASD
correspond to these functional differences.

Limitations and Strengths

Characteristics of the sample from the present studies
reviewed may limit generalizability. Notably, most
participants identified as Caucasian and male. The
prevalence ratio of ASD is often reported as 4 boys
diagnosed for every 1 girl diagnosed [2]. Children with
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ASD tend to be diagnosed with other medical conditions
later in their life such as obsessive-compulsive disorder,
attention deficit hyperactivity disorder, anxiety, and other
health conditions [1]. It is difficult to say with certainty that
the episodic memory impairments found are largely due to
connectivity abnormalities found in the ASD population or
the population of the other health conditions. Additionally,
there is uncertainty whether the connectivity problems
precede ASD behavioural symptoms or vice-versa.
Moreover, the ASD population is so diverse as some people
may be non-verbal and have poor cognitive function that it
is unknown whether the findings of this study would reflect
beyond the verbal high-functioning participants in the
studies analyzed in this review. Furthermore, since studies
were collected from 1970 to 2020, and there have been
major developments in research, diagnosis, treatment, and
symptoms of ASD within that time period, it is possible that
there could be gaps within the findings that may be
addressed in future studies. There is still uncertainty on the
differences in the neural development of children with
ASD, the genes associated with ASD risk and their function
are also yet to be determined.

Neurological conditions such as ASD often manifest
itself with difficulties retrieving and processing memories
[3]. It is therefore of tremendous clinical importance to
understand the neuropathological correlates of memory
deficits. However, research progress has been slow in the
case of children with ASD [19]. It is partly due to the fact
that imaging children requires a level of compliance and
patience that even typically developing adults have
difficulty meeting. Imaging technologies that accommodate
for children with ASD would significantly advance
understandings of their altered information processing [19].

A common challenge in research in ASD is that there is
a dependence on behaviour rather than biology [19]. This
review addressed this challenge by exploring experimental
studies and MRI data for information on the impacts of
connectivity on episodic memory in children with ASD as
well as the episodic memory performance for children with
ASD. This increased consistency and reliability of the
present results. This review summarizes the findings of
functional, structural and effective connectivity studies
related to episodic memory in children with ASD
independently and together.

Future Studies and Implications

In light of the general findings for connectivity in
children with ASD explored in this present study, future
studies must work to determine if these results are
generalizable to the diverse profiles of children with ASD.
During the period of neuroplastic development, the
domains of language, cognitive, and social abilities are
developed, and neural integration occurs [20]. Research has
found that this developmental window of opportunity is
found in ages 0-3 years. In addition to providing children
with the best start, early intervention increases the
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likelihood that children with ASD will reach their full
potential [20]. Early intervention enables a child displaying
ASD symptoms to learn and progress more rapidly.
According to recent guidelines, early intervention in ASD
can be most beneficial during the time when the diagnosis
or suspicion of ASD is confirmed [20]. In the event that
such a time period passes by without intervention, it may
result in a shortened period for brain growth and
development, leaving the brain to rely on underdeveloped
structures for carrying out functions beyond episodic
memory [20]. It is possible that episodic memory
impairments seen in children with ASD may be minimized
by supportive learning. Some studies have found evidence
that variations in episodic memory performance of children
with ASD has been linked to task support [18]. Early
researchers have speculated that when episodic retrieval
support is low, such as having minimal cues or when
information is complex and requires high organization,
episodic recollection difficulties in ASD are exacerbated.
This hypothesis is supported by the fact that spatial source
memory in individuals with ASD is disproportionately
enhanced after retrieval support is provided [18].

Episodic memory is heavily used in day-to-day life,
education, occupation, and more. Children with ASD often
are burdened with symptoms negatively impacting their
social, home, and school life [7]. Reducing the deficits on
episodic memory would assist in making living with ASD
easier for the child in their present and future. The
significance and impacts on episodic memory make early
interventions crucial to the child’s life. Possible
interventions for ASD that have been found to minimize
episodic memory impairments include the reading and
learning of complex words and topics [21]. This activity
has been found to have the potential to strengthen neural
connections and as a result, mental processing may be
accelerated [21]. In addition to the provision of services
that have the potential to mitigate episodic memory deficits
in children with ASD, it is critical that future studies and
interventions consider the social determinants of ASD.
There is evidence that existing services that attempt to
minimize ASD symptoms such as delayed milestones as
well as challenges with verbal and non-verbal
communication are underutilized by marginalized
communities which further hinders children in these areas
from reaching their full cognitive potential [22]. It is
integral that future studies and interventions include less
represented groups such as children with low-income
backgrounds, children of colour, and children from
immigrant backgrounds.

Conclusions

The present study used a literature review to examine
the role of connectivity in children with ASD with episodic
memory deficits. The results suggest that abnormalities
with SC, FC, and EC all play a role in underlying episodic
memory impairments in children with ASD. Past research
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has highlighted the role of connectivity in memory
problems found in children with ASD. However, the
combination of hypo and hyper connectivity of functional,
structural, and effective brain regions must be further
explored to determine a diagnostic criterion, treatment, or
intervention to minimize the long-lasting effects of episodic
memory impairments in childhood.
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