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Summary 
 

 Autism is a disorder that is defined clinically by three core features.  The features are: impairments 

in reciprocal social interactions, an abnormal development and use of language, and repetitive and 

ritualized behaviours and narrow range of interests.  However simple the basis of this disorder might 

appear it is, in fact, a very complex and heterogeneous disorder.  Because of the wide array of 

comorbidities and the range of mental changes that have been witnessed, it has become more appropriate to 

redefine autism as Autism Spectrum Disorder (ASD), to acknowledge the wide array of clinical 

presentations associated with it. 

 When autism was first described in 1943 by Kanner, it was defined via observation of the 

behaviour of various children.  Initially it was identified as a psychological disease that could be treated 

with behavioural therapy.  The evolution of research of autism followed closely the evolution of diagnostic 

tools.  With the use of MRI imaging, noticeable differences in the size of the brain have been documented.  

Variations in the levels of different hormones ranging from serotonin to oxytocin have also been found.  As 

the ability to look into the more complex physiological processes of the human body have become possible, 

the complexity of ASD has concomitantly risen.  ASD can now be classified in a greater number of sub-

categories as the essence of its anatomical, histological, genetic, and clinical features can be described with 

greater clarity.  For example, when there is an absence in the delay of speech before the age 36 months and 

the IQ of the patient is found to be above 70, the patient is diagnosed with Aspergers Syndrome, but if a 

language delay goes beyond 36 months and all parameters stay the same, the patient is diagnosed with 

High Functioning Autism (HFA).  

 The different clinical presentations have also been associated with respective physiological 

variations.  General trends have been found to find an inversely proportional relationship between the 

amount of excess grey matter found and the severity of the disorder in ASD subjects versus typically 

developing subjects.  In other words, the larger the brain, the more severe the presentation of ASD.   

 Research has gone to the histological as well as the genetic level to show significant changes in 

structure and function of neurons.  Neurons found in particular areas of the brain such as the cerebellum 

have been found to be smaller and more densely packed in ASD subjects which gave researchers guidance 

in uncovering a genetic basis for the disease.  The genetic basis of neuronal development was found to be 

affected in various genes that encode for neurons.  For example, SHANK3 mutations has shown to have a 

very strong correlation with the clinical features of ASD and further studies have uncovered many more 

genes with possible connections to the disorder.  Some estimate hundreds of genes to have implications in 

the genesis of the disorder and the variations that exist upon presentation. 

 Fields not directly related to the study have ASD have also shown probable implications of the its 

development.  Research related to neuronal injury shows the healing properties of the brain and the steps it 

takes to compensate for injury.  When the precocious brain growth found among ASD subjects is assumed 

to be an injurious process then the brains reaction to the injury can shed more clues to origin of the 

alterations found in both its anatomy and in the behaviour of the subject.  The time of integration among 

various independent fields of research seems to be on the horizon. 

 The complex and diverse presentations of ASD are directly related to the complex and diverse 

pathological processes associated with its origin.  A greater understanding of the disease will allow for a 

more direct and focused approach towards finding a therapeutic end for this potentially debilitating 

disorder. 
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Introduction to Autism 

 Autism is a neurodevelopmental disorder that is clinically defined by three core features.  Those 

features are: impairment of social reciprocal and social interactions, an abnormal development and use of 

language and repetitive and ritualized behavior with a narrow range of interest1.  It has a prevalence of 

affecting 1 in 150 children4 with a 4:1 male to female ratio and is seen more in left and ambiguous handed 

individuals15. 

 Despite having a clear definition and needing three very specific behavioural anomalies for 

diagnosis, autism is a very heterogeneous disease with different levels of severity and varying 

comorbidities associated with it3 4 5.  The term autism spectrum disorders (ASD) is more commonly used to 

accommodate the different degrees of the disorder.  Also ASDs can be classified further into High 

Functioning Autism (HFA) and Low Functioning Autism (LFA), the classification is based on the IQ level 

of the individual using an IQ below 70 as the cut-off for LFA and above 70 for HFA17. 

The heterogeneity of the disorder is most likely based on the complex neuroanatomy of the affected areas1 9 

13 16.  Because there are multiple areas that play significant roles in social interactions, language 

development, behaviour modification, various etiological factors can be responsible for seemingly similar 

pathological manifestations1 7 9.  

 

The Pathophysiology of Autism 

As described earlier, autism is a disease with variance in manifestation making research of its etiology 

challenging.  Many comparative studies have been made regarding the neuroanatomy of autism9-22.  These 

studies have focused on the differences in overall brain size of autistic individuals compared to control 

groups as well as differences in size of particular structures9-22.  While general trends have been found in 

relation to the size of the brain of people with autism, there is still a significant amount of variability in the 

findings9-22. 
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 The findings have found that there is an overall increase of both grey and white matter in autistic 

individuals of both LFA and HFA subgroups14 16 18 .  A negative correlation was found between the increase 

in size of grey matter relative to control groups and the IQ of the autistic subjects17.  In other words there 

was a significant decrease in IQ as there was an increase in grey matter.  To further emphasize this 

correlation, subjects with Asperger syndrome, a disorder that is characterized by 2 of the 3 features of 

autism, those being social deficits and repetitive behaviour, have the lowest discrepancy in overall weight 

of grey matter compared to control groups17.  Asperger syndrome (ASP) is sometimes considered a mild 

variant of the ASD as the only difference between it and HFA is HFA subjects experience language 

development delays past the age of 36 months ASP subjects do not exhibit a language deficit17.  There is 

some controversy concerning whether or not this classification is relevant. 

 As research tries to standardize trends of the neuroanatomy of ASD, other significant anatomical 

abnormalities were found regarding the amygdala16 27, hippocampus28, and cerebellum17 18.  Specific 

changes in size was found in hippocampal volumes of ASD subjects relative to controls but the changes 

had correlation to comorbidities associated with ASD17.   

 In the age group ranging from 7.5-12.5 years old, ASD subjects both with and without mental 

retardation had larger right hippocampal volumes compared to controls within the same age group16.  

Children in the ASD group without mental retardation also had larger left hippocampal volumes compared 

to controls16.  The hippocampus is a component of the limbic system and plays an important role in the 

consolidation of short-term memory into long-term memory16.  The findings of increased hippocampal 

volume particularly in the ASD subgroup without intellectual disability correlate to findings that have been 

observed as far back as when Kanner originally described autistic children in 194337.  Children with ASD 

were described as having an extraordinary ability to learn geography and long lists of facts37.  Caron et al. 

(2004) described ASD subjects' abilities at recalling details of maps to be superior to the abilities of control 

subjects38.  

 Another anatomical variation was found in the amygdala16.  Test groups were once again separated 
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by age and then subgroups of the ASD was classified as LFA and HFA and ASP.  An increase in the size of 

both the right and left sides of the amygdala were found in both LFA, HFA and ASP groups compared to 

control16s.  There was also a significant variation in size between the ASD and ASP groups.  The average 

size of the amygdala was 16% larger in the ASD group compared to the control group while in the ASP 

group the average increase was 9%16.  This once again shows a negative correlation between severity of 

disorder and size of the structure.   

 The classification of age groups was a significant factor in showing anatomical changes between 

ASD and controls because those changes found in the younger age group were not found in the older age 

group16.  Those in the older age group (12.75-18.5 years old) were found to have the same size amygdala 

as the control group16.  This difference in age points to a potential significance in temporal development of 

the amygdala.  The amygdala is a structure found in the medial temporal lobe of the brain and has been 

associated in the mediation of social behaviour among other things such as recognition of emotions, 

enhancement of memory for emotionally significant events, predicting reward values, and facial 

recognition7.  It is also the centre responsible for the detection of danger and the production of fear and 

anxiety (the latter being a common comorbidity)7 16. While the changes found in the amygdala would seem 

to correspond to the impairment of social behaviour found in both ASD and ASP, this association can be 

challenged when compared to patients with Urbach-Wiethe disease16.  Urbach-Wiethe is a rare recessive 

genetic disorder that causes calcification in the medial temporal lobes, notably in the amygdala essentially 

destroying it.  These patients do not exhibit any social impairment associated with ASD implying a more 

complex pathological process is taking place.   

 The cerebellum has been well documented in literature regarding autism8.  Anatomical 

abnormalities have routinely been found particularly within the vermis with the Purkinje cells being 

affected9 17 18.  Hypoplasia of the cerebellar vermis has been reported in multiple studies and the basis of the 

hypoplasia has been attributed to both smaller cell size and increased cell-packing.  This high-density, 

hypoplastic cell grouping is one of the most consistent findings in the anatomical research of autism thus 
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far.  The cerebellum's main function is motor control and coordination but it also has roles in cognitive 

function such as language.  The cerebellar abnormalities are similar to the cortical abnormalities mainly 

increase in volume of the overall structure9 21. 

 The neuroanatomical variations in various structures in the ASD subjects have been researched to 

find a general trend within the changes.  When medication-naive HFA subjects were tested, confounding 

factors such as grouping LFA and HFA groups together was removed as was anatomical-altering 

medication15.  Because many ASD individuals live with comorbidities and some neuroleptics are known to 

cause anatomical changes to multiple structures in the brain, subjects who haven't been exposed to these 

structure-altering drugs were tested and no significant differences were found between them and previously 

studied ASD groups4 15.  In other words, it is more likely the anatomical differences are inherent to ASD. 

 The basis of the increase in mass of grey matter in ASD is still largely speculative.  Many different 

ideas have been proposed about the etiology of the growth but nothing conclusive has been reached.  Many 

suggestive factors have acknowledged such as the hormonal imbalances.  Hyperserotonemia has been 

reported in autism36.  Serotonin has also been shown to block apoptosis36.  The normal neuronal apoptotic 

events that occur throughout childhood could be a major component of the precocious cranial growth that 

is observed in early life of ASD subjects.  That along with decreased axonal pruning and dendritic 

degeneration could be due to impaired regulatory factors in the excessive growth.    

 Significant findings in changes in white matter have also been documented14.  Studies in changes in 

white matter have found various abnormalities that can have wide-ranging implications in the disease 

processes of autism14 18 19.  The white matter implication comes from studies that have looked into its 

organization, maturation rate, and structural integrity19.  Because white matter is composed of myelinated 

axons and axons are responsible for signal transmission, changes in these structures can very well be 

responsible for the phenotypic manifestations of autism. 

 The core characteristics of autism are simple to define.  As stated previously they are defined as a 

decrease in social interaction, an abnormal development of language skills, and repetitive behaviour.  
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These actions require very complex neural interactions to be executed properly and require the activation 

of multiple areas of the brain1.  Social interaction requires an integrative processing between at least seven 

known distinct anatomical areas of the brain1 5.  Integrative processing requires a normal connection 

network between the multiple areas to carry out the complex task of proper social interaction5 7.  The 

cumulative effects of these distinct areas allow assessments of social environments to be accurately made 

so the individual can invoke an appropriate response to the particular stimuli1 5 7. 

 White matter studies have concluded abnormalities within the same regions where grey matter 

abnormalities have occurred14.  A major complication of having both grey and white matter changes is 

determining if one phenotypic change influenced the other18.  The question that rises is if white matter 

changes are directly causing grey matter changes or vice versa.  If signal processing is being altered in the 

white matter, does the grey matter respond to this disturbance by altering itself?  Do feedback mechanisms 

exist that allow grey matter to detect whether signals are properly sent or not?  Although these questions 

are highly speculative, they are just some of the many that are being raised based on the evidence that has 

been obtained thus far. 

 Bashat et al. have shown discrepancies in white matter maturation regionally within the brain20.  

Tests were performed on seventeen autistic children but the results were based on the youngest seven 

autistic children between the ages of 1.8-3.3 years20.  The study was focused on them because the abnormal 

changes seen in autism are mainly seen in the younger age groups20.  Maturation occurred in the posterior 

portion of the brain, namely the occipital lobe which has rarely been implicated in any case of autism20.  

The anterior portion of the brain experienced slower maturation which could potentially leave it vulnerable 

to developmental anomalies20. 

 Studies that have revolved around neuronal injury could also have implications in the development 

of autism.  The process of neuronal compensatory plasticity can possibly hold credence in the developing 

brain of an autistic child.  During normal neural development both neurogenesis and apoptosis are highly 

regulated, the implications of this regulation is to ensure the absence of abnormalities25.  In autism either 
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one or both of these regulatory processes is affected as is witnessed by precocious brain growth in early 

life1 21.  The brain clearly requires a high degree of regulation upon its development because without it 

symptoms of autism occur and the symptoms of autism have been linked to anatomic abnormalities1-22.  

The abnormalities could very well be the result of injuries incurred within the brain from its own lack of 

regulation in growth.  Research conducted by Hebb suggests that early brain injury can lead to 

maladaptive recovery because the early brain doesn't have distinct specialization to focus healing25 29.  In 

other words a more developed brain can respond to injury by trying to compensate for the distinct area that 

has been injured because that area has already been differentiated and has a functional role.  The early 

brain lacks this advantage so repair can lead to improper development later. 

 The concept of “crowding” is also a potentially relevant characteristic in brain injury and how it 

might relate to autism.  Crowding is the result of neural restitution and anatomical reorganization that 

occurs after injury25.  The functions of damaged tissue are diverted or crowded into properly functioning 

tissue.  This results in an overall depression of function25.  These various responses the brain makes to 

injury really do hold parallels to the autistic brain.  The brain most likely does not discriminate whether the 

source of injury is endogenous or exogenous so studies involving neural injury could very well shed light 

on the processes occurring in the autistic brain. 

  

 As the gross anatomy of neural structures of ASD subjects continue to be researched, the 

morphologies of the neurons and their respective connections are also being researched to further elucidate 

the possible genetic variations responsible for ASD30-32.  The structure and functions of neurons are an 

important stepping stone to the genetic basis of the disorder because the neuronal structures that are altered 

can be mapped back to the genes responsible for their development16 30-35. 

 

Changes in Shank Proteins 

 Shank proteins are structural proteins that are essential for proper synaptic development31.  They 
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are found in the post-synaptic density of excitatory synapses30.  The post-synaptic density is found on the 

dendritic spine of post-synaptic membranes and is responsible for mediating and regulating incoming 

signals and changing them accordingly30.  It is the basis of neuroplasticity with its ability to allow for 

complex processing of excitatory signals30.  Shank3 proteins have been of great interest after findings have 

shown alterations in their development lead to the core features of autism in lab mice31 32.  The Shank3 

mutated mice displayed social impairment and repetitive behaviour30 31. 

 The mutation of the Shank3 protein is believed to be one of many genetic abnormalities that 

contribute to the symptoms of ASD but its prevalence is not expected to be particularly high30.  With 

hundreds of genes being linked to autism the focus is turning now to the general trends the aberrations are 

presenting, that is mainly synaptic connectivity impairments in the regions of the brain responsible for 

social development30. 

 As genetic factors are further studied and the correlation between ASD and various other 

comorbidities are being established, the complexity of the genetic basis becomes more evident30-32.  Studies 

have shown consistent deficits in the number of Purkinje fibres in the cerebellar vermis being attributed to 

mutations of the Engrailed2 (En2) gene32.  Other genetic disorders such as fragile X35, Prader-Willi33, and 

Angelman syndromes34 have a high concomitant rate with ASD, implying potential overlapping genetic 

alterations between the various disorders6. 

 

Are There Early Warning Signs? 

Many retrospective studies have been made on autism by watching home movies of ASD subjects6 24 on 

their first birthdays before they were diagnosed with autism and comparing them to typically developing 

children6.  Factors such as gaze, showing, pointing (joint attention), and orientating to name were 

determinants that were able to distinguish ASD children from typically developing children6.  Orientation 

to name was a particularly powerful discriminator.   

 A few prospective studies were made with infants who were showing difficulty feeding early on and 
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then were closely followed over the course of their first year when they were then diagnosed with autism6.  

The major abnormality that was observed up until the 6th month was the feeding problem that was 

attributed to an oral motor deficit6.  Social regression was the next major change to occur in the child's 6th 

month5 6.  By 13 months the child displayed many more symptoms associated with autism including 

language delay, impairment in social interaction and repetitive behaviour5 6.  

 Another prospective longitudinal studies tracked the children's head circumference over the course 

of 36 months12.  The study showed head circumference at birth to be normal in all children but by the first 

birthday ASD subjects had significantly larger heads, indicating accelerated brain growth.  After the 1st 

year there is a marked deceleration in brain growth shown indirectly by a decelerated increase in cranial 

circumference11 12.  There was an overlap found in the accelerated/decelerated abnormal growth and the 

symptoms of ASD11 12 13.  

 The accelerated growth of the head during the first year of life precedes the loss or delay in the 

acquisition of skills which coincide with the deceleration observed after the first birthday11.  The social 

skills, cognitive behaviour and interactions and reactions of the ASD subjects were noted on videotape on 

their 1st and 2nd birthdays6.  The skill sets displayed by the children on their 1st birthdays were nearly 

identical to those of the control subjects but by the 2nd birthday noted regression in the social interaction 

and cognitive declines were noticed6.   

Developmental Disorders in Dynamic Situations 

It is very important to track the signs and symptoms of ASD throughout its early development to help 

diagnose then treat the child but further investigation in dynamic, real-time situations has recently become 

possible.  A major landmark discovery in behaviour patterns in autism was discovered when eye-tracking 

studies were made to help understand ASD subjects' perspective and emotional responses to environmental 

stimuli24. 

 Eye-tracking along with fMRI studies have shown decreased function of the fusiform gyrus in ASD 

subjects24.  The fusiform gyrus is found in the temporal lobe and the lateral aspect in particular is activated 
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upon facial recognition, this area is known as the fusiform face area (FFA)23 24 26.  In typically developing 

people, the FFA is activated upon the recognition of a face23 26.  The difficulty of recognition coincides with 

the level of activation of the FFA.  In other words, the FFA acts like a dimming switch and increases its 

activation on faces that are more difficult for the individual to recognize.   

 Insight to how ASD subjects respond to socially dynamic situations was observed by Klin et al 

(2003) when they presented a scene from a movie to ASD subjects of the HFA subgroup and compared 

their eye movements to those of the control groups, significant differences were observed25 26.  In a scene 

where a young man and woman are sitting in a room and the young man produces an emotional outburst 

the eyes of the control group were all tracked to the eyes of the man.  The eyes of the ASD subjects were 

tracked overwhelmingly to the mouth of the man.  When both areas observed were isolated from the rest of 

the face, it was clear the eyes provided the greatest amount of information of the emotional reaction of the 

man while the mouth provided ambiguous information at best (see figure).  The reaction of the man was a 

response to a bottle being smashed in the previous shot24.     

 The eye movements of ASD subjects compared to controls show a deficiency in spontaneous 

assessments of high-yield evidence provided to determine what the emotional parameters of a situation 

are24.  In other words, the eyes told us the most about the man's exasperation and they were used as the 

visual cue to help the control group recognize this but the ASD group didn't have the capacity to utilize this 

cue.   

 The implications of being able to study reactions of autistic individuals in socially dynamic 

situations is a very important component in the continuing research to understand the actions and reactions 

of ASD subjects in everyday life.  The importance of studying ASD subjects' reactions to social dynamism 

was highlighted when joint attention impairment was observed.  Joint attention is a process where one is 

alerted to an object or stimulus by another individual via non-verbal communication, in this case by 

pointing24.  Another scene from the movie showed a man pointing to a picture on the wall and asking 

another man “Who did the painting?”  When this scene was shown to the control group they were able to 
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follow the finger to the picture on the wall.  The ASD group was tracked and found to not follow the finger 

but the verbal cue but because there were multiple pictures on the wall their eyes were wandering between 

the various pictures until further verbal cues were given to specify what picture was being put into 

question24.   

 The results of this observation showed an inability to use joint attention to track the object that was 

being searched.  When asked about the purpose of pointing, the ASD subjects were able to give 

comprehensive explanations that pointing to something is meant to draw attention to the object being 

pointed at24.  The understanding is there and can be expressed in a static situation but cannot be applied in 

a dynamic situation.  The use of eye-tracking allows for a greater understanding of ASD responses to 

environmental stimuli that would not be expected based on the knowledge possessed of the meaning of the 

stimuli presented.  With these new imaging techniques studies can further elucidate between the 

discrepancies made in the response and reactions of ASD groups to static social situations compared to 

dynamic social situations. 

  

Conclusion 

 The characteristics of ASD have been studied on behavioural, anatomical, histological, molecular, 

hormonal, and genetic levels1-32.  As a greater understanding of the underlying aberrations is becoming 

more apparent, the search for the etiological factors behind the aberrations is becoming more complex.  The 

variability in anatomical and genetic abnormalities that have been observed thus far in subjects exhibiting 

symptoms associated with ASD give credence to the heterogeneity of the disorder1.  Many genetic and 

environmental implications have already been hypothesized and further studies ranging from imaging to 

genetic mapping must be made to develop an overall understanding of the various factors that can be 

responsible for development of ASD32.  With technological advancements studying ASD subjects has 

become much more intricate and allows for a better objective understanding of their responses to 

environmental factors.  Technologies such as eye-tracking have allowed research to reveal discrepancies 
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between how ASD subjects react to stimuli and how they know they should act to stimuli24.  Without eye-

tracking it would have been difficult to assess the dynamic reactions of ASD subjects because many do 

understand what an appropriate response should be but many lack the ability to execute it.  Having 

effective tools that allow for research of ASD subjects in various social paradigms can guide different 

forms of testing.  Functional magnetic resonance imaging has shown the fusiform gyrus is not used for 

facial recognition by ASD subjects23-26.  Eye-tracking has shown ASD subjects do not pay attention to 

facial cues24.  This can then direct genetic testing to focus on the genes associated with the development of 

the fusiform gyrus and histological sampling can show structural changes, if any, in the area23.   

 Studies done on ASD thus far have been done on multiple levels ranging from social research going 

all the way to the genetic basis of the disorder.  The time has come to integrate the different studies to 

develop a more concise understanding of the pathophysiological processes of ASD.  There is overwhelming 

evidence showing abnormal cranial growth in early life1.  It is time to look at the genetic component 

responsible for this growth.  As well there is overwhelming evidence showing abnormal development in 

areas of the frontal and temporal lobes21.  The next step is to find the evidence that links these anomalies to 

the behavioural differences and ultimately determine whether genetic, environmental or both are factors in 

the ontogeny of the disorder.  With an integration of the knowledge obtained thus far, a more clear and 

concise trajectory can be set to further enhance the knowledge of this complexities and heterogeneity of this 

disorder.  
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