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Abstract: Autism spectrum disorder (ASD) is characterized by various symptoms including impaired social interactions, 

unusually repetitive behaviors, and highly restricted interests etc. People with ASD differ significantly on their clinical profiles 

and the causes of such individual differences are not yet fully understood. The present paper provides an overview of the 

causes of individual differences in ASD from three different perspectives: genetic, environmental, and neurobiological 

perspectives. The present paper also describes one study design in detail within each perspective (i.e., classical twin design, 

epidemiological case-control design, and magnetic resonance imaging), and explains how each study design is informative 

about the causes of ASD.  
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1. Introduction 

Autism spectrum disorder (ASD), also known as autism, is a complex neurodevelopmental disorder that 

emerges early in life and is associated with long-term disabilities [1]. Symptoms of ASD include impaired 

social communication and interaction, highly restricted interests, unusually repetitive behaviours, and 

varying degrees of intellectual disability [2]. Manifestation of autism symptoms can be highly heterogeneous. 

Affected individuals may differ significantly on their clinical profiles [3]. The causes of individual 

differences in vulnerability to ASD are not yet fully understood. To provide a comprehensive overview of 

the aetiology of ASD to date, the present essay aims to draw evidence from three different perspectives:  

genetic perspective, environmental perspective, and neurobiological perspective. Within each perspective, 

the present essay will outline one specific study design that is used to investigate the respective perspective. 

The study designs include classical twin study, epidemiological case-control study, and magnetic resonance 

imaging (MRI). 

 

2. Genetic perspective 

Twin studies of autism conducted from 1970s onwards have revolutionized the way people understand the 

determinants of ASD [4]. Results from twin studies were the first clear evidence that genes play a substantial 

role in the aetiology of ASD [5]. One of the most extensively used study design in behavioural genetics is 

the classical twin study [6]. The classical twin method draws a comparison between two types of twin pairs, 

monozygotic (MZ) and dizygotic (DZ) twins. MZ twins are derived from the same fertilised egg and 

therefore are genetically identical, whereas DZ twins are derived from two separate fertilised eggs and thus 

share 50% of their genetic material [6]. By comparing MZ and DZ twins reared together, the classical twin 

design can untangle the relative contribution of genes from environmental effects in ASD [6].  
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In a pioneering twin study, Folstein and Rutter [7] analyzed 21 twin pairs. They reported that the MZ 

twins were 36% concordant for autism, while the concordance rate for DZ twins was 0% – that is, one met 

the criteria for autism diagnosis, the other did not. Such result illustrates the importance of genetic 

influences in the causes of autism [7]. However, the sample size of this early twin study was rather small. In 

a more recent twin study, researchers recruited 277 twin pairs and the concordance rate for ASD was 

significantly higher in MZ twins – 88% in MZ twins compared to 31% in DZ twins [8]. In addition, in a 

population-based twin study, 37570 twin pairs were analyzed, and it was reported that the heritability rate 

of ASD was estimated as 87% [9]. Taken altogether, the results from classical twin studies demonstrated a 

strong genetic influence in the causes of ASD, suggesting that autism is a highly heritable disorder.  

Nonetheless, like any other study design, the potential limitations of the classical twin study should be 

noted when interpreting its findings. One major limitation is the generalizability of twin studies. It is 

important to consider whether the samples drawn from twins are representative of the general population 
[4]. However, apart from twin studies, studies using other designs such as family study also support the 

important role of genes in ASD by demonstrating that increased genetic relatedness associates with 

increased risk for ASD [10]. 

 

3. Environmental perspective 

Since the concordance rate for ASD in MZ twins was never 100%, it suggests that some other factors other 

than genetics were also involved in the development of autism. Studies of ASD have shown that 

environmental risk factors play a small to moderate but potentially causal role [4]. One study design that is 

often used to investigate environmental factors of ASD is epidemiological case-control design, which 

assesses the association between an exposure to risk factors and an outcome [11]. By comparing frequency 

of exposure in case participants to control participants, researchers seek to determine whether the exposure 

to risk factors may have contributed to the onset of the condition [12].  

Evidence have indicated that individual vulnerability to ASD may be increased through environmental 

factors such as maternal diabetes and advanced paternal age. In a recent case-control study, Connolly et al. 
[13] compared mothers of children with diagnosed ASD to mothers of children without any developmental 

disorder. The results showed that maternal diabetes was significantly associated with an approximately 1.5-

fold increased likelihood of ASD in the offspring [13]. Another risk factor associated with increased 

vulnerability to ASD is advanced paternal age. Frans et al. [14] conducted a population-based case-control 

study with 5936 individuals affected with ASD and 30923 unaffected individuals. The results suggested 

that paternal age over 35 years at birth was associated with significant risk increase of ASD in offspring, 

and the highest risk was found in paternal age 50 years or older [14]. A possible explanation behind the 

paternal age effect is that the association may be explained by an increased rate of de novo mutation in 

older father’s sperm, and such genetic mutations were found to increase the risk for autism [14]. 

However, findings from epidemiological case-control studies should be interpreted with caution due to 

limitations in the design. A major limitation of case-control studies is that they may suggest an association, 

but they do not illustrate causation [11]. Further studies are needed to demonstrate the cause-effect 

relationship between exposures to environmental risk factors and increased risk of ASD.  

 

4. Neurobiological perspective 

The causes of ASD could also be discussed from a neurobiological perspective, where the individual 

differences in vulnerability to autism are observed in the brain. One study design that is often used to 

investigate brain-based differences is MRI. MRI is a type of non-invasive imaging technique that can yield 

detailed three-dimensional images of the brain by using strong magnetic fields and radio waves [15]. It can 

aid our understanding of the individual vulnerability to autism by showing how the brain deve lops
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structurally different in people with ASD, and thus providing insight into the underlying neural mechanisms 

of autism [2]. 

In a longitudinal MRI study, Langen et al. [3] scanned participants with ASD and control participants 

at the mean age of 9.9 years and 12.3 years. The results indicated that, compared to the controls, participants 

with ASD showed an increased growth rate of striatal structures, and repetitive behavior – a core symptom 

of ASD – was correlated with faster growth rate of striatal structures. These findings demonstrate how 

altered neural development is associated with autism. However, this MRI study is retrospective in nature 

since autism can often be diagnosed at age of 2. Thus, it is not clear whether it is change in brain 

development that is driving the repetitive behavior or the other way around [3]. In a prospective MRI study, 

MRI scans were obtained from infants who are at high risk of developing ASD, that is, those with an older 

sibling diagnosed with ASD [1]. The infants were scanned multiple times during the first 24 months of their 

life, and the behavioral assessments for ASD was carried out at age 24 months. It was found that the 

development pathways for white matter fiber tracts differed significantly between infants who received a 

diagnosis of ASD at 24 months compared with infants not diagnosed. Such finding suggests a 

neurobiological foundation of ASD since the altered white matter pathways began before the onset of core 

behavioral symptoms in autism [1]. 

 However, MRI studies should also be interpreted in mind with its limitations. First, ASD participants 

recruited for MRI studies are often those without intellectual disability so that they can complete MRI scans 

successfully. This might make the results less generalizable to the broader population of individuals with 

autism [16]. Additionally, to date, findings from MRI are not definitive and since MRI studies have been 

particularly difficult to replicate, more work needs to be done before findings from MRI studies can be 

reliably used as biomarkers of ASD [2]. 

 

5. Conclusion 

In conclusion, taken the aforementioned genetic, environmental and neurobiological perspectives together, 

the causes of individual differences in vulnerability to ASD are not yet clear-cut. Each perspective has 

contributed to the underlying mechanisms of autism to a certain extent as shown by twin studies, 

epidemiological case-control studies and MRI studies in the present essay. It will be of importance for 

future research to continue deepening our understanding of the causes of ASD.  
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