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Abstract
Autism Spectrum Disorder（ASD）is a widely recognized neurodevelopmental disorder that has 

gained recognition among both the general public and professional groups such as physicians and 
researchers. However, with this increasing awareness, some individuals have begun to suspect that 
they may be autistic based on their own knowledge and understanding. This suspicion can lead to 
unnecessary anxiety and other difficulties in one’s life. A simple objective method of assessment 
prior to formal diagnosis would be beneficial for those who suspect they may have autism. Thus, we 
posited that measuring brain function would be a viable candidate for this. As a preliminary study, we 
evaluated the brain function of an individual who suspected he may be autistic using our developed 
estimator of human characteristics. Additionally, we also compared this individual to a cohort of typical 
subjects based on functional networks consisting of previously identified ASD-related brain regions. 
The individual was determined to be typical by our estimator, however, the comparison with the 
normal group indicated deviation in brain regions such as the precuneus and ventral prefrontal cortex 
from the normal group. These results suggest that the individual is considered normal, but some brain 
functions may deviate from the normal group. Brain function measuring may be a good assessment 
method for those who suspect they may have autism.
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(Introduction）
Autism Spectrum Disorder（ASD）is a neurodevelopmental condition1, 18） characterized by a 

plethora of behavioral deficits, including difficulties with communication7,16,22）and social interactions9,11）, 
as well as restrictive or repetitive patterns of behavior19,20,25）.

ASD is now recognized as a significant societal problem. Knowledge about ASD has become 
widely disseminated among the general public as well as among professionals such as physicians and 
researchers. Alongside this societal trend, some individuals have begun to suspect that they may be 
autistic based on their own knowledge and understanding.

Similarly, in the case of dementia, another major societal problem, the general public has become 
quite knowledgeable, and some individuals are now self-assessing their dementia based on their 
memory in everyday life, a phenomenon known as subjective cognitive impairment. This self-reported 
experience of memory deterioration or loss is relatively objective and assessable.
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However, in the case of ASD, it is less clear what clues an individual may use when he or she reports 
that he or she is likely autistic. There is no corresponding term to subjective cognitive impairment 
in the case of ASD. Suspicion that one may be autistic can engender unnecessary anxiety and other 
obstacles in one’s life. An objective method of assessment, prior to professional diagnosis, would benefit 
those who suspect they may have autism.

In this study, in order to examine the possibility of developing an objective and simple evaluation 
method, we sought to determine whether there are any differences in the brain of an individual who 
suspects they may have autism from the brains of other individuals.

In a prior study, we identified functional brain networks by measuring activity at the resting brain 
using functional magnetic resonance imaging（resting-state fMRI）that reflect human characteristics 
such as social, cognitive, and emotional quotients, and also developed a machine learning algorithm 
which can estimate these human characteristics.

We attempted to evaluate the brain function of an individual who suspects he may have autism 
using this estimator. Additionally, we compared the functional brain connectivity of this individual to 
that of typical subjects based on brain regions previously identified as being associated with ASD.

(Materials and Methods）
MRI experiments

This study was approved by the Institutional Review Board of Tohoku Fukushi University（RS190607）. 
Twenty-four healthy volunteers, with an average age of 22.8±2.0, participated in the study. Of these, 
12 were male and 12 were female. Twenty-three participants were typical subjects, while one was a 
self-identified individual suspected of having autism spectrum disorder（ASD）. MRI measurements 
were conducted using a 3-Tesla MRI scanner（Skyra-fit; Siemens）with a 20-channel matrix head 
coil. Both structural and functional images were acquired. The parameters for structural images were 
as follows: repetition time of 1900 ms, matrix size of 256×256, in-plane resolution of 1×1 mm², slice 
thickness of 1 mm, and a total of 192 slices. The imaging orientation was sagittal. For functional images, 
the following parameters were used: repetition time of 1000 ms, echo time of 24 ms, matrix size of 64×
64, in-plane resolution of 3.4×3.4 mm², slice thickness of 3.4 mm, and a total of 480 volumes. During the 
resting-state fMRI session, subjects were instructed to lie on the bed, keep their eyes open, and avoid 
thinking about anything in particular while gently focusing their eyes on the center of the visual field. 
The room lights were turned off during all MRI scans.

The assessment of ASD and functional connectivity was calculated from the resting-state fMRI data.

Data analysis
The resting-state fMRI image data were preprocessed using the DPABI software. The preprocessing 

steps included slice-scan time correction, 3D motion correction（with a maximum threshold of 1.5 
mm and 1.5 degrees）, removal of head motion effects using the Friston 24-parameter model, bandpass 
temporal filtering（between 0.01 and 0.1 Hz）, and artifact rejection based on the CSF signals. The 
two-dimensional functional images were then incorporated into 3D anatomical images and spatially 
smoothed using a full width at half maximum（FWHM）of 5.0 mm. Correlation was calculated in 
Matlab（Mathworks Co, Natick, USA）between 17 ASD regions of interest（ROIs）identified in our 
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previous study.23）. The correlation was compared between the 23 typical subjects and the self-identified 
individual suspected of having autism spectrum disorder（ASD）. The regions identified are listed 
in Table 1. The assessment of whether the self-identified individual suspected of having autism was 
conducted using a home-made toolbox, called human characteristics estimator, which was developed 
using the algorithm for estimating human characteristics reported in a previous study. 24）.

(Results and Discussions）
The values for ASD-related characteristics estimated by the resting state fMRI data of self-identified 

individuals suspected of having ASD were in the median range of 3 to 5 out of a possible range of 1 
to 8, with a minimum estimated value of 1 and a maximum of 8. The ASD-related networks identified 
were social skills, attention switching, attention to detail, and communication24）. This suggests that the 
individual who self-identifies as having autism may not have the condition. The analysis of connectivity 
was performed by comparing edges（correlation values between 17 brain regions associated with 
autism）between the self-identified individuals and 23 normal subjects. It revealed significant 
differences at 21 out of a total of 136 edges. Three edges had values above the maximum of the normal 
group（Fig. 1a）and 18 edges had values below the minimum of the normal group（Fig. 1b）（two 
sample t-test, p<0.05）. These results suggest that brain function related to those edges（or brain 
regions）may be different in the self-identified individual as compared to other normal subjects. The 
connectivity networks consisting of those edges are shown in Figure 2. The figures show that, among 
the brain regions that make up the edges showing significant differences, the left medial frontal cortex 
and the left precuneous cortex are major hubs of the networks in which they are involved.

The precuneous cortex is known to be involved in various functions such as self-consciousness10）, 
episodic memories related to the self14）, visuospatial processing relate to attention4）and executive 
processing related to response inhibition15）. Previous studies have found the precuneous cortex in 
relation with ASD. The medial frontal cortex（ventro-medial prefrontal cortex）is also known to be 
involved various functions such as emotion regulation8, 12）and decision making2）. This medial frontal 
cortex has been found to be associated with ASD in developmental studies and meta-analysis studies17, 26）.

The estimated values reflect sub-parameters of social skills, attention switching, attention to detail, 
and communication that are associated with autism. Based on this evaluation, the self-identified 
individuals may be considered normal. Therefore, the ASD-related values estimated by the human 
characteristic estimator suggest that the self-identified individuals suspected of having autism may 
not have the condition. However, the comparison of functional connectivity based on brain regions 
associated with autism suggests that there may be differences in some brain functions when compared 
to other normal individuals. The connectivity comparison also suggests the possibility of abnormality 
in some brain functions related to brain regions belonging to the networks such as the precuneous and 
prefrontal cortices.

Taken together, although this study is a case study of one self-identified individual suspected of 
having autism and the results are preliminary, it suggests that even a person who is considered normal 
may have some abnormal brain function locally. The results also suggest that the assessment of autism 
by the estimator may be improved by including brain regions and their functional networks in future 
updates.
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Figure 1. �Distribution of edge values（correlation values）of normal group and the self-identified individual 
suspected of having autism.（a）self-identified individual > maximum of normal group（b）self-identified 
individual < minimum of normal group. The red stars represent the self-identified individual.
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Figure 2a

Figure 2b

Figure 2. �Networks consisting of the edges of Figure 1.（a）network of Figure 1a（b）network of Figure 1b. Brain 
regions corresponding to the numbers can be found in Table 1.
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Table 1. The brain areas related to ASD identified from Neursynth23）.
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