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Introduction: Autism spectrum disorder (ASD) is a neurodevelopmental disorder with 
symptoms appearing from early childhood. Behavioral modifications, special education, and 
medicines are used to treat ASD; however, the effectiveness of the treatments depends on 
early diagnosis of the disorder. The primary approach in diagnosing ASD is based on clinical 
interviews and valid scales. Still, methods based on brain imaging could also be possible 
diagnostic biomarkers for ASD. 

Methods: To identify the amount of information the functional magnetic resonance imaging 
(fMRI) reveals on ASD, we reviewed 292 task-based fMRI studies on ASD individuals. This 
study is part of a systematic review with the registration number CRD42017070975.

Results: We observed that face perception, language, attention, and social processing tasks 
were mainly studied in ASD. In addition, 73 brain regions, nearly 83% of brain grey matter, 
showed an altered activation between the ASD and normal individuals during these four tasks, 
either in a lower or a higher activation. 

Conclusion: Using imaging methods, such as fMRI, to diagnose and predict ASD is a great 
objective; research similar to the present study could be the initial step.
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1. Introduction

utism is a cognitive impairment involved in 
a spectrum of heterogeneous neurodevel-
opmental disabilities. It is characterized by 
possible difficulties, including impaired so-
cial interactions, significantly isolated liv-

ing conditions, language difficulties, degraded face rec-
ognition, abject empathy, and constrained and repetitive 
behaviors, thoughts, and actions (Spencer et al., 2011). 
There are usual therapeutic methods used to treat ASD, 
such as multiple pharmacological treatments and target 
maladaptive co-occurring conditions, behavioral inter-
ventions, and advanced adaptive skills (Zwaigenbaum 
et al., 2015); however, treatment is more successful if it 
begins in the earlier stages of the disease. Early diagno-
sis means an early intervention and treatment, showing 
the impacts earlier. The affected children benefit from 
this early treatment before they reach their maximum 
brain plasticity and neural development (Calderoni et 
al., 2016; Dawson et al., 2010) controlled trial to evalu-
ate the efficacy of the early start Denver model (ESDM). 

There is no generally accepted diagnostic biomarker for 
autism (Howsmon et al., 2017). A biomarker is a charac-
teristic objectively measured and evaluated as an indica-
tor of normal biological processes, pathogenic processes, 
or pharmacologic responses to a therapeutic interven-
tion. The new biomarkers are expected to optimize or 

improve the current behavioral ASD diagnosis and early 
recognition of the pathological conditions; however, 
none of the ASD biomarkers has yet represented enough 
accuracy and specificity to be construed as clinical utility 
(Walsh et al., 2011). Accordingly, researchers have tried 
neuroimaging biomarkers to achieve an earlier diagnosis 
and enable earlier intervention (Zheng et al., 2017).

Functional magnetic resonance imaging (fMRI) is a 
non-invasive method capable of identifying the pattern 
and extent of activity of brain areas during a cognitive 
function (Batouli & Sisakhti, 2020). The popularity of 
fMRI is primarily due to its widespread availability, non-
invasiveness, low cost, and appropriate spatial resolution 
(Glover, 2011). It has shown many research applications, 
namely in studies relevant to imaging genetics (Sachdev 
et al., 2013), addiction (Zare Sadeghi et al., 2017), lan-
guage (Alemi et al., 2018), memory (Batouli & Sisakhti, 
2019), emotion regulation (Batouli & Saba, 2020), 
motor function (Batouli et al., 2016), sensory function 
(Parker et al., 2018), and vision (Schindler & Bartels, 
2018). In addition, numerous reports are available on the 
clinical applications of fMRI. Examples include depres-
sion (Neufeld et al., 2018), bipolar disorder (Li et al., 
2018), Alzheimer (Oghabian & Batouli, 2010), aging 
(Batouli et al., 2009), autism (He et al., 2018), epilep-
sy (Klugah-Brown et al., 2018), and coma (Tomaiuolo 
et al., 2016). It is also used as a biomarker for various 
diseases (Batouli et al., 2021; Batouli et al., 2020; Grei-

Highlights 

• This study reviewed the task-based functional magnetic resonance imaging (fMRI) studies on autism spectrum 
disorder (ASD).

• This study identified the fMRI tasks mostly used to study ASD.

• This study identified 73 brain structures that showed an altered activation in fMRI in ASD.

• This study provided biomarkers for predicting or diagnosing ASD using fMRI.

Plain Language Summary 

Autism is a neurodevelopmental disorder. It affects many cognitive abilities of children and adults, such as social 
communication. There are methods to treat autism; however, the treatment would be more efficient if started at earlier 
ages. Accordingly, an early and reliable diagnosis is necessary. Among the several methods for diagnosing autism, 
brain imaging can be good because of its advantages, such as being non-invasive and trustworthy. In this study, we 
reviewed the task-based functional magnetic resonance imaging studies to see if this imaging modality would help 
diagnose autism. The results of the work proved the hypothesis by demonstrating 73 brain structures to show a dif-
ferent activation between the individuals with autism and the average population. Future studies will benefit from our 
findings in diagnosing and predicting autism.
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cius et al., 2004), to monitor a therapy (Richards & Ber-
ninger, 2008) or to study the pharmacological efficacy 
(Wise & Preston, 2010).

In a literature review, we identified 18 studies that had 
reviewed the MRI studies on ASD. The studies were 
primarily focused on examining the findings on autism, 
aiming to improve the diagnosis accuracy. Among these 
studies, three articles were focused merely on the results 
of structural MRI in autism (Baribeau & Anagnostou, 
2013; Pagnozzi et al., 2018; Palmen & van Engeland, 
2004), two articles reviewed resting state fMRI works 
(Jack, 2018; Li et al., 2017), and among the 12 studies 
which examined the task-based fMRI studies on autism, 
11 studies were old (more than six years ago) (Anagnos-
tou & Taylor, 2011; Brambilla et al., 2004; Cody et al., 
2002; Dichter, 2012; Mueller et al., 2012; Philip et al., 
2012; Pina-Camacho et al., 2012; Stigler et al., 2011; Ver-
hoeven et al., 2010; Voineagu & Yoo, 2013; Williams & 
Minshew, 2007), and only five articles provided biomark-
ers for autism diagnosis. Except for one study (Philip et 
al., 2012), none provided a map in which the fMRI find-
ings on ASD were summarized. The study by Philip et 
al. (Philip et al., 2012) is an excellent attempt to provide 
neuroimaging biomarkers for ASD. In this meta-analysis 
of 95 fMRI papers on ASD, six categories of cognitive 
functions were of interest: Motor, visual, executive, audi-
tory, social, and complex cognition functions. Using the 
activation likelihood estimation algorithm, they provided 
maps in which the brain areas with higher and lower acti-
vation probabilities in the ASD group were compared to 
those of typically developing individuals. The maps and 
the primary brain areas of difference were provided for 
all the six groups of cognitive functions.

In using any diagnostic method for ASD, having ac-
cess to the most reliable and frequent biomarkers is 
necessary. Accordingly, this study reviews the available 
task-based fMRI studies on ASD with the following ob-
jectives: Identify the cognitive functions that are mainly 
studied in ASD patients; evaluate the potentials of fMRI 
for ASD diagnosis; and identify the differences of fMRI 
maps between ASD and normal individuals as diagnos-
tic biomarkers. A biomarker in this study is defined as 
a brain area that shows a different activation pattern in 
fMRI in the ASD group compared to expected.

2. Materials and Methods

Data sources 

The PubMed and Science Direct databases were 
searched to identify relevant studies with no date limi-

tation. Different combinations (AND/OR) of the fol-
lowing keywords were used for the search: “Functional 
MRI”, “brain functionality”, “task-based fMRI”, “brain 
networks”, autism spectrum”, “ASD”, “PDD”, “perva-
sive developmental disorder”, “autistic”, and “asperger”. 
This search resulted in 651 papers. Due to the large num-
ber of studies in our initial search, a manual search of 
the references of the selected studies was not performed 
for missing documents. Our detailed search strategy is 
provided while registering for the study.

Study selection

The title, abstract, and full text of the identified manu-
scripts (if needed) were studied to select the appropriate 
reports. The studies with the following conditions were 
initially excluded: Non-human studies; studies on dis-
eases other than ASD or only on patients without aver-
age population; any imaging modality other than fMRI; 
and resting-state fMRI or functional/effective connectiv-
ity analyses. The inclusion criteria were as follows: 1) 
Published in a peer-reviewed journal; 2) Written in the 
English language; 3) A comparison between autistic and 
typically developed individuals using task-based fMRI; 
3) Having a fully and clearly explained methodology, 
and 4) Reporting the brain areas with a different acti-
vation between the normal and ASD individuals in the 
considered fMRI stimulus.

These criteria resulted in 292 papers. The papers were 
categorized in terms of their evaluated cognitive func-
tion, and the number of documents in each category was 
as follows: Language=26; facial expression=21; atten-
tion=17; reward=17; theory of mind (TOM)=16; social 
cognition=15; face processing=13; eye gaze=13; emo-
tion=13; social interaction=11; working memory=11; 
decision making=9; sensory processing=9; executive 
function=8; inhibition=8; visuospatial processing=8; 
face detection=7; location detection=7; response moni-
toring=7; body motion=7; imitation=6; social percep-
tion=5; pain=5; mirror neurons=4; learning=4; voice 
processing=4; temporal discounting=2; self-face pro-
cessing=2; counting=1; restricted interests=1; object 
recognition=1; judgment=1; mentalizing=1; physical 
condition=1; cognitive flexibility=1; geometric reason-
ing=1; analogical reasoning=1; self-evaluative pro-
cessing=1; change detection=1; deviance detection=1; 
novelty detection=1; empathy processing=1; spatial 
working memory=1; gesture expression=1; and mental 
rotation=1.
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Given the high number of papers, we selected four cat-
egories of the stimulus types with the highest number of 
studies. As a result, facial expression, face processing, 
and face detection papers were regarded as category one 
(n=41), social cognition, social interaction, social percep-
tion, and theory of mind studies were considered as cat-
egory two (n=47), language was category three (n=26), 
and attention was selected as category four (n=17).

Quality check

The quality of the included studies was checked. In 
this process, each study was scored from 0 to 12, with 
a higher score showing a better quality. This assess-
ment included questions on the following items: a) Case 
definition being adequate (score: 0, 1, 2); b) How much 
the patient group represented the community of ASD 
(score: 0, 1); c) How the control group participants were 
selected (score: 0, 1, 2); d) Adequate definition of the 
control group (score: 0, 1); e) How comparable were the 
patient and control groups regarding the statistical anal-
ysis (score: 0, 1, 2); f) How reliable were the imaging 
and neurocognitive instruments and task (score: 0, 1, 2); 
g) the patients and controls being assessed in a similar 
methodology (score: 0, 1); and h) How the non-partici-
pation rate of the study was (score: 0, 1). Based on this 
assessment and the scoring instructions, all the included 
papers received a score above 9.

Data extraction

The following information was extracted from each 
article: I) Study: Authors, journal, originality, study 
design, number of sessions, and any intervention; II) 
Participants: Inclusion and exclusion criteria, number 
of cases and controls, age, gender, and handedness; III) 
Data acquisition: Type of MRI machine and head coil, 
details of the imaging protocol, and the fMRI task; IV) 
Outcome measures: Number and name of the outcome 
measures, the analysis software, other tests; and V) Find-
ings: Results, conclusion, and the suggested biomarkers. 
As provided in Table 1, the primary information extract-
ed from each study was the name of the brain areas that 
showed an altered (higher or lower) activation between 
the ASD and control groups during the cognitive tasks.

Data mapping

To visualize the brain structures that showed an altered 
activation between the normal and ASD groups in the 
four cognitive functions of interest, we prepared two 
maps for each of the cognitive functions. The resulting 
eight maps are illustrated in Figure 1. The maps in warm 

colors show the brain areas with higher activation in the 
ASD group. In comparison, the maps with cool colors 
demonstrate the brain structures with lower activation 
in ASD individuals compared to normal subjects. The 
intensity of colors in each map is also proportional to 
the number of reports for each structure. In other words, 
the maps provided in Figure 1 first illustrate the brain 
regions that showed a different activation between the 
ASD and normal individuals, and second, the brightness 
of the colors in the maps are in proportion to the number 
of reports on each region; a brighter yellow or a brighter 
blue shows that higher number of studies had reported 
changes in the activation of that particular brain area.

Preparing the maps was based on the methods of our 
previous study (Batouli & Saba, 2017; Razavi et al., 
2021). Accordingly, a region of interest (ROI) was first 
created for each brain structure using the automated 
anatomical labeling atlas in the Montreal Neurologic 
Institute (MNI) space. It was performed using the “wfu 
pickatlas” toolbox in the MATLAB software (Maldjian 
et al., 2003). For structures whose ROI was unavailable 
in the automated anatomical labeling atlas, the creation 
and extraction of the ROIs were performed using the 
“Freeview” toolbox of the “Freesurfer” package soft-
ware, version 5.3a). The global brain measures and the 
total lobar volumes from these maps were excluded bet-
ter to understand the single brain areas with an altered 
activation. Next, the ROIs were added together to make 
a map, using codes written in the “SPM12” toolbox in 
the MATLAB software, version R2016a.v9.0) which 
showed the brain areas with lower or higher activation 
in the ASD group in any of those cognitive functions. 
As stated above, the intensity of colors here was propor-
tional to the number of reports for each brain structure. 
The resulting maps are illustrated in Figure 1.

In addition to the maps which showed the areas of the 
brain with an altered activation, we identified the ratio of 
the grey matter of the brain that is showing a functional 
change in the ASD group. In other words, the aim was 
to estimate and illustrate the amount of overlap between 
the grey matter tissue of the brain and the brain areas 
with an altered activation in fMRI. First, the normaliza-
tion of the ROI maps of Figure 1 to the MNI space was 
performed. Next, the MNI atlas (Montreal Neurologic 
Institute; MNI152 template) was segmented into its dif-
ferent tissue types, including grey matter (GM), white 
matter (WM), cerebrospinal fluid (CSF), and three other 
tissue types, using the “Segment” toolbox in “SPM12”. 
Finally, using a code in MATLAB, the number of voxels 
in the brain function maps which had an overlap with the 
grey matter tissue of the brain was counted and reported 
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in proportion to the total number of voxels in the GM 
map. Hence, a ratio was estimated that illustrated the 
portion of the GM tissue of the brain which showed an 
altered activation in the cognitive functions of interest. 
These maps are illustrated in Figure 2.

3. Results

Summary of the included studies

There were 131 case-control studies in the four select-
ed cognitive functions. A total of 2953 patients and 2799 
typically developing individuals were evaluated. Of this 

Batouli., et al. (2023). Autism Biomarkers in fMRI. BCN, 14(5), 585-604.

Figure 1. Illustration of the brain areas with an altered activation between the autism spectrum disorder and normal individu-
als in the four cognitive functions of interest

Notes: Colors are proportional to the number of reports for each structure. Warm and cool colors respectively show the brain 
areas with a higher or lower activation in the autism spectrum disorder compared to normal individuals. 
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Figure 2. The overlap of the brain areas with an altered activation between the autism spectrum disorder and normal individu-
als in the four cognitive functions of interest with the grey matter tissue of the brain

Notes: a) The combination of the maps of the four cognitive functions, b) Social tasks-low, c) Social tasks-high, d) Face process-
ing-low, e) Face processing-high, f) Language tasks-low, g) language tasks-high, h) Attention tasks-low, i) attention-tasks-high

The percentages show each map’s overlap with the brain’s grey matter tissue.
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population, around 86% were male and 35% of the stud-
ies included only male participants. Regarding the MRI 
machine, 73% of the studies used a 3 Tesla MRI scan-
ner, and the rest used 1.5T, along with using 8, 12, or 
32-channel head coils.

Around 79% of the studies were performed in one ses-
sion. Other studies used 2, 3, 4, or even 5 sessions. The 
sessions involved preparation, MRI scanning, neurocog-
nitive assessments, behavioral testing, and treatments 
and interventions. Only 3% of the studies had an inter-
vention, including intranasal administration of oxytocin, 
pivotal response treatment, taking medications, and vi-
sualizing and verbalizing for language comprehension 
and thinking.

There were different criteria in the studies for the in-
clusion of patients, such as receiving a diagnosis of 
autism or Asperger syndrome from an independent cli-
nician based on standard criteria of the Diagnostic and 
Statistical Manual of Mental Disorders, fourth edition; 
the autism diagnostic observational schedule-generic; 
autism diagnostic interview-revised; the social respon-
siveness scale; childhood autism rating scale; clinical 
impressions and experienced clinical judgment; and a 
series of clinical assessments that included a detailed 
developmental history, clinical interview and observa-
tion, medical workup, and cognitive testing. An IQ of 80 
or above, measured by the Wechsler abbreviated intel-
ligence scale, was necessary in some studies. The control 
groups were mainly composed of typically developing 
children or adolescents with no history of psychiatric or 
neurological disorders and they were matched with the 
patients in IQ, age, gender, race, and socioeconomic sta-
tus of the family.

A summary of the findings of the studies is provided in 
Table 1. This table illustrates the brain areas with reports 
on a different activation between cases and controls in 
the four functions and the number of reports for each 
area. The areas with more than two reports on their dif-
ferent activation between the two groups are elaborated 
below in the order of their frequency of being reported. 
References of the selected 131 studies are provided as 
supplementary data.

Findings of the social tasks

A total of 30 brain areas showed a different activation 
between cases and controls during the processing of so-
cial tasks; 21 only showed lower activation in patients, 1 
had a higher activation, and 8 areas had lower and higher 
reports. The brain areas with lower activation in patients 

were temporoparietal junction (n=13), inferior fron-
tal gyrus (IFG; n=12), superior temporal gyrus (STG; 
n=12), medial prefrontal (n=8), supplementary motor 
area (SMA; n=6), precuneus (n=6), anterior cingulate 
cortex (ACC; n=6), posterior cingulate cortex (PCC; 
n=6), inferior parietal lobule (n=5), anterior insula (n=5), 
caudate (n=4), cuneus (n=4), medial frontal (n=3), and 
insula (n=3). Post central gyrus (n=4) was the only brain 
structure with a higher activation in patients.

Findings of the face processing tasks

A total of 40 brain regions showed a different activation 
between cases and controls when processing faces. Six-
teen areas only showed a lower activation, 7 areas dem-
onstrated only a higher activation, and 17 areas showed 
lower and higher activation. The areas with a lower acti-
vation included fusiform (n=19), amygdala (n=19), STG 
(n=7), ventromedial prefrontal cortex (VMPFC; n=6), 
occipital face area (n=5), IFG (n=5), inferior occipital 
(n=4), middle temporal gyrus (MTG; n=4), PCC (n=4), 
insula (n=4), middle frontal gyrus (MFG; n=3), cuneus 
(n=3), hippocampus (n=3), and ventral striatum (n=3). 
Higher activations in patients were observed in amyg-
dala (n=6), pulvinar (n=4), thalamus (n=3), MFG (n=3), 
and precuneus (n=3). 

Findings of the language tasks

A total of 48 brain regions showed a different activa-
tion level in the language tasks; meanwhile, 22 only had 
lower activation, 6 had higher, and 20 had higher and 
lower reports. The areas which showed a lower activa-
tion in patients in the language tasks were IFG (n=26), 
STG (n=11), cerebellum (n=9), MTG (n=8), fusiform 
(n=8), ACC (n=7), superior frontal gyrus (SFG; n=6), 
MFG (n=5), precentral gyrus (n=5), SMA (n=5), precu-
neus (n=5), cuneus (n=5), thalamus (n=5), occipito tem-
poral gyrus (n=4), middle occipital gyrus (MOG; n=4), 
PCC (n=4), putamen (n=4), caudate (n=4), medial fron-
tal gyrus (n=3), medial prefrontal gyrus (n=3), amygdala 
(n=3), and insula (n=3). The brain areas with a report 
on their higher activations in patients were STG (n=10), 
fusiform (n=8), MTG (n=5), IFG (n=4), MOG (n=4), 
posterior temporal gyrus (PTG; n=3), inferior parietal 
lobule (n=3), postcentral gyrus (n=3), and cuneus (n=3). 

Findings of the attention tasks

A total of 39 regions showed differences in brain activa-
tions between the cases and controls; meanwhile, 14 ar-
eas were only lower in patients, 9 regions were only high-
er, and 16 areas had lower and higher reports. The areas 
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with lower activation in patients were cerebellum (n=10), 
STG (n=9), IFG (n=6), precentral gyrus (n=6), SMA 
(n=6), postcentral gyrus (n=6), insula (n=6), MFG (n=4), 
medial prefrontal (n=4), superior parietal gyrus (SPG; 
n=4), putamen (n=4), thalamus (n=4), caudate (n=4), and 
orbitofrontal gyrus (n=3). The brain regions with higher 
activation in patients were medial prefrontal (n=7), pre-
cuneus (n=7), IFG (n=4), cerebellum (n=4), SMA (n=3), 
postcentral gyrus (n=3), and amygdala (n=3).

Overlap with the grey matter

As mentioned above, this study aimed to determine 
whether fMRI can reveal considerable data on ASD. A 
positive answer to this question would introduce fMRI 
as a potential diagnostic tool for ASD in future works. 
Accordingly, we assessed the overlap of the brain maps 
obtained for the four cognitive functions (illustrated in 
Figure 1) with the grey matter tissue of the brain, as ex-
plained in Materials and Methods. Figure 2 shows these 
overlaps as well as the percentage of the overlap.

The highest coverage of the GM was observed in the 
language tasks-low condition (69%); other estimates 
were attention tasks-low (64%), social tasks-low (55%), 
and face processing tasks-low (48%). These findings 
showed that a larger area of the brain showed a lower 
activation in the ASD individuals versus normal par-
ticipants, compared to a higher activation. On the other 
hand, attention tasks-high and language tasks-high maps 
showed 44% coverage of the GM, 36% in the face pro-
cessing-high, and 19% in social tasks-high maps.

When all eight brain maps in the four cognitive tasks 
were combined, 83% of the brain GM was covered, 
which suggests that fMRI is a strong tool in revealing 
signs of ASD.

4. Discussion

Summary of the results

This study reviewed the task-based fMRI studies on 
ASD aiming to assess the potential of fMRI in predicting 
or diagnosing ASD in the future. The severity of the dif-
ference between the fMRI measures of the normal and 
ASD groups could suggest the fMRI to be useful. By 
initially recruiting 292 studies and reviewing the results 
of 131 fMRI works in the four cognitive abilities of in-
terest, 73 brain structures showed an altered brain func-
tion between the two groups. In addition, a combination 
of the results of the four cognitive functions showed that 
about 83% of brain GM shows an altered activation in 

ASD compared to normal individuals. Future research to 
diagnose ASD using automatic algorithms, such as ma-
chine learning, would benefit from the findings of this 
study.

Autism spectrum disorder diagnosis

The prevalence of ASD is 1 in 59 subjects in the US 
(Baio et al., 2018), and 1 in 132 individuals globally 
(Baxter et al., 2015) the burden of ASDs has been esti-
mated for the global burden of disease study 2010 (GBD 
2010. They are much higher than previously reported. 
This data reflects the growing knowledge about ASD 
and innovations in the diagnostic approaches which en-
hanced evaluation of its clinical symptoms (Sandin et 
al., 2014). The main characteristic of autism’s clinical 
manifestations is its significant heterogeneity; no two 
autism patients are alike, which means that each autistic 
individual shows unique phenotypic heterogeneity in the 
combination of symptom severity and comorbid condi-
tions (anxiety, depression, social communication dis-
order, attention deficit hyperactivity disorder, epileptic 
disorders) (Jones & Lord, 2013). Early diagnosis would 
facilitate decisions for the selection of the best therapeu-
tic method, improve the quality of life of children with 
ASD and their families (Pagnozzi et al., 2018), and lead 
to preventing notable economic and emotional costs to 
autistic people and their families. Despite all these, early 
diagnosis is challenging (Fein et al., 2013; Zwaigen-
baum et al., 2015). 

There are numerous undetermined questions about 
the causes and the pathophysiology of ASD (Li et al., 
2017). To date, diagnostic evaluation of ASD is based 
on clinical observation and interviews with caregivers 
using some standardized instruments, including an au-
tism diagnostic observational schedule (Steiner et al., 
2012). The lack of knowledge on the exact neural basis 
of autism spectrum disorder and the absence of validated 
diagnosis measures throughout development is challeng-
ing. To date, diagnostic evaluation for autism requires a 
team of professionals from different disciplines, includ-
ing a physician, speech therapist, cognitive therapist, and 
occupational therapist.

Since the first description of the disease in the early 
1940s, researchers have been intensively trying to iden-
tify biological markers for ASD (Szpir, 2006). As men-
tioned before, the crucial challenges are the underlying 
biological heterogeneity of ASD. Nowadays, we can 
only reliably diagnose ASD based on the current stan-
dardized behavioral observations and psychometric tools 
(Steiner et al., 2012). Precise diagnostic assessments are 
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required, as finding specific biomarkers for autism may 
reduce the variability of ASD diagnosis. Such methods 
are also helpful in evaluating treatment effects on the 
neurodevelopmental disorders.

Neuroimaging has already played a pivotal role in 
ASD characterization by the in vivo monitoring of the 
brain structure and function during the disorder (Retico 
et al., 2014). MRI is a safe, non-invasive, and power-
ful diagnostic tool for observing alterations in the brain’s 
structure and function. Moreover, fMRI techniques are 
essential in forming these diagnostic assessments (Li et 
al., 2017). fMRI is considered to provide the required 
biomarkers for exploring and diagnosing the severity of 
neurodevelopmental disorders, such as autism (Castel-
lanos et al., 2013). Current research on structural and 
functional brain MRI indicates that identifying general 
biological alterations in most ASD patients requires 
large cohort sizes, and they often lead to numerous over-
lapping markers with those of other conditions and the 
public population, rather than a single marker (Voineagu 
& Yoo, 2013). As a result, more reliable algorithms are 
needed to use neuroimaging for purposes such as ASD 
diagnosis. Neuroimaging could be combined with ma-
chine learning methods for disease diagnosis or predic-
tion (Andrews et al., 2018). These methods are already 
used for the ASD diagnosis. As an example, classifica-
tion approaches using a support vector machine were 
used to characterize the structural changes of the brain 
in adults with ASD to discriminate them from the aver-
age population (Ecker et al., 2010). These methods have 
recently been reviewed (Andrews et al., 2018). In addi-
tion to separating patients and controls, these classifiers 
apply on a single-subject basis to aid diagnosis. This is 
done by assigning an abnormality score to each subject, 
quantifying the degree of pathology (Ingalhalikar et al., 
2011). The current study aimed to initially show the po-
tential of fMRI for ASD diagnosis along with machine 
learning algorithms and provide the biomarkers for 
fMRI in such works.

Face processing stimuli

The fusiform gyrus, as well as the amygdala, STG, 
VMPFC, occipital face area, IFG, IOG, MTG, PCC, in-
sula, MFG, cuneus, hippocampus, and striatum showed 
lower activation in the ASD group when processing 
faces. Striatum is involved in processing rewards, and 
for individuals with high autistic traits, facial mimicry 
is associated with lower reward-related neural response 
(Hsu et al., 2018). Amygdala showed a lower activation 
during the attentional orienting triggered by eye gaze 
(Klapwijk et al., 2016), suggesting that impairments as-

sociated with gaze-triggered attentional orienting could 
be modified by treatments directed at amygdala activity 
(Sato et al, 2017). Decreased activation in the hippocam-
pus also suggests problems integrating emotional infor-
mation with declarative memory (Klapwijk et al., 2016).

Fusiform is vital in face processing (Grill-Spector et 
al., 2004) and its activation is associated with one’s face 
discrimination performance (Jiang et al., 2013). It is sug-
gested that the phenotypic heterogeneity in face process-
ing in ASD is mediated by neuronal selectivity to faces in 
this area (Jiang et al., 2013). Moreover, it is proposed that 
training on tasks that recruit face representation in this 
area could remediate face-processing differences (Jiang 
et al., 2013). Another study hypothesized that the abnor-
mal activity of this area in autism could be due to inap-
propriate information acquisition during eye scanning 
(Pelphrey et al., 2007). Besides, ASD children differently 
recognize faces, as they focus more on feature-based than 
configured analyses, and the fusiform gyrus is associated 
with configural processing (Pelphrey et al., 2007). Also, 
fusiform face area activation depends on orientation to-
ward the eyes during stimulus presentation (Zürcher 
et al., 2013); therefore, this reduced activation may be 
caused by atypical eye-gaze patterns towards faces.

MTG is involved in the processing of facial features and 
expressions (Critchley et al., 2000); meanwhile, it is also 
strongly modulated by top-down attentional mechanisms, 
hence, different attentional mechanisms concerning faces 
(Critchley et al., 2000) in ASD could be a reason for its 
declined activation. STG is active in tasks involving attrib-
uting intentions to moving geometric figures, and in social 
dysfunction in autism (Pelphrey et al., 2007). Other brain 
areas with a declined activation in ASD are also involved 
in face processing, such as the insula, a driving node in the 
salience network (Sridharan et al., 2008), PCC in acquir-
ing facial familiarity (Kosaka et al., 2003), and IFG con-
sistently being active during imitation, action observation, 
and intention understanding (Iacoboni, 2005).

Higher activations in individuals with ASD while pro-
cessing faces were observed in the amygdala, pulvinar, 
thalamus, MFG, and precuneus. The pulvinar nucleus 
and amygdala have roles in rapid face processing (Had-
jikhani et al., 2017). Higher activation in the subcorti-
cal areas, such as the amygdala, in children with ASD 
when looking at the eyes, is possibly related to their eye 
avoidance in daily life (Hadjikhani et al., 2017). The 
subcortical system in ASD overreacts to stimuli that 
should be considered positively engaging and socially 
rewarding (Hadjikhani et al., 2017), and for example, 
the amygdala hyper-responsiveness to direct gaze shows 
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Table 1. Brain areas which showed an altered activation between the autism spectrum disorder and normal individuals in the 
four cognitive functions of interest

Brain Areas
Social Tasks Face Processing Language Attention

Lower Higher Lower Higher Lower Higher Lower Higher

Frontal lobe

Sup. frontal G. -- -- B:1 L:1 B:3 B:1 -- R:1

Mid. frontal G. R:1 -- B:1; L:1 B:1; R:1 B:2; L:1 R:1 B:2 --

Inf. frontal G. B:5; L:4 B:2;L:1 B:1; R:3 L:1 B:9; L:8 B:2 B:2; L:2 B:2

Pars opercularis -- -- R:1 -- -- -- -- --

Precentral G. B:1 B:1 R:1 -- B:2; L:1 B:1 B:3 B:1

Med. frontal B:1; L:1 B:1 L:1 -- B:1; L:1 -- -- B:1

Sup. med. frontal -- -- -- -- L:1 -- -- --

Orbito frontal -- -- -- -- -- -- B:1; R:1 R:1

Med. orbital -- -- -- -- R:1 -- -- --

Sup. orbital -- -- -- -- B:1 -- -- --

DLPFC L:1 L:1 -- -- -- -- L:2 L:1

DMPFC -- -- L:1 B:1 -- -- -- --

VLPFC B:1 -- B:1 -- -- -- -- B:1

VMPFC -- -- B:3 -- -- R:1 -- --

SMA B:3 R:1 B:1 B:2; L:1 B:1 B:3 B:1; R:1

Inf. pref. -- -- -- -- L:1 B:1 B:1 --

Ant. pref. -- -- -- -- -- R:1 -- --

Med. pref. B:4 B:1 -- -- B:1;L:1 -- B:2 B:3; R:1

Vent. pref. -- -- -- B:1 -- -- --

Vent. frontal -- -- -- -- L:1 -- -- --

Frontal pole -- -- -- R:1 -- R:1 -- --

Frontal operculum -- -- -- -- -- -- L:1 L:1

Temporal lobe

Sup. temporal G. B:6 B:2 B:3; R:1 B:1 B:5;L:1 B:3; L:4 B:4; R:1 L:1

Mid. sup. temporal -- -- B:1 -- -- -- -- --

Mid. temporal G. B:1 -- B:2 L:1 B:4 B:2; L:1 B:1 --

Fusiform -- -- B:5; R:9 L:1 B:3; L:2 B:4 B:1 --

Inf. temporal -- -- -- -- R:2 -- B:1 R:1

Ant. temporal -- -- R:1 -- R:1 -- -- --
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Brain Areas
Social Tasks Face Processing Language Attention

Lower Higher Lower Higher Lower Higher Lower Higher

Post. temporal -- -- -- -- B:1 B:1; L:1 -- --

Temporal pole B:1 -- B:1 B:1 B:1 -- -- B:1

Heschl’s G. -- -- -- -- -- -- -- B:1

Occipito temporal -- -- -- -- B:1; L:2 -- -- --

Parietal lobe

Sup. parietal -- -- -- -- -- R:1 B:2 --

Inf. parietal lobule B:1; L:3 L:1 -- -- B:1 B:1; L:1 -- --

Supramarginal gyrus -- -- -- -- R:1 -- B:1 --

Angular gyrus -- -- -- -- L:2 -- R:1 R:1

Precuneus B:3 -- -- B:1; R:1 B:2; L:1 B:1 B:3; L:1

Post central gyrus -- B:2 L:1 L:1 R:2 B:1; L:1 B:3 B:1; L:1

Med. parietal -- -- -- -- -- -- B:1 --

Post. parietal --- -- -- -- -- -- -- B:1

Temporo parietal J. B:4; R:3 -- L:1 -- -- -- R:1 --

Occipito parietal -- -- -- -- B:1 L:1 -- --

Occipital lobe

Cuneus B:2 -- B:1; L:1 -- B:2; R:1 B:1; R:1 -- --

Med. occipital B:1 -- -- -- -- -- -- --

Mid. occipital -- -- -- -- 1:1; L:2 B:1; L:2 B:1 --

Lateral occipital L:1 -- -- B:1 -- -- -- L:1

Ventral occipital -- -- B:1 -- -- -- -- --

Inf. occipital -- -- B:2 -- -- R:1 -- --

Calcarine B:1 -- -- -- -- -- -- --

V2 & V5 -- -- R:1 B:1 -- -- -- --

Lingual gyrus -- -- -- -- B:1 R:1 B:1 B:1

Occipital face area -- -- B:2; R:1 -- -- -- -- --

Cingulate gyrus

Ant. cingulate B:3 L:1 L:1 R:1 B:2; R:3 R:1 B:1 B:1

Mid. cingulate B:1 -- B:1 -- L:1 -- -- --

Post. cingulate B:3 -- B:2 B:1 B:2 -- B:1 B:1

Ant. paracingulate B:1 -- -- -- -- -- -- --

Batouli., et al. (2023). Autism Biomarkers in fMRI. BCN, 14(5), 585-604.

http://bcn.iums.ac.ir/


Basic and Clinical

596

September & October 2023, Volume 14, Number 5

a neural indicator for heightened emotional arousal trig-
gered by eye contact (Dalton et al., 2005). The thalamic 
hyperactivation is also hypothesized as one of the sub-
strates of social cognition deficits in ASD, through its 
deregulatory impact on the dorsolateral prefrontal cortex 
(Hadjikhani et al., 2017). The activation of precuneus is 
modulated depending on attentional demands; therefore, 
its increased activation in ASD could be a compensatory 
mechanism (Wang et al., 2004). The amygdala reported 
higher, lower, and no difference in activation between 
the ASD and healthy individuals in face processing. The 
inconsistent findings could be due to the differences in 
attention to the faces (Klapwijk et al., 2016) or the type 
of tasks and stimuli (Pinal et al., 2014).

Language stimuli

Language function is impaired in ASD children. They 
have difficulty generating words relevant to a context 
or topic (Kenworthy et al., 2013) and processing men-
tal states and words related to emotions (Moseley et 
al., 2015). This impairment is also observed in patients 
with a lesion in the motor system (Moseley et al., 2013). 
There is altered recruitment of reading-related neural re-
sources in ASD children, weaknesses in the top-down 
modulation of semantic processing (Karten & Hirsch, 
2015), and difficulties in using context to predict the 
final word of sentences (Catarino et al., 2011). Execu-
tive functions are critical for selecting, generating, and 

Brain Areas
Social Tasks Face Processing Language Attention

Lower Higher Lower Higher Lower Higher Lower Higher

Subcortical areas

Parahippocamp -- -- -- -- L:2 B:1 -- --

Hippocampus -- -- B:1; L:1 -- -- R:1 -- --

Amygdala L:1 -- B:9; L:1 B:3 B:1; R:1 -- -- B:1; L:1

Insula B:1;R:1 -- B:1; L:2 L:1 B:2; L:1 -- B:2; R:2 --

Ant. insula B:2;R:1 -- -- -- -- -- -- --

Striatum -- -- -- B:1 -- -- -- R:1

Ventral striatum -- -- B:1; L:1 -- -- -- -- --

Pulvinar -- -- R:1 B:2 -- -- -- --

Putamen -- -- L:2 R:1 B:2 -- B:2 --

Thalamus B:1 -- -- R:2; L:1 B:2; R:1 R:1 B:2 --

Caudate B:2 -- -- B:1 B:1; R:2 R:1 B:2 --

Basal Ganglia -- -- -- -- B:1 -- -- --

Pallidum -- -- -- -- -- -- B:1 --

Nucleus accumbens R:1 -- -- -- -- -- -- --

Cerebellum

Cerebellum B:1 -- L:1 -- B:3; R:3 -- B:5 B:2

Ant. cerebellum -- -- -- -- B:1 -- -- --

Post. cerebellum -- -- -- -- R:1 -- -- --

Abbreviations: B: Bilateral; R: Right; L: Left; G: Gyrus; Sup: Superior; Mid: Middle; Inf: Inferior; Med: Medial; Pref: Prefrontal; 
Ant: Anterior; Post: Posterior; J: Junction.

Notes: Numbers represent the number of studies which reported a similar finding.
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organizing words into sentences and sustaining mean-
ingful conversations, and there are reports on impaired 
executive control of language in ASD (Kenworthy et al., 
2013).

A total of 22 brain structures showed a declined acti-
vation in language processing in the ASD children, in-
cluding IFG, STG, cerebellum, MTG, fusiform, ACC, 
SFG, MFG, precentral gyrus, SMA, precuneus, cuneus, 
thalamus, MOG, PCC, putamen, caudate, medial fron-
tal gyrus, amygdala, and insula. These structures are in-
volved in different aspects of the language processing. 
The thalamus's putamen and ventral lateral nucleus are 
involved in fluency-related activity (Kenworthy et al., 
2013). In contrast, temporal regions are essential in au-
ditory processing (Belin et al., 2000) particularly emo-
tional prosody (Wildgruber et al., 2005). The ACC is 
activated in explicitly evaluating emotions (Bach et al., 
2008). The thalamus has a role in language and verbal 
memory (Hebb & Ojemann, 2013), in addition to visual 
attention (Fan et al., 2005), suggestive of serial visual 
scanning during the initial steps of reading (Koyama et 
al., 2011). The left putamen has also been implicated in 
reading and language comprehension, especially in sub-
lexical and lexical processing (Oberhuber et al., 2013).

The middle and superior frontal gyri are involved in 
executive functions (Moreno-López et al., 2012), atten-
tion, and working memory (Boisgueheneuc et al., 2006); 
therefore, they are related to the cognitive evaluation of 
the emotional content (Gebauer et al., 2014). LMFG is 
also reported to be a region involved in word retrieval 
during language production (Bednarz et al., 2017), 
and there are numerous reports on the activation of the 
LMFG during single-word reading, sentence reading, 
and lexical retrieval (Bednarz et al., 2017). This region is 
underactive in children with reading difficulty (Barquero 
et al., 2014). The lack of activation of the LMOG is pre-
viously shown in reading dysfunction, due to its role in 
reading intervention (Barquero et al., 2014). Frishkoff et 
al. (Frishkoff et al., 2004) also suggested that the anterior 
cingulate cortex discriminates congruous and incongru-
ous words and its activity is sustained over time while 
processing semantic incongruities. In addition, the cere-
bellum has direct connections to Broca’s area, which en-
ables it to facilitate verbal abilities (Harris et al., 2006).

Meanwhile, 9 brain structures showed an elevated 
activation in ASD individuals, including STG, fusi-
form, MTG, IFG, MOG, PTG, inferior parietal lobule, 
postcentral gyrus, and cuneus. The increased activation 
of brain areas in ASD is suggested to be a compensa-
tory mechanism to aid in language comprehension 

(Murdaugh et al., 2016). There is evidence of recruiting 
more cortical resources during word generation in males 
and females with ASD (Beacher et al., 2012). Elevated 
fusiform activation has been shown in individuals with 
ASD to interpret the meaning of emotional words (Han 
et al., 2014). Greater activation of the cuneus is in line 
with the evidence of atypical reliance on the visual cor-
tex in individuals with ASD (Chen et al., 2016), as the 
cuneus activation is related to visual perception and 
retrieving stored mental imagery of word stimuli (Kim 
et al., 2013). Individuals with ASD tend to recruit more 
visual cortex than IFG for word processing (Samson et 
al., 2012).

Another finding is using right hemisphere language-
analogous regions in ASD to assist reading. This find-
ing supports the idea that autism is related to early left-
hemisphere dysfunction (Takeuchi et al., 2004). Studies 
suggest that ASD children are more likely to show right-
hemisphere lateralization for language (Harris et al., 
2006). For example, the right IFG has been more strong-
ly implicated in emotional prosody processing than its 
contralateral homologs (Schirmer & Kotz, 2006). How-
ever, there are still disputes on whether the reversal of 
Broca’s asymmetry in the language is a predisposing 
factor toward language impairment or a compensatory 
neurodevelopmental response to language dysfunction 
in the left hemisphere (Harris et al., 2006), although the 
increased right hemisphere activity for the ASD group is 
mostly interpreted as reflecting more effortful process-
ing (Tesink et al., 2009).

Commonly referred to as Broca’s area, the LIFG is in-
volved in affective aspects of language processing, se-
mantics, and visual memory (Beacher et al., 2012), in 
word processing and controlled retrieval and selection 
of semantic knowledge (Weikum et al., 2007), in uni-
fication operations required for binding single word in-
formation into larger structures (Fitzpatrick & Indefrey, 
2009), in representing social knowledge and abstract 
social concepts (Zahn et al., 2007), and in attributing 
personality traits (Heberlein & Saxe, 2005). It also sub-
serves verbal working memory by maintaining semantic 
representations (Bednarz et al., 2017). This area had 26 
reports of decreased and 4 reports of higher activation 
in ASD. The activation of this area is dependent on the 
stimuli, for example, elevated activation of letter fluency 
vs category (Kenworthy et al., 2013), and attenuation of 
responsiveness to manipulations of semantic congruity 
(Beacher et al., 2012). In addition, the different activa-
tion of this region in ASD could be linked to other per-
ceptual and expressive deficits in affective communica-
tion (Beacher et al., 2012).
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Attention tasks

The neural mechanism of attention is different in ASD. 
The failure to orient attention toward salient stimuli is a 
fundamental problem in ASD that impairs social skills and 
learning (Klin et al., 2003). It could be due to the abnor-
malities in their functional brain maturation (Murphy et al., 
2014), which is associated with clinical symptoms of ASD 
and inattention (Murphy et al., 2014). Neural circuitry of 
attention is driven by hyper-responsivity to salience (Mur-
phy et al., 2017), and the observed differences may reflect 
compensatory mechanisms enabling normal behavioral 
performance (Rahko et al., 2015). In addition, over-focused 
attention in ASD results from hyperarousal, seen as disin-
hibiting the competing sensory information that leads to 
attentional shifts (Liss et al., 2006). Evidence shows that 
arousal regulation in ASD results from early deficits in dis-
engaging attention (Rahko et al., 2015). ASD children are 
under-reactive to behaviorally-relevant stimuli. There are 
also findings of atypical functions of both top-down and 
bottom-up attention networks in these individuals, and they 
cannot filter irrelevant information (Keehn et al., 2016).

A total of 14 brain structures have been shown to have 
lower activation in patients with ASD, including cerebel-
lum, STG, IFG, precentral gyrus, SMA, post-central gyrus, 
insula, MFG, medial prefrontal, SPG, putamen, thalamus, 
caudate, and orbitofrontal gyrus. The cerebellum plays an 
essential role in attentional processes (Keehn et al., 2016), 
and is implicated in the neuropathology of ASD (Fatemi 
et al., 2012). Caudate, STG, and SPG are involved in joint 
attention, facilitating attentional regulatory processes (Wil-
liams et al., 2005), which show deficits in ASD. STG also 
plays a role in utilizing social cues to orient attention. How-
ever, in ASD, this area may not be sensitive to the social 
meaning conveyed by eye gaze (Pelphrey et al., 2005). Fi-
nally, putamen responds when a stimulus is important, but 
not when the behavioral significance is removed (Greene 
et al., 2011).

On the contrary, 7 brain areas showed an elevated acti-
vation in ASD, including the medial prefrontal, precuneus, 
IFG, cerebellum, SMA, post-central gyrus, and amygdala. 
The activation of the visual cortex, particularly the precune-
us, was significantly correlated with the severity of autistic 
symptoms (Ohta et al., 2012). Precuneus is implicated in 
spatial attention and anticipation of motor responses (Ca-
vanna & Trimble, 2006), and the deficits in this area were 
positively correlated with the severity of social reciprocity 
and communication problems (Christakou et al., 2013). The 
increased response in children with ASD may reflect hyper-
responsivity of bottom-up processing of salient visual stim-
uli (Murphy et al., 2017). This increase may be attributable 

to differences in the visual receptive fields in ASD. There is 
evidence of increased perifoveal population receptive fields 
in extrastriate cortex, associated with hyper-excitability of 
the visual cortex or poor peripheral spatial attention in indi-
viduals with ASD (Schwarzkopf et al., 2014).

Studies have indicated that the medial rostral PFC plays a 
role in attentional selection between stimulus-oriented and 
stimulus-independent thought (Gilbert et al., 2007). This 
region also involves multitasking and prospective memory 
(Simons et al., 2006). One suggestion based on these find-
ings is that healthy individuals could modulate activity in 
their visual cortex according to the attentional demands of 
the task to a higher degree than the ASD group (Gilbert et 
al., 2008). This finding also suggests functional undercon-
nectivity in ASD (Just et al., 2012), decreasing top-down 
modulation of sensory areas according to attentional de-
mands (Gilbert et al., 2008). Moreover, the medial rostral 
PFC is involved in mentalizing (Gilbert et al., 2007), and 
its higher activation in ASD raises the possibility that these 
individuals recruit brain regions typically associated with 
mentalizing to perform other tasks, such as face perception 
(Pierce et al., 2001). As an example, the inability to sup-
press task-related activation of the medial prefrontal cortex 
is linked to distractibility in attention deficit hyperactivity 
disorder (Fassbender et al., 2009), and because of the high 
comorbidity of attention deficit hyperactivity disorder and 
autism (Simonoff et al., 2008), this may indicate a particular 
difficulty with distraction during the global condition (Gad-
gil et al., 2013).

5. Conclusion

This study, initially including 292 papers and studying 
131 in detail, first showed which cognitive domains are 
currently mainly studied in ASD individuals. The most 
checked domains are the best candidates for diagnosis/
prediction purposes. Also, the less studied cognitive func-
tions could be suggestions for future works. Second, the 
study showed that a large part of the brain shows abnor-
malities in fMRI in ASD individuals compared to normal, 
suggesting fMRI's application in ASD diagnosis. For this 
aim, the study provided a comprehensive list of biomark-
ers for using task-based fMRI in the diagnosis/prediction 
of ASD, which included the brain structures that showed an 
altered activation in ASD and the frequency of reports for 
each structure. All the 73 brain areas illustrated in Figure 2 
are ideal candidates for this purpose, with the brighter areas 
being stronger neuro-markers. FMRI imaging of an indi-
vidual, and evaluating these biomarkers in methods such as 
machine-learning, could help assess an individual's risk of 
being in the ASD spectrum.
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Study limitations

There are a few limitations to our work. Several studies 
may be missing during our database searches. Our in-
ferences were based on 131 studies from 292, including 
many works that could result in more comprehensive de-
ductions. Also, the methodology and participants of the 
selected studies were not identical, the factors that could 
have associations with the findings of a study. More de-
tailed discussions could be provided on our findings, 
and finally, practically using the reported biomarkers for 
ASD diagnosis would be helpful as a validation algo-
rithm.
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