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Abstract
Background Autism spectrum disorder (ASD), a neurodevelopmental disorder, has been reported with an
altered brain connectivity pattern in the sensory network using resting-state functional magnetic imaging
(rs-fMRI) compared to typical developing participants (TDs). However, there is still no consistent
conclusion. In the current study, we investigated the alterations of the intra-network and inter-network
connectivity pattern relating to sensory in children with ASD compared with TDs, and further assessed
whether these alterations are associated with autistic behavioral symptoms.

Methods rs-fMRI was used to assess young boys with ASD (N=29) and TD (N=29), aged 3-7-years.
Groups were matched for age and handiness. Spatial patterns of the sensory rest state networks (RSNs)
were obtained using group Independent component analysis (ICA) method, and between-groups
differences were evaluated within each sensory network. Then, the time series of each RSN were
extracted from each participant preprocessed data. Correlation analysis was assessed among intra- and
inter-network functional connectivity (FC) and symptom severity in children with ASD.

Results Four sensory components were identi�ed, including auditory network (AN), higher visual network
(HVN), primary visual network (PVN) and sensorimotor network (SMN). Functional images revealed two
sensory networks exhibiting signi�cant increased FCs in ASD group, located within AN and SMN. Higher
positive connectivity between PVN and HVN in ASD group is associated with symptom severity.

Conclusion Current study might shed light that the abnormal connectivity patterns of sensory network
regions may underlie impaired higher-order multisensory integration in ASD children, and social
impairment of ASD are caused probably by aberrant FCs involving inter/intra- sensory network.

Introduction
Autism spectrum disorder (ASD), a neurodevelopmental disability, is associated with de�cits in social
communication and social interactions as well as restricted, repetitive patterns of behaviors, interests,
and/or activities (American Psychiatric Association, 2013). Recent estimates are that ASD affects 1/59
children aged 8 years old (Baio et al., 2018), which is higher than the prevalence of 1/68 children in 2012
(Christensen et al., 2016) and the estimates of 1/110 children in 2006 (Autism and Developmental
Disabilities Monitoring Network Surveillance Year 2006 Principal Investigators, 2009). A recent search for
the prevalence of ASD in China found that Jilin City has a similar prevalence of autism in China to that in
the West, at approximately 1%, and the results from Shenzhen and Jiamusi cities are also in line with
Western estimates (Sun et al., 2019).

Sensory processing differences have long been associated with ASD, and they have recently been added
to the diagnostic criteria for the updated diagnostic criteria in the Diagnostic and Statistical Manual of
Mental Disorders, 5th Edition (DSM-V) (American Psychiatric Association, 2013). The previous paper
integrated the empirical literature on sensory processing in ASD from the last decade,and suggested a
high prevalence of sensory symptoms, with reports ranging from 60 to 96% of children with ASD
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exhibiting some degree of atypical responses to sensory stimuli (Schauder and Bennetto, 2016). Clinical
studies of two have indicated that central nervous system factors play a prominent role in abnormal
sensory processing in ASD (Hannant et al., 2016, Brandwein et al., 2015). Sensory processing is a very
complex process involving the cooperation of different brain regions. Different sensory-related neurons,
neuron clusters, or dynamic interactions between brain regions are integrated to form the sensory
functional network of the brain. Linear independent component analysis (ICA), a blind source signal
separation method, is used to analyze fMRI data. It can extract a series of temporally independent brain
activity signals or spatially independent brain networks. In recent years, ICA has been widely used in brain
network research and has achieved many important research results, especially in the default mode
network (DMN) and saliency network (SN) (Bi et al., 2018, He et al., 2018, Duan et al., 2017, Guo et al.,
2018, Green et al., 2016). In the study of sensory network level, ICA found that children with ASD showed
decreased FC in the VN and increased FC in the motor network (Ahmadi et al., 2014, Uddin et al., 2013a).
However, the recent research suggested that the RSNs with increased FC include the auditory network
(AN) and sensory-motor network (SMN) and mixed FC in visual network (VN) (Bi et al., 2018).

Past studies with ASD children have focused on connectivity patterns in a single area, an interesting
network. The signals in different brain regions might show a certain correlation in time series even though
there may be no structural connections.

The principle of functional integration believes that the function of the brain is achieved through the
interaction of multiple brain regions (Aertsen, Gerstein et al. 1989), when one sensory brain region is
activated, other sensory brain regions are simultaneously activated or weakened. Therefore, the
connection patterns between different sensory brain regions or brain networks re�ect higher-order
multisensory integration to a certain extent. Individuals with ASD atypically recruit visual brain regions
during processing of simple auditory stimuli (Jao Keehn et al., 2017). Rs-fMRI study showed that weaker
connectivity between the primary visual cortex and sensorimotor regions in preschool-aged children was
correlated with increased sensory hypersensitivity in the visual/auditory domain (Shen et al., 2016). In the
study of sensory network, Ahmadi et al. showed that in individuals with ASD, FC levels between the
insular-temporal/ACC and the VN, DMN and ACC were decreased; however, FC between the DMN and VN
was increased (Ahmadi et al., 2014). Nebel et al. found increased FC between the VN and motor network
in ASD school-age children (Nebel et al., 2016). Although there has been a degree of progress in
establishing the sensory FC architecture in RSNs in individuals with ASD, a consistent conclusion has not
been reached, especially with a lack of evidence in younger ASD children.

As ASD is an early-onset disorder, children with ASD showed early brain overgrowth in the early stages of
life (Courchesne et al., 2001; Sparks et al., 2002), among autistic boys, 7-year-olds had the largest whole
brain volume (Courchesne et al., 2001). In the study of fMRI, Nomi et al. found that children with ASD
aged 11 and under, compared with age-matched TD children, exhibited hyperconnectivity within large-
scale brain networks (Nomi and Uddin, 2015). Uddin et al. used rs-fMRI and found that hyperconnectivity
may be more characteristic of young children with ASD, while hypoconnectivity may begin to emerge in
adolescence and persist into adulthood (Uddin et al., 2013b). These previous mixed hyper- and
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hypoconnectivity results suggest that brain FC presents periodical features with increased age. According
to the �ndings of structural and functional imaging, we focused on a narrow age range of 3–7 years in
order to understand the neurobiological changes. Besides, we limited the study to male children to
minimize developmental differences between different age groups and sexes (Carper et al., 2002, Bloss
and Courchesne, 2007). The current study was motivated to examine sensory RSN dysregulation. We
hypothesize that the children with ASD would exhibit atypical FC pattern involving inter/intra-sensory
networks assessed using ICA. Sensory processing impairment, and associated brain abnormalities, have
been shown to be highly correlated with patient outcome in social/emotional functioning, cognitive
abilities (Corina & Singleton, 2009). We further tested whether atypical FC pattern changes of ASD could
be a source of the abnormal sensory behavior and social impairments and repetitive patterns of behavior
observed in children with ASD.

Materials And Methods
Participants

In total, 29 male children with ASD were recruited from the Children Development and Behavioral
Research Center of Harbin Medical University, and 29 age- and handedness-matched male TDs were
recruited from local kindergartens (Table 1). None of the children had a reported history of any severe
medical problem or any neurological or psychiatric condition (with the exception of ASD), and none of the
children were taking psychotropic medications. Written informed consent was obtained from the
guardians of each subject prior to examination. This study was approved by the ethics review committee
of Harbin Medical University.
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Table 1
Demographic data (means ± SD) of ASD and TD group

  ASD (n = 29) TD (n = 29) t/χ2 p

Age(years,x ± s) 4.93 ± 1.30 4.99 ± 1.01 -0.2061 0.837

Handiness(right/left) 22/7 26/3 1.9332 0.164

PPVT(x ± s) 61.24 ± 
17.09

99.69 ± 
26.93

-6.4921 0.000*

Mean FD_scrubbing 0.129 ± 
0.045

0.136 ± 
0.037

-0.7071 0.483

AQ total score 84.19 ± 1.56 N/A N/A N/A

AQ sub-scale        

Social skills 16.42 ± 4.41 N/A N/A N/A

Attention switching 15.38 ± 3.98 N/A N/A N/A

Attention to detail 15.62 ± 6.26 N/A N/A N/A

Communication 19.31 ± 4.66 N/A N/A N/A

Imagination 17.46 ± 3.69 N/A N/A N/A

ADOS sub-scale        

Communication 6.15 ± 1.79 N/A N/A N/A

Social interaction 9.50 ± 2.30 N/A N/A N/A

Communication+

social interaction

15.65 ± 3.54 N/A N/A N/A

Stereotyped behaviors and restricted interests 2.15 ± 1.19 N/A N/A N/A

ADIR sub-scale        

Social Interaction 22.24 ± 3.53 N/A N/A N/A

Communication 15.00 ± 4.31 N/A N/A N/A

Restricted, Repetitive, and Stereotyped
Behaviors

7.00 ± 2.55 N/A N/A N/A

SRS total score 88.74 ± 2.06 N/A N/A N/A

ASD, autism spectrum disorder; TD, typical developing; PPVT, Peabody Picture Vocabulary Test; ADOS,
Autism Diagnostic Observation Schedule; ADI-R, Autism Diagnostic Interview-Revised; N/A, not
applicable (TDs did not receive the AQ, SSP, SRS, ADOS, and ADI-R 1 indicates t-test; 2 indicates chi-
square test; * indicates statistical signi�cance p<0.001
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  ASD (n = 29) TD (n = 29) t/χ2 p

SRS sub-scale        

Social perception 4.89 ± 6.08 N/A N/A N/A

Social cognition, 18.85 ± 4.94 N/A N/A N/A

Social communication, 34.22 ± 8.39 N/A N/A N/A

Social motivation, 15.48 ± 4.72 N/A N/A N/A

Autism behavior pattern 15.30 ± 5.33 N/A N/A N/A

SSP total scale 147.82 ± 
20.63

N/A N/A N/A

SSP sub-scale        

Tactile sensitivity 30.91 ± 4.12 N/A N/A N/A

Taste/Smell Sensitivity 17.27 ± 2.84 N/A N/A N/A

Movement Sensitivity 12.00 ± 2.79 N/A N/A N/A

Underresponsive/

Seeks Sensation

27.64 ± 4.37 N/A N/A N/A

Auditory Filtering 18.55 ± 4.57 N/A N/A N/A

Low Energy/weak 22.50 ± 5.57 N/A N/A N/A

Visual/Auditory Sensitivity 18.96 ± 4.12 N/A N/A N/A

ASD, autism spectrum disorder; TD, typical developing; PPVT, Peabody Picture Vocabulary Test; ADOS,
Autism Diagnostic Observation Schedule; ADI-R, Autism Diagnostic Interview-Revised; N/A, not
applicable (TDs did not receive the AQ, SSP, SRS, ADOS, and ADI-R 1 indicates t-test; 2 indicates chi-
square test; * indicates statistical signi�cance p<0.001

 
Diagnosis And Clinical Assessment

The ASD diagnosis was based on the DSM-5 (American Psychiatric Association, 2013) combined with
the Autism Diagnostic Interview-Revised (ADI-R) (Lord et al., 1994) and Autism Diagnostic Observation
Schedule (ADOS) (Lord et al., 2000). In addition, the overall intelligence level of all children was estimated
by the Peabody Picture Vocabulary Test (PPVT) (Dunn, 2006). The subjects with ASD were assessed via
the Short Sensory Pro�le (SSP) (McIntosh DN et al., 1999), a useful screening instrument that is
commonly used by occupational therapists to evaluate sensory processing di�culties in children. The
Social Responsiveness Scale (SRS) (Constantino, 2002) was also applied to estimate their ability to
engage in emotionally appropriate social interactions. The Autism Spectrum Quotient Children’s Version
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(AQ-child) (Baron-Cohen et al., 2001) is suitable for screening 4 ~ 11-year-old children with autism. The
items in this scale were divided into 5 dimensions, including social skills, attention switching, attention to
detail, communication, and imagination. Each item was scored with 0 ~ 3 points and 4 grades. The total
score on the scale was 0 ~ 150. The higher the total score was, the more serious the autistic symptoms
were.

Neuroimaging Acquisition

The rs-fMRI data were collected using a 3.0 T Achieva Magnetic Resonance System (Philips, The
Netherlands) at the Department of MR Diagnosis of the a�liated hospital of Harbin Medical University.
All MRI scans were performed under sedation using 50 mg/kg chloral hydrate following a strict clinical
protocol. Rs-fMRI images were acquired with a gradient-echo echo-planar pulse: repetition time (TR) = 
2,000 ms, echo time (TE) = 30 ms, 39 axial slices, �ip angle = 90°, slice thickness/gap = 3.0 mm/1.0 mm,
�eld of view = 240 × 240 mm2, and voxel size = 3.75 × 3.75 × 4 mm3. A total of 210 volumes (7 min) were
obtained for each participant.

fMRI data preprocessing

Data preprocessing was conducted with the Data Processing Assistant for Resting-State fMRI toolbox
(DPARSF advanced edition v4.3, http://rfmri.org/DPARSF) (Chao-Gan and Yu-Feng, 2010). The steps
included the following: (1) removing the �rst 10 images to ensure steady-state longitudinal
magnetization; (2) slice timing correction; (3) head motion correction with 6 rigid parameters (maximum
head motion was less than 2 mm and 2 degrees for all children); (4) normalization to warp images into
standard Montreal Neurological Institute (MNI) space at the resolution of 3 × 3 × 3 mm3; and (5)
smoothing with a Gaussian kernel (full-width at half-maximum (FWHM) = 6 mm) to avoid introducing
arti�cial local spatial correlations.

Independent component analysis (ICA)

ICA was performed with the Group ICA application of the fMRI Toolbox (GIFTv3.0,
http://mialab.mrn.org/software/gift/index.html#) (Calhoun et al., 2001). The total number of
independent components (ICs) was identi�ed by a preliminary dimension, which was estimated in
accordance with the minimum description length criterion (Li et al., 2007). There were three further
stages: (1) reducing the data dimension by principal component analysis; (2) estimating ICs by using the
infomax algorithm; and (3) reconstructing in reverse the IC time series and spatial map of individual
subjects (Calhoun et al., 2001, Bell and Sejnowski, 1995). Firstly, the components related to artifacts were
discarded upon visual inspection of spatial patterns. Then, four components which are related to sensory
networks were selected and represented to be functionally relevant RSN templates in the GIFT toolbox,
which were used as provided by previous studies (Beckmann et al., 2005, Damoiseaux et al., 2006). The
four components from all subjects were selected by the maximum spatial correlation between ICs and the
corresponding template (Liao et al., 2010). In the current study, the four templates were the AN, SMN,
primary visual network (PVN), and higher visual network (HVN).
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Intranetwork Connectivity Analysis

We obtained the spatial pattern of the RSNs, which were the spatial maps of each RSN, across all the
subjects and assessed using a one-sample t-tests approach (p < 0.001, false discovery rate (FDR)
corrected). Then, between-group differences within each network were obtained using two-sample two-
tailed t-tests (voxel level p < 0.001, cluster level p < 0.05, AlphaSim corrected), with comparisons between
groups limited to the voxels within each corresponding RSN pattern.

Internetwork Connectivity Analysis

To investigate between-group differences in the FC between different RSNs identi�ed from ICA, we
extracted the time series of each RSN from each participant’s preprocessed data, with age, FD,
handedness and PPVT scores as covariates. Then, Pearson correlation analysis was used to calculate
the correlation coe�cients (r) for the time series in each pair of four RSNs, and the value of r was
normalized by using Fisher’s r to z transformation. For each participant, a 4 × 4 FC matrix was obtained.
Using a two-sample two-tailed t-test approach, we compared the FC values between the ASD and TD
groups. We used effect size to measure the strength of the relationship between the ASD and TD groups.
The signi�cance level was set at p < 0.05 (FDR corrected).

Behavioral correlations with intra/internetwork connectivity in the ASD group

The present study explored whether altered FC was associated with the severity of symptoms in ASD.
Pearson correlation analysis was utilized to determine the relationship between the FC values of the
atypical RSNs (controlling for the covariates, including age, mean frame displacement (FD) and
handedness) and the ADI-R, ADOS, SSP, SRS and AQ scores in the ASD group. A nonparametric
Spearman’s rank correlation analysis was performed to assess the associations between FC values of the
atypical RSNs and the SSP-level scores.

Result
Resting-state networks

The number of ICs identi�ed by ICA was forty-six. Four components were identi�ed based on the highest
spatial correlation with the RSN templates described previously, including auditory network (AN, 34th
component, include bilateral superior temporal gyrus, bilateral middle temporal gyrus, left inferior
temporal gyrus, bilateral caudate nucleus, left anterior cingulate and paracingulate gyri, and left
precuneus), higher visual network (HVN, 40th component, include bilateral calcarine �ssure and
surrounding cortex, right lingual gyrus, right inferior occipital gyrus, left middle occipital gyrus, bilateral
precuneus, right Inferior frontal gyrus, opercular part, right middle frontal gyrus, right superior frontal
gyrus, dorsolateral, right inferior frontal gyrus, triangular part, bilateral precentral gyrus, bilateral
postcentral gyrus, right supramarginal gyrus, and left median cingulate and paracingulate gyri), primary
visual network (PVN, 13th component, include bilateral lingual gyrus, bilateral calcarine �ssure and
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surrounding cortex, left middle occipital gyrus, bilateral median cingulate and paracingulate gyri, left
inferior parietal but supramarginal and angular gyri, left angular gyrus and left superior parietal gyrus)
and sensorimotor network (SMN, 26th component, include bilateral cerebellum, bilateral precentral gyrus,
bilateral postcentral gyrus, bilateral supplementary motor area, bilateral paracentral lobule). A typically
spatial pattern in each RSN were obtained by using one-sample t-tests, which was consistent with
previous studies (Liao et al., 2010, Zhang et al., 2015, Ding et al., 2011) (p < 0.001, FDR corrected) (Fig. 1).
Between-group differences in intra-network connectivity

Using Two-sample two-tailed t-tests, we found the differences in intra-network connectivity between ASD
group and TD group. Compared to TD, children with ASD showed signi�cantly increased FC in the AN (left
superior temporal gyrus, Brodmann’s area: 48, cluster size: 75, MNI: (-42, -18, -6)) and SMN (right
paracentral lobule, Brodmann’s area: 4, cluster size: 27, MNI: (6, -34, 70)) (voxel level p < 0.001, cluster
level p < 0.05 AlphaSim corrected). (Fig. 2)

Between-group differences in inter-network connectivity

Signi�cant differences in FC patterns were found by comparing the correlation coe�cients in the FC
between ASD and TD groups. Compared to TDs, children with ASD showed signi�cantly increased
positive FC between AN and SMN (p = 0.022, uncorrected), PVN and HVN (p = 0.041, FDR corrected)
(Fig. 3).

Relationship with ASD Symptoms

In our study, we explore the relationship between aberrant intra-network connectivity and the AQ scores of
the children with ASD. The results showed signi�cant (p < 0.05) positive correlations between the
increased auditory network connectivity and the attention switching subscale of AQ. The social skill
subscale and imagination subscales of AQ in children with ASD showed a signi�cant positive correlation
with increased sensorimotor network connectivity (Fig. 4A). In addition, the aberrant inter-network
connectivity between higher visual network and primary visual network showed signi�cant positive
correlations with attention switching subscale, imagination subscale and total score of AQ, as well as
language and communication, communication and social interaction subscales of ADOS (Fig. 4B)

Discussion
The present study found signi�cant differences in FC at the network level between ASD boys aged 3–
7 years and matched TDs. First, functional images revealed individuals with ASD showed increased FC in
the AN and SMN, respectively. Second, when performing an internetwork functional connection analysis,
we found signi�cantly higher positive connectivity between the PVN and HVN in the ASD group. Third, the
strength of such connections was associated with clinical scale scores, further demonstrating the
robustness of our �ndings.

Altered intranetwork FC in ASD children
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We found that the left superior temporal gyrus (STG) in the AN had an excessive level of FC. Prior
structural imaging studies had detected increased gray matter volume in the left STG across different life
stages in ASD patients, including toddlers (Xiao et al., 2014), children (Retico et al., 2016), and
adolescents (Lim et al., 2015). These �ndings in the left STG were in accordance with our previous
structural neuroimaging study in 3- to 7-year-old ASD boys (Wang et al., 2017). A prominent view is that
children with ASD develop excessive brain growth at 2–4 years of age (Courchesne et al., 2001, Sparks et
al., 2002), and the development of the auditory cortex does not follow the normal growth epoch (Xiao et
al., 2014, Retico et al., 2016, Lim et al., 2015). The theory of synaptic pruning proposed that there was a
decreased synaptic pruning in autistic children and adolescents in auditory area (Tang et al., 2014).
Combined excessive brain growth and decreased synaptic pruning, children with ASD may have
redundant synaptic connections in the immature auditory cortex. Nomi et al. further reported that
changes in synaptic density may be related to changes in FC (Nomi and Uddin, 2015). The above �ndings
further provided reliable evidence for increased FC in the auditory area. Correlation analysis with clinical
scales found the excessive connectivity in the AN in children with ASD was positively correlated with
attention switching of AQ (r = 0.44, p = 0.023). The correlation re�ected that the excessive connections
and increased energy consumption in the AN might affect the children with ASD can not effectively
process the auditory information, and show a certain disruption in the ability to switch attention such that
“I frequently get so strongly absorbed in one thing that I lose sight of other things”, “In a social group, I
can easily keep track of several different people’s conversations” (Baron-Cohen et al., 2001).

Our study reported that the children with ASD had a signi�cantly stronger FC pattern in the right
paracentral lobule of the SMN. Within the sensorimotor brain region, there was greater FC in the bilateral
precentral and postcentral gyri in the ASD group than the TD group (Uddin et al., 2013a). Atypical FC in
the sensorimotor region of ASD patients has been repeatedly reported by previous studies, although with
mixed �ndings (Uddin et al., 2013a, Anderson et al., 2011, Mostofsky et al., 2009). When using the
functional ‘connectedness’ method and recurrent-seek strategy in the early stages of life, it was also
found that ASD children were overconnected in the sensorimotor brain area (Chen et al., 2018), indicating
that the ASD children may have abnormal function in the SMN. Atypical brain anatomy and
neurodevelopment will inevitably lead to functional changes, with the evidence from behavioral studies
further providing a wide range of sensory-motor dysfunction in patients with ASD (Mosconi and Sweeney,
2015, Whyatt and Craig, 2013). In the current study, the hyperconnectivity of the paracentric lobules in the
SMN of the ASD children was more prominent. We hypothesized that sensorimotor dysfunction in
children with ASD may be associated with dysfunction of the paracentral lobule, combined with the
overlapping pattern of activity in the paracentral lobules in the task state (You et al., 2013, Gu et al.,
2015). Martino et al. suggested that the paracentral lobule may be associated with abnormalities in the
sense of a bodily self that is encased in the body observed in autistic patients (Di Martino A. et al., 2009).
Additionally, sensorimotor dysfunction may play a key role in the impairments in social function in ASD
populations (Hannant et al., 2016). Interestingly, this hypothesis was con�rmed in the exploration of
further associations with the AQ scale; that is, the excessive connections in the SMN (paracentral lobule)
of those with ASD was signi�cantly positively correlated with social skills and imagination (r = 0.39, p = 
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0.046; r = 0.46,p = 0.018). The association between the two indicates that the paracentral lobule
processes information contributing to social dysfunction in patients with ASD, and its internal abnormal
connections may be related to the pathological mechanisms underlying ASD.

Altered internetwork FC in ASD children

Autistic individuals often exhibit enhanced perceptual abilities when engaged in visual search, visual
discrimination, and embedded �gure detection tasks (Samson et al., 2012). A recent study showed that
local and global visual perception was incomplete in young children with ASD (Jobs et al., 2018). Visual
information is transmitted through the conduction pathway. The primary visual pathways included the P
(the ventral stream) and M pathways (the dorsal stream) (Tobimatsu and Celesia, 2006, Yamasaki et al.,
2014, Yamasaki et al., 2013). Evidence from visual evoked potentials has shown that dysfunctional
activity in the P-color pathway in ASD (Fujita et al., 2011). In addition to �ndings from
electrophysiological methods, RSN research �nds ASD individuals showed that hyper-connectivity in
visual cortex at initial link step distances (Martinez et al. 2019). At the same time, in the research of more
complex visual networks, children with ASD showed decreased FC in the VN (Ahmadi et al., 2014).
However, the recent research suggested that the RSNs with mixed FC pattern in VN (Bi et al., 2018). In
addition to the overall exploration, the visual brain regions/networks are further divided into primary and
higher visual brain regions/networks. In the study of visual brain regions, the �ndings of robust and
extensive overconnectivity in the striate (primary visual cortex) and extrastriate visual cortex (higher
visual cortex) was intriguing in view of potential local biases in visual perception, supported thus far
mainly by �ndings from behavioral studies (Dakin and Frith, 2005, Mottron et al., 2006). In the study of
visual brain networks,children with ASD showed increased connectivity within the occipital pole network
and decreased connectivity within the lateral visual network (Xu et al. 2019). To our knowledge, only few
rs-fMRI studies have examined FC between primary visual and higher visual regions in young children
with ASD. When performing internetwork functional connection analyses, we found signi�cantly higher
positive connectivity between the PVN and HVN in the ASD group, even though we did not �nd abnormal
FC in the ASD children in the PVN or HVN, respectively. The aberrant connection patterns were positively
correlated with attention switching, imagination, and total score of the AQ scale and abnormal
communication in the ADOS (r = 0.42, p = 0.031; r = 0.45, p = 0.021; r = 0.41, p = 0.03; r = 0.58, p = 0.0015,
respectively). We hypothesis that the brain may not reasonably select and distinguish effective
information and further communicate with higher visual networks, these might promote children with
ASD to pay too much attention to primary visual signals, which is associated with dysfunction of
communication.

Limitation
Our study had some limitations. First, our sample in this study was small and limited to young male
children. It was worth exploring whether the research results are generalized to adolescents, adults and
female ASD patients. Second, future studies will go further expand the sample and divide it into different
subgroups according to the different types and degrees of abnormal sensory behavior emerged by ASD
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children, and explore pertinently the relationship between the abnormal brain function networks related to
sensory and speci�c clinical characterization. Third, current study did not mention or measure power,
other characteristics of children including socioeconomic indicators. Fourth,intranetwork connectivity
with networks outside primary sensory networks was not examined. Fifth, in this young age range, a
pediatric template may be more appropriate. Finally, owing to their younger age, all children cannot �nish
their scanning without sedation. Thus, all subjects were under sedation using chloral hydrate.

Conclusion
To conclude, the current �ndings provide evidence for overconnectivity in sensory networks in young
children with ASD. As we found abnormal intra-network connectivity in SMN, and inter-network
connectivity between PVN and HVN, the �ndings further support the notion that de�cient/impaired
auditory and visual sensory network connectivity patterns may underlie the social dysfunction of ASD.
This indicate that therapeutic interventions might target sensory related brain network.
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Figure 1

Four brain networks were determined by an independent component analysis. The color bar represents T
value in each RSN (p<0.001, FDR corrected). AN, auditory network; HVN, higher visual network; PVN,
primary visual network; SMN, sensorimotor network

Figure 2

Brain regions of between-group signi�cant differences in intra-network functional connectivity. The yellow
color denotes the region with signi�cantly increased connectivity with AN and SMN in ASD group. The
color bar represents T value (voxel level p<0.001, cluster level p<0.05 AlphaSim corrected). AN, auditory
network; SMN, sensorimotor network.



Page 21/22

Figure 3

Connectivity strength (z value) between two networks in two participant groups. ** represent signi�cant
differences after FDR correction. (a) The increased positive FC was found between AN and SMN in ASD
group relative to TD (p=0.022,uncorrected). (b) The increased positive FC was found between PVN and
HVN in ASD group relative to TD (p=0.041, FDR corrected). Error bars represents standard error of mean.
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Figure 4

Correlations between variance in functional connectivity and behavioral scores. (A) Behavioral
correlations with intra-network connectivity in ASD group. Scatter plots show signi�cant (p<0.05) positive
correlations between aberrant intra-network connectivity and AQ scores. (B) Behavioral correlations with
inter-network connectivity in ASD group. Scatter plots show signi�cant (p<0.05) positive correlations
between mean Z values of aberrant inter-network connectivity and AQ scores, ADOS scores. AQ, Autism
Spectrum Quotient Children’s Version; FC, functional connectivity; ADOS, Autism Diagnostic Observation
Schedule.


