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Purpose: This study used the graph-theory approach, degree centrality (DC) to analyze whole-brain functional networks at the voxel
level in children with ASD, and investigated whether DC changes were correlated with any clinical variables in ASD children.
Methods: The current study included 86 children with ASD and 54 matched healthy subjects Aged 2–5.5 years. Next, chloral hydrate
induced sleeping-state functional magnetic resonance imaging (ss-fMRI) datasets were acquired from these ASD and healthy subjects.
For a given voxel, the DC was calculated by calculating the number of functional connections with significantly positive correlations at
the individual level. Group differences were tested using two-sample t-tests (p < 0.01, AlphaSim corrected). Finally, relationships
between abnormal DCs and clinical variables were investigated via Pearson’s correlation analysis.
Results: Children with ASD exhibited low DC values in the right middle frontal gyrus (MFG) (p < 0.01, AlphaSim corrected).
Furthermore, significantly negative correlations were established between the decreased average DC values within the right MFG in
ASD children and the total ABC scores, as well as with two ABC subscales measuring highly relevant impairments in ASD (ie,
stereotypes and object-use behaviors and difficulties in language).
Conclusion: Taken together, the results of our ss-fMRI study suggest that abnormal DC may represent an important contribution to
elucidation of the neuropathophysiological mechanisms of preschoolers with ASD.
Keywords: autism spectrum disorders, ASD, functional magnetic resonance imaging, fMRI, Degree centrality, DC, whole-brain
functional networks, Pearson’s correlation analysis

Introduction
Autism spectrum disorders (ASDs) are early-onset neurodevelopmental disorders that are characterized by social-
communication deficits, restricted interests, and stereotyped behaviors.1 Diagnosis of ASDs is mainly based on
a history of an impairment in expressive behaviors and cognitive development.2 The prevalence of ASD has increased
significantly over time, and currently affects nearly 1–2% of children worldwide.3 The surge in the incidence of ASD has
led to considerable impairment in major life areas,1,4 as well as a declining quality of life,4,5 both of which may last for
a life time.6 Therefore, identification of ASD etiology, accurate diagnosis, and effective interventions as early in life as
possible are crucial for ASD patients and society overall.7 However, the neurobiological bases underlying the symptoms
and etiologies of ASD in children have remained unclear.
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With the rapid development of neuroimaging technologies, many new methods have emerged for the detection of
early brain changes in many neuropsychological diseases, including ASD. Positron-emission tomography (PET) and
single-photon emission computed tomography (SPECT) have demonstrated cerebral hypoperfusion or insufficient blood
flow in many areas of the brain,8,9 as well as neurotransmitter and glucose-metabolism disorders in ASD patients.8,10–12

Furthermore, remarkable advances in magnetic resonance imaging (MRI) technology in recent decades have greatly
enriched our understanding of neuropathological differences in ASD. Magnetic resonance spectroscopy (MRS) studies
have found that patients with ASD have an excitation/inhibition imbalance.11,13–16 Previous diffusion-tensor imaging
(DTI) studies have indicated alterations not only in the local microstructure of white-matter (WM) integrity17–20 but also
in interregional fiber tractography21,22 in ASD patients compared with these parameters in control subjects. Voxel-based
morphometry (VBM) and arterial spin-labeling (ASL) MR perfusion-imaging studies have also been used in investigat-
ing ASD and have also revealed that alterations of brain structure23–25 and brain metabolism26 existed in some areas of
the cerebral cortex in ASD patients. Evidence from previous functional MRI (fMRI) studies have shown that ASD-
induced alterations of brain functional activity are not only limited to regional changes27–29 but also reflected in the level/
degree of functional integration within brain neural-network-related regions.7,30–32 For example, using regional homo-
geneity (ReHo) method, Dajani and Uddin studied the differences among groups in three age cohorts and found that local
connections were disrupted during the development of ASD, and the most significant differences occurred in childhood.27

In addition, a study of 119 children and adolescents interms of their dynamic functional connections (DFC) showed that
network segregation in ASD individuals was significantly reduced within the default-mode network (DMN) during two
transient states that were mainly concentrated in sensory/motor networks and higher-order cognitive networks.31

Furthemore, Lee et al studied the fMRI during natural sleep and found greater dissimilarity between typically developing
children and those with ASD in females than in males.33 However, few studies have explored intrinsic dysconnectivity
patterns within whole-brain functional networks at the voxel level in ASD children, which may represent an important
contribution to elucidation of the neuropathophysiological mechanisms of children with ASD.

Degree Centrality (DC) is one class of graph-based network measures to assess the centrality or functional importance
of individual elements in the brain by taking into account their relationships within the entire complex functional
connectome at the voxel level, which has received extensive attention in recent years.34,35 DC has also been widely used
in studying various diseases, such as chronic users of codeine-containing cough syrups,36 acute pontine infarcts and acute
striato-capsular infarcts,37 chronic migraine,38 and type-2 diabetes mellitus.39 Furthermore, using the DC metric in graph
theory, previous studies have found abnormal DC values in patients with ASD.40–44 For example, decreased DC in
Broca’s area in both children aged less than 12 years and adolescents aged 12–19 years with ASD have been reported by
studying language networks in three age-related groups.41 Additionally, Di Martino et al found increased DCs in bilateral
temporolimbic areas in children with ASD aged 7.1–13.9 years.40 However, many previous studies used DC have
focused on adults or older children aged more than 5-years old with ASD, whereas less attention has been paid to
children between aged 2.0–5.5 years.

In this study, in order to better understand intrinsic dysconnectivity patterns of whole-brain functional networks of children
with ASD and their relationships with clinical features, we measured DC values in young children aged 2.0–5.5 years with
ASD. In addition, we correlated changes in DCs with clinical variables in children with ASD. We hypothesized that (1) the
ASD group would demonstrate abnormal DCs in some brain areas; and (2) the abnormal DCs in some brain areas might be
related to alterations in social communication, interests, and behaviors in children with ASD.

Materials and Methods
Participants
The current study was carried out in accordance with The Code of Ethics of the World Medical Association (Declaration
of Helsinki). This prospective study was approved by the Ethics Committee of Shenzhen Children’s Hospital. Written
informed consent was obtained from each subject’s parents before the investigation. A total of 140 subjects aged 2.0–5.5
years were recruited from November 2016 to April 2018 at Shenzhen Children’s Hospital, (China), including 86 children
with Low-Function ASD (developmental quotient (DQ) < 70) and 54 healthy subjects. All of the children fulfilled the
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DSM-V criteria for the clinical interview diagnosis of ASD, and completed the Childhood Autism Rating Scale (CARS)
and the Autism Behavior Checklist (ABC).45 Each of the children with ASD was made a clinical diagnosis by
Psychiatrists. All of the children with ASD were scanned upon diagnosis and before treatment. The exclusion criteria
for children with ASD included seizure, intellectual disability, other developmental disability, brain trauma, hematolo-
gical-system diseases, schizophrenia, any major medical illnesses, neurological diseases, a personal or family history of
psychiatric disorders, routine MRI examination showing abnormalities, and any history of substance abuse. The inclusion
criteria for the control subjects included no histories of neurological or psychiatric disorders.

Clinical Assessment Scales
CARS, ABC, and the Developmental Scale for Children Aged 0–6 years were used to evaluate the children with ASD
before treatment, and these clinical assessment scales have been widely used in previous studies.7,46,47 CARS scores were
assessed by trained psychologists and consisted of 15 items on the scale, in which each item was rated from 1 to 4, and
the maximum score was 60. A total score of less than 30 was classified as non-autism, a total score of 30–36 was
considered mild-to-moderate autism, and a total score of 36 indicated severe autism. This scale is suitable for children
over two years old. The ABC was completed by each child’s parents. The ABC contains 57 items regarding the atypical
behaviors of autistic individuals, which are related to five domains (sensory; relating; stereotypes and object use;
language; and self-help and social). To determine the overall ABC scores, all of the items were summed. A total score
of more than 30 and less than 67 indicated suspicious ASD symptoms, whereas a total score of 67 or more indicated ASD
symptoms. This ABC scale is applicable to individuals aged 8 months to 28 years. The DQ of children with ASD was
evaluated by the Developmental Scale for Children Aged 0–6 years (DQ < 70 as a low score); it consists of the following
five items on the scale: gross motor; fine motor; ability to adapt; language; and social skills.

Data Acquisition
Before scanning, 0.5 mL/kg (maximum dose, 10 mL) of 0.5% chloral hydrate was given orally or via an enema to induce
the maintenance of sleep. The subjects continued to sleep undisturbed during scanning.

All of the MRI datasets were obtained using a 3.0 T Siemens Skyra scanner in the Department of Radiology at
Shenzhen Children’s Hospital. Subjects’ heads were fixed with foam pads to prevent head movement, and their ears were
blocked with earplugs in order to prevent sleep disruption during scanning. Then, T2-weighted gradient echo-plane
imaging was used to collect fMRI images. The parameters of the echo plane imaging sequence were as follows:
repetition time (TR)/echo time (TE) = 2000 ms/30 ms, slice thickness/gap = 3.6 mm/0.72 mm, field of view (FOV) =
230 mm × 230 mm, matrix = 64 × 64, flip angle = 90°, and axial slices = 35. Interleaved scanning began in the plus
direction with odd slices. Thirty-five axonal slices covering the whole brain were located approximately along the
anterior commissure-posterior commissure (AC-PC) line, and 240 volumes were acquired in approximately 8 min. After
the MRI scanning, the images of each participant were examined to ensure that the images met the requirements of the
experiment. Meanwhile, sagittal structural images of T1-weighted sequences covering the whole brain (176 sagittal
slices) were acquired using a 3D magnetization-prepared rapid acquisition gradient echo (MPRAGE). The corresponding
acquisition parameters were as follows: TR/TE = 2300ms/2.26 ms, TI = 900 ms, flip angle = 8◦, acquisition matrix = 256
× 256, FOV = 256 mm × 256 mm, and slice thickness/inter-slice gap = 1.0 mm/0.5 mm. In addition, T2-weighted images
and T2-FLAIR images were obtained to exclude asymptomatic lesions.

Data Processing
Data were preprocessed using the Data Processing Assistant for Resting-State Functional MR Imaging toolbox (http://
www.restfmri.net.sci-hub.cc/forum/DPARSF).48 Before pretreatment, the first 10 volumes of each subject were discarded
to keep the rest of the fMRI signals stable. The remaining 230 fMRI images for each subject were then subjected to slice-
time correction for intra-volume acquisition time delay and realignment of intra-volume geometric displacements caused
by head movement. In addition, the mean framewise displacement (FD) was calculated as a measure of the microhead
motion for each subject to ensure that there were no significant differences between the two groups. Furthermore,
individual’s mean FD was retained as covariates for subsequent data processing to further reduce impacts of in-scanner
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motion. Next, the T1 image for each subject was co-registered with the functional images of the same subject. This co-
registered T1 image was then segmented and normalized to the standard MNI space. The corresponding deformation
parameters were then used to normalize the functional images to the MNI space. White matter, cerebral spinal fluid, head
motion parameters and global signals were entered as nuisance regressors. The normalized functional images were
processed with spatial smoothing using a Gaussian Kernel of 6-mm full width at half maximum (FWHM) and removal of
linear trends. Finally, the fMRI dataset was filtered using typical temporal bandpass (0.01–0.08 Hz) to reduce high-
frequency respiratory and cardiac noise as well as low-frequency drift.

Degree-Centrality (DC) Calculations
According to previous studies,34,35 DC refers to the number of direct connections to a given voxel in graphs based on
voxels. DC has been widely used to describe the node characteristics of large-scale intrinsic connectivity networks in
the brain. Specifically, the pre-processed fMRI data were used to perform voxel-based whole-brain correlation
analysis. The time course of each voxel in each brain was related to every other voxel time course in the GM
mask. We obtained an n × n matrix of Pearson’s correlation coefficients between any pair of voxels, where n is the
voxel number in the whole-brain mask. Next, the Pearson’s correlation data were converted into a normally distributed
Fisher z-score, and a whole brain functional network was constructed by setting each relevant threshold to r > 0.25.49

The threshold is the default setting in calculating the DC map, and was selected to eliminate counting voxels with low
temporal correlation due to signal noise. Buckner et al pointed out that different threshold choices did not qualitatively
change the results.49 The present study only considered the positive Pearson’s correlation coefficients. For a given
voxel, the DC was calculated by calculating the number of FCs with significant positive correlations at the individual
level.35,49

Statistical Analysis
The difference in age between children with ASD and healthy subjects was assessed by a two-sample two-tailed t-test
using SPSS statistical software (version 13.0). Sex differences between the two groups were determined by a two-tailed
Pearson’s chi-square test. In order to determine intergroup DC differences from the zDC map, a two-sample t-test was
conducted between the two groups by using REST software. Meanwhile, the age and gender were included as covariates
to reduce the influence on the results. Multiple comparisons were corrected by a Monte Carlo simulation using the
AlphaSim program (http://afni.nimh.nih.gov).50 We adopted a method of combining the height threshold (p < 0.001)51

and the extent threshold (p < 0.01) in REST software to implement the AlphaSim program and obtained the corrected p <
0.01. Voxel-based analysis showed that the average DC values of all voxels in significantly different regions were
extracted independently by time series extracted in REST and were then entered into SPSS. Then, a Pearson’s correlation
analysis was conducted to clarify the relationship of abnormal DC values in significantly different regions with clinical
characteristics of children with ASD, including the total scores of ABC, DQ, and CARS as well as the subscales scores of
ABC and DQ. Significance levels were set at p < 0.05 (two-tailed).

Results
Demographics and Clinical Characteristics
Details of the demographic data and corresponding clinical characteristics of the participants in this study are presented
in Table 1. No significant differences were observed in terms of age (t = −1.797, p = 0.076) or sex distribution (χ2 =
0.814, p = 0.055) between children with ASD and healthy subjects.

DC Analysis
A two-sample t-test revealed significantly decreased DC values within the right middle frontal gyrus (MFG) of children
with ASD compared with those in healthy subjects (p < 0.01, AlphaSim corrected) (Table 2 and Figure 1, and the color
bar in Figure 1 indicated the t value).

https://doi.org/10.2147/NDT.S367104

DovePress

Neuropsychiatric Disease and Treatment 2022:181366

Xu et al Dovepress

Powered by TCPDF (www.tcpdf.org)

http://afni.nimh.nih.gov
https://www.dovepress.com
https://www.dovepress.com


Correlation results
Notably, the mean DC values within the right MFG observed in children with ASD showed significantly negative
correlations with the total scores of ABC, and also with two ABC subscales measuring highly relevant impairments in
ASD (ABC total scores: r =- 0.236, p = 0.029; stereotypes and object use: r =- 0.364, p = 0.001; language: r =- 0.320,
p = 0.003.Figure 2). No other significant correlation was found between the mean DC value of the right MFG and any
of the other clinical variables (CARS, DQ or any other subscale scores of the ABC and DQ) in children with ASD.

Discussion
In this study, we used DC analysis to describe the intrinsic dysconnectivity patterns of whole-brain functional networks
in children with ASD. Significantly decreased DC values within the right MFG were found in children with ASD
compared with those in healthy subjects. Furthermore, significantly negative correlations were established between the
decreased average DC values within the right MFG in children with ASD and the total scores of ABC, as well as with
two ABC subscales measuring highly relevant impairments in ASD (ie, stereotypes and object use behaviors, as well as
difficulties in language).

Importantly, we found that children with ASD showed decreased DC values in the right MFG, which reflects
decreased functional connections between this brain region and other brain networks and also reflects decreased
centrality or importance of a specific voxel in the brain networks. The MFG has been proposed to be the focal point
of the dorsal and ventral attention networks52,53 and is mainly responsible for coordinating different messages.7,52 The

Table 1 Demographic and Clinical Characteristics of Children with ASD and of Healthy Subjects

Characteristic ASD (n=86) Healthy Subjects
(n =54)

p-value Chi-Square/t value

Sex (M/F) 76/10 47/7 0.055a 0.814

Age (years) 3.16±1.19 3.62±1.66 0.076b −1.797
CARS total score 34.20±2.05 - - -
ABC total score 70.52±9.51 - - -

DQ total score 53.44±7.90 - - -

ABC SUB-SCALE
Sensory 10.37±4.12 - - -

Relating 18.86±5.55 - - -
Stereotypes and object use 12.31±3.63 - - -

Language 14.90±3.01 -

Self-help and social 14.08±2.72 - - -
DQ SUB-SCALE - - -

Gross motor 70.64±12.29

Fine motor 50.81±8.45 - - -
Ability to adapt 62.70±11.69 - - -

Language 46.93±12.07 - - -

Social skills 53.95±9.53 - - -

Notes: Values are means ± SDs. M, Male; F, Female. aThe p-value was obtained using a chi-square test. bThe p-value was obtained
using a two-sample t-test.

Table 2 Brain Regions Showing Differences in Degree Centrality Between Children with ASD and
Healthy Subjects

Brain Regions MNI Coordinates Voxels T value

x y z

Right middle frontal gyrus 27 24 45 114 −4.0423

Note: The negative T value indicates the degree of decline in the ASD group.
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Figure 1 Brain regions showing decreased degree centrality within the right middle frontal gyrus in the autism spectrum disorder (ASD) group compared with that in
healthy subjects.Regions showing decreased degree centrality in the axial map from Z = +30 to Z = +52 mm (every 2 mm) at the given threshold. The color bar indicated the
t value.

Figure 2 Significant negative correlations between the mean degree-centrality values within the right middle frontal gyrus and (A) the total scores of the Childhood Autism
Rating Scale in children (ABC), and also with two ABC subscales measuring highly relevant impairments in children with ASD, namely, (B) stereotypes and object use
behaviors, as well as (C) difficulties in language.

https://doi.org/10.2147/NDT.S367104

DovePress

Neuropsychiatric Disease and Treatment 2022:181368

Xu et al Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


decreased direct connectivity of this brain region within the brain networks of children with ASD might indicate less
efficient transmission of neural information in the brains of children with ASD compared with that in healthy subjects.
Because of this decreased ability to integrate and process information, children with ASD might be unable to commu-
nicate normally in public places, which are consistent with previous studies.7,54

The MFG plays a key role in a host of high-level executive functions, such as self-control, rule learning and
emotional regulation.53,55–57 Perlman et al found that inadequate activation of the MFG in response to frustration was
associated with irritability and emotional lability in non-autistic children.58 Some other previous studies57,59–61 have also
suggested that the MFG plays a critical role in motor, emotional and cognitive self-regulation by guiding attention and
initiating goal-directed behaviors in typical individuals. Therefore, we speculated that the abnormal DC values within the
MFG that we found in the present study may contribute to the impairment of emotional and cognitive self-regulation, as
well as stereotypical ASD behavior, in children with ASD. Moreover, the MFG is a key region involved in the formation
of dorsolateral prefrontal cortical (dlPFC) circuits.62,63 Specific dlPFC circuits have been shown to support self-
regulation and habit learning,62 which are associated with goal-oriented planning.64,65 Additionally, dlPFC circuits
play an important role in social motivation and their disruption has been postulated to represent the neural basis for
social-interaction and communicative deficits in ASD.66 Some previous studies53,67,68 have found that increased GM
volumes and numbers of neurons indicate structural abnormalities in dlPFC circuits in children with ASD. Luna et al
found that the absence of spatial working memory in ASD was due to abnormalities in dlPFC circuits.55 Some other
previous studies63,66 have also reported that interactions between the right MFG and the striatum are involved in the
restricted interests and repetitive behaviors of ASD. Therefore, to some extent, impairments in social interaction and
communication, as well as the limited interests and repetitive behaviors, of children with ASD may be explained by the
functional variations in dlPFC circuits. However, the abnormal development of the right MFG, which is an important part
of the dlPFC, may contribute to abnormal social characteristics, such as a lack of self-control and emotional modulation.
Beyond all that, the MFG participates in forming default mode network (DMN), which is involved in the monitoring of
internal processes, including internal and external cognition, self-monitoring, and autobiographical as well,69 and plays
an important role in expressing emotions and social processes.70 The DMN is very important for the social understanding
of others’, however, the DMN dysfunction is an important component of social impairments in ASD.71 Wang et al also
found that the intensity of the FC between networks in the DMN was associated with the severity of autistic
characteristics.72 Our present finding of decreased DC values in the right MFG of children with ASD may help further
elucidate the mechanisms underlying ASD and the role of the right MFG in this process.

Remarkably, the brain is strongly lateralized in adults and older children, such that the right hemisphere has been
reported to be larger than the left hemisphere,53,73 and the right hemisphere has been shown to be predominantly involved
in emotional processing and working-memory-related patterns.74 Barbey et al demonstrated that the right dlPFC is
essential for manipulating information in a wider context of reasoning.56 A previous spectroscopic study75 suggested that
the right prefrontal cortex is a major contributor to psychopathology in young children with ASD at the level of
functional network structure. Consistent with previous studies, our present results suggest a right lateralization of the
brain in children with ASD.

In the current study, we found that the average DC values within the right MFG in children with ASD were negatively
correlated with ABC total scores, which may indicate that lower DC values within the right MFG of children with ASD
are indicatives of more severe behavioral symptoms. Consistent with our findings, Qian et al suggested that the
dysfunction of the right MFG was closely related to the diversity and severity of symptoms experienced in children
with ASD.53 In addition, a mounting body of evidence has suggested that several behavioral symptoms in ASD are the
result of “network disorders”, which are associated with high-level cognitive tasks, such as working memory, mental
flexibility and language.76 Grecucci et al also found a broad structural network that they called the “Autism-specific
Structural Network” (ASN), which was different between adults with ASD and healthy controls.77 Particularly, previous
studies52,53 have indicated that the right MFG is a critical part of different types of brain networks. Our present findings
may provide a better understanding of the neural basis of ASD, which may aid in identifying targets for further ASD
research and related therapeutic interventions.
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In this study, we found that the average DC values within the right MFG in children with ASD were negatively
correlated with ABC stereotypes and object-use behavioral scores, which may indicate that lower DC values within the
right MFG are indicative of more dysfunctional stereotypes and object-use behaviors in children with ASD. Similar to
our results, Grecucci et al suggested that the loading coefficient of the ASN, which contains the MFG, was significantly
correlated with Autism Diagnostic Observation Schedule (ADOS) stereotypic behavioral scores.77 In addition, Powell
et al reported that there was a significantly positive correlation between the severity of motor stereotypy and the degree of
ASD symptomology.78 Previous studies79–81 have also suggested that motor-stereotypy behaviors exhibited by children
with ASD may be due to defects in executive functioning (EF), which is responsible for planning, inhibiting aggressive
or inappropriate behavioral responses, and performing appropriate responses. Additionally, the frontal lobes are essential
for intact EF capacities.81 In particular, the MFG plays a crucial role in a host of high-level executive functions, such as
self-control and set-shifting.53,56,57 Taken together, our present findings may provide an explanation for the dysfunctional
stereotypes and object-use behaviors in children with ASD.

In addition, in our study, the average DC values within the right MFG in were negatively correlated with ABC
language scores, which may indicate that lower DC values within the right MFG are predictive of more serious
communicative dysfunction in children with ASD. Language deficits mainly refer to delays in speech onset and literal
language interpretation, as well as poor recognition of social and emotional cues in language,82 all of which are present in
children with ASD. Previous fMRI studies have shown that ASD impairments are often attributed to changes in
connections between different brain regions83 or abnormal activation in some brain regions.84,85 Chen et al suggested
that normally developing boys tend to perform high-level semantic feature retrieval and selection when making semantic
judgments, while boys with ASD tend to perform low-level visual processing during these processes.86 Consistent with
this finding, Murdaugh et al also reported that in addition to recruitment of typical language networks, children with ASD
were inclined to recruit additional visual processing in language-comprehension tasks to aid in language
comprehension.87 Specifically, visuospatial skills are related to the specialization of the right hemisphere,88 and the
right MFG is an important part of visual networks, which are associated with atypical visual information processing in
ASD.7,85 Therefore, our present results suggest that decreased DC values within the right MFG may be related to
communicative dysfunction in children with ASD.

Our study had some limitations. First, all of the children with ASD were completed the CARS and the ABC for
diagnosising of ASD, but there was no implementation of ADOS or Autism Diagnostic Interview-Revised (ADI-R)
which was regarded as “gold standard” by many countries to confirm the diagnosis of ASD. Second, DC can only
identify brain regions showing abnormal functional connectivities and cannot provide detailed information about the
functional connections. Therefore, future studies should trace the brain sites to which these abnormal functional
connectivities are linked. Third, our study was cross-sectional, and all of the subjects were preschoolers. Therefore,
the interpretation of our findings may not be appropriate for other development stages. Longitudinal datasets with large
sample sizes are warranted for a more comprehensive description of the precise nature of the underlying neural-circuits
contributing to ASD, and ideally such studies would be sensitive to subtle changes over time within neural circuits in
ASD over the human lifespan. Fourth, our subjects were in a state of sedation induced by chloral hydrate in our study.
However, previous studies89,90 on the effects of the sleep-induced states of chloral hydrate on the brain have been
controversial. For example, Wei et al found that sedation-induced by chloral hydrate reduced functional interaction
within the brain.89 However, Doria et al compared sedated infants and deep-sleeping infants found no significant
differences.90 Therefore, we speculate that our results may only be applicable for children who are sleeping-state.

Conclusions
In the current study, we used chloral hydrate induced sleeping-state fMRI-derived DC values to investigate abnormal
intrinsic connectivity patterns within whole-brain functional networks in children with ASD. Our results revealed
significantly decreased DC values within the right MFG in children with ASD. Moreover, significant negative correla-
tions were established between the decreased average DC values within the right MFG and the total scores of ABC, and
also with two ABC subscales measuring highly relevant impairments in ASD (ie, stereotypes and object-use behaviors,
as well as difficulties in language). Taken together, our findings suggest a novel approach to explore the neural correlates
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of deficits in social interactions and communication, as well as the limited interests and repetitive behaviors, of
preschoolers with ASD. Specifically, our findings suggest that abnormal DC values may represent an important
contribution to elucidating the neuropathophysiological mechanisms of preschoolers with ASD.
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