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Abstract
Communication deficits in Autism Spectrum Disorder (ASD) involve impairments in both verbal and nonverbal domains, 
potentially associated with altered brain network connectivity related to language, attention, and social cognition sys-
tems. This study investigated functional connectivity patterns among the Default Mode Network (DMN), Salience Net-
work (SN), Dorsal Attention Network (DAN), and Language Network (LN) in male children with ASD using resting-state 
fMRI data and Principal Component Analysis (PCA) to define sample-specific regions of interest. The sample included 53 
males with ASD and 27 typically developing controls aged 5 to 12 years. Group comparisons revealed underconnectivity 
between the SN and LN (p = 0.003, beta = -0.49; p = 0.04, beta = -0.38) and overconnectivity between the DMN and LN 
in the ASD group (p = 0.003, beta = 0.5; p = 0.02, beta = 0.4). Crucially, further analyses showed that impairments in verbal 
(p = 0.016, beta = -0.45; p = 0.02, beta = -0.46) and nonverbal (p = 0.03; beta = -0.42) communication in ASD were associ-
ated with reduced connectivity within the DAN and between the DAN and SN, rather than with the LN. These findings 
suggest that communication difficulties in ASD have a stronger attentional basis linked to disruptions in sustained and 
switching attention mechanisms, as opposed to isolated language network dysfunctions. Our results underscore the impor-
tance of considering the integrated functioning of attentional and social brain networks to better understand the neural 
substrates of communication challenges in ASD.
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and enhanced integrated performance. Given that individu-
als with Autism Spectrum Disorder (ASD) frequently face 
challenges in communication, impacting both verbal and 
nonverbal social interactions, we anticipate alterations in 
the neural substrates underlying language, attention, and 
social behavior. Furthermore, we assume that these neural 
atypicalties are associated with difficulties in verbal and 
nonverbal communication within this population.

Networks involved in communication

Default mode network

From the resting-state perspective, the altered functional 
connectivity (FC) within and between large-scale net-
works may serve as a potential biomarker for predicting 
ASD symptom severity in social behavior [15]. One of the 
prominent and consistently replicated findings regarding 
atypical social abilities in ASD is disrupted connectivity 
within the Default Mode network (DMN; [7, 18, 24, 31, 

Introduction

Communication, as a fundamental component of social cog-
nition, relies on both linguistic and paralinguistic elements. 
These elements collaboratively enable the transmission and 
interpretation of messages through the focus of communica-
tors’ attention. Consequently, three key attributes underpin 
successful communication: well-developed social skills, 
language abilities, and attentional capacities. We hypoth-
esize that effective communication depends not only on 
the proper functioning of the brain’s language, attention, 
and social systems individually but also on their balanced 
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34, 46, 55, 58]). The DMN typically comprises the right 
and left lateral parietal, posterior cingulate and medial pre-
frontal cortices (right/left LP, PCC, MPFC; [1, 27]; Human 
Connectome Project) and is critically involved in self-ref-
erential processing [11] and especially in theory of mind 
[50]. Between-network connectivity investigation shows 
that overconnectivity between the DMN and the Salience 
network (SN) predicts more severe social responsiveness 
impairments in ASD [6, 40]. Beyond mentalizing and self-
referential processing, the DMN’s FC is also associated 
with semantic cognition and construction of embodied 
situation models [16], as well as working memory [21, 32, 
48, 49] and autobiographical memory [39]. The DMN’s 
contribution to verbal and nonverbal communication lies 
in its role in understanding others’ mental states, self-
reflection, and recalling relevant experiences.

Dorsal attention network

Attention is a dual process involving sustained focus on 
task-relevant stimuli and selective reorientation toward 
salient ones. These mechanisms are supported by distinct 
but interacting brain networks that modulate “top-down” 
and “bottom-up” sensory processing [8, 9]. The Dorsal 
Attention Network (DAN) primarily includes the frontal 
eye fields (FEF), superior parietal lobules (SPL; [2]). The 
DAN globally ensures “top-down” attentional control and 
specifically involves in visual attention, including spatial 
attention, feature attention, and object attention [10, 20, 41, 
51]. The typical functioning of the DAN is crucial for suc-
cessful communication, as it directs and sustains attention 
toward the most relevant external information.

Salience network

The “bottom-up” attentional mechanisms are divided into 
functionally overlapping the Ventral Attention network 
and the SN [59]. Moreover, the SN’s role extends beyond 
simple “bottom-up” attention to include filtering of exter-
nal inputs, modulating behavioral flexibility, and support-
ing verbal intelligence [29, 36, 37]. This suggests that the 
SN acts as a hub that coordinates attentional shifts and 
cognitive control by interacting with both the VAN and 
DAN. Thus, we decided to focus on the SN comprising the 
bilateral supramarginal gyri (SMG), rostral prefrontal cor-
tices (RPFC), anterior insula (AIns) and anterior cingulate 
cortex (ACC; [22, 40]). The SN is important in commu-
nication because it identifies and prioritizes the most rel-
evant sensory and emotional information. Moreover, the 
SN enables the dynamic switching between brain systems 
that support language processing, social behavior, and sus-
tained attention.

Functional connectivity of the attention, 
mentalizing and language networks in ASD

Underconnectivity within the DMN was already mentioned 
as one of the most replicable findings in the resting-state 
research of ASD [7, 46, 58]. Moreover, the DMN’ altera-
tions have been consistently linked to core social and com-
munication symptoms in ASD [7, 46]. Beyond the DMN, 
atypical connectivity patterns have also been observed in 
the SN, the DAN and the Language network (LN).

Overconnectivity of the SN has been shown to predict 
decreased verbal intelligence [36], sensory traits [1], and 
restricted and repetitive behaviors [53] in individuals with 
ASD. Sociocommunicative deficits have been associated 
not only with overconnectivity of the SN [1] but also with 
increased FC between the SN and the DMN [6, 40].

The connectivity of the DAN varies with developmental 
stages: children with ASD exhibit hyperconnectivity of the 
DAN [14, 17], whereas adults with ASD show hypocon-
nectivity [14]. Both hyper- and hypoconnectivity patterns 
implicate difficulties in goal-driven, endogenous attention 
control and “bottom-up” processing [14, 17]. Furthermore, 
overconnectivity between the DAN and other networks 
predicts social and communication deficits [35], as well as 
impairments in attention switching and cognitive functions 
[23, 38] in individuals with ASD.

Regarding the LN, findings are inconsistent. Task-based 
functional magnetic resonance imaging (fMRI) studies typ-
ically report underconnectivity within the LN during lan-
guage tasks [25, 26, 28], whereas resting-state fMRI studies 
often demonstrate overconnectivity within the LN [19, 42, 
43]. Notably, the LN overconnectivity correlates negatively 
with social symptom severity but not directly with language 
abilities [19]. It has also been shown that the LN exhibits 
increased connectivity with the DMN in ASD, indicating 
reduced segregation, less isolated and modular functioning, 
between language and mentalizing systems [19, 60]. These 
patterns suggest that in ASD, the LN is not only atypically 
connected internally but also shows altered interactions with 
other large-scale networks implicated in social cognition 
and attention. These connectivity differences may underlie 
the complex language and communication difficulties char-
acteristic of the disorder.

The present study

While individual network alterations in ASD are well-doc-
umented, their integrated interactions and specific contri-
butions to verbal versus nonverbal communication remain 
underexplored. We predict ASD-specific FC disruptions that 
correlate with communication deficits. Brain-behavior mod-
els will reveal which connections uniquely predict verbal 
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and nonverbal impairments, hypothesizing imbalanced net-
work integration as a key mechanism. Thus, we aimed to 
investigate the interactions among the DMN, SN, DAN, and 
LN, and their implications for verbal and nonverbal commu-
nication performance in males with ASD. To more precisely 
assess the FC of these networks, we applied Principal Com-
ponent Analysis (PCA) to resting-state fMRI data, extract-
ing the most significant patterns of spontaneous activity [5, 
56]. This approach allowed us to define regions of interest 
(ROIs) specific to our sample for each network. Using PCA 
to identify network ROIs tailored to the sample enhances 
the accuracy of FC estimation by focusing on the most rel-
evant spontaneous activity patterns for the particular dataset 
rather than relying solely on predefined anatomical regions 
[52, 61]. Following between-group comparisons, we con-
structed brain-behavior models to estimate which network 
connections contribute to deficits in verbal and nonverbal 
communication in the ASD group.

Methods and materials

Participants

This study was conducted using resting-state fMRI data 
from the Autism Brain Imaging Data Exchange II data-
set [12]. As our focus was on both verbal and nonverbal 
communication, we selected subsamples that included the 
corresponding subscales from the Autism Diagnostic Inter-
view-Revised (ADI-R; [33]). Our initial search identified 
data from nine sites. To standardize data acquisition and 
facilitate further preprocessing, we chose the dataset with 
the largest number of participants diagnosed with ASD. 
Consequently, our sample was drawn from two datasets pro-
vided by the Langone Medical Center at New York Univer-
sity, comprising 75 individuals with ASD and 30 typically 
developing (TD) controls. To ensure balanced groups, we 
excluded female participants due to their low representa-
tion (only eight females with ASD and two TD females). 
Next, we conducted outlier detection and removal based on 
predefined criteria: values below the first quartile minus 1.5 
times the interquartile range (IQR) or above the third quar-
tile plus 1.5 times the IQR were considered outliers (where 
IQR = third quartile − first quartile). This process identified 
9 age-related outliers, all of them were in the ASD group; 
these participants were excluded as well. Finally, we defined 
six outliers of quality control metrics of fMRI data before 
the denoising procedure to also exclude them from the anal-
ysis according to the same outlier criteria (Fig. 1).

The final sample consisted of 80 male participants: 53 
males with ASD (age range years: 5.1 − 11.3, Mage = 7.5, 
SDage = 1.5) and 27 TD males (age range years: 5.9 − 12.9 

Mage = 9.0, SDage = 1.8). The groups differed significantly 
in age, as indicated by the Mann-Whitney U test (U = 364, 
p = 0.0003). However, when assessing the equality of vari-
ance-covariance matrices using Box’s M test, we found 
no significant difference, indicating homogeneity between 
groups for this variable (Chi-square = 1.33, p = 0.25). The 
following scores of the ADI-R communication subscales 
were obtained in the ASD group: Mv = 15.4, SDv = 5, ranged 
from 4 to 24 (with minimal and maximal possible values of 
0 and 25, respectively) and Mnv = 8.8, SDnv = 3.7 ranged 
from 0 to 14 (with minimal and maximal possible values of 
0 and 14, respectively). The detailed sample description is 
presented in Table 1.

Data preprocessing

Demographic and behavioral data were preprocessed by 
scaling continuous variables using the MinMaxScaler 
function and encoding categorical variables with the 
OneHotEncoder transformer from the Python scikit-learn 
package [47, 54]. For fMRI data, preprocessing was con-
ducted using the CONN toolbox version 22.a ​(​​​h​t​​t​p​s​​:​/​/​w​​w​
w​​.​n​i​t​r​c​.​o​r​g​/​p​r​o​j​e​c​t​s​/​c​o​n​n​​​​​; [56], following a flexible pipe-
line [44] that included bandpass filtering between 0.008 
and 0.09 Hz, motion correction, slice-timing correction, 
outlier detection, direct segmentation, normalization to 
MNI space, smoothing with an 8-mm kernel, realignment 
to the first scan of the first session, and independent com-
ponent analysis denoising targeting displacement above 
0.9 mm or global BOLD signal changes exceeding 5 stan-
dard deviations [44, 56].

ROIs generation and selection

We ran the PCA decomposition on our data to estimate 25 
principal components from the fMRI data combined across 
all subjects. The BOLD signal from every timepoint and 
voxel in the brain was concatenated across subjects along 
the temporal dimension. A singular value decomposition of 
the z-score normalized BOLD signal (subject-level SVD) 
with 64 components separately for each subject was used 
as a subject-specific dimensionality reduction step. A sin-
gular value decomposition (group-level SVD) with 25 com-
ponents was then used to identify spatially and temporally 
orthogonal networks characterizing the largest variance in 
the BOLD signal. Last, GICA3 back-projection [13] was 
used to compute PCA maps associated with these same 
networks separately for each individual subject. Next, we 
chose the PCA-created networks that most topographically 
and temporally matched the DMN (r = 0.26), the SN (r = 
0.28), the DAN (r = 0.23), and the LN (r = 0.25). As these 
PCA-networks were presented by many ROIs, we decided 

https://www.nitrc.org/projects/conn
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Fig. 1  The flowchart of the pre- and processing pipelines with outlier 
removal, networks construction and region selection. Note: Invalid 
scans = number of scans identified as outliers; Proportion of scans = 
ratio between valid and invalid scans; Mean motion = mean value of 
framewise displacement change across valid scans per subject; Mean 
GS change = mean value of global signal change across valid scans 
per subject; NORM_func = indicator of functional data normaliza-

tion accuracy; NORM_struct = indicator of structural data normaliza-
tion accuracy; r = correlation value of predefined network templates 
(CONN’s ICA analyses of Human Connectome Project dataset (Whit-
field-Gabrieli and Nieto-Castanon 2012 = [56]) and PCA-extracted 
networks; IQR = interquartile range; GICA3 back-projection = direct 
group independent component analysis back-reconstruction approach 
(Erhardt et al. 2011 = [13])
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to select only those used by previous research. Notably, the 
LN was presented in our study by only three key regions (the 
rest of them were excluded due to the non-canonical repre-
sentation) and the DMN’s ROIs of posterior cingulate cortex 
and left lateral parietal cortex were reconstructed as a united 
node. The detailed description of the ROIs is presented in 
Table 2 as well as Fig. 1 illustrates the defined networks.

ROI-to-ROI analysis

Group-level analyses were performed using a General Linear 
Model (GLM; [44]). For each individual connection a separate 
GLM was estimated, with first-level connectivity measures at 
this connection as dependent variables, and groups or other 
subject-level identifiers as independent variables. Connection-
level hypotheses were evaluated using multivariate parametric 
statistics with random-effects across subjects and sample cova-
riance estimation across multiple measurements. All network 
nodes were used as both sources and targets, and ROI-to-ROI 
connections were set to a threshold by intensity of two-sided 
False discovery rate (FDR)-corrected p < 0.05. Given sig-
nificant differences in age between groups, this variable was 
included as a covariate in all group-comparison models.

To analyze the network-communication relationships in 
the ASD group, we built separate GLM for each connection 
with the following contrasts [ASD (0); Age (0); non- and ver-
bal ADI-R(1)]. Age was implemented as a control variable in 
each model as well. Connections between ROIs were thres-
holded based on a two-sided FDR-corrected p-value of less 
than 0.05 [3]. All reported p-values were FDR-corrected.

Results

The analysis revealed lower connectivity in the ASD group 
compared to TD peers between the SN and the LN (Fig. 2): 
left AIns and right anterior node, T(77) = −4.34 p = 0.003; 
right AIns and left posterior region, T(77) = −3.35, p = 0.04. 
We also found greater connectivity in the ASD group com-
pared to TD peers between the DMN and the LN (Fig. 2): 
right LP and right anterior node, T(77) = 4.51, p = 0.003; right 
LP and right posterior region, T(77) = 3.63, p = 0.02.

The regression analysis in the ASD group to estimate 
the effect of non- and verbal ADI demonstrated that lower 
connectivity between the left FEF of the DAN and the right 
SMG of the SN, beta = −0.41, T(49) = −3.51, p = 0.016; as 
well as between the left SPL and the right FEF of the DAN, 
beta = −0.37, T(49) = −3.43, p = 0.02 − was associated with 
greater ADI verbal scores (more severe communication defi-
cits; Fig. 3). Also, the same effect direction was found for the 
nonverbal ADI scale and the connectivity within the DAN 
between the right FEF and left SPL nodes, beta = −0.34, 
T(50) = −3.25, p = 0.03 (Fig. 3). All effect sizes of the signifi-
cant effects are reported in the Table 3.

Considering IQ

For the significantly differing results of between-group 
comparisons and brain-behavior regressions, we added the 
sensitivity analysis controlling for IQ by including FIQ as a 

Table 1  Demographic information
Characteristic N

(ASD/
TD)

ASD TD Statis-
tics

p-value

Age (years) 53/27 7.5 ± 1.5
(5.1 − 11.3)

9.0 ± 1.8
(5.9 − 12.9)

U = 364 0.0003

FIQa 52/27 104.3 ± 16.5
(73–138)

116 ± 14.8
(92–144)

t(77) = 
−3.1

0.002

ADIb verbal 52/0 15.4 ± 5
(4–24)

NA NA NA

ADIb 
nonverbal

53/0 8.8 ± 3.7
(0–14)

NA NA NA

SRS total 
(T) c

53/26 74.7 ± 14.5
(42–107)

45.2 ± 6.3
(34–59)

t(77) = 
−3.1

< 0.0001

Two-sample independent t-tests and Mann-Whitney U-tests were 
conducted to compare the mean of the demographic and behavioral 
data in groups of individuals with ASD and TD
aFull scale intelligence quotient
bAutism Diagnostic Interview-Revised
cSocial Responsiveness Scale – Second Edition. The result is pro-
vided in T-scores
ASD Autism Spectrum Disorder; TD typical development; NA not 
available

Table 2  Regions of interests comprising the networks
Network ROI Coordinates Voxels

x y z
Salience ACC −1 38 20 5049

left AIns −38 16 −5 1669
right AIns 41 18 −5 1400
right RPFC 27 52 25 727
left RPFC −28 49 24 680
right SMG 58 −49 36 435
left SMG −56 −55 37 324

Default Mode left LP + PCC −1 −55 21 12,707
right LP 42 −72 32 893
MPFC 1 42 −1 295

Language right posterior 52 −38 7 6846
right anterior 40 20 30 4618
left posterior −60 −54 16 625

Dorsal Attention left SPL −48 −62 35 478
right SPL 54 −58 36 365
right FEF 39 23 47 257
left FEF −37 17 48 228

ACC anterior cingulate cortex; AIns anterior insula; RPFC rostral 
prefrontal cortex; SMG supramarginal gyrus; LP lateral parietal; 
PCC posterior cingulate cortex; MPFC medial prefrontal cortex; 
SPL superior parietal lobule; FEF frontal eye field
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Fig. 3  The relationships between ROI-to-ROI connectivity and ADI 
scores in the ASD group: underconnectivity (blue line) between SN 
(yellow nodes) and DAN (green nodes) as well as within the DAN 
(green nodes). Regression plots represent relationships between beta 
values of these connections (y axis) and ADI scores of verbal and non-

verbal communication (x axis) in the ASD group. Note: ROI=region 
of interest; ASD = Autism Spectrum Disorder; SN=Salience network; 
ADI = Autism Diagnostic Interview; DAN=Dorsal attention network; 
FEF = frontal eye field; SPL=superior parietal lobule; SMG = supra-
marginal gyrus

 

Fig. 2  Between group differences in DMN and LN, SN and LN connec-
tivity. ROI-to-ROI functional connections in the ASD group compared 
to TD with significant between-groups differences p < 0.05: undercon-
nectivity (blue line) between SN (yellow nodes) and LN (lightblue 
nodes); overconnectivity (red line) between DMN (orange nodes) and 

LN (lightblue nodes). Distributions of beta values for these connec-
tions are shown in the stripplots in each group. Note: DMN = Default 
Mode network; LN = Language network; SN = Salience network; 
ROI = region of interest; ASD = Autism Spectrum Disorder; TD = typi-
cally developing; AIns = anterior insula; LP = lateral parietal
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control variable in each model. The results remain the same: 
decreased connectivity in the ASD group compared to TD 
peers between the left AIns of the SN and the right ante-
rior node of the LN, T(75) = −3.77, p = 0.003; the right AIns 
of the SN and the left posterior region of the LN, T(75) = 
−3.08, p = 0.05. The increased connectivity was again shown 
between the LP of the DMN and the LN: right anterior node, 
T(75) = 4.60, p = 0.0003; right posterior region, T(75) = 3.54, 
p = 0.005. Verbal communication scores in the ASD group 
were predicted by underconnectivity within the DAN, T(48) 
= −3.39, p = 0.02, as well as between the SN and the DAN, 
T(48) = −3.47, p = 0.02; while lower nonverbal communi-
cation was associated with reduced connectivity within the 
DAN only, T(48) = −3.14, p = 0.05.

Discussion

In this study, we investigated the functioning of resting-state 
networks related to attention, language, and mentalizing, as 
well as their associations with verbal and nonverbal commu-
nication in children with ASD. Our analysis revealed a global 
pattern of underconnectivity between the LN and the SN, 
alongside overconnectivity between the LN and the DMN. 
Although no significant links were found between connec-
tivity of the LN and communication performance, reduced 
connectivity within the DAN and between the DAN and SN 
was associated with more severe impairments in both verbal 
and nonverbal communication.

PCA’s network construction

Despite applying PCA for a more precise specification 
of ROIs’ topography, or their anatomical locations, our 
ROIs selection was based on previous research. However, 
there are two important notes on our PCA results: first, the 
DMN’s left LP and PCC were merged into one ROI; second, 
the LN’s left anterior part, or the typical Broca’s area, was 
not defined as a principal component. The first observation 
may be explained by the highly correlated activation pat-
terns between these DMN’ nodes. The second pattern may 
be due to the fact that the left anterior language regions are 
obviously activated during task-based fMRI paradigms but 
during rest, these regions do not exhibit spontaneous low-
frequency activity correlations to other language nodes. 
Thus, the LN of rest could be limited to right anterior and 
posterior and left posterior parts. Our network analysis did 
not include the left frontal region – as it was not recon-
structed during the PCA – which likely explains why we 
found no link between the Language Network (LN) and 
ASD communication symptoms. Research by Lee et al. 
[30], Gao et al. [19], and Xu et al. [57] shows that social 
symptoms in ASD are actually tied to Broca’s area, an area 
our study did not include. Conversely, our results either 
underscore the idea that Broca’s area and its connections 
are essential for social communication. Future studies with 
application other data-drive methods are needed.

Between-group differences

As our between-group comparisons revealed overconnec-
tivity between the LN and DMN in males with ASD, we 
supported the conclusion of previous studies on decreased 
segregation between these networks indicating lower spe-
cialization of the language system from the mentalizing 
one in children with ASD [19, 60]. It is important to note 
that the right LP node of the DMN is overconnected with 
both right anterior and posterior regions of the LN in our 
study. We may then speculate that mentalizing processes 
including self-referential ones and theory of mind interfere 
with both production and comprehension of language mak-
ing them slower or challenging to process for children with 
ASD compared to TD peers. Our next finding is undercon-
nectivity between the LN and SN in males with ASD. As it 
was mentioned before, the SN’s functioning is crucial for 
detecting the most relevant stimuli and assembling mental 
and cognitive resources to switch attention between dif-
ferent tasks and systems [29, 36, 37]. Based on reduced 
connectivity between the SN and LN, we may assume 
that among other reasons language processing in ASD is 
altered due to behavioral inflexibility during input filtering 

Table 3  Effect sizes for the significant effects of the between-group 
comparisons and ADI effect
Model Effect beta (stan-

dardized 
coefficient)

T-value

right anterior of LN and left 
AIns of SN

ASD < TD −0.4851 −4.341

left posterior of LN and right 
AIns of SN

ASD < TD −0.3841 −3.353

right anterior of LN and right 
LP of DMN

ASD > TD 0.4950 4.508

right posterior of LN and right 
LP of DMN

ASD > TD 0.4025 3.628

left FEF of DAN and right 
SMG of SN

ADI verbal −0.4479 −3.506

left SPL of DAN and right 
FEF of DAN

ADI verbal −0.4550 −3.428

left SPL of DAN and right 
FEF of DAN

ADI 
nonverbal

−0.4177 −3.181

LN Language network; AIns anterior insula; SN Salience network; 
LP lateral parietal; DMN Default Mode network; FEF frontal eye 
field; DAN Dorsal Attention network; SMG supramarginal gyrus; 
SPL superior parietal lobule; ASD Autism Spectrum Disorder, 
TD typically developing; ADI Autism Diagnostic Interview
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and stimuli prioritizing. These two findings contribute to 
understanding connectivity interactions of the LN in ASD 
reflecting its lower segregation, other words, poorer speci-
fication, with the mentalizing system and deficient connec-
tivity with the attention-alerting one.

Brain-behavior associations

Despite our expectations of the significant associations 
between connectivity of the LN with other networks and 
communication abilities, we did not find them. It is worth 
reiterating that, following PCA-based network reconstruc-
tion and ROI selection, the LN in our study lacked rep-
resentation in the left frontal region. This notable absence 
likely contributed to the lack of the LN involvement in our 
findings on communication symptoms in ASD. Lee et al. 
[30], Gao et al. [19] and Xu et al. [57] provide compelling 
evidence for this interpretation, demonstrating a significant 
association between ASD social symptoms and FC metrics 
of the left inferior frontal gyrus, or Broca’s area. Notably, 
our own results revealed no significant effects of the LN 
on communication deficits, further underscoring the critical 
role of Broca’s area and its connections in social verbal and 
nonverbal interactions.

Otherwise, we showed that verbal communication 
was predicted by underconnectivity within the DAN and 
between the DAN and SN, while nonverbal communication 
was associated with underconnectivity within the DAN 
alone. While the SN contributes to switching attention, the 
DAN is involved in sustaining attention toward the most 
relevant external information [4]. Therefore, we assume 
that if impairments of nonverbal communication are pre-
dicted by disruptions of sustained attention which entail 
difficulties of social cues focusing and consequent under-
standing of them, the difficulties of verbal communication 
could be explained by altered integration of sustained and 
switching mechanisms of attention while message trans-
mission and interpretation.

Limitations

Our study has limitations that must be noted. First, our study 
was focused on males with ASD, this bias has to be consid-
ered when interpreting the results. Moreover, future research 
may benefit from including females with this condition for 
generalizing findings. Second, preprocessing differences 
can serve a potential reason for results’ inconsistency, thus, 
future studies will benefit from the comparison of the pre-
processing pipelines. Third, we conducted procedures of 
outliers’ removal and quality control, but we did not account 
for motion and other artifacts left after the preprocessing 

steps if any while building our models. Fourth, as we did not 
build age-effect models, we prioritized a larger sample with 
substantial age differences between groups. Including age 
as a covariate ensured homogeneity of covariance matri-
ces; however, some residual age effects might still influ-
ence the results. Fifth, our study focused on resting-state 
data only, future studies may benefit from replicating the 
findings using task-based fMRI with verbal and nonverbal 
communication tasks in larger, multi-site and more demo-
graphically heterogeneous cohorts. Sixth, our study does 
not include information regarding the socio-economic status 
(SES) of the participants, as these data were not available in 
the ABIDE II dataset. While SES is not always a mandatory 
variable for functional connectivity analysis, providing this 
information would have allowed for a more comprehensive 
description of the sample and helped to further contextual-
ize the findings.

Conclusions

Our study may serve as one of the possible explanations of 
communication difficulties in the ASD population. Gener-
ally, we showed the altered connectivity patterns of the lan-
guage system with mentalizing and alerting-attention ones 
in males with ASD. However, we assume that impairments 
of verbal and nonverbal communication in ASD have more 
attentional nature of disruptions rather than language one.

Acknowledgments  Data were provided by the Autism Brain Imaging 
Data Exchange dataset (ABIDE) [12]. Primary support for the work by 
Adriana Di Martino and her team was provided by the National Insti-
tute of Mental Health (NIMH 5R21MH107045). Primary support for 
the work by Michael P. Milham and his team provided by the National 
Institute of Mental Health (NIMH 5R21MH107045); Nathan S. Kline 
Institute of Psychiatric Research). Additional Support was provided by 
gifts from Joseph P. Healey, Phyllis Green and Randolph Cowen to the 
Child Mind Institute.

Author contributions  AM: methodology, investigation, data curation, 
formal analysis, writing—original draft, and writing—review and edit-
ing. OD: writing—review and editing, resources. VA: writing—review 
and editing, and project administration. All authors read and approved 
the final manuscript.

Funding  This article is an output of a research project (HSE-BR-2025-027) 
implemented as part of the Basic Research Program at HSE University.

Data availability  No datasets were generated or analysed during the 
current study.

Declarations

Competing interests  The authors declare no competing interests.



1 3

European Child & Adolescent Psychiatry

References

1.	 Abbott AE, Nair A, Keown CL, Datko M, Jahedi A, Fishman I, 
Müller RA (2016) Patterns of atypical functional connectivity and 
behavioral links in autism differ between default, salience, and 
executive networks. Cereb Cortex 26(10):4034–4045

2.	 Basile GA, Tatti E, Bertino S, Milardi D, Genovese G, Bruno 
A, Muscatello MRA, Ciurleo R, Cerasa A, Quartarone A, Cac-
ciola A (2024) Neuroanatomical correlates of peripersonal space: 
bridging the gap between perception, action, emotion and social 
cognition. Brain Struct Function 229(5):1047–1072. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​
r​g​/​1​0​.​1​0​0​7​/​s​0​0​4​2​9​-​0​2​4​-​0​2​7​8​1​-​9​​​​​​​

3.	 Benjamini Y, Hochberg Y (1995) Controlling the false discovery 
rate: a practical and powerful approach to multiple testing. J Roy 
Stat Soc: Ser B (Methodol) 57:289–300. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​1​1​1​/​j​
.​2​5​1​7​-​6​1​6​1​.​1​9​9​5​.​t​b​0​2​0​3​1​.​x​​​​​​​

4.	 Brissenden JA, Levin EJ, Osher DE, Halko MA, Somers DC (2016) 
Functional evidence for a cerebellar node of the dorsal attention net-
work. J Neurosci 36(22):6083–6096. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​5​2​3​/​J​N​E​U​
R​O​S​C​I​.​0​3​4​4​-​1​6​.​2​0​1​6​​​​​​​

5.	 Calhoun VD, Adali T, Pearlson GD, Pekar JJ (2001) A method for 
making group inferences from functional MRI data using inde-
pendent component analysis. Hum Brain Mapp 14(3):140–151. 
https:/​/doi.or​g/10.10​02/hb​m.1048

6.	 Chen YY, Uljarevic M, Neal J, Greening S, Yim H, Lee TH (2022) 
Excessive functional coupling with less variability between 
salience and default mode networks in autism spectrum disorder. 
Biol Psychiatry: Cogn Neurosci Neuroimaging 7(9):876–884. 
https:/​/doi.or​g/10.10​16/j.​bpsc.2021.11.016

7.	 Cong J, Zhuang W, Liu Y, Yin S, Jia H, Yi C, Zhang T (2023) 
Altered default mode network causal connectivity patterns in 
autism spectrum disorder revealed by Liang information flow anal-
ysis. Hum Brain Mapp 44(6):2279–2293. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​0​2​/​h​
b​m​.​2​6​2​0​9​​​​​​​

8.	 Corbetta M, Shulman GL (2002) Control of goal-directed 
and stimulus-driven attention in the brain. Nat Rev Neurosci 
3(3):201–215. https:/​/doi.or​g/10.10​38/nr​n755

9.	 Corbetta M, Patel G, Shulman GL (2008) The reorienting system 
of the human brain: from environment to theory of mind. Neuron 
58(3):306–324. https:/​/doi.or​g/10.10​16/j.​neuron.2008.04.017

10.	 Corbetta M, Tansy AP, Stanley CM, Astafiev SV, Snyder AZ, 
Shulman GL (2005) A functional MRI study of preparatory signals 
for spatial location and objects. Neuropsychologia 43(14):2041–
2056. https:/​/doi.or​g/10.10​16/j.​neuropsychologia.2005.03.020

11.	 Davey CG, Pujol J, Harrison BJ (2016) Mapping the self in the 
brain’s default mode network. NeuroImage 132:390–397. ​h​t​t​​p​s​:​/​​/​
d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​/​j​.​n​e​u​r​o​i​m​a​g​e​.​2​0​1​6​.​0​2​.​0​2​2​​​​​​​

12.	 Di Martino A, Yan CG, Li Q, Denio E, Castellanos FX, Alaerts 
K, Anderson JS, Assaf M, Bookheimer SY, Dapretto M, Deen 
B, Delmonte S, Dinstein I, Ertl-Wagner B, Fair DA, Gallagher 
L, Kennedy DP, Keown CL, Keysers C, Lainhart JE, Milham 
MP (2014) The autism brain imaging data exchange: towards 
a large-scale evaluation of the intrinsic brain architecture in 
autism. Mol Psychiatry 19(6):659–667. https:/​/doi.or​g/10.10​38/
mp​.2013.78

13.	 Erhardt EB, Rachakonda S, Bedrick EJ, Allen EA, Adali T, Calhoun 
VD (2011) Comparison of multi-subject ICA methods for analysis 
of fMRI data. Hum Brain Mapp 32(12):2075–2095. https:/​/doi.or​
g/10.10​02/hb​m.21170

14.	 Farrant K, Uddin LQ (2016) Atypical developmental of dorsal 
and ventral attention networks in autism. Dev Sci 19(4):550–563. 
https:/​/doi.or​g/10.11​11/de​sc.12359

15.	 Feng Y, Kang X, Wang H, Cong J, Zhuang W, Xue K, Li F, Yao 
D, Xu P, Zhang T (2023) The relationships between dynamic 

resting-state networks and social behavior in autism spectrum 
disorder revealed by fuzzy entropy-based temporal variability 
analysis of large-scale network. Cereb Cortex 33(3):764–776. ​h​t​t​​
p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​9​3​/​c​e​r​c​o​r​/​b​h​a​c​1​0​0​​​​​​​

16.	 Fernandino L, Binder JR (2024) How does the “default mode” net-
work contribute to semantic cognition? Brain Lang 252:105405. 
https:/​/doi.or​g/10.10​16/j.​bandl.2024.105405

17.	 Fitzgerald J, Johnson K, Kehoe E, Bokde AL, Garavan H, Gal-
lagher L, McGrath J (2015) Disrupted functional connectivity in 
dorsal and ventral attention networks during attention orienting in 
autism spectrum disorders. Autism Res 8(2):136–152. ​h​t​t​​p​s​:​/​​/​d​o​​i​
.​o​​r​g​/​1​0​.​1​0​0​2​/​a​u​r​.​1​4​3​0​​​​​​​

18.	 Funakoshi Y, Harada M, Otsuka H, Mori K, Ito H, Iwanaga T (2016) 
Default mode network abnormalities in children with autism spec-
trum disorder detected by resting-state functional magnetic reso-
nance imaging. J Med Invest 63(34):204–208. https:/​/doi.or​g/10.21​
52/jm​i.63.204

19.	 Gao Y, Linke A, Jao Keehn RJ, Punyamurthula S, Jahedi A, Gates K, 
Fishman I, Müller RA (2019) The language network in autism: Atyp-
ical functional connectivity with default mode and visual regions. 
Autism Res 12(9):1344–1355. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​0​2​/​a​u​r​.​2​1​7​1​​​​​​​

20.	 Giesbrecht B, Woldorff MG, Song AW, Mangun GR (2003) Neu-
ral mechanisms of top-down control during spatial and feature 
attention. NeuroImage 19(3):496–512. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​/​s​1​
0​5​3​-​8​1​1​9​(​0​3​)​0​0​1​6​2​-​9​​​​​​​

21.	 Hampson M, Driesen NR, Skudlarski P, Gore JC, Constable RT 
(2006) Brain connectivity related to working memory perfor-
mance. J Neurosci 26(51):13338–13343. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​5​2​3​/​
J​N​E​U​R​O​S​C​I​.​3​4​0​8​-​0​6​.​2​0​0​6​​​​​​​

22.	 Huang H, Chen C, Rong B, Wan Q, Chen J, Liu Z, Zhou Y, 
Wang G, Wang H (2022) Resting-state functional connectivity 
of salience network in schizophrenia and depression. Sci Rep 
12(1):11204. https:/​/doi.or​g/10.10​38/s4​1598-022-15489-9

23.	 Jia X, Xie Y, Dong D, Pei H, Jiang S, Ma S, Huang Y, Zhang X, 
Wang Y, Zhu Q, Zhang Y, Yao D, Yu L, Luo C (2020) Recon-
figuration of dynamic large-scale brain network functional con-
nectivity in generalized tonic-clonic seizures. Hum Brain Mapp 
41(1):67–79. https:/​/doi.or​g/10.10​02/hb​m.24787

24.	 Jung M, Kosaka H, Saito DN, Ishitobi M, Morita T, Inohara K, 
Iidaka T (2014) Default mode network in young male adults with 
autism spectrum disorder: relationship with autism spectrum traits. 
Mol Autism 5:1–11. https:/​/doi.or​g/10.11​86/20​40-2392-5-35

25.	 Just MA, Cherkassky VL, Keller TA, Minshew NJ (2004) Corti-
cal activation and synchronization during sentence comprehen-
sion in high-functioning autism: evidence of underconnectivity. 
Brain 127(8):1811–1821. https:/​/doi.or​g/10.10​93/br​ain/awh199

26.	 Kana RK, Keller TA, Cherkassky VL, Minshew NJ, Just MA 
(2006) Sentence comprehension in autism: thinking in pictures 
with decreased functional connectivity. Brain 129(9):2484–2493. 
https:/​/doi.or​g/10.10​93/br​ain/awl164

27.	 Kernbach JM, Satterthwaite TD, Bassett DS, Smallwood J, Mar-
gulies D, Krall S, Shaw P, Varoquaux G, Thirion B, Konrad K, 
Bzdok D (2018) Shared endo-phenotypes of default mode dys-
function in attention deficit/hyperactivity disorder and autism 
spectrum disorder. Translational Psychiatry 8(1):133. ​h​t​t​​p​s​:​/​​/​d​o​​i​
.​o​​r​g​/​1​0​.​1​0​3​8​/​s​4​1​3​9​8​-​0​1​8​-​0​1​7​9​-​6​​​​​​​

28.	 Knaus TA, Silver AM, Lindgren KA, Hadjikhani N, Tager-Flus-
berg H (2008) fMRI activation during a language task in adoles-
cents with ASD. J Int Neuropsychol Soc 14(6):967–979. ​h​t​t​​p​s​:​/​​/​d​
o​​i​.​o​​r​g​/​1​0​.​1​0​1​7​/​S​1​3​5​5​6​1​7​7​0​8​0​8​1​2​1​6​​​​​​​

29.	 Ku J, Lee YS, Kim KT, Chang H, Cho YW (2020) Alterations in 
salience network functional connectivity in individuals with rest-
less legs syndrome. Sci Rep 10(1):7643. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​3​8​/​s​
4​1​5​9​8​-​0​2​0​-​6​4​6​4​1​-​w​​​​​​​

https://doi.org/10.1007/s00429-024-02781-9
https://doi.org/10.1007/s00429-024-02781-9
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1523/JNEUROSCI.0344-16.2016
https://doi.org/10.1523/JNEUROSCI.0344-16.2016
https://doi.org/10.1002/hbm.1048
https://doi.org/10.1016/j.bpsc.2021.11.016
https://doi.org/10.1002/hbm.26209
https://doi.org/10.1002/hbm.26209
https://doi.org/10.1038/nrn755
https://doi.org/10.1016/j.neuron.2008.04.017
https://doi.org/10.1016/j.neuropsychologia.2005.03.020
https://doi.org/10.1016/j.neuroimage.2016.02.022
https://doi.org/10.1016/j.neuroimage.2016.02.022
https://doi.org/10.1038/mp.2013.78
https://doi.org/10.1038/mp.2013.78
https://doi.org/10.1002/hbm.21170
https://doi.org/10.1002/hbm.21170
https://doi.org/10.1111/desc.12359
https://doi.org/10.1093/cercor/bhac100
https://doi.org/10.1093/cercor/bhac100
https://doi.org/10.1016/j.bandl.2024.105405
https://doi.org/10.1002/aur.1430
https://doi.org/10.1002/aur.1430
https://doi.org/10.2152/jmi.63.204
https://doi.org/10.2152/jmi.63.204
https://doi.org/10.1002/aur.2171
https://doi.org/10.1016/s1053-8119(03)00162-9
https://doi.org/10.1016/s1053-8119(03)00162-9
https://doi.org/10.1523/JNEUROSCI.3408-06.2006
https://doi.org/10.1523/JNEUROSCI.3408-06.2006
https://doi.org/10.1038/s41598-022-15489-9
https://doi.org/10.1002/hbm.24787
https://doi.org/10.1186/2040-2392-5-35
https://doi.org/10.1093/brain/awh199
https://doi.org/10.1093/brain/awl164
https://doi.org/10.1038/s41398-018-0179-6
https://doi.org/10.1038/s41398-018-0179-6
https://doi.org/10.1017/S1355617708081216
https://doi.org/10.1017/S1355617708081216
https://doi.org/10.1038/s41598-020-64641-w
https://doi.org/10.1038/s41598-020-64641-w


1 3

European Child & Adolescent Psychiatry

30.	 Lee PS, Yerys BE, Della Rosa A, Foss-Feig J, Barnes KA, James 
JD, VanMeter J, Vaidya CJ, Gaillard WD, Kenworthy LE (2009) 
Functional connectivity of the inferior frontal cortex changes 
with age in children with autism spectrum disorders: a fcMRI 
study of response inhibition. Cereb Cortex 19(8):1787–1794. ​h​t​t​​p​
s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​9​3​/​c​e​r​c​o​r​/​b​h​n​2​0​9​​​​​​​

31.	 Li W, Mai X, Liu C (2014) The default mode network and social 
understanding of others: what do brain connectivity studies tell 
us. Front Hum Neurosci 8:74. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​3​3​8​9​/​f​n​h​u​m​.​2​0​1​
4​.​0​0​0​7​4​​​​​​​

32.	 Liu J, Xia M, Dai Z, Wang X, Liao X, Bi Y, He Y (2017) Intrinsic 
brain hub connectivity underlies individual differences in spatial 
working memory. Cereb Cortex 27(12):5496–5508. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​
g​/​1​0​.​1​0​9​3​/​c​e​r​c​o​r​/​b​h​w​3​1​7​​​​​​​

33.	 Lord C, Rutter M, Le Couteur A (1994) Autism diagnostic inter-
view-revised: a revised version of a diagnostic interview for 
caregivers of individuals with possible pervasive developmental 
disorders. J Autism Dev Disord 24(5):659–685. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​
.​1​0​0​7​/​B​F​0​2​1​7​2​1​4​5​​​​​​​

34.	 Lynch CJ, Uddin LQ, Supekar K, Khouzam A, Phillips J, Menon 
V (2013) Default mode network in childhood autism: postero-
medial cortex heterogeneity and relationship with social deficits. 
Biol Psychiatry 74(3):212–219. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​/​j​.​b​i​o​p​s​y​c​
h​.​2​0​1​2​.​1​2​.​0​1​3​​​​​​​

35.	 Ma L, Yuan T, Li W, Guo L, Zhu D, Wang Z, Liu Z, Xue K, Wang 
Y, Liu J, Man W, Ye Z, Liu F, Wang J (2022) Dynamic functional 
connectivity alterations and their associated gene expression pat-
tern in autism spectrum disorders. Front Neurosci 15:794151. 
https:/​/doi.or​g/10.33​89/fn​ins.2021.794151

36.	 Margolis AE, Pagliaccio D, Thomas L, Banker S, Marsh R (2019) 
Salience network connectivity and social processing in children with 
nonverbal learning disability or autism spectrum disorder. Neuropsy-
chology 33(1):135–143. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​3​7​/​n​e​u​0​0​0​0​4​9​4​​​​​​​

37.	 Marshall E, Nomi JS, Dirks B, Romero C, Kupis L, Chang C, 
Uddin LQ (2020) Coactivation pattern analysis reveals altered 
salience network dynamics in children with autism spectrum dis-
order. Netw Neurosci 4(4):1219–1234. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​1​6​2​/​n​e​
t​n​_​a​_​0​0​1​6​3​​​​​​​

38.	 Meeker KL, Ances BM, Gordon BA, Rudolph CW, Luckett P, 
Balota DA, Morris JC, Fagan AM, Benzinger TL, Waring JD 
(2021) Cerebrospinal fluid Aβ42 moderates the relationship 
between brain functional network dynamics and cognitive intra-
individual variability. Neurobiol Aging 98:116–123. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​
r​g​/​1​0​.​1​0​1​6​/​j​.​n​e​u​r​o​b​i​o​l​a​g​i​n​g​.​2​0​2​0​.​1​0​.​0​2​7​​​​​​​

39.	 Mevel K, Landeau B, Fouquet M, La Joie R, Villain N, Mézenge 
F, Perrotin A, Eustache F, Desgranges B, Chételat G (2013) Age 
effect on the default mode network, inner thoughts, and cognitive 
abilities. Neurobiol Aging 34(4):1292–1301. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​
0​1​6​/​j​.​n​e​u​r​o​b​i​o​l​a​g​i​n​g​.​2​0​1​2​.​0​8​.​0​1​8​​​​​​​

40.	 Minnigulova A, Protopova M, Dragoy O, Arutiunian V (2025) 
Atypical social behavior is predicted by overconnectivity between 
salience and default mode networks in autism spectrum disorder. 
J Autism Dev Disord. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​0​7​/​s​1​0​8​0​3​-​0​2​5​-​0​6​8​4​
0​-​w​​​​​. Advance online publication

41.	 Morishima Y, Akaishi R, Yamada Y, Okuda J, Toma K, Sakai K 
(2009) Task-specific signal transmission from prefrontal cortex in 
visual selective attention. Nat Neurosci 12(1):85–91. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​
/​1​0​.​1​0​3​8​/​n​n​.​2​2​3​7​​​​​​​

42.	 Müller RA, Shih P, Keehn B, Deyoe JR, Leyden KM, Shukla DK 
(2011) Underconnected, but how? A survey of functional connec-
tivity MRI studies in autism spectrum disorders. Cereb Cortex 
21(10):2233–2243. https:/​/doi.or​g/10.10​93/ce​rcor/bhq296

43.	 Nair A, Keown CL, Datko M, Shih P, Keehn B, Müller RA (2014) 
Impact of methodological variables on functional connectivity find-
ings in autism spectrum disorders. Hum Brain Mapp 35(8):4035–
4048. https:/​/doi.or​g/10.10​02/hb​m.22456

44.	 Nieto-Castanon A (2020) Handbook of functional connectivity 
magnetic resonance imaging methods in CONN. Hilbert Press. 
https:/​/doi.or​g/10.56​441/h​ilbertpress.2207.6598

45.	 Nieto-Castanon A (2022) Brain-wide connectome inferences 
using functional connectivity MultiVariate Pattern Analyses (fc-
MVPA). PLoS computational biology 18(11):e1010634. ​h​t​t​​p​s​:​/​​/​d​
o​​i​.​o​​r​g​/​1​0​.​1​3​7​1​/​j​o​u​r​n​a​l​.​p​c​b​i​.​1​0​1​0​6​3​4​​​​​​​

46.	 Padmanabhan A, Lynch CJ, Schaer M, Menon V (2017) The default 
mode network in autism. Biol Psychiatry: Cogn Neurosci Neuroim-
aging 2(6):476–486. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​/​j​.​b​p​s​c​.​2​0​1​7​.​0​4​.​0​0​4​​​​​​​

47.	 Pedregosa F, Varoquaux G, Gramfort A, Michel V, Thirion B, 
Grisel O, Duchesnay É (2011) Scikit-learn: machine learning in 
Python. J Mach Learn Res 12:2825–2830

48.	 Prakash RS, Heo S, Voss MW, Patterson B, Kramer AF (2012) 
Age-related differences in cortical recruitment and suppres-
sion: implications for cognitive performance. Behav Brain Res 
230(1):192–200. https:/​/doi.or​g/10.10​16/j.​bbr.2012.01.058

49.	 Sambataro F, Murty VP, Callicott JH, Tan HY, Das S, Weinberger 
DR, Mattay VS (2010) Age-related alterations in default mode 
network: impact on working memory performance. Neurobiol 
Aging 31(5):839–852. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​/​j​.​n​e​u​r​o​b​i​o​l​a​g​i​n​g​.​2​
0​0​8​.​0​5​.​0​2​2​​​​​​​

50.	 Schilbach L, Eickhoff SB, Rotarska-Jagiela A, Fink GR, Vogeley 
K (2008) Minds at rest? Social cognition as the default mode of 
cognizing and its putative relationship to the “default system” of 
the brain. Conscious Cogn 17(2):457–467. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​
6​/​j​.​c​o​n​c​o​g​.​2​0​0​8​.​0​3​.​0​1​3​​​​​​​

51.	 Slagter HA, Giesbrecht B, Kok A, Weissman DH, Kenemans JL, 
Woldorff MG, Mangun GR (2007) fMRI evidence for both gen-
eralized and specialized components of attentional control. Brain 
Res 1177:90–102. https:/​/doi.or​g/10.10​16/j.​brainres.2007.07.097

52.	 Smith SM, Hyvärinen A, Varoquaux G, Miller KL, Beckmann 
CF (2014) Group-PCA for very large fMRI datasets. NeuroImage 
101:738–749. https:/​/doi.or​g/10.10​16/j.​neuroimage.2014.07.051

53.	 Uddin LQ, Supekar K, Lynch CJ, Khouzam A, Phillips J, Fein-
stein C, Ryali S, Menon V (2013) Salience network-based clas-
sification and prediction of symptom severity in children with 
autism. JAMA Psychiatry 70(8):869–879. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​0​
1​/​j​a​m​a​p​s​y​c​h​i​a​t​r​y​.​2​0​1​3​.​1​0​4​​​​​​​

54.	 Van Rossum G, Drake FL (2009) Python 3 reference manual. 
CreateSpace

55.	 Weng SJ, Wiggins JL, Peltier SJ, Carrasco M, Risi S, Lord C, 
Monk CS (2010) Alterations of resting state functional connec-
tivity in the default network in adolescents with autism spectrum 
disorders. Brain Res 1313:202–214. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​/​j​.​b​r​a​
i​n​r​e​s​.​2​0​0​9​.​1​1​.​0​5​7​​​​​​​

56.	 Whitfield-Gabrieli S, Nieto-Castanon A (2012) Conn: a functional 
connectivity toolbox for correlated and anticorrelated brain net-
works. Brain Connect 2(3):125–141. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​8​9​/​b​r​a​i​n​
.​2​0​1​2​.​0​0​7​3​​​​​​​

57.	 Xu J, Wang C, Xu Z, Li T, Chen F, Chen K, Gao J, Wang J, 
Hu Q (2020) Specific functional connectivity patterns of middle 
temporal gyrus subregions in children and adults with autism 
spectrum disorder. Autism Res 13(3):410–422. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​
0​.​1​0​0​2​/​a​u​r​.​2​2​3​9​​​​​​​

58.	 Yang B, Wang M, Zhou W, Wang X, Chen S, Potenza MN, Yuan 
LX, Dong GH (2023) Disrupted network integration and segre-
gation involving the default mode network in autism spectrum 

https://doi.org/10.1093/cercor/bhn209
https://doi.org/10.1093/cercor/bhn209
https://doi.org/10.3389/fnhum.2014.00074
https://doi.org/10.3389/fnhum.2014.00074
https://doi.org/10.1093/cercor/bhw317
https://doi.org/10.1093/cercor/bhw317
https://doi.org/10.1007/BF02172145
https://doi.org/10.1007/BF02172145
https://doi.org/10.1016/j.biopsych.2012.12.013
https://doi.org/10.1016/j.biopsych.2012.12.013
https://doi.org/10.3389/fnins.2021.794151
https://doi.org/10.1037/neu0000494
https://doi.org/10.1162/netn_a_00163
https://doi.org/10.1162/netn_a_00163
https://doi.org/10.1016/j.neurobiolaging.2020.10.027
https://doi.org/10.1016/j.neurobiolaging.2020.10.027
https://doi.org/10.1016/j.neurobiolaging.2012.08.018
https://doi.org/10.1016/j.neurobiolaging.2012.08.018
https://doi.org/10.1007/s10803-025-06840-w
https://doi.org/10.1007/s10803-025-06840-w
https://doi.org/10.1038/nn.2237
https://doi.org/10.1038/nn.2237
https://doi.org/10.1093/cercor/bhq296
https://doi.org/10.1002/hbm.22456
https://doi.org/10.56441/hilbertpress.2207.6598
https://doi.org/10.1371/journal.pcbi.1010634
https://doi.org/10.1371/journal.pcbi.1010634
https://doi.org/10.1016/j.bpsc.2017.04.004
https://doi.org/10.1016/j.bbr.2012.01.058
https://doi.org/10.1016/j.neurobiolaging.2008.05.022
https://doi.org/10.1016/j.neurobiolaging.2008.05.022
https://doi.org/10.1016/j.concog.2008.03.013
https://doi.org/10.1016/j.concog.2008.03.013
https://doi.org/10.1016/j.brainres.2007.07.097
https://doi.org/10.1016/j.neuroimage.2014.07.051
https://doi.org/10.1001/jamapsychiatry.2013.104
https://doi.org/10.1001/jamapsychiatry.2013.104
https://doi.org/10.1016/j.brainres.2009.11.057
https://doi.org/10.1016/j.brainres.2009.11.057
https://doi.org/10.1089/brain.2012.0073
https://doi.org/10.1089/brain.2012.0073
https://doi.org/10.1002/aur.2239
https://doi.org/10.1002/aur.2239


1 3

European Child & Adolescent Psychiatry

disorder. J Affect Disord 323:309–319. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​/​j​.​j​
a​d​.​2​0​2​2​.​1​1​.​0​8​3​​​​​​​

59.	 Yerys BE, Tunç B, Satterthwaite TD, Antezana L, Mosner MG, 
Bertollo JR, Guy L, Schultz RT, Herrington JD (2019) Functional 
connectivity of frontoparietal and salience/ventral attention net-
works have independent associations with co-occurring attention-
deficit/hyperactivity disorder symptoms in children with autism. 
Biol Psychiatry Cogn Neurosci Neuroimaging 4(4):343–351. 
https:/​/doi.or​g/10.10​16/j.​bpsc.2018.12.012

60.	 Zhao Y, Chen H, Li Y, Lv J, Jiang X, Ge F, Zhang T, Zhang S, Ge 
B, Lyu C, Zhao S, Han J, Guo L, Liu T (2016) Connectome-scale 
group-wise consistent resting-state network analysis in autism 
spectrum disorder. NeuroImage Clin 12:23–33. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​
0​.​1​0​1​6​/​j​.​n​i​c​l​.​2​0​1​6​.​0​6​.​0​0​4​​​​​​​

61.	 Zhong Y, Wang H, Lu G, Zhang Z, Jiao Q, Liu Y (2009) Detect-
ing functional connectivity in fMRI using PCA and regression 
analysis. Brain Topogr 22(2):134–144. ​h​t​t​​​​p​​s​:​​/​​/​d​​o​i​​.​​o​​r​g​​/​1​0​.​1​0​0​7​/​s​1​
0​5​4​8​-​0​0​9​-​0​0​9​5​-​4​​​​​​​

Publisher’s note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.1016/j.jad.2022.11.083
https://doi.org/10.1016/j.jad.2022.11.083
https://doi.org/10.1016/j.bpsc.2018.12.012
https://doi.org/10.1016/j.nicl.2016.06.004
https://doi.org/10.1016/j.nicl.2016.06.004
https://doi.org/10.1007/s10548-009-0095-4
https://doi.org/10.1007/s10548-009-0095-4

	﻿Contribution of attentional mechanisms to verbal and nonverbal communication in boys with ASD
	﻿Abstract
	﻿Introduction
	﻿Networks involved in communication
	﻿Default mode network
	﻿Dorsal attention network
	﻿Salience network


	﻿Functional connectivity of the attention, mentalizing and language networks in ASD
	﻿The present study
	﻿Methods and materials
	﻿Participants
	﻿Data preprocessing
	﻿ROIs generation and selection
	﻿ROI-to-ROI analysis

	﻿Results
	﻿Considering IQ

	﻿Discussion
	﻿PCA’s network construction
	﻿Between-group differences
	﻿Brain-behavior associations
	﻿Limitations

	﻿Conclusions
	﻿References


