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2023; Marshall et al., 2020) separately and jointly (Abbott 
et al., 2016; Chen et al., 2022), connectivity patterns remain 
mixed across group comparisons and show inconsistent 
relationships with behavior. The heterogeneity of findings 
may stem from variations in ASD phenotypes and imbal-
ances in sample demographics (Chen et al., 2022). Addi-
tionally, there is limited information on how connectivity 
dynamics of these networks evolve across ages, particularly 
from childhood to adolescence (Funakoshi et al., 2016; Jung 
et al., 2014; Lynch et al., 2013; Weng et al., 2010).

Atypical functional connectivity patterns of DMN were 
connected with social traits of ASD (Li et al., 2014) due 
to its crucial role in self-referential processing and men-
talizing (Mars et al., 2012). Specifically, overconnectiv-
ity between DMN nodes was found in children with ASD 
(Funakoshi et al., 2016; Lynch et al., 2013), while under-
connectivity was shown in groups of adolescents and adults 
with this condition (Jung et al., 2014; Weng et al., 2010). 
Altered connectivity between SN regions was hypothesized 
to be associated with behavioral inflexibility in individu-
als with ASD (Marshall et al., 2020). For instance, greater 

Introduction

Underconnectivity and overconnectivity between and within 
Default Mode network (DMN) and Salience network (SN) 
are not only reported in individuals with Autism Spectrum 
Disorder (ASD), but also are found to be associated with 
core and co-occurring conditions of ASD; particularly, with 
sensory, communication and social responsiveness difficul-
ties (Abbott et al., 2016; Chen et al., 2022). Although pre-
vious studies have focused on DMN (see Padmanabhan et 
al., 2017 for review; Cong et al., 2023) and SN (Guo et al., 

	
 Alina Minnigulova
alinaminnigulovahouse@gmail.com; aminnigulova@hse.ru

1	 Center for Language and Brain, HSE University, Moscow, 
Russia

2	 Center for Child Health, Behavior and Development, Seattle 
Children’s Research Institute, Seattle, WA, USA

3	 Institute of Linguistics, Russian Academy of Sciences, 
Moscow, Russia

Abstract
As Default Mode and Salience networks (DMN, SN) contribute to social behavior and switching between inner and outer 
attention, they are believed to function and develop differently in individuals with Autism Spectrum Disorder (ASD). 
However, it remains unclear what alterations of their interactivity are connected to certain autistic traits and how age 
influences these networks’ maturing. Behavioral (social responsiveness, executive functions and communication skills) and 
resting-state functional connectivity (FC) data from the Autism Brain Imaging Data Exchange were analyzed comprising 
individuals with ASD (n = 144) and healthy controls (n = 99). We compared FC between the groups investigating DMN 
and SN separately and in combination. Finally, we assessed FC-behavior links in the ASD group and age effects on FC 
across these networks in both samples. Individuals with ASD exhibited increased FC between DMN and SN but decreased 
one within DMN compared to the control group. FC between right insular and medial prefrontal cortices predicted more 
severe social responsiveness impairments in ASD but there were no significant associations with executive functions nor 
adaptive behavior. Additionally, DMN and SN matured in ASD with partly different patterns than in typical development. 
Our results replicated and expanded previous findings on DMN and SN pointing to robust differences within and between 
these networks in ASD and their contribution to autistic traits regarding social responsiveness.
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connectivity of SN was found in children with ASD com-
pared to typically developing (TD) peers and was related to 
decreased verbal intelligence but not social characteristics 
(Margolis et al., 2019). In other studies, overconnectivity 
of SN was otherwise shown to be connected with sensory 
and sociocommunicative traits (Abbott et al., 2016) and to 
predict restricted and repetitive actions (Uddin et al., 2013).

Regarding DMN and SN interactivity, Chen et al. (2022) 
reported increased connectivity in ASD between medial 
prefrontal cortex (MPFC), a DMN node, and right anterior 
insula (rAIns), an SN region to be associated with reduced 
social responsiveness in individuals with ASD. Neverthe-
less, no differences between DMN and SN were pointed 
out in the study comparing children and adolescents with 
and without ASD (Abbott et al., 2016). One more finding 
was carried out in the aspect of the SN-DMN connectivity 
while comparing children and young adolescents with ASD 
and schizophrenia that in contrast to the schizophrenia phe-
notype, people with ASD exhibit mainly atypical intra-SN 
connections than inter DMN-SN ones (Chen et al., 2017). 
Another study on the similar age group demonstrated greater 
functional connectivity between regions of DMN and SN in 
ASD in compare with TD peers (Yerys et al., 2015).

Previous studies investigated connectivity within DMN 
and SN separately (Jung et al., 2014; Lynch et al., 2013; 
Weng et al., 2010; Funakoshi et al., 2016; Margolis et al., 
2019; Marshall et al., 2020) and together (Abbott et al., 
2016; Chen et al., 2017, 2022). Some of them even proved 
that connectivity metrics of DMN and SN contribute to clas-
sification of ASD from TD peers (Chen et al., 2017). Thus, 
detailed connectivity patterns of these networks, their rela-
tionships to behavior and age-related effects on these con-
nections are in demand for research.

The typical connectivity between these resting-state 
networks is an indicator of successfully ongoing mental-
izing processes (Lee & Frangou, 2017). More specifically, 
it has been shown that structural and functional connec-
tions between DMN and SN are positively associated with 
extraversion, agreeableness, and self-perceived empathy 
(Coutinho et al., 2013; Esménio et al., 2019; Sampaio et al., 
2014). Thus, detailed understanding of alterations in their 
connectivity patterns may shed light on disruptions to inter-
nal mental states and subjective experience in individuals 
with ASD.

The aims of this study were threefold. First, we addressed 
the question of between group differences of DMN and SN. 
Second, we examined whether this atypical connectivity 
was related to core (social characteristics) and co-occurring 
(atypical executive functions and adaptive behavior) con-
ditions of ASD. Third, we investigated age-related patterns 
of connectivity changes across individuals with and without 
ASD. As Chen et al. (2022) demonstrated overconnectivity 

between MPFC and rAIns, we expected to replicate these 
results and to show more between-network overconnectiv-
ity but within-network underconnectivity patterns of DMN 
and SN in individuals with ASD. Next, we hypothesized to 
find the relationship between DMN-SN overconnectivity 
and reduced social responsiveness as Chen et al. (2022) did. 
As SN is theorized to switch between internal to external 
stimuli and vice versa in order to guide behavior (Menon 
& Uddin, 2010), thus, we strongly believe that these tran-
sitional alterations may implicate executive functions 
and adaptive behavior difficulties. Moreover, age-related 
dynamics of these networks were anticipated to differ 
between individuals with and without ASD.

Methods and Materials

Autism Resting-State fMRI Dataset and 
Preprocessing

A total of 239 participants were included in the current study: 
141 individuals with ASD (19 females, age range – 5.1–17.9, 
Mage= 9.93, SDage= 3.1) and 98 typically developing peers 
(TD; 32 females, age range – 5.9–17.2, Mage= 10.65, SDage= 
2.53). This study was conducted using resting-state (rs-) 
fMRI data from the Autism Brain Imaging Data Exchange II 
(​h​t​t​p​​s​:​/​​/​w​w​w​​.​f​​c​o​n​​_​1​0​0​​0​.​p​​r​o​j​​e​c​t​​s​.​n​​i​t​r​c​​.​o​​r​g​/​​i​n​d​i​​/​a​b​​i​d​e​​/​a​b​i​d​e​
_​I​I​.​h​t​m​l; Di Martino et al., 2014). We only included subsets 
with 3 Tesla Siemens Magnetic Resonance Imaging (MRI) 
tomography and scanning procedure of resting-state func-
tional MRI (fMRI) with 2 ms repetition time to minimize 
data acquisition variability. It resulted in three samples col-
lected by Georgetown University, Langone Medical Center 
of New York University and University of California Davis 
(see GU scan parameters, NYU scan parameters, UCD 
scan parameters, for details). The severity of autistic traits, 
executive functions, and adaptive behavior was assessed 
using the Social Responsiveness Scale (SRS; Constantino 
& Gruber, 2012), Behavior Rating Inventory of Executive 
Functions (BRIEF; Gioia et al., 2000), and Vineland Adap-
tive Behavior Scales (VABS; Sparrow & Cicchetti, 1989), 
respectively. At the included sites, researchers instructed all 
ASD participants to refrain from taking medications for at 
least 24 h prior to MRI scanning. In the UCD subsample, 
participants taking antipsychotic medications and serotonin 
selective reuptake inhibitors over the three months prior to 
the scan, as reported by their parents, were excluded. Prior to 
analysis, we performed outlier detection and removal using 
predefined criteria (outlier criteria: < first quartile (25%) 
− 1.5 * interquartile range and > third quartile (75%) + 1.5 * 
interquartile range where interquartile range = third quartile 
- first quartile). There were four age-outliers (three of them 
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in the ASD group), thus, we excluded these participants who 
were older than 18 years. The demographic and behavioral 
information is provided in Table 1. Figure 1 shows the age 
distribution in each subsample.

Preprocessing of demographic and behavioral data 
included scaling for continuous variables using the Min-
MaxScaler function and encoding for categorical ones with 
the OneHotEncoder transformer from the Python3 (Van 
Rossum & Drake, 2009) scikit-learn package (Pedregosa 
et al., 2011). Preprocessing of rs-fMRI data was performed 
using the CONN toolbox Version 17.f (​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; Whitfield-Gabrieli & Nieto-Castanon, 
2012) following a flexible preprocessing pipeline (Nieto-
Castanon, 2020). The procedure included a 0.008 and 
0.09 Hz bandpass filter, motion correction, slice-timing cor-
rection, outlier detection, direct segmentation, MNI-space 
normalization, 8-mm smoothing, realigning to the first scan 

of the first session, independent component analysis denois-
ing (displacement above 0.9  mm or global BOLD signal 
changes above 5 standard deviations). The Supplementary 
file 1 provides the detailed rs-fMRI analysis description for 
our sample. Moreover, a recent study of Morfini and col-
leagues (2023) comprehensively illustrated all the steps for 
the processing pipeline we followed.

Data Analysis

Regions of interest (ROIs) within DMN and SN were 
defined by CONN’s (Whitfield-Gabrieli & Nieto-Castanon, 
2012) ICA analyses of the Human Connectome Project 
dataset (​h​t​t​p​​s​:​/​​/​w​w​w​​.​h​​u​m​a​​n​c​o​n​​n​e​c​​t​o​m​​e​.​o​r​g​/). DMN com-
prised of MPFC (2,55,-3), left and right lateral parietal (r/
lLP; -39,-77,33; 47,-67,29), posterior cingulate cortex 
(PCC; 1,-61,38). The ROIs of SN were l/rAIns (-44,13,1; 
47,14,0), l/r rostral PFC (l/rRPFC; -32,45,27; 32,46,27), l/r 
supramarginal gyrus (SMG; -60,-39,31; 62,-35,32). Table 2 
provides the ROIs the of DMN and the SN used in the previ-
ous studies investigated these networks jointly in ASD.

ROI-to-ROI connectivity (RRC) analysis was performed 
for each pair of ROIs independently using General Linear 
Models (GLMs) to correlate the mean BOLD time-series at 
the single-subject level, resulting in ROI-to-ROI functional 
connectivity matrices consisting of Fisher-transformed 
bivariate correlation coefficients (z-scored). We also imple-
mented these variables as control variables in each group-
comparison model. 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.

To analyze the network-behavior relationships in the 
ASD group, we implemented the following contrasts [ASD 

Fig. 1  Age distribution of the participants included in the age effect 
analysis

 

Variable N
(ASD/TD)

ASD TD Statistics p

Age (years) 141/98 9.93 ± 3.1 
(5.1–17.9)

10.65 ± 2.53 
(5.9–17.2)

t(237)= -1.91 0.06

SRS total (T) a 141/97 76.11 ± 14.96 
(42–116)

44.22 ± 6.46 
(34–66)

U = 13371.5 < 0.001

BRIEF GEC (T) b 120/81 65.95 ± 11.26 
(35–96)

46.01 ± 8.76 
(30–71)

t(199) = 13.42 < 0.001

VABS (sum)c 72/28 286.29 ± 56.96 
(166–400)

328.96 ± 49.22 
(258–441)

t(98)= -3.49 0.001

Chi-squared p
Sex (male/female) 122/19 66/32 11.55 < 0.001
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
aSocial Responsiveness Scale – Second Edition. The result is provided in T-scores
bBehavior Rating Inventory of Executive Function, Global Executive Composite. The result is provided 
in T-scores
cSum of Vineland-II Standard Scores. Includes the following domains: Communication, Daily Living 
Skills, Socialization, Motor Skills

Table 1  Demographic informa-
tion for individuals with ASD and 
TD, M ± SD (range)
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(Benjamini & Hochberg, 1995). All reported p-values were 
FDR-corrected.

Results

Generally, the groups differed in their SRS and BRIEF per-
formances. Participants with ASD had greater SRS scores 
(Constantino & Gruber, 2012), MTD= 44.22 (SD = 6.46) vs. 
MASD = 76.11 (SD = 14.96), U = 13371.5, p < 0.001. They 
also varied in executive functions assessed with BRIEF 
(Gioia et al., 2000), MTD= 46.01 (SD = 8.76) vs. MASD = 
65.95 (SD = 11.26), t(199) = 13.42, p < 0.001 and adaptive 
behavior measured with VABS (Sparrow & Cicchetti, 1989), 
MTD= 328.96 (SD = 49.22) vs. MASD = 286.29 (SD = 56.96), 
t(98) = -3.49, p = 0.001 (see Table 1).

The analysis revealed greater connectivity in the ASD 
group compared to TD peers between MPFC (DMN) and 
rAIns (SN), T(235) = 2.97, p = 0.03, as well as MPFC (DMN) 
and rRPFC (SN), T(235) = 2.70, p = 0.04 (Fig. 2). Reduced 
connectivity in the ASD group was observed between lLP 
(DMN) and rLP (DMN), T(235) = -3.55, p = 0.004, as well 
as lLP (DMN) and PCC (DMN), T(235) = -2.77, p = 0.03 
(Fig. 2).

For the regression analysis in the ASD group to estimate 
the effect of SRS, we chose the connections that differed 
between the groups. The analysis revealed that greater con-
nectivity between MPFC (DMN) and rRPFC (SN) positively 

(0); Sex (0); Age (0); SRS/BRIEF/VABS (1)]. For the age 
effect analysis, we used [ASD/TD(0); Age (1); Sex (0)] con-
trasts in each group.

In this study, we applied the FDR correction to control 
for multiple comparisons, and we set our statistical sig-
nificance threshold at p < 0.05 after the FDR correction 

Table 2  Regions of interests comprising default mode and salience 
networks in previous research
Study Analysis ROIs of DMN ROIs of 

SN
Yerys et al. 
(2015)

Seed-based PCC
MPFC
l/r AG
l/r hippocampus

-

Abbott et al. 
(2016)

ROI-to-ROI
Seed-based

PCC
MPFC
l/r AG

l/rAIns
dACC

Chen et al. 
(2017)

ROI-to-ROI 160 MNI coordinates across the 
brain defined by Dosenbach et 
al. (2010)

Kernbach et 
al. (2018)

Factor
(Latent Dirichlet 
Allocation)

dMPFC
PMC
l/rTPJ

l/rAIns
MDC
amygdala

Chen et al. 
(2022)

Seed-based MPFC -

l/r = left/right; PCC = posterior cingulate cortex; MPFC = medial 
prefrontal cortex; AG = angular gyrus; dMPFC = dorsal medial pre-
frontal cortex; PMC = posteromedial cingulate cortex; TPJ = tempo-
roparietal junction; AIns = anterior insula; dACC = dorsal anterior 
cingulate cortex; MDC = midcingulate cortex.

Fig. 2  Between group differences in DMN and SN connectivity. 
ROI-to-ROI functional connections in the ASD group compared to 
TD with significant between-groups differences based on the criteria 
of FDR-corrected p < 0.05: (A) overconnectivity (red line) between 

DMN (aquamarine nodes) and SN (purple nodes), underconnectivity 
within DMN; (B) chord diagram with both weight and color indicating 
the strength of the between group differences on MPFC and rRPFC, 
MPFC and rAIns, PCC and lLP, lLP and rLP connections
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responsiveness in ASD. As we were interested in age-related 
effects, we investigated how age influenced the DMN-SN 
connectivity and demonstrated differing patterns of connec-
tivity maturation.

Overall, we showed within network underconnectivity 
and between network overconnectivity in ASD. Our result 
of overconnectivity between MPFC-rAIns is consistent with 
Chen et al. (2022) at the group level possibly indicating 
less oriented interests to external events in individuals with 
ASD. However, while Chen et al. (2022) found increased 
MPFC-rAIns connectivity to be associated with reduced 
social responsiveness, we did not find this relationship to be 
significant. In the current study, overconnectivity between 
MPFC and rRPFC contributed to reduced social respon-
siveness. Further, we also showed this connection’s weak-
ening with age in the ASD population but not across TD 
children and adolescents. Increased DMN-SN connectivity 
appears linked to reduced social responsiveness, potentially 
reflecting an imbalance between self-referential process-
ing (Davey et al., 2016) and external input filtering (Ku 
et al., 2020); however, there is a tendency for age-related 
weakening of this overconnectivity. Thus, overconnectivity 
between DMN and SN in the ASD population may result 
in abnormally rapid, subsequently, unrobust switching from 
resting mentalizing (Davey et al., 2016) to external attention 
(Ku et al., 2020) modes and vice versa. Notably, our findings 
of DMN-SN overconnectivity contradict prior studies that 
reported no differences at the group level among children 

predicted the SRS score T(137) = 2.69, p = 0.04 (Fig. 3). No 
BRIEF or VABS effects were found in DMN, SN or their 
joint connections.

In the TD group, greater age predicted weakening of the 
connection between PCC (DMN) and MPFC (DMN), T(95) 
= -3.18, p = 0.02 (Fig. 4).

With age increasing in the ASD group, the connection 
between PCC (DMN) and MPFC (DMN), T(138) = -3.88, 
p = 0.002 is weakening- as in the TD one. Additionally, 
greater age in ASD predicted weakening of connections 
between PCC (DMN) and rLP (DMN), T(138) = -3.12, 
p = 0.02; MPFC (DMN) and rAIns (SN), T(138) = -2.56, 
p = 0.05; MPFC (DMN) and rRPFC (SN), T(138) = -2.37, 
p = 0.05; MPFC (DMN) and ACC (SN), T(138) = -2.34, 
p = 0.05 (Fig. 5).

Supplementary file 2 provides the scatterplots of the age- 
and SRS-related effects, as well as the effect sizes of the 
results.

Discussion

In this study, we investigated DMN and SN connectivity 
in individuals with ASD. Our main findings are hypercon-
nectivity between anterior parts of DMN (MPFC) and SN 
(rRPFC, rAIns), as well as hypoconnectivity between pos-
terior ROIs of DMN (lLP to PCC and rLP). Furthermore, 
we associated MPFC-rRPFC overconnectivity with social 

Fig. 3  SRS-related effect in ASD individuals across connections dif-
fered between groups. ROI-to-ROI functional connections in the ASD 
group with significant SRS-effect based on the criteria of FDR-cor-
rected p < 0.05: (A) positive effect of SRS (red line) on connections 

between DMN (aquamarine nodes) and SN (purple nodes); (B) chord 
diagram with both weight and color indicating the strength of the SRS-
related effect on MPFC and rRPFC connection
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Fig. 5  Age-related effects in ASD. ROI-to-ROI functional connections 
in the ASD group with significant age-effect based on the criteria of 
FDR-corrected p < 0.05: (A) negative effect of age (blue line) on con-
nections between DMN (aquamarine nodes) and SN (purple nodes); 

(B) chord diagram with both weight and color indicating the strength 
of the age-related effect between MPFC and rAIns, MPFC and PCC, 
PCC and rLP, lLP and lRPFC

 

Fig. 4  Age-related effects in TD. ROI-to-ROI functional connections 
in the TD group with significant age-effect based on the criteria of 
FDR-corrected p < 0.05: (A) negative (blue line) effects of age on con-

nections between DMN (aquamarine nodes); (B) chord diagram with 
both weight and color indicating the strength of the age-related effects 
on rLP and PCC, PCC and MPFC connections
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regions of canonical intrinsic connectivity networks are 
becoming less coordinated and synchronized despite their 
topographical neighborhood, allowing networks to get more 
isolated (Dosenbach et al., 2010; Grayson & Fair, 2017). 
In other words, we assume that the maturation processes of 
DMN-SN in ASD are partly similar to TD but occur with a 
delay. Second, there are two weakening connections within 
DMN; one of those occurs both in ASD and TD – PCC-
MPFC, another one is demonstrated for ASD only – PCC-
rLP. Both of these processes may be explained by synaptic 
pruning during, which networks are diminishing in connec-
tions by removing unused ones and leaving essential ones 
in order to maximize efficiency (Stirrups, 2018). We may 
speculate that the synaptic pruning for short-range connec-
tions, such as the PCC-rLP one is going faster than for long-
range connections, such as the PCC-MPFC one. Because 
of the maturation delay in ASD, we observed both of these 
connections weakening in ASD but only one of them in TD. 
This finding may be important for understanding the nature 
of connectivity alterations, or latencies, in ASD.

Our study not only adds to the existing body of literature 
on between-network connectivity during rest in individuals 
with ASD but also may serve as one of the possible expla-
nations of mentalizing difficulties in this population. Thus, 
investigating neural networks brings research closer to find-
ing biomarkers of ASD conditions generally, and particu-
lar symptoms specifically. In line with Yang et al. (2023), 
we showed underconnectivity of DMN in individuals with 
ASD and confirmed their finding of a less segregated DMN 
as a valid biomarker of ASD. Although our study is cross-
sectional and future longitudinal ones are needed, we found 
the ASD-specific differences in spontaneous brain activity 
organization with age, which may be applied in the develop-
ment of treatment and therapy.

Our study has limitations that must be noted. First, our 
samples are unequal in sex, which is common for ASD stud-
ies, however, this bias has to be considered when interpret-
ing the findings. Second, we did not account for site effects, 
motion and other artifacts left after the preprocessing steps if 
any while building our models. Third, preprocessing differ-
ences can serve a protentional reason for results’ inconsis-
tency, thus, future studies will benefit from the comparison 
of the preprocessing pipelines. In conclusion, these findings 
offer additional insights regarding altered functional con-
nectivity in ASD that is associated with reduce of social 
responsiveness. This study highlighted the importance of 
investigating not only single regions or networks but their 
interactivity. Future studies may benefit from task-based 
fMRI paradigms directed to assessing core and co-occurring 
conditions of ASD. Also, broader age samples may provide 
additional information on DMN and SN as they develop and 
change over time with age.

with ASD (Abbott et al., 2016). However, the age range of 
the participants in the present study is broader, thus, DMN-
SN overconnectivity may be not specific for children with 
ASD but still be present in the ASD phenotype.

While connectivity of DMN was shown to be increased 
in children with ASD (Funakoshi et al., 2016; Lynch et al., 
2013), our result of general reduced underconnectivity in 
individuals with ASD is in line with those who also con-
cluded it to be decreased in adolescents and adults with this 
condition (Jung et al., 2014; Weng et al., 2010). Reduced 
DMN connectivity may contribute to atypical social cogni-
tive processes associated with ASD (Gusnard et al., 2001) 
and theory of mind (Schilbach et al., 2008).

The initial hypothesis on between-network over- but 
within-network underconnectivity with our findings of 
increased DMN-SN and decreased DMN connectivity 
contribute to the disrupted network segregation frame-
work. More precisely, spontaneous brain activity measured 
by fMRI is organized in large-scale networks of regions 
with low-frequency temporal coherency (Liu et al., 2011). 
There is an assumption and previous studies’ results (Fish-
man et al., 2015; Yang et al., 2023) that these resting-state 
networks are less isolated and modular in individuals with 
ASD compared to those without ASD, which reflects poor 
module segregation. Specifically, we confirmed the previ-
ous findings on aberrant functional connectivity of DMN-
SN and supported the conclusion of Kernbuch et al. (2018) 
that these atypicalties may be a reason for impairments of 
processing emotions of self and others as well as of reori-
enting attention from internal and external social/emotional 
stimuli.

In the present study, we also expected executive functions 
and adaptive behavior difficulties to be related to DMN-SN 
connectivity. However, we showed no significant asso-
ciations between these metrics. Future studies may benefit 
from investigating these behavioral traits with respect to not 
only DMN-SN disruptions but adding sensory and memory 
networks for adaptive behavior (Karlaftis et al., 2021), and 
executive control networks, such as frontoparietal one, for 
executive functions (Engelhardt et al., 2019).

Apart from the same age-related pattern of MPFC-PCC 
weakening within DMN, there are four specific changes 
occurring in ASD but not in TD. First, there is a cluster of 
connections getting weaker with age between DMN and SN 
from childhood to adolescence in ASD. The cluster com-
prised of the connections from MPFC (DMN) to ACC, 
rRPFC, and rAIns. It is important to note that cross-section-
ally two of them were overconnected in individuals with 
ASD compared to TD. Thus, weakening of these connec-
tions from childhood to adolescence in ASD may be an indi-
cator of network segregation, a process described in typical 
neurodevelopment, during which the connections between 
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