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Salience Network Connectivity in Autism Is Related to Brain and 
Behavioral Markers of Sensory Over-Responsivity

Dr. Shulamite A. Green, PhD, Ms. Leanna Hernandez, MA, Dr. Susan Y. Bookheimer, PhD, 
and Dr. Mirella Dapretto, PhD
Psychiatry and Biobehavioral Sciences, Semel Institute of Neuroscience and Human Behavior, 
University of California, Los Angeles

Abstract

 Objective—The salience network, an intrinsic brain network thought to modulate attention to 

internal versus external stimuli, has been consistently found to be atypical in autism spectrum 

disorders (ASD). However, little is known about how this altered resting-state connectivity relates 

to brain activity during information processing, which has important implications for 

understanding sensory over-responsivity (SOR), a common and impairing condition in ASD 

related to difficulty downregulating brain responses to sensory stimuli. This study examined how 

SOR in youth with ASD relates to atypical salience network connectivity and whether these 

atypicalities are associated with abnormal brain response to basic sensory information.

 Method—Functional magnetic resonance imaging was used to examine how parent-rated SOR 

symptoms related to salience network connectivity in 61 youth (age 8–17; 28 ASD, 33 IQ-matched 

typically developing). Correlations between resting-state salience network connectivity and brain 

response to mildly aversive tactile and auditory stimuli were examined.

 Results—SOR in youth with ASD was related to increased resting-state functional 

connectivity between salience network nodes and brain regions implicated in primary sensory 

processing and attention. Further, the strength of this connectivity at rest was related to extent of 

brain activity in response to auditory and tactile stimuli.

 Conclusion—Results support an association between intrinsic brain connectivity and specific 

atypical brain responses during information processing. Additionally, findings suggest that basic 

sensory information is overly salient to individuals with SOR, leading to over-attribution of 
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attention to this information. Implications for intervention include incorporating sensory coping 

strategies into social interventions for individuals with SOR.
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autism spectrum disorders; fMRI; resting-state; salience network; sensory over-responsivity

 INTRODUCTION

Patterns of large-scale brain network organization during rest are thought to provide insight 

into intrinsic brain network abnormalities that underlie neuropsychiatric disorders, including 

autism spectrum disorders (ASD).– Resting-state functional connectivity methods reveal co-

activating brain regions during rest, and have been used to identify widely replicated large-

scale neural networks in typical populations, as well as abnormalities in these networks in 

individuals with psychiatric disorders. ASD has been consistently linked to altered resting-

state connectivity, particularly in the salience network, a brain network that is thought to be 

involved in an individual’s (conscious or unconscious) decisions about which of many 

internal and environmental stimuli are most important to attend to. As such, the salience 

network has been shown to play a role in switching between internally (e.g., default mode) 

and externally focused networks (e.g., central executive)., Individuals with ASD have 

extremely high rates of sensory dysregulation problems, including sensory over-responsivity 

(SOR), which is an extreme negative reaction to or avoidance of sensory stimuli such as 

touch, sound, or busy visual environments. Recent neuroimaging research suggests that SOR 

may be related to an over-attribution of salience to extraneous sensory information., Thus, in 

the present study we sought to examine how intrinsic connectivity in the salience network 

relates to SOR by integrating resting-state functional magnetic resonance imaging (fMRI), 

task-based fMRI, and behavioral data, to test the assumption that atypical functional 

connectivity in ASD is directly related to altered brain activity during information 

processing, as well as to provide insight into SOR, an important source of heterogeneity and 

impairment in ASD that has as yet received little attention.

The salience network has been found to be hyperconnected in children and adolescents with 

ASD, and, compared to other resting-state networks, shows the highest accuracy in 

classifying participants with ASD from typically developing (TD) participants. The anterior 

insula, a region central to perception of emotionally salient information, serves as the hub of 

the salience network, with connections to many other brain regions, including anterior 

cingulate cortex, temporal poles, dorsolateral prefrontal cortex, amygdala, and other insular 

and opercular regions. Salience network abnormalities during resting state are thought to 

underlie some of the difficulties intrinsic to ASD, such as atypical allocation of attention to 

extraneous sensory stimuli rather than relevant social stimuli. Consistent with this 

hypothesis, the anterior insula has been found to be hypoactive in response to social 

cognition tasks in ASD but hyperactive in response to basic sensory information., However, 

to date there is little research on how differences in brain network organization in ASD 

relate to within-group heterogeneity in brain function during information processing, and 

none to our knowledge has focused on the salience network.
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Atypical functional connectivity in the salience network may be particularly important to 

understanding altered sensory processing in ASD. At least 56–70% of children and 

adolescents with ASD meet criteria for SOR,, which is associated with greater functional 

impairment, deficits in social and adaptive skills, and anxiety.– Recent fMRI research 

suggests that a subset of individuals with ASD who have SOR have over-reactive responses 

to sensory input in primary sensory processing areas of the brain, as well as in brain areas 

related to affective valence, salience, and attention. These individuals also show decreased 

neural habituation to sensory stimuli and lack prefrontal inhibition of the amygdala during 

exposure to sensory stimuli. Taken together, these results suggest that SOR may be related to 

overattribution of salience to extraneous sensory information, as well as to an inability to 

down-regulate the brain’s responses to this information, thus leading to over-attention 

towards sensory information. Therefore, we hypothesized that within youth with ASD, 

individual differences in SOR would be related to extent of connectivity with the salience 

network, particularly that higher SOR would be related to greater connectivity within the 

salience network (i.e., with the amygdala), and between the salience network and areas 

related to primary sensory processing. We also predicted that this increased connectivity 

would be related to increased activation of these areas during exposure to sensory 

information.

The amygdala plays an important role in determining what is salient, detecting important 

environmental stimuli, and triggering an affective response to these stimuli.– In one of the 

few studies of whole-brain amygdala connectivity in ASD, the amygdala was found to have 

significantly greater connectivity with salience network regions (e.g., insula, inferior frontal 

gyrus, pregenual cingulate) during attention to eye gaze that was incongruent with a simple 

attention task. The authors hypothesized that increased attribution of salience to socially 

incongruent or irrelevant information could contribute to deficits in social interaction. This is 

consistent with findings that in individuals with ASD and SOR, the amygdala shows 

relatively increased activation in response to basic sensory information and lacks prefrontal 

regulation. Given the role of the amygdala in SOR, we hypothesized that individuals with 

greater levels of SOR would have greater connectivity between the anterior insula and 

amygdala during resting state, and that this would relate to greater amygdala response to 

sensory input.

 METHOD

 Participants

Participants were 28 youth with ASD and 33 TD-matched controls aged 7.8–17.3 years 

(M=12.94; SD=2.6). All had full-scale, verbal, and performance IQs of 75 or greater based 

on the Wechsler Abbreviated Scales of Intelligence (WASI,) or the Wechsler Intelligence 

Scale for Children–4th Edition (WISC-IV). Participants with ASD had a prior diagnosis of 

autism spectrum disorder, confirmed using the Autism Diagnostic Interview–Revised (ADI-

R) and the Autism Diagnostic Observation Schedule–2nd Edition (ADOS-2). Of the original 

participants, 37 were TD and 31 had ASD. Three ASD and 4 TD participants were excluded 

due to insufficient motion-free data (>20 volumes scrubbed). Final groups did not differ 

significantly in age, IQ, or motion during fMRI (see Table 1). No participants reported loss 
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of consciousness for longer than 5 minutes or any neurological (e.g., epilepsy), genetic (e.g., 

Fragile X), or severe psychiatric disorder (e.g., schizophrenia) other than autism. 

Additionally, no TD participants had comorbid psychiatric disorders (e.g., attention-deficit/

hyperactivity disorder [ADHD], mood disorders, anxiety). All parents provided written 

informed consent, and children gave verbal assent. All study procedures were approved by 

the University of California, Los Angeles (UCLA) Institutional Review Board.

 Behavioral Measures

Diagnostic and cognitive measures were administered at a clinical assessment visit; child 

anxiety and sensory questionnaires were completed by parents (see Table 1). Handedness 

was measured using the Edinburgh Inventory. An SOR composite score was created by 

standardizing and averaging relevant subscales of the SOR measures (Short Sensory Profile 

[SSP] auditory/visual sensitivity, tactile sensitivity scales, and Sensory Over-Responsivity 

[SensOR] auditory, visual, and tactile scores) across all participants.

 Screen for Child Anxiety Related Emotional Disorders (SCARED)—The 

SCARED is a 41-item parent report form of child anxiety symptoms. The total score was 

used as a continuous measure of anxiety symptom severity. The SCARED has good internal 

consistency, test-retest reliability, and discriminative validity, and has been well validated 

with ASD populations.,

 Short Sensory Profile.—The SSP is a widely used, parent report measure of sensory 

dysregulation across modalities. We used the Auditory/Visual and Tactile Sensitivity 

subscales. Higher scores on the SSP indicate lower impairment. This measure has strong 

reliability and validity.

 Sensory Over-Responsivity Inventory.—The SensOR Inventory is a parent 

checklist of sensory sensations that bother their child. For this study, the auditory, visual, and 

tactile subscales were used. The number of items parents rate as bothering their child has 

been shown to discriminate between children with and without SOR.

 SOR Composite—An SOR composite score was created by standardizing (creating Z-

scores) and averaging each relevant subscale of the SOR measures (SSP reverse-scored 

auditory/visual sensitivity and tactile sensitivity scales and SensOR Inventory auditory, 

visual, and tactile scores)., Two TD children did not have SSP scores; for these children, 

their SOR composite was made up of only SensOR scores.

 MRI Data Acquisition

MRI data were acquired on a Siemens Trio 3 Tesla magnetic resonance imaging scanner. A 

high-resolution structural T2-weighted echo-planar imaging volume (spin-echo, TR=5000 

ms, TE=33 ms, 128×128 matrix, 20cm FOV, 36 slices, 1.56mm in-plane resolution, 3mm 

thick) was acquired coplanar to the functional scans in order to ensure identical distortion 

characteristics to the fMRI scan. Resting-state runs involved the acquisition of 120 EPI 

volumes (TR=3000ms, TE=28ms, 64×64 matrix, 19.2cm FOV, 34 slices, 3.0mm in-plane 

resolution, 3mm thick). Each sensory paradigm run involved the acquisition of 137 EPI 
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volumes (gradient-echo, TR=2500ms, TE=30ms, flip angle=90, 64×64 matrix, 20cm FOV, 

33 slices, 3.125mm in-plane resolution, 3mm thick). Auditory stimuli were presented to the 

participant using magnet-compatible headphones under computer control (Resonance 

Technologies, Inc.). Participants wore earplugs and headphones to reduce interference of the 

auditory stimuli from the scanner noise.

FSL’s fMRI Expert Analysis Tool (FEAT), Version 5.98 was used for statistical analyses. 

Higher-level group analyses were carried out using FSL’s FLAME (FMRIB’s Local 

Analysis of Mixed Effects State) stage 1.–

 fMRI Resting State Paradigm and Analysis

Participants were instructed to relax and keep their eyes open and focused on a fixation cross 

for 6 min. There is evidence that resting state connectivity is consistent whether participants 

have their eyes closed or open, but that there is greater reliability when a fixation cross is 

used, with eyes open.

Preprocessing procedures are described in Supplement 1, available online.

To examine whole-brain connectivity with the salience network, we selected a 5-mm 

spherical seed in the right anterior insula (AI) based on Seeley et al. (Montreal Neurological 

Institute [MNI] coordinates 38, 26, −10). We extracted region-of-interest (ROI) time-series 

from each participant’s processed residuals in standard space and correlated them with every 

voxel in the brain to generate connectivity maps for each participant and ROI. Individual 

correlation maps were then converted into z-statistic maps using Fischer’s r-to-z 

transformation. At the group level, we modeled a paired-sample mixed-effects design 

(Z>2.3, corrected for multiple comparisons at the cluster level p<.05), and included SOR 

composite scores as a regressor to determine resting state connectivity as a function of SOR 

severity. Participants’ ages and parent-reported SCARED anxiety total scores were entered 

as covariates to determine the relationship between SOR and resting-state connectivity over 

and above age and anxiety. Anxiety was included as a covariate due to the high correlations 

between anxiety and SOR.

While not a primary focus of this paper, we also examined group differences in salience 

network connectivity to confirm that the current sample was consistent with previous 

samples in basic salience network connectivity. Within-group maps were thresholded at 

Z>2.3, corrected for multiple comparisons at p<.05; between-group comparisons were 

thresholded at Z>1.7, corrected.

 fMRI Sensory Paradigm

This paradigm was initially analyzed in Green et al. Participants were exposed to three 

stimulus conditions in a counterbalanced block design paradigm: an auditory, a tactile, and a 

“joint” condition where the auditory and tactile stimuli were presented simultaneously. The 

auditory stimuli consisted of traffic noises. The tactile stimulus was a scratchy wool fabric 

rubbed on participants’ inner arms at the rate of one stroke/sec. Stimuli were chosen that 

best differentiated ASD versus TD groups based on pilot testing with the SensOR Inventory. 

Participants were instructed to focus on a central fixation cross throughout the task. Each 
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condition was presented 4 times, lasting 15 sec, with 12.5 sec of fixation between trials. 

Total scan length was 5 min, 42.5 sec including 12.5-sec initial and final fixations. See 

Green et al. for full details on this paradigm and data analysis. Seventeen participants with 

ASD and good resting state data (14 of which were included in the original Green et al. 

paper) also had this sensory functional data and were included in the following analyses. For 

the purposes of this study, we extracted each participant’s parameter estimates of percent 

signal change in the amygdala and primary somatosensory and auditory cortices during the 

joint condition (as compared to fixation). The joint condition was chosen because youth with 

ASD and SOR were found to have the greatest differences from the comparison groups in 

this condition. We used a functional ROI approach, extracting parameter estimates from all 

regions of the amygdala that were significantly activated in either group at a threshold of 

Z>1.7, p<.05 corrected for multiple comparisons. Due to the large size of the somatosensory 

and auditory cortices, we used a slightly different approach: we added together spheres (5-

mm for somatosensory, 6-mm for auditory) around the peak coordinates in the postcentral 

gyrus and superior temporal gyrus, respectively, in each (ASD and TD) group, thus creating 

an ellipse around the area of peak activation for both groups.

 RESULTS

 Within- and Between-Group Salience Network Connectivity

Overall, both the TD and ASD groups showed salience network connectivity consistent with 

previous studies, with extensive anterior insula (AI) connectivity with anterior cingulate, 

fronto-insular, and limbic regions. Between-group comparisons showed that the group with 

ASD had greater connectivity with the AI compared to the TD group, particularly in 

sensory-motor regions (see Figure S1 and Table S1, available online). There were no 

significant areas where TD>ASD.

 Salience Network Connectivity and SOR

Within the group with ASD, higher levels of SOR were found to correlate with greater 

functional connectivity between right AI and sensory motor cortical areas (including 

bilateral precentral and right postcentral gyri and superior temporal gyrus), as well as greater 

within-network connectivity including right amygdala, insula, and bilateral temporal poles 

(see Table 2 and Figure 1).

Within the group with ASD, SOR correlated negatively with connectivity between right AI 

and areas in the occipital cortex including primary visual cortex, left cingulate gyrus, and 

visual association areas (bilateral lingual gyrus and fusiform), as well as with the right 

precuneus (see Table 2 and Figure 2).

In the TD group, connectivity with the right AI showed no significant positive correlations 

with SOR, but significant negative correlations were found with connectivity between right 

AI and an occipital cluster including primary visual cortex, lingual gyrus, and left fusiform 

gyrus.

Parameter estimates from areas where connectivity with the right AI was significantly 

correlated with SOR were extracted and plotted to ensure that correlations were not driven 
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by outliers; an example scatterplot is included with each image to illustrate the distribution 

of data.

 Association Between Resting State Connectivity and Sensory Exposure-Based 
Activation

To demonstrate that these resting state abnormalities were indicative of atypical brain 

responses to sensory information, we then correlated the strength of functional connectivity 

during resting state with brain activity in the amygdala and somatosensory and auditory 

cortices during exposure to sensory stimuli (mildly aversive traffic sounds paired with a 

scratchy fabric rubbed on the inner wrist). A functional ROI approach was used in which we 

extracted parameter estimates of connectivity from the area of the right amygdala, right 

postcentral gyrus, and left superior temporal gyrus found to have greater connectivity with 

right AI in youth with ASD as a function of SOR. We then correlated these connectivity 

measures with parameter estimates of activation extracted from the right amygdala and 

postcentral gyrus and left superior temporal gyrus during exposure to the auditory and tactile 

stimuli (during a separate run; see Figure 3 for illustration of ROIs). Results demonstrated 

that resting-state salience network connectivity with amygdala and somatosensory cortex 

was significantly related to brain activity in response to the mildly aversive sensory stimuli. 

Specifically, the extent to which participants activated the right amygdala in response to the 

sensory stimuli was positively correlated with the strength of connectivity between right AI 

and amygdala during resting state (see Figure 3a). Similarly, somatosensory cortex 

activation during exposure to sensory stimuli was correlated with the strength of 

connectivity between right AI and somatosensory cortex during resting state (see Figure 3b). 

Correlations with the sensory exposure-based activation were specific to AI connectivity 

with the same area (e.g., amygdala activation during the task was related to AI-amygdala 

connectivity but was not correlated with AI-somatosensory connectivity, and vice versa). 

Correlations between auditory cortex activation and the strength of connectivity between AI 

and auditory cortex were not significant. As a confirmatory analysis, we also correlated 

parameter estimates from amygdala and somatosensory masks created from the resting-state 

and task-based ROIs added together (so that the mask used to extract parameter estimates 

was identical for the resting-state and task-based data); the correlations remained significant. 

There were no significant correlations between resting-state connectivity and task-based 

activation in the TD group.

 DISCUSSION

Here, we demonstrated that specific patterns of resting-state connectivity are related to both 

brain and behavioral markers of SOR in ASD. Specifically, we showed that in children and 

adolescents with ASD, severity of SOR is associated with greater connectivity during resting 

state within the salience network (e.g., anterior insula, amygdala), as well as between the 

salience network and primary sensory processing areas. Importantly, we also showed that 

this increase in resting-state connectivity is associated with increased activity during 

exposure to sensory stimuli, which provides empirical support for the notion that intrinsic 

patterns of functional connectivity during resting state do meaningfully relate to how the 

brain responds during information processing.
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Findings of increased resting-state connectivity between anterior insula, amygdala, and 

primary sensory processing regions are consistent with previous reports that these areas 

over-activate in response to sensory stimuli in youth with ASD and SOR., Further, the fact 

that the salience network is more connected with primary sensory processing regions at rest 

suggests that individuals with SOR have intrinsic patterns of brain connectivity that reflect 

over-attribution of salience and attention to basic sensory stimuli. Our findings of 

correlations between resting-state connectivity and task-based activation lend further support 

to this hypothesis: youth who had greater connectivity within the salience network (AI and 

amygdala) at rest also had greater amygdala activation to mildly aversive tactile and auditory 

sensory stimuli. Similarly, youth who had greater connectivity between the salience network 

(AI) and somatosensory cortex also had greater somatosensory activation to the tactile and 

auditory stimuli. Thus, continuous co-activation of salience and sensory-related brain 

regions throughout development may strengthen these connections and lead to these regions 

co-activating even during rest. Of course, the opposite could also be true: atypical intrinsic 

connectivity between salience and sensory-related regions could make it more likely that 

individuals with SOR activate salience-related brain regions in response to sensory stimuli. 

Further research taking a developmental approach will be necessary to address such 

questions of causality.

There was no significant correlation between auditory cortex activation during exposure to 

sensory stimuli and salience network connectivity with auditory cortex. This may be because 

the two regions were slightly different (the sensory stimuli activated a large area of auditory 

cortex, while the cluster significantly correlated with SOR during resting state was small and 

slightly outside of this area).

Interestingly, in the group with ASD, SOR was negatively correlated with connectivity 

between the salience network and visual association areas, perhaps reflecting a 

disassociation between these two networks in individuals with higher SOR. Many of these 

regions (e.g., precuneus, fusiform gyrus) are associated with social cognition., Thus, a 

pattern of increased connectivity with primary sensory processing regions and decreased 

connectivity with visual association areas is consistent with the idea that basic sensory 

stimuli are overly salient to individuals with SOR, leading them to attribute too much 

attention to this information and decreasing the salience of and attention to important social 

cues. It would be useful to compare resting-state salience network data to tasks that activate 

the visual cortex to better understand the functional basis of these negative correlations 

between AI and visual cortex. A similar pattern was found in the TD group, which also 

showed negative correlations between SOR and connectivity between the salience network 

and visual association areas. Thus, it is possible that these patterns of resting-state 

connectivity are more likely to reflect variability in sensory processing rather than 

characteristics specific to ASD; however, given the restricted range of SOR in the TD group, 

results in this group should be interpreted with caution. The lack of variability in SOR in the 

TD group is a limitation of this study, and future research should examine TD individuals 

with a broader range of SOR symptoms. An additional limitation of this study is the 

relatively small number of participants with both resting-state and task-based data, thus 

limiting our power to examine correlations between these two sets of data.
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These findings have important implications for intervention. First, it is notable that 

individuals with ASD and SOR have increased co-activation of salience and sensory-related 

regions even during rest, suggesting that their brains may be “primed” to notice, attend to, 

and attribute salience to basic sensory information to the detriment of potentially important 

social information. Salience processing is a way in which individuals determine which of 

many competing stimuli is most relevant, and relies both on automatic bottom-up processing 

as well as on top-down attention and cognitive control. Thus, social interventions for youth 

with ASD and high SOR should occur in a context where all distracting sensory information 

is minimized, and it may be helpful to target social interventions specifically for youth with 

ASD and high SOR that can include sensory coping strategies to help decrease the salience 

of extraneous sensory input to allow them to increase attention to social stimuli. Secondly, 

not only is SOR extremely common and an important source of impairment for individuals 

with ASD,, it is also present in individuals with other neuropsychiatric disorders such as 

ADHD and anxiety, those with histories of early life stress, and typically developing 

individuals., Thus, the findings of this study are likely to have broad relevance across these 

populations, which also often demonstrate related social deficits. Taken together, this 

research highlights the importance of continuing to study brain and behavioral markers of 

SOR across these groups, for whom SOR is not yet commonly identified or addressed in 

clinical settings. Here, we have shown that abnormalities in the salience network relate to 

heterogeneity within ASD both at the brain and behavioral level. Thus, future research 

should continue to examine the relationship between resting state network patterns and brain 

response to information processing in autism and other neuropsychiatric disorders, as this 

approach provides important insight into how abnormalities in intrinsic brain networks 

reflect and relate to brain and behavioral markers of disease symptomatology.

 Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical Guidance

• In children and adolescents with autism spectrum disorders, sensory over-

responsivity is related to more connectivity between areas of the brain 

involved in salience and attention and areas involved in sensory processing, 

even when the brain is at rest.

• The greater this connectivity at rest, the more over-active their brain 

response to mildly aversive sensory stimuli.

• It is important to consider and minimize potential sensory distracters during 

intervention for individuals with ASD.

• Even when sensory distracters are not present, individuals with higher 

levels of SOR may still be preparing to selectively notice and attend to such 

stimuli at the cost of attending to other important stimuli (such as social 

cues).
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Figure 1. 
Areas in the group with autism spectrum disorder (ASD) where connectivity with right 

anterior insula (AI) was positively correlated with sensory over-responsivity (SOR). Note: 

SOR composite scores on X-axis are standardized residual (std. resid.) scores after 

controlling for anxiety and age.
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Figure 2. 
Areas in the group with autism spectrum disorder (ASD) (a) and typically developing (TD) 

group (b) where connectivity with right anterior insula (AI) was negatively correlated with 

sensory over-responsivity (SOR). Note: SOR composite scores on X-axis are standardized 

residual (std. resid.) scores after controlling for anxiety and age.
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Figure 3. 
Scatterplots depicting the observed correlations between resting-state functional connectivity 

and task-based activation in (a) the amygdala and (b) the primary somatosensory cortex 

(SMS), within the group with autism spectrum disorder (ASD). Note: To the left of the 

scatterplots, task-based seed regions are shown above (area of activation in response to joint 

auditory+tactile stimuli in both ASD and typically developing participants), and resting-state 

seed regions are shown below (areas of connectivity with anterior insula [AI] significantly 

correlated with sensory over-responsivity).
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Table 1

Descriptive Statistics

ASDa
Mean (SD)

TDa
Mean (SD)

t or χ2 ASD-funcb
Mean (SD)

Age 12.95 (1.98) 12.93 (2.98) −.04 13.84 (1.36)

Gender, n (% male) 27 (96) 28 (85) 2.29 16 (94)

Handedness, n (% R) 24 (86) 30 (91) 0.40 16 (94)

FSIQ 103.68 (14.37) 107.73 (12.25) 1.19 101.76 (16.20)

VIQ 102.18 (14.10) 106.88 (11.63) 1.43 101.47 (14.71)

PIQ 108.50 (14.90) 107.73 (12.25) −0.41 108.47 (14.71)

Mean Absolute Motion 0.31 (.13) 0.31 (.25) 0.09 0.30 (.16)

Max Absolute Motion 0.95 (.57) 0.76 (.57) −1.32 0.83 (.40)

Mean Relative motion 0.09 (.04) 0.07 (.04) −1.77+ 0.08 (.03)

Max Relative Motion 0.75 (.53) 0.58 (68) −1.06 0.72 (.45)

SensOR tactile count 3.96 (4.15) 1.70 (2.54) −2.52** 4.12 (4.77)

SensOR auditory count 4.14 (5.71) 1.24 (2.98) −2.42* 4.71 (6.50)

SensOR visual count 0.82 (1.49) 0.21 (.74) −1.97+ 0.82 (1.51)

SSP auditory/visual 19.11 (5.10) 23.52 (2.82) 4.05*** 19.76 (5.29)

SSP tactile sensitivity 27.54 (6.36) 32.23 (4.52) 3.23** 27.59 (6.64)

SOR composite 0.37 (1.01) −0.43 (.61) −3.64** 0.37 (0.97)

SCARED anxiety total 13.54 (11.68) 7.52 (6.94) −2.39* 12.35 (8.72)

Note. ASD = autism spectrum disorder; FSIQ = Full-Scale IQ; PIQ = Performance IQ; R = right-handed; SCARED = Screen for Child Anxiety 
Related Emotional Disorders; SensOR = Sensory Over-Responsivity Inventory; SSP = Short Sensory Profile; TD = typically developing; VIQ = 
Verbal IQ.

a
n=28 ASD, 33 TD except for SSP analyses where n=28 ASD, 31 TD.

b
n=17 with ASD participating in sensory exposure scan.

+
p<.10;

**
p<.01;

***
p<.001.
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