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Social visual preference mediates the effect of cortical thickness on symptom severity in children with autism spectrum disorder
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Background: Evidence suggests that there is a robust relationship between altered neuroanatomy and autistic symptoms in individuals with autism spectrum disorder (ASD). Social visual preference, which is regulated by specific brain regions, is also related to symptom severity. However, there were a few studies explored the potential relationships among brain structure, symptom severity, and social visual preference.

Methods: The current study investigated relationships among brain structure, social visual preference, and symptom severity in 43 children with ASD and 26 typically developing (TD) children (aged 2–6 years).

Results: Significant differences were found in social visual preference and cortical morphometry between the two groups. Decreased percentage of fixation time in digital social images (%DSI) was negatively related to not only the thickness of the left fusiform gyrus (FG) and right insula, but also the Calibrated Severity Scores for the Autism Diagnostic Observation Schedule-Social Affect (ADOS-SA-CSS). Mediation analysis showed that %DSI partially mediated the relationship between neuroanatomical alterations (specifically, thickness of the left FG and right insula) and symptom severity.

Conclusion: These findings offer initial evidence that atypical neuroanatomical alterations may not only result in direct effects on symptom severity but also lead to indirect effects on symptom severity through social visual preference. This finding enhances our understanding of the multiple neural mechanisms implicated in ASD.

KEYWORDS
autism spectrum disorder, social visual preference, symptom severity, neuroanatomy, mediation


Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by persistent deficits in social interaction and the presence of restricted interest or stereotyped behaviors (1). The prevalence of ASD has increased sharply from 4/1,000 to 1/36 children in the past decade (2). The core symptoms of ASD typically manifest around the age of 2 years and are accompanied by developmental variations in brain structure, function, and connectivity that impact behavior throughout the lifespan (3). As a highly heritable disorder, the cause of ASD is complex and involved genetic and environmental factors, thereby presenting a significant challenge to understanding the pathology of this disorder (4). Notably, abnormalities in brain could represent a node resulting from these diverse contributing factors leading to the manifestation of ASD. Despite being recognized as a brain-based disorder and having undergone numerous neuroimaging studies, the underlying neural mechanisms of ASD remain incompletely understood.

Numerous neuroimaging studies have consistently identified a robust relationship between neuroanatomical alteration and autistic symptoms in individuals with ASD. For example, a study by Bedford et al. (5) reported greater cortical thickness in widespread brain regions in ASD aged 2–65 years, with this greater cortical thickness being positively correlated with calibrated severity scores (CSS) of the Autism Diagnostic Observation Schedule Version 2 (ADOS-2). Similarly, a large-scale analysis of structural MRI found that individuals with ASD aged 6–65 years exhibited significant positive correlations between ADOS scores and volumes of both gray and white matter, in addition to cortical surface area (6). Moreover, a comprehensive review of neuroanatomy in ASD suggested that there exists a robust association between the neuroanatomical foundations of ASD and the functional impairments that are typical of the clinical ASD phenotype (7). Recent study found morphological connectivity abnormalities in cortico-striatum-thalamic-cortical network can predict the severity of social communication deficits in young children with ASD aged 2–8 years (8). Functionally, brain regions that are related to symptom severity serve as neural network hubs and play crucial roles in social cognition and behavior (3). Although the link between brain structure and symptom severity in ASD has been widely established, the mechanisms underlying this relationship have yet to be fully elucidated.

Over the past decades, the characteristic visual preference in ASD has received increased attention from researchers. Most studies examining visual preference via eye-tracking have reported that individuals with ASD show reduced attention to social stimuli (e.g., human face and biological motion) and attention bias to non-social stimuli (e.g., geometric patterns and wheel) (9–11). This characteristic visual preference is defined as social visual engagement difficulties and is considered a potential early biomarker of ASD (12–15). This innate mechanism (i.e., social visual engagement) ensures that typically developing infants exhibit attention bias for social information (16), but it is pathognomonically impaired in children with ASD (17). Owing to dysfunction of this mechanism, individuals with ASD present a general lack of attention to the social environment, which may relate to the deficits of social-communicative functional circuits and altered brain structure (15, 18). For instance, a previous neuroimaging study found neural functional disconnection between the visual and attention networks and social brain networks in ASD subtypes with pronounced social visual engagement difficulties, while increased hypoconnectivity of the default mode network-occipito-temporal cotex was related to increased symptom severity (19). Consistent with this, structural neuroimaging studies in typically developing populations have demonstrated that neuroanatomical alterations in specific brain regions, such as the amygdala, fusiform gyrus (FG), and superior temporal gyrus, are correlated with social attention (20). Furthermore, the abnormal neuroanatomy and activation of these brain regions, which are key components of social functioning, have been suggested as being linked to symptoms of ASD (21, 22). Previous studies have also reported that toddlers with ASD who strongly preferred geometric images demonstrated decreased intellectual development levels, social skills, and more severe symptoms (23, 24). Taken together, these findings suggest the possibility of interactions among visual preference, brain structure, and clinical symptoms in ASD.

To our knowledge, prior research has not yet explored the relationship among these three factors. Nevertheless, based on a synthesis of previous research, we infer that there may be a mediating relationship among the three factors. Firstly, a well-established brain-symptom relationship exists where specific brain regions mediate core symptoms of ASD, especially social brain (25). Secondly, as previously noted, social visual engagement difficulties was mediated by specific brain regions, such as the amygdala (26), the temporal-parietal junction (27), the insula (28), and the FG (29). Thirdly, social attention deficits appear before core symptoms emerge during infancy. These early deficits may have a cascading effect on the development of social communication skills. For example, a longitudinal study for ASD children found the preference for biological motion at the age of 3 strongly predicted a reduction in severity scores on the ASD-G 1 year later (30). Similarly, the pattern of visual preference measured by the Geopref Test in individuals with ASD aged 1–3 years predicted ADOS total scores at school age (31). Jones and Klin (17) reported that infants who were later diagnosed with ASD exhibited typical eye gaze behavior (preferential attention to others’ eyes) at 2 months of age, but showed a significant decline from 2 to 24 months of age, in contrast to typically developing infants. The authors postulated that while reflexive social visual engagement is intact at birth for infants with ASD, the emergence of experience-dependent, cortically-mediated, spontaneous attention underlies the decreased social visual engagement observed in this population (17). Given the evidence of the independent impact of both brain development and symptom severity on visual attention in ASD, we propose social visual preference is a potential mediator of the brain–symptom relationship.

In the current study, we measured characteristic visual preference using the GeoPerf Test and social symptom severity, as assessed by the Autism Diagnostic Observation Schedule- Generic (ADOS-G) in children with ASD. Then, we used structural magnetic resonance imaging (sMRI) to determine structural differences between ASD and typical developing (TD) peers. Finally, we performed mediation analysis to explore whether social visual preference mediates the association between brain structure and symptom severity. Our hypotheses were as follows: (1) individuals with ASD would spend more fixation time on digital geometric images (DGI) than digital social images (DSI); (2) compared to TD, ASD participants would exhibit atypical cortical morphometry in specific regions, particularly social brain regions; (3) fixation percentage of DSI/DGI would be related to altered brain structure and symptom severity; and (4) social visual preference would mediate the relationship between brain structure and social symptom severity.



Materials and methods


Participants

Forty-six children with ASD and 28 TD children were recruited. All participants with ASD were selected according to the following criteria: (1) aged between 2 and 6 years; (2) diagnosed by experienced child psychiatrists, meeting Diagnostic and Statistical Manual of Mental Disorders (DSM-5) diagnostic criteria; and (3) having no history of seizures, neurological issues, head injury, or loss of consciousness. Inclusion criteria for TD participants included not having a history of developmental or neuropsychiatric disorder, either now or in the past, as well as having a gender and chronological age matching those of the ASD group. Individuals with a family history of any neuropsychiatric disorder, including ASD, learning disabilities, affective disorders, schizophrenia or epilepsy, were excluded from the study. Written informed consent was obtained from the parents of all children who participated in this study. Demographic features of the participants are provided in Table 1. There was no community involvement in the reported study.


TABLE 1    Demographic and clinical characteristics of ASD and TD participants.
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Clinical evaluation

Autism spectrum disorder participants received both Gesell Developmental Diagnosis Schedules (GDDS) and ADOS-G administered by a trained and experienced clinician.

The GDDS is used to assess the developmental level of children with ASD aged between 0 and 72 months; it is more applicable to toddlers and children with neurodevelopmental disorders than other scales (32). The results are expressed in terms of developmental quotients, with scores 86 or above being typical development, 75–85 indicating borderline development, 55–74 indicating mildly developmental delay, 40–54 indicating moderately developmental delay, 25–39 indicating severely developmental delay, ≤24 indicating extremely severely developmental delay.

The ADOS-G is a semi-structured, standardized assessment tool for individuals with suspected ASD across a wider developmental and age range (33). Based on the age and language of the participants, ADOS-G consists of four modules. In the present study, 33 ASD children received Module 1, 8 ASD children received Module 2, and 2 children received Module 3. This is a standardized instrument used to assess the communication and social interaction abilities of individuals with ASD. In the present study, we obtained scores for social interaction (ADOS-SI), communication (ADOS-C), and social affect (ADOS-SA). ADOS-SA is the sum of ADOS-C and ADOS-SI. To enable statistical pooling of ADOS scores across modules, raw ADOS scores for social affect (ADOS-SA) were converted into ASD severity scores calibrated to ADOS (ADOS-SA-CSS). These scores range from 1 to 10 and reflect the overall severity of ASD-related behavioral characteristics across the social interaction and communication domains (34).



Eye-tracking paradigm

We produced an eye-tracking paradigm with reference to the Society GeoPref test (19, 35, 36). The paradigm consisted of DGI and DSI placed side-by-side in the scene changing simultaneously, without audio information. The video includes six individual scenes with a total of 60 s (each scenes displayed for 10 s) for the DGI and DSI (left/right) with random scene assignment across subject and diagnosis (Supplementary Figure 1). In this study, we employed the SMI RED250 portable eye-tracking system. The screen resolution was set to 1,024 × 768 pixels, with a spatial resolution of 0.03 degrees and a sampling frequency of 250 Hz. Children were seated in a dark, soundproof room with their parents, facing a 15-inch widescreen LCD monitor. The center of their gaze was aligned with the monitor’s center, and the distance between the eyes and the monitor was kept at 65 cm. Prior to the presentation of the short video stimulus, eye position correction was performed by instructing participants to focus on a dynamic pink rabbit. Eye-tracking data were collected while participants viewed these videos with two-eye tracking and five-point calibration at 250 Hz sampling rate. Gaze patterns were recorded using the BeGaze data analysis software system. GeoPref test includes three areas of interest (AOIs)—DGI, DSI, and background (Supplementary Figure 2). To determine the percentage of time spent on each AOI (i.e., “% DGI” and “% DSI”), the sum of fixation time for each AOI was divided by the total sum of fixation time for all three AOIs.



Acquisition of MRI data

High-resolution anatomical images were obtained using a Siemens Prisma 3.0T (Siemens Medical Solutions, Erlangen, Germany) with a Siemens 12-channel receive-only head coil and a T1-weighted inversion recovery fast spoiled gradient-echo sequence. Foam padding was used to minimize head movement for all participants. Prior to the child entering the MRI scanner, a parent or legal guardian signed a consent form and remained present in an adjacent waiting room during the entirety of the scanning procedure. During scanning, the imaging data of TD children were collected during natural sleep at night, and Children with ASD were given sedation using 50 mg/kg of chloral hydrate (CH) in accordance with a strict clinical protocol established by the Radiology Sedation Committee of the hospital. It has been reported that mild to moderate doses of CH do not necessarily affect neural responses, and a maximum dosage of 75 mg/kg is set to minimize unwanted side effects while ensuring an appropriate level of sedation (37, 38). Therefore, CH may not disturb these findings in current study. High-resolution magnetic resonance (MR) images were acquired using a 3D T1 sequence with the following parameters: echo time of 3.30 ms, repetition time of 10 ms, flip angle of 15°, acquisition of 180 slices, and a voxel size of 1 mm × 1 mm in-plane. Two authors (JC and CX) manually inspected each raw MRI data for motion artifacts. After visual assessment of the MRI data and FreeSurfer output, three participants with ASD and two TD participants were excluded due to insufficient quality. Therefore, the final analysis included data from 43 participants with ASD and 26 participants with TD.



Processing of MRI data

T1-weighted images were processed using FreeSurfer image analysis suite version 6.0.0.1 Eighty-three regions of interest, comprising forty-one areas in each hemisphere and an additional region in the brainstem, were defined using the Desikan–Killiany Atlas (39). The technical details of these procedures have been well documented in prior publications (40, 41). After the 3D surface was constructed, the cortical thickness was measured as the shortest distance from the white surface to the pial surface at each surface vertex. Cortical volume was measured by the volume of gray matter located between the white and pial surfaces. The surface area was measured by assigning an area to each vertex equal to the average of its surrounding triangles on the white surface. The cortical thickness, volume, and surface area were smoothed using a 10 mm full width at half maximum (FWHM) two-dimensional Gaussian kernel.



Statistical analyses

Considering that numerous studies have provided evidence that neuroanatomical abnormalities in ASD are highly age- and gender-dependent, age and gender are suitable to be used as covariates in subsequent analyses (42, 43). Total cortical volume was also included as a covariate in subsequent analysis. A two-step general linear model (GLM) was employed to estimate differences in cortical thickness, volume, and surface area between individuals diagnosed with ASD and TD. To minimize false-positive results, a stringent criterion was applied, setting all analyses at p < 0.005 after correction for multiple comparisons using Monte Carlo simulations (44). The clusters that showed group differences in thickness, area, and volume after correction were selected as regions of interest (ROI). ROI values were then extracted for the follow-up analyses. A Fisher transformation was performed to enhance the normality of the correlation coefficient (45). Based on the extracted values of the ROI (i.e., mean, standard deviations, and numbers of participant), we used formulas provided by Lipsey and Wilson (46) to calculate the effect sizes and confidence intervals between the two groups (46).

Further analyses were performed using SPSS version 20 (IBM Corp., Armonk, NY, USA). Differences between % DSI and % DGI in the ASD group were assessed using a paired t-test. An independent t-test was performed to compare % DSI or % DGI between the two groups. Partial correlation analyses were conducted to explore the relationships among visual preference (% DSI or % DGI), brain structure, and symptom severity, while age and gender were used as covariates in the ASD group. A false discovery rate (FDR) correction for partial correlation was applied, and FDR-corrected p-values of < 0.05 were considered statistically significant. The % DSI related to the values of ROI and score of the ADOS-CSS-SA was then used to test the hypothesis that the relationship between altered brain structure and symptom severity is mediated by atypical visual preference. The present study used a script written by Hayes (47) to conduct mediation analysis using SPSS. The analysis was performed using the bootstrapping technique, which involves resampling to obtain confidence intervals for the mediator’s indirect effect. We obtained bias-corrected bootstrap 95% confidence intervals by generating 5,000 bootstrapped samples. Model four of PROCESS macro was selected. In the mediation model, % DSI was set as the mediator (M), ADOS-CSS-SA was set as the outcome (Y), the values of ROI were set as the predictor (X), and age and gender were set as covariates. All reported probabilities (p-values) were two-tailed, and values < 0.05 were considered statistically significant.




Results

As detailed in Table 1, DGI attracted significantly more fixation time than DSI (t = 2.826, p = 0.006, Cohen’s d = 0.6095) in individuals with ASD. Compared to TD children, children with ASD spent more time fixating on DGI (t = 2.040, p = 0.046, Cohen’s d = 0.4713) and less time fixating on DSI (t = –3.695, p = 0.001, Cohen’s d = –0.9677). According to the result of GDDS, on average, children with ASD had mildly delayed development in gross motor skills, and moderately delayed development in language, adaptive, fine motor skills, adaptive functions, and social functions (Table 1).

Figure 1 and Table 2 depict results from the whole-brain analyses comparing cortical thickness and surface area between the ASD and TD groups, after controlling for age and gender. There was no significant difference in volume between the two groups. Clusters surviving multiple comparison corrections are shown in red (ASD > TD) and blue (TD > ASD) in Figure 1. Children with ASD exhibited increased cortical thickness and smaller cortical area when compared to TD peers.


[image: image]

FIGURE 1
Results from whole-brain analysis of cortical metrics between ASD and TD peers, controlling for age and gender (corrected for multiple comparisons using Monte Carlo stimulations p < 0.005). Clusters surviving multiple comparison corrections are shown by red (ASD > TD) and blue (TD > ASD).



TABLE 2    Clusters of significant differences in cortical morphometry between TD and ASD.
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As shown in Figure 2 and Table 3, the partial correction analyses revealed that ADOS-SA-CSS correlated with % DSI (r = –0.512, p = 0.014), left FG thickness (r = –0.393, p = 0.046), right insula thickness (r = –0.505, p = 0.014), and right rostral middle frontal thickness (r = –0.417, p = 0.041). We also observed that % DSI was correlated with % DGI (r = –0.462, p = 0.024), left FG thickness (r = –0.496, p = 0.014), and right insula thickness (r = –0.442, p = 0.030). The p-values of the partial correction were corrected by FDR. Because % DSI was related to brain structure and symptom severity, we selected it as the mediating variable.


[image: image]

FIGURE 2
(A) Cortical thickness of left FG (red oval) and right insula (blue oval) exhibiting significant differences between TD and ASD. (B,C) Comparison of thickness in left FG and right insula between two groups. (D) Scatterplot of the correction between %DSI and ADOS-SA-CSS. (E,F) Scatterplot of the correction between thickness and %DSI. ADOS-SA-CSS, calibrated severity scores for the autism diagnostic observation schedule-social affect; %DSI, percentage of fixation time in digital social images. ***p < 0.005.



TABLE 3    Partial correlation among ADOS total score, fixation time, and cortical metrics in ASD.
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We tested our mediation hypothesis using a mediation model, in which % DSI was postulated to mediate the relationship between brain structure (thickness of the left FG and right insula) and symptom severity (as measured by ADOS-SA-CSS) after controlling for gender and age (Figure 3). Figure 3A presents the mediation analysis showing the total effect of left FG thickness and ADOS-SA-CSS [B = 2.9130, SE = 0.9830, CI = (0.9248, 4.9013)]. Figure 3B shows that left FG thickness and ADOS-SA-CSS had a direct effect [B = 2.1882, SE = 0.9997, CI = (0.1644, 4.2120)]. The model showed a significant indirect effect of % DSI on left FG thickness and ADOS-SA-CSS [B = 0.7248, SE = 0.5675, CI = (0.0583, 2.2243)]. Figure 3C presents the mediation analysis showing the total effect of right insula thickness and ADOS-SA-CSS [B = 3.5873, SE = 1.1321, CI = (1.2933, 5.8813)]. Figure 3D shows that right insula thickness and ADOS-SA-CSS had a direct effect [B = 2.5745, SE = 1.1909, CI = (0.1593, 4.9898)]. The model showed a significant indirect effect of % DSI on right insula thickness and ADOS-SA-CSS [B = 1.0128, SE = 0.6513, CI = (0.0629, 2.5650)].
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FIGURE 3
Mediation analysis showing total effect of cortical thickness on symptom severity (A,C) and indirect effect of %DSI (B,D), control for age and gender. *p < 0.05. B, unstandardized regression coefficient; SE, standard error; CI, confidence interval; β, standardized regression coefficient; ADOS-SA-CSS, calibrated severity scores for the autism diagnostic observation schedule-social affect; %DSI, percentage of fixation time in digital social images.




Discussion

To our knowledge, this is the first study to explore a possible association between brain structures, visual preference, and clinical symptoms in children with ASD. First, we found that children with ASD presented more visual attention bias to non-social stimuli compared to TD children. Second, there were significant differences in cortical morphometry in children with ASD when compared to TD peers, including increased thickness and decreased area. Third, % DSI was negatively related to not only the thickness of the left FG and right insula, but also to ADOS-SA-CSS. Finally, a mediation analysis showed that % DSI partially mediated the relationship between neuroanatomical alternation (i.e., the thickness of the left FG and right insula) and symptom severity. These findings provide initial evidence that this brain-symptoms association occurs through mechanisms partially shared with social visual preference.

In the current study, children with ASD spent significantly more time viewing DGI than DSI. This is in congruence with a number of previous studies, in which individuals with ASD tended to show reduced attentional preference for social stimuli combined with a strong preference for and attention toward non-social stimuli (35, 48). The effect sizes were medium for visual preference between two groups. Similar to a spectrum, the pattern of visual preference in ASD would likely range from extreme preference for non-social stimuli to extreme preference for social stimuli (35). Based on this feature, recent studies have classified ASD participants into different subtypes according to the degree of visual preference. Specifically, these studies have found that preference for non-social subtypes predicts worse prognosis (19, 24). In addition, a significant negative association between ADOS-SA-CSS scores and % DSI was observed in children with ASD. Our results consistent with previous studies showing that visual preference in early childhood as a potential biomarker may predict symptom severity of ASD (23, 24). The findings from present study offer additional evidence for the distinctive visual preference observed in children with ASD that is linked to symptoms severity.

In the current study, we found differences in cortical morphometry between the ASD and TD groups. In line with prior research, we revealed that children with ASD exhibited a significantly thicker cortex in the frontal and temporal regions when compared to TD children (5, 49). Notably, these significantly different brain regions play an important role in cognitive and emotional processes (18, 50). In addition, Our findings partially align with previous research that reported decreased surface area in the frontal regions in individuals with ASD when compared with TD (51, 52). The current findings regarding brain volume corroborated earlier studies by showing no group differences in volume between ASD and TD at preschool age (49). Atypical thickness and surface area contribute to complex brain development trajectories of ASD in early life, which may be potential biomarkers and related to clinical symptoms (53, 54). Although the cause for cortical abnormalities in ASD is currently unknown, recent research suggests a strong correlation between transcriptionally downregulated genes associated with these abnormalities (55).

Increased cortical thickness in specific regions showed correlation with visual preference and symptom severity. Here, we found the right rostral middle frontal gyrus (rRMFG) related to ADOS-SA-CSS. The RMFG, a region implicated in phonology and semantic processing, contributes to the impairment of social communication (56). More importantly, the thickness of the left FG and right insula was related to symptom severity and % DSI, respectively. The FG is believed to be responsible for the ability to process facial features, making it a critical component for appropriate social interaction (57). However, in individuals with ASD, previous studies have shown abnormalities in FG structure and activation during face processing (58, 59). Previous studies have also demonstrated atypical activation of the insula in ASD during socioemotional processing tasks (60). Furthermore, dysfunction of the insula may be related to dysfunction of the broader salient network in individuals with ASD who do not find social stimuli salient and meaningful (61, 62). In line with previous study, Doyle-Thomas et al. (63) demonstrated that atypical morphometry in the FG and insula may be related to poorer social ability scores and greater social impairment. Although there was no significant correlation observed in the current study between visual preference and symptoms severity in other ROIs, we speculated other brain regions are involved in other dysfunctions and/or characteristics of ASD. Therefore, our findings further suggest that atypical morphometry in the FG and insula, which are the crucial neurological foundations of social information processing, appeared to be related to more severe symptoms and less social attention in children with ASD.

In addition, it is important to note that the FG and insula are especially critical for visual preference and symptom severity, and not the homologs or bilateral differences. One potential explanation is the altered structural brain asymmetry and lateralization observed in ASD. Dougherty et al. (59) showed atypical leftward asymmetry in FG structure, which is related to symptom severity in ASD. Functionally, the left and right FG are considered to perform distinct functions. The right FG is believed to be involved in conscious processing of faces, while the left FG engages more broadly in visual perception and object recognition (64, 65). Previous studies have shown that altered anterior insular asymmetry of ASD related to the scores of ADOS [(66, 67)]. Atypical insular asymmetry in ASD may contribute to the development of networks with a diminished salience signal to human faces and voices, and may lead to more learned passive avoidant responses to such stimuli (66). Our study adds evidence to support that atypical lateralization of special regions is related to symptom severity in ASD. As we know, there is little research to explore the relationship between visual preference and lateralization. Our findings at least lend support to the idea that structural asymmetries in the FG and insula are related to social visual preference and symptom severity in ASD.

Importantly, we have revealed social visual preference partially mediates the relationship between altered brain structure (the left FG and right insula) and symptom severity. Consistent with previous findings, abnormal thickening of gray matter in core brain regions can reduce visual preference for social stimuli (19, 27) and increase the severity of symptoms (68). Meanwhile, reduced visual preference for social stimuli can further exacerbate symptoms (69). These findings suggest the existence of a brain-trait (social attention)–symptoms pathway, which contributes to our understanding of one of the multiple neural mechanisms involved in ASD. Notably, our results also provide some clues for interventions. Our research findings support that social attention is influenced by core brain regions and also affects the manifestation of symptoms. We infer that social attention may be a promising intervention target for improving symptom severity by mitigating not only its direct effect but also the indirect impact of altered brain structure. To date, there have been no specific interventions for social visual preference. However, some special interventions have been developed based on the characteristic visual preferences of ASD, such as Lego® Therapy (70) and The Transporter (71). These interventions created autism-friendly contexts mixed with social elements, which can not only attract the interest of children with ASD but also promote their spontaneous cognitive processing and learning. Moreover, Jones et al. (72) found early parent-mediated intervention has the potential to increase attention to social stimuli in infants at familial risk for ASD (72). Future research could develop interventions based on the characteristic visual preferences of ASD to increase interest and motivation for a better intervention effect.

Some limitations should be considered when interpreting our results. First, our study did not match the sample sizes of the ASD (n = 45) and TD groups (n = 26). Our future studies will recruit more TD children who meet these criteria. Moreover, there are close and interdependent relationship between brain structure and function. Our study revealed structural abnormalities in specific brain regions that appeared to be linked to functional abnormalities. However, sMRI does not adequately capture the temporal dynamics of brain function. Future studies could employ functional neuroimaging techniques, such as fMRI or functional near-infrared imaging technology, to explore related functional abnormalities. Furthermore, based on the findings of our present study, IFG and insula may serve as hubs for further functional analysis, which could help elucidate mediating mechanisms more enrichment and depth.



Conclusion

In conclusion, this study demonstrated that social visual preference partially mediates the relationship between altered brain structure (in the left FG and right insula, specifically) and symptom severity. These findings offer initial evidence that atypical neuroanatomical alterations may not only result in direct effects on symptom severity but also lead to indirect effects on symptom severity through social visual preference. This finding enhances our understanding of the multiple neural mechanisms implicated in ASD.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving human participants were reviewed and approved by The Research Ethics Board of the Luohu District Maternal and Child Health Care Hospital. Written informed consent to participate in this study was provided by the participants’ legal guardian/next of kin.



Author contributions

JC, ZW, JG, and KZ conceived the study, prepared the data, analyzed the data, and drafted and revised the manuscript. CX, BC, and JY helped to analyze the data and helped to draft the manuscript. GW and ZP participated in the study design and helped to draft and revise the manuscript. All authors approved the final version of the manuscript.



Funding

This study was supported by the Shenzhen Science and Technology Program (JCYJ20220530155204009), the Key-Area Research and Development Program of Guangdong Province (2019B030335001), National Natural Science Foundation of China (31871113 and 31900770), Shenzhen Key Medical Discipline Construction Fund (SZXK071), Opening Project of Key Laboratory of Brain, Cognition and Education Sciences (South China Normal University), Ministry of Education, and Dongguan Science and Technology of Social Development Program (20211800903142).



Acknowledgments

We thank the children and their families for their participation for making this research possible.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpsyt.2023.1132284/full#supplementary-material


Footnotes

1     http://surfer.nmr.mgh.harvard.edu/


References

1. American Psychiatric Association. Diagnostic and statistical manual of mental disorders, 5th Edn. Washington, DC (2013).

2. Maenner MJ, Warren Z, Williams AR, Amoakohene E, Bakian AV, Bilder DA. Prevalence and characteristics of autism spectrum disorder among children aged 8 years - autism and developmental disabilities monitoring network, 11 sites, united states, 2020. Mmwr Surveill Summ. (2023) 72:1–14. doi: 10.15585/mmwr.ss7202a1

3. Ecker C, Bookheimer SY, Murphy DG. Neuroimaging in autism spectrum disorder: brain structure and function across the lifespan. Lancet Neurol. (2015) 14:1121–34. doi: 10.1016/S1474-4422(15)00050-2

4. Hallmayer J, Cleveland S, Torres A, Phillips J, Cohen B, Torigoe T, et al. Genetic heritability and shared environmental factors among twin pairs with autism. Arch Gen Psychiatry. (2011) 68:1095–102. doi: 10.1001/archgenpsychiatry.2011.76

5. Bedford SA, Park MTM, Devenyi GA, Tullo S, Germann J, Patel R, et al. Large-scale analyses of the relationship between sex, age and intelligence quotient heterogeneity and cortical morphometry in autism spectrum disorder. Mol Psychiatry. (2020) 25:614–28. doi: 10.1038/s41380-019-0420-6

6. Haar S, Berman S, Behrmann M, Dinstein I. Anatomical abnormalities in autism? Cereb Cortex. (2016) 26:1440–52. doi: 10.1093/cercor/bhu242

7. Ecker C. The neuroanatomy of autism spectrum disorder: an overview of structural neuroimaging findings and their translatability to the clinical setting. Autism. (2017) 21:18–28. doi: 10.1177/1362361315627136

8. He C, Cortes JM, Kang X, Cao J, Chen H, Guo X, et al. Individual-based morphological brain network organization and its association with autistic symptoms in young children with autism spectrum disorder. Hum Brain Mapp. (2021) 42:3282–94. doi: 10.1002/hbm.25434

9. Falck-Ytter T, Bölte S, Gredebäck G. Eye tracking in early autism research. J Neurodevelop Dis. (2013) 5:1–13. doi: 10.1186/1866-1955-5-28

10. Chevallier C, Parish-Morris J, Mcvey A, Rump KM, Sasson NJ, Herrington JD, et al. Measuring social attention and motivation in autism spectrum disorder using eye-tracking: stimulus type matters. Autism Res. (2015) 8:620. doi: 10.1002/aur.1479

11. Guillon Q, Hadjikhani N, Baduel S, Rogé B. Visual social attention in autism spectrum disorder: insights from eye tracking studies. Neurosci Biobehav Rev. (2014) 42:279–97. doi: 10.1016/j.neubiorev.2014.03.013

12. Chawarska K, Macari S, Shic F. Decreased spontaneous attention to social scenes in 6-month-old infants later diagnosed with autism spectrum disorders. Biol Psychiatry. (2013) 74:195–203. doi: 10.1016/j.biopsych.2012.11.022

13. Dawson G, Meltzoff AN, Osterling J, Rinaldi J, Brown E. Children With autism fail to orient to naturally occurring social stimuli. J Autism Dev Disord. (1998) 28:479–85. doi: 10.1023/A:1026043926488

14. Dawson G, Toth K, Abbott R, Osterling J, Munson J, Estes A, et al. Early social attention impairments in autism: social orienting, joint attention, and attention to distress. Dev Psychol. (2004) 40:271–83. doi: 10.1037/0012-1649.40.2.271

15. Klin A, Shultz S, Jones W. Social visual engagement in infants and toddlers with autism: early developmental transitions and a model of pathogenesis. Neurosci Biobehav Rev. (2015) 50:189–203. doi: 10.1016/j.neubiorev.2014.10.006

16. Simion F, Leo I, Turati C, Valenza E, Dalla Barba B. How face specialization emerges in the first months of life. Prog Brain Res. (2007) 164:169–85. doi: 10.1016/S0079-6123(07)64009-6

17. Jones W, Klin A. Attention to eyes is present but in decline in 2-6-month-old infants later diagnosed with autism. Nature. (2013) 504:427–31. doi: 10.1038/nature12715

18. Amaral DG, Schumann CM, Nordahl CW. Neuroanatomy of autism. Trends Neurosci. (2008) 31:137–45. doi: 10.1016/j.tins.2007.12.005

19. Lombardo MV, Eyler L, Moore A, Datko M, Carter Barnes C, Cha D, et al. Default mode-visual network hypoconnectivity in an autism subtype with pronounced social visual engagement difficulties. Elife. (2019) 8:e47427. doi: 10.7554/eLife.47427

20. Nummenmaa L, Calder AJ. Neural mechanisms of social attention. Trends Cogn Sci. (2009) 13:135–43. doi: 10.1016/j.tics.2008.12.006

21. Wylie KP, Tregellas JR, Bear JJ, Legget KT. Autism spectrum disorder symptoms are associated with connectivity between large-scale neural networks and brain regions involved in social processing. J Autism Dev Disord. (2020) 50:2765–78. doi: 10.1007/s10803-020-04383-w

22. Padmanabhan A, Lynch CJ, Schaer M, Menon V. The default mode network in autism. Biol Psychiatry Cogn Neurosci Neuro. (2017) 2:476–86. doi: 10.1016/j.bpsc.2017.04.004

23. Kou J, Le J, Fu M, Lan C, Chen Z, Li Q, et al. Comparison of three different eye-tracking tasks for distinguishing autistic from typically developing children and autistic symptom severity. Autism Res. (2019) 12:1529–40. doi: 10.1002/aur.2174

24. Pierce K, Marinero S, Hazin R, Mckenna B, Barnes CC, Malige A. Eye tracking reveals abnormal visual preference for geometric images as an early biomarker of an autism spectrum disorder subtype associated with increased symptom severity. Biol Psychiatry. (2016) 79:657–66. doi: 10.1016/j.biopsych.2015.03.032

25. Sato W, Uono S. The atypical social brain network in autism: advances in structural and functional mri studies. Curr Opin Neurol. (2019) 32:617–21. doi: 10.1097/WCO.0000000000000713

26. Ashwin C, Baron-Cohen S, Wheelwright S, O’riordan M, Bullmore ET. Differential activation of the amygdala and the ‘social brain’ during fearful face-processing in asperger syndrome. Neuropsychologia. (2007) 45:2–14. doi: 10.1016/j.neuropsychologia.2006.04.014

27. Lombardo MV, Chakrabarti B, Bullmore ET, Baron-Cohen S. Specialization of right temporo-parietal junction for mentalizing and its relation to social impairments in autism. Neuroimage. (2011) 56:1832–8. doi: 10.1016/j.neuroimage.2011.02.067

28. Odriozola P, Uddin LQ, Lynch CJ, Kochalka J, Chen T, Menon V. Insula response and connectivity during social and non-social attention in children with autism. Soc Cogn Affect Neurosci. (2016) 11:433–44. doi: 10.1093/scan/nsv126

29. Safar K, Wong SM, Leung RC, Dunkley BT, Taylor MJ. Increased functional connectivity during emotional face processing in children with autism spectrum disorder. Front Hum Neurosci. (2018) 12:408. doi: 10.3389/fnhum.2018.00408

30. Franchini M, De Wilde H, Glaser B, Gentaz E, Eliez S, Schaer M. Brief report: a preference for biological motion predicts a reduction in symptom severity 1 year later in preschoolers with autism spectrum disorders. Front Psychiatry. (2016) 7:143. doi: 10.3389/fpsyt.2016.00143

31. Bacon EC, Moore A, Lee Q, Carter Barnes C, Courchesne E, Pierce K. Identifying prognostic markers in autism spectrum disorder using eye tracking. Autism. (2020) 24:658–69. doi: 10.1177/1362361319878578

32. Raheli D, Gustavo M, Liat BS, Dorit L, Pick CG, Tally LS. Developmental outcome of children with enlargement of the cisterna magna identified in utero. J Child Neurol. (2009) 24:1486–92. doi: 10.1177/0883073808331358

33. Lord C. The autism diagnostic observation schedule-generic : a standard measure of social and communication deficits associated with the spectrum of autism. J. Autism Dev. Disord. (2000) 30:205–23.

34. Hus V, Gotham K, Lord C. Standardizing ados domain scores: separating severity of social affect and restricted and repetitive behaviors. J Autism Dev Disord. (2014) 44:2400–12. doi: 10.1007/s10803-012-1719-1

35. Moore A, Wozniak M, Yousef A, Barnes CC, Cha D, Courchesne E, et al. The geometric preference subtype in asd: identifying a consistent, early-emerging phenomenon through eye tracking. Mol Autism. (2018) 9:19. doi: 10.1186/s13229-018-0202-z

36. Pierce K, Conant D, Hazin R, Stoner R, Desmond J. Preference for geometric patterns early in life as a risk factor for autism. Arch Gen Psychiatry. (2011) 68:101–9. doi: 10.1001/archgenpsychiatry.2010.113

37. Avlonitou E, Balatsouras DG, Margaritis E, Giannakopoulos P, Douniadakis D, Tsakanikos M. Use of chloral hydrate as a sedative for auditory brainstem response testing in a pediatric population. Int J Pediatr Otorhinolaryngol. (2011) 75:760–3. doi: 10.1016/j.ijporl.2011.02.010

38. Sisson DF, Siegel J. Chloral hydrate anesthesia: eeg power spectrum analysis and effects on veps in the rat. Neurotoxicol Teratol. (1989) 11:51–6. doi: 10.1016/0892-0362(89)90085-8

39. Desikan RS, Ségonne F, Fischl B, Quinn BT, Dickerson BC, Blacker D, et al. An automated labeling system for subdividing the human cerebral cortex on mri scans into gyral based regions of interest. Neuroimage. (2006) 31:968–80. doi: 10.1016/j.neuroimage.2006.01.021

40. Fischl B, Kouwe A, Strieux CD, Halgren E, Dale AM. Automatically parcellating the human cerebral cortex. Cerebral Cortex. (2004) 14:11–22. doi: 10.1093/cercor/bhg087

41. Xiao H, Jovicich J, Salat D, Kouwe A, Quinn B, Czanner S, et al. Reliability of mri-derived measurements of human cerebral cortical thickness: the effects of field strength, scanner upgrade and manufacturer. Neuroimage. (2006) 32:180–94. doi: 10.1016/j.neuroimage.2006.02.051

42. Mensen VT, Wierenga LM, Dijk SV, Rijks Y, Durston S. Development of cortical thickness and surface area in autism spectrum disorder. Neuroimage Clin. (2016) 13:215–22. doi: 10.1016/j.nicl.2016.12.003

43. Cauvet É, Van’t Westeinde A, Toro R, Kuja-Halkola R, Neufeld J, Mevel K, et al. The social brain in female autism: a structural imaging study of twins. Soc Cogn Affect Neurosci. (2020) 15:423–36. doi: 10.1093/scan/nsaa064

44. Hagler DJ, Saygin AP, Sereno MI. Smoothing And cluster thresholding for cortical surface-based group analysis of fmri data. Neuroimage. (2006) 33:1093–103. doi: 10.1016/j.neuroimage.2006.07.036

45. Lowe MJ, Mock BJ, Sorenson JA. Functional connectivity in single and multislice echoplanar imaging using resting-state fluctuations. Neuroimage. (1998) 7:119–32. doi: 10.1006/nimg.1997.0315

46. Lipsey MW, Wilson DB. Practical meta-analysis. Thousand Oaks: Sage (2000).

47. Hayes AF. Introduction to mediation, moderation, and conditional process analysis. New York, NY: The Guilford Press (2013).

48. Fujisawa TX, Tanaka S, Saito DN, Kosaka H, Tomoda A. Visual attention for social information and salivary oxytocin levels in preschool children with autism spectrum disorders: an eye-tracking study. Front Neurosci. (2014) 8:295. doi: 10.3389/fnins.2014.00295

49. Raznahan A, Lenroot R, Thurm A, Gozzi M, Hanley A, Spence SJ, et al. Mapping cortical anatomy in preschool aged children with autism using surface-based morphometry. Neuroimage Clin. (2012) 2:111–9. doi: 10.1016/j.nicl.2012.10.005

50. Schurz M, Radua J, Aichhorn M, Richlan F, Perner J. Fractionating theory of mind: a meta-analysis of functional brain imaging studies. Neurosci Biobehav Rev. (2014) 42:9–34. doi: 10.1016/j.neubiorev.2014.01.009

51. Ecker C, Shahidiani A, Feng Y, Daly E, Murphy C, D’almeida V, et al. The effect of age, diagnosis, and their interaction on vertex-based measures of cortical thickness and surface area in autism spectrum disorder. J Neural Transm. (2014) 121:1157–70. doi: 10.1007/s00702-014-1207-1

52. Ecker C, Ginestet C, Feng Y, Johnston P, Lombardo MV, Lai M-C, et al. Brain surface anatomy in adults with autism: the relationship between surface area, cortical thickness, and autistic symptoms. JAMA Psychiatry. (2013) 70:59–70. doi: 10.1001/jamapsychiatry.2013.265

53. Shen MD, Nordahl CW, Young GS, Wootton-Gorges SL, Lee A, Liston SE. Early brain enlargement and elevated extra-axial fluid in infants who develop autism spectrum disorder. Brain. (2013) 136:2825–35. doi: 10.1093/brain/awt166

54. Schumann CM, Bloss CS, Barnes CC, Wideman GM, Carper RA, Akshoomoff N, et al. Longitudinal magnetic resonance imaging study of cortical development through early childhood in autism. J Neurosci. (2010) 30:4419–27. doi: 10.1523/JNEUROSCI.5714-09.2010

55. Romero-Garcia R, Warrier V, Bullmore ET, Baron-Cohen S, Bethlehem RAI. Synaptic and transcriptionally downregulated genes are associated with cortical thickness differences in autism. Mol Psychiatry. (2019) 24:1053–64. doi: 10.1038/s41380-018-0023-7

56. Crutcher J, Martin A, Wallace GL. Dissociations in the neural substrates of language and social functioning in autism spectrum disorder. Autism Res. (2018) 11:1175–86. doi: 10.1002/aur.1969

57. Uppal N, Hof PR. Chapter 3.6 - discrete cortical neuropathology in autism spectrum disorders. In: Buxbaum JD, Hof PR editors. The neuroscience of autism spectrum disorders. San Diego: Academic Press (2013). doi: 10.1016/B978-0-12-391924-3.00022-3

58. Hadjikhani N, Joseph RM, Snyder J, Chabris CF, Clark J, Steele S, et al. Activation of the fusiform gyrus when individuals with autism spectrum disorder view faces. Neuroimage. (2004) 22:1141–50. doi: 10.1016/j.neuroimage.2004.03.025

59. Dougherty CC, Evans DW, Katuwal GJ, Michael AM. Asymmetry of fusiform structure in autism spectrum disorder: trajectory and association with symptom severity. Mol Autism. (2016) 7:28. doi: 10.1186/s13229-016-0089-5

60. Di Martino A, Ross K, Uddin LQ, Sklar AB, Castellanos FX, Milham MP. Functional brain correlates of social and nonsocial processes in autism spectrum disorders: an activation likelihood estimation meta-analysis. Biol Psychiatry. (2009) 65:63–74. doi: 10.1016/j.biopsych.2008.09.022

61. Nomi JS, Molnar-Szakacs I, Uddin LQ. Insular function in autism: update and future directions in neuroimaging and interventions. Prog Neuropsychopharmacol Biol Psychiatry. (2019) 89:412–26. doi: 10.1016/j.pnpbp.2018.10.015

62. Krach S, Kamp-Becker I, Einhäuser W, Sommer J, Frässle S, Jansen A. Evidence from pupillometry and fmri indicates reduced neural response during vicarious social pain but not physical pain in autism. Hum Brain Mapp. (2015) 36:4730–44. doi: 10.1002/hbm.22949

63. Doyle-Thomas KA, Kushki A, Duerden EG, Taylor MJ, Lerch JP, Soorya LV, et al. The effect of diagnosis, age, and symptom severity on cortical surface area in the cingulate cortex and insula in autism spectrum disorders. J Child Neurol. (2013) 28:732–9. doi: 10.1177/0883073812451496

64. Rangarajan V, Hermes D, Foster BL, Weiner KS, Jacques C, Grill-Spector K, et al. Electrical stimulation of the left and right human fusiform gyrus causes different effects in conscious face perception. J Neurosci. (2014) 34:12828–36. doi: 10.1523/JNEUROSCI.0527-14.2014

65. Rossion B, Dricot L, Devolder A, Bodart JM, Crommelinck M, De Gelder B, et al. Hemispheric asymmetries for whole-based and part-based face processing in the human fusiform gyrus. J Cogn Neurosci. (2000) 12:793–802. doi: 10.1162/089892900562606

66. Jd C, T S, K T, A C, Ta K, H T. Altered anterior insular asymmetry in pre-teen and adolescent youth with autism spectrum disorder. Ann Behav Neurosci. (2018) 1:24–35. doi: 10.18314/abne.v1i1.1120

67. Duerden EG, Arsalidou M, Lee M, Taylor MJ. Lateralization of affective processing in the insula. Neuroimage. (2013) 78:159–75. doi: 10.1016/j.neuroimage.2013.04.014

68. Weston CSE. Four social brain regions, their dysfunctions, and sequelae, extensively explain autism spectrum disorder symptomatology. Brain Sci. (2019) 9:130. doi: 10.3390/brainsci9060130

69. Jones EJ, Venema K, Earl R, Lowy R, Barnes K, Estes A, et al. Reduced engagement with social stimuli in 6-month-old infants with later autism spectrum disorder: a longitudinal prospective study of infants at high familial risk. J Neurodev Disord. (2016) 8:7. doi: 10.1186/s11689-016-9139-8

70. LeGoff DB. Use of lego as a therapeutic medium for improving social competence. J Autism Dev Disord. (2004) 34:557–71. doi: 10.1007/s10803-004-2550-0

71. Golan O, Ashwin E, Granader Y, Mcclintock S, Day K, Leggett V, et al. Enhancing emotion recognition in children with autism spectrum conditions: an intervention using animated vehicles with real emotional faces. J Autism Dev Disord. (2010) 40:269–79. doi: 10.1007/s10803-009-0862-9

72. Jones EJH, Dawson G, Kelly J, Estes A, Webb SJ. Parent-delivered early intervention in infants at risk for asd: effects on electrophysiological and habituation measures of social attention. Autism Res. (2017) 10:961–72. doi: 10.1002/aur.1754


OPS/images/cross.jpg
@ Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Social visual preference mediates the effect of cortical thickness on symptom severity in children with autism spectrum disorder



		Introduction



		Materials and methods



		Participants



		Clinical evaluation



		Eye-tracking paradigm



		Acquisition of MRI data



		Processing of MRI data



		Statistical analyses







		Results



		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary Material



		Footnotes



		References

















OPS/images/fpsyt-14-1132284-t003.jpg
ADOS- Fixation Fixation
SA-CSS DSI (%) DGl (%)
Fixation DSI (%) ~0.512* - -
Fixation DGI (%) 0.158 -0.462* -
Left Fusiform 0.393* —0.496* 0.130
Thickness
Right Insula Thickness 0.505* -0.442* 0.228
Left Rostral Anterior 0.166 -0.361 0.76
Cingulate
Right Lateral Occipital 0.291 -0.224 0.369
Thickness
Right Rostral Middle 0.417* -0.358 0.256
Frontal Thickness
Right Lingual 0.299 -0.257 0.006
Thickness
Left Paracentral Area -0.049 0.142 -0.143
Right Rostral Middle 0.030 -0.024 0.07
Frontal Area

Presented as partial correlation coefficient, control for age and gender; *p < 0.05, corrected
for multiple comparisons using FDR. ADOS-SA-CSS, Calibrated Severity Scores for the
Autism Diagnostic Observation Schedule-Social Affect; DSI, dynamic social images; DGI,
digital geometric images; % DGI, percentage of fixation time in digital geometric images;

9% DSI, percentage of fixation time in digital social images.





OPS/images/fpsyt-14-1132284-t002.jpg
Measurement Region Size (mm?) X % z CWP NV Cohen’s d 95% ClI
Thickness ASD > TD Left Rostral Anterior 1122.47 -7.3 37.5 135 0.0001 2270 1.0775 05523, 1.6026
Cingulate
Left Fusiform 687.19 -35.5 -44.1 -21.1 0.0035 1181 1.3755 0.831, 1.92
Right Lingual 1946.68 16.7 -65.3 -36 0.0001 2351 1.6948 1.1317, 2.2579
Right Rostral Middle 1005.30 20.0 50.4 -134 0.0002 1625 0.9048 0395, 1.416
Frontal
Right Lateral Occipital 909.12 27.3 -93.1 4.6 0.0006 1154 0.7224 02208, 1.224
Right Insula 715.56 37.5 5.7 1.6 0.0036 1892 1.3368 0.8012, 1.8724
Area ASD < TD left Paracentral 973.87 -17.1 -30.1 43.1 0.0015 2670 1.1769 0.6432, 1.7106
Right Rostral Middle 1332.19 27.7 57.8 -95 0.0001 1849 0.9599 0.4388, 1481
Frontal

Results from whole-brain analysis of cortical metrics between ASD and TD peers, controlling for age, gender, and total cortical volume (corrected for multiple comparisons using Monte Carlo stimulations p < 0.005). CWP, Cluster-Wise P-value; NV, number of vertices;

CI, confidence intervals.





OPS/images/fpsyt-14-1132284-t001.jpg
ASD TD
Number 43 26
Gender (male: female) 34:9 19:7 0.5676
Age 4.12+1.28 423 +1.31 0.7327
ADOS-C 6.60 £ 1.54
ADOS-SI 9.18 +1.87
ADOS-SA 1578 £2.95.
ADOS-CSS-SA 8.19 £1.48
Fixation Time 1996.75 + 1016.75 1459.63 +431.76 0.046
in DGI (ms)
Fixation DGI (%) 40.76 £ 19.14 32.90 +11.44 <0.001
Fixation Time 1412.48 +£912.70 2377.25 4 849.53 <0.001
in DSI (ms)
Fixation DSI (%) 28.68 +17.80 45.20 + 15.77 <0.001
GDDS-Gross motor 61.51 +12.86
GDDS-Fine motor 54.05 +16.23
GDDS-Adaptive 49.91 +15.19
GDDS-Language 39.51 +14.79
GDDS-Social 46.15 £+ 13.51

Data are presented as mean + SD. ADOS, autism diagnostic observation scale; ADOS-SI,

social interaction score of autism diagnostic observation scale; ADOS-C, communication

score of autism diagnostic observation scale; ADOS-SA, social affect score of autism diagnos-
tic observation scale; ADOS-SA-CSS, Calibrated Severity Scores for the Autism Diagnostic
Observation Schedule-Social Affect; DGI, dynamic geometric images; DSI, dynamic social

images; GDDS, Gesell Developmental Diagnosis Schedules; % DGI, percentage of fixation

time in digital geometric images; % DSI percentage of fixation time in digital social images.





OPS/images/cover.jpg
’ frontiers ‘ Frontiers in Psychiatry

Social visual preference
mediates the effect of cortical
thickness on symptom severity

in children with autism

spectrum disorder











OPS/images/fpsyt-14-1132284-g001.jpg
Thickness

Area







OPS/images/logo.jpg
’frontiers ‘ Frontiers in Psychiatry






OPS/images/fpsyt-14-1132284-g003.jpg
Total Effect

P  ADOS-SA-CSS

e

ADOS-SA-CSS

»1  ADOS-SA-CSS

B

ADOS-SA-CSS

Left FG
Lhiclaress B— 2.9130. SE=0.9830 CI=[0.9248, 4.9013]
Indirect Effect
B=0.7248 SE=0.5675 CI=[0.0583, 2.2243]
/ % DSI \
B=-0.3341% p=-0.3194*
Left FG v "
Thickness p=0.a%
Direct Effect
B=2.1882 SE=0.9997 CI=[0.1644, 4.2120]
Total Effect
Right Insula
Thickness B=3.5873 SE=1.1321 CI=[1.2933, 5.8813]
Indirect Effect
B=1.0128 SE=0.6513 CI=[0.0629, 2.5650]
/ %DSI \
= _0.4007* =-0.3269*
Right Insula g 2
Thickness p=9.20:0
Direct Effect

B=2.5745 SE=1.1909 CI=[0.1593, 4.9898]





OPS/images/fpsyt-14-1132284-g002.jpg
Xk Xk Xk

S 0 S o
< ™ ™ AN
ssauydIy| e|nsuj ybry

D

ASD

_ _ _ I ~
o ) o =
) © =+ ~N

1ISA%

) _|: _I_ »
*
Lm-

_ _ _

S 0 = o
<t ™ ™ o

SSauXdIyl 94 yo

ADOS-SA-CSS

D

ASD

1SA%

80-

60-

2.7

Right Insula Thickness

Right Fusiform Thickness






