

[image: image1]
Internalizing problems and suffering due to sensory symptoms in children and adolescents with and without autism spectrum disorder









 


	
	
TYPE Brief Research Report
PUBLISHED 05 August 2022
DOI 10.3389/fpsyg.2022.872185






Internalizing problems and suffering due to sensory symptoms in children and adolescents with and without autism spectrum disorder

Yurika Tsuji1*, Shu Imaizumi2, Masumi Sugawara3 and Arata Oiji4


1Graduate School of Humanities and Sciences, Ochanomizu University, Tokyo, Japan

2Institute for Education and Human Development, Ochanomizu University, Tokyo, Japan

3Faculty of Human Studies, Shirayuri University, Tokyo, Japan

4Graduate School of Medical Science, Kitasato University, Kanagawa, Japan

[image: image2]

OPEN ACCESS

EDITED BY
 Maaike Marijn Van Rest, VU Amsterdam, Netherlands

REVIEWED BY
 Jonathan Green, The University of Manchester, United Kingdom
 Preeti Kandasamy, Jawaharlal Institute of Postgraduate Medical Education and Research (JIPMER), India

*CORRESPONDENCE
 Yurika Tsuji, yurika.tsuji25@gmail.com 

SPECIALTY SECTION
 This article was submitted to Psychology for Clinical Settings, a section of the journal Frontiers in Psychology

RECEIVED 09 February 2022
 ACCEPTED 20 July 2022
 PUBLISHED 05 August 2022

CITATION
 Tsuji Y, Imaizumi S, Sugawara M and Oiji A (2022) Internalizing problems and suffering due to sensory symptoms in children and adolescents with and without autism spectrum disorder. Front. Psychol. 13:872185. doi: 10.3389/fpsyg.2022.872185

COPYRIGHT
 © 2022 Tsuji, Imaizumi, Sugawara and Oiji. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
 

Sensory symptoms are common in autism spectrum disorder (ASD). Previous studies have shown a positive correlation between sensory symptoms and internalizing problems; however, the role of the suffering due to sensory symptoms is not well understood. In the present study, we hypothesized that the relationship between sensory symptoms and internalizing problems in children is mediated by children’s and surrounding people’s suffering due to sensory symptoms. Parents of 113 students aged 6–15 years with and without ASD completed questionnaires about their children’s autistic traits, sensory symptoms, suffering due to sensory symptoms, and internalizing problems. The results showed that autistic traits and sensory symptoms were distributed as a continuum throughout children with and without ASD. Therefore, we investigated the relationship among variables in children with and without ASD attending regular classes. Structural equation modeling indicated that those who scored higher on sensory symptoms demonstrated greater suffering due to sensory symptoms as predictors of internalizing problems. Our findings provide evidence for developing a support system that specifically reduces suffering due to sensory symptoms, especially for students in regular classes.
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Introduction

In the fifth edition of the Diagnostic and Statistical Manual of Mental Disorders, the subtypes of pervasive developmental disorders were combined into a single category of autism spectrum disorder (ASD). Individuals with ASD have persistent deficits in social communication and interaction across multiple contexts, and restricted or repetitive patterns of behavior (American Psychiatric Association, 2013). The Autism-Spectrum Quotient (Baron-Cohen et al., 2001) and Social Responsiveness Scale (Constantino and Gruber, 2005) were developed to measure the degree of autistic traits in individuals. These traits are distributed as a continuum in the general population, and there is no natural ‘cutoff’ to differentiate between children with and without ASD (Kamio et al., 2013a). Therefore, individuals with strong autistic traits who are not diagnosed with ASD may still require support, and the risk of secondary problems increases if they cannot access it.

Moreover, individuals with ASD exhibit more significant anxiety than those without ASD. They often develop co-occurring disorders, such as anxiety and mood disorders (De Bruin et al., 2007; White et al., 2009). Anxiety and depression are included in internalizing problems characterized by intropunitive emotions and moods (Zahn-Waxler et al., 2000), and autistic traits have been associated with internalizing problems in children without ASD (Hallett et al., 2010; Kamio et al., 2013b). Thus, higher autistic traits indicate greater internalizing problems even in the general population.

Among autistic traits, sensory symptoms have gained attention in recent years. Many individuals with ASD have sensory symptoms (Bromley et al., 2004; Leekam et al., 2007; Crane et al., 2009) and have significantly more sensory symptoms than typical developing (TD) children (Rogers et al., 2003; Leekam et al., 2007; McCormick et al., 2016). Although children with developmental disorders other than ASD also have sensory symptoms, some were peculiar to children with ASD (Cheung and Siu, 2009; van der Linde et al., 2013; McCormick et al., 2016). On the other hand, people who have not been diagnosed with ASD, but have high levels of autistic traits, may have sensory symptoms (Robertson and Simmons, 2013).

Sensory symptoms are also associated with internalizing problems in individuals with ASD or high levels of autistic traits. For example, some studies demonstrated the relationship between sensory symptoms and internalizing problems in children with ASD (Pfeiffer et al., 2005; Tsuji et al., 2009; Mazurek et al., 2013). Moreover, the relationship between sensory symptoms and anxiety has been reported in adults, most of whom did not have ASD (Horder et al., 2014).

Although the mechanism of the relationship between sensory symptoms and internalizing problems has not been clarified, psychological suffering due to sensory symptoms may increase internalizing problems. Sensory symptoms can cause various problems in daily life. For example, Thye et al. (2018) reviewed the impact of sensory symptoms on social functions and claimed that they could cascade into social deficits across development. Furthermore, some sensory symptoms have been associated with academic underachievement in children with ASD in regular education classes (Ashburner et al., 2008). In addition, adolescents with ASD attending mainstream schools reported that sensory symptoms affected their learning and caused various negative feelings such as anxiety and emotional and physical discomfort (Howe and Stagg, 2016). Parents and teachers also perceived that autistic children’s distress while at school was due to sensory symptoms (Jones et al., 2020). Thus, individuals with ASD seem to suffer from problems caused by sensory symptoms.

Chronic stress is a prolonged imbalance between situational requirements and the individual’s coping resources (Colombo et al., 2020) and can lead to anxiety and depression (McGonagle and Kessler, 1990; Khan and Khan, 2017). Prolonged suffering due to sensory symptoms or other autistic traits can be a chronic stressor and cause internalizing problems such as anxiety and depression. Indeed, some studies reported that subjective suffering due to autistic traits is associated with depression and anxiety (Shinoda et al., 2017; Harada, 2019). Similarly, a previous study of university students suggested that those who scored high for sensory symptoms demonstrated subjective suffering due to sensory symptoms in universities as a predictor of internalizing problems (Tsuji et al., 2022). Thus, internalizing problems may occur when individuals suffer from sensory symptoms.

Support to decrease suffering due to sensory symptoms, rather than the symptoms themselves, can effectively reduce internalizing problems. For example, Sensory Profile (SP; Dunn, 1999), which is used widely to measure sensory symptoms, includes the following items: “twirling/spinning self throughout the day (for example, likes dizzy feeling)” and “responds negatively to unexpected or loud noises (for example, cries or hides at noise from vacuum cleaner, dog barking, hair dryer).” If children enjoy spinning, it may not cause much suffering. In contrast, students with ASD reported that auditory symptoms most affected their learning and caused negative feelings (Howe and Stagg, 2016). Therefore, spinning oneself as a preferred behavior will not increase internalizing problems, but they may be increased by loud noises, promoting negative responses such as avoidance. In such cases, we should prioritize noise control, even if spinning is also one of the sensory symptoms. In this way, increased understanding of the suffering of children with ASD may motivate those around them to find ways to provide support. Therefore, it is necessary to focus on the frequency of responses to sensory experiences and the suffering arising from atypical reactions to these.

Additionally, even if children with sensory symptoms do not suffer, people in their proximity usually do. For example, if a child cannot sit still during class, the class must often stop for the child, and teachers and classmates may suffer. Thus, without appropriate support, children’s relationships with those around them may deteriorate, causing them to experience internalizing problems. Therefore, it is necessary to investigate children’s suffering due to sensory symptoms and the degree to which people around them suffer. This information will clarify when and where support is needed.

In the present study, we developed and administered a scale to assess the degree of suffering due to sensory symptoms in daily experiences, especially school life, for elementary and junior high school students. Furthermore, we tested whether internalizing problems were positively associated with sensory symptoms and suffering due to sensory symptoms in children and the people in their school environment. Thus, we created a hypothetical model in which sensory symptoms were indirectly related to internalizing problems via suffering due to sensory symptoms. This study provides an essential contribution by elucidating the suffering caused by sensory symptoms to provide more appropriate support in schools.



Materials and methods


Participants

The participants included 113 students enrolled in elementary or junior high school in Japan (53 boys, 57 girls, 3 gender unknown). The mean age was 10.59 years (SD = 2.43, range = 6–15). Of the participating children, 25 were diagnosed with ASD (22 boys, 2 girls, 1 gender unknown; mean age of 10.64 years, SD = 2.60, range = 6–15). A psychiatrist (the last author) recruited them at a psychiatric clinic or center for clinical psychology. Of the participating children without ASD (n = 88), 77 included in the TD group were recruited in cram schools or music classes (26 boys, 49 girls, 2 gender unknown; mean age of 10.53 years, SD = 2.42, range = 6–15). Those who were diagnosed with developmental disability other than ASD (n = 6), or were not diagnosed but did not attend regular class (n = 5), were not included in the ASD or TD groups. Therefore, all children in the TD group were not diagnosed as developmental disability and attended regular classes.

Parents of the participating children (105 mothers, 6 fathers, and 2 parents) completed the battery of measures. All parents provided written informed consent prior to participating in the study. This study was approved by the ethics committee of Kitasato University School of Allied Health Sciences and conducted in accordance with the Declaration of Helsinki.



Measures


Demographics

Demographic information including age, gender, class type of school (e.g., regular class, special needs class, and special needs school), the presence/absence of the diagnosis of developmental disorders, and the diagnostic names were obtained through parent reports.



Autistic traits

To measure autistic traits, we used the Japanese version of the Child Autism-Spectrum Quotient (AQ-Child), which is a 50-item parent-report questionnaire for children aged 6–15 years (Auyeung et al., 2008; Wakabayashi, 2016). The standardization study showed that 85.2% of the ASD group scored a cutoff of 25 or more, although only 3.8% of the control group scored in this range (Wakabayashi et al., 2007). In this study, Cronbach’s alpha was 0.89.



Sensory symptoms

The Japanese version of the Sensory Profile (SP) for individuals aged 3–82 years was used to measure sensory symptoms (Hagiwara et al., 2015). This is a 125-item parent-report questionnaire on functional behaviors associated with atypical responses to sensory stimuli. The original version of the SP was developed based on Dunn’s model (Dunn, 1997, 1999). The SP items are grouped into three categories: Sensory Processing, Modulation, and Behavioral and Emotional Responses. Sensory Processing is further categorized into six domains: Auditory, Visual, Vestibular, Touch, Multisensory, and Oral Sensory Processing. Items from each category were incorporated into four distinct quadrants to characterize experience and behavior: Low Registration, Sensation Seeking, Sensory Sensitivity, and Sensation Avoiding. Cronbach’s alpha in the current study was between 0.92 and 0.95 for each category, between 0.82 and 0.92 for each quadrant, and 0.97 for all 125 items.



Suffering due to sensory symptoms in school

We developed eight items to measure the children’s and surrounding people’s psychological suffering due to sensory symptoms in school life. These items were developed based on the Sensory Processing category of the SP, and each of the two items can be classified into four quadrants. For example, the item “Sometimes appears to not hear what teacher says in class” was developed from “Appears to not hear what you say” included in the auditory domain and Low Registration. For each item, parents evaluated the extent to which their children and those around them (i.e., teacher and classmates) suffered from the children’s sensory symptoms in school life, respectively. In other words, parents evaluated how much their children suffered in each situation. They answered the same questions again about the discomfort of those around them. The state of suffering meant that children or those around them suffer because they cannot cope well with the children’s sensory symptoms. Therefore, this scale was intended to assess separately the degree of psychological suffering experienced by the children and those around them. The SP measured the frequency of sensory experiences.

Responses were scored on a four-point Likert scale (0 = do not suffer, 1 = suffer a little, 2 = suffer, 3 = suffer much) for the children and those around them. Higher scores indicate greater suffering due to sensory symptoms in schools. All items are presented in Table 1 and the Supplementary material.



TABLE 1 PCA of suffering due to sensory symptoms.
[image: Table1]



Internalizing problems

The Japanese version of the Strength and Difficulties Questionnaire (SDQ) for those aged 4–17 is a 25-item parent-report questionnaire (Goodman, 1997; Youthinmind, 2020). Each of the five subscales included five items. We used two subscales: emotional symptoms and peer problems, to measure internalizing problems. These subscales measure internalizing problems that appear as intropunitive emotional states such as anxiety and depression that reflect internal distress and behavioral states that involve difficulties in relationships with other children. There is theoretical and preliminary empirical support for combining emotional symptoms and peer problems into an internalizing subscale (Goodman et al., 2010), and this is widely used. In this study, the total score of 10 items was used to indicate the intensity of internalizing problems. Cronbach’s alpha in the current study was 0.80, 0.74, and 0.81 for emotional symptoms, peer problems, and the total score, respectively.




Statistical analysis

Using principal component analysis (PCA), we investigated the factor structure of the suffering due to sensory symptoms in schools among children and people around them. We further investigated the distribution of autistic traits and sensory symptoms in children with TD (n = 77) and children with ASD (n = 25) to confirm the analysis validity.

As the TD group had more girls, we used t-tests to check whether there were gender differences in the group’s variables.

Children with TD and ASD who attended regular classes without missing values (n = 69) were included to investigate children in similar school environments. The correlation coefficients were calculated between autistic traits, sensory symptoms (i.e., score of each domain in the Sensory Processing category in the SP), suffering due to sensory symptoms for children and surrounding people, and internalizing problems (i.e., two subscales of SDQ).

Moreover, structural equation modeling (SEM) was used to verify the hypothetical model that sensory symptoms indirectly affect internalizing problems via suffering due to sensory symptoms. We used the score in the Sensory Processing category, excluding the visual domain as the index of sensory symptoms. We also tested the mediating effects of suffering due to sensory symptoms using 5,000 bootstrap samples (Mallinckrodt et al., 2006).

Data analysis was performed using SPSS 25.0 and Amos 23.0 (IBM Corp., Armonk, New York). The dataset for this analysis is available in the Supplementary material.




Results


Principal component analysis of suffering due to sensory symptoms

We examined the factor structure and internal consistency of the eight items regarding suffering due to sensory symptoms in schools among children and the people around them. This analysis included children with TD and ASD without missing values. Regarding children’s suffering, PCA revealed that the first factor explained 44.89% of the total variance, with an eigenvalue of 3.59, and all remaining factors had eigenvalues 1.03 or less. Regarding surrounding people’s suffering, the first factor explained 51.01% of the total variance, with an eigenvalue of 4.08, and all remaining factors had eigenvalues 1.05 or less. All eight items had factor loadings of.36 or higher for the first factor in the children’s and surrounding people’s suffering (Table 1). Therefore, the single-factor model was confirmed as appropriate for both children and surrounding people. Cronbach’s alpha was 0.79 for suffering for children and 0.85 for surrounding people. Therefore, the total score for the items was used in the analysis to represent suffering due to sensory symptoms among the children and people around them.



Gender differences in the typical development group

As TD group had more girls, we used t-tests to investigate the gender differences in TD group. There were no gender difference for the total AQ score (t(64) = 0.87, p = 0.40, d = 0.22), total SP score (t(66) = 0.84, p = 0.41, d = 0.21), and the total score of SDQ items (t(70) = 0.74, p = 0.46, d = 0.18). Regarding the suffering due to sensory symptoms, although there were no gender difference for the children’s suffering (t(72) = 0.23, p = 0.82, d = 0.06), the surround people’s suffering was higher for boys than for girls (t(31.72) = 2.20, p = 0.03, d = 0.59). Therefore, there was no gender difference for variables except for surround people’s suffering.



Distribution of autistic traits and sensory symptoms

Results showed that 83.3% (n = 20) of the ASD group scored a cutoff of 25 or more on the total AQ-Child score, and only 7.4% (n = 5) of the TD group scored in this range. However, the scores of both groups exhibited heavy-tailed overlapping distributions (Figure 1). Therefore, although the scores of autistic traits were higher in the ASD group than in the TD group, the traits were distributed as a continuum throughout both groups.

[image: Figure 1]

FIGURE 1
 Frequency distribution (B and C) and scatter plot (A) of autistic traits and sensory symptoms in TD group (n = 77) and ASD group (n = 25).


In the ASD group, 20.0, 29.2, 36.0, and 16.0% of children scored within the average range on Low Registration, Sensory Seeking, Sensory Sensitivity, and Sensation Avoiding in SP, respectively. In contrast, 79.2, 91.8, 87.5, and 84.7% of children with TD scored within the average range on Low Registration, Sensory Seeking, Sensory Sensitivity, and Sensation Avoiding, respectively. Thus, most children with ASD had higher SP scores. They showed high sensory symptoms, while most children with TD did not. However, the total SP scores in the two groups also exhibited heavy-tailed overlapping distributions (Figure 1).



Relationships between each variable

The school environment for children in special needs classes and special needs schools is quite different from regular classrooms. This difference may affect the suffering or internalizing problems. Hence, the following analysis included 69 children with TD and ASD who attended regular classes without missing values to investigate the relationships between each variable among children in similar school environments.

There were significant positive correlations between suffering due to sensory symptoms for the children and surrounding people, each domain of Sensory Processing, and subscales of internalizing problems (see Supplementary material).

SEM was then used to evaluate the relationship between variables. We built the hypothetical model that sensory symptoms indirectly affect internalizing problems via the suffering they cause. SEM is suited for hypotheses involving mediators because this analytic technique can test direct and indirect effects (Coffey and Hartman, 2008). Moreover, SEM tests a model that represents the relationships between latent variables and observed variables (Mayfield and Mayfield, 2008). As our model involved a mediator and latent variables, we verified our model using this technique. The index of suffering due to sensory symptoms items was developed based on the Sensory Processing category excluding the visual domain. Therefore, we excluded it from the SEM. The scores for autistic traits were used as control variables. The model provided a good fit to the data (Figure 2; χ2(2) = 24.35, p = 0.71, CFI = 1.00, RMSEA = 0.00).

[image: Figure 2]

FIGURE 2
 SEM was performed for children attending regular classes (n = 69), χ2(2) = 24.35, p = 0.71, CFI = 1.00, RMSEA = 0.00. Autistic traits were controlled. The results of significance test only for path coefficients between sensory symptoms, suffering due to sensory symptoms, and internalizing problems and correlation coefficient between Touch and Oral were described. *p < 0.05, **p < 0.01, ***p < 0.001.


Both the path coefficient from sensory symptoms to suffering due to sensory symptoms (β = 0.47, p < 0.001) and that from suffering due to sensory symptoms to internalizing problems (β = 0.31, p < 0.05) were significant. As hypothesized, these results suggest a partial mediation of suffering due to sensory symptoms between sensory symptoms and internalizing problems. Therefore, we investigated the mediating effects of suffering due to sensory symptoms. The direct effect of sensory symptoms on internalizing problems decreased from.44 (p < 0.01) to 0.30 (n.s.) when the suffering due to sensory symptoms were added as a mediator. Furthermore, the 95% confidence interval of the indirect effect based on 5,000 bootstrap samples was −0.03 to 0.28, suggesting that the indirect effect was marginally significant.




Discussion

We conducted a cross-sectional study of students with and without ASD to investigate whether the relationship between sensory symptoms and internalizing problems was mediated by the suffering due to sensory symptoms.


Distribution of autistic traits and sensory symptoms

Although the scores for autistic traits and sensory symptoms were higher in the ASD group than in the TD group, these traits were distributed on a continuum throughout both groups. The TD group included individuals with high autistic traits and sensory symptoms. The results indicate that autistic traits and sensory symptoms were distributed on a continuum throughout the general population. This finding is consistent with previous studies (Robertson and Simmons, 2013; Kamio et al., 2013a). Regardless of ASD diagnosis, individuals with high autistic traits have difficulty adapting to society. Without adequate support, their quality of life often decreases (Kamio et al., 2013b). These results suggest the importance of support for individuals who were not diagnosed with ASD but have high autistic traits. Therefore, excluding children without an ASD diagnosis is unreasonable. An investigation of the relationship between sensory symptoms and internalizing problems among children with and without ASD is valid.



Relationships between each variable in children attending regular classes

SEM revealed that psychological suffering due to sensory symptoms partially mediated the relationship between sensory processing and internalizing problems in children attending regular classes. These results are consistent with a previous study suggesting that the suffering due to sensory symptoms mediate the relationship between sensory processing and internalizing problems among general university students (Tsuji et al., 2022). This mediation role was apparent in children attending regular classes. Although Tsuji et al. (2022) showed only the mediation role of university students’ suffering, the present study demonstrated the mediating role of suffering for the children and surrounding people in elementary and junior high schools. Our quantitative results thus support qualitative results indicating that there are problems due to sensory symptoms in mainstream schools (Howe and Stagg, 2016).

Sensory symptoms cause various problems in school (Ashburner et al., 2008; Howe and Stagg, 2016). However, according to Kasahara (2010), issues related to sensory symptoms are often misunderstood or underestimated. Therefore, teachers may lack awareness of the children’s sensory problems. Children suffer from these problems without enough support. Moreover, difficulties related to sensory symptoms, such as children’s behaviors that interfere with classwork, can also increase the suffering for teachers or other children. In addition, the high degree of suffering of people around them leads to deterioration in their relationship with teachers and other children.

The children’s suffering leads to internalizing problems. Since chronic stress can induce anxiety and depression (McGonagle and Kessler, 1990; Khan and Khan, 2017), children’s suffering due to sensory symptoms and deterioration of social relationships due to surrounding people’s suffering may act as chronic stressors, causing internalizing problems.



Support for children

Suffering from sensory symptoms mediated the relationship between sensory processing and internalizing problems for children attending regular classes. Therefore, the internalizing problems of these children, especially those in regular classes, may be reduced by providing support that decreases suffering even if sensory symptoms are not entirely eliminated.

In addition, this study included a few children who were not diagnosed with ASD but had high autistic traits and sensory symptoms. Therefore, support focused on reducing psychological suffering may be effective for children with and without ASD. Although SP is widely used to measure sensory symptoms, caregivers or teachers probably should also use a scale that evaluates the suffering due to sensory symptoms to understand children’s suffering and find what supports are needed for children with sensory symptoms. As inclusive education promotes mixing children with and without ASD learning in the same classroom, these suggestions related to regular classes are essential for caregivers or teachers to provide adequate support.



Limitations

We conducted an exploratory study on the suffering due to sensory symptoms, including differences in school environments. However, since the sample was small, the investigations regarding age and sex were insufficient. Further large sample studies are needed to yield more robust findings regarding support for suffering due to sensory symptoms.

In addition, this study indicated that the relationship between sensory symptoms and internalizing problems was mediated by the suffering due to sensory symptoms. However, we could not investigate the relationship between sensory symptoms and internalizing problems in children attending special needs classes and special needs schools.

A scale to evaluate the suffering due to sensory symptoms for children has not been developed previously. Hence, it is meaningful that we developed a new scale to evaluate the suffering due to sensory symptoms in children and the people around them. However, their parents evaluated their children’s suffering. A self-report scale is necessary to investigate this aspect more accurately. Similarly, it will be useful for a person familiar with the child’s behaviors, such as their schoolteacher, to evaluate the suffering among surrounding people. It is also necessary to collect more items through interviews with the children and those around them and investigate the suffering in daily life inside and outside school. Furthermore, although the developed scale of suffering was related to SP and had some convergent validity, an examination of divergent validity and test–retest reliability is needed.




Conclusion

This study showed that suffering due to sensory symptoms in school life mediated the relationship between sensory symptoms and internalizing problems in children with and without ASD. Since suffering due to sensory symptoms for children and those around them can interrupt their education, it is necessary to develop and provide adequate support for students. Further research on suffering due to sensory symptoms in various populations and investigations of effective support will enable us to provide better support for people with sensory symptoms.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving human participants were reviewed and approved by Kitasato University School of Allied Health Sciences. Written informed consent to participate in this study was provided by the participants’ legal guardian/next of kin.



Author contributions

YT, MS, and AO conceived the study. YT and AO collected the data. YT and SI analyzed the data. YT drafted the manuscript. All authors revised the manuscript and approved the final version of the manuscript.



Funding

This study was supported by a funding from Kitasato University and Grant-in-Aid for Early-Career Scientists (20K20144) from the Japan Society for the Promotion of Science. The funders had no role in study design, data collection and analysis, interpretation of results, manuscript preparation, or decision to submit for publication.



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/fpsyg.2022.872185/full#supplementary-material



References

 American Psychiatric Association (2013). Diagnostic and Statistical Manual of mental Disorders (5th Edn.). Arlington,VA: American Psychiatric Association.

 Ashburner, J., Ziviani, J., and Rodger, S. (2008). Sensory processing and classroom emotional, behavioral, and educational outcomes in children with autism spectrum disorder. Am. J. Occup. Ther. 62, 564–573. doi: 10.5014/ajot.62.5.564 

 Auyeung, B., Baron-Cohen, S., Wheelwright, S., and Allison, C. (2008). The autism spectrum quotient: children’s version (AQ-Child). J. Autism Dev. Disord. 38, 1230–1240. doi: 10.1007/s10803-007-0504-z 

 Baron-Cohen, S., Wheelwright, S., Skinner, R., Martin, J., and Clubley, E. (2001). The autism-spectrum quotient (AQ): evidence from Asperger syndrome/high-functioning autism, males and females, scientists and mathematicians. J. Autism Dev. Disord. 31, 5–17. doi: 10.1023/a:1005653411471 

 Bromley, J., Hare, D. J., Davison, K., and Emerson, E. (2004). Mothers supporting children with autistic spectrum disorders: social support, mental health status and satisfaction with services. Autism 8, 409–423. doi: 10.1177/1362361304047224

 Cheung, P. P., and Siu, A. M. (2009). A comparison of patterns of sensory processing in children with and without developmental disabilities. Res. Dev. Disabil. 30, 1468–1480. doi: 10.1016/j.ridd.2009.07.009 

 Coffey, K. A., and Hartman, M. (2008). Mechanisms of action in the inverse relationship between mindfulness and psychological distress. J. Evid. Based Complementary Altern. Med. 13, 79–91. doi: 10.1177/1533210108316307

 Colombo, B., Cetta, I., Messina, R., and Filippi, M. (2020). Stress in paediatric migraine: a trigger factor? Neurol. Sci. 41, 447–449. doi: 10.1007/s10072-020-04654-5 

 Constantino, J. N., and Gruber, C. P. (2005). Social Responsiveness Scale Manual. Los Angeles, CA: Western Psychological Services.

 Crane, L., Goddard, L., and Pring, L. (2009). Sensory processing in adults with autism spectrum disorders. Autism 13, 215–228. doi: 10.1177/1362361309103794

 De Bruin, E. I., Ferdinand, R. F., Meester, S., De Nijs, P. F. A., and Verheij, F. (2007). High rates of psychiatric co-morbidity in PDD-NOS. J. Autism Dev. Disord. 37, 877–886. doi: 10.1007/s10803-006-0215-x 

 Dunn, W. (1997). The impact of sensory processing abilities on the daily lives of young children and their families: a conceptual model. Infants Young Child. 9, 23–35. doi: 10.1097/00001163-199704000-00005

 Dunn, W. (1999). The Sensory Profile: User’s Manual. San Antonio, TX: The Psychological Corporation.

 Goodman, A., Lamping, D. L., and Ploubidis, G. B. (2010). When to use broader internalising and externalising subscales instead of the hypothesised five subscales on the strengths and difficulties questionnaire (SDQ): data from british parents, teachers and children. J. Abnorm. Child Psychol. 38, 1179–1191. doi: 10.1007/s10802-010-9434-x 

 Goodman, R. (1997). The strengths and difficulties questionnaire: a research note. J. Child Psychol. Psychiatry 38, 581–586. doi: 10.1111/j.1469-7610.1997.tb01545.x

 Hagiwara, T., Iwanaga, R., Ito, H., and Tani, I. (2015). in The Sensory Profile—Japanese Version: User’s Manual. ed. M. Tsujii (Tokyo: Nihon Bunka Kagakusha)

 Hallett, V., Ronald, A., Rijsdijk, F., and Happé, F. (2010). Association of autistic-like and internalizing traits during childhood: a longitudinal twin study. Am. J. Psychiatry 167, 809–817. doi: 10.1176/appi.ajp.2009.09070990 

 Harada, S. (2019). The relationships between the awareness of difficulties resulting from developmental disorders in college life, passivity, and psychological stress response. Japanese J. High. Educ. Disabil. 1, 45–51. doi: 10.34322/jhed.1.45

 Horder, J., Wilson, C. E., Mendez, M. A., and Murphy, D. G. (2014). Autistic traits and abnormal sensory experiences in adults. J. Autism Dev. Disord. 44, 1461–1469. doi: 10.1007/s10803-013-2012-7 

 Howe, F. E. J., and Stagg, S. D. (2016). How sensory experiences affect adolescents with an autistic spectrum condition within the classroom. J. Autism Dev. Disord. 46, 1656–1668. doi: 10.1007/s10803-015-2693-1 

 Jones, E. K., Hanley, M., and Riby, D. M. (2020). Distraction, distress and diversity: exploring the impact of sensory processing differences on learning and school life for pupils with autism spectrum disorders. Res. Autism Spectr. Disord. 72, 101515–101512. doi: 10.1016/j.rasd.2020.101515

 Kamio, Y., Inada, N., Moriwaki, A., Kuroda, M., Koyama, T., Tsujii, H., et al. (2013a). Quantitative autistic traits ascertained in a national survey of 22 529 Japanese schoolchildren. Acta Psychiatr. Scand. 128, 45–53. doi: 10.1111/acps.12034 

 Kamio, Y., Moriwaki, A., Takei, R., Inada, N., Inokuchi, E., Takahashi, H., et al. (2013b). Psychiatric issues of children and adults with autism spectrum disorders who remain undiagnosed. Psychiatr. Neurol. Jpn. 115, 601–606.

 Kasahara, M. (2010). “Behavioral characteristics for each life stage—adolescence/adulthood: female,” in A Guide to Support People with Autism Spectrum Disorders for Each Life Stage. ed. Y. Kamio (Tokyo: National Institute of Mental Health, National Center of Neurology and Psychiatry), 10–12.

 Khan, S. A., and Khan, R. A. (2017). Chronic stress leads to anxiety and depression. Ann. Psychiatry Ment. Heal. 5:1091.

 Leekam, S. R., Nieto, C., Libby, S. J., Wing, L., and Gould, J. (2007). Describing the sensory abnormalities of children and adults with autism. J. Autism Dev. Disord. 37, 894–910. doi: 10.1007/s10803-006-0218-7 

 Mallinckrodt, B., Abraham, W. T., Wei, M., and Russell, D. W. (2006). Advances in testing the statistical significance of mediation effects. J. Couns. Psychol. 53, 372–378. doi: 10.1037/0022-0167.53.3.372

 Mayfield, J., and Mayfield, M. (2008). The creative environment’s influence on intent to turnover: a structural equation model and analysis. Manag. Res. News 31, 41–56. doi: 10.1108/01409170810845949

 Mazurek, M. O., Vasa, R. A., Kalb, L. G., Kanne, S. M., Rosenberg, D., Keefer, A., et al. (2013). Anxiety, sensory over-responsivity, and gastrointestinal problems in children with autism spectrum disorders. J. Abnorm. Child Psychol. 41, 165–176. doi: 10.1007/s10802-012-9668-x 

 McCormick, C., Hepburn, S., Young, G. S., and Rogers, S. J. (2016). Sensory symptoms in children with autism spectrum disorder, other developmental disorders and typical development: a longitudinal study. Autism 20, 572–579. doi: 10.1177/1362361315599755 

 McGonagle, K. A., and Kessler, R. C. (1990). Chronic stress, acute stress, and depressive symptoms. Am. J. Community Psychol. 18, 681–706. doi: 10.1007/BF00931237

 Pfeiffer, B., Kinnealey, M., Reed, C., and Herzberg, G. (2005). Sensory modulation and affective disorders in children and adolescents with Asperger’s disorder. Am. J. Occup. Ther. 59, 335–345. doi: 10.5014/ajot.59.3.335 

 Robertson, A. E., and Simmons, D. R. (2013). The relationship between sensory sensitivity and autistic traits in the general population. J. Autism Dev. Disord. 43, 775–784. doi: 10.1007/s10803 

 Rogers, S. J., Hepburn, S., and Wehner, E. (2003). Parent reports of sensory symptoms in toddlers with autism and those with other developmental disorders. J. Autism Dev. Disord. 33, 631–642. doi: 10.1023/B:JADD.0000006000.38991.a7 

 Shinoda, H., Nakakuki, S., Shinoda, N., and Takahashi, T. (2017). Special needs related to developmental disorders in college students and social skill training as a transitional support for perceived difficulties. J. Psychol. Instit. Rissho Univ. 15, 7–17.

 Thye, M. D., Bednarz, H. M., Herringshaw, A. J., Sartin, E. B., and Kana, R. K. (2018). The impact of atypical sensory processing on social impairments in autism spectrum disorder. Dev. Cogn. Neurosci. 29, 151–167. doi: 10.1016/j.dcn.2017.04.010 

 Tsuji, Y., Matsumoto, S., Saito, A., Imaizumi, S., Yamazaki, Y., Kobayashi, T., et al. (2022). Mediating role of sensory differences in the relationship between autistic traits and internalizing problems. BMC Psychol. 10:148. doi: 10.1186/s40359-022-00854-0 

 Tsuji, H., Miyawaki, D., Kawaguchi, T., Matsushima, N., Horino, A., Takahashi, K., et al. (2009). Relationship of hypersensitivity to anxiety and depression in children with high-functioning pervasive developmental disorders. Psychiatry Clin. Neurosci. 63, 195–201. doi: 10.1111/j.1440-1819.2008.01916.x 

 van der Linde, J., Franzsen, D., and Barnard-Ashton, P. (2013). The sensory profile: comparative analysis of children with specific language impairment, ADHD and autism. South African J. Occup. Ther. 43:34.

 Wakabayashi, A. (2016). Japanese Version of the Child Autism-Spectrum Quotient AQ: User’s Manual (AQ Nihongoban/Jidouyou Shiyou Tebiki). Kyoto: Sankyobo.

 Wakabayashi, A., Baron-Cohen, S., Uchiyama, T., Yoshida, Y., Tojo, Y., Kuroda, M., et al. (2007). The Autism-Spectrum Quotient (AQ) children’s version in Japan: a cross-cultural comparison. J. Autism Dev. Disord. 37, 491–500. doi: 10.1007/s10803-006-0181-3 

 White, S. W., Oswald, D., Ollendick, T., and Scahill, L. (2009). Anxiety in children and adolescents with autism spectrum disorders. Clin. Psychol. Rev. 29, 216–229. doi: 10.1016/j.cpr.2009.01.003 

 Youthinmind (2020). One-sided SDQ for the parents of 4–17 year olds. Available at: https://sdqinfo.org/py/sdqinfo/b3.py?language=Japanese (Accessed April 21, 2022).

 Zahn-Waxler, C., Klimes-Dougan, B., and Slattery, M. J. (2000). Internalizing problems of childhood and adolescence: prospects, pitfalls, and progress in understanding the development of anxiety and depression. Dev. Psychopathol. 12, 443–466. doi: 10.1017/S0954579400003102 

OPS/images/fpsyg-13-872185-t001.jpg
Items

Suffering due to Low Registration
1. Sometimes appears not to hear what teacher says i clas.

2. Is oblivious within an active environment and it makes it difficult o follow the class.
Suffering due to Sensory Secking

3. Fidgets and moves around during clss.

1. Touches people and objects and other children do not like it.

Suffering due to Sensory Sensitivity

5. Cannot concentrate on class becaus

s distracted or has trouble functioning if there is nose.
6. Avoids certain tastes or food smells, so cannot eat many items in school lunch or always eats the same

thing for lunch.

Suffring due to Sensation Avoiding
7. Cannot attend school events or activities because dislike unexpected or loud noises.
8. Sometimes dislikes or gets angry because of being touched by other people.

Explained variance

Loading

Children’s suffering ~ Surrounding people’s

(n=112)

074
073

079
059

071
043

0.67
0.62

44.89%

suffering (1= 106)

077
0.68

081
0.80

078
036

0.63
078
5101%





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Internalizing problems and suffering due to sensory symptoms in children and adolescents with and without autism spectrum disorder



		Introduction



		Materials and methods



		Participants



		Measures



		Demographics



		Autistic traits



		Sensory symptoms



		Suffering due to sensory symptoms in school



		Internalizing problems









		Statistical analysis









		Results



		Principal component analysis of suffering due to sensory symptoms



		Gender differences in the typical development group



		Distribution of autistic traits and sensory symptoms



		Relationships between each variable









		Discussion



		Distribution of autistic traits and sensory symptoms



		Relationships between each variable in children attending regular classes



		Support for children



		Limitations









		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Supplementary Material



		References



















OPS/images/fpsyg-13-872185-g001.jpg
The total score of SP

400
375
350
325
300
275
250
225
200
175
150
125

g% ——TD
.§40/o
° 2 %0%
° g20%
£ 10%
3
5 0%
5 &
e}
c
o £ 50%
& 40%
o 2
§ 30%
*TD S 20%
S
oasD | E10%
8 o%
5 10 15 20 25 30 35 40 45 50 &

The total score of AQ

The total score of SP






OPS/images/fpsyg-13-872185-g002.jpg
Auditory

Vestibular

Touch

Multisensory

Oral

Children’s Surrounding

suffering people’s suffering

Sensory
symptoms

Suffering due to
sensory symptoms

Emotional

symptoms

Peer
problems

Intern:
problems






OPS/images/cover.jpg
’ frontiers  Frontiers in Psychology

Internalizing problems and
suffering due to sensory
symptoms in children and
adolescents with and without
autism spectrum disorder









OPS/images/crossmark.jpg
(®) Check for updates






OPS/images/logo.jpg
' frontiers Frontiers in Psychology





