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Introduction: Individuals with neurodevelopmental disorders, such as autism spectrum disorder (ASD), attention-deficit/hyperactivity disorder (ADHD), and specific learning disorders (SLD) have various types of sensory characteristics.

Methods: This study investigated sensory issues in individuals with neurodevelopmental disorders using a web-based questionnaire for qualitative and quantitative analysis, categorized the contents of their three most distressful sensory issues, and evaluated their order of priority.

Results: Auditory problems were reported as the most distressing sensory issue among the participants. In addition to auditory problems, individuals with ASD frequently reported more tactile problems, and individuals with SLD reported more visual problems. Among the individual sensory issues, in addition to aversion to sudden, strong, or specific stimuli, some participants reported confusions regarding multiple stimuli presenting concurrently. Additionally, the sensory issues related to foods (i.e., taste) was relatively more common in the minor group.

Conclusion: These results suggest that the diversity of sensory issues experienced should be carefully considered when aiding persons with neurodevelopmental disorders.
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1. Introduction

Atypicality in social communication and restricted and repetitive behaviors or interests are major characteristics of individuals with autism spectrum disorder (ASD), as described in the Diagnostic and Statistical Manual of Mental Disorders, fifth edition (DSM-5), published by the American Psychiatric Association (APA) in 2013. Such conditions are accompanied with a wide variety of sensory characteristics, and the DSM-5 states that excessive or restricted responses to sensory stimuli—hypersensitivity and hyposensitivity, respectively—are often observed in individuals with ASD. Sensory issues in individuals with ASD, such as hypersensitivity and hyposensitivity, are not minor issues but are important factors pointing to the core of the disorder because some of these sensory characteristics directly decrease individuals’ quality of life [QoL; (1)]. Additionally, it is possible that differences in sensory processing between individuals with ASD and typically developing individuals may cause discrepancies in communication methods (2, 3).

A total of 60% to 90% of individuals with ASD experience sensory issues (4–10). Although difficult to generalize, individuals with ASD show a range of sensitivity preferences (including hypersensitivity and hyposensitivity), sensory distortions, overload, multichannel receptivity, and processing difficulties (11). Sensory issues in individuals with ASD are evident in auditory, visual, and tactile sensory modalities (12), and meta-analytic studies have indicated the existence of atypical sensory modulation in many individuals with ASD (13, 14).

Moreover, in addition to ASD, attention-deficit/hyperactivity disorder (ADHD) and specific learning disorder (SLD) are also included in neurodevelopmental disorders in the DSM-5, and these may also cause sensory issues, similar to ASD. For example, individuals with ADHD also show high scores for sensory sensitivity and sensation avoidance (15); although, it is difficult to determine how much of this is owing to a potential overlap with ASD. Neuroimaging studies have revealed shared alterations in the brain’s white matter and its connections with ASD regarding hypersensitivity (16, 17). Contrastingly, higher visual processing scores were observed in children with ADHD, compared to children with ASD and typically developing children, while oral processing scores were highest in children with ASD (18). These reports suggest that there are shared but partially distinct sensory features in between individuals with ASD and ADHD.

Among SLD, Irlen syndrome has been described as individuals having low reading ability owing to low color matching and distorted vision (19–21). Patients with this syndrome also experience visual hypersensitivity. Currently, the diagnoses of ASD, ADHD, and SLD may overlap (22), and the degree of overlap varies across individuals. We speculate that there are many differences in their sensory issues, and understanding these differences is important for the development of clinical support.

Auditory problems are major sensory issues in individuals with ASD (10, 23, 24). That is, such individuals feel distressed by some kind of sound or sometimes find it difficult to listen to someone talking. Problems related to touch, smell, and taste lead to serious difficulties, such as maladaptation to the living environment and selective eating problems (25, 26). Additionally, individuals with ASD are sometimes distressed by glaring lights (27). Contrastingly, some individuals with ASD tend to be insensitive to pain and temperature (28), and hypersensitivity and hyposensitivity are sometimes co-localized (12). However, owing to the great diversity of sensory issues, further investigation is needed to determine the sensory issues of individuals with neurodevelopmental disorders (13, 29).

Dunn and Westman (30) established a classification and evaluation method for sensory issues to provide intervention support. According to them, the two axes of threshold values for sensory stimuli and high activity of the participant were divided into independent quadrants of “low registration,” “sensory seeking,” “sensory sensitivity,” and “sensation avoidance.” A quadrant with a high threshold value for sensory stimuli and low activity was defined as “low registration,” whereas a quadrant with a high threshold value for sensory stimuli and high activity (i.e., seeking sensory stimuli) was classified as “sensory seeking.” Contrastingly, they defined a quadrant with a low threshold value for sensory stimuli and low activity as “sensory sensitivity” (hypersensitivity), and that with a low threshold value for sensory stimuli and active effort to avoid it as “sensation avoidance.” Subsequently, the adult/adolescent sensory profiles were standardized based on this classification (31).

Using the existing questionnaire (e.g., “Sensory Profile”) for each sensory issue, an appropriate support plan can be developed by evaluating the issues of each participant. Thus far, many previous studies that assessed sensory issues have used existing questionnaires [Sensory Profile, Sensory Sensitivity Questionnaire-Revised, Sensory Experiences Questionnaire, etc.; (13, 14)]. Several studies have attempted to classify the sensory features among individuals with ASD using scores from these questionnaires, and the existence of ASD subgroups widely documented (32–36). For example, some of these subgroups are characterized by difficulties with taste, smell, movement, and energy regulation (35, 36). Therefore, the existing questionnaires are very useful for such clustering and comparisons among groups.

Notably, since sensory characteristics of neurodevelopmental disorders seem to be diverse and have many aspects as reported previously (37), there are likely to be issues that are not covered by existing questionnaires. Therefore, we used a free-writing field for sensory issues as well as multiple-choice questions to clarify and categorize diverse sensory issues. This may be important for providing evidence-based support for individuals experiencing sensory issues. Moreover, it is important from a support perspective to evaluate a priority among these sensory issues. Hence, in this study, we investigated sensory issues in individuals with neurodevelopmental disorders using a web-based questionnaire for qualitative and quantitative analysis and examined a hierarchy of the most distressful sensory issues for each person.



2. Materials and methods


2.1. Questionnaire

We targeted participants who had a diagnosis (or suspicion) of neurodevelopmental disorders (ASD, ADHD, SLD, intellectual disability, and others), which are defined as “発達障害” (developmental disorders) in the Act on Support for Persons with Developmental Disorders in Japan. The original web-based questionnaire was written in Japanese (Supplementary material). First, an explanation of the study purpose was provided to participants, and after confirming the consent to participate in the study by ticking a check box, participants were asked to answer the questionnaire (in case of minors, their guardians needed to agree on their behalf). Multiple-choice questions and free-writing fields were combined in the questionnaire. Multiple-choice questions that identified the respondent’s gender, age, responder (concerned individuals themselves, support providers, or parents), current position regarding employment or educational status, and diagnosis were presented first. Subsequently, participants had to choose the modality of the most distressful sensory issues that they experienced (i.e., “visual,” “auditory,” “tactile,” “taste,” “olfactory,” “proprioception,” “vestibular,” and “others”). Thereafter, a free-writing field was provided to describe concrete examples of these issues. The free-writing field asked, “Please describe concrete examples of your issues. What are the triggers and reasons for their occurrence?” In case participants recognized second and third-most distressing issues; similar questions were presented to identify these distressing issues. For each sensory issue, questions about severity and restrictions in daily life using a Likert-type scale (0: not severe to 5: most severe, and “unanswerable”) were also presented (Supplementary Table S1). Additionally, the questionnaire included additional free-writing fields (about self-coping) and questions regarding where and when the problems arose; these were preliminary investigations for future studies (Supplementary material).

The questionnaire items were co-developed with the cooperation of volunteer group members (“OhToT”) who discussed new support methods for neurodevelopmental disorders. Individuals with ASD/ADHD/SLD, researchers, occupational therapists, engineers, medical doctors, and administrative officers joined this group. Thus, the persons who concerned to neurodevelopmental disorders were directly involved in this study.



2.2. Participants and procedure

The questionnaire was posted on the website of the Developmental Disorders Information and Support Center of the National Rehabilitation Center for Persons with Disabilities, Ministry of Health, Labor and Welfare of Japan. The response period was from August 2018 to January 2019, during which 432 responses were received. There was one duplicate response in which all items were completely matched to another response, which was removed from further analysis. Furthermore, because the contents of some descriptions included issues other than sensory issues (e.g., difficulties related to communication), we deleted these responses from further analysis (16 cases in the “most distressful” sensory issue category); thus, 415 responses were finally included. The demographic characteristics such as sex, age range, responder information, and current positions are shown in Table 1.



TABLE 1 Participants’ demographics.
[image: Table1]

This research was reviewed and approved by the Ethics Review Committee of the National Rehabilitation Center for Persons with Disabilities (29–175, 30–154, 31–109, 2021–136) and was conducted in compliance with Declaration of Helsinki and the “Medical Research Guidelines for Humans” of the Ministry of Health, Labor and Welfare of Japan.



2.3. Analysis

Responses were analyzed using Microsoft Excel (Office2019, Microsoft, Redmond, WA, United States). Participants were asked to answer a multiple-choice question regarding their diagnoses; possible answers included, “ASD (including autism, Asperger’s syndrome, and pervasive developmental disorders),” “ADHD,” “SLD,” “intellectual disabilities,” “others,” and “none (including suspicion).” Additionally, there was a free-writing field to specify the situation for “others” and “none” responses below the multiple-choice question. If the response of the free-writing field included “suspicion of ASD/ADHD/SLD at clinic,” the person was included in the ASD/ADHD/SLD group, respectively. There was overlap in the diagnosis or suspicion; thus, to clarify the differences in the characteristics of sensory issues in ASD, ADHD, and SLD, three types of classification were performed as follows.

First, participants were divided into two groups: those with ASD (n = 281, ASD group) and those without ASD (n = 134, non-ASD group). The ASD group included 11 ASD-suspected cases (Table 2A). Second, participants were divided into two groups: those with ADHD (n = 164, ADHD group) and those without ADHD (n = 256, non-ADHD group). The ADHD group included five ADHD-suspected cases (Table 2B). Third, participants were divided into two groups: those with SLD (n = 56, SLD group) and those without SLD (n = 361, non-SLD group). The SLD group included two SLD-suspected cases (Table 2C). Then, cross-tabulation was performed between the groups (i.e., “ASD group” vs. “non-ASD group;” “ADHD group” vs. “non-ADHD group;” and “SLD group” vs. “non-SLD group”), and Χ2 tests (test of independence) were performed to examine statistical differences between groups.



TABLE 2 Diagnosis of participants.
[image: Table2]

For the free-writing field (“Please describe concrete examples of issue. What are the triggers and reasons for their occurrence?”), four persons (two parents of children: T. N and N. I, two researchers: MW and KS for medical science and welfare, respectively) classified and categorized the descriptions. When a description contained more than one element (e.g., painful sounds and difficulty hearing in a crowded room), it was aggregated in each category in duplicate. Differences in categorization among the four persons were discussed until they reached a satisfactory decision. We certified the sensory modality of each sensory issue by checking the content of the free-writing field. If there were obvious mistakes in choosing the sensory modality, we re-sorted them into a more appropriate sensory modality group (e.g., “confusions by a loud voice” in the “visual problem” choice). Typical descriptions of the categories are presented in Table 3.



TABLE 3 An example of the descriptions of sensory issues in a free-writing field.
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[image: Figure 1]

FIGURE 1
 Sensory issues experienced by individuals with developmental disorders. (A) Percentage of each sensory modality in the most distressful, second-most distressful, and third-most distressful sensory issues, respectively. (B) Relationships between the most distressful and second/third-most distressful sensory issues.





3. Results

We investigated the frequency of each sensory modality in the most, the second-most, and the third-most distressful sensory issues categories.


3.1. Frequency of each sensory issue

Figure 1A shows the frequency of each sensory issue: the most, the second-most, and the third-most distressful issue. Approximately half of the most distressful sensory issues were auditory (223 out of 415 responses, 53.7%), followed by visual (45 responses, 10.8%) issues.

More than half the participants (262 of 415, 63%) mentioned and described the second-most distressing problem, in which auditory problems were still the most common (67 of 262 responses, 25.6%); however, visual problems became more prominent (64 responses, 24.4%), followed by olfactory (40 responses, 15.3%), and tactile (35 responses, 13.4%) problems.

More than one-third of participants (152, 36.6%) mentioned the third-most distressing problem. In this category, visual problems had the highest percentage (40 of 158 responses, 26.3%), followed by olfactory (27 responses, 17.8%), and tactile (22 responses, 14.5%) problems. Additionally, in the free-writing field about “other” sensory modalities, 10 participants reported severe sensory issues with multiple modalities. The relationships between the most distressful sensory issues and the second- and third-most distressing problems are shown in Figure 1B.



3.2. Differences in sensory issues among groups

To clarify the differences in sensory issues among the groups, participants were first divided into the ASD and non-ASD groups. For the most distressful sensory issue (Figure 2A), the Χ2 test revealed significant group differences in the modalities of sensory issues (Χ2 = 22.2, df = 7, p = 0.0023). Residual analysis (Supplementary Table S1A) showed that both groups had many auditory problems; however, the difference was not significant (adjusted residual = 0.42, p = 0.67). However, there were significantly more reports of visual problems (adjusted residual = 3.54, p = 0.00041; Supplementary Table S2A), after auditory problems in the non-ASD group. In the ASD group, there was a significantly higher number of tactile problems (adjusted residual =2.19, p = 0.028; Supplementary Table S2A) after auditory problems. For the second or third distressful problem (Supplementary Figures S1A,B), the Χ2 test revealed no significant difference between the groups in the modalities of sensory issues (second-most distressful problem: Χ2 = 9.67, df = 7, p = 0.21; third-most distressful problem: Χ2 = 6.44, df = 7, p = 0.49). The results of the Χ2 test and the residual analysis showed similar trends (most distressful problem: Χ2 = 22.1, df = 7, p = 0.0024; second-most distressful problem: Χ2 = 11.1, df = 7, p = 0.13; third-most distressful problem: Χ2 = 5.83, df = 7, p = 0.56, Supplementary Table S3A), when the ASD-suspected cases (n = 11) were excluded.
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FIGURE 2
 Differences in appearance rates of sensory issues in each modality for the most distressful sensory issues in the (A) ASD and non-ASD groups, (B) ADHD and non-ADHD groups, and (C) SLD and non-SLD groups.


Next, participants were divided into the ADHD and non-ADHD groups. For the most, second-most, and third-most distressful problem (Figure 2B; Supplementary Figures S1C,D), the Χ2 test revealed that there were no significant differences between the two groups in the modalities of sensory issues (Χ2 = 8.14, df = 7, p = 0.32; Χ2 = 6.69, df = 7, p = 0.46; Χ2 = 5.29, df = 7, p = 0.62, respectively). There was no difference in trend (Χ2 = 7.32, df = 7, p = 0.40; Χ2 = 6.57, df = 7, p = 0.48; Χ2 = 5.19, df = 7, p = 0.64, respectively), when ADHD-suspected cases (n = 5) were excluded.

Third, participants were divided into the SLD and non-SLD groups. For the most distressful sensory issue (Figure 2C), the Χ2 test revealed significant differences between the two groups in the modalities of sensory issues (Χ2 = 17.0, df = 7, p = 0.017). Residual analysis (Supplementary Table S1B) revealed significantly more reports of visual problems (adjusted residual =3.66, p = 0.00025) following the auditory problems in the SLD group. For the second or third-most distressful problem (Supplementary Figures S1E,F), the Χ2 test revealed no significant difference in the modalities of sensory issues (second-most distressful problem: Χ2 = 1.99, df = 7, p = 0.96; third-most distressful problem: Χ2 = 7.29, df = 7, p = 0.40). The results of the Χ2 test and the residual analysis showed almost same trends (most distressful problem: Χ2 = 15.9, df = 7, p = 0.026; second-most distressful problem: Χ2 = 2.29, df = 7, p = 0.94; third-most distressful problem: Χ2 = 7.33, df = 7, p = 0.40, Supplementary Table S3B), when the SLD-suspected cases (n = 2) were excluded.



3.3. Differences in sensory issues among age ranges

To clarify the differences in sensory problems among different age groups, participants were divided into four groups: minors (<18-years-old), adolescents (<30-years-old), middle-aged (<50-years-old), and late middle-aged (≧50-years-old). In this analysis, data for the most distressful, second-most distressful, and third-most distressful sensory problems were combined. The Χ2 test revealed differences in the modalities of sensory problems based on participants’ age (Χ2 = 41.3, df = 21, p = 0.0051). The residual analysis showed that there were significantly more reports of taste problems in minors (adjusted residual = 4.77, p = 0.000002, Supplementary Table S4) and fewer reports in the middle-aged group (adjusted residual = −2.58, p = 0.0099), compared with the other groups. Further, there were significantly more reports of visual problems in the middle-aged group (adjusted residual = 2.00, p = 0.046), compared with the other groups.



3.4. Free writing about the kinds of issues

Regarding the free-writing field (“Please describe concrete examples of the issues. What are the triggers and reasons for their occurrence?”), the descriptions were classified and categorized, as described in the Methods section. The overall frequency of each problem categorized by sensory modality is shown in Figure 3, and examples of problems included in each category are shown in Table 2.
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FIGURE 3
 Categories of sensory issues extracted from free-writing fields. (A) Visual. (B) Auditory. (C) Tactile. (D) Olfactory. (E) Taste. (F) Proprioception. (G) Vestibular. (H) Others sensory issues. The rate of each category represents the ratio of response numbers to the total number of sensory issues aggregated by each modality. Note that when multiple categories are included in a single submission, they are counted in duplicate.



3.4.1. Visual problems

Approximately half the participants reported that they disliked dazzling lights (Figure 3A; Table 2A). Responses related to detesting a specific visual target and confusion regarding multiple visual stimuli were also presented. These are related to visual hypersensitivity.

The Χ2 test revealed marginally significant differences in visual problems (Χ2 = 10.3, df = 5, p = 0.066; without suspected cases: Χ2 = 9.32, df = 5, p = 0.097) between the ASD and non-ASD groups. Residual analysis showed that reading difficulty was frequently reported in the non-ASD group (adjusted residual = 3.07, p = 0.0021; without suspected cases: adjusted residual = 2.93, p = 0.0034; Supplementary Figure S2A; Supplementary Tables S5A, S6A). Moreover, between the ADHD and non-ADHD groups, the Χ2 test showed marginally significant differences in visual problems (Χ2 = 10.7, df = 5, p = 0.057; without suspected cases: Χ2 = 10.3, df = 5, p = 0.068). Furthermore, residual analysis showed frequent reports of “dazzling” in the ADHD group (adjusted residual = 2.78, p = 0.0054; without suspected cases: adjusted residual = 2.94, p = 0.0034; Supplementary Figure S2B; Supplementary Tables S5B, S6B).

Next, the Χ2 test revealed significant group differences in sensory issue modalities between the SLD and non-SLD groups (Χ2 = 28.1, df = 5, p = 0.000035; without suspected cases: Χ2 = 25.7, df = 5, p = 0.00010). Residual analysis revealed that “difficulty in reading” and “abnormal vision” were frequently reported in the SLD group (adjusted residual = 4.38, p = 0.00001 and adjusted residual =2.45, p = 0.014, respectively; without suspected cases: adjusted residual = 4.08, p = 0.000045 and adjusted residual = 2.52, p = 0.012, respectively; Supplementary Figure S2C; Supplementary Tables S5C, S6C). Contrastingly, there were significantly fewer reports of “dazzling” (adjusted residual = −2.53, p = 0.011; without suspected cases: adjusted residual = −2.40, p = 0.016; Supplementary Tables S5C, S6C) in the SLD group.

In summary, participants in the SLD group reported more reading problems and abnormal vision. Additionally, participants in the ADHD group may have had more problems with dazzling lights.



3.4.2. Auditory problems

Most auditory problems were related to hypersensitivity, except for those classified as difficult-to-selective hearing, such as the inability to hear another person’s voice well in noisy conditions (Figure 3B). Of these, the most common answer was a description of specific sounds that were disliked, as well as loudness or unpredictable sudden changes in sounds. Examples of disliked sounds included children crying, electronic beeps, motor sounds, and human-generated sounds, such as those of chewing. Overall, participants tended to dislike sounds containing high-frequency components with a loud sound. Additionally, there were several descriptions in which various sounds, such as surrounding noises and speaking voices, were heard at the same volume, which made the participant feel tired. Regarding these auditory problems, there were no significant differences between the ASD and non-ASD groups (Χ2 = 6.77, df = 5, p = 0.24; without suspected cases: Χ2 = 6.40, df = 5, p = 0.27), the ADHD and non-ADHD groups (Χ2 = 5.63, df = 5, p = 0.34; without suspected cases: Χ2 = 4.88, df = 5, p = 0.43), and SLD and non-SLD groups (Χ2 = 2.00, df = 5, p = 0.85; without suspected cases: Χ2 = 2.86, df = 5, p = 0.72).



3.4.3. Tactile problems

Most tactile problems were related to unpleasant tactile sensations (tactile hypersensitivity), such as problems with clothes, human contact, and specific targets (e.g., water; Figure 3C). Many participants described that they were concerned about clothes tags and disliked touching certain materials. Some participants described that they disliked human contact, such as handshakes, hugs, and contact in crowded trains. Some participants also stated that they disliked specific targets, such as water or paper-based materials, and could not touch them. Regarding tactile problems, no significant difference was found between the ASD and non-ASD groups (Χ2 = 3.50, df = 4, p = 0.48; without suspected cases: Χ2 = 3.45, df = 4, p = 0.49), the ADHD and non-ADHD groups (Χ2 = 2.36, df = 4, p = 0.67), and the SLD and non-SLD groups (Χ2 = 7.00, df = 4, p = 0.14). As for the ADHD and SLD groups, suspected cases were not included in the tactile problems. For the following sensory modalities, only the statistical results for all cases will be listed in the same way, if no suspected cases are included.



3.4.4. Olfactory problems

Most responses were related to unpleasant odors. For example, odors related to humans, such as sweat; odors related to cars, such as gasoline; and daily life odors, such as kitchen waste, were typical responses (Figure 3D). Regarding olfactory problems, there were no significant differences between the ASD and non-ASD groups (Χ2 = 0.72, df = 2, p = 0.70; without suspected cases: Χ2 = 0.79, df = 2, p = 0.67), the ADHD and non-ADHD groups (Χ2 = 4.21, df = 2, p = 0.12; without suspected cases: Χ2 = 4.01, df = 2, p = 0.13), and SLD and non-SLD groups (Χ2 = 2.44, df = 2, p = 0.29).



3.4.5. Taste problems

There were many descriptions of the textures and certain foods (Figure 3E). There were few answers regarding “salty/sour/sweet/bitter/umami” (basic taste) tastes; however, some participants reported that they disliked strong tastes, such as strong seasonings (umami), salty, and sour tastes. Academically, texture is considered a somatosensory sensation, not a taste sensation. No significant differences were found between the ASD and non-ASD groups (X2 = 0.082, df = 3, p = 0.99; without suspected cases: Χ2 = 0.047, df = 3, p = 0.997), ADHD and non-ADHD groups (Χ2 = 1.64, df = 3, p = 0.65), and SLD and non-SLD groups (Χ2 = 1.89, df = 3, p = 0.60) regarding taste problems.



3.4.6. Proprioception problems

Representative descriptions were categorized as “problems with body representations,” “problems with force controls,” “problems with coordination/fine movements,” and “problems with posture control” (Figure 3F). No significant differences were found between the ASD and non-ASD groups (Χ2 = 3.24, df = 4, p = 0.52), ADHD and non-ADHD groups (Χ2 = 5.09, df = 4, p = 0.28), and SLD and non-SLD groups (Χ2 = 5.20, df = 3, p = 0.27; Without suspected cases: Χ2 = 6.54, df = 4, p = 0.16).



3.4.7. Vestibular problems

Vestibular problems were categorized as “dizziness,” “not good at balance,” and “prone to motion sickness” (Figure 3G). Regarding “prone to motion sickness,” only responses by the non-ASD group were classified in this category. Therefore, between the ASD and non-ASD groups, the X2 test revealed group differences in vestibular problems (Χ2 = 11.4, df = 3, p = 0.0097; without suspected cases: Χ2 = 10.7, df = 3, p = 0.013). The residual analysis showed fewer reports for “prone to motion sickness” in the ASD group (adjusted residual = −2.90, p = 0.0038; without suspected cases: adjusted residual = −2.83, p = 0.0047; Supplementary Figure S2D; Supplementary Tables S5D, S6D). Contrastingly, no significant difference was found between the ADHD and non-ADHD groups (Χ2 = 2.44, df = 3, p = 0.49) and the SLD and non-SLD groups (Χ2 = 1.59, df = 3, p = 0.66).



3.4.8. Other problems

For “other sensory problems,” the descriptions were categorized as temperature-related problems, weather-related problems (such as temperature and atmospheric pressure), and pain-related issues (Figure 3H). Some participants described multiple sensory issues that could occur simultaneously, such as audiovisual, tactile, temperature, and olfactory problems. No significant difference was found between the ASD and non-ASD groups (Χ2 = 9.09, df = 6, p = 0.17) or the SLD and non-SLD groups (Χ2 = 3.37, df = 6, p = 0.76; without suspected cases: Χ2 = 3.44, df = 6, p = 0.84). Contrastingly, the Χ2 test revealed marginally significant differences between the ADHD and non-ADHD groups (Χ2 = 12.3, df = 6, p = 0.055; without suspected cases: Χ2 = 12.1, df = 6, p = 0.096). The residual analysis showed that reports regarding problems about “pain” were fewer in the ADHD group (adjusted residual = −2.36, p = 0.018; without suspected cases: adjusted residual = −2.32, p = 0.021; Supplementary Figure S2E; Supplementary Tables S5E, S6E). Additionally, as described in the Methods section, there were some descriptions of communication and interpersonal difficulties that could not be considered as sensory issues.





4. Discussion

This study investigated the characteristics of sensory issues in individuals with neurodevelopmental disorders using a web-based questionnaire and examined (1) the priority of the sensory issues; (2) the differences in sensory issues among individuals with ASD, ADHD, and SLD; and (3) the content of sensory issues with wide diversities.

Auditory problems accounted for nearly half of the most distressful sensory issues reported by participants, which coincides with previous studies suggesting the significance of auditory problems (23, 24). Therefore, the results suggest that auditory problems account for most distressful problems in individuals with neurodevelopmental disorders and that coping with auditory hypersensitivity and difficulty in selective listening are important for reducing issues in their daily life. Reduction of background noise by headphones or earplugs with a noise-canceling function is one of the most promising solutions to improve QoL for individuals with neurodevelopmental disorders (38).

As shown in Figure 1A, the frequency of visual problems was the highest after auditory problems. Particularly, in the SLD group, there was a high frequency of visual problems, (Figure 2C). In addition to typical visual hypersensitivity (e.g., aversion to dazzling lights), confusion about visual information and reading difficulties were also reported. Problems with difficulty in reading and abnormal vision, which were highlighted in the SLD group, may be related to the features of dyslexia. The SLD group may have included individuals with Irlen syndrome, which is also characterized by reading difficulties, abnormal vision, and visual hypersensitivity (19, 20, 39, 40). These characteristics were similar to those of the visual problems found in the SLD group. However, Irlen syndrome is not a medical diagnosis, and some researchers believe that some of its symptoms can be explained by eye movement disorders rather than sensory processing (21, 41, 42). Additionally, visual problems tended to be relatively more common in the middle-aged group (Supplementary Table S4). The effects of aging may be related to this result.

Contrastingly, in the ASD group, except for “other problems,” tactile problems were the most common, after auditory problems (Figure 2A). This result suggests that tactile problems are more likely to manifest in individuals with ASD. Most tactile problems were related to disturbing tactile sensations (e.g., clothes tags, clothing materials, and human contact), suggesting the existence of tactile hypersensitivity. Consistently, several previous studies have suggested that sensitivity for detection of tactile stimuli is high among individuals with ASD (43, 44), supporting the present result that aversion to touch is more critical than selective attention. The relationship between tactile temporal resolution and hypersensitivity in individuals with ASD (45) also supports this view. Additionally, among those who reported tactile problems, a certain percentage of participants also reported auditory problems (Figure 1B). Therefore, we must consider the possibility that tactile hypersensitivity prevents the use of headphones to cope with auditory hypersensitivity. Furthermore, various other sensory modalities were selected as distressful sensory issues (olfactory, taste, proprioception, vestibular, and others). Considering methods to cope with various sensory issues, this study clearly shows that we need to consider the co-occurrence of auditory and tactile problems.

In the free-writing analysis, we asked participants to describe the kinds of sensory issues that they face. Most responses were related to sensory hypersensitivity; in auditory, visual, and olfactory problems, there were cases where some distressful sensations such as specific stimuli, strong stimuli, and fluctuating stimuli were reported. In the case of auditory problems, examples of specific sounds included high-frequency sounds, such as children’s crying and electronic sounds. Loud and sudden sounds were also reported as distressful, suggesting that difficulty in stimulus prediction is related to hypersensitivity, as previously hypothesized (46). In other words, if a sensory stimulus is difficult to predict for the person, it will be perceived as a strong stimulus that arises suddenly. Regarding visual stimulus, it was noticeable that strong light such as sunlight was dazzling; however, the responses also suggested that visual stimulus at specific wavelengths, such as LEDs, primary colors, and blinking lights, are distressing. The fact that changing stimuli, such as blinking lights, is distressful, suggests a commonality with auditory problems. Regarding olfactory problems, descriptions of specific odors, such as daily life and car odors, were conspicuous. Most of the odors were generally so-called bad odors.

In other cases, various stimuli occurring simultaneously made respondents feel tired, even if individual stimuli were not distressful (confusions by “many sounds,” “lot of visual information,” and “various odors”). This type of hypersensitivity may be caused by sensory filtering for suppressing distractors or paying attention to targets (47, 48). We speculated that the difficulty in selective listening was caused by a similar mechanism; that is, it is difficult to suppress noise and voices other than that of the speaker’s (“the cocktail party effect”).

An additional analysis was conducted to examine changes in the priority of sensory issues by age groups. The result shows that the taste problem was relatively more common in the minor group, while it was less common in the middle-aged group. The taste problem may decrease with age. The fact that minors cannot choose the content of their meals, as represented by school lunches, may make the taste problem more apparent. Additionally, some taste problems (more than one-fourth) are related to food textures and should be strictly classified as somatosensory in the oral cavity. Considering this, it is appropriate to interpret “taste problems” in this survey as problems related to food (including taste, tactile, and olfactory), rather than simple taste problems. However, since there were some descriptions of basic tastes, we believe that there is indeed an issue with the taste itself. For proprioception and vestibular problems, a variety of answers were provided in the free-writing field. Since integration with other sensory signals is also important for body representation and postural control, and not only sensory information processing but also motor control issues are involved (49), the background needs to be carefully considered.

To implement evidence-based supports for the sensory issues in individuals with neurodevelopmental disorders, it is critical to clarify the neural basis of the sensory issues. Although deficits in sensory filtering, impaired predictions of sensory signals and so on (46, 48) have been proposed as possible mechanisms, the neural basis remains unclear. In this context, it is important to consider several syndromes with ASD characteristics, such as Fragile X syndrome, for which the causative gene (Fmr1) has been identified and the pathophysiology is becoming clearer. Moreover, Fragile X syndrome have prominent sensory issues such as auditory hypersensitivity, along with ASD characteristics (50–52). A variety of electrophysiological features have been reported, and it has been discussed that abnormalities in inhibitory PV neurons are associated with auditory hypersensitivity from studies of the model mice. It is also known in other mouse models (e.g., Shank3-KO mice) with a disturbance in the excitatory-inhibitory balance have characteristics related to the sensory hypersensitivity, such as enhanced tactile responses (53), and it is quite possible that a similar phenomenon may be responsible for sensory hypersensitivity in humans. Thus, basic research at the molecular level is promising for elucidating the mechanisms of sensory issues. Clarification of the basic mechanisms for each of the diverse sensory issues presented in this study will be essential for development of evidence-based support in the future.

This study had some limitations. First, diagnoses were based on participants’ self-reports, which included a small number of cases of “suspicion at the clinic.” Although the results showed almost same trends when the suspected cases were removed, these could be potential limitations. Additionally, regarding their diagnoses, participants were asked to respond based on their diagnosis at the time they were diagnosed. Thus, the ASD group includes participants with diagnosis of autism, Asperger’s syndrome, and pervasive developmental disorders. Moreover, many overlapping cases (e.g., ASD and ADHD) were included. The present analysis focused on the characteristics of each disorder; however, this is another limitation of this study, as overlap might cause unique sensory issues. Further investigation is needed with more cases with clear diagnoses. Second, the survey was restricted to individuals who were aware of their sensory issues and voluntarily participated in the survey. Therefore, it is possible that a sample bias exists when compared to the average representation of individuals with neurodevelopmental disorders. In addition to the possibility of differences in the manifestation of sensory issues, this might reflect differences in interest in the topic and hesitancy to participate in a research study. In addition, respondents’ cognitive capacity was not controlled for in this study because the respondents were widely recruited. Therefore, future surveys with diverse samples should control variables such as gender, social background, and cognitive capacity to reduce bias in responses. Third, the survey asked participants to list the sensory issues they experienced and assess their diversity and severity. Therefore, the degree of impact on QoL needs to be re-evaluated.

Among sensory issues, auditory problems (i.e., mainly hypersensitivity) are the most distressing in individuals with neurodevelopmental disorders. However, individuals with ASD also experience more tactile problems along with auditory problems. Contrastingly, individuals with SLD frequently report more visual problems. Among sensory issues, in addition to aversion to sudden, strong, or specific stimuli, they often reported confusions regarding multiple simultaneous stimuli. These results suggest that the diversity of sensory issues should be carefully considered when aiding individuals with neurodevelopmental disorders.
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1 cannot touch water; thus, it is painful to wash and bathe

Thave been reluctant to touch things that feellike clay from a young age
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1do ot like to be touched suddenly. Its not so much painful as it is ticklish and uncomfortable:

1 feel uncomfortable if someone touches my hand or arm even a litte. I feel disgusted even with family members
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Igetitchy in places on my body, mostly when I am tired owing to going out or thinking

T cannot stand the fine unevenness of my body and I scratch my skin
D. Olfactory problems
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Smel of air fresheners, fabric softeners, perfumes, cologne, and cigarettes give me headaches, which affects my ability to think, work, study, and read

LN AR ]

I cannot stand the smell of gasoline in the car, and when I get in the car, the smell makes me feel intoxicated
Even the slightest body odor makes me feel sick. My own body odor also feels unpleasant

Various odors, b 5B BEOEKPIHEA REAELI T APOUOLE OBRELHTASTET, HiliekoTL &S
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‘Al Kinds of smels (perfumes, air fresheners, fabric softeners, food smells,etc.) come together and make me almost lose consciousness

The smell of all kinds of things makes me feel sick

E. Taste problems
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‘When T chew mushrooms, the shape of it remai

. S, 1 feel bad, and I cannot swallow them

I cannot eat rice with eggs because of textures of chicken skin and egg whites
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1 feel bad and cannot eat what most people consider to be delicious (e.g, raw seafood such as sashimi)
“There is hardly anything that I can eat at school lunches. T can eat only white rice
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Eating foods with a lot of chemical seasoning or a strong salty taste gives me headache and nausea (e.g. cup noodles, snacks)

Too much sweetness makes me not want to eat or makes me feel sick (e.g., milk chocolate, some desserts, and soft drinks)
. Proprioception problems
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T'm not sure which side is left or right, and I do not know where I am in space

Tam not good with tools. T keep bumping into objects and can hardly avoid it
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T cannot control my strength, especially when I'm impatient or impulsive
Even f I do not put much effort into it,  sometimes break objects
Coordination/ FROIRBAL o120 REFTBo L ILIDPE LV EEHDB L
fine movements | £H1 A5 ¢ 4 00
Tam clumsy with my hands or not able to move my body wellin the way I think in my head at times
Tam not able to thread a needle
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I cannot keep my body upright, I sometimes move easily

My trunk is weak, making it ifficult to maintain proper posture

G. Vestibular problems

Dizziness HTABORCORNAD 3 & HZP 3508, s BEnhz
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1 get dizzy and lightheaded when I'm not fecling well o when I'm worried

1 get dizzy when I look ata display shelf in a supermarket or go to an intersection
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Tcannot walk well. I not good at keeping my center of gravity, and I have a habit oftwisting my ankle outward. Although I do not feel any pain, I feel embarrassed
Tlose my balance or get dizzy on escalators. I suddenly lose the ability to move my body, such as how to walk, and get stuck
Motion sickness | 3 0¥t e % & SR T T L & > CHBAEHIE
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Tam exhausted from riding vehicles and find it difficult to commaute
Prone to seasickness and trapeze sickness

H. Others
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I suddenly feel so hot that I cannot stand it and feellike ' going to collapse. Once I feel cold, 1 have to turn  heater on to get warm

I cannot tell if T'm hot or cold (its harder to feel cold than hot), and T often get sick by wearing clothes that do not match the temperature
Air pressure WERTHBE S (B, Foo%] ELIOHDNS. HHBCT 5B ko1 N BBCL S
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Tcan detect a drop in air pressure, “Oh, its going down” It causes ear blockage, headache, feeling sick, or depression

1 feel better or worse depending on weather changes. 1 am sensitive to changes in air pressure
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I6s not that any one sense is particularly strong, but that almost any sense can become unpredictably sensitive depending on the situation or circumstance

All senses are sensitive and emphasized
Pain PUBE AR IERR AL L MR B
BRELTLAThEL. HRTOTLDRSLL
Chronic pain or numbness in extremities
1 cannot notice when I am injured. I do not know if I am tired
Target RO WHOATEFACAS TOT BEET LTI CMIBL B
temperature LY TS MG EHOAS BN ZTRET L ETLMBL. e auLth & €A
As to temperature of the hot springs, even the temperature that normal people can enter without any problem, I feel it as being very hot
As to microwaved foods, I feel so hot that I cannot even touch it without a cloth
BYR B IRAE L & B & THIGR T LR ORBEKL 20, L LRITHITZ T
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Once I concentrate, I do not feel the passage of time for hours until my body is exhausted

WA mmD | 2050 T LI O8I

Time

Orit takes along time to act,and it is hard to feel the passage of time for that, as well

Bosiriodiiof duicriotiong of senciy problei i eschioutiaoey die showiins o) st i Rioisse s ttipiied by B trnkbaticns.





OPS/images/fpsyt-14-1077542-g003.jpg
Visual

Dazzling

Lot of visual
stirmuli
‘Specific visual
stimulus
Difficulty in
readling

Abnormal vision|

ol

Specific sounds
Seleciive listening
Wany sounds
Large sound

Sudden sounds|

Rate

Others

Auditory

h

Others Others
0 01 02 03 04 05 06 0 0.1 02 03 04
Touch 5 Offactory
Clothes
Speciic odors
Specific target
Contactto Various odars
Rirars
ftch Others
Biers o 9z 04 06 08
0 Xl 0z 05 G4
Taste F Proprioception
Body.
representations
Texture
Force control
Specific foods.
Coordinaton and
Basic taste ine movement
Others. Posture control
0 01 02 03 Others
o 0 02 6
G Vestibular H Others
Temperature
Dizznesy Air pressure
Sense of
gnse of Mutisensory
Motion sickness| )
Target
temperatie
Others
Time
G 6z 03 04 05 06

02 03 04
Rate

°





OPS/images/fpsyt-14-1077542-t001.jpg
Male 172
Female 230
Not specified 13
Total 415

B. Age range (years)

<6 7
<12 50
<18 56
<23 38
<30 6
<40 61
<50 84
<60 51
<70 3
Total a15

C. Responder

In person 274
Parent 14
Supporter 27
Total 415

D. Current position

Preschool 12
Elementary school 5
Junior high/high school 6
Special support schools 4

igher education 2
Working 174
Working as a welfare worker 0
Other 7
“Total (including duplicated responses) 443

For current position, 28 duplicated responses (14 participants) are included. Bolded numbers
indicate total.
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