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Auditory environments influence
the link between Autistic traits and
quality of life

R. Poulsen®*, D. W. Tan®23* P. F. Sowman{5¢, D. McAlpine®* & E. Pellicano®2’

Autistic people often report a heightened sensitivity to sound. Yet, research into Autistic people’s
auditory environments and their impacts on quality of life is limited. We conducted an online survey to
understand how auditory environments influence the relationships between Autistic traits and impacts
on quality of life (iQoL) due to sound sensitivity. We also sought to determine strategies that Autistic
people use to navigate auditory sensitivities in daily life.

296 Autistic adults (58.4% women, 15.9% men, 24.3% non-binary +) aged 18-71 years completed
the survey comprising a questionnaire with bespoke items measuring auditory experiences in
different environments (e.g., noisy vs. quiet) and measures of Autistic traits and iQoL. Our path
analyses revealed a significant indirect effect of aversive auditory environments on the relationships
between all domains of Autistic traits and iQoL. Notably, the association between non-verbal social
communication trait and iQoL was fully mediated by all forms of auditory environments. Additionally,
most (n=217, 73.5%) Autistic participants reported using earplugs and headphones to manage
their sound environments in everyday life. Our study demonstrates that many aspects of auditory
environments—beyond noise alone—can negatively impact Autistic people’s QoL. Addressing barriers
created by auditory environments through accommodations should improve QoL for Autistic people.
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Deriving meaning from the world requires processing extensive sensory information to generate embodied and
immersive phenomenological experiences. These experiences can hold a range of positive or negative valences,
shaping our perceptions, beliefs, thoughts, and actions.

Autism is a neurodivergent condition, characterized by differences in communication and social interaction,
repetitive behaviours and focused interests. Additionally, since the introduction of the DSM-5 in 2013, sensory
differences have been explicitly recognised as a core characteristic of autism'. Compared to the general
population, “Autistic” people (we have also chosen to capitalize the word Autistic to indicate a proper adjective,
which reflects its status as a robust and valued identity and shared community, similar to the Deaf community?)
consistently report heightened sensivity to sound. This heightened sensitivity can generate unique challenges and
needs for Autistic people as they navigate their everyday environments®. However, growing evidence suggests
that differences in auditory experiences between Autistic and non-Autistic people extend beyond reported
hyper-responsivity to sound or reduced sound tolerance to encompass a wide range of perceptual phenomena,
including expanded access to auditory information®, heightened perception to pitch®, difficulties dealing with
speech in background noise”*%, and taking longer to adapt to auditory environments®. These differences are likely
related to increased sensitivity to sound®!®!1,

Emerging evidence suggests that differences in sound perception and processing between Autistic and non-
Autistic people extend beyond the auditory domain to influence cognition'?, including social'*-!* and non-
social traits'®13. For example, altered auditory processing in Autistic people has been shown to negatively affect
non-verbal social communication abilities, such as discerning speech in noisy settings and interpreting nuanced
or complex auditory social cues®!*?. Further, some Autistic people may engage (consciously or subconsciously)
in camouflaging or masking behaviors to manage perceived hostile auditory environments, including adapting
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or masking their natural responses to auditory stimuli??2. These behaviors are particularly evident in social
situations, where Autistic individuals may attempt to conform to presumed neurotypical norms or manage
sensory overload?! =%,

Auditory environments (AE’s) may also influence non-social Autistic traits. Cognitive flexibility—the
ability to switch between tasks—may become more difficult due to variability and uncertainty in the auditory
environment?. Self-regulating repetitive behaviors could, therefore, serve as a response to manage auditory
sensitivities, improving one’s ability to navigate cognitively-taxing demands from the environment'. Finally, the
relationship between auditory processing and other sensory modalities may increase the propensity for sensory
overload by increasing cognitive demands, leading to sensory meltdown or shutdown?*-?’. Shutdowns and
meltdowns are adaptive responses to overwhelming sensory input and often arise when self-regulation strategies
are no longer sufficient’®?. These increased cognitive demands may, in turn, contribute to short- and long-term
avoidance of certain situations or increased reliance on self-regulatory mechanisms to manage (overwhelming)
sensory input.

The impact of auditory processing challenges on the everyday lives of Autistic people’s may be far-reaching?,
with ubiquitous environmental landscapes such as busy streets, crowded public spaces, and work or educational
settings rendered overwhelming due to the cacophony of sounds®*-*. Further, emerging evidence suggests
that such experiences are not fixed but can fluctuate based on context*®*’, transforming sensory discomfort
from inconvenience into a significant barrier that can impede participation in education and employment and
opportunities for social interaction®®3°. The consequence of this can be to lower the extent to which Autistic
people access a wide range of community spaces and generation of short- and long-term sensory distress?”-3440,
Consequently, these challenges can limit experiences of autonomy and self-determination essential for even the
most basic quality of life (QoL)2 Despite this growing body of evidence, however, the impact of AEs on everyday
QoL for Autistic people remains largely unexplored.

Here, we sought to address this gap. Our aims were threefold. We first investigated the relationships between
Autistic traits, auditory sensory experiences, and the iQoL due to sound sensitivity. We then examined the
mediating effects of different types of AEs on the relationship between Autistic traits and the iQoL due to sound
sensitivity. Finally, we sought to understand strategies or technologies Autistic people use to support their
auditory sensitivities or auditory well-being.

To achieve these aims, Autistic adults completed several questionnaires, including an assessment of Autistic
traits—the Comprehensive Autistic Trait Inventory (CATI)*:%%; a bespoke Auditory Environments (AEs)
questionnaire tapping the perceived experience of different types of environmental noise, listening environments
with single or multiple talkers, and the effects of auditory phenomena such as adapting to environments,
reverberation, and sound directionality; and the Multidimensional Inventory of Sound Tolerance (MIST-A)*,
which includes a subscale to measure the impact of acoustic environments and events on QoL relating to sound
sensitivity (iQoL). We also asked participants to indicate technologies or strategies they used to navigate AEs
that positively impact QoL.

We hypothesized that Autistic people with higher levels of social and non-social Autistic traits report more
frequent negative auditory experiences from differing AEs and that these experiences affect QoL. We also
hypothesized that specific AEs significantly mediate the association between Autistic traits and iQoL.

Methods

Participants

A total of 484 people attempted the survey. Following best practices for online surveys**, those who completed
less than 80% of the survey (n=188; 38.8%) were excluded from the analysis to ensure the quality and reliability
of the data. Data from the remaining 296 participants, aged 18 to 72 years (M =37.84, SD =11.4), were included
for analysis (see Table 1). Of these participants, 173 (58.4%) identified as women, 47 (15.9%) as men, 58 (19.6%)
as non-binary, and 14 (4.7%) stated other gender identities (including agender, demi-gender woman, gender
diverse, gender apathetic, gender queer, gender fluid, and male). Four people (1.4%) preferred not to disclose.

Of the 296 participants, 201 people (67%) reported having received a clinical diagnosis of an autism spectrum
condition (M age of diagnosis=32.3 years, SD=14.4, range=2-67), while 84 people (28.4%) self-identified
as Autistic. In the survey, participants were asked whether they had received a formal autism diagnosis from
a qualified healthcare professional (e.g., psychologist, psychiatrist). Those who indicated a clinical diagnosis
provided further information on their specific diagnosis—that is, whether they were diagnosed with autism
spectrum disorder, Asperger syndrome, or pervasive developmental disorder (not otherwise specified). Eleven
participants (3.7%) identified as Autistic but preferred not to disclose whether they self-identified or were
clinically diagnosed and, therefore, were included in the sample. Participants were specifically asked whether
they had been diagnosed with any co-occurring conditions by a healthcare professional (e.g., psychologist,
psychiatrist). Most participants (n=240; 81.1%) reported having at least one co-occurring condition (see Table
2), most commonly anxiety (n=185; 62.5%), depression (n=152; 53.4%), Attention Deficit Hyperactivity
Disorder (ADHD; n=111; 37.5%) and Post Traumatic Stress Disorder (PTSD; n=64; 21.6%).

In the current study, we intentionally recruited and included both clinically diagnosed and self-identified
Autistic participants. The inclusion of self-identified Autistic people is supported by growing recognition that
access to clinical diagnosis is often limited due to systemic barriers such as gender biases, socioeconomic factors,
and restricted access to diagnostic services*>~*”. The CATI has been included in the current study as a measure
of Autistic traits, rather than a diagnostic screening tool, a methodology recommended by the CATT authors*!+42.
To support the merging of both clinically and self-identified groups, we conducted group comparisons and
found no meaningful differences between Autistic participant groups (see Supplementary Table 1; Cohen’s
d=-0.02 to — 0.39). Furthermore, we compared our samples to existing studies**> and found that both groups
were within the range observed in Autistic populations. While individual variability exists, this distribution
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IN [%
Age (years)
Under 25 44 | 149
26-32 67 |22.6
33-39 57 193
40-46 58 | 19.6
47-53 40 13.5
54-60 20 6.8
61 and over 10 34
Sex at birth
Male 56 | 189
Female 229 | 77.4
Prefer not to say 11 3.7
Gender
Man 47 1159
‘Woman 173 | 58.4
Non-binary 58 |19.6
Different gender identity 14 4.7
Prefer not to say 4 1.4
Ethnicity
White 264 | 83.0
Hispanic 12 4.1
Asian 12 41
Maori or Indigenous New Zealander 5 1.7
Middle Eastern or South African 4 1.4
African American/black 3 1.0
Native American 3 0.9
Australian Aboriginal and/or Torres Strait Islander 1 0.3
Other (included Indian, Italian, Filipino, Romani, Australian) | 14 4.7

Table 1. Participant demographic Information.

N |%
Autism diagnosis
Clinical 201 | 67.9
Self-identify 84 284
Prefer not to say 11 |37
Condition*
Anxiety 185 | 62.5
Depression 152 | 53.4
Attention deficit hyperactivity disorder (ADHD) 111 | 37.5
Post-traumatic stress disorder (PTSD) 64 |21.6
Obsessive compulsive disorder (OCD) 27 19.1
Eating disorder 27 191
Bipolar disorder 16 |54
Borderline personality disorder 8 2.7
Substance abuse disorder 8 2.7
Tourette syndrome 8 2.7
Dissociative disorder 4 1.4
Schizophrenia 3 1
Other (includes Irlen syndrome, dyslexia, gender dysphoria, unspecified trauma, social phobia, agoraphobia) | 32 | 10.8

Table 2. Autism Diagnosis Type and Co-occuring Conditions. *Participants could select multiple conditions;
hence, the total percentage for co-occurring conditions is greater than 100%
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strongly suggests that both groups are comparable in their level of Autistic traits, justifying their inclusion as a
single group for analysis*!.

Procedure

Ethics approval for this study was granted by the Macquarie University Human Research Ethics Committee
(Ref 52023563048250). All research was performed in accordance with relevant guidelines/regulations*®. All
participants provided informed written consent. Survey data were collected over three months in a secure online
hosting service, REDCap?®*. The research team provided any necessary accommodations for participants to
complete the survey in an adapted way that suited their individual needs, such as completing the survey offline
or with the support of a caregiver. The survey was designed to ensure that participants could provide feedback
throughout. Participants (Autistic adults aged 18+ years, anywhere in the world) were recruited through
snowball convenience sampling®' and leveraging existing networks and community organizations using online
platforms and word-of-mouth.

Measures

Comprehensive autistic traits inventory (CATI)

The CATI is a self-report questionnaire designed to assess Autistic traits in adults in the general population
We chose this measure over traditional measures (e.g., Autism-spectrum Quotient) as it is one of few
psychometrically validated measures to include sensory features. It consists of 42 statements related to six trait
dimensions associated with autism: (1) Social Interactions, (2) Social Communication, (3) Social Camouflage, (4)
Self-Regulating Repetitive Behaviors, (5) Cognitive Flexibility, and (6) Sensory Sensitivity. Each subscale includes
seven statements and asks participants to rate the extent to which they agree on a 5-point Likert scale, ranging
from ‘1’ (definitely disagree) to ‘5’ (definitely agree). The total CATI score is calculated by summing all items’
scores (ranging from 42 to 210). It captures the subjective experiences of an individual related to these traits,
with higher scores reflecting a stronger endorsement of the described experiences or a more frequent use of
described strategies. An initial validation study showed that CATI has excellent internal consistency for total-
scale scores (Cronbach’s a=0.95) with good internal consistency for subscales (all Cronbach’s as > 0.81), superior
predictive ability for classifying autism (Youden’s Index of CATI=0.62 vs Autism-spectrum Quotient=0.59),
and demonstrated measurement invariance for sex*!. In the current sample, the internal consistency was high
for total-scale (a=0.896) and good for individual subscales (a=0.734 - 0.831; see Table SI).

41,42

Auditory environments (AEs) survey

The AE survey was specially designed to capture experiences of AEs across various contexts. It includes 15 items
about the experience of auditory environments, including sound tolerance to noisy and quiet environments,
single and multiple speakers, environments with reverberation, sound directionality and the ease or difficulty of
getting used to auditory environments. Participants were asked to rate how much they agreed with the statements
on a 5-point Likert scale, ranging from ‘1’ (definitely disagree) to ‘5’ (definitely agree). Table S2 shows the items
and participants’ mean score of each item.

To reduce the dimensionality of the AE instrument, we performed an exploratory factor analysis on the 15
items using Principal Component Analysis with Oblimin Varimax rotation. Kaiser Normalization, including the
Kaiser-Meyer—Olkin (KMO) criterion, guided the determination of the optimal number of retained factors by
assessing their ability to explain variance in the data. Factors with an eigenvalue greater than one were selected,
and items with factor loadings greater than 0.40 were retained. This analysis extracted four factors, and all 15
items were retained for analysis (see Table S3). This factor structure explained 50.8% of the variance. Factor scores
for each participant were computed using the regression method in SPSS which assigns weights to responses to
each survey item according to their respective factor loadings, sums these to produce a score for each factor, and
then adjusts the weights to account for the varying number of items in each factor.

The four factors were Adverse AEs, Tolerable AEs, Adapting to AEs, and Complex AEs. The first factor, Adverse
AEs, included six items primarily related to experiences in noisy environments. Tolerable AEs included three items
related to auditory environments that respondents scored low (less than 2) on the 5-point Likert scale, meaning
they disagreed with the item statement (See Table S2). Adapting AEs included two items describing the ease of
getting used to an environment. Complex AEs included four items describing scenarios with multiple sound
sources (e.g., 2+ speakers) or included the perceptual component of an auditory scene (e.g., reverb or sound
direction). These four factors were used in the subsequent data analysis. The Cronbach’s a for the four factors
are 0.66, 0.62, 0.70 and 0.24, respectively. While all four factors show reasonable to poor internal consistency,
particularly the fourth factor, it is important to note that this measure is bespoke and of an exploratory nature
rather than a confirmatory validation. The poor internal consistency of the fourth factor may indicate weak
inter-relatedness between items, possibly due to the varied nature of the AEs the items captured and variability
in the impact of these items on different individuals, possibly explaining the heterogeneity in this population®.
Nevertheless, we included factor four in our analysis due to its theoretical and experiential relevance and the
unique insights it provides on the more unexplored aspects of auditory environment experiences, such as
reverberation, directionality and multiple speakers in different environments. This measure aims to identify
potential patterns and relationships that may inform future research into the complexities and subtleties of the
heterogeneous population under investigation.

Quality of Life on sound sensitivity measure

We used a subscale of the Multidimensional Inventory of Sound Tolerance (MIST-A)*, a measure of sound
tolerance sensitivity, to determine the impact of sound sensitivity on QoL. The iQoL subscale consists of eight
items asking participants how sound sensitivity affects their daily QoL, including their ability to undertake
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everyday tasks, participate in social and community life, and their well-being and relationships. Respondents
indicated how much sound sensitivity affects QoL on each item on a 5-point Likert scale, ranging from ‘0’
(not at all) to ‘4’ (very much). Based on Williams et al’s recommendation®’, the normalized mean score was
calculated to represent the average response per question (normalized total mean =2.28, SD =0.86). The higher
the total QoL score, the more QoL is negatively impacted by sound sensitivity. In the current sample, the internal
consistency for the iQoL was excellent (Cronbach’s a=0.92).

Auditory devices and technologies

As part of our bespoke survey, we also asked people to state which, if any, hearing/listening devices or technologies
they used as well as the duration they use these devices on an average day. We did this to understand how
Autistic adults employ technologies in everyday life to reduce barriers created by auditory environments. We
also asked how long people employ these technologies in a day, with tick box answers ranging from under
30 min to over 16 h.

Data screening

SPSS (Version 29.0.0) was used for analysis. Data were cleaned and screened before formal analysis. Preliminary
analyses of the CATT subscores and the QoL measure identified five univariate outliers based on z-scores
between +3.29°%. This small percentage of outliers (1.69%) is within the acceptable range (usually 1-2%)>*
suggesting that the outliers are unlikely to influence our findings®>~%’, hence these data points were retained.
Multivariate outliers were assessed using Mahalanobis distance, with the results compared to a critical value from
the chi-square distribution for all variables at a significance level of p<0.001, as recommended by Becker and
Gather®®. The identified outliers represented approximately 2.4% of the sample which is well within the acceptable
range of 5-10%°%%. Therefore, the responses of all 296 participants were retained for analyses. Normality was
checked for all CATI variables and the iQoL variables; all variables showed acceptable skewness (between -2
and 2) and kurtosis (between — 7 and 7). Finally, the normally distributed residuals, homoscedasticity, and
multicollinearity assumptions were tested. The residuals were normally distributed, and the assumption of
homoscedasticity was satisfied. Multicollinearity was evaluated to be within the acceptable range, with variance
inflation factor values well below 10 and tolerance values above 0.16!.

Community involvement statement

The research team, led by an Autistic researcher, worked with an Autistic steering committee throughout this
project®®®3. Four Autistic people (researchers and non-researchers) who ranged in age, life experiences, and
perceived support needs were brought together from the outset of the project to advise on the critical aspects
of the project, meeting several times online to make decisions about the research questions, survey design,
accessibility assessments, as well as participant recruitment. They had particular input on language use, survey
length, and tools used within the survey, including the decision to use the CATI (rather than other existing
Autistic trait measures). Autistic advisors were remunerated for their time and expertise.

Data analysis
To test the hypothesis that Autistic people with higher levels of social and non-social Autistic traits report
more-frequent negative auditory environment experiences and that these experiences negatively impact QoL,
we conducted correlational analyses between the CATT subscores, Auditory Environment (AE) factor scores
and iQoL due to sound sensitivity measure. To test the hypothesis that specific AE experiences demonstrate
a significant mediating effect on the association between Autistic traits and iQoL, we examined whether AE
influence the relationships between Autistic traits and iQoL, by performing a parallel mediation analysis
using Model 4 in PROCESS v4.2 macro for SPSS®. This model tests the direct effects of the AE factors on the
relationship between each Autistic trait and iQoL and determines whether any iQOL indirectly influenced by
individual AE factors (see Fig. 1 for conceptual model). The analysis used percentile bootstrapping with 5000
resamples at 95% upper and lower confidence intervals. Non-significant pathways in the model are indicated by
confidence intervals overlapping with zero.

Finally, we report whether Autistic people use devices or technologies to support their auditory sensitivities
or to enhance their daily auditory wellbeing, along with their self-assessed frequency and duration of use.

Results
Correlation analyses with CATI, AE and iQoL
We first sought to understand the broad relationships between CATI scores and AE factors measures with the
negative impact of quality oflife (iIQoL) due to sound sensitivity. Specifically, we determined significant correlations
between CATTI subscores and AE factors negatively impacting QoL, and found two AE factors to be significantly
correlated with iQoL. Adverse AE were most strongly correlated with iQoL scores (r=0.423, p<0.001) as were
Adapting to AEs (r=0.26, p<0.001). Further, as predicted, there were significant relationships between CATI
trait subscores and the iQoL score, including Social Interactions (r=0.239, p <0.001), Communication (r=0.139,
p<0.05), and Cognitive Flexibility (r=0.245, p <0.001). Self-Regulatory Repetitive Behaviors (r=0.260, p<0.001)
were also positively correlated with the negative iQoL due to sound sensitivity. See Table 3 for all correlations.
We next identified any significant relationships between AE factors and Autistic trait scores from the CATI.
Adverse AEs were significantly correlated with the social interaction subscale scores from the CATI (r=0.178,
p<0.01), as well as camouflage (r=0.291, p<0.001), cognitive flexibility (r=0.216, p<0.001), and repetitive
behaviors (r=0.327, p<0.001), whilst Tolerable AEs were positively correlated with communication (r=0.154,
p<0.01) and Adapting to AEs with social interactions (r=0.185, p<0.01). Adapting to AEs was positively
correlated with communication (r=0.179, p<0.01) and social interactions (r=0.225, p<0.01), and Complex
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Fig. 1. Path analysis model for each of the CATT subscores (a) social interaction, (b) communication, (c)
camoulflage, (d) cognitive flexibility, (e) self-regulating repetitive behaviors, and (f) sensory sensitivities. Red
paths indicate significant indirect effects. Blue paths indicate full mediation model. Black paths indicate non-
significant effects. Values indicate effect co-efficient. *p <0.05, **p <0.01, **p < 0.001.

AEs were positively correlated with social interactions (r=0.225, p<0.01) and social camouflage (r=0.254,
P <0.001), indicative of efforts to manage behavior in social contexts. The sensory sensitivity CATI subscore was
moderately significantly correlated with Adverse AEs (r=0.400, p <0.001), less, but still significantly, correlated
with Tolerable AEs (r=0.145, p <0.05), but not significantly correlated with Adapting and Complex AEs. These
outcomes likely reflect that the CATT subscore for sensory sensitivity encompasses all sensory modalities but
only one auditory-specific item—addressing strong reactions to loud noises. The sensory sensitivity subscore
is less relevant to the Adapting or Complex AE factors, as both encapsulate more varied and complex auditory
environment experiences than the broader CATI measure.

AEs as mediators of the relationships between Autistic traits and iQoL

As Autistic trait from the CATI subscores were all correlated to iQoL, we next explored the influence of AEs
on these relationships. To investigate whether and to what extent AE factors mediate the relationship between
Autistic traits and iQoL, we tested six models, one model for each of the six subscores of the CATI (Social
Interaction, Communication, Camouflaging, Cognitive Flexibility, Self-Regulating Repetitive Behaviors, and
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Auditory environment factors
CATI subscores Co-efficient | Adverse | Tolerable | Adapting | Complex | Impact on QoL
Social 0.178** | 0.081 0.185** 0.225** 0.239***
Communication 0.09 0.154** 0.179** 0.208** 0.139*
Camouflage 0.291°%* 1 0.095 -0.099 0.029 0.254%%*
Cognitive Flexibility 0.216*** | 0.092 0.018 0.103 0.245%**
Self-Reg Rep Behaviors 0.327*** | 0.105 0.009 0.131% 0.260***
Sensory Sensitivities 0.400°* | 0.145* 0.105 0.114 0.4420*
Impact on QoL 0.423** 1 0.018 0.268*** 1 0.1

Table 3. Spearmans correlations of Autistic Traits, AE Factors and Impacts to iQoL. *p <0.05, **p <0.01,
***p <0.001 A subsequent Bonferroni analysis (o« =0.00142) identified correlations that would not remain
significant, which are highlighted in bold. Given the exploratory nature of this study, all non-corrected
correlations were retained.

Technology or device used N | %
Insert earplugs 132 | 44.6
Noise-cancelling headphones 130 | 43.9
Over-ear headphones without noise cancellation 83 |28
Sound generator (e.g., white, or pink noise machine) 41 | 139
Hearing Aid 11 |37
Combination device (hearing aid and sound generator, in the same device) | 1 0.3
None 79 267
Duration | Frequency | %

<30 min 45 22.06

30 min-2h | 70 34.31

2-4h 36 17.64

4-8h 33 16.18

8-12h 10 4.9

12-16h 3 1.47

16 +hours |7 3.43

Table 4. Technologies used in daily life (n=293, 99% responded). Participants could select multiple devices,
hence, the total percentage is over 100%. Duration devices and technologies used in a typical day used
specifically to block out or reduce noise (n=204, 70.6% responded).

Sensory Sensitivity) as independent variables, iQoL as the dependent variable, and the four AE factors as parallel
mediators. Of the six models, full mediation was observed in one model whereby the relationship between
the Communication trait subscore and iQoL scores was mediated by all four AE factors. We also observed a
significant indirect effect through the Adapting factor (B=0.0341, CI=[0.0144, 0.0538]; see Fig. 1b and Table
S4). All told, the Communication trait model accounted for 27.7% of the variance in iQoL scores, F(1, 284) =6.8,
p=0.0094.

In the remaining five models, we observed significant indirect effects of the factor Adverse AEs, suggesting
partial mediating effects in the relationship between iQoL scores and each of the remaining five CATI sub-scores
(see Fig. 1a,c—f). Additionally, significant indirect effects of the factor Adapting to AEs were observed in two
models involving Camouflaging and Sensory Sensitivities, indicating Adapting to AEs has a partial mediating
effects on iQoL (see Fig. 1¢ and f). Overall, the data demonstrate that Adverse and Adapting to AEs significantly
mediate the relationship between CATT traits and iQoL, highlighting the complex interplay between auditory
sensitivity and Autistic traits in determining QoL outcomes due to sound sensitivities.

Strategies to improve auditory experience in everyday life

Finally, to better understand how Autistic people navigate their daily auditory environments, we asked
participants what strategies or technologies they use and, on average, how long they use them per day. Most
participants (n=204; 68.9%) reported using some device to reduce any negative impacts of external sounds.
Many respondents reported using earplugs (n=123, 44.6%) and noise-cancelling headphones were used more
often (n=130, 43.9%) than headphones without noise cancellation (n==83, 28%). Hearing amplification (e.g.,
white noise generator) rather than noise suppression/cancellation was reported to be used by less than 3% of
respondents, and approximately one-quarter of participants reported using no sound technologies at all (see
Table 4). When asked how much a participant uses ear protection on an average day, responses ranged from
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under 30 min (n=45, 15.2%) to over 16 h (n=7, 2.4%), with the most common duration of reported use being
between 30 min to 4 h (M=1.66 h, SD 1.47, Table 3).

Discussion

We investigated how Autistic traits relate to everyday auditory environment experiences across different contexts
and how these experiences may negatively impact quality of life (iQoL) in individuals with sound sensitivities
associated with autism. Our data demonstrate that Autistic people who report a greater impact on their QoL
of their sound sensitivities experience significantly more challenges in Adverse AEs'!* and greater difficulties
in adapting to their AEs. From path analyses, our data also demonstrate that Adverse AEs and the ability to
adapt to these environments significantly mediate the relationships between different domains of Autistic traits
(quantified from the CATT) and the negative iQoL experienced by Autistic people.

Our data support the hypothesis that higher levels of Autistic traits are associated with more negative auditory
environment experiences and a greater impact on QoL due to sound sensitivities. All six CATI subscores were,
to varying degrees, significantly correlated with iQoL scores. Specifically, Autistic participants who reported
greater social and communication difficulties, more frequent use of camouflaging strategies and self-regulatory
repetitive behaviors, and greater cognitive inflexibility also reported experiencing a more profound impact on
QoL due to sound sensitivities>#6>-67,

Correlation analyses revealed that Autistic people who experience more challenges in Adverse AEs and
have greater difficulties Adapting to these environments also experience greater negative iQoL. The association
between Adverse AEs and iQoL is consistent with previous studies where Autistic people reported preferring quiet
environments relative to noisy®®. Notably, the factor Adverse AEs included items related to noisy environments
inducing feelings of tiredness, anxiety, and difficulties with concentration, as well as seemingly insignificant
sounds in quiet environments'"1”!°. On the other hand, Adapting to AEs included items describing whether
it is easy to “get used” to, or adapt to, an auditory environment if it is familiar or enjoyable, which overall,
respondents scored low (that is, disagreed with the item). Exposure to noisy environments over time negatively
impacted iQoL due to sound sensitivity, consistent with previous reports®®7!.

Nevertheless, we found that experiences around Tolerable AEs and Complex AEs were not significantly
correlated with iQoL. The null relationship between Tolerable AEs and iQoL is apparent given these auditory
environments are reportedly manageable among our participants. The non-significant relationship between
Complex AEs and iQoL is, however, unexpected; notwithstanding participants reporting considerable difficulty
with these auditory tasks associated with Complex AEs (see S1 for individual item results). The Complex AE
factor encompasses items such as the ease or difficulty in following conversations with two or more people
in both quiet and noisy environments, detecting the direction of sounds, and managing environments with
reverberation. A possible explanation for this null finding is that while these challenges are recognized, they
may not be as pervasive or consistently impactful as those captured by the Adverse and Adapting to AE factors,
both of which involve more salient experiences such as coping with noisy environments and getting used to
them over time. Difficulties represented within the items in the Complex AE factor might occur in more specific
or context-dependent situations, that, whilst challenging, may not dominate daily life to the extent that they
significantly impair overall QoL’2. The impact of more nuanced complexities of contextual auditory attention
and cognitive demands are little investigated®’. While research into multi-speaker environments has been
previously explored®7374, these studies have not specifically examined the influence of background noise in
shaping multi-speaker communication challenges.

In analyzing the relationship between the different domains of Autistic traits in the CATI and AE measures,
we found that different aspects of Autistic traits were related to each of the four types of AE. Autistic people who
reported greater difficulties in Adverse AEs had higher Autistic traits scores across all CATT subscores except
that of Communication. The significant correlations suggest that Adverse auditory conditions may exacerbate
difficulties in Social Interaction, Cognitive Flexibility, Sensory Sensitivities and greater use of Camouflaging and
Self-Regulatory Repetitive Behaviors. Additionally, more significant challenges in auditory environments generally
tolerated by Autistic people (i.e. the items in Tolerable AEs) were associated with greater Communication
difficulties and Sensory Sensitivities. This suggests that Autistic participants with heightened sensory sensitivities
may still struggle to cope with auditory environments that other Autistic people usually tolerate. While
Communication trait scores were unrelated to difficulties around Adverse AEs, they were significantly associated
with Tolerable ones. Further, Communication traits in the CATI subscale include challenges in reading non-verbal
cues, understanding figurative language, and comprehending unspoken social rules. The lack of correlation
between the Adverse AE factor and Communication may reflect the focus of the Adverse AE items on auditory
experiences like tiredness, anxiety, or difficulty concentrating, rather than auditory environments with a social
or communicative component, which are better captured by the Complex AE factor through its multi-speaker
scenario items. Considering the visual component of social communication, it is possible that it may not be the
noise level alone that challenges these largely non-verbal visually-driven aspects of communication but rather
the complexity and amount of information that needs to be processed in different auditory environments in
combination with parsing visual information in a social context!'>”>,

Autistic participants who reported greater difficulties in Adapting to their AEs tended to report more
challenges around social interaction and communication, possibly because Adapting to auditory stimuli over
time might increase cognitive and emotional load, leaving fewer resources available for navigating social
interactions!'®317%77 This heightened sensory sensitivity could exacerbate feelings of overwhelm or anxiety
in social situations and increased difficulties communicating®”-’8. Additionally, the need to manage or avoid
overwhelming auditory environments might limit opportunities for social engagement, further hindering social
and communicative development?>”°. Finally, participants who experienced greater difficulties in Complex
AEs also reported greater social and communication difficulties and more frequent use of Self-Regulatory
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Repetitive Behaviors. In this study, the factor Complex AEs includes items that include situations with multiple
sound sources. These correlations suggest Autistic people with greater Social Interaction and (non-verbal)
Communication difficulties may find these complex AEs more challenging and employ more self-regulatory
repetitive behaviors to cope. Together, correlational analyses underscore the complexity of auditory processing
in Autistic people, supporting the view that the interaction between auditory environment experiences, Autistic
traits, and iQoL is multifaceted, with different auditory environments impacting various aspects of Autistic traits
beyond the sensory domain®.

We hypothesised that specific AEs significantly mediate the associations between Autistic traits and iQoL.
Of the six parallel mediation analyses we conducted, one model revealed that the relationship between the
communication difficulties and iQoL was fully mediated by all four AE factors: Adverse, Tolerable, Adapting
to, and Complex AEs, with the Adapting to AE factor representing the key mediator. While Adverse AEs alone
did not fully explain communication difficulties, Adverse AEs, alongside Tolerable, Adapting to, and Complex
AEs, play a significant role in exerting a significant negative impact on the association between communication
difficulties and QoL8!-%3,

The factor Adapting to AEs had a statistically significant indirect effect on the association between
Communication difficulties and iQoL, suggesting that cognitive demands required to adapt continuously
and process changing auditory stimuli can heighten challenges in interpreting non-verbal cues and social
complexity®2. Sensory sensitivities can significantly impact social communication and well-being®”7834, However,
more complex aspects of this relationship went unexplored beyond simply stating the heterogeneity of sensory
experiences across the Autistic population®:%85, A more holistic approach to supporting auditory sensitivities
in environments using personal strategies and environmental modification®***%%7 would acknowledge the
potential for complex interactions between Autistic experiences and their combined influence on iQoL.

The factor Adverse AEs, mainly characterized by items describing noisy environments, was a key mediator
for all five Autistic traits, as measured by the CATI. This partial mediation suggests that Adverse AEs can
exacerbate challenges in areas where Autistic people may need to exert more cognitive effort, which could
deleteriously affect QoL'8. For the Social Interaction trait, which includes preferences and challenges related
to engaging in social activities, AEs perceived as aversive can heighten difficulties with neuronormative social
interactions and potentially increase the stress associated with such situations, a concept previously reported in
the literature!>!%**. The Cognitive Flexibility subscore, which involves preferences for routine and discomfort
with change or unpredictability, is further strained under aversive auditory conditions, making it more difficult
for Autistic people to cope with unexpected disruptions, which has not previously been reported. Self-Regulatory
Repetitive Behaviors, often used to manage external input and stress, are also influenced by enduring aversive
noisy environments, leading to increased reliance on these behaviors to manage negative iQoL due to sound
sensitivity. A relationship between auditory environment experiences and repetitive behaviors has been reported
in the literature'®. However, the impact of aversive environments on self-regulatory repetitive behaviors has not
been previously shown.

The auditory factor, Adapting to AEs, which involves the ability to adjust to various sound environments over
time, also plays a significant mediating role. This factor significantly influences the relationship between Autistic
traits and negatively impacts QoL due to sound sensitivity, specifically Social Interactions, Communication and
Cognitive Flexibility. The difficulties around being exposed to inaccessible and often perceivably hostile sensory
environments for long periods have been researched, showing that Autistic people express this as a major
barrier to participation®**83-°. Regarding Social Interactions, the need to Adapt to AEs can highlight difficulties
in navigating neuronormative social situations over time, making social occasions or public spaces stressful
and increasing social avoidance. Cognitive Flexibility is also impacted by the need to Adapt to AEs, leading
to heightened rigidity and discomfort with dealing with change within an environment over time®!31%:31:8491,
Previous literature shows that hostile sensory environments can negatively affect non-social Autistic traits such
as Cognitive Flexibility, Self-Regulating Repetitive Behaviors and Sensory Sensitivity (including other sensory
modalities)®?~°. These findings underscore the need to design auditory environments that reduce stress and
cognitive load for Autistic people in diverse settings.

A negative indirect effect was observed between the Camouflage subscore and negative iQoL due to sound
sensitivity through the Adapting to AE factor. Autistic people have reported camouflaging taking a high
cognitive load to maintain?"?2%7%, suggesting that the challenges faced in camouflaging behaviors are amplified
and become more difficult to maintain in auditory settings over time. As outlined in the DSM, Autistic people
have a hyperresponsivity to sound!. Still, here we show it is much more complex than a simple descriptor of
hypersensitivity or decreased sound tolerance.

Opverall, these results underscore the intricate and dynamic relationship between the broader Autistic profile
and the iQoL of Autistic people and how the different types of auditory environments can impact them. These
findings reaffirm the importance of recognizing and respecting the unique sensory experiences of Autistic
people, particularly, in this instance, those with sound sensitivities*>¢>6%%, By acknowledging that auditory
processing differences and sensory differences are more broadly a core aspect of the Autistic experience, we
can better understand the challenges faced and the strategies employed by Autistic people to navigate their
environments. It is, therefore, essential to create supportive and accommodating auditory environments that
reduce the negative impacts of sound sensitivities. Such enabling environments should significantly enhance the
opportunities for Autistic people to flourish?.

Finally, we asked about technologies people use in daily life to mitigate sound sensitivities. Our findings
revealed that approximately 75% of participants reported using some noise-cancelling device, including earplugs
and over- and in-ear noise-cancelling headphones. The use of these devices has been previously shown to increase
access and reduce barriers to desired participation at home and in the community, as well as reducing stress or
anxiety around potentially under-supported sound sensitivities®1%-192. Using these devices can, in turn, allow
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a person to personalize their auditory environment and reduce the potential adverse effects of high amplitudes
in an environment, including those causing hearing loss'®*1%4, These devices can often also increase speech-
in-noise intelligibility'%®, thus enhancing communication ability and desired social participation. Nevertheless,
over 40% of our participants reported using these devices for more than two hours a day (including 3.4% who
use them for more than 16 h). Further studies are therefore warranted to investigate the potential long-term
implications of auditory devices over long durations, particularly if users are listening to music or not (or audio
that potentially causes ear damage over time)!%.

This study has several limitations. Although hearing is not different across genders, this study included a
high proportion of Autistic people who were assigned as female at birth. Additionally, this study was conducted
online. Despite offering alternative survey completion methods, all participants opted for online participation.
This approach may have limited our participant pool, potentially excluding individuals from marginalized
communities or low socio-economic backgrounds, thus affecting the demographic representation in our study.
Future research should replicate this study by targeting such populations by surveying in person or via other
accessible means. A final limitation was the psychometric construct of the auditory environments measure,
with the low internal consistency of the fourth factor. This measure was bespoke and exploratory and included
auditory environmental experiences of Autistic people reported previously in the literature. Future research
should build on the current study to expand and refine this measure further.

Future research should explore auditory experiences longitudinally to understand how these experiences
wax and wane over time and also seek to determine the effectiveness of particular supports or accommodations
(including technologies). In this study we chose not to compare sex or gender. Although there may be sex
differences across specific sensory processing domains in the general population®, in the current study, the
dependent variable of interest is the impact of sound sensitivities on the quality of life which has been shown to be
consistent across sex and genders, which reflects previous research regarding gender and sound sensitivities'?”.
Future research could further specifically explore potential sex- or gender-based differences in this relationship.
Future research could also expand on our work on sound environment complexity. Such approaches should
extend beyond the traditional understanding of auditory sensitivity to encompass secondary sound sources such
as surface reflections, reverberation and environments with multiple sound sources, and the impact of exposure
over time. Our findings also warrant further exploration into how other sensory modalities, beyond auditory
processing, may influence the lives of Autistic people. Future research could investigate similar mediating effects
in other sensory domains, providing a more comprehensive understanding of the sensory experiences in autism.
Such studies would be instrumental in developing targeted supports that address the specific sensory needs and
challenges faced by Autistic people.

Our work builds on the current literature to reveal a more multidimensional understanding of the challenges
of auditory environments beyond just loudness or noise. This study provides novel insights into how the
experience of auditory environments affect the QoL for Autistic adults, due to sound sensitivities. Results from
this study enhance the understanding of the relationship between auditory environments and QoL for Autistic
people, emphasizing the substantial impact of sound sensitivities. It is not just noise that affects QoL, but rather
the complexity and variability of auditory information in an environment. The impact extends beyond auditory
processing alone, particularly affecting non-verbal communication. Our findings highlight the significant impact
of sound beyond simple sensitivity, underscoring the importance of creating supportive and accessible spaces
for Autistic people. Autistic people often rely on noise-suppressing technologies to manage noise; however,
support must also include thoughtful tailoring of auditory environments in public, educational, and community
settings. The results of this study could inform practical approaches to making auditory environments more
accessible, potentially improving the QoL for Autistic individuals who experience sound sensitivity and auditory
processing differences.
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