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Abstract

Background: Rates of anxiety are inordinately high in autistic adults. Sensory reactivity differences,
such as hyperreactivity (e.g., strong reactions to sound), hyporeactivity (e.g., no, or slower reactions to
pain), and seeking (e.g., fascination with spinning objects) are a diagnostic criterion of autism and have
been linked with anxiety. Understanding how individuals perceive these to be causally related can
impact assessment and treatment of anxiety. Therefore, we examined the perceived causal relations

between sensory reactivity differences and anxiety in autistic adults.

Method: 246 autistic adults aged 18 — 76 years took part in an online study. They completed self-report
assessments of sensory reactivity differences, and anxiety, followed by the perceived causal relations
scale; indicating if they perceived their sensory reactivity differences to be more of a cause or an effect

of their anxiety symptoms.

Results: We found sensory reactivity hyperreactivity, hyporeactivity, and seeking to be significantly
correlated with anxiety. Furthermore, we found total sensory hyperreactivity, and visual, auditory, and
olfactory hyperreactivity, to be perceived as significantly more of a cause of anxiety than an effect, and
total sensory seeking, and tactile and vestibular seeking, to be perceived as significantly more of an

effect of anxiety than a cause.

Conclusion: Future individualized approaches to treating anxiety in autistic individuals may benefit from
differentiating between potential sensory causes of anxiety (e.g., hypersensitivities) vs. potential

sensory effects of anxiety (e.g., sensory seeking behaviours).
Community brief
Why is this an important issue?

Autistic people are more likely to experience anxiety compared to the general population. Sensory
reactivity differences, such as hyperreactivity (e.g., strong reactivity to sounds), hyporeactivity (e.g., not
noticing touch), or seeking (e.g., being fascinated by spinning objects), are common in autistic
individuals, and may be a risk factor for anxiety. But existing anxiety treatments are not always effective
for autistic people. Understanding how autistic people feel their anxiety and sensory reactivity
differences are causally linked could be important to help clinicians understand the challenges that
should be prioritised in anxiety treatments for autistic people.

What was the purpose of this study?

In this study we aimed to examine sensory reactivity differences and anxiety symptoms in autistic adults,
and ask them if they perceive their anxiety symptoms to be more of a cause or an effect of their sensory

reactivity differences.
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What did the researchers do?

In our study we measured sensory reactivity differences and anxiety symptoms using online surveys.
For the sensory reactivity differences and anxiety symptoms that each individual reported to be present,
they were then asked how much they felt each anxiety symptom was a cause of their sensory reactivity
differences, and how much they felt each sensory reactivity difference was a cause of their anxiety

symptoms. This study included 246 autistic adults aged 18-76 years.
What were the results of the study?

Our results showed that the autistic individuals felt that their sensory hyperreactivity, including
hyperreactivity related to vision, hearing, and scent, is more of a cause than an effect of anxiety. But
also, that their sensory seeking, especially touch and balance related seeking is more of an effect than

a cause of anxiety.
What do these findings add to what was already known?

Although sensory hyperreactivity has been shown before to be a cause of anxiety for autistic individuals,
our study was the first to suggest that anxiety may influence sensory seeking, which is something that
can be tested in future research studies.

What are potential weaknesses in the study?

We did not ask participants about co-occurring conditions, such as if they have additional diagnoses
related to intellectual disability or attention deficit hyperreactivity disorder (ADHD), which means there
may be important differences between individuals that we did not examine. Also, we did not measure
key symptoms associated with wider anxiety conditions and autism-related anxiety symptoms, such as

social fears unrelated to negative self-assessment, which would be important for clinical understanding.
How will these findings help autistic adults now or in the future?

Understanding how people perceive their traits and symptoms to be causally related can impact how
effective anxiety treatments are for individuals. So, our findings can importantly help inform clinical

approaches to the treatment of anxiety for autistic individuals.

Key words: Autism, anxiety, sensory, perceived causal relations, adults
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Introduction

Autism spectrum conditions (ASC) are neurodevelopmental conditions with diagnostic criteria relating
to social interaction and communication differences, and restricted and repetitive behaviours and
interests (RRBs"). Autistic* adults are at greater risk of experiencing clinical anxiety compared to the
general population, with lifetime prevalence estimates suggesting it affects 42% of autistic adults.*
Prevalence rates for specific anxiety conditions vary across studies, but generalised anxiety disorder
(GAD), separation anxiety, and social anxiety disorder are all commonly diagnosed in autistic children
and adults.>7 Anxiety has a significant impact on daily living and quality of life for autistic individuals,®®
which is thought to be greater than the impact of being autistic.® Accurate assessment and identification
of anxiety in autistic individuals is important for access to appropriate interventions.> However, there is
currently a lack of understanding of anxiety presentations in autistic individuals.'®"® Therefore, it is

important to understand more about autism-specific risk factors, such as sensory reactivity differences.

Sensory reactivity differences, a criterion under the RRBs domain, have been suggested as a risk factor
for anxiety in autism.' Sensory reactivity differences include sensory hyperreactivity (i.e., strong
reactions to sensory input such as sounds), hyporeactivity (i.e., no, or slower reactions to sensory input
such as pain), and seeking (i.e., fascination or fixation with sensory input such as watching spinning
objects). Individuals often experience varying patterns of differences across a range of contexts and
modalities, such as vision, hearing, and touch.''” Sensory reactivity differences are commonly
experienced by approximately 94% of autistic adults,'® but are also often present more generally in
neurodivergent individuals, such as with the condition clinically known as Attention Deficit Hyperactivity
Disorder (ADHD)."® Although some sensory input can be experienced as enjoyable, other input can be
extremely distressing and sometimes painful for individuals.?®2" This can cause individuals to feel
overwhelmed in their daily lives and is thought to affect long term physical and mental health outcomes,
including anxiety.?° Subsequently, sensory reactivity differences and anxiety have been associated with
wider impacts, such as reduced engagement with activities, public spaces (e.g., public transport), and

workplaces for autistic individuals.®2223

Sensory hyperreactivity is commonly experienced across a range of modalities (e.g., visual, auditory),
and is associated with inordinate distress and feelings of overwhelm.?° In research, it has frequently
been linked to anxiety in autistic children and adults.?'?42¢ Although it has more recently been
understood that autistic individuals can experience distinct autism-related anxiety symptomology, such
as social fears unrelated to negative self-appraisal, sensory hyperreactivity has been found to predict
traditional anxiety symptomology aligning with the DSM," rather than distinct anxiety symptomology.?®
For instance, previous research has found sensory hyperreactivity to be related to symptomology

associated with GAD, separation anxiety, social anxiety, and specific phobia.?27-30

* The language used in this article reflects the preferred terms of the autistic community 2 and importantly supports the
reduction of stigma.?
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Researchers have suggested three theoretical models conceptualising the possible link between
sensory hyperreactivity and anxiety.®! The Primary Anxiety Model proposes anxiety to be a cause of
sensory hyperreactivity, as individuals may be more likely to be conditioned to attend and overreact to
sensory input due to characteristics of anxiety (e.g., hypervigilance, hyperarousal, attentional bias, and
avoidance). Secondly, the Primary SOR (sensory over-responsivity) Model proposes sensory
hyperreactivity to be a cause for anxiety, as aversive sensory input can be conditioned, either towards
a specific stimulus or across contexts due to the uncontrollability or unpredictability of stimuli. Thirdly, it
is proposed there may be a non-causal link between sensory hyperreactivity and anxiety, but the
association is due to an additional factor, for instance similarities in amygdala activation or diagnostic
overlap. In support of the primary hyperreactivity model, longitudinal work in autistic toddlers has found
sensory hyperreactivity to be an early unidirectional predictor of anxiety in autistic individuals.?®
Additionally, there is some evidence to support that the link may be due to common overactivation in
the amygdala and hippocampus.®? However, more research is needed to unpick the causal association
between sensory hyperreactivity and anxiety.

Relatively little research has examined whether sensory hyporeactivity and seeking relate to anxiety in
autistic individuals. Research that has included sensory hyporeactivity has inconsistently found
evidence of a significant relationship to anxiety. Some previous work has found greater sensory
hyporeactivity to be related to greater anxiety in autistic adults and children.?6*3 However, our previous
work in autistic children found sensory hyporeactivity to be related to lower anxiety, including
symptomology relating to social anxiety when controlling for broader autistic traits.?” Alternatively,
research in autistic children has suggested that sensory hyporeactivity may instead be indirectly related
to anxiety through RRBs.3* Whereas for sensory seeking, quantitative research in autistic children and
non-autistic adults has primarily not found a significant link with anxiety.'®-272835 However, a study with
neurodivergent young people, which included autistic children and teenagers, has shown a link between
sensory seeking and anxiety, specifically GAD.3 Qualitative research in autistic adults has indicated
that sensory seeking can be a soothing or calming strategy in times of stress.?03"3 Moreover,
researchers have suggested that sensory seeking may be indirectly linked to anxiety as a strategy to
regulate arousal, either seeking out sensory input in response to hyporeactivity, or interlinked with RRBs
to soothe in response to sensory hyperreactivity.'® Although sensory hyporeactivity and seeking are
prominent in adulthood, research examining their association with anxiety is vastly lacking, with no

known studies yet to examine the relationship between sensory seeking and anxiety in autistic adults.

Although it is important to elucidate the causal associations between sensory reactivity differences and
anxiety, examining how autistic individuals perceive these to be causally related can also importantly
improve the effectiveness of anxiety treatments. Although individuals often perceive their behaviours
and clinical symptoms to be causally related, clinical assessments primarily assess co-occurring
symptomology in isolation.3® Assessing perceived causal relations (PCR) of co-occurring psychological
behaviours/symptoms at an individual case level could be important for individualising clinical
assessments, providing information and context of the challenges that should be addressed and at what

stage in treatment.*>#' The PCR scale is a rating scale used to understand the cognitive perception of
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causal relationship between two or more symptoms.®*4° PCR provides a more reflective account of the
perceived causal relationship than, for example, inferring causal associations from statistically
modelling questionnaire data. It can provide detailed insight at idiographic level, or aggregated to group
level, and is therefore a beneficial approach to inform the development of targeted treatments.?® PCR
has previously been used in autism research to analyse relationships between Obsessive Compulsive
Disorder and autistic repetitive behaviours.* It is especially relevant for treatment approaches to anxiety
and other mental health conditions in autistic individuals due to the heterogenous nature of this
population.** Furthermore, there has been a push to increase stakeholder involvement in autism
research, which has previously not been common practice. Using a method such as PCR brings the
perspectives of autistic individuals into research. Thus, findings are more likely to reflect and represent

lived experiences and consequently improve outcomes for autistic people.*

Understanding how sensory reactivity differences are associated with anxiety, and perceptions of the
causal relationship, has important implications for treatments approaches that are effective and suitable
for autistic adults. Therefore, we conducted an online study that was the first known to examine the
correlational and perceived causal relations between sensory reactivity differences (hyperreactivity,
hyporeactivity, and seeking, across domains, including visual, auditory, tactile, interoception, vestibular,
gustatory, and olfactory), and anxiety in autistic adults. Firstly, we aimed to investigate if sensory
reactivity differences are associated with anxiety in autistic adults, examining sensory seeking for the
first time. Secondly, we aimed to understand if autistic adults perceive their sensory reactivity
differences to be more of a cause or an effect of their anxiety symptoms, using the novel PCR scale

approach.
Methods
Participants

We recruited 282 autistic adults for this online study. Inclusion followed a two-step process: firstly,
participants were included who self-reported that they had an official autism diagnosis; and secondly
participants had to score above the cut-off (26) on the Autism Spectrum Quotient — 10 (AQ-10).4
Therefore, 246 participants were included in the final analysis (aged 18-76 years, M =41.9, SD = 13.7,
143 female, 21 trans female, and 82 male). We did not record specific data on race and ethnicity,
socioeconomic status, and educational attainment levels. We recruited via the Centre for Autism
Database at the University of Reading, the Autism Research Centre, and UK autistic adults’ charities
Facebook pages. Participants provided informed consent to take part. Ethical approval was granted

prior to the commencement of this study by the University of Reading Ethics Committee.
Measures
Sensory Processing Scale Inventory (SPSI)

The SPSI*8 is a self-report questionnaire assessment of sensory reactivity differences for use in children

and adults. The SPSI assesses sensory hyperreactivity, hyporeactivity, and seeking across a range of
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domains (auditory, visual, tactile, olfactory, gustatory, vestibular, and interoception). It is usually scored
dichotomously (1 = yes, 0 = no), however, to capture a wider range scores and more sensitive
differences between participants, Likert-scale scoring was used, in-line with the Sensory Profile scoring
(1-5; almost always, frequently, occasionally, seldom, almost never).#” The measure has good internal
reliability (hyperreactivity = 0.89; hyporeactivity = 0.88; sensory seeking = 0.93), and discriminant
validity (medium to large effect sizes; .56—.1.53).4648

Screen for Adult Anxiety Related Disorders (SCAARED)

The SCAARED? is a self-report questionnaire screening assessment of DSM anxiety disorders for use
in adults. The SCAARED assesses total anxiety symptoms, as well as specific anxiety disorders
including GAD, social anxiety, separation anxiety, and is scored 0 — 2 using a Likert-scale (not true or
hardly ever true, somewhat true or sometimes true, very true or often true). It has good to excellent
internal consistency (0.86 - 0.94), and discriminant validity.*® Although the SCAARED has not
specifically been validated for use with autistic people, the scale is adapted from the child version
(Screen for Child Anxiety Related Emotion Disorders®), which has been found to have comparable
psychometric properties across autistic and non-autistic samples.®' Questionnaires of anxiety validated
in the general population are commonly used in autism research due to the lack of population specific

measures.
Perceived Causal Relations (PCR) scaling

We used the PCR scaling method®® to examine the cognitive perception of the causal relationships
between sensory reactivity differences and anxiety symptoms. In the PCR scale we used the items of
the SPSI and SCAARED questionnaires, asking participants to which extent they perceive their sensory
reactivity differences (hyperreactivity, hyporeactivity, and seeking in each domain, e.g., auditory
hyperreactivity) to be a cause of anxiety (generalised anxiety, separation anxiety, and social anxiety),
and to which extent they perceive their anxiety to be a cause of their sensory reactivity differences.

In the case that participants endorsed items relating to sensory reactivity differences as well as anxiety,
they were asked to “Rate on a 0-10 scale (0 = ‘not at all’, 5 = ‘moderate cause’, 10 = ‘strong cause’), to
which extent you think your [X sensory reactivity difference] causes your [Y anxiety symptom]?” and
“Rate on a 0-10 scale (0 = ‘not at all’, 5 = ‘moderate cause’, 10 = ‘strong cause’) to which extent you
think your [Y anxiety symptom] causes your [X sensory reactivity difference]?” The number of items in
the PCR scale was unique for each participant depending on the amount of sensory reactivity
differences and anxiety symptoms that were present. A sensory reactivity difference on the SPSI was
included if participants rated the item as ‘frequently’ or ‘almost always’, and an anxiety symptom was
included if participants rated the item as ‘very true or often true’. If participants endorsed all sensory
reactivity differences and anxiety symptomologies, the maximum number of PCR items would be 60
(20 SPSI subscales x 3 SCAARED subscales). Missing PCR items (because of SPSI or SCAARED
items not being endorsed) were treated as missing values at an individual case level. From the PCR

items, we calculated cause and effect composite scores for total sensory reactivity differences
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(hyperreactivity, hyporeactivity, and seeking) but also sensory reactivity differences by domain (visual,

auditory, tactile, interopection, vestibular, gustatory, and olfactory).
Procedure

We used Gorilla experiment builder (www.gorilla.sc) to develop and host this study.’? Participants
accessed the study via a direct link to the study’s Gorilla webpage. Participants were then able to read
the study information and provided informed consent electronically, before completing the demographic
information and the standardised questionnaires (AQ-10, SPSI, and SCAARED; the SPSI and
SCAARED were presented in a counterbalanced order). Participants then completed the PCR scale,
informed by their answers to the SPSI and SCAARED items.

Analysis

We conducted statistical analysis using JASP,%® a statistical program based on R, and SPSS.%
Following normality checks, we firstly conducted a Spearman’s bivariate correlation analysis to examine
the associations between sensory reactivity (hyperreactivity, hyporeactivity, and seeking), and anxiety,
as well as the covariates (autistic traits and age). Secondly, we examined if anxiety was perceived to
be more the cause or the effect of sensory reactivity differences (hyperreactivity, hyporeactivity, and
seeking, overall and in each domain). For the PCR analysis we conducted a series of paired-samples
t-tests to test if the mean cause was significantly different from the mean effect.®® As items were variable
at a case level, depending on if an item was endorsed or not by a participant, each analysis varied in
sample size. A significant correlation between constructs, but not a significant difference between cause

and effect, may indicate the perception of a non-causal association.
Community involvement

We conducted this research study with an autistic researcher as part of the core research team.
Additionally, the research questions for this study align with the research priorities as identified by

stakeholders in association with Autistica and the James Lind Alliance.5%
Results
Descriptive statistics

Shapiro—Wilk test of normality indicated that not all the variables were normally distributed (p < .05)
(see Table 1 for descriptive statistics). Based on scores from the SCAARED, 85% scored above the
cut-off for GAD, 68% scored above the cut-off for separation anxiety disorder, and 85% scored above
the cut-off for social anxiety disorder, indicating clinically elevated symptoms indicative of these anxiety

disorders.
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Table 1
Descriptive statistics for sensory reactivity differences (SPSI), anxiety (SCAARED), autism traits (AQ-10), and age.

Range Mean SD SE
Hyperreactivity 15-73 51.21 10.82 .69
Hyporeactivity 12-46 25.76 6.37 41
Seeking 10 - 46 24.32 7.38 A7
Total anxiety 0-54 33.15 11.27 72
Autistic traits 6-10 8.48 1.28 .08
Age 18-76 41.86 13.70 .87

Correlation analysis

We conducted a Spearman’s bivariate correlation analysis, with a Bonferroni corrected alpha level of p
< .017 (.05/3), to examine the relationships between sensory reactivity and anxiety (see Table 2 for
correlation results and Supplementary Item 1 for scatterplot matrix). We found that sensory
hyperreactivity was significantly correlated with total anxiety (rs = .383, p <.001), sensory hyporeactivity
was significantly correlated with total anxiety (rs = .157, p = .014) and sensory seeking was significantly
correlated with total anxiety (rs = .295, p < .001). We did not find age or autistic traits to be significant
covariates after Bonferroni correction (7 comparisons: adjusted p > .006). However, pre-correction, we
found age to be significantly correlated with sensory seeking (rs = -.171, p = .007).

Table 2
Spearman’s correlations between sensory reactivity differences (SPSI), anxiety (SCAARED), autism traits (AQ-10), and age.

Hyperreactivity Hyporeactivity Seeking Autistic traits Age
Total anxiety .383*** (.000) .157* (.014) .295*** (,000) .027 (.674) -.063 (.325)
Autistic traits 122 (.056) 121 (.057) .038 (.551) - -
Age -.054 (.403) -.123 (.054) -171 (.007) .095 (.135) -

*. Correlation is significant at the Bonferroni corrected p<0.016 (.05/3) level (2-tailed)

**_ Correlation is significant at the Bonferroni corrected p<0.008 (.05/6) level (2-tailed)
***_Correlation is significant at the p<0.001 level (2-tailed)

Correlations significant prior to Bonferroni correction are indicated in bold without being flagged.

Perceived causal relations between sensory reactivity differences and anxiety

We conducted a series of paired-samples t-tests (Wilcoxon signed-rank) to examine if sensory
reactivity differences were perceived to be significantly more of a cause or an effect of anxiety. We
applied a Bonferroni corrected significance level of p = .017 (.05/3 tests) to control for multiple tests.

See Table 3 for summary of these results.

We found that sensory hyperreactivity was perceived to be a significantly greater cause of anxiety
(PCRhyper—anx; M = 4.62, SD = 2.20), than an effect of anxiety (PCRanx—hyper; M = 4.29, SD = 2.41),
Z(238) = 15864.5, p = .001, b = .248. Whereas, we found that sensory seeking was perceived to be a
significantly greater effect of anxiety (PCRanx—seek; M = 3.60, SD = 2.60), than a cause of anxiety
(PCRseek—anx; M = 3.14, SD = 2.50), Z(215) = 6142.5, p = .008, r, = -.229.

We then conducted a series of paired-samples t-tests (Wilcoxon signed-rank) to examine if sensory

reactivity differences in specific domains were significantly perceived to be more of a cause or an
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effect of anxiety. We applied a Bonferroni corrected significance level of p = .0025 (.05/20 tests) to

control for multiple tests. See Table 3 for summary of these results.

We found that auditory hyperreactivity was perceived to be a significantly greater cause of anxiety
(PCRaudnyper—anx; M = 5.73, SD = 2.51), than an effect of anxiety (PCRanx—audnyper; M = 5.07, SD =
2.83), Z(229) = 11229.5, p < .001, v = .291, olfactory hyperreactivity was perceived to be a
significantly greater cause of anxiety (PCRoityper—anx; M = 4.28, SD = 2.55), than an effect of anxiety
(PCRanx—oithyper; M = 3.67, SD = 2.76), Z(183) = 7405.5, p = .001, v = .308, and visual hyperreactivity
was perceived to be a significantly greater cause of anxiety (PCRuishyper—anx; M = 4.14, SD = 2.14),
than an effect of anxiety (PCRanx—vishyper; M = 4.75, SD = 2.77), Z(205) = 8080.5, p = .002, i = .287.
Whereas, we found that tactile seeking was perceived to be a significantly greater effect of anxiety
(PCRanx—tactseek; M = 4.86, SD = 2.88), than a cause of anxiety (PCRtactseek—anx; M = 2.91, SD = 2.75),
Z(88) = 31.5, p <.001, rrb = -.789, and vestibular seeking was perceived to be a significantly greater
effect of anxiety (PCRanx—vestseek; M = 3.40, SD = 3.10), than a cause of anxiety (PCRuvesttseek—anx; M =
2.51, SD = 2.59), Z(40) = 31.5, p < .001, v = -.806.

Table 3

Paired-samples t-test results summary for Perceived Causal Relations between sensory reactivity differences and anxiety.

Significant t-tests indicate that sensory is perceived to be more a cause of anxiety (PCRsensory»anxiety) than anxiety is perceived to
be a cause of sensory (PCRanxiety»sensory) Or Vice versa.

P CRsensory>anxiety P CRanxiety>sensory
N M sd M sd z p b 18 Sig PCR

Hyperreactivity 238 4.62 220 429 241 15864.5 .001* .25 .84 PCRsensory>anxiety

Visual 205 514 273 475 2.77 8080.5 .002** .29 .65 PCRsensory>anxiety

Auditory 229 573 251 5.07 2.83 11229.5 <.001** .29 .97 PCRsensory>anxiety

Tactile 206 419 2.58 439 276 5622.0 164 -13 .25 -

Interoception 94 491 255 487 256 1641.5 .013 .013 .05 -

Vestibular 167 444 269 422 275 4004.5 .092 18 .38 -

Gustatory 131 3.62 278 3.15 296 31445 .006 .32 .63 -

Olfactory 183 4.28 2.55 3.67 276 7405.5 .001** .31 .93 PCRsensory>anxiety
Hyporeactivity 217 341 248 3.71 246 7071.5 .099 -14 .56 -

Visual 46 405 276 448 278 233.5 41 -17 .20 -

Auditory 156 341 272 3.22 266 3940.0 18 14 A3 -

Tactile 113 3.26 2.78 3.84 280 1025.0 .004 -37 .76 -

Interoception 94 4.05 3.03 467 3.21 1094.5 .057 -.25 48 -

Vestibular 96 319 252 352 276 1066.6 40 -12 .27 -

Gustatory 41 3.73 270 3.73 2.81 224.0 .90 .03 .05 -

Olfactory 25 3.07 262 271 265 715 .53 19 A1 -
Seeking 215 314 2.50 3.60 2.60 6142.5 .008* -23 .87 PCRanxiety>sensory

Visual 105 3.86 2.74 431 287 1340.5 .095 -.21 .35 -

Auditory 77 439 288 429 266 787.5 701 .06 .07 -

Tactile 88 291 275 486 2.88 233.0 <.001** -79 .99 PCRanxiety>sensory

Vestibular 40 251 2.59 340 3.10 31.5 <.001** -.81 .94 PCRanxiety>sensory

Gustatory 168 296 2.71 291 281 3939.0 .633 .05 .06 -

Olfactory 72 3.51 285 415 2.86 534.0 .073 -28 .46 -

*. Correlation is significant at the Bonferroni corrected p < 0.017 (0.05/3) level (2-tailed)
**_ Correlation is significant at the p < 0.0025 (0.05/20) level (2-tailed)
Correlations significant prior to Bonferroni correction are indicated in bold without being flagged.

Publication: Verhulst, |., MacLennan, K., Haffey, A., & Tavassoli, T. (2022). The Perceived Causal Relations Between Sensory
Reactivity Differences and Anxiety Symptoms in Autistic Adults. Autism in Adulthood. https://doi.org/10.1089/aut.2022.0018.



Discussion

Our study is the first to advance our understanding of the perceived causal relationships between
sensory reactivity differences and anxiety in autistic adults. Firstly, we found a significant correlational
relationship between sensory hyperreactivity and anxiety and sensory hyporeactivity and anxiety, in line
with our previous work and that of others.?*283* However, we also found sensory seeking to be
significantly correlated with anxiety, the first known to examine this relationship in autistic adults.
Furthermore, for the first time we found that autistic adults perceive sensory hyperreactivity, notably
visual, auditory, and olfactory hyperreactivity, to be more of a cause of their anxiety symptoms than an
effect, and that they perceive sensory seeking, notably tactile and vestibular seeking, to be more of an
effect of their anxiety symptoms than a cause. However, it is important to note that due to the limited
samples sizes in some of the domain-specific PCR analyses, it may be that significance was not
achieved due to lack of power (e.g., gustatory hyporeactivity and seeking).

Research in autistic children and adults, including the present results, have consistently found a
significant link between sensory hyperreactivity and anxiety.>-23* Furthermore, as we found autistic
adults perceive sensory hyperreactivity to be more of a cause than an effect of their anxiety symptoms,
this aligns with longitudinal work that has found sensory hyperreactivity to be a unidirectional predictor
of anxiety.?®> Hence, our results provide further support for the Primary SOR Model.?' Sensory
hyperreactivity may cause anxiety due to autism related difficulties with the unpredictability of aversive
sensory input, which may lead to anxiety developing through context conditioning from increased
hypervigilance, negative bias, and avoidance of generalised contexts.®'%® Interestingly, our results
indicate that hyperreactivity in the visual, auditory, and olfactory domains is perceived to be more of a
cause of anxiety symptoms than an effect. Visual and auditory input is more commonly associated with
sensory hyperreactivity in autistic individuals than with hyporeactivity and seeking.2*’ Visual, auditory
and olfactory hyperreactivity, such as difficulties with bright or flickering lights, sudden loud sounds, and
intense scents, have been commonly reported by autistic individuals and are associated with distress,
overwhelm, and anxious responses.?’ Therefore, sensory input associated with these domains may be
more likely to condition anxious responses in individuals compared to other domain input. Overall, our
findings suggest that supporting challenges with sensory hyperreactivity could be an important first step
in treatment approaches for anxiety in autistic adults. There is some evidence to suggest that adapted
Cognitive Behavioural Therapy, supporting self-understanding of sensory reactivity differences and the
development of coping strategies, could be used to target anxiety arising from sensory hyperreactivity.*®
Due to the complex and individualistic nature of sensory experiences,?° it may be that clinical services
could support individuals to identify and develop personal strategies to help them navigate and reduce

the impact of hyperreactivity.

As for sensory seeking, our study was the first known to examine its associations with anxiety in autistic
adults. Previous work in autistic children'®-27-28 has primarily not found a significant association between
sensory seeking and anxiety. However, a study with neurodivergent young people, including autistic
children and teenagers, found sensory seeking to be associated with anxiety, specifically GAD.3¢ Our

study builds on existing research to suggest that autistic adults perceive it to be an outcome of anxiety.
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This may suggest sensory seeking is a regulatory strategy and reflect findings from existing qualitative
work in this population, which has shown that sensory seeking behaviours can be experienced as
soothing or calming in times of stress.?>%" The domain results indicate that autistic adults perceive
tactile and vestibular seeking to be more of an effect of their anxiety symptoms than a cause. Autistic
adult commonly seek out tactile experiences, such certain soft or fluffy textures, and feeling warm or
cold surfaces on their skin.?° As for vestibular seeking, autistic adults engaging in stimming behaviours,
such as spinning or rocking, to self-regulate and calm when feeling overwhelmed or anxious.>*% Self-
soothing behaviours have been linked to the release of oxytocin, important for wellbeing and stress
reduction, and the anti-stress effects of oxytocin release have been suggested to be acutely strong in
response to ‘low intensity’ stimulation of the skin.®" Thus, seeking out enjoyable tactile input and
vestibular behaviours may be important self-soothing strategies that can be supported and developed

at a later stage in therapeutic approaches for anxiety in autistic adults.

Regarding sensory hyporeactivity, although we found a significant correlation with anxiety, we did not
find a significant causal association, suggesting autistic individuals do not perceive it to be causally
implicated in their anxiety symptoms. Research has commonly been inconsistent in regard to sensory
hyporeactivity, with some finding it to be related to anxiety in autistic adults and children,?6:27:33.62 whilst
others have not.?83* Sensory hyporeactivity has been suggested to be experienced after periods of
hyperreactivity, where individuals may inversely ‘shutdown’ from sensory input.®*¢* Therefore, sensory

hyporeactivity may be implicated in anxiety indirectly due to its association with hyperreactivity.
Limitations

Due to the heterogeneous nature of autism, individuals present with varying strengths and difficulties
as well as co-occurring conditions.*® Therefore, it could have been informative if we collected additional
demographic information, such as co-occurring diagnoses (e.g., Intellectual Disability or ADHD), to
ascertain if there were any key sub-group differences. Future research should examine the influence of
other individual factors, as well as aiming to replicate these findings in more specific subgroups of

autistic adults, as this may have an important impact on clinical approaches.

Although GAD, separation anxiety, and social anxiety can all co-occur in autistic individuals, our study
did not examine additional common anxiety symptomology, such as specific phobia, or examine anxiety
symptoms that are distinct to autistic individuals.>® Although sensory reactivity differences have been
found to predict traditional anxiety symptomology, there is growing evidence to suggest that anxiety
presentations differ in autistic individuals compared to the general population, such as social fears that
are not related to negative self-appraisal.?® Research has yet to examine associations between sensory
reactivity differences and distinct autism-related anxiety symptomology in autistic adults. Since the
conception of this study, there has been the development of an anxiety questionnaire for use with
autistic adults,®® which we could now use in future research to further elucidate the links between

sensory reactivity differences and anxiety symptomology in autistic individuals.
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Conclusion

Our study found sensory hyperreactivity, hyporeactivity, and seeking to be correlated with anxiety in
autistic adults. Furthermore, we found that autistic adults perceive sensory hyperreactivity to be more
of a cause than an effect of their anxiety symptoms, but sensory seeking to be more of an effect than a
cause of their anxiety symptoms. Our results have implications for future research directions, informing
hypotheses for objective longitudinal research designs. Additionally, our findings have clinical

implications for the progression of individualised treatment approaches for anxiety in autistic individuals.
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