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Abstract

Sensory reactivity differences are commonly experienced by autistic individuals, including sensory
hyperreactivity (i.e., strong reactions to sensory input), hyporeactivity (i.e., no, or slower reactions to
sensory input), and seeking (i.e., fascination or fixation with sensory input). Sensory hyperreactivity can
be particularly distressing and has previously been linked to anxiety in autism, and intolerance of
uncertainty (IU) has been suggested to be an interlinking transdiagnostic construct. However, limited
research has included sensory hyporeactivity or seeking, or examined links to certain anxiety
symptomology, and research in young children and adults is especially lacking. Therefore, the four
studies presented in this thesis had the primary aim of 1) elucidating the relationship between sensory
reactivity difference and anxiety symptomology in autistic individuals, and secondary aims of 2)
understanding the role of IU in this relationship, and 3) understanding more about the sensory

experiences of autistic adults.

The first study examined the relationship between sensory reactivity differences and anxiety in autistic
children ages 3 — 14 years; the second study examined the relationship between sensory reactivity
differences, anxiety, and IU in preschool-age autistic children ages 3 — 5 years; the third pair of studies
examined the relationship between sensory reactivity differences, anxiety, and 1U in autistic adults ages
18+ years; and the final study, examined the sensory experiences of autistic adults using a coproduced,

mixed-methods approach.

The findings robustly support an association between sensory hyperreactivity and anxiety
symptomology in autistic individuals, and most notably, a consistent relationship across studies with
separation anxiety. Furthermore, IU was found to be a mediating factor associated with anxiety and
sensory hyperreactivity in children and adults. Although sensory hyporeactivity and seeking were linked
with anxiety in some studies, this was not consistent across the studies. The findings from the mixed
methods study provided enriched insights into the findings in this thesis from the perspective of autistic
adults and highlighted the complex nature of sensory reactivity differences. This informed the creation

of an enhanced model, which could further guide future directions.

Overall, the results in this thesis advance understanding of the relationship between sensory reactivity
differences and anxiety symptomology. Understanding the risk factors for anxiety in autism has

importance for the development and adaptation of effective interventions for autistic children and adults.



Chapter 1. Introduction
1.1 Autism Spectrum Conditions

Autism Spectrum Conditions (ASC) are neurodevelopmental conditions characterised by restricted and
repetitive behaviours and interests (RRBs), and social interaction and communication differences, that
present early in childhood (DSM-5 American Psychiatric Association, 2013). Global prevalence rates
estimate that between 0.08 - 9.3% of children are on the autism spectrum (Chiarotti & Venerosi, 2020).
Within the UK, there are an estimated 700,000 autistic people, with 1 in 100 children having a diagnosis
(Brugha et al., 2012; Knapp et al., 2007), whilst estimates in the USA suggest 1 in 54 children have a
diagnosis (Maenner et al., 2020). ASC was previously an umbrella term for a variety of associated
conditions, including Autism, Asperger’s Disorder, Pervasive Developmental Disorder — Not Otherwise
Specified (PDD-NOS), Childhood Disintegrative Disorder, and Rett Syndrome (DSM-IV American
Psychiatric Association, 1994). However, the recent update of diagnostic manuals reduced the
diagnosis to two categories: Autism Spectrum Disorder (referred to as ASC in this thesis); and Social
Communication Disorder, in cases where social and communication differences are present with the
absence of RRBs (DSM-5 American Psychiatric Association, 2013). Additionally, autism is now
diagnosed with an associated severity level, indicating the required level of support needs, and
considers the presence or absence of genetic syndromes and commonly cooccurring conditions, such
as intellectual disability.

Autism is a heterogenous condition, characterised by varying strengths, difficulties, and differences,
and is often intertwined with cooccurring conditions, such as intellectual disability, and a range of
psychiatric conditions (Buck et al., 2014; Leyfer et al., 2006a; Lombardo et al., 2019; Loomes et al.,
2017). Until recently, autism has predominantly been explained in the context of a deficit-based model
(Robertson, 2009). However, autism advocates have challenged this perspective, underpinned by the
social model of disability, proposing that autistic difficulties can also arise and be exacerbated as a
result of systemic social barriers in society (Kapp et al., 2013). Consequently, there has been a shift in
research to also highlight autistic difference as opposed to focussing on deficit, such as in social
communication research (e.g., Crompton et al., 2020). Recognising strengths, differences, as well as
difficulties associated with autism should be considered as central to autistic identity (Robertson, 2009),
and this perspective has been embraced in the writing of this thesis. This has been particularly
considered in the language used throughout this thesis, which reflects preferred terms as supported by
research, stakeholders, and our participants. Most notably, identity first language (e.g., “autistic
person”) has been used, as this has been identified to be preferred by the autistic community over the
use of person-first language (e.g., “person with autism”), which accentuates stigma associated with
autism (Gernsbacher, 2017; Kenny et al., 2016).

1.2 Sensory reactivity

Sensory reactivity denotes the way that people process, and respond to sensory input received via

different domains, such as vision, hearing, and touch. Effective organising of sensory input through



cognitive processing, also known as Sensory Integration, allows us to perceive and respond
appropriately to our situation or environment (Ayres, 1972). For instance, we can perceive sensory input
as enjoyable, such as feeling the warmth of the sun on our skin, but we can also react quickly to aversive
input, such as if we touch a hot stove. Sensory input is captured via receptors: external stimuli from the
surrounding environment is captured via auditory, visual, tactile, olfactory, or gustatory receptors; and
internal stimuli initiated from inside the body is captured via proprioceptive, vestibular, or tactile
receptors. These receptors transform the input into sensory information, which is then processed and
organised, and determines the appropriate motor and behavioural response (Galiana-Simal et al.,
2020). The perceptual experience is influenced both by the incoming sensory information, but also prior
knowledge held about the world (Pellicano & Burr, 2012). This process is depicted in Figure 1.

[
SENSORY
INPUT

©
@ " U

Auditory RECEIVE Gustatory
INFORMATION

w g
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Figure 1
Simplified depiction of the process of sensory reactivity, showing how sensory input is received through the senses, the
information is organised/processed, and this informs the way we perceive or react to this input.

However, some individuals may have differences or difficulties in the way they react to sensory input
due to altered Sensory Integration, or the way that the sensory systems interpret sensory information,
which can impact reactivity, or the behavioural and/or motor responses, to sensory input (Galiana-Simal
et al., 2020; Pellicano, 2013). Differences in sensory reactivity can be characterised by: hyperreactivity,
perceiving sensory input much more aversively than others; hyporeactivity, not noticing sensory input
or perceiving it much less than others; or seeking, being fascinated by or repeatedly seeking out sensory
input (Miller et al., 2007).



Individuals who are sensory hyperreactive, also known as hypersensitive, or over-responsive, may
experiences sensory input as painful, dysregulating, or overwhelming, and they may avoid sensory
input they find aversive. They may cover their ears if they encounter loud and/or unexpected sounds,
such as sirens or alarms or hand dryers, or struggle with loud, busy environments, such as shopping
centres or the school playground. They may also find bright and/or flashing lights difficult to tolerate,
such as overhead fluorescent lighting, and struggle with unexpected touch or certain clothing fabrics,
such as wool, as well as scratchy labels in their clothing (Schoen et al., 2017; Siper et al., 2017).
Individuals who are sensory hyperreactive often experience sensory input more intensely than others,
and this can become overwhelming and lead to states of shutdown, or reduced functioning (Lane,
2002).

Individuals who are sensory hyporeactive, also known as hyposensitive, or under-responsive, may not
notice or have a delayed response to certain sensory input. They may not respond if their name has
been called or may not hear the phone or doorbell ring. They may also be less likely to visually scan
the environment and therefore not notice if someone has entered the room or if something in the
environment has changed. Furthermore, they may not respond quickly if they touch something hot,
such as the radiator, or notice if someone has touched their arm to get their attention (Schoen et al.,
2017; Siper et al., 2017). It has been suggested that sensory hyporeactivity could be an adverse state
of sensory hyperreactivity, as it may be present in individuals proceeding severe periods of

hyperreactivity when a state of shutdown is induced (Lane, 2002; Liss et al., 2006).

Individuals who are sensory seeking, sometimes referred to as having unusual sensory interests, may
be more likely to repeatedly engage with certain sensory input for sustained periods of time. They may
listen to the same song or a particular sound clip over-and-over again. They may also be fascinated by,
or look closely at, coloured or slowly moving lights or objects that spin, such as the washing machine
or a pinwheel. Additionally, they may continually touch soft textures or frequently bump or crash into
things on purpose (Schoen et al., 2017; Siper et al., 2017). Sensory seeking is predominantly described
as being a behavioural response intertwined with other phenomena. It has been suggested to be a
stimulation strategy associated with sensory hyporeactivity, that allows an individual to obtain feedback
from the sensory environment (Lidstone et al., 2014). However, it has also been suggested to be
associated with sensory hyperreactivity as well as RRBs, as a means for an individual to soothe,
regulate, and control the sensory environment and limit the effects of aversive sensory input (Lidstone
et al., 2014; Pellicano, 2013; Schulz & Stevenson, 2019).

Differences in sensory reactivity are commonly experienced in autistic people, and are considered to
be a core feature of autism, although not an essential criterion for diagnosis (DSM-5 American
Psychiatric Association, 2013). Prevalence research has estimated sensory reactivity differences to be
present in around 65-80% of autistic children and 94% of autistic adults (Crane et al., 2009; Lane et al.,
2011; Leekam et al., 2007; Tavassoli et al., 2016). Individuals often experiences differential patterns of
sensory hyperreactivity, hyporeactivity, and seeking, and this can also vary across domains, contexts,
and time (Baranek et al., 2006; Lidstone et al., 2014). Figure 2 depicts an autistic individual's own

experiences of sensory reactivity differences across domains.
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Figure 2
Sensory experiences relating to auditory, visual, and tactile domains. Taken from @21andsensory, an autistic adult with sensory

processing disorder who shares their experiences on Instagram (21andsensory, 2020)

However, it is important to note that sensory reactivity differences are not exclusive to autism, but occur
throughout the general population, and are often elevated in people with other neurodevelopmental
conditions, such as attention-deficit hyperactivity disorder (ADHD) (Ben-Sasson et al., 2009; Reynolds
et al., 2010). Sensory reactivity differences seem to be intrinsically linked to autism traits, and have
been found to preceded and be an early predictor of core diagnostic traits associated with autism,
including both social differences and RRBs, as well as later diagnostic status (Baranek et al., 2013;
Boyd et al., 2010; IBIS network et al., 2015; Turner-Brown et al., 2013). Sensory reactivity differences
can significantly impact daily living for autistic individuals and have been linked with behavioural
difficulties (Dellapiazza et al., 2018; Lane et al., 2010), as well as mental health conditions, such as

anxiety (Hwang et al., 2019; Uljarevic et al., 2016).
1.3 Anxiety

Anxiety is an inherent fearful response to perceived threat or negative consequences that are less
explicit and certain, which is distinct from adaptive fear in response to a known external danger (Barlow,
2000; Bishop, 2007). Anxiety can become problematic when individuals experience excessive and
disproportionate fear and worry that disrupts everyday functioning. Characteristically, this may include
avoidance or significant distress and somatic symptoms, that are not better explained by another

condition (DSM-5 American Psychiatric Association, 2013).

There are several types of disorders classed under anxiety disorders in the DSM-5, including
generalised anxiety disorder (GAD), social anxiety disorder, separation anxiety disorder, specific
phobia, and panic disorder and agoraphobia, as well as anxiety related conditions, such as obsessive-
compulsive disorder (OCD) (DSM-5 American Psychiatric Association, 2013). The definitions are
summarised in Table 1. It is important to note that from the DSM-IV to the DSM-5, OCD changed
classification from an anxiety disorder to Obsessive-Compulsive and Related Disorders. However, due
to its former classification, it is commonly included on existing anxiety assessments, and has therefore

been considered as an anxiety related condition in this thesis.
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Table 1
Characteristics of DSM anxiety disorder symptomology

DSM anxiety related disorders Characteristics

Generalised anxiety (GAD) Persistent and excessive fear and worry that is difficult to control

Social anxiety Persistent fear of being negatively appraised in social or performance situations
Separation anxiety Persistent, excessive, and developmentally inappropriate fear related to separation

from certain people

Specific phobia Persistent and excessive fear of a specific object or situation (e.g., heights, animals)

Panic, with/without agoraphobia Abrupt onset of intense fear or discomfort that reaches a peak within minutes,
accompanied by several somatic symptoms. Associated agoraphobia is defined as
an excessive fear of certain situations, including being outside the home, in open or

enclosed spaces, on public transport, or standing in a line or crowd

Obsessive-compulsive (OCD) Obsessions and/or compulsions.

. Obsessions are the experience of distressing and intrusive persistent and
recurrent urges, thoughts, or images, which are ignored, suppressed, or

neutralised through thought or action.

. Compulsions are excessive or unrealistic repetitive mental acts or
behaviours (e.g., counting, praying, or handwashing) in response to an
obsession that are meant to prevent or reduce distress or prevent a

feared event or situation.

Due to their dimensional nature, anxiety disorders are not always stable across time, as people who
overcome symptoms associated with one anxiety disorder can later develop symptoms associated with
a different disorder (Bystritsky et al., 2013). Additionally, anxiety disorders also have varying age of
onset, and symptoms relating to phobia and separation anxiety are thought to establish earliest (Beesdo
et al., 2009).

1.4 Anxiety in autism

Autistic people are at heightened risk of anxiety compared to the general population, with prevalence
estimates suggesting clinical levels of anxiety are present in 40% of children and 20% of adults (Nimmo-
Smith et al., 2020; van Steensel et al., 2011) compared to 7-9% in the general population (Ghandour
et al., 2019; Nimmo-Smith et al., 2020). This has a monumental impact on daily living and the quality of
life of individuals (Mason et al., 2019; Robertson et al., 2018; van Steensel et al., 2012), which is often
more significant than the impact of being autistic (Ozsivadjian et al., 2012). Autistic people are
commonly diagnosed with a variety of anxiety conditions, however, prevalence estimates for specific
conditions vary greatly across studies and autistic sub-groups, such as those with and without
cooccurring intellectual disability (de Bruin et al., 2007; Kerns et al., 2020; Leyfer et al., 2006a; Simonoff

et al., 2008; van Steensel et al., 2011). For instance, Simonoff et al., (2008) found social anxiety was

12



the most common anxiety disorder in autistic children (age 10-14 years), with a reported prevalence of
29%. Whereas a meta-analysis, conducted by van Steensel et al., (2011), found that specific phobia
was the most common anxiety disorder in autistic children (age < 18 years), with a reported prevalence
of 30%. A recent study by Kerns et al., (2020) also found that specific phobia was the most commonly
diagnosed anxiety disorder in autistic children (age 9-13 years), with a reported prevalence of 44%, and
it was also found to be the most common condition in children with cooccurring intellectual disability.
Whereas in adults (age 18 — 27 years), phobic anxiety conditions, including social phobia, as well as
OCD have been found to be most prevalent (Nimmo-Smith et al., 2020).

It has also become apparent that as well as presenting with traditional anxiety symptoms in line with
the DSM, autistic individuals experience distinct, autism-related anxiety symptoms. This can include
unusual phobias, which may be uncommon and related to sensory stimuli such as balloons; social fears
which are unrelated to negative appraisal, such as fearing social situations without worry associated
with being negatively judgement by others; and fears associated more specifically with change that are
not better explained by generalised worries (Kerns et al., 2014, 2017). Although autistic people
frequently have distinct presentations of clinical anxiety, they also commonly meet for diagnoses in
alignment with traditional DSM symptomology (Kerns et al., 2020). Additionally, there are currently few
standardised anxiety assessments suitable for young autistic children, or autistic people with
cooccurring intellectual disability and who speak few-to-no words (see section 2.7: Measuring sensory
reactivity and anxiety in autism). Thus, this thesis focusses on clusters or ‘subtypes’ of symptoms that
are associated with traditional classifications of anxiety conditions that align with the DSM, rather than

distinct symptomology in autism.

Due to the inordinate risk of anxiety for autistic people, there has been a growing focus in research to
identify potential risk factors linked to autism that may explain this heightened risk. A range of constructs
have been found to be implicated in anxiety in autism, including broader autism traits, such as RRB’s,
as well as alexithymia or emotional awareness, and intolerance of uncertainty (Pickard et al., 2020;
South & Rodgers, 2017; Wigham et al., 2015). Furthermore, sensory reactivity differences, primarily
hyperreactivity, have also frequently been identified to be associated with anxiety (Amos et al., 2019;
Bitsika et al., 2019; Black et al., 2017; Carpenter et al., 2018; Glod et al., 2019; Green et al., 2012;
Horder et al., 2014; Hwang et al., 2019; Lidstone et al., 2014; Liss et al., 2008; Mazurek et al., 2013;
Uljarevic¢ et al., 2016; Wigham et al., 2015). South and Rodgers (2017) proposed a theoretical model of
the relationships between these contributing factors and anxiety in autism (Figure 3).
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Figure 3
Proposed model by South and Rodgers (2017) of the possible pathways between factors relating to anxiety in autism.

As it is beyond the scope of the aims of this thesis to explore all the wider factors that relate to anxiety
in autism, this thesis aims to delve deeper into the relationships between subtypes of sensory reactivity
differences and anxiety. However, some of these factors were considered in the studies in this thesis.
Firstly, as IU has been suggested to be an important interrelated construct with sensory reactivity and
anxiety, this has been examined in preschool-age children in the study in Chapter 3, and adults in the
study in Chapter 4. Intolerance of uncertainty (1U), broadly defined as the negative appraisal of contexts
and situations that are unpredictable or unforeseen, is a construct which has been found to be common
in autistic individuals and associated with the development and maintenance of anxiety (Buhr & Dugas,
2006; Dugas et al., 1998; Freeston et al., 1994). IU has commonly been identified as a factor associated
with both sensory reactivity and anxiety, and is thought to be a key factor underlying anxiety in autism
(Glod et al., 2019; Hwang et al., 2019; Jenkinson et al., 2020; Neil et al., 2016; Wigham et al., 2015).
Secondly, due to the possible wider influence of broader autism traits, most notably RRBs as highlighted
by South and Rodgers (2017), the approach was taken to measure and control for variance that could

be explained by autism traits in the studies in Chapters 2, 3, and 4.
1.5 Sensory reactivity differences and anxiety
1.5.1 Sensory hyperreactivity and anxiety

Sensory hyperreactivity can be extremely distressing and has frequently been linked to anxiety in
autistic children and adolescents (Carpenter et al., 2018; Green et al., 2012; Uljarevi¢ et al., 2016;
Wigham et al., 2015). To date, most research has examined links between sensory hyperreactivity and
total anxiety and there is minimal research into the links between sensory hyperreactivity and certain
anxiety symptomology. It is important to note that although autistic individuals present with traditional
and distinct anxiety symptomology, sensory hyperreactivity has been found to predict traditional rather
than distinct anxiety in autistic children, which may instead be predicted by other autistic traits (Kerns

et al., 2014). Research by Black et al.,, (2017) suggested that sensory hyperreactivity may be
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differentially related to anxiety symptomology. Their study in autistic children and adolescents (ages 7
— 17 years), using questionnaires completed by parents, found that sensory hyperreactivity was
significantly related to specific phobia and separation anxiety, but not to social anxiety. More recent
studies that have examined correlates in specific anxiety conditions, rather than comparing conditions,
have also found sensory hyperreactivity to be significantly related to GAD in autistic children and
adolescents (ages 6 — 18 years) (Bitsika et al., 2019), and to social anxiety in autistic adolescents (ages
11 — 17 years) (Pickard et al., 2020). Links to OCD have not yet been examined in autistic populations,
but tentative links have been found between sensory hyperreactivity and OCD in young non-autistic
children (ages 4 — 6 years) (Dar et al., 2012). Overall, examining the differential links between sensory
hyperreactivity and anxiety symptomology has been an uncommon approach in previous research, thus
there is still very little known about how sensory hyperreactivity links to anxiety symptomology in autistic

children.

So far, most of the research has primarily examined the links between sensory hyperreactivity and
anxiety in autistic children and adolescents, and there have only been a handful of studies that have
examined this in adults. Nonetheless, these studies have also consistently found sensory
hyperreactivity to be related to anxiety in autistic adults (Hwang et al., 2019; Syu et al., 2020; Syu &
Lin, 2018), as well as in non-autistic adults (Amos et al., 2019; Engel-Yeger & Dunn, 2011; Horder et
al., 2014; Liss et al., 2008). Additionally, links between sensory reactivity differences and anxiety have
also been highlighted in qualitative research with autistic adults (Robertson & Simmons, 2015).
However, there is no know research that has yet examined if sensory hyperreactivity is related to certain

anxiety symptomology in autistic adults.

Green and Ben-Sasson (2010) conceptualised three theoretical models that may explain the
association between sensory hyperreactivity anxiety in autism. Firstly, the primary anxiety model
suggests that anxiety is a cause of sensory hyperreactivity. Due to characteristics of anxiety, such as
hypervigilance, avoidance, attentional bias, and hyperarousal, individuals are more likely to attend and
overreact to sensory stimuli, which is then maintained and intensified through conditioning. Secondly,
the primary hyperreactivity model suggests that sensory hyperreactivity is a cause for anxiety.
Unpleasant sensory input can be conditioned, either towards a specific stimulus, causing the
development of a phobia, or across contexts due to the uncontrollability or unpredictability of stimuli,
causing more generalised anxious responses such as with GAD or social anxiety. Thirdly, it may be
that there is a non-causal link between sensory hyperreactivity and anxiety, and rather an additional
factor explains the link, such as diagnostic overlap or similarities in amygdala activation. To test these
models, Green et al., (2012) conducted a study in autistic toddlers (mean age = 28 months) to examine
the longitudinal association between sensory hyperreactivity and anxiety. Their results showed that
sensory hyperreactivity predicted anxiety a year later, whilst anxiety did not predict anxiety across time.
This suggests that sensory hyperreactivity may precede and be an early risk factor for anxiety and
support the primary hyperreactivity model, as proposed by Green and Ben-Sasson (2010). However,
research has also shown support for there being a non-causal link between sensory hyperreactivity and
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anxiety, suggesting they may instead share a common neural basis, linked with overactivation in the

amygdala and hippocampus (Green et al., 2013).
1.5.2 Sensory hyporeactivity and anxiety

The links between sensory hyporeactivity and anxiety in autistic children have been comparatively
under-researched, and findings have mostly been inconsistent. Research by Glod et al., (2019) found
sensory hyporeactivity to be related to greater anxiety in autistic children (ages 4 — 9 years). However,
this direct association has not always been found in studies with autistic children and adolescents (ages
6 — 17 years and ages 8 — 16 years) (Pfeiffer et al., 2005; Wigham et al., 2015). Additionally, no known

research has yet aimed to understand if it may be differentially related to anxiety symptomology.

Furthermore, there is only one known study that has examined the link between sensory hyporeactivity
and anxiety in autistic adults, which in line with Glod et al., (2019), found a significant link between
sensory hyporeactivity and anxiety in autistic adults (Hwang et al., 2019). Hwang et al., (2019), using
self-report questionnaires, found that sensory hyporeactivity was significantly correlated with anxiety,
but also found that intolerance of uncertainty mediated this relationship. Unsurprisingly, research is yet

to examine if sensory hyporeactivity is related to anxiety symptomology in autistic adults.

As sensory hyporeactivity can have negative consequences for an individual, such as injuries from
being under responsive to pain or not noticing signs of danger, this could lead to the conditioning of
generalised worry and anxiety. However, there is some suggestion that sensory hyporeactivity may not
be directly associated with anxiety, but rather indirectly associated through the presentation of RRB’s
(Wigham et al., 2015). Alternatively, it has been suggested that sensory hyporeactivity may be more
implicated in depression, given their characteristic similarity of low levels of arousal (Lane, 2002; Pfeiffer
et al., 2005). Individuals may experience sensory hyporeactivity to disengage from aversive or anxiety
provoking sensory input and/or in response to sensory overload, which is followed by a period of low
arousal and possibly depression (Lane, 2002; Pfeiffer et al., 2005). There is often cooccurrence
between anxiety and depression, as well as sensory hyperreactivity and hyporeactivity in individuals
(Baranek et al., 2006; Nimmo-Smith et al., 2020; Pollack, 2005). Thus, sensory hyporeactivity may be
related to lower anxiety, or it may be an associated outcome with other factors that are linked with

sensory hyperreactivity and anxiety, rather than being direct related.
1.5.3 Sensory seeking and anxiety

Sensory seeking is predominantly absent from the literature on sensory reactivity and anxiety.
However, research by Lidstone et al., (2014) did not find evidence of a significant link between
sensory seeking and anxiety in autistic children and adolescents (ages 2 — 17 years). But so far, no
known further research has examined the links between sensory seeking and anxiety, including

certain symptomology, in autistic children.

Although the links between sensory seeking and anxiety have not yet been examined in autistic

adults, this has previously been examined in non-autistic adults. Similarly to Lidstone et al., (2014), no
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significant relationships between sensory seeking and anxiety were found in non-autistic adults
(Engel-Yeger & Dunn, 2011; Levit-Binnun et al., 2014). However, the findings of qualitative studies
with autistic adults have suggested that sensory seeking may be a soothing experience (Robertson &
Simmons, 2015; Smith & Sharp, 2013). For instance, a study by Robertson & Simmons (2015), which
conducted a focus group with 6 autistic adults, suggested that seeking out certain enjoyable sensory
experiences, such as music, can be comforting and calming when stressed. Whilst it is possible that
sensory seeking could reduce anxiety in individuals, it may be that sensory seeking is indirectly
related to anxiety as a means for arousal regulation when individuals are under-aroused, or

interlinked with RRB’s to soothe when over-aroused (Lidstone et al., 2014).
1.6 Measuring sensory reactivity and anxiety in autism
1.6.1 Sensory reactivity measures

There are a growing number of measures for sensory reactivity, but questionnaires are the most used
method. Questionnaires are a beneficial method of data collection as they are easy to distribute both in
person and online, the latter of which has been particularly important due to the impact of the pandemic
on face-to-face testing. There are a variety of questionnaire measures that assess sensory reactivity
differences in autistic children and adults. Measures available for use with autistic children include the
Sensory Experiences Questionnaire (SEQ; Baranek et al., 2006), which measures sensory
hyperreactivity and hyporeactivity in children ages 5 months — 6 years, the Sensory Processing
Measure (Miller-Kuhaneck et al., 2007), which measures social participation, praxis, and sensory
processing difficulties in children ages 5 — 12 years, and preschool version for ages 2 — 5 years.
Measures available for use with autistic adults include the Glasgow Sensory Questionnaire (Robertson
& Simmons, 2013), which measures sensory hyperreactivity and hyporeactivity, and the Sensory
Processing 3-Dimensions Scale (Mulligan et al., 2019), which measures sensory hyperreactivity,
hyporeactivity, and seeking. Additionally, there is the Sensory Processing Scale Inventory (SPSI;
Schoen et al., 2017), which measures sensory hyperreactivity, hyporeactivity, and seeking, and is
appropriate for use with both autistic children and adults. The Sensory Profile (Dunn, 1999), in its
different versions, assesses sensory reactivity differences relating to poor registration, sensory
sensitivity, sensory avoiding, and sensory seeking and is the most widely used sensory questionnaire
with both autistic children and adults. However, there are some limitations to this measure in the context
of the research conducted in this thesis. Firstly, there is a disproportionate representation of items that
align with sensory hyperreactivity, compared to sensory hyporeactivity and seeking (Neil et al., 2017;
Uljarevi¢ et al., 2016). Secondly, the questionnaire includes items that assess wider behaviours that
often overlap with autism traits and anxiety, such as items related to conduct and social emotional
responses, as well as items that directly refer to anxious affect, for example: Becomes anxious when
standing close to others. Therefore, the Sensory Profile may not be appropriate when researching links
between sensory reactivity and anxiety, as the measure overlap could inflate correlations. Thus, it has
not been included in the studies for this thesis. Instead, the Sensory Processing Scale Inventory (SPSI;
Schoen et al., 2017) was used as the parent-report measure in the studies in Chapters 2 and 3, and

the adult self-report measure in the studies in Chapter 4.
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As sensory reactivity is an internal phenomenon, it has been suggested that it should be assessed
using a multi-measure approach, including observations and physiological assessments (Burns et al.,
2017). Observational assessments provide an objective means to assess sensory reactivity differences
in autistic individuals and can be used in conjunction with questionnaires to provide a more objective
measure of sensory reactivity differences, although none currently exist for use with autistic adults.
Observations that can be used to assess sensory reactivity in autistic children include the Sensory
Processing Assessment (Baranek, 1999), a semi-structure play based observation for use with ages 9
months to 6 years to be used in conjunction with the SEQ, the Sensory Integration and Praxis Test,
which assesses sensory integration in children ages 4 — 8 years, 11 months, and the Sensory
Assessment of Neurodevelopmental Differences (SAND; Siper et al., 2017). The SAND is a direct
observation of responses to the presentation of sensory toys and an associated parent interview. The
SPSI and the SAND are validated measures (psychometric properties for these assessments are
provided in Chapters 2, 3, and 4) that focus on dichotomously scoring (yes/no) behavioural responses
to sensory input across modalities, providing sub-scales for sensory hyperreactivity, hyporeactivity, and
seeking. Due to their similarities in scoring (both dichotomous — yes/no) and constructs (both assessing
hyperreactivity, hyporeactivity, and seeking) between measures, the SPSI and SAND are appropriate
to use in conjunction in research (Chapter 3). Although the SAND was also used for data collected for
Chapter 2, floor effects in scores were interpreted as the measure not being appropriate for use in older

children and those without cooccurring intellectual disability, and so it was excluded.
1.6.2 Anxiety measures

As with measuring sensory reactivity, a multidisciplinary approach to assessing anxiety should be
adopted to incorporate multiple perspectives from different reporters, including questionnaires,
interviews, observations, and psychophysiological measures (Spain et al., 2018; White et al., 2009).
However, this can currently be difficult to achieve due to the lack of assessments validated for use in
autistic individuals.

Questionnaires validated in non-autistic people are the most common method for measuring anxiety in
research, due to the lack of validated scales for use in autistic individuals (Vasa et al., 2016). There are
a variety of questionnaire measures that assess anxiety in children and adults. Commonly used
questionnaires that have been used with autistic children include the Screen for Child Anxiety Related
Emotional Disorders (Birmaher et al., 1997), which can be used in children and adolescents aged 8 —
18 years, the Child Behaviour Checklist (Achenbach & Ruffle, 2000), which has an anxiety subscale
and can be used with children and adolescents ages 6 — 18 years, Multidimensional Anxiety Scale for
Children (March et al., 1997), which can be used with children and adolescents aged 8 — 18 years. The
Spence Anxiety Scales (Spence, 1998) are the most commonly used in research with both autistic and
non-autistic children, and they provide an overall total score for anxiety, as well as subscales scores for
GAD, social anxiety, separation anxiety, OCD, panic and agoraphobia, and physical injury fears. The
Preschool Anxiety Scale (PAS; Edwards et al., 2010) is validated for use with children ages 3 — 6 years
and the Spence Children’s Anxiety Scale — Parent is validated for use with children ages 6 — 14 years

(SCAS-P; Nauta et al., 2004). Although these measures were also not designed for use with autistic
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children, the SCAS-P has psychometric properties that are promising for use in this population, albeit
with studies finding inconsistent factor structures (Glod et al., 2017; Jitlina et al., 2017; Magiati et al.,
2017; Zainal et al., 2014). As the Spence Anxiety Scales were the only questionnaire measures able to
assess anxiety, and anxiety symptomology, in preschool-age as well as school-age children, these
were included in the studies in Chapters 2 and 3.

Furthermore, as parents-reports can capture inflated responses, it is also important to include self-
reports when possible to gain additional perspectives (Hallett et al., 2013; Spain et al., 2018). Although
there is the Spence Children’s Anxiety Scale (Spence et al., 2003), which is a self-report version that
can be used with children ages 7 — 19 years, autistic children can struggle to report their affect, thus, it
can be helpful to provide clear examples and explanations to assist them in self-reporting (Vasa et al.,
2016). Therefore, although also not validated in autistic children, the Dominique Interactive (Valla et al.,
2002) may be an appropriate self-report measure for mental health as it provides clear examples of
scenarios from the cartoon character Dominique and asks the children to click yes or no to say if they

have felt the same as Dominique, and therefore it was included in the study in Chapter 2.

As research into autistic adults is lacking, little is known about the efficacy of measures of traditional
anxiety in this age group. The Hospital Anxiety and Depression Scale (HADS; Zigmond & Snaith, 1983),
although not designed for use with autistic adults, is the only questionnaire measure of anxiety to have
been validated in this population (Uljarevi¢ et al., 2018). However, as it does not screen for specific
anxiety symptomology, it was not suitable for the adult studies in Chapter 4. Instead, the Screen for
Adult Anxiety Related Disorders (SCAARED; Angulo et al., 2017) was used, as the Screen for Child
Anxiety Related Emotional Disorders (SCARED; Birmaher et al., 1997) has been used in research with
autistic children and shown to have good psychometric properties in this population (details in Chapter
4; van Steensel et al., 2013). But the validity of the adult measure has not yet been examined in autistic

adults.

More recently, tools have been designed to assess anxiety specifically in autistic individuals, such as
the Anxiety Disorders Interview Schedule — Autism Addendum (ADIS-ASA; Kerns et al., 2017) and the
Anxiety Scale for Children with Autism Spectrum Disorder (ASC-ASD; Rodgers et al., 2016). However,
there are some limitations to using these assessments. Firstly, as the ADIS-ASA is a diagnostic tool
designed for differentiating anxiety in autistic individuals, it can be informative in identifying the presence
or absence of anxiety conditions. However, due to the cooccurring dimensional nature of anxiety
conditions, treatments can often be based on the symptomology, rather than the presence or absence
of a diagnosis (Bystritsky et al., 2013). Therefore, scale measures that can assess the extent of anxiety
symptoms and symptomology may be more informative in studies examining relationships between
anxiety and other constructs, as within this thesis. Secondly, the ASC-ASD only assesses anxiety
symptoms that are distinct in autism, providing subscales such as Performance Anxiety, Anxious
Arousal, Separation Anxiety, and Uncertainty, and are not aligned with current DSM symptomology,
which is important for clinical impact, and would make findings difficult to compare to existing research
and studies with non-autistic populations. While autism distinct measures could be used in conjunction

with measures of traditional anxiety symptomology, the ASC-ASD is not validated for use in younger
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children, under 6 years, and may not be suitable for individuals with cooccurring intellectual disability.
Although these measures were originally included in the study in Chapter 3, they were not suitable for
most participants due to their young age and were excluded. However, sensory reactivity differences
have been found to be associated with traditional anxiety symptomology, rather than distinct symptoms
in autism (Kerns et al., 2014). Additionally, some of the common additional fears experienced in autism
relate to sensory reactivity and uncertainty (Lau et al., 2020), constructs which are both assessed
separately in this thesis and would likely increase the overlap in traits/symptoms. Therefore, the use of

measures that assess traditional anxiety is not perceived as problematic for the studies in this thesis.
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1.7 Aims, objectives, and significance of this thesis

The aim of the studies in this thesis are to elucidate the relationships between sensory reactivity
differences and anxiety symptomology in autistic people. Due to the heightened prevalence of anxiety
in the autistic population, and the debilitating impact of anxiety on the quality of life of individuals, it is
important to understand more about autism-related risk factors for anxiety. Understanding if sensory
reactivity differences are associated with certain anxiety symptomologies has important implications for

treatment approaches, as anxiety conditions are often approached differentially in treatment.

Although previous research has consistently found links between sensory hyperreactivity and anxiety
in autistic individuals, there are still many gaps in the literature. Firstly, although there is strong evidence
of a link between sensory hyperreactivity and anxiety, minimal research has sought to understand the
links between sensory hyporeactivity and seeking, and anxiety. Secondly, minimal research has
explored links between sensory hyperreactivity and specific anxiety symptomology, and research is yet
to understand if sensory hyporeactivity and seeking are differentially related to certain anxiety
symptomology (also referred to as anxiety subtypes in this thesis). Finally, the links between sensory
reactivity differences and anxiety have primarily been examined in school-aged autistic children, with

minimal research in young children or adults.
Therefore, the primary research question for this thesis was:

1) Are sensory reactivity differences, including hyperreactivity, hyporeactivity, and seeking,

differentially related to anxiety symptomology in autistic children and adults?

Additionally, IlU has been suggested to be an interrelated construct in the relationship between sensory
hyperreactivity and hyporeactivity and anxiety, however minimal research has examined its association
with sensory seeking or specific anxiety symptomology. Furthermore, sensory reactivity differences are
not commonly researched in autistic adults, especially regarding sensory hyporeactivity and seeking.
Therefore, little is known about autistic adults’ experiences of sensory reactivity differences across
modalities. It has become increasingly important for research to be co-produced with stakeholders, so
that it reflects and represents lived experiences and is more likely to improve outcomes for autistic
people (Fletcher-Watson et al., 2018).

Therefore, the secondary research questions for this thesis were:

2) Is IU a mediating factor in the relationship between sensory reactivity differences and anxiety
symptomology in autistic children and adults

3) What are autistic adults’ experiences of sensory reactivity differences?

These questions were addressed across four studies. Table 2 provides a summary of the key details of
these studies to accompany the below descriptions.

The first study (Chapter 2) examined the correlational relationships between sensory reactivity

differences and anxiety symptomology in autistic children (age 3 — 14 years). Existing work has
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frequently highlighted a relationship between sensory hyperreactivity and total anxiety in autistic
children (e.g., Green et al., 2012; Hwang et al., 2019; Wigham et al., 2015). Additionally, there is some
evidence of a differential relationship with anxiety symptomology (Black et al., 2017; Kerns et al., 2014;
Pickard et al., 2020; Spain et al., 2018). Therefore, this first study built on existing work to understand
if sensory reactivity differences, including hyperreactivity, hyporeactivity, and seeking, were
differentially related to anxiety symptomology, including GAD, separation anxiety, OCD, physical injury

fears, and social anxiety, in autistic children.

The second study (Chapter 3) examined the correlational and cross-sectional mediating relationships
between sensory reactivity differences, anxiety symptomology, and IU in preschool-aged autistic
children (age 3 — 5 years). Existing work in autistic toddlers has suggested that sensory hyperreactivity
is an early predictor of anxiety (Green et al., 2012). Additionally, research in older children and adults
has suggested that IlU may be a key associated construct in this relationship (Hwang et al., 2019; Neil
et al., 2016; South & Rodgers, 2017; Wigham et al., 2015). Therefore, this study aimed to replicate and
extend on the findings from Chapter 2 in a more focussed age range, to understand if sensory reactivity
differences, including hyperreactivity, hyporeactivity, and seeking, were differentially related to anxiety
symptomology, including GAD, separation anxiety, OCD, physical injury fears, and social anxiety, in
early childhood. But also, to understand the predictive relationship between these factors and the role
of IU at this early stage.

The third pair of complementary studies (Chapter 4) examined the correlational and cross-sectional
mediating relationships between sensory reactivity differences, anxiety symptomology, and IU in autistic
adults. Study 1 examined the relationship between sensory reactivity differences and anxiety
symptomology, whilst Study 2 examined the relationship between sensory reactivity differences, anxiety
symptomology, and IU in autistic adults. Although the links between sensory hyperreactivity and certain
anxiety symptomology has been examined in autistic children (e.g., Black et al., 2017; Pickard et al.,
2020), this has not yet been examined in autistic adults. Additionally, IU has been found to partially
mediate the relationship between both sensory hyperreactivity and hyporeactivity, and anxiety in autistic
adults (Hwang et al., 2019), but links between sensory seeking and anxiety symptomology have not yet
been examined. Thus, these studies aimed to replicate and extend on the findings from Chapter 2 and
3 in adults, by understanding how sensory reactivity differences, including hyperreactivity,
hyporeactivity, and seeking, were differentially related to anxiety symptomology, including GAD,
separation anxiety, and social anxiety, and IU in autistic adults.

The final study of this thesis (Chapter 5) examined the sensory experiences of autistic adults using a
mixed methods approach. Although sensory reactivity is commonly researched in autistic children, it
has been comparatively under-researched in autistic adults, despite the perseverance into adulthood
(Crane et al., 2009; Tavassoli et al., 2014). Existing qualitative research has proposed models of
sensory reactivity in autistic adults (Robertson & Simmons, 2015; Smith & Sharp, 2013), however these
have been rather over-simplistic or over-complex, have not examined experiences relating to all types
of sensory reactivity differences, and have not included stakeholders in the research process.

Therefore, this study, co-produced with autistic adults, aimed to, firstly, understand sensory input
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associated with sensory reactivity differences, including hyperreactivity, hyporeactivity, and seeking, as

well as different domains. Secondly, it aimed to understand more about the sensory experiences of

autistic adults to develop an enhanced model that highlights factors involved in sensory reactivity

differences in adulthood. This study was important to examine if the results from the quantitative studies

in this thesis aligned with the lived experiences of autistic adults and to identify possible future

directions.

Table 2

Summary of studies in this thesis, including the age range of participants, the variables measured, and the measures used.

Age range

Variables

Measures

Chapter 2

3 — 14 years

Sensory reactivity differences
e Hyperreactivity
e Hyporeactivity
e Seeking

Sensory Processing Scale Inventory (SPSI)

Anxiety
e Total
GAD
Separation
Social
OoCcD
Physical Injury fears
Specific Phobia

Spence Children’s Anxiety Scale (SCAS)

Dominique Interactive (DI)

Chapter 3

3 -5 years

Sensory reactivity differences
e Hyperreactivity
e Hyporeactivity
e Seeking

Sensory Processing Scale Inventory (SPSI)

Sensory Assessment for Neurodevelopmental
Differences (SAND)

Anxiety
e Total
GAD
Separation
Social
OoCcD
Physical Injury fears
Specific Phobia

Preschool Anxiety Scale (PAS)

Intolerance of uncertainty

Responses to Uncertainty and Low
Environmental Structure questionnaire (RULES)

Chapter 4

18 years +

Sensory reactivity differences
e Hyperreactivity
e Hyporeactivity
e Seeking

Sensory Processing Scale Inventory (SPSI)

Anxiety
e Total
e GAD
e Separation
e Social

Screen for Adult Anxiety Related Disorders
(SCAARED)

Intolerance of uncertainty

Intolerance of Uncertainty Scale (IUS)

Chapter 5

18 years +

Sensory experiences

Mixed methods online-survey (Appendix 3)

Note. GAD: Generalised anxiety disorder; OCD: Obsessive-compulsive disorder; DI: Dominique Interactive
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Chapter 2. The relationship between sensory reactivity differences and anxiety
subtypes in autistic children

Keren MacLennan, Lauren Roach & Teresa Tavassoli
First published: 07 January 2020 by Autism Research, https://doi.org/10.1002/aur.2259
2.1 Paper contribution

| had a significant contribution to this paper. The data was collected as part of a wider study, in which |
worked as part of the research team (other team members mentioned in acknowledgements) to develop
the study design and aims and collect the data. Lauren Roach was responsible for data inputting. |
independently conducted the analyses and wrote the manuscript with feedback provided from the other

authors, as well as reviewers through the peer-review process.
2.2 Abstract

Autistic children are at greater risk of developing anxiety than their non-autistic peers. Sensory reactivity
differences have been implicated as one of the risk factors. Specifically, sensory hyperreactivity has
previously been linked to anxiety, including separation anxiety and specific phobia; however, minimal
research has explored the influence of sensory hyporeactivity and seeking. Therefore, the present study
examined the correlational relationship between sensory reactivity differences and anxiety subtypes in
41 autistic children aged between 3 and 14 years, using parent- and self-reported measures. We found
positive correlations between sensory hyperreactivity and total anxiety, separation anxiety and physical
injury fears. However, when controlling for autism traits, we found sensory hyperreactivity to be related
to physical injury fears and specific phobia, and sensory hyporeactivity to be related to lower total and
social anxiety. We found no significant relationships between sensory seeking and anxiety. These
results indicate that sensory hyperreactivity and hyporeactivity might be implicated in specific anxiety
symptomology. Our results also indicate minimal agreement between parent- and self-reported
anxieties, which highlights the limitations of informant reports for anxiety and the pressing need for
objective anxiety assessments for autistic children to be developed. Our findings have important
implications for limiting the development of anxiety in autistic children and suggest that sensory
reactivity differences should be considered when developing targeted interventions for certain anxiety
disorders.

24



2.3 Introduction

Autism Spectrum Conditions (ASC) are neurodevelopmental conditions typically characterised by
restricted and repetitive behaviours and interests (RRBs), and social interaction and communication
differences (DSM-5 American Psychiatric Association, 2013). Sensory reactivity differences are a new
diagnostic criterion for ASC (DSM-5 American Psychiatric Association, 2013), which occur across
multiple sensory domains and are characterised by hyperreactivity (over-responsivity), or hyporeactivity
(under-responsivity) to sensory stimuli (e.g. sounds or touch), and sensory seeking (e.g. being
fascinated by lights) (Miller et al., 2007). Around 65-80% of autistic children are thought to experience
sensory reactivity differences (Lane, Dennis, & Geraghty, 2011; Leekam, Nieto, Libby, Wing, & Gould,
2007; Tavassoli et al., 2016). Although sensory experiences, particularly seeking behaviours, can be
enjoyable for some individuals, other sensory experiences can be very distressing (Uljarevi¢ et al.,
2016). This can have a detrimental impact on developmental outcomes and quality of life (Boyd et al.,
2010; Hilton et al., 2010; Pfeiffer et al., 2005).

Autistic children are also twice as likely to develop anxiety in comparison to non-autistic children, with
approximately 55% experiencing clinically elevated levels of anxiety, and up to 40% being diagnosed
with at least one anxiety disorder (de Bruin et al., 2007; van Steensel et al., 2011). Common co-morbid
anxiety disorders include social anxiety, specific phobia, separation anxiety disorder, generalised
anxiety disorder (GAD), and obsessive-compulsive disorder (OCD) (Simonoff et al., 2008). This can
greatly impact school performance, attainments, and quality of life, and consequently, there is an
inordinate need to identify risk factors in early development (Factor et al., 2017; Simonoff et al., 2008;
van Steensel et al., 2012). However, there is a barrier in diagnosis for anxiety disorders such as OCD
and social anxiety due to the overlapping nature between symptoms of these disorders and autistic
traits (Kerns & Kendall, 2012; White, Oswald, Ollendick, & Scahill, 2009). It is apparent that although
there are commonalities in anxiety symptoms for autistic and non-autistic people, there seem to be
anxiety symptoms that are experienced more commonly by autistic people compared to other anxiety
disorder populations, such as sensory and special-interest fears (Kerns, Renno, Kendall, Wood, &
Storch, 2017; Rodgers et al., 2016). Therefore, it is important to tease apart autism-related differences
that are related to the development of anxiety to ensure autistic people receive appropriate support,
and to develop anxiety assessments specific for autistic individuals (Kerns et al., 2014). Sensory
reactivity is one area that has been suggested to link to traditional anxiety symptoms (Kerns et al.,
2014), as well as anxiety symptoms that are specific to autistic people (South & Rodgers, 2017).
Research has consistently found an association between greater sensory reactivity differences and
anxiety in autistic children (Ben-Sasson et al., 2008; Uljarevic et al., 2016).

In particular, sensory hyperreactivity can be extremely distressing and has been found to correlate with
clinically elevated levels of anxiety (Carpenter et al., 2018; Green et al., 2012; Green & Ben-Sasson,
2010; Pfeiffer et al., 2005). It has been suggested that sensory hyperreactivity is predictive of anxiety,
but there is an apparent bidirectional relationship, in that greater hyperreactivity increases anxiety,
which in turn increases hyperreactivity (Green et al., 2012; Mazurek et al., 2013). This may be due to

sensory hyperreactivity resulting in the avoidance of sensory stimuli, which may be a maladaptive
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strategy for arousal regulation, that further generates and maintains anxiety (Joosten & Bundy, 2010;
Lidstone et al., 2014). Although research has largely only explored relationships to total anxiety scores,
it is ostensible that sensory hyperreactivity relates to anxiety sub-types, and therefore assessing total
anxiety scores in research may not be sensitive enough to capture the complex relationship between
sensory hyperreactivity and anxiety sub-types. (Black et al., 2017; Kerns et al., 2014; Rodgers et al.,
2016; Simonoff et al., 2008).

Specific phobia is one of the most commonly diagnosed anxiety disorders for autistic people and is
present in up to 40% of autistic children (Leyfer et al., 2006; Mayes et al., 2013; White et al., 2009).
Differentially from non-autistic people, 10% of autistic people experience phobias relating to loud
noises, which are thought to originate from sensory hyperreactivity to auditory stimuli (Gjevik, Eldevik,
Fjeeran-Granum, & Sponheim, 2011; Leyfer et al., 2006; Mukaddes & Fateh, 2010; Muskett, Radtke,
White, & Ollendick, 2019; White et al., 2009). Black et al. (2017) explored the links between sensory
hyperreactivity and specific phobia, separation anxiety, and social anxiety, and found sensory
hyperreactivity related to separation anxiety and specific phobia, but not to social anxiety. Spain, Sin,
Linder, McMahon and Happé (2018) reviewed social anxiety in autistic people, and also outlined that
there is minimal evidence of a relationship between sensory hyperreactivity and social anxiety, which
could instead be linked to heightened physiological arousal and social skills differences (Bellini, 2006).
However, little is known about how sensory reactivity differences relate to other anxiety sub-types, such
as GAD and OCD. Research in non-autistic populations has shown sensory hyperreactivity to correlate
with childhood ritualism, and oral and tactile hyperreactivity to relate to OCD symptoms in adults (Dar
et al.,, 2012). Additionally, research into ‘sensory phenomena’, encompassed by uncomfortable
experiences or feelings, has shown increased sensory input (e.g. from tactile and auditory stimuli) to
precede or accompany OCD dimensions associated with repetitive behaviours and compulsions;
symmetry, ordering, and arranging; and contaminating, and cleaning (Ferrao et al., 2012). However,

little is known about the links between sensory reactivity differences and OCD in autistic populations.

Additionally, limited research has investigated whether sensory hyporeactivity and sensory seeking
relate to anxiety or anxiety sub-types. Theoretically, it is proposed that sensory seeking regulates
arousal, either by seeking out stimulation as a result of experiencing hyporeactivity, or by reducing
anxiety when experiencing hyperreactivity (Lidstone et al., 2014). Sensory hyporeactivity has been
found to relate to anxiety in younger autistic children (Pfeiffer et al., 2005). However, it is believed that
hyporeactivity has a greater relationship to other mental health disorders related to suppressed arousal,
such as depression (Lane, 2002; Neal, Edelmann, & Glachan, 2002; Pfeiffer et al., 2005). Sensory
reactivity differences are extremely complex, and individuals can present with a mixed pattern of
hyperreactivity, hyporeactivity and seeking behaviours, which vary in different environments and for
different sensory modalities, such as auditory or visual (Baranek et al., 2006; Lidstone et al., 2014).
Therefore, there is a need to understand the differential risk of anxiety resulting from specific sensory

reactivity differences, particularly to inform the development of targeted early interventions.

Previous research has largely assessed sensory reactivity differences using the Sensory Profile, or

Short Sensory Profile (Dunn, 1999), which disputably over-represents hyperreactivity (Neil et al., 2017;
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Uljarevic¢ et al., 2016). Therefore, it is imperative to conduct research using sensory assessments, such
as the Sensory Processing Scale Inventory (SPSI; Schoen, Miller, & Sullivan, 2017), that represent
sensory hyperreactivity, as well as a greater representation of hyporeactivity and seeking behaviour to
fully understand if specific sensory reactivity differences relate to anxiety. Additionally, it has recently
been suggested that multiple assessments should be used to assess anxiety, such as informant-
reports, clinical observations, and biological measures, which can capture different perspectives (Spain
et al., 2018). There are currently few direct objective anxiety assessments that can be used for autistic
children. The majority of previous research has exclusively employed parent-report measures; however,
relationships could be influenced by common methods variance and it has been suggested that simply
using parent report is not appropriate. It has also been argued that self-reports are not appropriate, as
autistic people often experience alexithymia, defined as the difficulty in identifying, labelling, and
interpreting emotions in the self and others (Liss et al., 2008). Consequently, autistic children may
struggle to identify their own affect, and parent-reports of anxiety may be more accurate than self-
reports (Russell & Sofronoff, 2005; White et al., 2009). As there are currently few objective anxiety
measures, presently it may be important to use both parent and self-reports in research to be able to

access the perspectives of the different informants.

Therefore, the aim of our study was to examine the correlational relationship between sensory reactivity
differences (e.g. hyperreactivity, hyporeactivity and seeking) and parent and self-reported anxiety sub-
types (e.g. specific phobia, physical injury fears, social anxiety disorder, GAD, OCD) in autistic children.
In light of previous research, we hypothesised that firstly, there would be differential relationships
between sensory reactivity differences and anxiety sub-types; greater sensory hyperreactivity would be
primarily related to higher total anxiety, separation anxiety, physical injury fears (corresponding to
phobia) and OCD; and greater sensory seeking would be related to lower anxiety. Additionally, we

predicted there to be no relationship between sensory hyporeactivity and anxiety sub-types.
2.4 Methods
2.4.1 Participants

Forty-one clinically diagnosed autistic children participated in this study (age range 3 — 14 years) (see
Table 3). All children had an official clinical diagnosis of autism according to DSM-IV or DSM-5. The
Autism Spectrum Quotient - Child (AQ; Auyeung, Baron-Cohen, Wheelwright, & Allison, 2008) was
used to assess the extent of autistic traits, with high scores associated with a greater degree of autism-
related traits or behaviours, and to confirm that all participants scored above the dichotomous scoring
cut-off (AQ = 26) (Woodbury-Smith et al., 2005). Forty-three participants were originally recruited for
this study; however, two participants were removed due to scoring below the cut-off. The AQ has strong
internal consistency (o = 0.97), and test-retest reliability (r = 0.85, p < .001) (Auyeung et al., 2008).
Demographic survey questions ensured participants did not have vision or hearing impairments that
could affect sensory reactivity. To obtain an indication of the developmental/cognitive functioning of the
sample, the Vocabulary and Matrix reasoning subtests were conducted using the Wechsler Abbreviated
Scale of Intelligence (WASI-II; Wechsler, 1999) and Wechsler Non-Verbal (WNV; Naglieri & Brunnert,

27



2009). Seven participants were not able to complete the 1Q tasks, however there was no exclusion
criteria for cognitive functioning or language level as cognitive levels have not been linked to sensory
reactivity in previous research (Siper et al., 2017). Signed consent was obtained from parents, and
verbal assent was obtained from children. Participants were recruited through the University of Reading
Centre for Autism participant database and social media platforms, and through Autism Berkshire, a

local autism organization. Ethical approval was granted prior to the commencement of this study by the

University of Reading Ethics Committee”.

Table 3
Demographic characteristics of participants

Characteristics Range M (SD)
Age (years) 3-14 8.44 2.86
1Q 77 - 140 109.03 16.92
AQ 27 - 49 35.53 5.77
Sex Percentage

Male 68%

Female 32%

Clinical Diagnosis
ASC 100%
Note. AQ: Autism Spectrum Quotient; ASC: Autism Spectrum Condition.

2.4.2 Procedure

Sensory reactivity differences, including sensory hyperreactivity, hyporeactivity and seeking, were
assessed through parent-report using the Sensory Processing Scale Inventory (SPSI; Schoen, Miller,
& Sullivan, 2017). Anxiety was assessed through caregiver and self-report using the Spence Children’s
Anxiety Scale — Parent (SCAS-P; Nauta et al., 2004) and the preschool version, the Preschool Anxiety
Scale (PAS; Edwards, Rapee, Kennedy, & Spence, 2010), and the Dominique Interactive (DI) computer
game (Valla et al., 2002). Children age 3-6 years were assessed using the SPSI and PAS (n = 8) parent-
reports, and children age 6 years and above were assessed using the SPSI and SCAS-P parent-

reports, and the DI self-report (n = 33).
2.4.3 Measures
Sensory Processing Scale Inventory (SPSI)

The SPSI (Schoen et al., 2017) was further developed from the Sensory Over-Responsivity (SensOR)
Scale (Schoen, Miller, & Green, 2008). It is a standardized, 96 item questionnaire completed by parents
to assess a child’s sensory reactivity differences across sensory modalities, including vision, hearing,
touch, smell and taste. It generates scores for sensory hyperreactivity, represented by 47 items (e.g.
“My child is bothered by fluorescent lights”), sensory hyporeactivity, represented by 21 items (e.g. “My

child does not respond to a normal volume speaking voice”), and sensory seeking, represented by 28

* University of Reading PCLS ethics code: 2017-047-TT
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items (e.g. “My child has difficulty disengaging from looking at spinning objects”). Items are scored
dichotomously (1 = yes, 0 = no), with higher scores indicating the presence of sensory reactivity
differences. The SPSI has good internal reliability (hyperreactivity = .89; hyporeactivity = .88; sensory
seeking = .93 (Schoen et al., 2017).

Spence Children’s Anxiety Scale - Parent and Preschool versions (SCAS-P / PAS)

The SCAS-P (Nauta et al., 2004) and PAS (Edwards et al., 2010) were adapted from the Spence
Children’s Anxiety Scale (SCAS; Spence, 1998). The SCAS-P is a standardized 38 item questionnaire
that assesses parent-reported observations of anxiety symptoms in children aged 6 — 18 years. Items
are scored on the scale 0 (never) to 3 (always), with higher scores indicating a greater presence of
anxiety symptoms. As well as providing a score for total anxiety, the SCAS-P consists of six subscales
that provides scores for generalized anxiety disorder (6 items), obsessive compulsive disorder (6 items),
panic attack and agoraphobia (9 items), separation anxiety disorder (6 items), physical injury fears (5
items) and social anxiety (6 items). The SCAS-P has good internal consistency (.93) and test-retest
reliability (.60) (Nauta et al., 2004). The PAS is a standardized 30 item questionnaire that assesses
parent-reported observations of anxiety symptoms in children aged 3 — 6 years. Items are scored on
the scale 0 (no true at all) to 4 (very often true), with higher scores indicating a greater presence of
anxiety symptoms. The PAS also provides a score for total anxiety, as well as sub-scores for
generalized anxiety disorder (5 items), obsessive compulsive disorder (5 items), separation anxiety
disorder (5 items), physical injury fears (7 items) and social anxiety (6 items). However, unlike the
SCAS-P, it does not provide a score for panic attack and agoraphobia. The PAS also has good internal
consistency (.70) (Edwards et al., 2010). As the SCAS-P and PAS have a different number of items,
scores for total and sub-scale items for each participants were transformed by converting the raw scores
into a percentage of the total score, e.g. the SCAS-P has a maximum total score of 114, therefore if a

participant scored a total of 65, this would be converted to 57(%).
Dominique Interactive (D)

The DI (Valla et al., 2002) is a computer based self-assessment of mental health for school aged
children and adolescents (6 — 16 years). It assesses 94 symptoms for 7 different clinical disorders,
including generalized anxiety disorder, separation anxiety disorder, specific phobia, major depressive
disorder, attention deficit hyperreactivity disorder, conduct disorder and oppositional defiance disorder.
These are presented in scenarios depicted by the character Dominique and children are required to
read and/or listen to the scenarios and click ‘yes’ if they feel the same way or ‘no’ if they do not. Scores
are automatically generated for each mental health disorder, along with an indication of the presence
of each disorder (likely absent, possible, likely present). The DI has good test-retest validity for each
disorder (.59 - .80) (Valla et al., 2002).

2.5 Results
SPSS 24 was used to analyse the data. A Shapiro-Wilk test of normality was conducted and some of

the variables were found to be significant (p < .05), therefore normality could not be assumed. However,
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no outliers were identified in the data (see table 4 for descriptive statistics). Due to the different scales
of the measures, Z scores were calculated to standardise each variable for analysis. A nonparametric
spearman’s bivariate correlation analysis found 1Q was not correlated with total or sub-scale scores of
sensory reactivity differences or SCAS-P/PAS and DI anxiety (p > .05). Age was found to have a
moderate positive correlation with SCAS-P/PAS social anxiety (rs(35) = .44, 95% CI [.1214, .6723], p =
.009), however when including age as a covariate, the results were found to be independent of age
effects as correlations between social anxiety and sensory reactivity differences remained non-
significant. We corrected for multiple comparisons using a Holm-Bonferroni correction (Holm, 1979).

Table 4
Descriptive statistics for anxiety (SCAS-P/PAS raw percentage scores, and DI raw scores), sensory reactivity differences (SPSI

raw scores), and autism traits (AQ raw scores).

Mean SD
SCAS-P/PAS
Total anxiety 31.5 16.1
Panic attack and agoraphobia 16.1 15.1
Separation anxiety 37.4 20.4
Physical injury fears 34.2 20.8
Social anxiety 442 24.9
OCD 24.4 18.6
GAD 37.7 21.6
DI
Specific phobia 1.8 1.6
Separation anxiety 1.5 1.7
GAD 6.4 2.6
SPSI
Hyperreactivity 53.5 21.9
Hyporeactivity 26.8 12.8
Seeking 37.5 18.5
AQ 35.5 5.8

Note. SCAS-P/PAS: Spence Children’s Anxiety Scale Parent and Preschool; OCD: Obsessive-compulsive disorder; GAD:
Generalised anxiety disorder; DI: Dominique Interactive; SPSI: Sensory Processing Scale Inventory; AQ: Autism Spectrum
Quotient.

2.5.1 Correlational analysis of sensory reactivity differences, anxiety, and autism traits

Nonparametric spearman’s analysis found significant correlations between sensory reactivity
differences as measured by the SPSI and anxiety (see Table 3 for correlations). Sensory hyperreactivity
was found to have a significant moderate positive correlation with total anxiety (rs(36) = .45, 95% CI
[.1437, .6755], p = .006), physical injury fears (rs(36) = .49, 95% CI [.1962, .7070], p = .002), and
separation anxiety (rs(36) = .45, 95% CI [.1437, .6789], p = .006). No significant correlations were found
between GAD (SCAS-P/PAS and DI), panic attack and agoraphobia, social anxiety, OCD, DI separation

anxiety and DI specific phobia, and sensory reactivity differences as measured by the SPSI (p > .05).
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Additionally, no significant correlations were found between sensory hyporeactivity and anxiety (p >
.05). Fisher’s z test (Dunn & Clark, 1969) was conducted to test the difference between significant and
non-significant correlations. This showed that the correlation coefficients between sensory
hyperreactivity and anxiety subtypesfr were not significantly different (p > .05). Fisher's z test also
showed that the significant correlation between sensory hyperreactivity and physical injury fears was
significantly different to the non-significant relationships between both sensory hyporeactivity and
seeking and physical injury fears. However, further comparisons of the correlation coefficients between
total anxiety and separation anxiety and sensory reactivity differences were not found to be significantly
different (p > .05).

The correlational analysis was also conducted to explore whether autism traits as measured by the AQ
related to anxiety and sensory reactivity differences. The analysis found significant correlations between
AQ and both anxiety and sensory reactivity differences (see Table 5 for correlations). Total autism traits
were found to have a significant moderate positive correlation with total anxiety, (rs(31) = .60, 95% CI
[.3119, .7870], p < .001), separation anxiety (rs(31) = .51, 95% CI [.1952, .7345], p = .003), and OCD
(rs(31) = .67, 95% CI [.4079, .8255], p < .001) as measured by the SCAS-P/PAS, but there were no
significant correlations with panic attack and agoraphobia, physical injury fears, social anxiety, and GAD
(p > .05). Total autism traits were found to have a significant moderate positive correlation with sensory
hyperreactivity (rs(32 = .53, 95% CI [.2237, .7422], p = .002), and hyporeactivity (rs(32) = .47, 95% CI
[.1401, .7008], p = .007), but there was no significant correlation with sensory seeking (p > .05). No
significant correlations were found between autism traits and DI anxiety (p > .05).

TNote: We tested if the significant relationships between sensory hyperreactivity and both separation anxiety and physical
injury fears were significantly different from the non-significant relationships between sensory hyperreactivity and the other
anxiety subtypes (panic/agoraphobia, social anxiety, OCD, and GAD). Dunn & Clark’s z (1969) did not provide test statistics,
only an indication if it was significant or not significant at the alpha level of .05.
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Table 5
Spearman’s correlations between sensory reactivity differences (SPSI), anxiety (SCAS-P/PAS and DI), and autism traits (AQ).

SPSI

Hyperreactivity Hyporeactivity Seeking AQ
SCAS-P/PAS
Total anxiety .451** -.007 279 .629**
Panic attack and agoraphobia .283 .011 223 372
Separation anxiety .446** .048 .156 .516**
Physical injury fears .493** -.226 -.042 .108
Social anxiety .280 -.128 170 514
OCD 313 .207 .367 .670**
GAD 311 -.073 .028 436
DI
Specific phobia .329 -.181 -414 -.092
Separation anxiety -.031 -.109 .370 .046
GAD 130 .069 136 .052
AQ .545** .456* .368 -

*. Correlation is significant at the p<0.05 level (2-tailed) after a Holm-Bonferroni correction.
**_Correlation is significant at the p<0.01 level (2-tailed) after a Holm-Bonferroni correction.

Note. SPSI: Sensory Processing Scale Inventory, SCAS-P/PAS: Spence Children’s Anxiety Scale Parent and Preschool; OCD:
Obsessive-compulsive disorder; GAD: Generalised anxiety disorder; DI: Dominique Interactive; AQ: Autism Spectrum Quotient.

2.5.2 Correlational analysis of sensory hyperreactivity, and anxiety controlling for autism traits

Since autism traits were correlated to both sensory reactivity differences and anxiety, we conducted a
spearman’s bivariate correlation controlling for autism traits to assess the relationship between sensory
hyperreactivity as measured by the SPSI, and anxiety as measured by the SCAS-P/PAS and the DI.
Partial nonparametric spearman’s analysis found significant correlations between sensory
hyperreactivity as measured by the SPSI and anxiety (see Table 6 for correlations). Sensory
hyperreactivity was found to have a significant moderate positive correlation with physical injury fears
(rs(28) = .51, 95% CI [.1730, .7437], p = .004), and DI specific phobia (rs(19) = .45, 95% CI [.0002,
.7529], p = .039). Sensory hyporeactivity was found to have a significant moderate negative correlation
with social anxiety (rs(28) = -.40, 95% CI [-.6707, -.0280], p = .030), and total anxiety (rs(28) = -.40, 95%
CI [-.6752, -.0364], p = .027). No significant correlations were found between sensory seeking and
anxiety (p > .05).

Fisher’s z test was conducted to test the difference between significant and non-significant correlations.
This showed that the correlation coefficients between sensory hyperreactivity and both physical injury
fears and separation anxiety were not significantly different (p > .05). Additionally, the correlation
coefficients between sensory hyperreactivity and both DI phobia and DI GAD were not significantly
different (p > .05). Lastly, the correlation coefficients between sensory hyporeactivity and anxiety
subtypes were not significantly different (p > .05). However, all other significant correlation coefficients
were significantly different from non-significant coefficients (p < .05). For relationships that changed in

significance due to the partial correlation analysis, Fisher’s z test was conducted to identify if there was
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a significantly different change in correlation coefficients. Fisher's z test showed that the changes in
correlation coefficients when controlling for autism traits were significantly different (p < .001).
Table 6

Spearman’s correlations between sensory reactivity differences (SPSI) and anxiety (SCAS-P/PAS and Dl), controlling for autism
traits (AQ).

SPSI
Hyperreactivity Hyporeactivity Seeking

SCAS-P/PAS

Total anxiety .196 -.404* .072
Panic attack and agoraphobia 133 -173 112
Separation anxiety .238 -.252 -.047
Physical injury fears 513 -.318 -.092
Social anxiety .079 -.397* .018
OCD -.065 -.157 .168
GAD 132 -.314 -.140
DI

Specific phobia .454* -.152 -.408
Separation anxiety -.060 -.144 .384
GAD 143 .070 140

*. Correlation is significant at the p<0.05 level (2-tailed) after a Holm-Bonferroni correction.

**_Correlation is significant at the p<0.01 level (2-tailed) after a Holm-Bonferroni correction.

Note. SPSI: Sensory Processing Scale Inventory, SCAS-P/PAS: Spence Children’s Anxiety Scale Parent and Preschool; OCD:
Obsessive-compulsive disorder; GAD: Generalised anxiety disorder; DI: Dominique Interactive.

2.5.3 Agreement between parent and self-reported anxiety

The presence of anxiety in the sample was determined by calculating the percentage of participants
that scored above and below the standardised cut-offs for the SCAS-P/PAS and the DI (Table 7). The
SCAS-P/PAS parent-reports identified a high percentage of participants had clinically elevated
symptoms indicative of anxiety. The greatest percentage of participants had elevated symptoms for
GAD (74.3%) and OCD (71.4%). However, the DI self-report identified a greater percentage of
participants as having no-indication of symptoms for each anxiety sub-type, compared to elevated
symptoms, identifying only 17.9% of participants as having clinically elevated symptoms for GAD. A
chi-square test was performed to analyse agreement between the SCAS-P/PAS and the DI for
separation anxiety and GAD. The SCAS-P/PAS and the DI had 0.333 (33.3%) agreement for GAD, X?
(1,N=21)=0.96, p > 0.05, and 0.350 (35.0%) agreement for separation anxiety, X? (1, N =21) = 0.48,
p > 0.05.
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Table 7
Percentage of participants who scored above and below the cut-off for total anxiety and the anxiety sub-scales in the SCAS-

P/PAS and DI.

Elevated symptoms No indication

SCAS-P/PAS parent-report

Total anxiety 62.9% 37.1%
(n=35)

Panic attack and agoraphobia 62.5% 37.5%
(n=23)

Separation anxiety 65.7% 34.3%
(n=35)

Physical injury fears 48.6% 51.4%
(n=35)

Social anxiety 62.9% 37.1%
(n=35)

OCD 71.4% 28.6%
(n=35)

GAD 74.3% 25.7%
(n=35)

DI self-report

Specific phobia 28.6% 71.4%
(n=28)

Separation anxiety 4.5% 95.5%
(n=22)

GAD 17.9% 82.1%
(n=28)

Note. SCAS-P/PAS: Spence Children’s Anxiety Scale Parent and Preschool; OCD: Obsessive-compulsive disorder; GAD:
Generalised anxiety disorder; DI: Dominique Interactive.

2.6 Discussion

This study is the first known study to elucidate that sensory reactivity differences, including sensory
hyperreactivity, hyporeactivity and seeking, relate differentially to anxiety sub-types in autistic children.
In accordance with previous research (e.g. Carpenter et al., 2018; Green & Ben-Sasson, 2010; Green
et al., 2012; Pfeiffer et al., 2005), primary correlational analysis identified a significant relationship
between sensory hyperreactivity and total anxiety. Furthermore, in line with previous findings our results
show a significant relationship between sensory hyperreactivity and separation anxiety and
phobia/physical injury fears, but not social anxiety (Black et al., 2017; Green & Ben-Sasson, 2010;
Kerns et al., 2014; Spain et al., 2018; White et al., 2009). However, as with previous research (e.g.
Kerns et al., 2014) we also identified that autism traits were related to anxiety as well as sensory
reactivity differences. Therefore, as the aim of this study was to explore the pure relationship between
sensory reactivity differences and anxiety, we re-conducted the analysis controlling for autism ftraits.
This showed a different pattern of results, as greater sensory hyperreactivity was significantly related
to greater physical injury fears and specific phobia, and greater hyporeactivity was significantly related
to lesser total and social anxiety, which suggests that broader autistic traits may influence these
relationships. This could be due to overlapping symptoms between sensory hyperreactivity, anxiety and

autism traits. Anxiety and autism share characteristics that can cause problems with overlap in
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research, such as compulsive and ritualistic behaviour, communication differences, and social
avoidance (Wood & Gadow, 2010). As differentiating between behaviours that relate to either autism
or anxiety may be impacted by existing measures or caregiver observations, the primary analysis could
reflect inflated relationships (Kerns & Kendall, 2012). Additionally, sensory reactivity differences are a
component of the restricted and repetitive behaviours (RRB’s) diagnostic criteria for autism (DSM-5
American Psychiatric Association, 2013), and consequently there may also be overlap in measures of
both sensory reactivity and autism traits. Therefore, controlling for AQ as we did may reduce the

variability resulting from trait-symptom overlap, or possible measurement or response bias.

Nonetheless, our results showed that when taking autism traits into account, sensory hyperreactivity
was significantly related to anxiety symptoms associated with phobia. Additionally, our results suggest
that the relationship between sensory hyperreactivity and physical injury fears was independent of
broader autism traits as the relationship remained significant. This finding is of particular interest as
rates of phobia are considered to be inflated in autistic populations (Gjevik et al., 2011; Leyfer et al.,
2006; Lidstone et al., 2014; Mukaddes & Fateh, 2010; Muskett et al., 2019; White et al., 2009).
Furthermore, phobias can often be specific to sensory stimuli, which may result from aversive
experiences of sensory stimuli conditioning a fear response (Green & Ben-Sasson, 2010; Leyfer et al.,
2006). Due to this link, it has recently been suggested that sensory hyperreactivity should be targeted
in Cognitive Behavioural Therapy (CBT) interventions that treat anxiety, especially when treating
specific phobias related to sensory stimuli (Muskett et al., 2019). However, due to the nature of phobia
being around specific stimuli, questionnaire assessments pose some limitations as they often ask about
a range of specific fears (e.g. dogs, heights, insects or spiders) rather than assessing the extent of
symptoms surrounding any specific fears the child may have. Therefore, further research should aim to

elucidate this relationship whilst overcoming the limitations of existing assessments.

Although our results also showed autism traits to be related to OCD, in contrast with previous research
we did not find a significant relationship between OCD and sensory hyperreactivity. Previous research
with non-autistic children and adults has shown sensory hyperreactivity to be related to OCD symptoms,
although there is some debate as to whether this may be due to a crossover between repetitive traits
associated with both autism and OCD (Kerns & Kendall, 2012; Leyfer et al., 2006; Pfeiffer et al., 2005;
Postorino et al., 2017; White et al., 2009). However, as we used different sensory and OCD measures

compared to previous work, this could account for this finding not being replicated in our results.

Our study was the first known to consider how sensory reactivity differences, including hyporeactivity
and seeking, relate to anxiety symptomology in autistic children. Sensory hyporeactivity has previously
been thought to be related to depression rather than anxiety in autistic children, and it has previously
been proposed that children experience sensory hyporeactivity as a protective response to sensory
overload by ‘shutting off sensory input in order to cope with the anxiety (Lai, Parham & Johnson-Ecker,
1999; Pfeiffer et al., 2005). Although we cannot imply causation from our results, they could be
suggestive of the latter as although we found no significant relationships between sensory
hyporeactivity and anxiety in our initial analysis, when controlling for autism traits we found significant

negative relationships with total anxiety and social anxiety. However, as we found no significant
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differences between significant and non-significant correlation coefficients for hyporeactivity and
anxiety, these findings should be interpreted with caution. Furthermore, and in contrast to our
predictions, our results did not show a significant relationship between sensory seeking and anxiety.
Existing theory suggests sensory seeking serves as a regulatory behaviour for arousal by limiting
feelings of anxiety, or by providing stimulation in instances of hyporeactivity (Lidstone et al., 2014). Our
results could suggest that sensory seeing is not related to arousal regulation. However, as correlations
between sensory seeking and specific phobia and social anxiety were trending towards significance,

the links between sensory seeking and anxiety should be examined further in future directions.

Nonetheless, our research highlights the importance of assessing sensory reactivity differences
independently in anxiety research due to the differential significant relationships found in our results.
Previous research has examined links between overall sensory severity, using an amalgamation of
hyperreactivity and hyporeactivity, and anxiety (e.g. Lane, Molloy, & Bishop, 2014; Uljarevi¢ et al.,
2016). However, our results suggest that this approach may not account for the complex nature of
sensory experiences. Furthermore, our results highlight the importance of understanding how specific
differences experienced by autistic people may be risk factors for anxiety disorders, but that it is
important for future research to not neglect the relationship between broader autistic traits and anxiety.
Existing research has shown links between traits associated with RRB’s and anxiety, as well as
suggesting that relationships between both sensory hyperreactivity and hyporeactivity and traits
associated with RRB’s are mediated by anxiety (Rodgers, Glod & Connolly, 2012; Wigham et al., 2015).
Therefore, as there may be a differential relationship between sensory hyperreactivity and
hyporeactivity, autism traits and specific anxiety symptomology, future work should therefore try to
explore the specific autism phenotypes and understand how these relate to different anxiety disorders.
This is important for the development of individualised therapeutic interventions for autistic people

experiencing anxiety.

In line with previous literature, our study identified a substantial proportion of the sample presented with
clinically elevated levels of anxiety as reported by parents (de Bruin et al., 2007; van Steensel et al.,
2011). However, self-identification of clinically elevated anxiety, assessed using the DI, was significantly
lower than identification via parent-report for GAD (33.3%) and separation anxiety (35.0%). This may
suggest that autistic children struggle to identify their own affect, and therefore parent-reports of anxiety
may be more accurate than self-reports (Russell & Sofronoff, 2005; White et al., 2009). As individuals
high in alexithymia are also thought to be at greater risk of developing anxiety, and it has also been
found to relate to higher sensory hyperreactivity (Liss et al., 2005; Sivik, 1993), future research could
therefore assess alexithymia alongside self-reports. An alternative explanation is that autistic children
more accurately report their own experiences of anxiety than their parents. Previous research has
shown inflated reporting of anxiety symptoms in parents of autistic children potentially due to a
heightened awareness and observation of their children, which may explain the disparity between
parent and self-reports in our study (Hallett et al., 2013). Therefore, as parent reports may not always
be reliable, it is important to use multiple assessments and get the perspectives of the children (Spain

et al., 2018). This was the first study to use the DI to gain the perspectives of children, and although it
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has not been validated in an autistic population, it is a child friendly assessment tool supported by

pictures and an audio description and has been developed for children with mental health symptoms.

A limitation of our study is the sole use of parent-report measures for sensory reactivity differences and
autism traits, as previous research has suggested that the exclusive use of parent-reports is likely to
show an inflated relationship between variables (e.g. Green et al.,, 2012: Wigham et al., 2015).
Therefore, future directions should aim to include more objective assessments, such as assessing
autism traits using the Autism Diagnostic Observation Schedule (ADOS; Lord et al., 2015). A further
limitation is that despite being widely used, the SCAS-P/PAS may not accurately assess anxiety in
autistic populations due to the different anxiety phenomenology in autistic and non-autistic samples
(Glod et al., 2017; Kerns et al., 2014). Although we aimed to reduce the impact of these limitations by
controlling for autism traits in our analyses, there is a real need for more autism-specific anxiety
assessments for child anxiety, that are objective and for younger autistic children. There are presently
few autism-specific assessments for child anxiety, however future research could also include the
clinician administered Anxiety Disorders Interview Schedule — Autism Addendum (ADIS/ASA; Kerns et
al., 2017), or the Anxiety Scale for Children — Autism Spectrum Disorder (ASC-ASD; Rodgers et al.,

2016), to explore if similar relationships between sensory reactivity differences and anxiety are found.
2.6.1 Conclusion

Our study highlights the importance of understanding how sensory reactivity differences, including
hyperreactivity, hyporeactivity and seeking, relate to anxiety sub-types both dependently and
independently of broader autism traits. Sensory hyperreactivity has been repeatedly found to relate to
anxiety in autistic children and our results support previous indications that it could be a risk factor for
anxiety, particularly specific phobia. Additionally, our results suggest that sensory hyporeactivity may
be related to less anxiety, but we did not find convincing evidence of a relationship between sensory
seeking and anxiety. Understanding how sensory reactivity differences relate to anxiety sub-types in
autistic children has important implications for preventing the development of anxiety and for targeted
anxiety interventions. However, future directions should focus on the pressing need for the development
of objective, autism-specific anxiety assessments. This is fundamental to improving anxiety research
which can improve the developmental outcomes for autistic people.
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conducted the analyses and wrote the manuscript with feedback provided from the other authors, as

well as reviewers through the peer-review process.

3.2 Abstract

Sensory reactivity differences are a diagnostic criterion of autism. Sensory hyperreactivity has been
linked to intolerance of uncertainty (IU) and anxiety in autistic children. However, research is yet to
explore the mediating relationships or sensory hyporeactivity, seeking, and anxiety subtypes in
preschool-age autistic children. Therefore, we aimed to elucidate the relationships between sensory
reactivity, IU and anxiety subtypes in a heterogeneous group of 54 preschool-age autistic children, age

3-5 years, using observation and parent-report assessments.

Correlational analysis found sensory hyperreactivity, 1U, and total anxiety were significantly
intercorrelated. Additionally, sensory hyperreactivity was significantly correlated with separation anxiety
when controlling for autism traits. Serial mediation analyses indicated significant full mediation between
sensory hyperreactivity and anxiety through IU, and significant full mediation between sensory

hyperreactivity and IU through anxiety.

Our results suggest that sensory hyperreactivity is a key early factor in the development of anxiety, and
supports that U is an important interrelated construct in the development and maintenance of anxiety
in autism. Our findings have important implications for the development of effective interventions.
However, due to limitations with the measures, our research also highlights a pressing need for

objective assessments of anxiety and IU that can be used with preschool-age autistic children.

Key Words: Autism, anxiety, sensory, uncertainty, preschool, children, mental health
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3.3 Introduction

Autism spectrum conditions (ASC) are neurodevelopmental conditions with characteristics related to
restricted and repetitive behaviours and interests (RRBs), and social interaction and communication
differences (DSM-5 American Psychiatric Association, 2013). Sensory reactivity differences, including
sensory hyperreactivity (e.g. strong reaction to touch), hyporeactivity (e.g. no or slower reaction to
sounds), and seeking (e.g. fascinated by lights) are commonly experienced by approximately 65 — 85%
of autistic children (Leekam et al., 2007; Miller et al., 2007; Tavassoli et al., 2016). Due to this
prevalence, sensory reactivity differences have become a diagnostic criterion for ASC, under the RRBs
domain (DSM-5; American Psychiatric Association, 2013). However, they are also common across
other neurodevelopmental conditions, such as ADHD (Miller et al., 2012). Sensory reactivity differences
can be experienced differentially and across a range of modalities, such as vision, hearing, and touch
(Miller et al., 2007). Although some sensory experiences may be pleasant, others can be extremely
distressing, which can greatly impact developmental outcomes and quality of life (Pfeiffer et al., 2005;
Uljarevic et al., 2016). Sensory hyperreactivity has previously been linked to anxiety and intolerance of
uncertainty (IU) in autistic individuals (Carpenter et al., 2018; Green et al., 2012; Hwang et al., 2019;
Neil et al., 2016; Pfeiffer et al., 2005; Uljarevic et al., 2016). However, research has yet to explore the
relationship between sensory reactivity differences, including hyperreactivity, hyporeactivity and
seeking, IU and anxiety subtypes in preschool-age autistic children. Understanding the early

emergence of these relationships has important implications for early anxiety interventions.
3.3.1 Sensory reactivity differences and anxiety

Autistic children are twice as likely to develop an anxiety condition compared to non-autistic children
(van Steensel et al., 2011). Research has suggested that around 49% of autistic children will have at
least one cooccurring anxiety condition; commonly generalized anxiety (GAD), social anxiety, or
specific phobia, or anxiety related conditions such as OCD (Simonoff et al., 2008; van Steensel et al.,
2011; White et al., 2009). Anxiety diagnoses are not always straight forward due to some degree of
overlap between traits common in autistic children and anxiety symptomology, for instance social
avoidance which can be present in both autism and social anxiety (Kerns & Kendall, 2012; White et al.,
2009). As well as presenting with traditional anxiety symptomology, autistic people can also present
with some unique symptoms; such as unusual phobias, sensory fears, social distress unrelated to fears
of negative evaluation, and compulsive behaviours that are not driven by distress relief (Kerns et al.,
2014, 2017, 2020; South & Rodgers, 2017). Anxiety symptoms develop early (i.e., before the age of 6)
and are enhanced in autistic children and increase over time (Vasa et al., 2020). Thus, there is an

imperative need to identify early risk factors.

Research has repeatedly shown links between sensory hyperreactivity and anxiety in autistic children
(Green et al., 2012; Green & Ben-Sasson, 2010; Pfeiffer et al., 2005; Vasa et al., 2020; Wigham et al.,
2015). Sensory hyperreactivity may be an early risk factor for the development of anxiety as it has been
suggested to emerge earlier and to unidirectionally predict anxiety in both autistic and non-autistic

samples (Carpenter et al., 2018; Green et al., 2012). Green et al. (2012) explored the bidirectional
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relationship between sensory hyperreactivity and anxiety in autistic toddlers in a longitudinal study.
They found that whilst sensory hyperreactivity remained stable over time, anxiety increased.
Furthermore, sensory hyperreactivity predicted an increase in anxiety, however anxiety did not predict
changes in sensory hyperreactivity (Green et al., 2012). There is also research in autistic children and
adolescents to suggest that sensory hyperreactivity is implicated in specific anxiety conditions, such as
separation anxiety, social anxiety, and specific phobia (Black et al., 2017; MacLennan et al., 2020;
Pickard et al., 2020). Understanding if sensory reactivity is an early predictor for certain anxiety
symptomology pertaining to the current diagnostic criteria has important clinical implications for early

identification and targeted intervention therapies.

There is limited and inconclusive research into the relationships between both sensory hyporeactivity,
and sensory seeking and anxiety in autistic children. Some research has found links between sensory
hyporeactivity and anxiety in autistic children and adolescents (Glod et al., 2019), as well as specific
links to social anxiety (MacLennan et al., 2020). However, links between sensory hyporeactivity and
anxiety have not been consistently found in research (Wigham et al., 2015). Sensory seeking is often
neglected in research and direct links to anxiety have rarely been found (Levit-Binnun et al., 2014;
Lidstone et al., 2014; MacLennan et al., 2020). There is evidence to suggest that sensory seeking may
be indirectly linked with anxiety through sensory hyperreactivity and over-focussing behaviours (Liss et
al., 2006). Therefore, it would be advantageous to continue to explore how both sensory hyporeactivity

and seeking relate to anxiety in autistic children.
3.3.2 Intolerance of uncertainty, sensory reactivity differences, and anxiety

Intolerance of uncertainty (IU) is broadly characterised by a difficulty with situations or contexts that are
unforeseen or unpredictable (Buhr & Dugas, 2006). It is considered to be a key cognitive component in
the development and maintenance of anxiety through negatively appraising ambiguous or uncertain
events (Dugas et al., 1998; Freeston et al., 1994). Greater IU has been linked with anxiety in non-
autistic populations, and may be a key transdiagnostic feature across anxiety conditions (Carleton et
al., 2012). Although argued to be a distinct construct, there is also some degree of similarity between
the characteristics of IU and some autistic traits, such as difficulty with change and unpredictability
(Boulter et al., 2014; Chamberlain et al., 2013). However, IU has been identified as a recognisable
construct in autistic children and has been found to be higher in autistic groups (Boulter et al., 2014;
Hodgson et al., 2017; Vasa et al., 2018).

Existing research has aimed to elucidate the relationship between sensory reactivity, anxiety, and 1U.
A key theoretical model of anxiety in autism by South and Rodgers (2017), proposes that IU is a
principal mediator in the relationship between sensory reactivity and anxiety. In support of this, research
has found IU to partially mediate the relationship between both sensory hyperreactivity, and
hyporeactivity and anxiety in autistic adults (Hwang et al., 2019). However, there is currently mixed,
and sometimes conflicting, evidence to support this. Research has found IU to mediate the relationship
between autism traits and both anxiety, and sensory hyperreactivity (Boulter et al., 2014; Hwang et al.,

2019; Neil et al., 2016). Additionally, research has found anxiety to mediate the relationship between
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IU and sensory hyperreactivity in autistic children (Neil et al., 2016). Therefore, research is still needed

to elucidate the relationship between sensory reactivity, IU, and anxiety in autistic children.
3.3.4 The present study

Symptoms of anxiety are present in autistic children at an early age and there is an early, unidirectional
association between sensory hyperreactivity and anxiety in autistic toddlers. Although there may be a
differential relationship between sensory hyperreactivity and symptoms associated with anxiety
subtypes, such as social anxiety and specific phobia, this is an under-researched area. Additionally,
sensory hyporeactivity and seeking are often neglected in research, and there is inconclusive evidence

of the relationships between sensory reactivity, IU, and anxiety.

Fundamentally, the links between sensory reactivity, IU, and anxiety has only been explored in autistic
children above the age of 6, without intellectual disability (ID) and with proficient language skills, and
research with preschool-age autistic children (age 3-5 years) is yet to be done. Targeting risk factors
for anxiety in its earliest stages is important to improve later outcomes (Rapee et al., 2010; Yap et al.,
2016). Ages 3-5 years is a critical time when sensory reactivity differences and anxiety symptoms are
emerging in autistic children, and early interventions for anxiety already show efficacy (Ben-Sasson et
al., 2007, 2008; Driscoll et al., 2020; Green et al., 2012; Vasa et al., 2020).

Therefore, we aimed to elucidate the relationship between sensory reactivity differences, IU, and
anxiety in preschool-age autistic children. Firstly, in line with previous findings (Carpenter et al., 2018;
Neil et al., 2016; Pfeiffer et al., 2005; Uljarevi¢ et al., 2016; Wigham et al., 2015), we expected to find
greater sensory hyperreactivity to be significantly related to greater anxiety symptoms, and for 1U to be
a mediator in the predictive relationship. Secondly, in line with our previous work, that showed a
differential relationship between sensory hyperreactivity and anxiety subtypes in older children
(MacLennan et al., 2020), we explored if sensory reactivity, and IU were differentially related to anxiety
subtypes, including GAD, separation anxiety symptoms, OCD, physical injury fears, and social anxiety
symptoms.

Moreover, due to conflicting theoretical models in existing literature, we aimed to test the predictive
relationship between sensory reactivity, anxiety, and IU. We expected that sensory hyperreactivity
would predict anxiety, as hyperreactivity has been shown to predict anxiety unidirectionally (Green et
al., 2012). But that the relationship between sensory hyperreactivity and anxiety would be mediated by
IU, as IU has consistently been found to be a mediating, transdiagnostic construct (Boulter et al., 2014;
Hwang et al., 2019; Neil et al., 2016; Wigham et al., 2015).

3.4 Methods
3.4.1 Participants

In total 65 children with a) a clinical diagnosis of autism or b) suspected autism were recruited for the
current study. 54 children (41 males, 13 females) aged 3-5 years (M = 4.02, SD = 0.77) met inclusion

criteria of a) having a formal clinical diagnosis of autism which included a direct observation as well as
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developmental history (n=42) or b) having suspected autism and meeting cut-off scores on the Autism
Diagnostic Observation Schedule (ADOS-2; Lord et al., 2012) (Module 1 few-to-no words cut off: 11;
Module 1 some words cut off: 8; Module 2 < Syears cut off: 7; Module 2 = 5 years cut off: 8), and the
Autism Spectrum Quotient: Child Version (AQ; Auyeung et al., 2008) (cut off = 76) (n=12), and were
therefore included in the final analysis. 31 children completed a Module 1, 19 completed a Module 2
and 4 were unable to complete the ADOS-2 during testing, however these children already had a formal
diagnosis (see Table 8 for additional demographic information).

Table 8
Demographic characteristics of participants (N = number, M = mean, SD = standard deviation)

Characteristics N Range M (SD)
Age (years) 54 3-5 4.0 0.8
1Q 22 52 -141 108.4 23.6
Sex Percentage

Male 41 75.9%

Female 13 24.1%

Ethnicity

White British 32 59.2%

White Swedish 1 1.9%

Mixed Race — White Asian 5 9.2%

Mixed Race - Other 3 5.5%

Asian Indian 10 18.5%

Asian Pakistani 1 1.9%

North African 1 1.9%

Undeclared 1 1.9%

To indicate the cognitive level of the sample, we conducted the Matrix reasoning subtests of the
Wechsler Non-Verbal (WNV; Wechsler & Naglieri, 2006) and the British Ability Scale (BAS; Elliott et al.,
1983). However, 31 participants were unable to complete the 1Q tasks either due to cognitive delay or
behavioural difficulties (e.g. demand avoidance). Of these participants, 25 completed an ADOS-2
Module 1, 2 completed a Module 2, and 4 were also unable to complete the ADOS-2 assessment. IQ
and verbal language level was taken into consideration in the analyses. Signed consent was obtained
from parents, and verbal assent was obtained from children who were able to, otherwise voluntary task
compliance was considered assent. Families were provided with a social story for the children prior to
testing to outline what their participation would entail. We recruited participants through the University
of Reading Centre for Autism participant database, social media platforms, local NHS CAMHS services,
and through Autism Berkshire, a local autism organization. Ethical approval was granted prior to the
commencement of this study by the University of Reading Ethics Committee* and the Berkshire
Healthcare NHS Foundation Trust Health Research Authority?.

i University of Reading ethics code: 2018-086-TT
§ IRAS project ID: 249952, protocol number: 2017-047-TT
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3.4.2 Measures
Sensory Processing Scale Inventory (SPSI)

The SPSI (Schoen et al., 2017) was used to measure sensory reactivity differences. It is a standardized,
96 item parent report questionnaire that assesses the degree of sensory reactivity differences in
children. It produces subscales for sensory hyperreactivity (47 items, e.g. “These garments bother my
child: Seams in clothing”), sensory hyporeactivity (21 items, e.g. “My child has a less intense response
than others to: Getting hurt, bruises or cuts”), and sensory seeking (28 items, e.g. “My child has difficulty
disengaging from: Looking at spinning objects”). Iltems are scored dichotomously (1 = yes, 0 = no), with
higher scores indicating a greater extent of sensory reactivity differences. The SPSI has strong internal
reliability (hyperreactivity = .89; hyporeactivity = .88; sensory seeking = .93 (Schoen et al., 2017). As in
our previous work (MacLennan et al., 2020), we chose to use the SPSI over other commonly used
measures such as the Sensory Profile (SP; Dunn, 1999) as the SPSI has a comparatively greater
representation of hyporeactivity and seeking compared to the SP, which more heavily represents

hyperreactivity (Neil et al., 2017; Uljarevi¢ et al., 2016).
Sensory Assessment for Neurodevelopmental Differences (SAND)

The SAND (Siper et al.,, 2017) was also used to measure sensory reactivity differences. It is a
standardised observational assessment and associated caregiver interview, which assesses sensory
reactivity differences in line with the ASC diagnostic criteria (DSM-5 American Psychiatric Association,
2013). In the direct observation, children are presented with a range of sensory toys with tactile (e.g.
textured toy), auditory (e.g. musical toy), and visual (e.g. flashing toy) components. The assessment
commences and concludes with 1-2 minutes of unstructured play to help the child familiarise with the
situation, followed by presentation of the sensory toys. The children are scored for behavioural
responses consistent with sensory hyperreactivity, hyporeactivity, and seeking. The administration is
conducted by a trained examiner, and behaviours are scored dichotomously (i.e. 1 = present, 0 = not
present) across 36 items, and if a behaviour is present there is the additional coding of a severity score
(1 = mild, 2 = moderate to severe).

The subsequent interview component requires the caregiver to indicate whether their child presents
with the various sensory reactivity differences in visual, tactile and auditory domains (1 = present, 0 =
not present), and to rate the severity if present (1 = mild, 2 = moderate to severe). The items of this
interview map onto the scoring for the observation. Observed and reported scores can then combined
to produce a total score (0 — 90) and subscales for sensory hyperreactivity, hyporeactivity, and seeking
(0-30), with higher scores reflecting greater sensory reactivity differences. The SAND has been found
to have strong internal consistency (.90), test-retest reliability (.97, p <.001), and moderate convergent
validity (-.63) (Siper et al., 2017).
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Preschool Anxiety Scale (PAS)

The PAS (Edwards et al., 2010) was used to measure anxiety symptoms. It is a standardized 30 item
parent report questionnaire that assesses anxiety symptoms in children aged 3 — 6 years, adapted from
the Spence Children’s Anxiety Scale (SCAS; Spence, 1998). Items are scored on the scale 0 (no true
at all) to 4 (very often true), with higher scores indicating a greater extent of anxiety symptoms, and
scores above cut-off indicate clinically elevated symptoms. The PAS produces a score for total anxiety
(total score 120) and subscales for symptoms related to GAD (5 items, total score of 20, e.g. “Has
difficulty stopping him/herself from worrying”), social anxiety (6 items, total score of 24, e.g. “Worries
that he/she will do something embarrassing in front of other people”), separation anxiety (5 items, total
score of 20, e.g. “Is reluctant to go to sleep without you or to sleep away from home”), physical injury
fears (7 items, total score of 28, e.g. “Is afraid of crowded or closed-in places”), and OCD (5 items, total
score of 20, e.g. “Washes his/her hands over and over many times each day”). The PAS has moderate
internal consistency (a = .70) (Edwards et al., 2010). The PAS was selected over other measures of

anxiety as it has sub-scales for early symptomology relating to anxiety subtypes.
Responses to Uncertainty and Low Environmental Structure questionnaire (RULES)

The RULES (Sanchez et al., 2017) was used to measure IU. It is a parent report questionnaire and is
validated to assess IU in children aged 3 — 10 years. It contains 17 items (e.g. “My child has a hard time
coping with even minor changes”), rated on a scale of 1 (not at all) — 5 (very much). Scores can range
from 17 — 85 with higher scores reflecting greater intolerance of uncertainty. The RULES has strong

internal consistency (a = .93) and convergent validity (.67) (Sanchez et al., 2017).
3.4.3 Analysis

The data were analysed using SPSS 27 (IBM Corp, 2020) and JASP (JASP team, 2020). Following
normality checks, we conducted a Spearman’s bivariate correlation analysis to elucidate the
correlational relationship between sensory reactivity differences, anxiety, 1U, and potential covariates.
We then conducted partial correlation analyses and sub-group comparisons to ensure the relationships
were independent of the effects of covariates. Significance was indicated by a Bonferroni corrected p-
value of p <.01.

We then conducted a series of simple mediation analyses to understand the mediating relationship
between sensory reactivity, anxiety, and 1U. We defined the analysis to conduct bootstrapping with
1,000 resamples to adjust for measurement error and generated accelerated 95% confidence intervals.
Full mediation is present if the indirect effect between the predictor and outcome variable is significant,
and the direct effect is not significant. Partial mediation is present if both the direct and indirect effect
between the predictor and outcome variable are significant. Significance is indicated by confidence

intervals (CI's) not overlapping with zero and Bonferroni corrected p-value of p < .008.
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3.4.4 Community involvement

The research questions for this project aligned with Autistica’s research priorities, which were identified
by stakeholders. Throughout our project, we sought feedback from the families who took part in our
study on our testing sessions and procedures, interpretations of our results, and the language used in

the manuscript.
3.5 Results
3.5.1 Descriptive analyses

Descriptive analysis showed that the data was not normally distributed as a Shapiro—Wilk test of
normality was significant for total anxiety and the anxiety subtypes (p < .05). However, no outliers were
present in the data (see Table 9 for descriptive statistics). To avoid inflated correlations due to bias and
multiple comparisons, parent-reported and observed sensory reactivity measures were combined (Kim
& Lord, 2012; Spain et al., 2018). SPSI and SAND construct scores were significantly correlated for
sensory hyperreactivity (rs (52) = .60, p < .001), hyporeactivity (rs (52) = .38, p = .005), and seeking (rs
(52) = .50, p < .001); suggesting both sensory measures are assessing related constructs. Therefore,
SPSI and SAND z scores were averaged to create standardised sensory composite scores for sensory
hyperreactivity, hyporeactivity, and seeking (Song et al., 2013).
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Table 9

Descriptive statistics for sensory reactivity differences (SPSI and SAND raw scores; z-score composites), anxiety (PAS raw

scores), intolerance of uncertainty (RULES raw score), and autism traits (AQ and ADOS raw comparison scores).

Mean SD Clinically elevated (%)
SPSI
Hyperreactivity 12.8 5.5 -
Hyporeactivity 11.3 4.7 -
Seeking 10.0 5.0 -
SAND
Hyperreactivity 9.2 3.9 -
Hyporeactivity 8.4 5.6 -
Seeking 17.4 3.6 -
PAS
Total anxiety 33.2 24.3 46%
GAD 7.6 6.4 60%
Social anxiety 7.6 6.4 34%
OCD 3.9 4.1 46%
Physical injury fears 7.8 5.9 22%
Separation anxiety 6.3 5.1 42%
U 50.4 19.6 -
ADOS-2 comparison score 6.2 2.8 -
AQ 100.1 17.6 -

Note. SPSI: Sensory Processing Scale Inventory; SAND: Sensory Assessment for Neurodevelopmental Differences; PAS:
Preschool Anxiety Scale; GAD: Generalised anxiety symptoms; OCD: Obsessive-compulsive symptoms; 1U: Intolerance of
Uncertainty; ADOS: Autism Diagnostic Observation Schedule-2; AQ: Autism Spectrum Quotient.

3.5.2 Correlational analyses

Spearman’s correlation analysis showed that sensory hyperreactivity was significantly positively

correlated with total anxiety, GAD, social anxiety, OCD, physical injury fears, separation anxiety, and

IU. IU was also significantly positively correlated with total anxiety, GAD, social anxiety, OCD, physical

injury fears, and separation anxiety (see Table 10 for correlations).
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Table 10
Spearman’s correlations between sensory reactivity differences (SPSI and SAND composite z-scores), anxiety (PAS), intolerance

of uncertainty (RULES), autism traits (AQ), and age.

Hyperreactivity Hyporeactivity  Seeking U AQ Age

Total anxiety .520* (.000) -.193 (.180) 115 (.426) .796* (.000) .539* (.000) .299 (.035)

GAD .451* (.001) -.212 (.140) .099 (.496) .728* (.000) .461* (.000) .337 (.017)

Social anxiety .422* (.002) -.222 (121) .130 (.369) .708* (.000) .534* (.000) 143 (.321)

OCD .414* (.003) -.048 (.742) .246 (.085) .706* (.000) .473* (.000) 172 (.232)

Physical injury fears  .435* (.002) -.280 (.049) -.086 (.551)  .544* (.000) .397* (.004) .224 (.118)

Separation anxiety .472* (.000) -.181 (.208) 132 (.361) .727* (.000) .435* (.002) .453* (.000)
U .554* (.000) -.025 (.867) 221 (.131) - - -

AQ .413* (.002) .059 (.680) .268 (.054) .641* (.000) - -

Age .305 (.028) -.266 (.057) -.094 (.509) 144 (.328) .014 (.924) -

*. Correlation is significant at the p<0.01 level (2-tailed) after a Bonferroni correction
Note. GAD: Generalised anxiety symptoms; OCD: Obsessive-compulsive symptoms; 1U: Intolerance of Uncertainty; ADOS-2:

Autism Diagnostic Observation Schedule-2

Spearman’s correlation analysis also showed that age was significantly positively correlated with
separation anxiety. Additionally, autism traits were significantly positively correlated with sensory
hyperreactivity, total anxiety, GAD, social anxiety, OCD, physical injury fears, separation anxiety, and
IU. Post-hoc partial correlation analyses controlling for age found that the correlations between sensory
reactivity, anxiety subtypes and IU sustained their significance (p < .01) or non-significance (p > .01),
suggesting the relationships are independent from the effects of age. However, when controlling for
autism ftraits, the relationships between sensory hyperreactivity and GAD, social anxiety, OCD, and
physical injury fears were no longer significant (p > .01) (see Appendix 1 for correlation table). Fisher’s
z test (Steiger, 1980) was conducted to test if the significant correlation coefficient between sensory
hyperreactivity and separation anxiety was significantly different from the non-significant correlation
coefficients between sensory hyperreactivity and the other anxiety subtypes. This showed that the
significant relationship with separation anxiety was not significantly different from the non-significant
relationships between sensory hyperreactivity and GAD (z = 1.143, p = .253), social anxiety (z = .190,
p =.848), OCD (z = .890, p = .373), and physical injury fears (z = .374, p = .709).

Additionally, we explored the effects of IQ and verbal language ability. As we only had IQ scores for
41% of the sample, we conducted a Spearman’s correlation analyses independently for the group with
IQ scores and the group without to see if correlations between sensory reactivity and anxiety differed
between groups. The analysis showed that sensory hyperreactivity was significantly related to anxiety
in those who were unable to do an 1Q test (without IQ score) (rs(30) = .56, p = .001), but not in those
who were able to conduct an 1Q test (with 1Q score) (r5(20) = .38, p = .09). However, Fisher's z test
confirmed that these correlation coefficients were not significantly different (p > .05). As for verbal
language, correlation analysis showed that sensory hyperreactivity was significantly related to anxiety
in those who had few-to-no words and completed the ADOS-2 Module 1 (rs(28) = .62, p < .001), but not
in those who were able to use sentences and completed the ADOS-2 Module 2 (rs (18) = .29, p > .05).
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However, Fisher’s z test confirmed that these correlation coefficients were not significantly different (p
> .05). Furthermore, independent samples t-test indicated that there were no significant group
differences in sensory hyperreactivity or anxiety scores for those with or without an IQ score, or those
who did the ADOS-2 Module 1 or Module 2 (p > .05). Therefore, we did not take 1Q or verbal language
ability into account in further analyses as the non-significant subgroup findings are likely due to lack of
power.

3.5.3 Mediation analyses

As sensory hyperreactivity, IU, and total anxiety were intercorrelated, we conducted a series of simple
mediation analyses to understand the predictive relationship between these constructs. To achieve this,
we tested all possible iterations of the model; including sensory hyperreactivity, IU, and total anxiety as
predictor, outcome and mediating variables (see Table 11 for mediation analyses). As correlational
analyses indicated that these relationships were independent from the effects of age, autism ftraits, 1Q,
and verbal language level, we did not control for these in the analyses. We applied a Bonferroni

significance correction to control for type 1 error due to multiple analyses (p < .008).

Table 11

Mediation analyses between sensory hyperreactivity (SPSI and SAND composite z-score), anxiety (PAS), and intolerance of

uncertainty (RULES).
Predictor Mediator Outcome Total effect Direct effect Indirect effect

B se LL UL p B se LL UL p B se LL UL p

Hyper U Anxiety 63 13 .35 .92 <001 [ 16 .12 -00 40 184 A7 12 .28 .66 <.001
Hyper Anxiety 1V] .66 13 .38 .89 <001 | 24 12  -03 .55 .036 42 12 .23 72 <.001
Anxiety 1V] Hyper .50 .10 .32 .69 <001 | 22 17 .01 52 184 .28 14 -.02 .56 .040
Anxiety Hyper 1V] .79 .09 .60 .99 <.001 | 67 .10 41 94 <.001 12 .06 .01 .32 .055
1V] Anxiety Hyper .53 R .25 75 <001 | 36 .17 .02 .66 .036 .18 14 -.03 42 192
1V] Hyper Anxiety .80 .09 .60 .96 <001 | .71 11 .51 .90 <.001 .08 .06 .00 .23 202

Note. Hyper: Sensory hyperreactivity; |U: Intolerance of uncertainty; se: standard error; LL and UL: 95 % confidence intervals
lower limit and upper limit. Significant relationships at the p<0.008 level after a Bonferroni correction highlighted in bold.

Mediation analysis indicated significant indirect effects between sensory hyperreactivity and anxiety
through IU (B = .47, Lower Limit (LL) = .28, Upper Limit (UL) = .66, p <.001). A significant indirect effect
was also found between sensory hyperreactivity and IU through anxiety (B = .42, LL = .23, UL=.72, p
< .001). As the direct effects were not significant for both of these models (Bonferroni corrected p >
.008 and 95% confidence intervals containing 0), this indicates full mediation (Figure 4). No mediation
was indicated when IU was entered as the predictor for sensory hyperreactivity through anxiety, and
for anxiety through sensory hyperreactivity, or when anxiety was entered as the predictor for U through
sensory hyperreactivity, or for sensory hyperreactivity through 1U, as the indirect effects were not
significant (Bonferroni corrected p > .008 and 95% confidence intervals containing 0).
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Figure 4

Depicting the relationship between sensory hyperreactivity and anxiety fully mediated by IU, and b) the relationship between
sensory hyperreactivity and IU fully mediated by anxiety.

Note. Direct relationships are indicated by a solid line, indirect relationships are indicated by a dashed line. Significant
relationships are indicted by a black line, non-significant with a grey. B coefficients are shown for each relationship.

3.6 Discussion

Our study has been the first to explore the relationship between sensory reactivity differences, IU, and
anxiety in a heterogenous group of preschool-age autistic children. In line with our expectations, we
found sensory hyperreactivity, U, and anxiety to be interrelated. Additionally, we found that 1U fully
mediates the relationship between sensory hyperreactivity and anxiety, but that anxiety also fully
mediates the relationship between sensory hyperreactivity and IU. We did not find sensory

hyporeactivity or seeking to be significantly related to anxiety or IU.

We found, in line with previous findings (Hwang et al., 2019; Neil et al., 2016; Wigham et al., 2015),
sensory hyperreactivity to be significantly related to total anxiety in autistic children. In our initial
correlation analysis, we did not find sensory hyperreactivity to be differentially related to anxiety
subtypes. However, when controlling for autism traits, we found sensory hyperreactivity to be
significantly related to separation anxiety. As suggested in our previous work, controlling for AQ may
limit measurement or response bias, or variability from trait—symptom overlap (MacLennan et al., 2020).
Although existing findings have also shown links between sensory hyperreactivity and separation
anxiety (Black et al., 2017), our previous work with older children found sensory hyperreactivity to be
related to symptoms associated with physical injury fears and specific phobia (MacLennan et al., 2020).
Inconsistencies across studies could be due to the use of different measures or the differing age and
developmental level of the participants, as research has found differential prevalence of anxiety
conditions across ages of autistic children and adolescents (van Steensel et al., 2011). This may be
due to differential conditioning implicated in the development of certain anxiety conditions, such as
context conditioning in GAD (Green & Ben-Sasson, 2010). It would be beneficial for future research to
explore differential relationship over time and to further understand the association of IU when

relationships are differential.

As previous literature has proposed disputing theoretical models that have included sensory
hyperreactivity, IlU and anxiety, here we tested a series of mediation models. We found that IU fully

mediates the relationships between sensory hyperreactivity and anxiety in preschool-age autistic
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children, and that anxiety fully mediates the relationship between sensory hyperreactivity and IU.
Critically, in line with our predictions we found that sensory hyperreactivity was the predictor in both
significant mediation models. This reflects previous longitudinal research in younger children that found
sensory hyperreactivity to unidirectionally predict anxiety symptoms, suggesting that sensory
hyperreactivity emerges earlier than anxiety (Green et al., 2012). However, our results also suggest
that IU is an important early factor in the development and maintenance of anxiety in autism. Aversive
sensory experiences can be unpredictable and not always specific to an object or situation, which is
associated with greater avoidance and anxious behavioural responses, and associated amygdala
activation (Green et al., 2015; Herry et al., 2007). Altered sensory interpretation in autism can enhance
the perceived unpredictability of sensory input (Fiser et al., 2010; Pellicano & Burr, 2012). As IU is
associated with alerting in attentional networks, individuals with higher IlU may be more hypervigilant
and biased to process uncertain information as threatening (Dugas et al., 2005; Fergus & Carleton,
2016). Thus, IU and anxiety may reciprocally be maintained in response to sensory hyperreactivity. Due
to the constraints of cross-sectional mediation models, next steps in research would be to longitudinally

test these mediating relationships.

As our results support that sensory hyperreactivity is a predictive factor for anxiety early in development,
this could be an important target for early interventions. Sensory integration-based approaches are
widely used and are deemed to be effective in targeting early sensory reactivity difficulties (Schaaf et
al.,, 2017; Schoen et al., 2019), but little is known about how these impact anxiety development.
Alternatively, Cognitive Behavioural Therapy (CBT) could be adapted to target sensory hyperreactivity
(Edgington et al., 2016), as CBT has shown efficacy in young autistic children (Driscoll et al., 2020).
However, IU may also be an important transdiagnostic mechanism to target in intervention (Hallett et
al., 2021; Rodgers et al., 2017). There is evidence that targeting IU in clinical interventions effectively
reduces anxiety in non-autistic cohorts (Boswell et al., 2013; Buhr & Dugas, 2006; Dugas et al., 2010;
McEvoy & Mahoney, 2012). This has recently been extended into autism research, with the
development of a manualised parent group-based intervention programme, such as Predictive
Parenting (Hallett et al., 2021), and Coping with Uncertainty in Everyday Situations (CUES®; Rodgers
et al., 2017; 2018). These interventions aim to enable children to become more tolerant of uncertainty

and have shown promise in their efficacy.

In contrast to previous research (Glod et al., 2019; Hwang et al., 2019; MacLennan et al., 2020), we did
not find sensory hyporeactivity to relate to anxiety or IU in our study. This may be due to the varying
measures and age groups across studies. Alternatively, sensory hyporeactivity may be more related to
depressive conditions, characterised by suppressed arousal, rather than anxiety (Lane, 2002; Neal et
al., 2002; Pfeiffer et al., 2005). Or it may be more related to other autistic traits, such as communication
differences, emotional, cognitive and behavioural differences, or RRB’s (Glod et al., 2015; South &
Rodgers, 2017; Wigham et al., 2015). As for sensory seeking, we did not find it to be significantly related
to anxiety in autistic children, which reflects previous findings (MacLennan et al., 2020). Sensory
seeking may be indirectly linked to anxiety or interlinked with sensory hyperreactivity and hyporeactivity,

such as being a stimulatory strategy in response to sensory hyporeactivity (Lidstone et al., 2014; Liss
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et al., 2006). Future directions should aim to further understand how sensory hyporeactivity and seeking

are related to anxiety.

There is a pressing need for research to include participants with few-to-no words or ID (Russell et al.,
2019), thus, our heterogenous sample is a key strength of the study. However, our relatively small
sample size may have impacted the power of our subgroup analysis, as well as relationships with
anxiety subtypes. Additionally, there are few suitable objective assessments for IU and anxiety,
especially for this demographic, and therefore we had to rely on parent-reports. Although total anxiety
scores have been found to be reliable in autistic populations, subscales for anxiety on parent-reports
may need to be interpreted with caution in autistic children, especially those with cooccurring ID and
who speak few-to-no words (Kerns et al., 2020; Toscano et al., 2020). Understanding the risk factors
for traditional anxiety symptomology has clinical significance for existing anxiety interventions, however,
it is also important that distinct anxiety symptoms in autistic children are recognised (Kerns et al., 2020).
Therefore, there is a need for the development of autism-specific, measures that can be used to screen
for early anxiety symptomology in young autistic children. But also, further research examining anxiety

in autistic subgroups, such as those with few-to-no words or ID.

In conclusion, our study is the first to explore the relationship between sensory reactivity differences,
anxiety subtypes, and IU in preschool-age autistic children. Our findings indicates that sensory
hyperreactivity, U, and anxiety are interrelated in preschool-age autistic children, and that sensory
hyperreactivity may be specifically related to separation anxiety when taking broader autism traits into
account. Additionally, they suggest sensory hyperreactivity is an early predictor of anxiety and IU, which
may both be reciprocally mediating factors in the maintenance of anxiety and IU in autism. The results
of this study have important clinical implications for early anxiety interventions in preschool-age autistic
children. However, there is still an imperative need to develop objective assessments, especially for U
and anxiety, for preschool-age autistic children, and those who speak few-to-no words. This is

fundamental for research and clinical services that aim to support autistic individuals.
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Chapter 4. Sensory reactivity, anxiety, and intolerance of uncertainty in autistic
adults: Examining the correlational and predictive relationships across two
complementary studies

Keren MacLennan, Isabelle Verhulst & Teresa Tavassoli
In preparation for submission to Journal of Affective Disorders
4.1 Paper contribution

| had a significant contribution to this paper. For Study 1, | designed the study and independently
collected and processed the data. Study 2 was part of a wider study that was led by Isabelle Verhulst
and | was not part of the data collection. | then independently conducted the analyses for both studies

and wrote the manuscript with feedback provided from the other authors.

4.2 Abstract

Background  Sensory reactivity differences are common in autism spectrum conditions, including
sensory hyperreactivity (i.e., strong reactions), hyporeactivity (i.e., no, or slower reactions), and seeking
(i.e., fascination or fixation). Rates of clinical anxiety are also inordinately high in autistic adults, which
may be due to sensory reactivity differences, as well as intolerance of uncertainty (IU). Thus, we
conducted two complementary online studies to examine the correlational and predictive associations

between these factors.

Methods Study 1 included 94 autistic adults, aged 18 — 70 years, and assessed self-reported
sensory reactivity differences and anxiety. Study 2 included 246 autistic adults, aged 18 — 76 years,

and assessed self-reported sensory reactivity differences, anxiety, and 1U.

Results Study 1 found sensory hyperreactivity to be correlated with total anxiety and separation
anxiety, and sensory hyporeactivity to be correlated with separation anxiety, but only sensory
hyperreactivity significantly predicted anxiety. Study 2 found sensory hyperreactivity and seeking to be
correlated with GAD, separation anxiety, and social anxiety, and IU was also intercorrelated. U was
found to mediate the relationships between hyperreactivity and anxiety, and anxiety mediated the

relationship between hyperreactivity and IU.

Limitations Differences in the sensory measures across studies (e.g., additional items associated

with other domains, such as proprioception) limited the ability to compare results across studies.

Conclusions  Sensory hyperreactivity may predict anxiety symptomology in autistic adults, and
sensory hyporeactivity and seeking may also be related. Additionally, IlU may be an important related
factor in the development and maintenance of anxiety. These findings have clinical relevance for the

treatment of anxiety in autistic adults.
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4.3 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; DSM-5 American Psychiatric Association, 2013). Sensory reactivity differences are a
criterion under the RRBs domain, and include sensory hyperreactivity (i.e., strong reactions to sensory
input), hyporeactivity (i.e., no, or slower reactions to sensory input), and seeking (i.e., fascination or
fixation with sensory input). Individuals often experience varying patterns of differences across a range
of contexts and modalities, such as vision, hearing, and touch (Baranek et al., 2006; Lidstone et al.,
2014; Miller et al., 2007). Although sensory reactivity differences are also present in other
neurodevelopmental conditions, such as Attention Deficit and Hyperactivity Disorder (ADHD) (Miller et

al., 2012), they are commonly experienced by approximately 94% of autistic adults (Crane et al., 2009).

Autistic adults are also at greater risk of experiencing clinical anxiety compared to the general
population, with recent population prevalence estimates suggesting it affects 20% of autistic adults,
compared to only 8.7% of non-autistic adults (Nimmo-Smith et al., 2020). 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 (Kerns et al., 2020;
Nimmo-Smith et al., 2020; Simonoff et al., 2008). As anxiety has a monumental impact on an individual’s
daily living and quality of life (Robertson et al., 2018), it is important to understand autism-specific risk
factors for anxiety. Sensory reactivity differences can often be distressing, and sensory hyperreactivity
has frequently been linked to anxiety in autistic children and adults (Black et al., 2017; Green et al.,
2012; Hwang et al., 2019; MacLennan et al., 2020, 2021; Uljarevi¢ et al., 2016), and has been
suggested to be an early, unidirectional predictor of anxiety in autism (Green et al., 2012). Although
autistic individuals can also experience distinct autism-related anxiety symptomology, such as social
fears unrelated to negative self-appraisal, sensory hyperreactivity has been found to predict traditional
rather than distinct anxiety symptomology (Kerns et al., 2014). Although research has primarily
examined links between sensory hyperreactivity and total anxiety symptoms, research in autistic
children has suggested that it may be differentially related to certain anxiety conditions, including
generalised anxiety disorder (GAD), separation anxiety, and specific phobia (Bitsika et al., 2019; Black
et al., 2017; Kerns et al., 2014; MacLennan et al., 2020).

Relatively less research has examined if sensory hyporeactivity and seeking relate to anxiety in autism.
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 (Glod et al., 2019; Hwang et al., 2019). Whereas our
previous work in autistic children found it to be related to lower anxiety, including symptomology relating
to social anxiety when controlling for broader autistic traits (MacLennan et al., 2020). Alternatively,
research in autistic children has suggested that sensory hyporeactivity may instead be indirectly related
to anxiety through RRBs (Wigham et al., 2015). As for sensory seeking, research in autistic children
and non-autistic adults has not found a significant link with anxiety (Levit-Binnun et al., 2014; Lidstone

et al., 2014; MacLennan et al., 2020, 2021), although research has yet to examine if it is implicated in
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specific anxiety symptomology in autistic adults. It has been 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 (Lidstone et
al., 2014). Additionally, qualitative research in autistic adults has suggested that sensory seeking can
be a soothing strategy that can be calming in times of stress (Robertson & Simmons, 2015; Smith &
Sharp, 2013). Enhancing understanding of the relationships between sensory reactivity differences and
anxiety in autistic adults has important implications for treatment approaches that are effective and

suitable for autistic adults.

Intolerance of uncertainty (IU), which is a difficulty with contexts or situations that are unexpected or
unpredictable, is understood to be an important factor in the development and maintenance of anxiety
(Buhr & Dugas, 2006; Dugas et al., 1998; Freeston et al., 1994). Although IU has some overlap with
autistic traits, such as difficulty with change, it is recognised as a distinct construct that is relatively
higher in autistic groups (Boulter et al., 2014; Chamberlain et al., 2013; Hodgson et al., 2017; Vasa et
al., 2018). Research has commonly found IU to relate to aultistic traits, anxiety, and sensory reactivity
differences in autistic individuals, and many studies have found it to be a mediating factor (Boulter et
al., 2014; Hwang et al., 2019; Neil et al., 2016; South & Rodgers, 2017; Wigham et al., 2015). Previous
research has suggested that IU partially mediates the relationship between both sensory hyperreactivity
and hyporeactivity, and anxiety in autistic adults (Hwang et al., 2019). Furthermore, our recent work in
preschool-age autistic children (ages 3 — 5 years) indicated that I[U mediates the relationship between
sensory hyperreactivity and anxiety, but also, that anxiety mediates the relationship between sensory
hyperreactivity and IU (MacLennan et al., 2021). As IU is proposed to be a central transdiagnostic factor
in anxiety presentations in autistic individuals, interventions targeting IlU have been developed, and are
showing promising efficacy (Hallett et al., 2021; Rodgers et al., 2017, 2018). Yet, more research is
needed to understand the relationship between IU and anxiety in adulthood (Jenkinson et al., 2020),
and research is yet to examine if sensory seeking is related to anxiety and IU in autistic adults. This has
important implications for the development of effective anxiety interventions for this population.

Existing research in this field has commonly focussed on autistic children, and research in adults is
comparatively lacking. Within this, research has yet to examine whether sensory reactivity differences
are related to certain anxiety symptomology in autistic adults, and there are no known studies that have
explored the links between sensory seeking and anxiety in autistic adults. Therefore, we conducted two
complementary online studies that were the first known to examine the relationships between sensory
reactivity differences (including hyperreactivity, hyporeactivity, and seeking), anxiety subtypes
(including GAD, separation anxiety, and social anxiety), and IU in autistic adults. In Study 1, we aimed
to understand if sensory reactivity differences are differentially related to, and predict, anxiety subtypes.
Similarly, in Study 2 we aimed to replicate if sensory reactivity differences are differentially related to
anxiety subtypes in a larger sample, but also extended on this to replicate our earlier work (MacLennan
et al., 2021); understanding if IU mediates the relationship between sensory reactivity and anxiety, and

if anxiety mediates the relationship between sensory reactivity and IU.
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4.4 Study 1
4.4.1 Methods — Study 1
Participants

We recruited 121 diagnosed autistic adults to take part in this online study. Firstly, to take part in the
study participants were required to state that they had an official autism diagnosis, and prior to analysis,
participants were excluded if they scored below the cut-off on the AQ-10 (<6). Therefore 94 participants
were included in the analyses aged 18 — 70 years (m = 39.06, sd = 14.34), 57 females, 22 males, 6
trans males, 8 non-binary, 1 agender. Participants were recruited via Autistica’s Discover Network,
MQ’s Participate platform, the Centre for Autism Database at the University of Reading, and social
media platforms. 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 is a self-report questionnaire assessment of sensory reactivity differences for use in children
and adults. It 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; Schoen et al., 2008, 2017).
The SPSI assesses sensory hyperreactivity, hyporeactivity, and seeking across a range of domains
(e.g., auditory, vision, tactile). 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; Brown et al., 2001). Furthermore, for this initial study, we administered a reduced version
of the scale that only included items relating to the auditory, visual, and tactile domains.

Screen for Adult Anxiety Related Disorders (SCAARED)

The SCAARED (Angulo et al., 2017) 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 (Angulo et al., 2017).
Although the SCAARED has not yet been validated for use with autistic people, the scale is adapted
from the child version (Screen for Child Anxiety Related Emotion Disorders; Birmaher et al., 1997),
which has been found to have comparable psychometric properties across autistic and non-autistic
samples (van Steensel et al., 2013).

*

* University of Reading ethics code: 2019-090-TT
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Autism Spectrum Quotient — 10 (AQ-10)

The AQ-10 (Allison et al., 2012) is a brief, 10-item, self-report questionnaire screening assessment of
autistic traits for use in adults. It is scored dichotomously with higher scores relating to higher autistic
traits. Scores about the cut off (=6) are indicative of autism. The AQ-10 has good internal consistency
(>.85) and discriminate validity (Allison et al., 2012; Booth et al., 2013).

Analysis

Statistical analysis was conducted using JASP (JASP team, 2020). Following normality checks, we
firstly conducted a Spearman’s bivariate correlation analysis to examine the relationships between
sensory reactivity (hyperreactivity, hyporeactivity, and seeking), and anxiety (total anxiety, GAD,
separation anxiety, social anxiety), as well as the covariates (autism traits and age). Secondly, we

conducted multiple regression analysis to test if sensory reactivity predicts anxiety in autistic adults.
4.4.2 Results — Study 1
Descriptive statistics

Shapiro—Wilk test of normality indicated that not all the variables were normally distributed (p < .05)
(see Table 12 for descriptive statistics). 100% of the participants scored above the cut-off for GAD,
separation anxiety disorder, and social anxiety disorder, indicating the possible clinical presence of

these anxiety disorders.

Bzztarigive statistics for sensory reactivity differences (SPSI), anxiety (SCAARED), and autism traits (AQ-10).
Range Mean SD SE
Hyperreactivity 12-35 27.81 4.72 0.49
Hyporeactivity 5-20 11.49 3.38 0.35
Seeking 4-19 9.63 3.49 0.36
Total anxiety 31-79 65.22 8.94 0.92
GAD 16 -39 33.62 473 0.49
Social anxiety 8-21 18.68 2.96 0.31
Separation anxiety 7-20 12.93 3.53 0.36
AQ 6-10 8.69 1.24 0.13
Age 18-70 38.55 14.61 1.52

Note. GAD: Generalised anxiety symptoms; AQ: Autism spectrum quotient.

Correlation analysis

We conducted a Spearman’s bivariate correlation analysis to examine the relationships between
sensory reactivity and anxiety, as well as the covariates; autism traits and age (see Table 13 for
correlation results). To control for multiple comparisons, we applied a Bonferroni correction. Neither
age nor AQ were found to be significantly correlated with anxiety or sensory reactivity differences (7

comparisons: adjusted p > .007).
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Correlation analysis, with a Bonferroni corrected alpha level of p < .013 (.05/4) found that sensory
hyperreactivity was significantly correlated with total anxiety (r? = .340, p <.001), and separation anxiety
(rs = .320, p = .002), and sensory hyporeactivity was significantly correlated with separation anxiety (rs
= .289, p = .005). Fisher's z test (Steiger, 1980) was conducted to test if the significant correlation
coefficients for the relationships between sensory hyperreactivity/hyporeactivity and separation anxiety
was significantly higher than the non-significant correlation coefficients for the relationships between
sensory hyperreactivity/hyporeactivity and GAD, and sensory hyperreactivity/hyporeactivity and social
anxiety. This showed that the relationship between sensory hyperreactivity and separation anxiety was
not significantly different from GAD (z = 0.78, p = .435) or social anxiety (z = 1.24, p = .215). But the
relationship between sensory hyporeactivity and separation anxiety was significantly different from GAD
(z=2.28, p = .023) and social anxiety (z = 2.16, p = .031).

Table 13
Spearman’s correlations between sensory reactivity differences (SPSI), anxiety (SCAARED), and autism traits (AQ).

Hyperreactivity  Hyporeactivity Seeking AQ
Total anxiety .340*** (.000) 187 (.071) 112 (.283) .202 (.088)
GAD .244 (.018) .061 (.556) .109 (.295) .185 (075)
Social anxiety .176 (.090) .033 (.033) .004 (.966) .061 (.556)
Separation anxiety .320** (.002) .289** (.005) 112 (.281) .204 (.049)
AQ .242 (.019) 111 (.286) 138 (.184) -

*. Correlation is significant at the Bonferroni corrected p<0.013 (.05/4) level (2-tailed)

**. Correlation is significant at the p<0.01 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.
Note. GAD: Generalised anxiety symptoms; AQ: Autism Spectrum Quotient.

Multiple regression analysis

Based on the correlation analysis, multiple regression analyses, with a Bonferroni corrected alpha level
of p £.025 (.05/2), were conducted to test if sensory hyperreactivity is a significant predictor of total
anxiety, and if sensory hyperreactivity and hyporeactivity are significant predictors of separation anxiety
(see Table 14). The results indicated that total anxiety was significantly predicted by sensory
hyperreactivity (B = .317, p = .002) and it explained 10% of the variance (R? = .100, F(1,92) = 10.25, p
=.002). Separation anxiety was significantly predicted by sensory hyperreactivity (B = .261, p = .014),
but not sensory hyporeactivity after the Bonferroni corrected alpha level (f = .219, p = .037). These
predictors explained 15.8% of the variance (R? = .158, F(2,91) = 8.54, p < .001).

Table 14
Multiple regression analysis showing sensory hyperreactivity and hyporeactivity predicting total anxiety and separation anxiety.

Model B SE B t p

Total anxiety Hyperreactivity .600 .188 317 3.201 .002*

Separation anxiety Hyperreactivity .195 .077 .261 2.518 .014*
Hyporeactivity .229 .108 219 2.119 .037

*. Predictor is significant at the p<0.025 level (2-tailed) after a Bonferroni correction (.05/2)
Predictors significant prior to Bonferroni correction are indicated in bold without being flagged.
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4.4.3 Discussion — Study 1

This study examined the relationships between sensory hyperreactivity, hyporeactivity, and seeking,
and anxiety subtypes in autistic adults. Firstly, in line with previous research, our results found that
sensory hyperreactivity was significantly related to total anxiety in autistic adults (Hwang et al., 2019).
Additionally, in line with research in children, we found sensory hyperreactivity to be significantly related
to separation anxiety but not to social anxiety (Black et al., 2017; MacLennan et al., 2020; Spain et al.,
2018). Although, we interpret this cautiously as the correlation coefficients for the significant and non-
significant relationships were not significantly different. Secondly, in line with previous research (Hwang
et al., 2019), we found a positive relationship between sensory hyporeactivity and total anxiety, but our
results also suggest that sensory hyporeactivity may be specifically implicated in separation anxiety.
However, the regression analyses suggest that sensory hyperreactivity may be a better predictor of
both total anxiety and separation anxiety. Lastly, in support of our previous work in children, we did not
find a significant relationship between sensory seeking and anxiety in autistic adults (MacLennan et al.,
2020, 2021).

However, this study included a relatively small sample of autistic adults for an online study, with an
unusually high prevalence of clinically elevated anxiety. Additionally, as research, including our own
(e.g., Hwang et al., 2019; MacLennan et al., 2021; Wigham et al., 2015), has suggested that IlU may be
an important construct in the relationships between sensory reactivity and anxiety in autism, we
conducted a second extended study, in a larger sample of autistic adults, that aimed to replicate the

results of this study and to also examine the role of 1U.
4.5 Study 2
4.5.1 Methods — Study 2

Participants

We recruited 282 diagnosed autistic adults for this online study. Firstly, to take part in the study
participants were required to state that they had an official autism diagnosis, and prior to analysis,
participants were excluded if they scored below the cut-off on the AQ-10 (<6). Therefore 246
participants were included in the analyses, aged 18 — 76 years (m = 41.86, sd = 13.70), 143 females,
21 trans females, and 82 males. Participants were recruited via the Centre for Autism Database at the
University of Reading, the Autism Research Centre, and UK autistic adults’ charities Facebook pages.
The data for Study 2 was independently collected from Study 1 and only 17% of participants from Study
1 also took part in Study 2. Therefore, the sample for Study 2 was primarily made up of unique
participants. Informed consent was provided before the participants took part. Ethical approval was

granted prior to the commencement of this study by the University of Reading Ethics Committee .

T University of Reading ethics code: 2018-120-TT
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Measures
Sensory Processing Scale Inventory (SPSI)

Similarly to Study 1, the SPSI (Schoen et al., 2008, 2017) was used to measure sensory reactivity
differences, using Likert-scale scoring in-line with the Sensory Profile scoring (almost always,
frequently, occasionally, seldom, almost never; Brown et al., 2001). However, in this second study we
administered the extended version of the scale, which also included additional items relating to
vestibular, proprioceptive, gustatory, and olfactory domains, in addition to auditory, visual, and tactile
domains measured in Study 1.

Screen for Adult Anxiety Related Disorders (SCAARED)

Similarly to Study 1, the SCAARED (Angulo et al., 2017) was used to measure anxiety. See Study 1 for

description of this assessment.
Intolerance of Uncertainty Scale (IUS)

The IUS (Buhr & Dugas, 2002) is a self-report questionnaire assessment of IU for use in adults. It is
scored from 1 — 5 (not at all characteristic of me, somewhat characteristic of me, entirely characteristic
of me) with higher scores indicating greater 1U. The IUS has excellent internal consistency (.94) and
good test-retest reliability (.74) (Buhr & Dugas, 2002).

Autism Spectrum Quotient — 10 (AQ-10)

Similarly to Study 1, the AQ-10 (Allison et al., 2012) was used to measure autistic traits. See Study 1

for description of this assessment.
Analysis

Statistical analysis was conducted using JASP (JASP team, 2020). Following normality checks, we first
conducted a Spearman’s bivariate correlation analysis to examine the relationships between sensory
reactivity (hyperreactivity, hyporeactivity, and seeking), U, and anxiety (total anxiety, GAD, separation

anxiety, social anxiety), as well as the covariates (autism traits and age).

Secondly, in line with the results of our previous work (MacLennan et al., 2021), we conducted
mediation analyses to test if IU mediates the relationship between sensory reactivity differences and
anxiety, and if anxiety mediates the relationship between sensory reactivity differences and IU. To
adjust for measurement error, we defined the analysis to conduct bootstrapping with 1,000 resamples
and generated accelerated 95% confidence intervals. Full mediation is indicated by a significant indirect
effect between the predictor and outcome variables, and a non-significant direct effect, whilst partial
mediation is indicated by a significant direct and indirect effect between the predictor and outcome
variables. Significance is indicated by a Bonferroni corrected alpha level of p < .025 (.05/2) and

confidence intervals (CI's) not overlapping with zero.

59



4.5.2 Results — Study 2
Descriptive statistics

Shapiro—Wilk test of normality indicated that not all the variables were normally distributed (p < .05)
(see Table 15 for descriptive statistics). 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 the possible presence of these anxiety disorders.

Table 15

Descriptive statistics for sensory reactivity differences (SPSI), anxiety (SCAARED), intolerance of uncertainty (IlUS), and autism
traits (AQ-10).

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
GAD 0-26 18.18 6.29 40
Social anxiety 0-14 10.24 3.82 .24
Separation anxiety 0-14 4.74 3.57 .23
U 16 - 60 46.12 9.78 .62
AQ 6-10 8.48 1.28 .08
Age 18-76 41.86 13.70 .87

Note. GAD: Generalised anxiety symptoms; |U: Intolerance of uncertainty; AQ: Autism spectrum quotient.

Correlation analysis

We conducted a Spearman’s bivariate correlation analysis to examine the relationships between
sensory reactivity, anxiety, and U (see Table 16 for correlation results). Neither age nor AQ were found
to be significantly correlated with anxiety or sensory reactivity differences (8 comparisons: adjusted p >
.006). Correlation analysis, with a Bonferroni corrected alpha level of p <.013 (.05/4), found that sensory
hyperreactivity was significantly correlated with total anxiety (rs = .383, p < .001), GAD (rs = .274, p <
.001), separation anxiety (rs = .405, p <.001), and social anxiety (rs = .405, p <.001). Sensory seeking
was significantly correlated with total anxiety (rs = .295, p <.001), GAD (r?> = .279, p < .001), separation
anxiety (rs = .297, p < .001), and social anxiety (rs = .192, p < .001). Correlation analysis, with a
Bonferroni corrected alpha level of p < .007 (.05/7), also found that IU was significantly related to
sensory hyperreactivity (rs =.492, p <.001), sensory hyporeactivity (rs =.173, p = .007), sensory seeking
(rs =.243, p < .001), total anxiety (rs = .563, p < .001), GAD (rs = .511, p < .001), separation anxiety (rs
=.386, p < .001), and social anxiety (rs = .469, p < .001).
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Table 16

Spearman’s correlations between sensory reactivity differences (SPSI), anxiety (SCAARED), intolerance of uncertainty (IUS),
and autism traits (AQ).

Hyperreactivity Hyporeactivity Seeking U AQ
Total anxiety .381*** (.000) .151 (.014) .289*** (.000) .566*** (.000) .033 (.605)
GAD .271*** (.000) .131 (.030) .272*** (,000) .514*** (,000) .001 (.985)
Social anxiety .406*** (.000) 104 (.104) .195** (.002) .470*** (.000) .075 (.241)
Separation anxiety .381*** (.000) .136 (.021) .284*** (.000) .391*** (.000) .075 (.244)
U .495*** (,000) .178** (.007) .251*** (.000) - .141 (.028)
AQ 128 (.046) 135 (.035) .056 (.386) - -

*. Correlation is significant at the Bonferroni corrected p<0.013 (.05/4) level (2-tailed)

**_ Correlation is significant at the Bonferroni corrected p<0.007 (.05/7) 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.

Note. GAD: Generalised anxiety symptoms; IU: Intolerance of Uncertainty; AQ: Autism Spectrum Quotient.

Mediation analysis

As the correlation analysis found IU to be intercorrelated with sensory hyperreactivity, sensory seeking,
and anxiety, mediation analysis was conducted to test if a) IlU mediated the relationship between both
sensory hyperreactivity and seeking, and anxiety, and if b) anxiety mediated the relationship between
both sensory hyperreactivity and seeking, and IU (mediating relationships depicted in Figure 5). Firstly,
mediation analysis indicated that IU fully mediates the relationship between sensory hyperreactivity and
anxiety, as the indirect effect was significant (B = .024, Lower Limit (LL) = .016, Upper Limit (UL) = .034,
p < .001), whilst the direct effect was not significant (B = .006, LL =-.004, UL =.021, p = .13), but there
was no indication that IlU mediates the relationship between sensory seeking and anxiety, as the indirect
effect was not significant (B = .002, LL =-.008, UL = .010, p = .73), or that sensory seeking predicts
anxiety, the direct effect was not significant at the Bonferroni corrected alpha level of p <.013 (B = .016,
LL =.002, UL =.033, p =.038). Secondly, mediation analysis indicated that anxiety partially mediates
the relationship between sensory hyperreactivity and U, as the indirect effect (B = .016, LL = .009, UL
=.022, p < .001) and direct effect was significant (B = .030, LL = .020, UL = .041, p < .001), but there
was no indication that anxiety mediates the relationship between sensory seeking and IU, or that
sensory seeking predicts U, as neither the indirect effect (B = .008, LL = .000, UL =.017, p = .053) or

the direct effect was significant (B = -.005, LL = -.020, UL = .009, p = .46) (See Appendix 2 for full
mediation statistics).
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Figure 5

Mediation figure showing a) sensory hyperreactivity and seeking predicting anxiety with intolerance of uncertainty as the
mediator, and b) sensory hyperreactivity and seeking predicting intolerance of uncertainty with anxiety as the mediator.
Note. Direct relationships are indicated by a solid line, indirect relationships are indicated by a dashed line. Significant
relationships are indicted by a black line, non-significant with a grey. B coefficients are shown for each relationship.

4.5.3 Discussion — Study 2

This study examined the relationship between sensory reactivity differences, anxiety subtypes, and U
in autistic adults. In contrast to Study 1, and our previous work in children (MacLennan et al., 2020),
we found that sensory hyperreactivity was significantly related to anxiety but was not differentially
related to anxiety subtypes. Also, in contrast to Study 1 and previous work (Hwang et al., 2019), we
did not find sensory hyporeactivity to be significantly related to anxiety. Interestingly, and in contrast to
both Study 1 and our previously published work with autistic children (MacLennan et al., 2020, 2021),
this study found a significant link between sensory seeking and anxiety.

Although previous research found IU to partially mediate the relationship between sensory
hyperreactivity and anxiety (Hwang et al., 2019), we found IU to fully mediate the relationship
between sensory hyperreactivity and anxiety, and anxiety to partially mediate the relationship
between sensory hyperreactivity and IU. Thus, although Study 1 suggests sensory hyperreactivity
predicts anxiety in autistic adults, Study 2 extends on these findings to suggest that IU may fully
mediate this relationship. Furthermore, despite the significant intercorrelation between sensory

seeking, anxiety, and 1U, sensory seeking was not found to be a significant predictive factor.
4.6 Cross-study sample comparisons

To examine if there were differences between the samples of the two studies that could explain the
differences in results, we conducted independent samples t-tests (Mann-Whitney U) to test if the groups
significantly differed on age, autism ftraits, total anxiety, GAD, separation anxiety, and social anxiety
(Figure 6). This indicated that the Study 1 sample and Study 2 sample did not differ significantly in age
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(Z =1.88, p =.60) or autism traits (Z = -1.43, p = .15). However, it indicated that the sample in Study 1
had significantly higher scores than the sample in Study 2 for total anxiety (Z =-13.93, p <.001), GAD
(Z =-13.80, p < .001), separation anxiety (Z = -12.56, p < .001), and social anxiety (Z = -13.22, p <
.001).
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Figure 6

Graph showing Study 1 and Study 2 sample mean scores for age, autism traits (AQ), total anxiety, generalised anxiety (GAD),
separation anxiety, and social anxiety.

Note. * indicates significant mean differences between samples

Furthermore, as sensory hyporeactivity and seeking were found to be significantly correlated with
anxiety, but not found to significantly predict anxiety, and it has been suggested that sensory
hyporeactivity and seeking may be inversely linked with sensory hyperreactivity (Liss et al., 2006), we
wanted to understand if their association with sensory hyperreactivity was similar across groups.
Fisher's z test indicated that the correlation coefficients for the relationship between sensory
hyperreactivity and hyporeactivity was not significantly different between studies (z = 1.11, p = 0.26),
but that the correlation coefficients for the relationship between sensory hyperreactivity and seeking

was significantly stronger in Study 2 compared to Study 1 (z =-2.10, p = 0.036).
4.7 General discussion

These complementary studies enhance our understanding of the relationships between sensory
reactivity differences, anxiety subtypes, and IU in autistic adults. Overall, the results suggest that IU
fully mediates the relationships between sensory hyperreactivity and anxiety, and that anxiety also
partially mediates the relationship between sensory hyperreactivity and IU. Although we also found
significant associations between both sensory hyporeactivity and seeking, and anxiety, Study 1 and
Study 2 did not find a replicated pattern of significant correlations. The possible reasons for this will be

discussed in detail.
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The studies found sensory hyperreactivity to be related to total anxiety, which is in line with previous
work in autistic children (Green et al., 2012; MacLennan et al., 2020; Wigham et al., 2015) and adults
(Hwang et al., 2019) Additionally, significant relationships were also found between sensory
hyperreactivity and GAD, separation anxiety, and social anxiety, which is in line with research in
autistic children and adolescents (Bitsika et al., 2019; Black et al., 2017; MacLennan et al., 2020;
Pickard et al., 2020). Our previous work in autistic children has found sensory hyperreactivity to be
specifically related to certain anxiety symptomology, including phobia/physical injury fears separation
anxiety, when controlling for broader autism traits (MacLennan et al., 2020, 2021). However, the
present studies did not find a significant association between autism traits and sensory reactivity or
anxiety. This may have been due to the use of the short AQ-10, which is better suited as a screening
tool rather than being used as a continuous scale measure in research. Our results support previous
work in autistic adults (Hwang et al., 2019) to suggest that IU is a mediator in the relationships
between sensory hyperreactivity and anxiety. However, our results also suggest that, as well as
sensory hyperreactivity directly predicting IU, anxiety also mediates this relationship, the latter also
reflecting our previous work in preschool-age autistic children (MacLennan et al., 2021). The
unpredictability of aversive sensory input may lead to the development of anxiety through context
conditioning, with increased hypervigilance, negative bias, and avoidance of generalised contexts
(Green & Ben-Sasson, 2010; Grillon, 2008). Additionally, higher IU may lead to greater hypervigilance
and a bias to perceive uncertainty as a threat (Dugas et al., 2005; Fergus & Carleton, 2016). Although
we did not find robust evidence that sensory hyperreactivity is differentially related to anxiety
symptomology, U has previously been suggested to be a component of GAD and social anxiety in
non-autistic populations (Boelen & Reijntjes, 2009; Dugas & Ladouceur, 2000; Holaway et al., 2006),
and recent research has also found U to be implicated in social anxiety in autistic individuals (Pickard
et al., 2020). As interventions that target IU are showing promising efficacy (Hallett et al., 2021;
Rodgers et al., 2017, 2018), our research can help inform further development of adult interventions

for anxiety.

A contrasting pattern of results was found for sensory hyporeactivity and seeking across the two
studies. Although both studies found links between sensory hyporeactivity and anxiety, in Study 2
these became non-significant due to the adjusted alpha level after Bonferroni correction. Research
has commonly been inconsistent in regard to sensory hyporeactivity, with some finding it to be related
to anxiety in autistic adults and children (Glod et al., 2019; Hwang et al., 2019; MacLennan et al.,
2020; Rossow et al., 2021), whilst others have not (MacLennan et al., 2021; Wigham et al., 2015). As
for sensory seeking, in contrast to Study 1 and previous work in children (Lidstone et al., 2014;
MacLennan et al., 2020, 2021), Study 2 was the first to find a significant association between sensory
seeking and anxiety in autistic adults. Although the different findings across the studies may be due to
differential measures used, or the lower power in the first study, it may be due to additional factors.
Sensory hyporeactivity has been suggested to be experienced after periods of hyperreactivity, where
individuals may inversely ‘shutdown’ from sensory input (Lane, 2002; Liss et al., 2006). Whereas,
sensory seeking may be a compensatory strategy enhanced in adulthood whereby individuals focus

on certain sensory input to soothe and moderate arousal when faced with aversive input (Liss et al.,
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2006). Additionally, the sample in Study 1 had significantly higher anxiety than the sample in Study 2.
This was likely due to the use of the MQ: Mental Health Participate platform in Study 1, that aims to
assist with recruitment for mental health studies and therefore this participants pool would likely have
a high rate of mental health conditions. As sensory hyperreactivity and seeking were more strongly
correlated in Study 2 compared to Study 1, It may be that autistic adults with lower rates of anxiety
are more able to utilise sensory seeking as a strategy to moderate sensory input associated with
sensory hyperreactivity. However, as a reduced version of the SPSI was used to assess sensory
reactivity in Study 1, whilst the full measure was used in Study 2, we are unable to compare the rates
of sensory reactivity differences across the two samples. Alternatively, as Study 2 contained
additional items relating to wider domains, including vestibular, proprioceptive, gustatory, and
olfactory, it may be that sensory reactivity differences within domains are differentially related to
anxiety, and explain the differences in results between studies. Therefore, these could be important
considerations for future research.

4.7.1 Limitations

Although the differences between studies could be due to the different sensory measures used across
studies, Study 1's sample presenting with significantly higher anxiety than in Study 2, or due to Study
1 being under-powered compared to Study 2, inconsistencies between the two studies could also be
due to other unknown differences in sample characteristics. Due to the heterogeneous nature of
autism, individuals present with varying strengths and difficulties as well as cooccurring conditions
(Vasa & Mazurek, 2015). Therefore, it could have been informative to collect additional demographic
information, such as cooccurring diagnoses (e.g., Intellectual Disability or ADHD), to ascertain if there
were other key group differences. Furthermore, the impact of broader autism traits may not have been
reliably examined due to the limited range of scores from the AQ-10, which we used to reduce the
burden on participants in these online studies. 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 important implications for treatment.

Questionnaire measures are an effective means for collecting larger samples of data with ease.
However, the sole use of questionnaire measures means that it is possible that relationships between
sensory reactivity and anxiety are due to overlapping questionnaire items. Anxiety and sensory
hyperreactivity can be difficult to distinguish and measures can sometimes have overlapping items
(Ben-Sasson et al., 2007; Green & Ben-Sasson, 2010). However, this was considered in the study
design as we selected to use the SPSI, rather than other commonly used assessments such as the
Sensory Profile (Dunn, 1999), as it can be seen as a ‘purer’ measure of sensory reactivity differences
and includes less items related to emotional affect and behaviours related to anxious responses.
Future work could aim to also include more objective assessments, such as the Anxiety Disorders
Interview Schedule — Autism Addendum (Kerns et al., 2017), that would facilitate greater detangling of

traits/symptoms associated with both sensory reactivity and anxiety.
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Although GAD, separation anxiety, and social anxiety all cooccur in autistic individuals, this research
did not include other common anxiety conditions, such as specific phobia (Kerns et al., 2020; Nimmo-
Smith et al., 2020). There are challenges with assessing phobic symptoms in questionnaire
measures, due to the specific and individual nature of phobias. However, autistic people can develop
idiosyncratic phobias that are associated with sensory input (Kerns et al., 2014), for instance, balloons
due to the aversive experience of the sound when they burst. Specific phobias have been found to be
more prevalent in autistic individuals with cooccurring intellectual disability (Kerns et al., 2020).
Therefore, it is important for future research in autistic adults to understand risk factors for additional

anxiety symptomology, such specific phobias, including the role of sensory reactivity.
4.7.2 Conclusion

These complementary studies have importantly examined the correlational and cross-sectional
predictive relationship between sensory reactivity differences, anxiety subtypes, and IU in autistic
adults for the first time. Our results support that sensory reactivity differences, including hyporeactivity
and seeking, are related to anxiety, and sensory hyperreactivity is a predictive factor. Furthermore,
they further support that IU is an important mediator in the relationship between sensory
hyperreactivity and anxiety. These findings have clinical relevance for when considering approaches
for treatment of anxiety symptomology in autistic adults.
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5.2 Abstract

Autistic adults commonly experience sensory reactivity differences. Sensory hyperreactivity is
frequently researched, whilst hyporeactivity and seeking, and experiences across domains, e.g., vision,
are often neglected. Therefore, we aimed to understand more about the sensory experiences of autistic
adults. We conducted a mixed-methods study, co-produced with stakeholders; recruiting 49 autistic
adults who completed an online survey. Firstly, quantitative results and content analysis enhanced our
understanding of sensory input/contexts associated with sensory hyperreactivity, hyporeactivity, and
seeking across modalities. Secondly, thematic analysis developed themes relating to ‘Outcomes’,
‘Control’, “Tolerance and management’, and ‘The role of other people’, informing a theoretical model of
sensory reactivity differences in autistic adults. These findings have implications for support services
and improving quality of life for autistic adults.

Key Words: autism, autistic, adult, sensory, participatory, qualitative
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5.3 Introduction

Autism Spectrum Conditions (ASC) are neurodevelopmental conditions typically characterised by social
communication differences, and restricted and repetitive interests and/or behaviours (RRBs) (DSM-5
American Psychiatric Association, 2013). Sensory reactivity differences, a sub-criterion under RRBs,
are suggested to be present in up to 94% of autistic adults (Crane et al., 2009). Sensory reactivity
differences can occur across multiple sensory domains, such as vision or touch, and are characterised
by hyperreactivity, hyporeactivity, and sensory seeking (DSM-5 American Psychiatric Association,
2013). Individuals who are sensory hyperreactive often experience sensory input more intensely
compared to others, and may find it painful, dysregulating, or overwhelming (Lane, 2002). Individuals
who are sensory hyporeactive often have a delayed response, or may not notice, sensory input, and it
may be experienced by individuals after periods of hyperreactivity (Lane, 2002; Liss et al., 2006).
Individuals who are sensory seeking often engage with sensory input repeatedly and/or for sustained
periods of time, and it may be a stimulatory or regulatory strategy associated with RRBs, sensory
hyperreactivity and/or hyporeactivity (Lidstone et al., 2014; Pellicano et al., 2013; Schulz & Stevenson,
2019). Sensory experiences can be complex and although some sensory experiences can be enjoyable
for individuals, other experiences can be very distressing, impacting on quality of life and correlating
with mental health conditions, such as anxiety and depression (Carpenter et al., 2018; Elwin et al.,
2012; Forsyth & Trevarrow, 2018; Green et al., 2012; Hwang et al., 2019; MacLennan et al., 2020,
2021; Rossow et al., 2021). It is therefore unsurprising that difficulty with sensory input has been
suggested to be a barrier for autistic adults engaging in spaces, both public and occupational (Amos et
al., 2019). Thus, understanding the complexities of sensory experiences has important implications for

autistic people’s physical and mental wellness, social inclusion, and future prospects.

Previous qualitative findings have shown that autistic adults experience sensory hyperreactivity across
multiple domains, such as finding sounds too loud and painful, becoming distracted by nearby
conversations, as well as having aversions to competing sounds, bright colours, bright or flickering
lights, light touch, clothing, overpowering scents, and food tastes and textures (Chamak et al., 2008;
Jones et al., 2003; Robertson & Simmons, 2015). Additionally, sensory hyperreactivity can result in
autistic adults feeling overwhelmed, and this can be exacerbated when experiencing heightened stress
and depleted energy levels (Chamak et al., 2008; Robertson & Simmons, 2015; Smith & Sharp, 2013).
This can create a vicious cycle, where sensory hyperreactivity creates stress, which amplifies sensory
hyperreactivity, leading to more stress (Smith & Sharp, 2013).

However, existing research has provided much less insight into experiences of sensory hyporeactivity
and seeking. Recent research has shown that although sensory hyporeactivity may be less pronounced
in adulthood, it is still present (Hwang et al., 2019). Qualitative research has suggested that autistic
adults experience sensory hyporeactivity to pain, hunger, temperatures, scents, flavours, as well as
certain sounds (Chamak et al., 2008; Elwin et al., 2012). As for sensory seeking, research has thought
that it may be more prominent in childhood compared to adulthood (Kern et al., 2007). However,
qualitative research has suggested that autistic adults seek out enjoyable and soothing sensory

perceptual experiences, such as favourite music, and feeling certain textures such as cold, smooth
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surfaces (Jones et al., 2003; Robertson & Simmons, 2015). But, due to the underrepresentation of
sensory hyporeactivity and seeking in research, there is an imperative need to understand more about

autistic adults’ experiences of these types of sensory reactivity.

Despite evidence suggesting that sensory reactivity differences persist into adulthood (Crane et al.,
2009), the sensory experiences of autistic adults have been under-represented in research.
Furthermore, sensory hyperreactivity is often a key focus of research, despite evidence that autistic
adults experience varying patterns of sensory reactivity differences (Crane et al., 2009). Research has
yet to comprehensively identify sensory input that is related to sensory reactivity differences in autistic
adults, especially input relating to hyporeactivity and seeking, across modalities (e.g., vision, touch).
Furthermore, it is yet to examine autistic adults’ experiences of these sensory reactivity differences,
also involving autistic individuals in the research process. Therefore, the present mixed-methods study
aimed to elucidate the complex sensory experiences of autistic adults using a novel online survey
approach. Firstly, we sought to understand more about elements of the sensory environment relating
to sensory hyperreactivity, hyporeactivity, and seeking across sensory domains, such as visual,
auditory, and tactile. Secondly, we sought to understand more about autistic adults’ sensory
experiences related to these sensory reactivity differences, to develop a theoretical model reflecting
these experiences. Importantly, this research was co-produced with autistic adults following a
participatory research framework (Pellicano et al., 2013), to ensure the research was shaped by autistic

individuals and relevant and consistent with their values.
5.4 Methods
5.4.1 Design

This study adopted a mixed-methods design, using both quantitative and qualitative approaches, as
well as principles of a participatory research framework (Pellicano et al., 2013). The research team
included a doctoral researcher (KM) and an associate professor (TT), who specialise in autism and
sensory research, as well as an autistic researcher (SOB), with lived experience and autism research
expertise. Feedback from members of the autistic community, external to the research team, was
sought at key stages of the projects to improve accessibility, such as the design of recruitment materials,
the information sheet, and the questionnaire, as well as an insight group with four autistic adults to

discuss the interpretation of results.

The data was collected using an online mixed-methods survey, including both closed and open-ended
questions. Collecting the qualitative data using an online survey was chosen over other methods, such
as focus groups or interviews. This is because qualitative surveys have the advantage of being able to
capture what is important to participants using their own language and terminology (Frith, 2000), and
this can easily be combined with the simultaneous collection of quantitative data online. Qualitative
surveys are argued to achieve the depth and richness needed for qualitative research through a ‘wide-
angle lens’; gaining perspectives and experiences from a diverse range of voices from widely

geographically dispersed populations (Braun et al., 2017; Toerien & Wilkinson, 2004). This is especially
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important when the group of interest are large or diverse (Braun et al., 2017), which is effective for
research with autistic populations, due to their heterogeneous nature. Online methods also improve the
feeling of anonymity, reducing social desirability, and also lessen the burden of participation as the

survey can be completed flexibly in a time, pace, and place that suits the participant (Braun et al., 2020).
5.4.2 Participants

The data of 49 autistic adults was included in the analysis, age range 20 — 55 years (mean = 34.5, SD
=10.6), although 14 adults chose not to disclose their age (see Table 17). All participants self-reported
that they had been clinically diagnosed as autistic. None of the participants had significant hearing or
visual impairments that could confound their sensory reactivity. Specific data on socioeconomic status
and educational attainment levels were not obtained for this study.

Table 17
Demographic characteristics of participants

N
Gender
Male 11 (22.5%)
Female 33 (67.5%)
Non-binary 5(10.0%)
Ethnicity
White British 19 (38.8%)
White European 3 (6.1%)
White British/American 1(2.0%)
White non-specified 21 (43.0%)
Ashkenazi Jewish 1(2.0%)
Latina 1(2.0%)
Not specified 3 (6.1%)
Self-reported clinical diagnoses
ASC 49 (100%)
Anxiety 21 (43.0%)
Depression 14 (28.6%)
ADHD 9 (18.4%)
Bipolar disorder 4 (8.2%)
Anorexia nervosa 4 (8.2%)
Intellectual disability 2 (4.1%)
Borderline personality disorder 1(2.0%)
No diagnoses in addition to ASC 14 (28.6%)

Note. ASC: Autism Spectrum Condition; ADHD: Attention Deficit Hyperactivity Disorder.

Eighty-three participants were originally recruited for the study; however, 34 participants did not proceed
with the study after completing the demographic information and were excluded. Out of the 49
participants that were included in the study, 40 provided responses to the multiple-choice questions, 49

completed the first section of open questions, and 29 completed the full qualitative questionnaire (Figure
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7). The autistic adults were recruited via the Centre for Autism, University of Reading, participant
database, and through Facebook and Twitter social media posts. All participants provided informed
consent online before commencing with the study. Ethical approval was granted prior to the

commencement of this study by the University of Reading Ethics Committee*.

Participants signed up
(n=83)

A\ 4

Demographic info
(n=83)

A\ 4

Completed initial 4
open questions

(n=49)
Completed Completed additional
multiple-choice open questions
(n =40) (n=29)

Figure 7
Flow diagram showing the number (n) of participants included at each stage.

5.4.3 Measures

We developed an online questionnaire including demographic questions followed by 34 questions to
capture information about the sensory experiences of autistic adults; 28 were open ended and 6 were
multiple choice (Appendix 3). We also provided descriptions of sensory hyperreactivity, hyporeactivity
and seeking, and these terms were used throughout the questionnaire. The questionnaire was designed
to capture participants’ general experiences of being sensory hyperreactive, hyporeactive, seeking
and/or neutral to the sensory environment, as well as for each modality; visual, auditory, tactile,
interoception, gustatory, and olfactory. The initial 4 questions asked broadly about 1) sensory
hyperreactivity, 2) sensory hyporeactivity, 3) sensory seeking, and 4) neutral sensory experiences, €.g.,
“Describe your experience of being sensory hyperreactive”. Followed by questions asking about
sensory experiences relating to sensory modalities, e.g., “Describe your experiences of being
hyperreactive to the visual environment’. Additionally, the questionnaire included six multiple-choice
questions that asked participants if they experienced sensory reactivity differences (hyperreactivity,
hyporeactivity, seeking, and/or neutral) to pre-defined aspects of the sensory environment in each
modality (e.g., visual: bright lights), and an ‘other’ option for them to add their own. These stimuli were
identified from existing literature and tools (Brown et al., 2001; Schoen et al., 2008), and from a group
of autistic adults during the development of the questionnaire. These closed questions were included
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to provide examples to assist in answering the qualitative questions and allowed participants who may

struggle with open questions to still share their sensory experiences.
5.4.4 Procedure

Autistic adults were invited to take part in an online questionnaire about their sensory experiences.
Participants were able to read the study information and then provide informed consent via an online
form. It was also highlighted that although the answers to questions had to be their own, they should
seek support with completing the questionnaire if required. Participants then completed the survey,
which was anticipated to take between 15 — 60 minutes depending on the depth of information provided.

5.4.5 Analysis

To address our research aims, we used a mixed-methods analysis approach. The data was analysed
using NVivo (Castleberry, 2012) primarily by one of the researchers (KM), but the development and
interpretation of categories, codes and themes were discussed and confirmed by all members of the

research team (SOB and TT), as well as the four autistic adults from the insight group.

To elucidate the elements of the sensory environment associated with sensory reactivity differences,
including hyperreactivity, hyporeactivity, and seeking for each modality, we firstly analysed the multiple-
choice data by calculating the percentage of participants that identified as having these experiences in
each modality. Secondly, we analysed the qualitative data using content analysis, which is an objective
systematic way of quantifying and describing data (Elo & Kyngas, 2008; Krippendorff, 2018). The
categories contain words and phrases that share meaning (Cavanagh, 1997). To achieve our aims,
deductive, a priori coding was adopted to predetermine the categories of sensory reactivity differences
and domain, however we adopted an unconstrained matrix where we used an inductive process to

identify sub-categories of common stimuli and contexts within these bounds (Elo & Kyngas, 2008).

Then, to understand more about autistic adults’ sensory experiences, we analysed the data using
thematic analysis; identifying patterns of meaning in the data (Braun & Clarke, 2006). We took an
inductive approach so our analysis was driven by the data rather than preconceived coding or
perceptions, and we adopted an iterative framework to develop meaning from the data (Srivastava &
Hopwood, 2009). Thus, our approach was a continuous and deeply reflexive process, which recognised
that categories and themes do not emerge on their own but are driven by what we as researchers aimed
to know and how we interpreted the data. The framework proposes three questions as reference points,
1) What are the data telling me? 2) What is it | want to know? 3) What is the dialectical relationship
between what the data are telling me and what | want to know? Through this cyclical approach,
categories and themes were reflexively revised and refined, considering researcher biases, and
incorporating insights from the analysis process and from checks with the research team and members
of the autistic community. Once the final themes were developed, these were then adapted into a
theoretical model. The importance of highlighting the interconnected nature of the themes was
emphasised by the autistic adults in the feedback group. Therefore, the model is informed by the themes
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and provides enhanced representation of the lived experience of sensory reactivity differences for

autistic adults.
5.5 Results
5.5.1 Quantitative analysis

Responses to the multiple-choice questions found that 93.9% percent of the autistic adults identified as
experiencing sensory hyperreactivity, 28.6% identified as experiencing sensory hyporeactivity, and
41.4% identified as experiencing sensory seeking (Figure 8; See Table 18 for sensory input/contexts
associated with sensory reactivity differences in each modality). Furthermore, 22.5% identified as
experiencing only either sensory hyperreactivity, hyporeactivity, or seeking (20.5% hyperreactivity; 0%
hyporeactivity; 2.0% seeking), 49.0% identified as experiencing 2 of these (4.1% hyperreactivity and
hyporeactivity; 44.9% hyperreactivity and seeking; 0% hyporeactivity and seeking), and 24.5%
identified as experiencing all 3. Although all participants reported qualitative experiences of sensory
reactivity differences, 4.1% of the autistic adults identified as having no sensory reactivity differences.

Hyperreactivity
20.5%

4.1% 44.9%
24.5%

Hyporeactivity Seeking
o,
0% e 2.0%

Figure 8

Depicting the percentage of participants (n=49) self-identifying as experiencing only sensory hyperreactivity, hyporeactivity, or
seeking, or experiencing hyperreactivity and hyporeactivity, hyperreactivity and seeking, or hyporeactivity and seeking, or
experiencing all three.

Sensory hyperreactivity

Responses to the multiple-choice items showed that autistic adults identified they are commonly
hyperreactive to bright and flashing lights (75%), loud noises (87.5%), lots of conversations (82.5%),
high-pitch noises (77.5%), music (75%), public transport sounds (70%), clothing (75%), different
textures (62.5%), hot temperatures (55%), food textures (65%), strong scents (65%), and the scent of
perfume (60%).
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Sensory hyporeactivity

Overall, in the multiple-choice items, sensory hyporeactivity was minimally selected as being
experienced across domains. The most endorsed hyporeactive experiences were in the interoceptive
domain, including being hyporeactive to physical pain (30%), and hot (15%) and cold (12.5%)

temperatures.
Sensory seeking

Responses to the multiple-choice items showed that autistic adults identified they most commonly
seek out music (60%), and different textures (73.5%). Other seeking experiences that some of the
autistic adults endorsed included looking at patterns (35%) and bright colours (30%), feeling pressure
differences (32.5%), favourite (37.5%) or spicy food flavours (30%), and the scent of fresh air (35%).

Neutral sensory experiences

Responses to multiple-choice items found many of the autistic adults did not have any sensory reactivity
differences associated with low contrast images (77.5%) or chewing gum (57.5%). Some of the autistic
adults also identified having no sensory reactivity differences associated with looking at bright colours
(40%) or patterns (30%), ambient noise (47.5%), memorable (45%) or favourite (32.5%) foods, or the
scent of fresh air (40%), pollution (40%), or flowers (30%).
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Table 18

Summary of quantitative analysis. Percentage of participants in the multiple-choice responses who identified experiencing

sensory reactivity differences to sensory stimuli for hyperreactivity, hyporeactivity and seeking, and in each modality (n = 40).

Percentage %

Hyperreactive ~ Hyporeactive Seeking Neutral
Overall Yes 93.9 28.6 41.4 -
No 6.1 71.4 28.6 -
Visual Bright lights 75.0 5.0 0.0 17.5
Flashing lights 75.0 0.0 0.0 22.5
Bright colours 27.5 0.0 30.0 40.0
Low contrast images 7.5 7.5 7.5 77.5
Patterns 35.0 2.5 35.0 30.0
Auditory Lots of conversations 82.5 6.0 2.5 2.5
Shopping centres 26.0 5.0 5.0 20.0
Public transport 70.0 7.5 0.0 17.5
Loud noises 87.5 5.0 25 25
Ambient noises 40.0 7.5 10.0 47.5
High pitch noises 77.5 2.5 2.5 12.5
Music 75.0 0.0 60.0 15.0
Tactile Pressure differences 47.5 5.0 32.5 17.5
Clothing, 75.0 0.0 15.0 15.0
Different textures 62.5 0.0 73.5 12.5
Interoception Cold temperatures 42.5 12.5 7.5 27.5
Hot temperatures 55.0 15.0 25 20.0
Changes in the weather 47.5 10.0 2.5 35.0
Physical pain 35.0 30.0 5.0 25.0
Gustatory Spicy food 37.5 10.0 30.0 25.0
Food temperatures 325 5.0 10.0 425
Food textures 65.0 25 17.5 225
Favourite foods 22.5 5.0 37.5 32.5
Memorable foods 20.0 25 25.0 45.0
Chewing gum 10.0 0.0 20.0 57.5
Olfactory Strong scents 65.0 10.0 10.0 15.0
Perfumes 60.0 10.0 12,5 12,5
Pollution 45.0 7.5 0.0 40.0
Flowers 275 15.0 20.0 30.0
Fresh air 12.5 12.5 35.0 40.0
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5.5.2 Content analysis

The qualitative data was then analysed using content analysis to create categories of sensory
input/contexts that related to sensory reactivity in each modality. Table 19 shows sensory input/contexts

associated with sensory reactivity differences in each modality. Example quotes for these categories

can be found in the supplementary materials (Appendix 4).

Sensory hyperreactivity

Content analysis found that the autistic adults commonly experience hyperreactivity to bright lights, both
artificial and to sunlight, as well as to flashing lights, and busy, cluttered environments. Many also
reported being hyperreactive to bright colours and patterns, and motion or moving objects. In the
auditory domain, hyperreactivity to loud and/or unexpected sounds was the most reported, such as
sirens, alarms, and dogs barking. But also, being hyperreactive in response to busy/chaotic auditory
environments and to background noise, especially situations with multiple conversations, were
commonly reported. In the tactile domain, many of the autistic adults reported being hyperreactive to
touch from other people, especially when it is light or unexpected, as well as to different fabric textures
and labels in clothing, being unable to wear some clothing because of this. Some of the autistic adults
also reported being hyperreactive to tight clothing, and certain rough textures, such as carpets and
feathers, and wet/greasy textures, such as sweat or lotions. Regarding interception, many of the autistic
adults reported being hyperreactive to temperature extremes; being too hot or too cold. As for Olfactory,
many of the autistic adults reported a range of individualistic food aversions and dietary restrictions due
to being hyperreactive to certain food tastes and textures. Lastly, many of the autistic adults reported
being hyperreactive to what they referred to as strong odours, as well as perfume, scented products,
or food odours, which they often find unbearable and could result in them feel nauseated. Some of the
autistic adults also reported being hyperreactive to people or animal smells, as well as dirty home

odours such as bins/trash.
Sensory hyporeactivity

Experiences of sensory hyporeactivity were less commonly reported. However, content analysis found
that some of the autistic adults reported they were hyporeactive to visual search or environmental
changes, such as having difficulty finding an item they’re looking for and being slow to notice changes
or danger in their environment. Additionally, some of the autistic adults described experiences of
auditory hyporeactivity in instances when they are hyper-focussed or concentrating on a task.
Furthermore, many of the autistic adults reported their experiences of being hyporeactive to pain and
consider themselves to have a high pain threshold compared to others. Additionally, the autistic adults
also described their experiences of being hyporeactive to temperature and may be slow to notice if they
feel too hot or cold, or if they touch something that is very hot or cold. Lastly, some of the autistic adults

reported that they can struggle to smell subtle scents that other people report to have noticed.
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Sensory seeking

The content analysis found that many of the autistic adults described how they seek out to look at bright
colours and patterns for extended periods of time, as well as complex images, such as scenes of nature
or artwork. A few also reported that they seek out motion or moving objects, as well as ambient lighting.
As for the auditory domain, the autistic adults commonly reported that they seek out music related to
their individual music tastes and will often listen to the same song repeatedly. Regarding the tactile
domain, many of the autistic adults described how they seek out pressure, such as by wearing tight
clothing and getting tight hugs from trusted people, as well as seeking out certain textures, such as
those that are soft or fluffy. Additionally, some of the autistic adults seek out the feeling of warm or cold
surfaces on their skin. Relating to the gustatory domain, many of the autistic adults reported that they
seek out certain food tastes and textures and would sometimes fixate on certain foods. Lastly, many of
the autistic adults described how they continually seek out odours that they like, such as food scents,

perfume, scented products, and aromatherapy.

77



Table 19

Summary of content analysis. Number of participants who reported experiences relating to sensory hyperreactivity,

hyporeactivity, and seeking, in each modality (n = 49).

Hyperreactive Hyporeactive Seeking
Visual Bright lights (e.g., artificial, sunlight) 30 - -
Flashing lights 12 - -
Cluttered/busy environments 13 - -
Bright colours 6 - 10
Patterns 5 -
Motion/moving objects 5 - 5
Visual search (e.g., slow to see dangers or changes) - 7 -
Complex images (e.g., nature scenes, artwork) - -
Ambient lights - -
Auditory Loud and/or unexpected sounds 28 - -
Busy/chaotic auditory environments 19 - -
Background noise 18 - -
Sounds others cannot hear 10 - -
High pitched noises 6 - -
Out of tune sounds 3 - -
Repetitive sounds 3 - -
No response when distracted/focussed - 10 -
Own music - - 26
Ambient sounds (e.g., fans or engines humming) - - 3
Tactile Light and/or unexpected touch from people 29 - -
Clothing fabrics and labels 24 - -
Tight clothing 9 - -
Environmental textures (e.g., carpet, blankets, feathers) 9 - 18
Wet/greasy textures (e.g., rain, sweat, lotions) 8 - -
Pressure (e.g., tight clothing, tight hugs) - - 23
Hot or cold items/surfaces - - 10
Interoception Temperature extremes 17 11 -
Pain 4 15 -
Body signals (e.g., hunger, needing the toilet) - 4 -
Gustatory Food tastes 18 8 24
Food textures 16 - 5
Olfactory Strong odours 31 - -
Perfumes 12 - 5
Food odours 9 - 7
Scented products 8 - 6
People and animals 6 - 4
Dirty home odours (e.g., bins) 6 - -
Cigarette smoke 5 - -
Pollution 4 - -
Subtle odours - 9 -
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5.5.3 Thematic analysis

The iterative approach to thematic analysis led to the development of 4 themes with 11 sub-themes, as

depicted in Table 20, that related to sensory reactivity in autistic adults: “Outcomes”, “Tolerance and

management”, “Control”, and “The role of other people”.

Table 20
Summary of main themes and sub-themes developed from thematic analysis relating to sensory reactivity in autistic adults

Main theme Sub-themes

Outcomes Physical outcomes and responses
Feeling overwhelmed and disengaging
Mental health

Control A desire for control and predictability
Difficulty with self-control

Tolerance and management Moderated by mood
Soothing sensory input
Avoidance
Adaptation

The role of other people Understanding
Support

Outcomes

Many of the autistic adults reported the impacts of having sensory reactivity differences. They described
how sensory experiences can negatively impact their mental health, highlighting links to anxiety, self-
harm, and eating disorders. They also reported negative physical responses in response to aversive
aspects of the sensory environment, and how these could affect their physical health. The autistic adults
also described how sensory stimuli and environments can become overwhelming, which can make

them feel like they have disengaged or ‘shutdown’.
Mental health

Several of the autistic adults reported the impact that sensory experiences can have on their mental
health. Difficulties with sensory input was described to impact mood, causing stress and agitation:

“Bright lights such as ceiling lights are unbearable and make me feel very stressed.” SE007

Many of the autistic adults also reported that aversive sensory experiences were a cause for anxiety.
They described how a range of experiences across modalities could trigger anxiety, such as loud
sounds, unexpected touch, bright or flickering lights, disliked food tastes and textures, and strong

scents:

“When we had issues with our sewage system that persisted for a couple of weeks the constant
smell made me agitated and anxious to the point | was experiencing suicidal ideation.” SE016

Additionally, some of the participants reported links between sensory seeking experiences and mental
health conditions, for instance, self-harming being described as a form of sensory seeking, and strong

liking for certain foods being related to eating disorders:
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“l was bulimic for a number of years. This was a form of sensory seeking - | always binged on

sweet foods and unlike most bulimics was always very present as | was eating the food.” SE016
Physical outcomes & responses

Sensory experiences were reported to trigger a range of physical responses that can be intense and
overwhelming. Sensory hyperreactivity is often experienced as physical pain, for instance due to
sudden loud sounds or unexpected touch, and can induce headaches and nausea, for instance

because of strong scents becoming overpowering:
“Smelling a strong smell is like being tortured, time stops and I'm nearly sick.” SE008
“I'm easily startled by sound or touch, sounds physically hurt me.” SE017

Additionally, difficulty with sensory stimuli had implications for physical health, such as auditory
hyperreactivity impacting sleep, restrictive or repetitive eating due to difficulties with taste leading to

nutritional imbalances, or medical difficulties due to being hyporeactive to pain:

“I think over the years | learned to dissociate from pain and/or found it difficult to recognise or
describe what my pain was. This led to many traumatic medical situations where | couldn't say
that | was in pain...” SE038

Feeling overwhelmed and disengaging

Feeling overwhelmed due to sensory input was commonly reported by the autistic adults. Many
described overwhelm arising from multi-sensory environments or complex and intense environments.
A few of the participants also conveyed that being overwhelmed manifests in disengagement or

‘shutdown’, and they are no longer able to tolerate the sensory environment:

“l can become overwhelmed in busy, crowded places. Often in these situations I will feel like
everything around me is moving faster and feel a kind of disconnect (maybe even dissociation?)
from it all.” SEQ37

“

. all the loud environmental noise (which may seem like nothing to most people - air
conditioning humming, projector buzzing, lights buzzing, plates clinking in a restaurant kitchen),
can drive me into a shutdown. And then every sound is utterly overwhelming.” SE040

Tolerance and management

Most of the autistic adults reported a range of adaptive and maladaptive strategies that they use to cope
with their sensory reactivity differences and the sensory environment. Many of the autistic adults
described how they avoid aversive sensory stimuli or environments they struggle to cope with. However,
they also described adaptations they make to be able to cope with sensory input in certain situations.
Many of the adults also described how they seek soothing sensory input as a coping strategy, due to

the calming effects they experience. However, the autistic adults also described how their ability to cope
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with sensory input is moderated by their mood, such as when feeling more relaxed, or tired and
stressed.

Avoidance

Many of the autistic adults described how they avoid sensory stimuli and environments as a coping
strategy. Avoidance was often described as the need to ‘run away’ and escape from aversive sensory
input when it became too difficult to cope with it. Not being able to escape from aversive sensory input
or situations was often reported to be distressing. Some of the autistic adults mentioned certain

environments they will avoid for sensory reasons:

“Not being able to escape with summer becomes a big anxiety thing for me - most other
negative sensory things can be fixed by leaving the room or going home, this can't, so it just
becomes a constant background factor...” SEQ47

“l] never go into supermarkets because of visual overload...” SE048

Avoidance was also reported in the form of physical blocking behaviours, such as covering eyes, ear,
or nose, or closing eyes or holding breath, in response to visual, auditory, or olfactory stimuli that are
difficult to cope with:

“In a crowded place | need to put my hands over my ears. | feel sick and can't focus on
anything.” SE027

Adaptations

Many of the autistic adults reported different ways they have had to adapt to be able to cope with
sensory input in different situations or environments. Several of the adults described tools and
strategies that help with their ability to cope, such as using sunglasses to lessen the effects of bright
lights or using earplugs or headphones to lessen the impact of loud or busy sound environments, or
altering their environments to cope with their sensory difficulties:

“Going to grocery-store is the worst. The lights are always very bright and there are so many

details to see. | cannot go in there without sunglasses and a baseball cap.” SE032

“l am very sensitive to all noise... | turn off everything possible and spend time in my quiet
bedroom when life gets too noisy.” SE029

Some of the autistic adults also talked about how their sensory reactivity to certain input has adapted
over time, and this has meant they are better able to tolerate some sensory input that they previously
struggled with:

“Il have only been able to tolerate multi-textured food in the past 10 years and still struggle with

fruits such as apples as they have an unpredictable texture” SE007
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Soothing sensory input

The maijority of the autistic adults reported that they seek soothing sensory input as a way to cope with
distressing situations or as a calming strategy when they are distressed. Some of the autistic adults

described having ‘toolkits’ of sensory strategies that they could engage with when feeling distressed:

“l always keep a fleecy blanket in my bag to wrap myself tightly in when in distress or just to
hold and feel, I lie on my tummy on the floor and ask my husband (over twice my weight) to lie

on top of me, love the warm weight of my pet guinea pigs.” SE010

Enjoyable sensory experiences were also reported to be helpful in overshadowing aversive sensory
input, for instance listening to music in headphones when in challenging noisy environments or feeling

pleasant textures to detract from other input:

“l seek comfort in small things (such as nice textures, | currently have a coin that | keep in my
pocket to hold when I'm nervous) so that | can filter the sensory environment. It helps distract
me from what is happening around me so that when | seek that input, | can avoid more intense

or unpleasant inputs.” SE018
Moderated by mood

Several of the autistic adults reported that the extent of their sensory reactivity can depend on their
mood and that this can change whether they are hyperreactive or neutrally reactive to certain sensory
input. They described how their tolerance for sensory stimuli, such as sounds, touch, or bright lights,
can be better if they are feeling more relaxed or rested. But equally, sensory experiences can be more

distressing and aversive if already stressed and tired:

“Sometimes if I'm relaxed things seem to be neutral. If I've slept well, and have had a relaxed

day, | can tolerate most noises and lights well.” SE015

“When under stress | am hyperreactive to sound. When not stressed, loud environments make
me very tired but | only experience them as in-the-moment unpleasant when stressed or tired.”
SE042

Control

Many of the autistic adults reported how control was related to their sensory reactivity and sensory
experiences. A desire for predictability and control over sensory stimuli was commonly described to
effect how sensory stimuli is experienced. Similarly, the level of control over the sensory input and

intensity of the input can affect whether it is perceived as an enjoyable or aversive experience.
A desire for control and predictability

Frequently reported by the autistic adults was a difficulty with unpredictable sensory stimuli. They

described how unexpected sensory events can be distressing, such as a sudden siren or being touched
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by someone. But also, sensory stimuli that is not always the same can be challenging as the experience

can be unpredictable:

“Sirens and doorbells make me scared. | cannot concentrate if the noise around me is
unpredictable.” SE021

“Fruit is the hardest for me because the tastes are so variable, such as one apple to the next.”
SEOQ07

The autistic adults also reported how if they are in control of the intensity, then certain sensory
experiences can be experienced as tolerable or enjoyable, such as enjoying music as long as they are

in control of the volume:

“I really like music and listen to it as much as | can during the day including during work and at
all times on public transport and when shopping etc. I like being able to have full control of what
I hear and how loud it is. I'm very specific in the music | listen to and will sometimes just listen

to the same band/album/song for weeks...” SE022
Difficulty with self-control

Several of the autistic adults also reported a difficulty with self-control when it comes to engaging with
enjoyable sensory experiences. Although not all the autistic adults reported this as being a problem for

them, some mentioned how this can be disruptive to their lives or a source of embarrassment:

“l can easily be completely distracted by certain decorative lighting; | can regularly spend long

periods of time in the lighting section of a department store and find it difficult to leave.” SE046

“Love being able to touch soft and squashy things. Sometimes [I] have little control and [it] can

be embarrassing when | do it inappropriately.” SE027
The role of other people

Many of the autistic adults described how other people play a role in their sensory experiences. Other
people were reported to be a source for self-understanding and making sense of the extent of sensory
reactivity differences through comparison of their sensory experiences to other people. But also,
sensory experiences can be impacted by other people’s understanding or misunderstanding of sensory
reactivity differences. Furthermore, close relationships were also reported to be a source of support for

autistic adults in relation to their sensory reactivity differences.
Understanding

The autistic adults frequently reported their own sensory experiences in comparison to what others
experience. This was often in the context of comparing if their experiences of sensory input were more
or less than others, or if their tolerance of sensory experiences better or worse than others, as a way of

understanding if sensory reactivity was comparative rather than different to others. In some cases,
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these comparisons were based on their own perceptions of the behaviour of others, whereas others

were based on information of sensory experiences provided by individuals:

“The lights in my dance studio flicker when first turned on. | close and cover my eyes to avoid

this. Others don't seem to need to do this, though they note mild discomfort.” SE010

“When something happens where other people would feel pain | don't react as much and when

people ask if everything [is] ok, I'm wondering if it should've hurt or not.” SE033

However, a few of the autistic adults reported how their sensory reactivity differences and their

responses to sensory input may be misunderstood by others:

“At work the tube lighting is strong, so I go to the bathroom and keep the lights off for 5 mins

at a time... | think my colleagues probably assume | have a bowel issue. (I don't... )” SE015
Support

Some of the autistic adults described how other people, especially significant relationships, were a
source of support for sensory reactivity differences. They reported that others can help them navigate
environments that they are finding challenging due sensory input, or can help them avoid discomfort or

injury, such as if they are hyporeactive to pain or temperature:

“My partner will point out that I'm shivering before I've realised I'm feeling very cold. If my body
is in pain it takes me time to realise, for example if my partner sits on my foot and it is in an
awkward position, he'll notice, and I'll become aware it's painful once it has been pointed out.”
SE15

Several of the adults also reported how other people were a source for supporting enjoyable sensory

experiences, such as providing sensory input to help when feeling distressed:

“My [boyfriend] knows that if | have a meltdown the best help is to squish me as hard as he can
until | feel ok again.” SE039

5.5.4 Model of sensory reactivity differences in autistic adults

Due to the interconnected nature of the themes and sub-themes developed in the thematic analysis,
we propose a theoretical model depicting autistic adults’ experience of sensory reactivity differences
(Figure 9). We propose that reactivity differences to sensory input, hyperreactivity, hyporeactivity, or
seeking, can have short-term outcomes, including experiencing physical discomfort or becoming
overwhelmed or overloaded by input, as well as long-term outcomes for mental and physical health.
These outcomes can then feedback to influence reactivity to sensory input. However, there are
certain moderators that influence these outcomes for autistic adults, including both personal and
external moderators. Personal moderators include the level of control over input and how predictable
sensory input is, the level of self-control when engaging with enjoyable sensory input, and the level of

personal resources, including current mood and energy levels. External moderators include
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management strategies, including avoiding and having the opportunity to escape sensory input,
making adaptations to tolerate input, and regulating using soothing sensory input, and also the level

of self-understanding, and understanding and support provided by other people.

External moderators

Personal moderators

Level of control: Personal resources:

Control over stimuli Current mood

Self-control Energy levels
-
3
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> Hyperreactive Short term outcomes: | Long term outcomes:

Hyporeactive
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5 Seeking Overwhelm Physical health
(7] o

Management strategies: | Other people:
Soothing sensory input Understanding
Avoidance Support
Adaptations

Figure 9
Summary of main themes and sub-themes developed from thematic analysis relating to sensory reactivity in autistic adults

5.6 Discussion

This novel co-produced, mixed-methods study, has provided new and comprehensive insights into the
complex sensory experiences of autistic adults. As well as elucidating stimuli and contexts associated
with sensory hyperreactivity, hyporeactivity and seeking, across modalities, our results have enhanced
understanding of autistic adults’ complex sensory experiences and informed the creation of a refined
model from these experiences. Importantly, 96% of our sample identified as having sensory reactivity
differences, supporting the persistence into adulthood (Crane et al., 2009), and highlighting the
importance of researching sensory reactivity in autistic adults. Moreover, our results indicate that
cooccurring sensory seeking and hyperreactivity (44.9%) was most experienced, whilst cooccurring
sensory seeking and hyporeactivity was least experienced (0%). This supports that sensory seeking
may be a strategy to regulate sensory input associated with hyperreactivity (Schulz & Stevenson, 2019),

over being a stimulatory strategy associated with hyporeactivity.
5.6.1 Sensory input related to sensory reactivity differences

Our study adopted a novel mixed-methods approach to comprehensively outline sensory stimuli and
contexts related to sensory reactivity differences in autistic adults. Although many of the sensory inputs
identified, aligned with existing understanding, our results highlight the complexities of sensory reactivity
differences across modalities, as well as the individualistic and contextual nature to sensory reactivity
in autistic adults.
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Our results echo existing research to indicate that sensory hyperreactivity is commonly experienced by
autistic adults, with 93.3% of our sample self-identifying as being sensory hyperreactive. In line with
previous research in autistic children and adults (Dickie et al., 2009; Robertson & Simmons, 2015;
Schoen et al., 2008), we found that autistic adults experience hyperreactivity to a wide range of sensory
input. However, our results importantly highlight that some sensory input commonly associated with
sensory hyperreactivity are not endorsed by all individuals and are linked with personal preference,
especially regarding colours and patterns, music, textures, tactile pressure, food tastes and textures,
and scents, which individuals could be hyperreactive towards or seek out depending on their own

personal preferences.

Our findings also provide a greater understanding of autistic adults’ experiences of sensory
hyporeactivity. Sensory hyporeactivity was referred to less than other sensory experiences, with only
28.6% self-identifying as being sensory hyporeactive. Sensory hyporeactivity may become less
prominent in adulthood, as sensory hyperreactivity and seeking increases (Liss et al., 2006),
alternatively it may be underreported due to difficulties in self-reporting, as hyporeactivity is
characterised by not noticing sensory input (Smith & Sharp, 2013). The autistic adults in our study
described experiences of auditory hyporeactivity due to inattention. This suggests that hyporeactivity to
sensory input may be due to inattention rather than neural processing differences, which could account
for the variegated experiences of auditory hyper- and hyporeactivity experienced by an individual
(Funabiki et al., 2012).

Lastly, our findings elucidated experiences associated with sensory seeking for autistic adults. Previous
research has suggested sensory seeking may diminish with age (Crane et al., 2009; Kern et al., 2007),
however, our results found 41.4% of the autistic adults to still engage in a diverse range of seeking
behaviours. Specifically, our results provide deeper insight into the wide range of sensory input that
autistic adults seek out across modalities. Sensory seeking was commonly individualistic, which is
important to consider when using standardised sensory assessments that may not be accurately

capturing the extent of an individual’s sensory seeking behaviours.

Overall, these findings have important implications for the development and interpretation of sensory
assessments and the identification of support needs for autistic adults.

5.6.2 Autistic adults’ experiences of sensory reactivity differences

Our results also provide a greater understanding of autistic adults’ sensory experiences, a relatively
under-researched area, and is the first known to understand sensory experiences related to all areas
of sensory reactivity differences, including sensory hyperreactivity, hyporeactivity and seeking. Taking
an iterative approach to thematic analysis, we developed themes relating to outcomes, the importance
of control, tolerance and management, and the role of other people. Based on the interconnected nature
of these themes, we propose a model of sensory reactivity experiences in autistic adults (Figure 3).
Although we are not the first to propose a model of sensory reactivity in autistic adults, and some of the
findings are in line with these studies (see: Robertson & Simmons, 2015; Smith & Sharp, 2013), our
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mixed-methods approach and co-production with the autistic community has led to the development of

some novel findings and a unique model, informed by our comprehensive results (see Figure 3).

The autistic adults in our study described a range of outcomes related to their sensory reactivity
differences. In our model, we propose that sensory reactivity differences can have short-term outcomes
relating to physical responses and overwhelm. Our results importantly highlight autistic adults can
become overwhelmed or overloaded due to sensory input and become disengaged with their
circumstances or themselves. Sensory overload may result from hyper-focussing differences in autistic
people, making it difficult to be able to divert attention away from aversive aspects of the sensory
environment (Liss et al., 2006). This may contribute to ‘Burnout’, in which autistic individuals commonly
experience chronic exhaustion and loss of skills, as well as experiencing heightened sensitivity to

environmental stimuli and greater difficulty with tolerating or filtering out input (Raymaker et al., 2020).

Furthermore, our results suggest sensory reactivity differences have long-term outcomes relating to
mental and physical health. Previous research has indicated that sensory hyperreactivity and
hyporeactivity may be a risk factor for mental health conditions, such as anxiety in autistic adults (e.g.,
Hwang et al., 2019), and eating disorders in autistic women (Brede et al., 2020). However, our findings
also suggest that sensory seeking, which is often considered to be an enjoyable experience, may also
be associated with mental health conditions, as some autistic adults described links between their
sensory seeking behaviours and self-harm and eating disorders. These findings are especially
important as mental health conditions, such as anxiety, are disproportionately high in autistic
populations (Buck et al., 2014). Moreover, our results highlight the physical impact of sensory reactivity
differences. For instance, reduced food intake due to sensitivities towards food tastes or not noticing
when hungry, can have consequences for physical health, or excessively listening to loud music can

damage hearing.

Similarly to previous work (Robertson & Simmons, 2015), the autistic adults in our study described how
they are more able to tolerate sensory input if they have control over the stimuli and it is less
unpredictable. However, a novel finding in our study is that some of the autistic adults also described
control in terms of their difficulties with self-control, such as finding it hard to disengage with certain
enjoyable sensory input. Sensory reactivity differences are part of the diagnostic criterion for autism
associated with restricted and repetitive behaviours (DSM-5 American Psychiatric Association, 2013),
and research has found sensory seeking to relate to ritualistic/sameness behaviours in autistic children

(Boyd et al., 2010). Therefore, our findings suggest these behaviours persist into adulthood.

Although various coping mechanisms and strategies for sensory reactivity differences have previously
been shown in qualitative research (Robertson & Simmons, 2015; Smith & Sharp, 2013), we found
avoidance, making adaptations, and engaging in soothing sensory strategies to be commonly used
coping mechanisms/strategies. The autistic adults in our study emphasised the importance of being
able to escape from unbearable sensory input to avoid sensory overload. Avoidance is often considered
a maladaptive strategy for anxiety, due to avoidance impacting the ability to regulate arousal, which

then increases and maintains anxiety, leading to more avoidance (Green et al., 2012; Joosten & Bundy,
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2010; Lidstone et al., 2014; Mazurek et al., 2013). However, it may be an essential strategy for autistic
individuals. Our results provide additional insights into the extensive use of adaptive strategies used by
autistic adults, such as using earplugs/headphones to tolerate noisy environments, or sunglasses in
bright environments. Furthermore, the autistic adults in our study also described how they engage with
soothing sensory input as a regulation strategy. Our findings suggest that autistic adults also sensory
seek across modalities, engaging with personally preferred scents, textures, and visuals that are
experienced as soothing and enjoyable. Additionally, in line with previous work (Robertson & Simmons,
2015; Smith & Sharp, 2013), our results show listening to chosen music is a common strategy found to
be soothing. Music has been identified as a common interest of autistic adults, and engagement with

significant or ‘special’ interests is related to greater subjective wellbeing (Grove et al., 2018).
5.6.3 Limitations and future directions

Although a key strength of our study was the online survey approach, facilitating the potential for a
diverse range of perspectives and experiences from geographically dispersed populations, online
research has some potential limitations. For instance, we were unable to provide support for individuals
who may have struggled with the open-ended questions within the questionnaire. Although we
encouraged respondents to seek support, this may have restricted participation in this study, especially
for those without access to support, or individuals with higher support needs or intellectual disability
(ID). Although 4% of our participants reported to have cooccurring ID, this is not representative of the
autistic population, within which around 50-55% have cooccurring ID (Charman et al., 2011; Loomes et
al.,, 2017). Autism research often underrepresents individuals with ID (Russell et al., 2019), and

therefore future research should endeavour to understand the sensory experiences of these individuals.
5.6.4 Conclusion

Our study demonstrates that sensory reactivity differences are prominent in autistic adults, and that
they are complex, individual, interconnected, and experienced across a range of modalities. We
propose a theoretical model of sensory reactivity differences informed by the experiences of autistic
adults. Crucially, it highlights key moderating factors that may reduce the long-term impact of sensory
reactivity differences on physical and mental health. Future work could be informed by our model and
aim to understand more about the positive and negative impacts of the identified moderators of sensory
reactivity differences. Our findings have important implications for support services and future research

that aims to reduce the impact of sensory reactivity differences for autistic adults.
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Chapter 6. General discussion

The four studies presented in this thesis expand understanding of the links between sensory reactivity

differences and anxiety in autistic people.
The primary research question for this thesis was:

1) Are sensory reactivity differences, including hyperreactivity, hyporeactivity, and seeking,

differentially related to anxiety symptomology in autistic children and adults?
The secondary research questions for this thesis were:

2) Is IU a mediating factor in the relationship between sensory reactivity differences and anxiety

symptomology in autistic children and adults
3) What are autistic adults’ experiences of sensory reactivity differences?

The first research question was addressed by the studies in Chapters 2, 3, and 4, the second research
question was addressed by the studies in Chapters 3 and 4, and the final research question was

addressed by the study in Chapter 5.
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6.1 Sensory reactivity differences and anxiety symptomology

The studies in this thesis have advanced understanding of the associations between sensory reactivity

differences and anxiety symptomology in autistic children and adults. This was examined in autistic

children aged 3 — 14 years (Chapter 2), in preschool-aged autistic children aged 3 — 5 years (Chapter

3), and in autistic adults aged 18 years+ (Chapter 4). Overall, significant associations between sensory

hyperreactivity, hyporeactivity, and seeking and anxiety symptomology were found across the studies.

Although a differential relationship was not always found across studies, significant associations were

consistently found between sensory reactivity differences and separation anxiety in autistic children and

adults. It is important to note that phobia/physical injury fears and OCD were not measured in the adult

studies (Chapter 4). Table 21 summarises the key associations found across these studies.

Table 21

Summary of results showing the significant relationships between sensory reactivity differences and anxiety symptomologies in
autistic children and adults. Negative associations are indicated by *, otherwise relationships are positive.

Preschool-age children  Children Adults
Chapter 3 Chapter 2 Chapter 4
Study 1 Study 2

Sensory Total anxiety Total anxiety Total anxiety Total anxiety
hyperreactivity

GAD GAD

Separation anxiety Separation anxiety Separation anxiety Separation anxiety

Social anxiety Social anxiety

Physical injury fears Physical injury fears

OocD
Hyperreactivity Separation anxiety Phobia/ physical injury

controlling for
AQ

fears

Sensory
Hyporeactivity

Separation anxiety

Hyporeactivity
controlling for
AQ

Total anxiety*

Social anxiety*

Sensory Total anxiety
Seeking

GAD

Separation anxiety

Social anxiety
Seeking

controlling for
AQ

Note. GAD: Generalised anxiety disorder; OCD: Obsessive-compulsive disorder; AQ: Autism traits

6.1.1 Sensory hyperreactivity and anxiety

A significant association between sensory hyperreactivity and total anxiety was robustly found in

children and adults across all four of the studies. As well as this link being found in the quantitative

90



studies in this thesis (Chapters 2, 3, and 4), the mixed-methods study in Chapter 5 also supports that
anxiety is an outcome of sensory hyperreactivity from the perspective of autistic adults. This is in line
with previous work in which an association between sensory hyperreactivity and anxiety has
consistently been found in autistic individuals across the lifespan (e.g., Green et al., 2012; Hwang et
al., 2019; Wigham et al., 2015).

There has been some indication that sensory hyperreactivity may be implicated in specific anxiety
symptomology, such as separation anxiety and specific phobia, (Black et al., 2017), GAD (Bitsika et al.,
2019), and social anxiety (Pickard et al., 2020). However, this had not yet been extensively explored
and no known studies have examined this in young children or adults. The results of the quantitative
studies in this thesis did not find a clear association between sensory hyperreactivity and specific
anxiety symptomology. However, they consistently indicated a link between sensory hyperreactivity and
separation anxiety in autistic children, as well as adults, whilst also finding significant links between
sensory hyperreactivity and GAD, social anxiety, phobia/physical injury fears, and OCD. In preschool-
age children (Chapter 3), sensory hyperreactivity was not found to be differentially related to anxiety
symptomology until controlling for autism traits, which then showed sensory hyperreactivity to be
significantly related to just separation anxiety. In children with an older age range (Chapter 2), sensory
hyperreactivity was found to be significantly related to separation anxiety and physical injury fears, and
subsequently to just phobia/physical injury fears when controlling for autism traits. In adults (Chapter
4), Study 1 found sensory hyperreactivity to be significantly related to separation anxiety, whilst Study
2 found sensory hyperreactivity to be significantly related to all anxiety symptomologies. Broader autism
traits were not found to be implicated in either of the adult studies, however this was likely due to the
use of the short AQ-10 in this study which provided a comparatively limited range of scores. The
approach to control for autism traits was taken to remove variance that may be explained by broader
autism traits, and to limit inflated findings due to diagnostic or construct overlap. As proposed by South
and Rodgers (2017) from their review on anxiety in autism, there may be a range of additional factors
that are related to anxiety in autistic individuals, such as RRB’s, IU, and alexithymia/emotion
recognition. RRB’s especially have commonly been found to be associated with both sensory
hyperreactivity and anxiety in autistic individuals (Boulter et al., 2014; Hwang et al., 2019; Neil et al.,
2016; Wigham et al., 2015). Overall, the findings in this thesis suggest that it is important to consider
broader autism traits when examining the links between sensory hyperreactivity and anxiety

symptomology.

Although not conclusive from the results in this thesis, the consistent link found between sensory
hyperreactivity, and separation anxiety may indicate that sensory hyperreactivity is an important risk
factor for separation anxiety. This may be because family members often step in to help reduce anxiety
experienced by autistic individuals (Robertson et al., 2018). Additionally, autistic individuals often rely
on other people for support with strategies that are associated with both sensory hyperreactivity and
anxiety (Robertson et al., 2018; Smith & Sharp, 2013). This is also apparent from the results of the
mixed-methods study in Chapter 5, in which support and understanding from others was suggested to

be an important mediating factor for long term impacts, such as anxiety, due to sensory reactivity
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differences. Thus, autistic individuals who experience sensory hyperreactivity or anxiety may develop
a strong reliance on close relationships, which can increase worries and anxiety at the prospect of
becoming separated. However, it is also important to consider that some difficulties related to autism
and additional cooccurring conditions mean that some individuals will have greater support needs.
Thus, reasonable distress about becoming separated may be appropriate, whilst disproportionate
anxiety given the needs of an individual, would be indicative of clinical separation anxiety (Kerns et al.,
2017). Furthermore, although traditional separation symptoms are present in autistic individuals, overall
presentations may differ from the general population. Separation anxiety may be more related to relying
on significant others to mediate interaction with the world rather concerns relating to and separation
from significant others (Rodgers et al., 2016). Thus, more research is needed to understand how

separation anxiety in autistic individuals compares to separation anxiety in the general population.
6.1.2 Sensory hyporeactivity and anxiety

Although the studies in this thesis found a significant link between sensory hyporeactivity and anxiety
symptomology, this varied across the studies. The study in preschool-age children (Chapter 3) did not
find a link between sensory hyporeactivity and anxiety. The study in children with an older age range
(Chapter 2) did not initially find an association between sensory hyporeactivity and anxiety, but when
controlling for autism traits, it was negatively related to total anxiety and social anxiety. Whereas in
adults (Chapter 4), Study 1 found sensory hyporeactivity to be significantly related to separation anxiety,
although it was not a significant predictor, whilst Study 2 did not find sensory hyporeactivity to be
significant related to anxiety. Inconsistent results have also been found in previous research, with some
finding sensory hyporeactivity to be related to anxiety in autistic children and adults (Glod et al., 2019;
Hwang et al., 2019), and other research in children not finding a link (Pfeiffer et al., 2005; Wigham et
al., 2015). Thus, it remains difficult to draw conclusions as to the role of sensory hyporeactivity and
anxiety in autistic individuals. It may be that sensory hyporeactivity becomes a source of anxiety later
in adulthood. As Study 1 found a significant association between sensory hyporeactivity and separation
anxiety, although this was better predicted by sensory hyperreactivity, it may be that parents and
caregivers support attenuation to sensory input that has not been noticed. As highlighted in the mixed-
methods study in Chapter 5, other people can be a source of support to avoid injury if hyporeactive to
the sensory environment. However, increased independence in adulthood may mean reduced support
from others for sensory hyporeactivity, subsequently increasing worry and anxiety associated with
becoming separated from significant others. Alternatively, it may be that sensory hyporeactivity is
indirectly related to anxiety through RRB’s (Wigham et al., 2015). Otherwise, previous research has
suggested there is often cooccurrence between anxiety and depression, and sensory hyperreactivity
and hyporeactivity in individuals (Baranek et al., 2006; Nimmo-Smith et al., 2020; Pollack, 2005). Thus,
it may be that sensory hyporeactivity is indirectly associated to anxiety due to sensory hyperreactivity
or cooccurring anxiety and depression symptoms. To elucidate this, future research is still need that
could understand the indirect relationships between sensory reactivity differences as well as the wider
factors that may account for the differential links between sensory hyporeactivity and anxiety.
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6.1.3 Sensory seeking and anxiety

As for sensory seeking, the studies in this thesis primarily support that it is not associated with anxiety
in autistic children, as no link was found at preschool-age (Chapter 3), or the older age range (Chapter
2). This is in line with previous research that has not found a link between sensory seeking and anxiety
in autistic children (Lidstone et al., 2014). As for autistic adults (Chapter 4), Study 1 did not find a
significant association between sensory seeking and anxiety, which is in line with work conducted with
non-autistic adults (Engel-Yeger & Dunn, 2011; Levit-Binnun et al., 2014). However, Study 2 was the
first known to find a significant link between sensory seeking and anxiety, including GAD, separation
anxiety, and social anxiety in autistic adults. This may be due to the much greater sample size in Study
2 that could suggest the other studies comparatively lacked power to find a significant association, or,
because this study was the only one in this thesis to include the extended SPSI, which has additional
items relating to interoceptive, vestibular/proprioceptive, gustatory, and olfactory domains. This could
suggest that sensory seeking associated with these domains is more implicated in anxiety than auditory,
tactile, and visual domains alone. Interestingly, the study in Chapter 5 study indicated that along with
music and deep pressure, the autistic adults identified that they commonly seek out food tastes, which
may suggest that the significant link between sensory seeking and anxiety in Study 2 of Chapter 4 was
influenced by the inclusion of the gustatory domain. Alternatively, it may be that vestibular and
proprioceptive behaviours, such as swinging or spinning, crossover with behaviours associated with
RRBs, which have been found to be associated with anxiety in autistic individuals (Hwang et al., 2019;
Wigham et al., 2015). However, as discussed in Chapter 4, it may be that sensory seeking is indirectly
connected to anxiety via sensory hyperreactivity and is a strategy used by autistic adults to regulate or
control sensory input that is aversive (Lidstone et al., 2014). This is also supported by the mixed-
methods study in Chapter 5, which found autistic adults most commonly experience cooccurring
sensory hyperreactivity and seeking. Furthermore, they described their experiences of seeking out
soothing sensory input as a management strategy to ease feelings of stress or anxiety, but also to
regulate sensory input in aversive environments, such as listening to music in noisy contexts. The
soothing influence of certain sensory input has also been described by autistic adults in previous
qualitative research (Robertson & Simmons, 2015; Smith & Sharp, 2013). Furthermore, the study in
Chapter 5 also indicated that sensory seeking was perceived to be implicated in other mental health
difficulties, such as self-harm and eating disorders. Therefore, the role of sensory seeking in anxiety
and wider mental health conditions should be examined in future research, to understand the role of
different domains and the parameters under which sensory seeking can be a strategy to alleviate

anxiety induced by sensory hyperreactivity.
6.1.4 Considering the replication of findings

There may be multiple explanations for the differences across the studies in this thesis. Research has
found varying factor structures in anxiety symptomology across studies (Glod et al., 2017; Jitlina et al.,
2017; Magiati et al., 2017; Zainal et al., 2014), which is likely due to the large heterogeneity in autism
(Vasa & Mazurek, 2015) and may account for the varied findings across the samples in our studies.

Thus, there are likely to be additional cooccurring factors not assessed within the scope of this thesis,
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that are linked to the development and maintenance of certain anxiety symptomology and may have
differed between groups, for instance alexithymia, which has been found to be related to social anxiety
(Pickard et al., 2020), or intellectual disability, which has been found to be associated more profoundly
with specific phobia (Kerns et al., 2020). Additionally, as there are few measures of sensory reactivity
and anxiety that can be used across age groups, different measures were used across the studies. For
instance, the study in Chapter 3 was the only study to combine the SPSI questionnaire with the SAND
sensory observation, and the adult study was the only one to include the SCAARED questionnaire for
anxiety. Furthermore, trajectories may change and not be stable across the lifespan for anxiety
(Bystritsky et al., 2013) and also sensory reactivity differences. Anxiety conditions also vary in their age
of onset, for instance, phobia and separation anxiety symptoms are thought to establish earliest
(Beesdo et al., 2009). Additionally, puberty has also been suggested to be a time where there is a
reorganisation of sensory regions of the brain, including the amygdala, hippocampus, and visual cortex
(Hebbard et al., 2003; Nufez et al., 2003; Romeo & Sisk, 2001), which may also alter sensory reactivity
across development. Therefore, there are multiple factors that may lead to varying associations

between sensory reactivity differences and anxiety across the lifespan.
6.2 The role of intolerance of uncertainty

The studies in this thesis have also advanced understanding of IU and how it may be an important
transdiagnostic factor in the relationship between sensory reactivity differences and anxiety
symptomology in autistic children and adults. This was examined in autistic preschool-age children age
3 — 5 years (Chapter 3), and in autistic adults age 18 years+ (Chapter 4). Table 22 summarises the key
associations found across these studies.

Table 22

Summary of results showing the significant positive relationships between intolerance of uncertainty, sensory reactivity
differences and anxiety symptomologies in autistic children and adults.

Preschool-age children Adults

IU correlations Sensory hyperreactivity Sensory hyperreactivity
Sensory hyporeactivity

Sensory seeking

Total anxiety Total anxiety

GAD GAD

Separation anxiety Separation anxiety
Social anxiety Social anxiety

Physical injury fears

OCD
IU mediation Hyper = IU > Anxiety Hyper = IU > Anxiety
Hyper = Anxiety - U Hyper = Anxiety > U

Note. GAD: Generalised anxiety disorder; OCD: Obsessive-compulsive disorder; IU: Intolerance of uncertainty; Hyper: Sensory
hyperreactivity.
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These studies were the first to examine links between U and sensory seeking, and how U is implicated
in the relationships between sensory reactivity differences and certain anxiety symptomology. In line
with previous research, these studies found IU to be associated with sensory hyperreactivity and anxiety
in autistic children and adults (Hwang et al., 2019; Neil et al., 2016; Wigham et al., 2015), and to sensory
hyporeactivity and anxiety in autistic adults (Hwang et al., 2019). However, the study in Chapter 4 was
the first to also indicate that I[U may be related to sensory seeking and anxiety in autistic adults, although
it was not found to be a mediator in the relationship between sensory seeking and anxiety. This may
mean that sensory seeking is related to IU and anxiety in a different way than sensory hyperreactivity,
perhaps due to the interconnection between sensory seeking and hyperreactivity or associated with
RRBs, which was not examined in this thesis. Alternatively, this unique finding may also be due to

differences across studies as described in the previous section (6.1).

The study in Chapter 3 suggests that sensory hyperreactivity cross-sectionally predicts both anxiety
and IU in preschool-age autistic children, and that anxiety and IU are also both mediators. Additionally,
this was similarly replicated in the study in Chapter 4, but with anxiety only partially mediating the
relationship between sensory hyperreactivity and 1U. Finding sensory hyperreactivity to consistently be
a predictor of anxiety reflects previous longitudinal research which found sensory hyperreactivity to
emerge earlier and predict anxiety in autistic toddlers (Green et al., 2012). However, the findings in this
thesis are the first to suggest that IU is also an important early construct that is interrelated with the
development/maintenance of anxiety in autism, and that anxiety may also mediate the relationships
between sensory hyperreactivity and IU. Furthermore, the mixed-methods study in Chapter 5 supports
that the predictability and level of control over, sensory input, is an important factor that can limit or
exacerbate the experience of sensory input, moderating both short-term and long-term outcomes of
sensory reactivity differences, especially hyperreactivity. Thus, from the perspective of autistic adults,
a need for predictability and control, which are characteristic of U, is implicated in whether sensory
reactivity differences lead to outcomes such as anxiety. Interestingly, the correlational results in both
preschool-age autistic children and adults suggest that 1U is not differentially related to anxiety
symptomology. Previous research has highlighted that IU is an important construct in GAD and social
anxiety in non-autistic samples (Boelen & Reijntjes, 2009; Dugas & Ladouceur, 2000; Holaway et al.,
2006), and social anxiety in autistic children and adolescents (Pickard et al., 2020). However, the results
of this thesis suggest that IU is not differentially related to anxiety symptomology. This supports that it
is an important transdiagnostic factor that can be targeted in interventions for autistic individuals across

the lifespan.

Taken together, the findings in this thesis support previous research (see: South & Rodgers, 2017) to
suggest that IU may be a central factor in the relationship between sensory hyperreactivity and anxiety
and autism. Sensory input can often be unpredictable and will not always be associated with a specific
object or situation. The perceived unpredictability of sensory input can also be enhanced by altered
sensory interpretation in autism (Fiser et al., 2010; Pellicano & Burr, 2012). IU is also associated with
alerting in attentional networks, and therefore individuals with greater IU may be more hypervigilant and

likely to process uncertain information as threatening (Dugas et al., 2005; Fergus & Carleton, 2016).
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Therefore, greater negative bias, hypervigilance, and avoidance enhances anxiety through context
conditioning (Green & Ben-Sasson, 2010; Grillon, 2008).

6.3 Lived experiences of sensory reactivity

The final study of this thesis (Chapter 5) advances understanding of autistic adults’ experiences of
sensory reactivity differences and wider factors associated with these. Of upmost importance, is that
this mixed-methods study, co-produced with members of the autistic community, conveys the lived
experiences of autistic people alongside the other studies in this thesis. This approach importantly
facilitated a more holistic exploration of autistic sensory experiences that could reveal unique insights

into the impact of sensory reactivity differences.

Although the studies in this thesis aimed to unpick the specific links between the certain types of sensory
reactivity and anxiety, it is important to consider that lived experiences are not this simplistic and
discrete, and sensory reactivity differences are often experienced by individuals in varying patterns,
and across time and contexts (Baranek et al., 2006; Lidstone et al., 2014). Therefore, the final mixed-
methods study in this thesis provided enhanced perspective into the complexity of sensory input
associated with sensory reactivity differences in autistic adults, as well as autistic adults’ experiences
of sensory reactivity differences. As well as the results aligning with the findings of the quantitative
studies, from the perspectives of autistic individuals, this study also informed the development of an
enhanced theoretical model of sensory experiences (Figure 9, section 5.5.4). This importantly highlights
the wider context of additional factors that could also be influential in the relationships between sensory
reactivity and anxiety, as well as other outcomes. Lastly, the results of this study do support the
individual and contextual nature of sensory reactivity differences, and the links to different sensory input.
This highlights that the overall findings of this thesis should be considered from a dimensional rather

than a categorical perspective.

This study also provided additional perspectives of sensory hyporeactivity and seeking. Firstly, it found
that sensory hyporeactivity may have an attentional component to it. Therefore, it may be linked to
inattention as opposed to neural processing differences, which could account for varied responses of
hyper and hyporeactivity in an individual (Funabiki et al., 2012). As the studies in this thesis found
inconsistent links between sensory hyporeactivity and anxiety, understanding the impact of individual
differences in attention could be an important consideration for future research. Additionally, the final
study also highlighted how sensory seeking may not always be positive. Although sensory seeking can
be enjoyable and linked to relaxation and soothing experiences, it may also have detrimental impacts,
such as to mental or physical health. As the other studies in this thesis inconsistently found links
between sensory seeking and anxiety, future research could therefore differentiate positive and

negative sensory seeking experiences to understand if these have differential links with anxiety.
6.4 Limitations and future directions
Although limitations for each study were outlined in the corresponding chapters, there are some

overarching limitations associated with this thesis. A key strength of this thesis is the examination of
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sensory reactivity differences and anxiety in under researched age groups, notably preschool-age
children, and adults. Additionally, the study with preschool-age children (Chapter 3), included
participants with few-to-no words and possible cooccurring intellectual disability. However, the general
approach taken for this thesis was to recruit diverse, heterogenous samples based on age, rather than
specific sub-groups. Therefore, this means that some subgroups, such as those with cooccurring
intellectual disability, have been underrepresented across the studies. Although IQ tests were
conducted in the child studies (Chapters 2 and 3) through face-to-face testing, the adult studies
(Chapters 4 and 5) were conducted online, and 1Q was not assessed. IQ has not been found to be
related to sensory reactivity differences (Sanz-Cervera et al., 2015; Siper et al., 2017; Tavassoli et al.,
2014). However, recent research has found that prevalence rates of anxiety conditions differ between
autistic people with and without cooccurring intellectual disability (Kerns et al., 2020). But this group is
often neglected in research, despite this being of high importance due to the high cooccurrence in
autism (Cascio et al., 2021; Loomes et al., 2017; Russell et al., 2019). Therefore, it is especially
important that future research further understands if the links between sensory reactivity differences

and anxiety are different in autistic people with and without cooccurring intellectual disability.

As it was beyond the scope of this thesis, the effect of sex/gender was not examined across the studies
in this thesis. Research has suggested that there may be sex differences in presentations of autism, for
instance females have been found to present with higher sensory reactivity differences and less RRBs
and socio-communication differences compared to males (Lai et al., 2011; Lai & Szatmari, 2020).
Furthermore, research has also shown that the prevalence of anxiety is different across groups, with
higher rates of anxiety found to be present in females compared to males (Gotham et al., 2015).
However, although sex has traditionally been considered a binary construct, its components can be
dimensional or multicategory (Joel & McCarthy, 2017). Furthermore, the development of autistic women
has been suggested to be shaped by social conditioning and gendered expectations, beyond sex-
related biological mechanisms (Lai & Szatmari, 2020). In general, gender fluidity is more common in
autistic groups (Stagg & Vincent, 2019; Strang et al., 2018, 2020; Walsh et al., 2018), as autistic people
may feel less pressure to conform to societal expectations (Strang et al., 2018), and in the adult samples
in Chapters 4 and 5, multiple participants were recruited that did not identify to fit within the gender
binary. Therefore, although it is important to understand subgroup differences to improve anxiety
interventions for autistic individuals, it could be argued that considering sex or gender as a binary

construct in autism research may not always be appropriate.

Additionally, it has been argued that it is important to conduct research using a range of different types
of assessments that capture different perspectives (Spain et al., 2018; White et al., 2009). Therefore, it
is a strength of the studies in this thesis that measures to gain different perspectives were used where
possible, such as using the Dominique Interactive self-report in autistic children (Chapter 2) and the
SAND observational assessment in preschool-age autistic children (Chapter 3). Additionally, where
questionnaires were used, approaches were consistently taken to limit possible inflated results due to
possible overlap, such as controlling for autism traits and applying Bonferroni corrections for more

conservative significance levels. Although, it is important to note that this approach could mean that
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associations were missed that may be of clinical importance. However, the adult study in Chapter 4
only included questionnaire measures and the child studies in Chapters 2 and 3 still heavily relied on
questionnaire measures, as additional observations and psychophysiological assessments were not
found to be reliable. It is also important to note that adaptations were made to the scoring and
administration of questionnaire measures in Chapters 2 and 4. Although this approach was necessary,
this could have affected the psychometric properties of these measures. Therefore, the measurement
challenges are a key limitation across the studies in this thesis. Although there are more objective
assessments of both sensory reactivity and anxiety that have been designed or adapted for use in
autistic individuals, as outlined in the introduction, these were not suitable for the studies and/or
participants included in this thesis. The need for suitable measures that can be used with autistic
individuals has recently been highlighted as an important next step in research (Gotham et al., 2020),
especially for autistic individuals with cooccurring intellectual disability (Flynn et al., 2017). Since the
conception of the studies in this thesis, additional measures have been published, which could be used
in future research, such as the Paediatric Anxiety Rating Scale modified for autism spectrum disorder
(Maddox et al., 2020), and the Anxiety Scale for Autism — Adults (Rodgers et al., 2020).

Lastly, although the studies in this thesis approached clinical constructs from a diagnostic category
approach in line the with DSM (DSM-5 American Psychiatric Association, 2013), aligning with the
current diagnostic system, there is some debate as to whether a dimensional approach should be
adopted in research to cut across dimensional categories. Currently, the categories of symptoms that
make up distinct disorders provide a straightforward means of classification and diagnosis across a
variety of contexts. However, there is a lot of heterogeneity in diagnostic groups due to the varied ways
individuals can qualify for a disorder (Allsopp et al., 2019; Olbert et al., 2014). Additionally, as discussed
throughout this thesis, there is cooccurrence and overlap in conditions (Allsopp et al., 2019), and there
may be common dimensions that are currently being overlooked. Due to the limitations of the current
diagnostic system, there has been a shift towards encouraging research to adopt a dimensional
approach. The Research Domain Criteria (RDoC) framework introduced by the National Institute for
Mental Health proposes measuring basic dimensions of functioning across the full range of human
behaviour from what is typical to atypical (Insel et al., 2010). Although there are challenges to research
using this framework, as it does not currently align with the diagnostic systems, a dimensional approach

could be considered for future work.
6.5 Implications

Despite the limitations, the findings in the studies in this thesis have important implications. Firstly, the
findings enhance understanding of autism related factors, specifically sensory reactivity differences and
IU, that relate to anxiety symptomology across the lifespan. This is important as clinical professionals
can misunderstand or lack knowledge of how anxiety can present differently in autistic individuals
(Camm-Crosbie et al., 2019; Crane et al., 2019; Kerns et al., 2017; Maddox et al., 2020), but accurate
assessment and identification of anxiety is important for autistic individuals to be given access to
appropriate interventions (Kerns et al., 2020). Secondly, the findings improve understanding of how

sensory reactivity differences, including sensory seeking and hyporeactivity, may relate to certain
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anxiety symptomology. Thus, understanding an autistic individual's sensory profile has important
implications for treatment approaches. Due to the heterogeneity, there is no one-size-fits-all approach
to treating anxiety in autistic individuals (Gotham et al., 2020). So, it is important to determine if anxiety
symptomologies should be approached differently in treatment (Wood et al., 2015), especially

considering individual differences in sensory reactivity and IU.
6.6 Conclusion

This thesis investigated the relationships between sensory reactivity differences and anxiety
symptomology in autistic children and adults, also examining the role of 1U, and elucidating more about
the sensory experiences of autistic adults. The findings robustly support that sensory hyperreactivity is
related to anxiety symptomology, such as separation anxiety, in autistic individuals, and that IU is an
associated transdiagnostic factor. However, there was mixed results as to the links between both
sensory hyporeactivity and seeking, and anxiety, and therefore it is difficult to draw conclusions and
further research is needed. To accompany these studies, sensory experiences were also explored from
the perspectives of autistic adults, which provided enhanced insights of the complexity and impact of
sensory reactivity differences and informed the development of a refined model of wider associated

factors, which could lead the way for future directions.

The results provide further evidence to support that sensory reactivity differences are associated with
anxiety in autistic people. Future research should aim to understand wider factors that may also be
implicated in this relationship. Furthermore, with the recent and upcoming developments of anxiety
assessments suitable for use in different subgroups of autistic individuals, future work should aim to
replicate findings using a multidisciplinary approach to examine risk factors for anxiety in subgroups.
Understanding the risk factors for anxiety in autism has important implications for the development and

efficacy of interventions, and consequently, the quality of life of autistic children and adults.
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Appendices

Appendix 1: Spearman’s partial correlation table for section 3.5.2.

Supplementary table
Spearman’s partial correlations between sensory reactivity differences (SPSI and SAND composite z-scores), anxiety (PAS), and
intolerance of uncertainty (RULES), controlling for autism traits (AQ).

Hyperreactivity Hyporeactivity Seeking U

Total anxiety .403* (.006) -.186 (.220) -.046 (.763) .707** (.000)
GAD .271 (.072) -.199 (.190) -.038 (.803) .681** (.000)
Social anxiety .348 (.019) -.236 (.118) -.026 (.867) .570** (.000)
OCD .287 (.056) -.078 (.610) .092 (.549) .585** (.000)
Physical injury fears .318 (.033) -.288 (.055) -.214 (.158) .438** (.000)
Separation anxiety .371* (.010) -.197 (.196) -.032 (.833) .653** (.000)
U .429* (.004) -.050 (.749) -.022 (.888) -

*. Correlation is significant at the p<0.01 level (2-tailed) after a Bonferroni correction

**._ Correlation is significant at the p<0.001 level (2-tailed)

Significant correlations prior to Bonferroni correction are indicated in bold without being flagged

Note. GAD: Generalised anxiety symptoms; OCD: Obsessive-compulsive symptoms; 1U: Intolerance of Uncertainty; ADOS-2:
Autism Diagnostic Observation Schedule-2
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Appendix 2: Mediation statistics table for section 4.5.2

Supplementary table

Mediation analyses between sensory hyperreactivity and seeking (SPSI), anxiety (SCAARED), and intolerance of uncertainty

(1US).
Predictor Mediator Outcome |Total effect Direct effect Indirect effect

B se LL UL p B se LL UL p B se LL UL p

Hyper U Anxiety .033 .006 .019 .047  <.001* | .009 .006 -.004 .021 130 024 .004 .016 034  <.001*
Seeking U Anxiety 018 .009 -.002 .036 .048 016 .008 .002 .033 .038 .002 .004  -.008 .010 729
Hyper Anxiety [§] .046 .006 .034 .057  <.001* | .030 .005 .020 .041  <.001* | .016 .003 .009 022  <.001*
Seeking  Anxiety [§] .003 .009 -014 .020 729 | -.005 .007 -.020 .009 466 .008 .004 .000 017 .053

*. Correlation is significant at the Bonferroni corrected p<.013 (.05/4) level (2-tailed)
Significant correlations prior to Bonferroni correction are indicated in bold without being flagged

Note. Hyper: Sensory hyperreactivity; |U: Intolerance of uncertainty; se: standard error; LL and UL: 95 % confidence intervals

Lower Limit and Upper Limit. Significant relationships at the p<0.008 level after a Bonferroni correction highlighted in bold.
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Appendix 3: Semi-structured questionnaire referred to in section 5.4.3

[Information sheet]

[Consent]

Demographic questions

Please complete this questionnaire based on your own experiences. It is not a problem if you
require support to complete this questionnaire, but the answers to questions must be your

own input.

Age [open text box]

| have a diagnosis of autism or Asperger’s [YES / NO] [if NO, send to end of questionnaire]

| have additional diagnoses [select option with space for additional relevant diagnosis]

Gender [open text or options]

Ethnicity [options]

Living situation [city, town, village]

Definition of terms
Throughout this questionnaire, we will ask you about your different sensory experiences using the

terms: hyperreactivity, hyporeactivity and seeking behaviour. These are how we define these terms:

Hyperreactivity

Hyperreactivity describes behavioral responses to sensory stimuli that are more extreme than what is
observed in typically developing individuals. Someone who is hyperreactive shows aversive behavior
towards an ordinary stimulus. Individuals may engage in avoidance behavior (e.g., turning away,
covering ears/eyes), use nonverbal cues (e.g., startled facial expression), or verbally express their
dislike of a stimulus. For example, individuals who are hyperreactive to sound might hold their hands
over their ears in response to ordinary sounds, such as a vacuum cleaner. An individual who is
hyperreactive to touch might avoid wearing clothes of certain material or avoid eating food of certain
texture. An individual who is visually hyperreactive might squint or turn away from bright ceiling lights.
Sensory hyperreactivity can impair daily functioning when certain environments must be avoided or

modified due to an overload of sensory stimulation.

Hyporeactivity
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Hyporeactivity describes behavioral responses to sensory stimuli that are less than what is observed
in typically developing individuals. People who respond less, slower, or do not respond at all are
considered hyporeactive to sensory stimuli that others would notice. For example, an individual who is
hyporeactive to sound might not notice or be slow to respond to a loud siren. An individual who is
hyporeactive to touch might display a high threshold for hot or cold temperatures or pain. An
individual who is hyperreactive to visual stimuli might not notice a flashing light or might require
frequent prompting to notice items in his or her surroundings. Sensory hyporeactivity can impair daily
functioning often due to safety concerns (e.g., slow to respond to a car passing by, failure to notice

extreme temperatures or alarms/sirens).

Sensory Seeking

Sensory seeking describes behavioral responses to sensory stimuli that are unusual due to the
frequency or intensity of a response to a stimulus. For example, an individual who seeks sounds
might put noisemaking objects close to his or her ears. An individual who seeks tactile stimuli might
rub textures of interest repeatedly. An individual who seeks visual stimuli might inspect parts of
objects close to his or her eyes. Sensory seeking behavior can impair daily functioning when an
individual’s interest interferes with his or her participation in everyday activities (e.g., socialization,

personal care).

General
Do you generally consider yourself sensory hyperreactive? [yes/ no]
1a. Describe your experience of being sensory hyperreactive. Enter N/A if you have no experiences

that are sensory hypersensitive [open text 300 word limit]

Do you generally consider yourself sensory hyporeactive? [yes/ noj
2a. Describe your experience of being sensory hyporeactive. Enter N/A if you have no experiences

that are sensory hyposensitive [open text 300 word limit]
Do you generally consider yourself sensory seeking? [yes/ no]
3a. Describe your experience of being sensory seeking. Enter N/A if you have no experiences that

are sensory seeking [open text 300 word limit]

Describe any other or your neutral experiences of the sensory environment. Enter N/A if you have no

experiences [open text 300 word limit]

Visual

How do you respond to the visual environment? [example options and open text]
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Below are some options gathered from what autistic people have told us they are sensory
reactive to, please rate how you respond to these areas using the labels hyperreactive,

hyporeactive, sensory seeking or neutral [can select multiple options]

Hyperreactive Hyporeactive Seeking Neutral
Bright lights
Flickering lights
Bright colours
Low contrast images
Patterns
Other [please state]

[additional information]

Describe your experiences of being hyperreactive to the visual environment. You can describe more

than one situation. [N/A option] [open text 300 word limit]

Describe your experiences of being hyporeactive to the visual environment. You can describe more

than one situation. [N/A option] [open text 300 word limit]

Describe your experiences of being sensory seeking to the visual environment. You can describe
more than one situation. [N/A option] [open text 300 word limit]

Describe your experiences of being neutral to the visual environment. You can describe more than

one situation. [N/A option] [open text 300 word limit]

Auditory (sound)
How do you respond to sound/the auditory environment? [example options and open text]

Below are some options gathered from what autistic people have told us they are sensory
reactive to, please rate how you respond to these areas using the labels hyperreactive,

hyporeactive, sensory seeking or neutral [can select multiple options]

Hyperreactive Hyporeactive Seeking Neutral
Lots of conversations
Shopping centres
Public transport
Loud noises
Ambient noises
High pitch noises

Music
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Other [please state]

[additional information]

Describe your experiences of being hyperreactive to the auditory environment. You can describe
more than one situation and include any exceptions. [N/A option] [open text 300 word limit]

Describe your experiences of being hyporeactive to the auditory environment. You can describe

more than one situation and include any exceptions. [N/A option] [open text 300 word limit]

Describe your experiences of being sensory seeking to the auditory environment. You can describe

more than one situation and include any exceptions. [N/A option] [open text 300 word limit]

Describe your experiences of being neutral to the auditory environment. You can describe more than

one situation and include any exceptions. [N/A option] [open text 300 word limit]

Tactile (touch)

How do you respond to touch/the tactile environment? [example options and open text]

Below are some options gathered from what autistic people have told us they are sensory
reactive to, please rate how you respond to these areas using the labels hyperreactive,
hyporeactive, sensory seeking or neutral [can select multiple options]

Hyperreactive Hyporeactive Seeking Neutral
Pressure differences
Clothes
Food
Different textures
Other [please state]

[additional information]

Describe your experiences of being hyperreactive to touch. You can describe more than one

situation and include any exceptions. [N/A option] [open text 300 word limit]

Describe your experiences of being hyporeactive to touch. You can describe more than one situation

and include any exceptions. [N/A option] [open text 300 word limit]

Describe your experiences of being sensory seeking to touch. You can describe more than one

situation and include any exceptions. [N/A option] [open text 300 word limit]
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Describe your experiences of being neutral to touch. You can describe more than one situation and

include any exceptions. [N/A option] [open text 300 word limit]

Interoception (changes in your body)
How do you respond interoceptively/changes in the body due to the environment? [example options

and open text]

Below are some options gathered from what autistic people have told us they are sensory
reactive to, please rate how you respond to these areas using the labels hyperreactive,

hyporeactive, sensory seeking or neutral [can select multiple options]

Hyperreactive Hyporeactive Seeking Neutral
Cold temperatures
Hot temperatures
Changes in the weather
Physically painful incidents
Other [please state]

[additional information]

Describe your experiences of being hyperreactive to changes in the body due to the sensory
environment. You can describe more than one situation and include any exceptions. [N/A option]

[open text 300 word limit]

Describe your experiences of being hyporeactive to changes in the body due to the sensory
environment. You can describe more than one situation and include any exceptions. [N/A option]

[open text 300 word limit]

Describe your experiences of being sensory seeking to changes in the body due to the sensory
environment. You can describe more than one situation and include any exceptions. [N/A option]

[open text 300 word limit]
Describe your experiences of being neutral to changes in the body due to the sensory environment.
You can describe more than one situation and include any exceptions. [N/A option] [open text 300

word limit]

Taste

How do you respond to tastes in the environment? [example options and open text]
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Below are some options gathered from what autistic people have told us they are sensory
reactive to, please rate how you respond to these areas using the labels hyperreactive,

hyporeactive, sensory seeking or neutral [can select multiple options]

Hyperreactive Hyporeactive Seeking Neutral
Spicy foods
Food temperatures
Food textures
Favourite foods
Memorable foods
Chewing gum
Other [please state]
[additional information]

Describe your experiences of being hyperreactive to tastes. You can describe more than one

situation and include any exceptions. [N/A option] [open text 300 word limit]

Describe your experiences of being hyporeactive to tastes. You can describe more than one

situation and include any exceptions. [N/A option] [open text 300 word limit]

Describe your experiences of being sensory seeking to tastes. You can describe more than one

situation and include any exceptions. [N/A option] [open text 300 word limit]

Describe your experiences of being neutral to tastes. You can describe more than one situation and

include any exceptions. [N/A option] [open text 300 word limit]

Smell
How do you respond to smells/scents in your environment? [example options and open text]

Below are some options gathered from what autistic people have told us they are sensory
reactive to, please rate how you respond to these areas using the labels hyperreactive,

hyporeactive, sensory seeking or neutral [can select multiple options]

Hyperreactive Hyporeactive Seeking Neutral
Strong scents
Perfumes
Specific scents
Pollution
Flowers

Fresh air
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Other [please state]

[additional information]

Describe your experiences of being hyperreactive to smells/scents in the environment. You can
describe more than one situation and include any exceptions. [N/A option] [open text 300 word limit]

Describe your experiences of being hyporeactive to smells/scents in the environment. You can

describe more than one situation and include any exceptions. [N/A option] [open text 300 word limit]

Describe your experiences of being sensory seeking to smells/scents in the environment. You can

describe more than one situation and include any exceptions. [N/A option] [open text 300 word limit]

Describe your experiences of being neutral to smells/scents in the environment. You can describe

more than one situation and include any exceptions. [N/A option] [open text 300 word limit]

Thank you for taking part in our study. If you have any questions or concerns as a result of

your participation, please contact Keren MacLennan: k.r.maclennan@pgr.reading.ac.uk
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Appendix 4: Example quotes for the content analysis for section 5.5.2

Supplementary Table
Example quotes from the content analysis for experiences relating to sensory hyperreactivity, hyporeactivity, and seeking, and
in each modality (n = 49).

Hyperreactive

Hyporeactive

Seeking

Visual

Auditory

Tactile

Interoception

Gustatory

“Sunlight is overwhelming in the summer
and | can't stand being out for too long... |
also can't stand bright overhead lighting in
shops and tend to leave as quickly as
possible. Lower overhead lighting is worse

and fluorescent is unbearable...” SE029

“A busy visual field causes overload and
causes agitation and stimming. | struggle
to focus on specific components and take
in the entire field, being aware of every
movement.” SE016

“With  multiple  conversations... my
experience is similar to listening to a radio
station that then blends into the other one,
so you're constantly hearing every other
word of the radio station, until at some
point the streams completely overlap, but
somehow in complete clarity. This, along
with all the loud environmental noise
(which may seem like nothing to most
people - air conditioning humming,
projector buzzing, lights buzzing, plates
clinking in a restaurant kitchen), can drive
me into a shutdown. And then every sound
is utterly overwhelming.” SE040

“I have to check the texture of fabrics when
I'm clothes shopping. Anything rough or
crunchy | can't wear. | also need soft and

stretchy fabrics.” SE038

“l don'’t like unexpected touch from other
people. | prefer firm touch to light touch.”
SEO011

“I'm touch sensitive. | hate other people
touching me. My skin crawls, | sweat
excessively, and | feel nausea. Especially
if it's bare skin. Makes intimacy nigh on
impossible.” SE030

“Heat can be utterly unbearable, especially
because it interferes with some of my other
sensory preferences such as pressure
seeking. Even in ordinary warm summer
days around 20C, my functioning is
impaired, and | feel discomfort. During a
true ‘heatwave’ | can be essentially in a
permanent state of shutdown. This
sensitivity extends to hot water, as | have
an immediate recoil tendency upon
entering water even approaching scalding
hot.” SE046

“I am very particular about tastes. | only

like quite bland foods and can’t stand any

“There are numerous occasions where |
was looking for an item which was in plain
sight however | it took a long time to find
it.” SE003

“Some sounds make me sleepy and if I'm
sleepy or focused | just won't hear things.
Like | was reading one time and didn't hear
the fire alarm.” SE039

“I have failed to notice broken bones. |
went hiking the day after breaking my foot
and walked to school the day after focally

fracturing my shin.” SE024

“I don't notice until 'too late' that I'm too
cold [or] too hot” SE015

“I can get lost in visual patterns. When |
was little one of the churches, we
sometimes attended had a patterned
coving and | would spend the whole
service visually following the infinite line

that formed the pattern.” SE010

“Music calms me down when I'm stressed.
Tend to listen to the same song on repeat
for hours at a time.” SE022

“It is extremely difficult to provide me with

enough, let alone too much, deep

pressure. Sometimes | will ask my
husband for a tight hug and even the
tightest hug he can provide is insufficient
to satisfy me. Often, | need him to lie on
top of me to provide added pressure.”

SE046

“Fluffy textures calm me. | have a fluffy
blanket in the car to help manage my
anxiety on car journeys and one | carry in
my bag to calm me on other occasions.”
SE016

“In cold weather | make a blanket nest and
a hot water bottle on my back and on my
stomach.” SE030

“I will continuously seek tastes that |
enjoy.” SE003
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Olfactory

kind of spice. | will find a food unbearably
spicy that others say has no spice to it at
all. I used to find fizzy drinks too intense
when | was younger.” SE011

‘I have had to quit jobs and refuse
assignments due to my being
hyperreactive to scents... My aversion to
strong, unpleasant scents is so strong that
it triggers my gag reflex, can make me
throw up, makes me cry, and makes me
escape the environment. | have tried but
have no control over it. Changing nappies
for my kids was challenging. Usually my
husband did it. If my kids vomited, the

smell made me vomit.” SE031

“Often | can't smell subtle smells like
flowers or smoke that other people

comment on.” SE022

“I eat when I'm not hungry because | want
the taste.” SE019

“I have a jar of cinnamon in my soothe box,
and sawdust because that evokes my pets
and makes me calmer... | smell my hands
a lot without thinking about it - sometimes
it is annoying when they smell of soap. |
like it when they smell of yesterday's

onions | was chopping.” SE10
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