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Abstract

Children with neurodevelopmental conditions (NDC) often have sensory reactivity differences,
such as being overwhelmed by sounds, which can elicit distress in their everyday life.
Furthermore, children with an NDC often present with a greater frequency of mental health
symptoms compared to their typically developing peers. However little research has
examined the relationship of these sensory reactivity differences on broader mental health.
This study set out to explore the relationship between sensory reactivity and mental health
symptoms. Data from parent-reported measures of sensory reactivity and mental health
symptoms were collected for 49 children presenting with a neurodevelopmental condition
and 42 typically developing (TD) controls. Partial correlational analyses, controlling for I1Q,
were used to elucidate the relationship between sensory reactivity and mental health
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symptoms. Children with an NDC were significantly more likely to present with a sensory
reactivity difference or mental health symptom. Sensory seeking was found to be the sensory
subtype most related to mental health symptoms, especially in externalising conditions. There
was evidence also found for a relationship between depression, sensory seeking and sensory
hypo-reactivity, and GAD and hyper-reactivity. Findings suggest a relationship between
sensory reactivity and mental health symptoms in children with a neurodevelopmental
condition. There is also preliminary evidence of unique sensory-based profiles of mental
health. Assessment of sensory difficulties as part of more rigorous mental health assessments
within mental health services will support more accurate diagnoses and intervention.

Keywords
Sensory reactivity; neurodevelopmental conditions; mental health; sensory

1. Introduction

Sensory reactivity symptoms, defined as different responses to sensory stimuli in the
environment [1], are often present in neurodevelopmental conditions (NDC), including in those with
categorical labels such as autism [2-4]. These sensory reactivity differences have been shown to
present across the visual, auditory, tactile, vestibular, proprioceptive, gustatory and olfactory
modalities, with some modalities affected more than others [5, 6]. Further, research has identified
three broad sensory modulation patterns: hyper-reactivity (aka sensitivity to sensory input; over-
responsivity), hypo-reactivity (aka poor registration of sensory input; under-responsivity) and
sensory seeking (aka sensory craving) [5, 7]. Additionally, individuals with an NDC are at a
significantly higher risk of developing or being diagnosed with a comorbid psychiatric condition than
their typically developing peers, with prevalence rates of comorbid mental health diagnoses in NDC
ranging from 25% to 95% [8-14]. Until now, NDC research exploring comorbid mental health has
primarily investigated the increased prevalence through social-psychological (e.g. societal stigma
and its negative impact on self-esteem) or biological mechanisms (e.g. amygdala volume, genetics)
[15-18]. However, little research has explored the impact of sensory reactivity symptoms and their
relationship with mental health symptoms. The research available has focused on individual sensory
reactivity constructs within specific diagnoses, particularly hyper-reactivity and anxiety [19-21]. A
recent review of the National Institute of Mental Health’s (NIMH) Research Domain Criteria (RDoC)
framework has further highlighted the lack of research into sensory reactivity and mental health as
symptoms across conditions, and identified the need for further investigation across mental health
diagnoses in NDC [22]. It is this gap which the current study targets. Herein, we seek to address the
correlational relationship between sensory reactivity and mental health constructs across children
with an NDC and typically developing children without sensory symptoms.
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2. Materials and Methods
2.1 Participants

In total 91 children took part, of which 49 children had a neurodevelopmental diagnosis (26
children had an autism spectrum condition (ASC) [7 - 11 years, M =9.46, SD = 1.33], 23 children had
sensory processing disorder (SPD) [7 — 12 years, M = 9.15, SD = 1.24]) and 42 typically developing
children (7 — 12 years, M = 9.74, SD = 1.52). Participants were from the University of California San
Francisco’s (UCSF) Sensory Neurodevelopment and Autism Program (SNAP) registry and database.
Written informed consent was obtained from parents for all participants, and the children provided
informed assent which was witnessed and formally recorded. Exclusion criteria for all participants
were brain malformation or injury, movement disorder, hearing impairment, or Perceptual
Reasoning Index (PRI) score <70 on the Wechsler Intelligence Scale for Children—Fourth Edition.
Inclusion criteria for autistic! participants were a community diagnosis of ASC, a score of >15 on the
Social Communication Questionnaire (SCQ) [24] and a confirmed ASC classification with the Autism
Diagnostic Observation Schedule, Second Edition (ADOS-2) [25]. Autistic participants had a mean
full-scale 1Q score of 97.73 (SD = 12.30) obtained from the Wechsler Intelligence Scale for Children,
Fourth Editions (WISC-1V) [25]. All autistic participants completed the ADOS-2 Module 3, with
severity scores ranging from 3 to 10 (M = 6.41; SD = 1.82). Inclusion criteria for the SPD participants
included a standing diagnosis of SPD from a community occupational therapist, as well as a score
on the Sensory Profile [27] in the “Definite Difference” range (<2% probability) in one or more of
the sensory domains (auditory, visual, oral/olfactory, tactile, vestibular, or multisensory). SPD
participants had a mean full-scale 1Q score of 108.77 (SD = 15.66) obtained from the WISC-IV.
Inclusion criteria for TD participants included no standing diagnoses and who were not awaiting or
flagged for diagnostic assessment. TD participants had a mean full-scale 1Q score of 116.80 (SD =
12.27) obtained from the WISC-IV. Three autistic participants and 21 SPD participants had a
comorbid diagnosis of ADHD. All autistic participants were male (n = 26), whereas there was a mix
of males and females in SPD participants (males = 41, females = 14) and in the typically developing
group (males = 39, females = 24). Whilst participants were asked to provide information on their
ethnic background, this question was not compulsory and as such many participants chose not to
report their ethnicity. Participants who did provide this data reported Caucasian (86.7%), Asian
(6.7%) and mixed (6.7%) backgrounds.

The authors assert that all procedures contributing to this work comply with the ethical standards
of the relevant national and institutional committees on human experimentation and with the
Helsinki Declaration of 1975, as revised in 2008. All procedures involving human subjects were
approved by the Institutional Review Board of the University of California San Francisco (10—-01940).

! Careful consideration is given to the language used within the manuscript, and autism first language has
been incorporated in line with research findings [23].
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2.2 Measures
2.2.1 The Sensory Profile - Parent (SP)

The parent version of the Sensory Profile is a 125-question standardised measure of sensory
processing [26]. Reversed scored, such that the lower the score the greater the sensory reactivity,
the profile requires parents to list the frequency of their child’s reactions to various common
sensory stimuli, and provides domain raw scores for auditory, visual, vestibular, touch, multisensory
and oral processing, and combined construct scores for sensory seeking, poor registration (hypo-
reactivity) and sensory avoidant (hyper-reactivity) [26]. The SP is the most commonly used sensory
measure for autistic individuals [28]. The Sensory Profile has been found to have good test-retest
reliability (intraclass correlation coefficients = 0.80 — 0.90), and good internal consistency (a
= .89-.95) [29].

2.2.2 Child Symptom Inventory Fourth Edition (CSI-4)

The Child Symptom Inventory Fourth Edition is a parent-completed rating scale that allows for
the screening of a range of emotional and behavioural conditions in children aged 5 to 12 years [30].
The CSI-4 items symbolize DSM-IV symptoms, providing symptom count scores for inattention,
hyperactivity, Attention Deficit Hyperactivity Disorder (ADHD; which is a composite of inattention
and hyperactivity), Oppositional Defiant Disorder (ODD), Conduct Disorder (CD), Generalized
Anxiety Disorder (GAD), obsessions, compulsions, Post-Traumatic Stress Disorder (PTSD), motor and
vocal tics, depression, and social phobia. Test reliability was reported to be moderate to high (a
= .52 - .78, and internal consistency also moderate to high (a = .69 - .92) [30]. The CSI-4 has been
used extensively in research with neurodiverse children (as outlined in [31] Gadow, 2019).

3. Results
3.1 Descriptions

SPSS 24 was used to analyse the data. As the analyses were exploratory, the study was not pre-
registered. Initial Kruskal-Wallis analyses were preformed to explore group differences between the
autistic, SPD and TD groups across sensory reactivity and mental health. Results found no
differences between the autistic and SPD groups, and as such these groups were combined and
analysed as a neurodevelopmental sample. A further overview of the ASD, SPD and TD group
comparisons can be found in Supplementary Tables 1 and 2.

A Shapiro-Wilks test indicated that the data were not normally distributed (p < 0.01), and as such
nonparametric tests have been used for the analyses. Partial correlation analysis was used to
understand the relationship between hyper-reactivity, hypo-reactivity, sensory seeking and mental
health diagnoses. Please note that for the below analyses we make no adjustment for multiple
comparisons as there remains ongoing debate as to whether and how these adjustments should be
made, particularly as multiple comparison adjustments may lead to greater errors of interpretation
when data are actual observations of nature [32-34].

Given the difference in 1Q distribution, analyses were performed to examine the influence IQ had
on the data. Correlational analyses were performed between Full Scale 1Q scores and CSI-4 and SP
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raw scores. Moderate effects were detected in the NDC group for depression (r = 0.34, 95% Cl
[.068, .677], p = 0.020), in the TD group for total sensory reactivity (r = 0.46, 95% CI [.128, .711], p =
0.005) and in the TD group for inattention (r = -0.34, 95% Cl [-.604, -.006], p = 0.031). As such, for
all following correlational analyses we have used the original combined data controlling for 1Q.

3.1.1 Sensory Profile

In order to explore categorical differences indicative of diagnostic descriptions in sensory
reactivity between NDC and typically developing (TD) groups, and to understand prevalence rates
of sensory difficulties in our sample, Sensory Profile raw scores were analysed to reveal percentages
of participants whose scores met cut-off for sensory reactivity as defined by Dunn [26] (Table 1).
Cut-off scores for total sensory processing were derived as per construct cut-offs detailed in Dunn
[26]. Probable difference scores lie between one standard deviation and two standard deviations
below the mean of Dunn’s sample and definite difference scores lie two standard deviations below
the mean (M =131.30, SD = 8.73; 1SD = 122.57, 2SD = 113.84). The mean score for the NDC group
was 109.72 (SD = 14.93), and for the TD group was 130.86 (SD = 9.33). Percentages of participants
meeting the threshold for probable or definite sensory reactivity difficulties across both construct
and domain levels were consistently larger for the NDC group than for the TD group. The Kruskal-
Wallis test was used to explore these differences, and differences were detected across all sensory
constructs and domains: sensory seeking [x2 = 18.75, p < 0.001], hypo-reactivity [x2 = 33.08, p <
0.001], hyper-reactivity [x2 = 13.14, p < 0.001], total sensory reactivity [x2 = 41.14, p < 0.001],
auditory [x2 = 39.63, p < 0.001], visual [x2 = 13.93, p < 0.001], touch [x2 = 32.94, p < 0.001] and oral
[X2 = 24.24, p < 0.001].

Table 1 Percentages of participants meeting probable or definite cut-off scores for
sensory processing difficulties on the Sensory Profile with total comparison p values of
Kruskal-Wallis test.

NDC (%) TD (%)
Probable Definite Total Probable Definite Total x? p
Sensory seeking 26.5 26.5 53.1 11.9 0.0 119 18.75 <.001
Hypo-reactivity 34.7 30.6 65.3 24 2.4 4.8 33.08 <.001
Hyper-reactivity 14.6 20.8 354 438 0.0 4.8 13.14 <.001
Total sensory 25.0 58.3 11.9 4.8
83.3 16.7 41.14 <.001

reactivity

Note. Cut-off scores for total sensory processing were derived as per construct cut-offs detailed
in Dunn [26]. Probable difference scores lie between 1SD and 2SD below the mean of the TD
group and definite difference scores lie 25D below the mean of the TD group (M = 131.30, SD =
8.73).

3.1.2CSl-4

CSI-4 symptom count scores, derived from item CSI-4 endorsement, were analysed to explore
categorical differences in percentages of participants meeting screening cut-off scores for mental
health symptoms warranting further investigation, and to understand prevalence rates of mental
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health symptoms in our sample (Table 2). The Kruskal-Wallis test was used to explore these
differences, and differences were detected for inattention [x2 = 42.37, p < 0.001], hyperactivity [x2
= 39.81, p < 0.001], ADHD [x2 = 48.45, p < 0.001], ODD [x2 = 9.82, p = 0.002], CD [x2 = 5.43, p =
0.020], GAD [x2 = 15.57, p < 0.001], social phobia [x2 = 9.72, p = 0.002], OCD [x2 = 4.01, p = 0.045],
motor tic [x2 = 10.84, p = 0.001], vocal tic [x2 = 5.91, p = 0.015] and depression [x2 = 11.17, p =
0.001]. No differences were detected between groups in obsessions [x2 = 2.84, p = 0.092],
compulsions [x2 = 1.64, p = 0.201], or PTSD [x2 = 2.58, p = 0.108].

Table 2 Percentages of participants meeting screening cut-off scores of mental health
symptoms on the CSI warranting further investigation with comparison p values of a
Kruskal-Wallis test.

NDC (%) TD (%) X2 p
Inattention 53.1 2.4 42.37 <.001
Hyperactivity 33.3 2.4 39.81 <.001
ADHD 37.5 2.4 48.45 <.001
ODD 29.2 2.4 9.82 .002
CcD 12.5 2.4 5.43 .020
GAD 40.4 7.1 15.57 <.001
Social Phobia 204 2.4 9.72 .002
Obsessions 29.2 14.3 2.84 .092
Compulsions 12.5 4.9 1.64 201
OoCD 4.01 .045
PTSD 18.8 7.1 2.58 .108
Motor Tic 22.9 2.4 10.84 .001
Vocal Tic 22.9 4.9 5.91 .015
Depression 14.6 24 11.17 .001

Note: ADHD = Attention Deficit Hyperactivity Disorder; ODD = Oppositional Defiance Disorder;
CD = Conduct Disorder; GAD = Generalised Anxiety Disorder; OCD = Obsessive Compulsive
Disorder; PTSD = Posttraumatic Stress Disorder.

OCD is a composite of obsessions and compulsions; however, the CSI does not include cut-off
scoring for OCD.

Depression is a composite of two sets of criteria outlined in the CSI manual [30].

3.2 Sensory Reactivity and Mental Health

In order to examine any divergence in the relationship between sensory reactivity and mental
health symptoms across the NDC and typically developing groups, partial correlational analyses
controlling for 1Q were conducted between the Sensory Profile construct raw scores and the CSI-4
mental health construct symptom count scores (Table 3). It is worth noting that due to the reversed
scoring of the SP, negative coefficients indicate that an increase in sensory reactivity relate to a
decrease in mental health wellbeing.
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3.2.1 Hyper-Reactivity and Mental Health

A weak negative effect was detected for GAD in the NDC group (pr =-0.34, 95% CI [-.851, -.015],
p = 0.032), and a weak negative effect was detected in the TD group for ODD (pr = -0.36, 95% Cl
[-.761, -.249], p = 0.023).

3.2.2 Hypo-Reactivity and Mental Health

Weak to moderate negative effects were detected in the NDC group for ODD (pr = -0.36, 95% ClI
[-.581, -.035], p = 0.014), social phobia (pr =-0.40, 95% Cl [-.633, -.136], p = 0.006), and depression
(pr =-0.48,95% Cl [-.673, -.202], p = 0.001). , Weak to moderate negative effects were detected in
the TD group for vocal tic (pr = -0.60, 95% Cl [-.842, -.504], p < 0.001) and GAD (pr = -0.33, 95% Cl
[-.747, -.035], p = 0.035).

3.2.3 Sensory Seeking and Mental Health

Within the sensory seeking construct, moderate to large negative effects were detected in the
NDC group for inattention (pr =-0.44, 95% Cl [-.636, -.203], p = 0.002), hyperactivity (pr =-0.70, 95%
CI [-.809, -.576], p < 0.001), ADHD (pr = -0.65, 95% CI [-.784, -.497], p < 0.001), ODD (pr = -0.49, 95%
Cl [-.678, -.280], p = 0.001), CD (pr = -0.48, 95% ClI [-.689, -.194], p = 0.001), GAD (pr =-0.38, 95% ClI
[-.633, -.120], p = 0.010), obsessions (pr = -0.36, 95% CI [-.585, -.050], p = 0.014), PTSD (pr = -0.36,
95% CI [-.595, -.067], p = 0.015), motor tic (pr = -0.45, 95% CI [-.632, -.216], p = 0.002), and
depression (pr=-0.47,95% Cl [-.664, -.238], p = 0.001). No effects were detected for sensory seeking
in the TD group.

3.2.4 Total Sensory Reactivity and Mental Health

In the NDC group, weak to moderate negative effects were detected between total sensory
reactivity and inattention (pr =-0.41, 95% Cl [-.622, -.148], p = 0.005), hyperactivity (pr = -0.58, 95%
CI [-.719, -.396], p < 0.001), ADHD (pr = -0.56, 95% CI [-.726,-.352], p < 0.001), ODD (pr = -0.50, 95%
Cl [-.699, -.211], p = 0.001), CD (pr = -0.41, 95% CI [-.644, -.107], p = 0.005), GAD (pr = -0.44, 95% ClI
[-.637, -.200], p = 0.002), obsessions (pr = -0.39, 95% CI [-.611, -.095], p = 0.009), PTSD (pr = -0.35,
95% Cl [-.629, -.017], p =0.017), motor tic (pr =-0.51, 95% Cl [-.704, -.249], p < 0.001) and depression
(pr =-0.52, 95% CI [-.685, -.281], p < 0.001). No effects were detected for total sensory reactivity
and mental health symptoms in the TD group.

Table 3 Partial correlations between parent-reported sensory processing and mental
health constructs in NDC and TD groups, controlling for 1Q, using the Sensory Profile and
the Child Symptom Inventory.

Total sensor
Sensory Seeking Hypo-reactivity Hyper-reactivity .. v
reactivity
NDC TD NDC TD NDC D NDC D
Inattention -0.44**  0.05 -0.22 0.08 0.06 0.15 -0.41**  0.09
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Hyperactivity = -0.70*** -0.18 -0.11 -0.08 0.09 0.03 -0.58*** -0.16
ADHD -0.65***  -0.08 -0.19 0.01 0.08 0.13 -0.56*** -0.04
oDD -0.49**  -0.21 -0.36*  -0.15 0.08 -0.36* -0.50**  -0.27
CD -0.48**  -0.02 -0.16 0.07 0.13 -0.13 -0.41**  -0.02
GAD -0.38* 0.01 -0.22 -0.33* -0.34* -0.28 -0.44%** -0.14
Social Phobia  -0.12 -0.22 -0.40** 0.07 -0.29 -0.02 -0.29 -0.16
Obsessions -0.36* 0.03 -0.11 -0.14 -0.26 -0.27 -0.39**  -0.06
Compulsions -0.01 0.25 0.04 0.13 0.12 -0.04 0.03 0.23

0ocD -0.28 0.14 -0.06 -0.05 -0.13 -0.22 -0.28 0.06

PTSD -0.36* 0.06 -0.16 0.05 -0.06 -0.06 -0.35* 0.06

Motor Tic -0.45** -0.25 -0.28 -0.51***

Vocal Tic -0.25 -0.05 0.04 -0.60***  -0.23 -0.25 -0.24 -0.24
Depression -0.47** 0.13 -0.48** 0.12 -0.07 -0.15 -0.52*** Q.11

Note. No correlation was completed for the TD group in motor tics as no motor tic symptoms
were identified in that group.

* = p<.05; ** = p<.01; *** = p <.001

ADHD = Attention Deficit Hyperactivity Disorder; ODD = Oppositional Defiance Disorder; CD =
Conduct Disorder; GAD = Generalised Anxiety Disorder; OCD = Obsessive Compulsive Disorder,
PTSD = posttraumatic stress disorder.

3.2.5 Shared Sensory Reactivity and Mental Health

Where mental health symptoms were found to have a relationship with more than one sensory
construct, multiple regression analyses were conducted to understand how each sensory construct
adds to the prediction of mental health. A relationship between mental health symptoms and
multiple sensory constructs was found for depression (sensory seeking and hypo-reactivity), GAD
(sensory seeking and hyper-reactivity) and ODD (sensory seeking and hypo-reactivity).

A multiple linear regression was conducted with depression as the outcome variable, and sensory
seeking and hypo-reactivity as predictor variables. Sensory seeking and hypo-reactivity explained a
significant portion (19%) of the variance seen in depressive scores (R%adjusted = .19, F(2,45) = 6.49,
p =.003). It was found that sensory seeking significantly predicted depression scores (B = -.29, t(45)
=-2.06, p =.045), as did hypo-reactivity (B = -.29, t(45) = -2.05, p = .046).

A multiple linear regression was conducted with GAD as the outcome variable, and sensory
seeking and hyper-reactivity as predictor variables. Sensory seeking and hyper-reactivity explained
a significant portion (16%) of the variance seen in GAD scores (R%adjusted = .16, F(2,44) = 4.19, p
=.022). It was found that sensory seeking significantly predicted GAD scores (B =-.32, t(44) =-2.33,
p = .024), however, hyper-reactivity did not significantly predict GAD scores (B = -.23, t(44) =-1.67,
p =.102).

A multiple linear regression was conducted with ODD as the outcome variable, and sensory
seeking and hypo-reactivity as predictor variables. Sensory seeking and hypo-reactivity explained a
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significant portion (22%) of the variance seen in ODD scores (R%adjusted = .22, F(2,45) = 6.37, p
=.004). It was found that sensory seeking significantly predicted ODD scores (B = -.38, t(45) =-2.69,
p = .010), however, hypo-reactivity did not significantly predict ODD scores (B = -.19, t(45) = -1.27,
p=.212).

4, Discussion

The objectives of this study were to explore the association between sensory reactivity and
mental health symptoms across two paediatric cohorts: children with a neurodevelopmental
condition and typically developing children. For the first time this study has revealed a relationship
between mental health symptoms in paediatric cohorts outside of anxiety, and sensory seeking and
hypo-reactivity across diagnoses. This underscores the intrinsic link between mental health
conditions and broad sensory reactivity. It also provides a preliminary indication there are specific
unique sensory-based profiles of mental health. Our results are novel in that they highlight that the
relationship between sensory seeking and mental health symptoms may be much greater than
previous research has suggested, and warrant further exploration.

4.1 Sensory Reactivity

Overall, 4 out of 5 NDC (83.3%) children met the threshold for total sensory symptoms on the
Sensory Profile, set at one standard deviation above the mean, compared to 16% of the TD group.
Per inclusion criteria, SPD participants had to meet cut-off scores on one of the sensory subscales
on the Sensory Profile. In line with previous studies identifying sensory hypo-reactivity at elevated
levels in children with NDC, hypo-reactivity in the current study was identified as being the highest
scored sensory construct for NDC participants (65.3%) [35].

4.2 Mental Health

For mental health domains, participants with an NDC were more likely to meet screening criteria
for a mental health condition than the TD group. Inattention was the highest rated symptom in the
NDC group (53.1%), whereas obsessions were the highest rated symptom in the TD group (14.3%).
GAD was the highest rated condition in the NDC group (40.4%), and GAD and PTSD in the TD (7.1%)

group.
4.3 Sensory Reactivity and Mental Health

Our results echo the established understanding that NDC youth experience greater sensory and
mental health difficulties than their typically developing peers. We found a relationship between
sensory hyper-reactivity and mental health constructs. Specifically, sensory hyper-reactivity was
correlated to GAD, similar to previous ASC and SPD research into sensory over-responsivity/hyper-
reactivity and constructs such as anxiety [19-21, 36, 37]. The hyper-reactivity/anxiety relationship
has now been shown to be evident across age ranges, including in young children [21, 36],
adolescents [38-40], adults [20], with this study showing this relationship in older children as well.
Further, this relationship also appears independent of the measure of anxiety used, with previous
research using a variety of anxiety measures including the Infant Toddler Social and Emotional
Assessment (ITSEA), Toddler Behavior Assessment Questionnaire (TBAQ), Liebowitz Social Anxiety
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Scale (LSAS), State-Trait Anxiety Inventory (STAI), Revised Children's Manifest Anxiety Scale (RCMAS),
Spence Children’s Anxiety Scale (SCAS), or Diagnostic Interview Schedule for Children (DISC) [21, 36,
371.

Regarding sensory hypo-reactivity, we found a link to internalising symptoms, showing greater
hypo-reactivity was related to greater mental health symptoms, such as depression, within the NDC
group. Correlations have previously been found for typically developing children in hypo-reactivity
and externalising behaviour, such as would be expected in ODD and conduct disorder [41]. In
typically developing children with, or at risk of developing, conduct disorder, research has shown
accelerated habituation to repeated sensations, indicating a decreased sensitivity to stimuli [42, 43].
Previous research has also found links in hypo-reactivity and low mood in autistic children [38, 44],
whereby autistic children who found it difficult to register activity-oriented sensory input in a
meaningful way were more likely to present with a more negative mood [44]. Again, there appears
to be a link between sensory hypo-reactivity and depression, highlighting the need to take sensory
reactivity differences into account when supporting individuals with low mood.

Interestingly, sensory seeking, an often-neglected area of research, was the sensory subtype that
showed most associations to mental health symptoms, both internalising as well as externalising.
Specifically, sensory seeking was correlated with inattention, hyperactivity, ADHD, ODD, CD, GAD,
Obsessions, PTSD, Motor Tic and Depression in the NDC group, such that the more seeking, the
more mental health symptoms. Further, in mental health symptoms which showed a relationship
with more than one sensory construct, it was sensory seeking which significantly predicted mental
health. Specifically, sensory seeking significantly predicted depression, GAD and ODD scores,
whereas hyper-reactivity did not significantly predict GAD and hypo-reactivity did not significantly
predict ODD. Whilst causal inferences cannot be made from cross-sectional data, the nature of
sensory seeking is such that seekers do not have their sensory needs met organically, and therefore
must pursue such stimuli to meet those needs. Therefore, a potential argument can be made that
from a construct level in children with an NDC who present with externalising behaviours, anxiety
and depression, the disparity of having a sensory need but not being able to effectively satisfy that
need may be associated with the development of mental health symptomology. On the other hand,
seeking could also be used as a coping mechanism to manage mental health symptoms and might
have beneficial effects as anecdotal reports suggest. Clinically, it is also worth exploring rates of
sensory reactivity differences in children presenting with mental health symptoms.

4.4 Limitations

This study was unique in that it explored the association between sensory reactivity and mental
health symptoms across children with an NDC and TD children. However, there are several
limitations noted. This study utilised parent-report measures of sensory reactivity and mental health.
It is possible that there exists a bias towards over- or under-responding to sensory or mental health
domains, or misattribution of related behaviours in responses [45]. A number of participants had a
comorbid diagnosis of ADHD. Whilst we followed an RDoC approach, looking at symptoms of
sensory reactivity as well as mental health, rather than diagnostic labels, it is worth noting that there
may be an effect on the rates of ADHD in the NDC group. However, as this study was interested in
the relationship between sensory reactivity and mental health, and did not set out to estimate
prevalence rates of one or the other, this should not affect findings significantly. Given this study
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utilised parent-report data only, it is worth taking into consideration how these profiles may change
when including self-report or observational/interview data. It is also acknowledged that whilst the
CSl provides an acceptable foundation for understanding mental health symptoms, it is considered
highly appropriate that future research investigating mental health constructs in autism and
broader NDCs consider measures of mental health which have been specifically designed, or at least
validated, with this population.

Further, due to sample size and data limitations, we were not able to explore possible gender,
socioeconomic or cognitive learning differences across and between groups. Nevertheless,
demographic risk factors may influence the emergence or trajectory of sensory reactivity or mental
health symptoms; however, we were unable to evaluate the role of these risk factors on our sensory
and mental health variables.

4.5 Future Directions

Our findings have implications for interventions with young children with an NDC. Sensory
reactivity appears to be related to the symptoms of mental health, and it may be beneficial to assess
sensory difficulties as part of more rigorous mental health assessments within mental health
services. From a research perspective, it is critical for future studies to explore the causal
relationship between sensory reactivity and mental health, particularly with sensory seeking. A
greater understanding of the causal direction would allow for the exploration of whether addressing
sensory needs in children presenting with an NDC early may be a key component in preventative
mental health interventions. Further, studies with larger sample sizes and both genders are required
to test sensory domain subtypes (i.e. auditory/visual hypo-reactivity, hyper-reactivity and seeking)
to fully understand the sensory-mental health relationship. Larger sample sizes would also give
more weight to specific unique sensory-based profiles of mental health conditions.

5. Conclusions

The objectives of this study were to explore the association between sensory reactivity and
mental health symptoms across children with an NDC and TD children. There appears to be a
relationship between sensory reactivity and mental health symptoms, which has clinical
implications. There is also preliminary evidence of specific unique sensory-based profiles of mental
health.
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