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Abstract

Despite the high prevalence of sensory processing difficulties in children with
autism spectrum disorder (ASD), little research has focused on the sex differences
in sensory processing. Furthermore, there is a lack of knowledge on the female-
specific symptoms of ASD, contributing to later referral, diagnosis and intervention.
In this study, we examined the sex differences in sensory processing symptoms in
large cohorts of ASD children (N = 168; 26 females, 142 males) and typically devel-
oping (TD) children (N = 439; 209 females, 230 males). For this, we translated the
sensory processing measure (SPM) and SPM — Preschool (SPM-P) Home Forms
to French. The SPM/SPM-P are parent/caregiver questionnaires that assess typi-
cal behavioral responses to sensory stimuli. Overall, our results showed that the
magnitude of the differences in sensory processing between males and females is
larger in ASD children relative to TD children, with females showing more
severe symptoms in Hearing, as well as Balance and Motion subscales. Addi-
tionally, linear discriminant analysis showed that the SPM/SPM-P are good at
discriminating TD children from ASD, children with higher accuracy rates for
females than for males. These findings are discussed in light of the heterogeneity
of sensory processing difficulties present in ASD. Overall, our results suggest
that there seem to be female-specific profiles in sensory processing difficulties in
ASD. Implications of findings concerning sex differences in sensory processing
and their potential for improving identification and diagnosis of ASD females
are discussed.

Lay Summary

The present study examined sex differences in behavioral responses to sensory
stimuli in children with autism spectrum disorder (ASD), and typically developing
(TD) children. While there is a small trend for TD males to show more sensory
processing atypicalities, female ASD children show significantly more atypical
responses compared to their male counterparts. This has important implications
for characterizing female autism profiles, and ultimately improving the chance for
earlier detection, diagnosis and treatment.
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INTRODUCTION

Autism spectrum disorder (ASD) is a heterogeneous neu-
rodevelopmental disorder (NDD), characterized by social
communication difficulties and repetitive, stereotyped
behaviors (American Psychiatric Association, 2013; M.-C.
Lai et al., 2014). ASD has an estimated prevalence rate of
1% in the general population (M.-C. Lai et al., 2014; Lyall
et al., 2017). This prevalence is higher in males in relation
to females. Male to female ratios range between 4.3:1 in
individuals with normal intellectual functioning and fall to
1.9:1 in ASD individuals with an Intellectual Quotient
(IQ) below 70 (Fombonne, 2003). Large-scale population-
based studies, however, have suggested that the prevalence
of females in ASD cohorts may be higher, and high-
functioning females might be underdiagnosed for several
reasons (M.-C. Lai et al., 2015; Loomes et al., 2017). These
include the female protective factor model (Jacquemont
et al., 2014), suggesting that females diagnosed with ASD
have an increased mutational burden. Related interpreta-
tions suggest that IQ has a preservation effect in high-
functioning ASD females, who develop compensation
strategies such as camouflage (Bargiela et al., 2016; M.-C.
Lai et al., 2015). An additional explanation consists in the
emerging notion of a female autism phenotype distinct
from conventional, male-based conceptualizations of the
disorder (Bargiela et al., 2016). For instance, females with
ASD are less likely to show externalizing behaviors and
score lower on measures of stereotypical and repetitive
behavior, being also more likely to show internalizing
behaviors such as anxiety and depression (Mandy
et al., 2012; Van Wijngaarden-Cremers et al., 2014).

One area of ASD symptomatology which has suffered
from the lack of studies on sex differences is the domain
of sensory processing. Atypical behaviors in response to
sensory stimuli are particularly prevalent in ASD, with
over 90% of autistic individuals presenting an atypical
sensory profile (Ben-Sasson et al., 2019; Dellapiazza
et al.,, 2018; Rogers & Ozonoff, 2005, Tomchek &
Dunn, 2007). Sensory processing refers to the way we
sense, perceive and respond to sensory stimuli present in
the environment. This process is frequently referred to as
a cascade that can be affected at different levels. It
includes, for instance, how incoming information is
detected, how it is processed and integrated in the brain
and, finally, how the ensuing behavior or response is
modulated (Balasco et al., 2019; Gliga et al., 2014;
Macaluso & Driver, 2005; Miller et al., 2007, Thye
et al., 2017). Sensory processing disorders (SPD)
are diagnosed when an individual presents significant
difficulties or atypicalities in detecting, modulating,
interpreting or responding to sensory input (Miller
et al., 2007). There are several methods for categorizing
SPD. The most common is a scheme based on sensory
modulation patterns: hypo-responsiveness, which refers
to delayed responses or unresponsiveness to sensory stim-
uli; hyper-responsiveness, which is an exaggerated or

even aversive reaction to sensory stimuli; and sensory
seeking, which refers to unusual fascination with craving
of sensory stimulation, often repetitive in nature
(Ausderau et al., 2014; Baranek et al., 2013; Ben-Sasson
et al., 2019; Boyd et al., 2010; Miller et al., 2007;
Tomchek & Dunn, 2007). One theoretical approach
defines SPD as an umbrella term (Miller et al., 2007),
which comprises three specific types of SPD: Sensory
modulation disorder, based on modulation patterns of
hyper/hypo-responsiveness and seeking; sensory-based
motor disorder, based on praxis and postural disorders;
and sensory discrimination disorder, based on sensory
modalities such as visual, auditory, tactile, vestibular,
proprioception and taste/smell.

A majority of the studies aiming to identify sensory
subtypes based on empirical data have mostly used a sen-
sory modulation approach (Ben-Sasson et al.,, 2019;
DeBoth & Reynolds, 2017). While this approach has
proven to be useful in the scope of clinical evaluation and
intervention (Ben-Sasson et al., 2007; Miller Kuhaneck
et al., 2010; Parham et al., 2007), sensory modulation
patterns are more difficult to study in a research context.
Over and under-responses to sensory stimuli can have
high levels of co-occurrence (Ben-Sasson et al., 2019;
Dellapiazza et al., 2019), and they can also occur in dif-
ferent patterns across different modalities (Ausderau
et al., 2014; Ausderau et al., 2016; DeBoth &
Reynolds, 2017; A. E. Lane et al., 2011; A. E. Lane
et al., 2014; Little et al., 2017a). For instance, modalities
such as audition, taste—smell and touch seem to discrimi-
nate individuals with ASD from other clinical groups
(Little et al., 2017b; McCormick et al., 2016; Osorio
et al., 2021; Schaaf & Lane, 2015; Tomchek &
Dunn, 2007; Wiggins et al., 2009).In this context, using
modality-based approaches to the study of sensory sys-
tems could provide more information on how sensory
modalities contribute to the different subtypes of
sensory difficulties, and whether these are specific to one
or more NDD (DeBoth & Reynolds, 2017).

Studies looking at sensory processing in ASD suggest
that atypical sensory processing has cascading effects on
developmental acquisitions (Baranek et al., 2018; Gliga
et al., 2014; Glod et al., 2015; Ronconi et al., 2016), con-
tributing to the emergence of a variety of clinical symp-
toms, such as delays in social and communication skills
(Baker et al., 2008; Hilton et al., 2007; Hilton
et al., 2010; Thye et al., 2017; Watson et al., 2011), mal-
adaptive behaviors (Dellapiazza et al., 2019; Dellapiazza
et al., 2018; A. E. Lane et al, 2010; Williams
et al., 2018), repetitive behaviors (Boyd et al., 2010; Glod
et al., 2019; Lidstone et al., 2014; Wigham et al., 2015),
increased anxiety (S. A. Green & Ben-Sasson, 2010; S. A.
Green et al., 2012; S. J. Lane et al., 2012; Lidstone
et al., 2014; Wigham et al., 2015) and sensorimotor cou-
pling disorder (Mosconi et al., 2015).

Despite its prevalence and its impact on functioning,
little has been said about sex-differences in sensory
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processing in ASD. In a recent meta-analysis on
sensory symptoms in ASD, Ben-Sasson et al. (2019) did
not report sex as a significant moderator, likely due to
the small number of ASD females included in most stud-
ies. Kumazaki et al. (2015) reported higher scores in
female children on “taste, smell and touch response,”
compared to their male counterparts using the childhood
autism rating scale (CARS; Schopler et al., 1980). Lai
and colleagues (2011) also found that female ASD adults
had more lifetime sensory issues than IQ-matched ASD
males. They used the three sensory items from the Autism
Diagnostic Interview-revised (ADI-R) to create an
“unusual sensory response” composite score (M.-C. Lai
et al., 2011, p. 3). The results from these studies spark an
interest in further deciphering the sensory profiles of
females by using more specific sensory instruments.

Assessing sensory processing is challenging due to
individual heterogeneity and behavior that is often
context-dependent, which also evolves during develop-
ment. In order to best capture behaviors that occur in
response to sensory stimuli in various contexts, many
studies have used parent or caregiver reports (Schaaf &
Lane, 2015; Schauder & Bennetto, 2016). These reports
have the advantage of providing easy access to informa-
tion on observable behavior in response to sensory stim-
uli and, through the use of standardized scales, how
typical the behavior is in relation to age-matched samples
from the general population (Dunn, 2014). Furthermore,
caregiver reports have the ability to capture behaviors
that occur over time and in different contexts, which are
unlikely to appear in the time-restricted context of a clini-
cal evaluation or experimental study. They also allow for
a quick collection of rich data with which group compari-
sons, factor analyses and individual-centered statistical
approaches are feasible (Uljarevic et al., 2017).

The aim of this study is to study sex differences in
behavioral responses to sensory stimuli in ASD children,
compared to typically developing (TD) peers. For this
purpose, we translated the sensory processing measure
(SPM) and SPM - Preschool (Miller Kuhaneck
et al., 2010; Parham et al., 2007) questionnaires. Both
instruments are widely used for standardized assessment
of sensory symptoms (Burns et al., 2017; Yeung &
Thomacos, 2020) in English-speaking cohorts. The
modality-based structure of the SPM and SPM-P is use-
ful in the screening and profiling of sensory modalities
that are affected across NDD.

METHOD
Participants

Two cohorts of participants were recruited (Table 1): a
sample of TD children and a sample of children diag-
nosed with ASD. All participants were aged between
2 and 12 years 11 months. TD children were recruited

from the general population via an online form. Inclusion
criteria were the following: being enrolled in the regular
school system and having no known NDD or learning
disabilities. Children with ASD were all recruited in the
Service des Troubles du Spect re de I’Autisme et
apparentés at Lausanne University Hospital, Switzerland
(STSA-a). Trained psychologists and child psychiatrists
established the diagnosis of ASD according to the Diag-
nostic and Statistical Manual of Mental Disorders, Fifth
edition (American Psychiatric Association, 2013). This
included a review of patients’ medical and developmental
history as well as assessment with the ADI-R
(Le Couteur et al., 2003), and the Autism Diagnosis
Observation Scale-2 (ADOS-2; Lord et al., 2012). In both
cohorts, parents or legal guardians responding to
caregiver-report questionnaires were required to be native
or fluent French speakers. The study was reviewed and
approved by the local Ethics committee and signed con-
sent forms were obtained from participants or legal repre-
sentatives prior to investigation.

Measures
SPM and SPM-P home forms

The SPM (Parham et al., 2007; Parham & Ecker, 2007)
and the SPM — Preschool Home Forms (SPM-P; Ecker &
Parham, 2010; Miller Kuhaneck et al., 2010) are parent-
report questionnaires covering a range of behaviors and
characteristics related to sensory processing, social partic-
ipation and praxis. The SPM-P is designed for children
from 2 to 5 years old and the SPM for children from 5 to
12 years old.

SPM and SPM-P consist of 75 items each. The
SPM-P items derive directly from those in the SPM, dif-
fering only on 18 age-appropriate items. Ratings on each
item are given on a four-point Likert scale: 1 (Never),
2 (Sometimes), 3 (Often), and 4 (Always), according to
the frequency of behaviors observed. The original instru-
ments are norm-referenced in English for a sample of
American children and are comprised of seven normative
subscales. These include the following sensory system
scales: vision (VIS), hearing (HEA), touch (TOU), body
awareness (BOD), and balance and motion (BAL). The
last two subscales refer to internal sensory modalities —
proprioception and vestibular system—, respectively. Two
additional subscales — social participation (SOC) and
planning and ideas (PLA) refer to higher integrative func-
tioning —social functioning and praxis, respectively— that
do not contribute to the total score. The total sensory sys-
tem score (TOT) includes VIS, HEA, TOU, BOD, and
BAL as well as a few additional items representing taste
and smell that do not form a separate scale in the original
instrument.

The publisher (Western Psychological Services
[WPS]) and the author of the original English version of
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TABLE 1 Participant characteristics
TD ASD Group differences

Mean age (SD) Female 6.40 (2.84) 5.40 (2.61) p =0.086
N 209 26
Male 6.34 (3.05) 5.20 (2.89) p = 3.86e-4
N 230 142
Total 6.37 (2.95) 5.23 (2.84) p = 1.90e-5
N 439 168

Mean NVIQ (SD) Female 111.47 (12.52) 88.96 (20.27) p = 5e-6
N 32 23
Male 111.30 (11.94) 87.79 (22.48) p = 17.58¢e-9
N 37 125
Total 111.38 (12.12) 87.97 (22.09) p = 1.78e-1
N 69 148 4

ADOS-2 CSS: Total Female - 6.35(1.85)
N 26
Male - 7.26 (1.81)
N 138

ADOS-2 CSS: SA Female - 5.88(2.03)
N 26
Male - 6.95(1.99)
N 138

ADOS-2 CSS: RRB Female - 7.27 (2.44)
N 26
Male - 7.70 (1.88)
N 138

the questionnaires authorized the translation of the SPM Primary Scale of Intelligence, Fourth edition

and SPM-P Home Forms. Two independent trained and
bilingual psychologists translated the items of both forms
into French. Both translations were then revised by two
additional French native speakers, fluent in English, in
order to reach semantic agreement on differing items.
The final translated version was back-translated to
English by an independent translator. WPS reviewed the
translation as well as back-translation and final changes
were made to the items in order to achieve the final
authorized translated versions.

The age range for SPM-P and SPM is 2-5 and 5-12
years old, respectively. The two instruments have an
overlap of 1 year in administration. According to the
manual’s instructions, children aged between 5 years and
5 years 11 months were assessed with the SPM if they
were attending school.

Nonverbal cognitive functioning

We used two different measures to assess global cogni-
tive development (nonverbal intellectual quotient
[NVIQ]) depending on the child’s age and the ability to
comply with the test. The Wechsler Preschool and

(Wechsler, 2012) and the Wechsler Intelligence Scale
for Children, Fifth edition (Wechsler, 2014) were used
to assess cognitive abilities in children from 2 years
6 months to 7 years 7 months, and from 6 to 16 years
and 11 months, respectively. Both test batteries
included verbal and non-verbal subscales. For the pur-
pose of this study, we used the NVIQ (M = 100;
SD = 15) as the outcome measure of cognitive level.
For younger children and those not being able to com-
ply with the Wechsler scales, we used the Mullen
Scales of Early Learning (MSEL; Mullen, 1995). The
MSEL is a measure of cognitive ability and motor
development in early childhood (from birth to 5 years
8 months). It comprises four subscales: Gross motor,
Fine motor, Visual reception, Receptive language and
Expressive language. For the purpose of this study, we
used the Visual Reception (Standard Score; M = 100,
SD = 15) as the outcome measure for global nonverbal
abilities. In the ASD cohort, participants in the over-
lapping age ranges between instruments, the instru-
ment most appropriate to the child’s cognitive level
was administered in the scope of their clinical evalua-
tion. TD children were all assessed with the Wechsler
scales.
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ADOS-2 calibrated severity scores

Participants within our sample were assessed with differ-
ent ADOS-2 modules, according to their age and lan-
guage level: 27 participants (one girl) were assessed with
the Toddler Module, 57 participants (11 girls) were
assessed with Module 1, 33 participants (five girls)
were assessed with Module 2 and 47 participants (nine
girls) were assessed with Module 3. In order to compare
ADOS-2 scores across all modules, we calculated total
and domain calibrated severity scores (CSS) for all par-
ticipants (Esler et al.,, 2015; Hus et al., 2014; Lord
et al., 2012).

Statistical analyses

Crohnbach’s alpha was calculated to examine the inter-
nal consistency of the French versions of SPM and
SPM-P. In order to test group and sex differences in sen-
sory processing, we used the six subscales of the SPM/
SPM-P instruments that represent sensory processing and
that contribute to the total score (VIS, HEA, TOU, TAS,
BOD, and BAL). Raw scores were converted to ratios to
account for the different number of items in SPM and
SPM-P questionnaires. We subsequently generated Z-
scores from the TD group (M =0, SD = 1).

All statistical tests were performed using R 3.6.2
(R Core Team, 2013). To determine to which extent SPM
sensory subscales could predict whether a child belonged
to the ASD or to the TD group, we used linear discrimi-
nation analysis (LDA) (P. E. Green, 1978). LDA is one
of the most widely used classification algorithms and
operates through the calculation of variance of several
continuous variables within and between classes (Zhao
et al., 1998).

In our analysis, LDA-estimated membership in ASD
or TD group derived from observed values in the six sen-
sory subscales of SPM: VIS, HEA, TOU, TAS, BOD,
and BAL. All variables were entered together, with the
prior equivalent probability of belonging to a specific
group. First, scatterplot matrices were generated for all
sensory subscales. We then selected 75% (n = 456) of the
dataset as the training set, and 25% (n = 151) was set as
test dataset. Data selection was done randomly during
data sorting. Commonly used evaluation measures were
used to test the classification algorithms (Jain &
Huang, 2004). A true positive (TP) is an ASD child esti-
mated by the system as being ASD, whereas a false posi-
tive (FP) indicates that an ASD child is estimated as TD
by the system. True negative (TN) corresponds to those
who do not have ASD correctly predicted as TD,
whereas false negative (FN) indicates that the children
was misdiagnosed as not having ASD. We generated
100 iterations of the LDA with random selection of train-
ing/test data. For each iteration, we computed accuracy
(the sum of TP and TN divided by the sum of TP, FP,

FN, and TN), specificity (the proportion of TN that are
correctly identified), and sensitivity (the proportion of TP
that are correctly identified). Due to the low number of
ASD females in the test dataset, no statistical comparison
was conducted on sensitivity scores. Subsequently, stan-
dardized canonical function coefficients were given for
each sensory subscale to compare their contribution to
the linear discriminant factor.

In order to account for sex differences in the severity
of autistic symptoms, we analyzed the ADOS-2 CSS
using non-parametric statistics (Mann—Whitney U test).
To explore the sex differences in ASD, we performed a
multivariate analysis of variance (MANCOVA) to test
for interaction effects between group and sex on the six
SPM/SPM-P subscales, controlling for age. When the
group main effect was significant, we conducted post-hoc
analyses. We applied FDR correction to all post-hoc-
comparisons to account for multiple testing (Benjamini &
Hochberg, 1995) and adjusted p-values are reported.

RESULTS

Table 1 presents the distribution of participants
according to sex, group, mean age and NVIQ. Age, sex,
and socio-economic distribution of the TD and ASD
samples are described in Table S1.

As expected, group-wise y> tests showed that there
were significantly more male participants in the ASD
group, (ZZI,M/F:142/26 = 8010, p = 3576-19) with a ratio
of 5.4:1. There were no significant differences in sex
ratio in the TD group, ()(21’]\/[/]::230/209 = 0101,
p = 0.316). The TD group is slightly older than the ASD
group, with a mean difference of 1.14 years. There is no
significant age difference between males and females in
neither the TD nor the ASD group. As expected, the
ASD group had significantly lower NVIQ than the TD
group, #(215) = 8.237, p = 1.78e-14). There were no sex
differences in NVIQ in neither TD, #67) = 0.058,
p = 0.954, nor ASD, #(146) = 0.320, p = 0.817.

Descriptive statistics for ADOS-2 CSS total and
domain scores can be found in Table 1. We found no dif-
ferences in overall CSS scores (U = 1282.0, p = 0.063),
even though there is a slight trend for boys to have higher
severity scores, this being mainly driven by differences in
Social Affect CSS (U = 1295.0, p = 0.040). There were
no differences in Restricted and Repetitive Behaviors
CSS between girls and boys (U = 1681.0, p = 0.605).

Internal consistency of the SPM and SPM-P
instruments

Table 2 reports the internal consistency estimates for each
instrument separately and for the combined sample. The
internal consistency of the two questionnaires was above
0.70 when the two samples were combined, showing
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TABLE 2 SPM-P and SPM home French form internal consistency estimates (Crohnbach’s alpha)
Scale No. of items TD ASD Total
SPM-P N=152 N =88 N =240
Social participation (SOC) 8 0.84 0.86 0.90
Vision (VIS) 11 0.75 0.79 0.80
Hearing (HEA) 9 0.78 0.83 0.81
Touch (TOU) 14 0.76 0.80 0.81
Body awareness (BOD) 9 0.66 0.67 0.72
Balance and motion (BAL) 11 0.68 0.71 0.75
Planning and ideas (PLA) 9 0.81 0.78 0.85
Total sensory systems (TOT) 58 0.90 0.92 0.93
SPM N =258 =60 N =318
Social participation (SOC) 8 0.88 0.84 0.91
Vision (VIS) 11 0.75 0.80 0.83
Hearing (HEA) 9 0.83 0.83 0.86
Touch (TOU) 14 0.75 0.83 0.84
Body awareness (BOD) 9 0.76 0.80 0.82
Balance and motion (BAL) 11 0.68 0.82 0.81
Planning and ideas (PLA) 9 0.82 0.80 0.87
Total sensory systems (TOT) 58 0.93 0.95 0.96
Abbreviations: SPM, sensory processing measure; SPM-P, SPM — Preschool; TD, typically developing.
acceptable reliability estimates (Nunnally & Bernstein, 100% %
1994). However, the BOD and BAL subscales presented Al
lower internal consistency estimates (just below or near B Females
0.70) in the independent samples. J50 B Malos
Group differences in sensory processing N
Based on their scores in the six SPM/SPM-P sensory sub-
scales, the LDA was able to correctly estimate the mem-
bership of the children to the ASD or the TD group with 25%
an average accuracy of 80.48% (Figure 1). The accuracy
was higher in females compared to males (89.3%
vs. 75.2%, p <0.001). Specificity scores showed that 0%
LDA correctly identified TD children belonging to the Accuracy Specificity Sensitivity

TD group in 93.4% of cases (96.5% for females, 90.9%
for males). However, sensitivity scores (indicating a
poorer performance) were considerably lower —48.5%—,
when trying to identify ASD children. Most likely, this is
due to the wide range of sensory processing profiles
within the ASD group (Figure 2).

Sex differences

The MANCOVA showed a significant main effect for
group [V = 0.23, F(6, 597) = 30.252, p = 9.64e-32]. ASD
participants scored significantly higher than TD children
on all SPM/SPM-P subscales. The MANCOVA also
showed a main effect for sex [V = 0.46, F(6, 597) = 4.767,
p = 9.33e-5], with girls scoring higher than boys in HEA

FIGURE 1 Linear discrimination analysis global accuracy and
specificity for females (red), males (blue) and the combined sample
(gray). Sensitivity scores were not split by sex due to the low number of
autism spectrum disorder females in the testing dataset. Error bars
represent the SD. *p < 0.001, after correction for multiple comparisons

(p = 0.012) and BAL (p = 0.025) subscales in both groups.
The magnitude of this sex effect changed according to the
group, as was proven by a significant interaction effect
between group and sex on the SPM subscales [V = 0.29,
F(6, 597) = 2.823, p = 0.010]. In line with the interaction
plots (Figure 3), boys and girls in the TD group did not
significantly differ on SPM/SPM-P scores, although some
subscales showed a small trend for higher scores in boys.
However, in the ASD group, girls had generally higher
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FIGURE 2 Dotplot displaying the number of individual observations (purple for autism spectrum disorder, green for typically developing)
across the linear discriminant factor generated with the six sensory subscales. All dots correspond to the test subset (training subset is added in
Figure S1). Individuals for which the linear discrimination analysis (LDA) wrongly estimated their membership to a group are displayed with a cross.
LDA cutoft is displayed with a blue dotted line. TP, true positive; TN, true negative; FN, false negative; FP, false positive

[l Females
H Males

p= 0.001

Z-score

ASD

ASD TD

*o= 0,052

*p = 0.035

™D ASD TD

FIGURE 3 Normalized mean Z-score of the six SPM sensory subscales separately for males (blue) and females (red) in each group. Error bars
represent the standard error of the mean. *p < 0.05; +p = 0.05, after correction for multiple comparisons. SPM, sensory processing measure

scores, so the direction of the difference changed and the
magnitude of the effect became significant in the subscales
of Hearing (p = 0.001) and Balance and Motion
(p = 0.035). Additionally, the Touch subscale showed a
similar trend (p = 0.052). Regression analyses using the

subset of participants with available NVIQ (TD = 69;
ASD = 148; see Table 1) showed that NVIQ did not pre-
dict SPM/SPM-P scores neither in the ASD group
[f=—0.058, #(146) = —0.703, p = 0.483], nor in the TD
group [f= — 0.055, «(67) = 0.452, p = 0.653].
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DISCUSSION

In this study, we examined sex differences in behavioral
responses to sensory stimuli in ASD children compared
their TD counterparts. Overall, our results showed that
the magnitude of the differences in sensory processing
between males and females is larger in ASD children than
in TD children. These differences are mainly driven by
Hearing and Balance and Motion subscales, with a visi-
ble trend occurring in the Touch subscale. Including a
TD sample was important, because it allowed us to
account for sex differences existing in the normal popula-
tion (M.-C. Lai et al., 2015).

These results suggest that ASD females might be
more likely to avoid or to be distressed by some auditory
stimuli, to retreat from noisy environments or to be dis-
tracted by sounds that others do not notice. Differences
in the Balance and Motion subscale suggest that females
may have more difficulties with movement coordination
and postural control. Previous research has been shown
that ASD children have significant problems in
maintaining postural control (Memari et al., 2014), with
one study mentioning a small but significant gender effect
(Minshew et al., 2004). Audition and postural control
share a common neural pathway through the
vestibulocochlear nerve (Squire et al., 2013). Addition-
ally, auditory tasks have been shown to influence pos-
tural control (Riley et al., 2005). Further research should
look into the specific and shared mechanisms underlying
gender differences in Hearing and Balance in ASD chil-
dren. Finally, females may have more difficulties in
processing and responding to tactile stimuli, even though
our results show only a slight trend. These results build
on Kumazaki and colleagues’ study (2015), which
showed that female children (aged from 5 to 9 years) with
high-functioning ASD had significantly higher scores on
CARS (Schopler et al., 1980) measures of “taste, smell
and touch response” than their male counterparts.

Linear discriminant analyses conducted separately in
males and females showed different accuracy rates. In the
male sample, this was probably due to the overlap
between TD children with higher sensory scores and
ASD participants with lower sensory scores. These results
are illustrative of the heterogeneity that characterizes sen-
sory processing in ASD (DeBoth & Reynolds, 2017;
Uljarevi¢ et al., 2016). It is very likely that the test sample
contains ASD individuals with sensory processing scores
in the lower ranges and are thus classified as TD. ASD
children who do not demonstrate clinically significant or
impairing sensory dysfunctions have been previously
identified in mild sensory subtypes (Ausderau
et al., 2016; DeBoth & Reynolds, 2017; A. E. Lane
et al., 2011; A. E. Lane et al, 2014; A. E.
Lane et al., 2010). In females, it seems that there is less
overlapping in the higher end of the TD group and lower
end of ASD, suggesting that ASD females have a more
severe sensory profile, while TD females show very low

levels of sensory symptoms. However, we acknowledge
the need to interpret these results with caution, due to the
reduced size of the female ASD sample.

The results reported in our study contribute to a
growing literature that aims to better understand the
female clinical phenotype in ASD. An increasing body of
empirical data stresses the importance of considering the
female phenotype as being distinct from traditional
conceptualizations of the disorder, which is mostly male-
driven (M.-C. Lai et al., 2015). Although within our sam-
ple, ADOS-2 total severity scores showed no differences
between girls and boys, there was a trend for boys to
show slightly higher severity in the Social Affect domain.
This suggests that girls may show more sensory symp-
toms than boys with equivalent severity scores. Sensory
issues could thus be a determinant aspect of the female
phenotype of autism. Additionally, sensory deficits have
been documented as early as in the sixth month of life of
infants diagnosed later with ASD (Baranek et al., 2013;
Estes et al., 2015). Including sensory processing in
female-oriented guidelines for ASD diagnosis could lead
to an earlier and more accurate recognition of ASD in
girls.

In the ASD sample tested in this study, males and
females did not show differences in cognitive abilities, as
measured by NVIQ. The male-to-female ratio in this
sample is 5.46:1, which is consistent with the mean ratio
found by Fombonne (2003) in samples with 1Q over 70.
Reductions in full-scale IQ in females with ASD has been
found to mediate the severity of some autistic symptoms,
such as social communication and adaptive function, but
not others, such as restricted interests (Frazier
et al., 2014). For this reason, we tested for the relation-
ship between NVIQ and sensory issues in the subset of
participants with available NVIQ, finding no significant
association. The lack of association between sensory
processing and cognitive abilities has also been shown in
other previous studies (Ben-Sasson et al., 2019).

In order to test sex differences in the sensory domain
in the two cohorts, we translated and tested the French
versions of the SPM and the SPM-P. The analysis of the
internal consistency of each subscale in both groups
showed acceptable reliability estimates, with similar pat-
terns to those obtained in other studies (Hansen &
Jirikowic, 2013; Miller Kuhaneck et al., 2010; Parham
et al.,, 2007), including translated versions (Ahmad
et al., 2020; Hadgu & Zeleke, 2017; C. Y. Y. Lai, Chung,
et al., 2011). The linear discriminant analysis showed
high accuracy for the SPM and SPM-P sensory subscales
that composed the total score, suggesting that it is a good
tool for discriminating individuals with clinically relevant
sensory issues from those without. These results build on
previous studies using the SPM, which show a high level
of agreement with other similar measures in the assess-
ment of sensory processing (Sensory Profile; Dunn, 1999;
Dunn, 2014) in children with NDDs, including Fetal
Alcohol Spectrum Disorders (Hansen & Jirikowic, 2013)
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and ASD (C. Y. Y. Lai, Chung, et al., 2011), and TD
children (Brown et al., 2010). Further analyses show high
specificity scores but low sensitivity, suggesting that the
discriminant function is better at correctly classifying TD
individuals than ASD individuals. Overall, we believe
that the French versions of the SPM and the SPM-P are
reliable and useful instruments to screen for behaviorally
observed sensory atypicalities in children between 2 and
12 years old, using a modality-based approach.

Whilst the SPM and SPM-P are undoubtedly useful
in clinical settings, the measurement of sensory symptoms
is restricted to observable behavior (Schauder &
Bennetto, 2016; Uljarevi¢ et al., 2017). Behavioral pat-
terns that are observed by caregivers in everyday life
should be combined with laboratory-based observation
by trained clinicians, thus preventing caregiver biases that
can occur due to social expectations, but also to the care-
givers’ characteristics, including autistic traits (Warren
et al.,, 2012). Additionally, laboratory-based observation
allows for more refined analyses of behaviors that care-
givers are not trained to identify and interpret. Assessing
sensory symptoms as they are observed in everyday life is
the first step in screening the modalities that are most
affected in clinical groups and subgroups. Subsequently,
specific modalities can be targeted in experimental studies.
In complement to previous studies that have been mostly
based on modulation patterns, using a modality-based
approach to assess sensory processing symptoms can pro-
vide a finer-grained picture of the sensory profiles and sub-
types of clinical cohorts (DeBoth & Reynolds, 2017). This
is all the more important in both sensory processing and
sex-specific studies, with findings that suggest that similar
behavioral patterns can have different neurological corre-
lates (Schauder & Bennetto, 2016). For instance, in females
with ASD, sensory over-responsivity was strongly associ-
ated with increased connectivity in the salience network and
the prefrontal cortex, while in males it was associated with
increased connectivity between salience and primary sen-
sory networks, suggesting that underlying mechanisms for
sensory over-responsivity might be sex-specific (Cummings
et al., 2020). In order to advance in our understanding of
how sensory processing difficulties arise and how they
impact development and functioning, self-report and behav-
ioral measures should be allied to neural and psychophysio-
logical methods (Schauder & Bennetto, 2016). This
approach is in line with initiatives that emphasize the need
to identify fundamental traits and then study underlying
genetic, neural and cognitive mechanisms across typical
development and clinical conditions, such as the research
domain criteria (Cuthbert & Insel, 2013).

Limitations
Our study has several limitations. First, the reduced sam-

ple of girls with ASD in comparison to the number of
boys compromises the statistical power of the analyses.

Even if the male to female ratio is congruent with what
has been found in other studies (Fombonne, 2003), future
studies with a larger female samples are needed to cor-
roborate our results and allow for a clearer definition of
the female ASD sensory profile. Additionally, the SPM is
a parent/caregiver rating questionnaire, which is subject
to caregiver bias, including personal characteristics, such
as autistic traits (Warren et al., 2012). This is all the more
relevant in the case of sex, with respondents being poten-
tially influenced by sex-specific stereotypes and different
expectations from girls’ and boys’ behaviors.

Conclusion

Overall, our results show that girls and boys with ASD
present different sensory processing difficulties, in com-
parison with what is observed in their TD counterparts.
This study contributes to the literature on sex-specific
presentation of symptoms in ASD and, more specifically,
adds knowledge to the female sensory phenotype. Future
directions include a refining the sensory profiles of female
ASD children by using larger samples and assessing the
sensory subtypes that occur within these. The assessment
of sensory symptoms should also be combined with psy-
chophysical and neurobiological assessments in order to
understand the underlying mechanisms. Raising aware-
ness to the symptom profile of ASD in girls will improve
caregivers’ and professionals’ abilities to identify autistic
symptoms in girls in earlier stages of their development.
This will, in turn, increase their changes of receiving an
ASD diagnosis and targeted intervention.
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