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Abstract: The presence of sex-based asymmetry in the behaviours of youths with Autism Spectrum
Disorder (ASD) is currently under research scrutiny. ASD is characterised by challenging behaviour
(CB) and is often accompanied by anxiety, both of which often exacerbate social interaction difficulties.
The present study examined the presence of sex-based asymmetry in the prevalence of CB and
anxiety and in the association between CB and anxiety in a sample including 32 male autistic youths
(M age = 10.09, SD = 3.83, range = 6–18 yr) and 32 female autistic youths (M age = 10.31, SD = 2.57,
range = 6–15 yr) matched for age, IQ, and ASD severity (p > .101). While the prevalence and severity
of behavioural characteristics across males and females with ASD were similar (p = .767), representing
symmetry, there was asymmetry in the ways that CBs and anxiety were associated with each other
across the two sexes. Specifically, there were 3 instances of symmetry (r > .3, p < .05)), but there were
also 10 occurrences of sex-based asymmetry (r < .3, p > .05) in the association between five aspects
of CB and five anxiety disorders. These findings emphasise the underlying sex-based symmetry
in the prevalence of ASD-related behaviours, also highlighting unique sex-based asymmetry in the
association between CBs and anxiety in autistic youths.
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1. Introduction

It is well established that anxiety is often comorbid with the features of Autism Spec-
trum Disorder (ASD) in autistic youths [1–3] and that the presence of anxiety has negative
implications for a young autistic person’s academic and social progress [4]. Additionally,
anxiety can precede minor illnesses [5], interpersonal issues such as demoralisation, hos-
tility, and mistrust [6], as well as an elevated risk of suicide [7,8]. An investigation of the
possible correlates (sometimes referred to as “contributors”) of this anxiety is thus a high
research priority because it may lead to advances in diagnosis and treatment protocols.

Some of the major possible correlates of anxiety in autistic youths are the characteristics
of ASD themselves [9]. One of these is the “challenging” behaviour (CB) that is sometimes
exhibited by autistic children [10]. CBs include children’s extreme distress in reaction to
changes in their environment, adverse responses to sounds and textures, and behavioural
outbursts such as hitting, kicking, screaming, breaking objects, running away, and extreme
irritability [10]. These have been observed to cause elevated stress in the parents of autistic
children [11–13], but relatively little attention has been given to how these behaviours are
associated with the anxiety states of the autistic children themselves.

As suggested above, CBs may be conceptualised as contributors to anxiety because
repeated displays of CBs can result in greater social stigma and social isolation compared
to most neurotypical adolescents, or they may be conceptualised as the results of anxiety
because they may be manifestations of anxiety that arise from social interactions. It is
probable that both of these models of CB–anxiety relationships are credible when observed
in anxious autistic youths, and the exact definition of a CB as a “cause” or a “result”

Symmetry 2024, 16, 591. https://doi.org/10.3390/sym16050591 https://www.mdpi.com/journal/symmetry

https://doi.org/10.3390/sym16050591
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/symmetry
https://www.mdpi.com
https://orcid.org/0000-0001-7922-4848
https://doi.org/10.3390/sym16050591
https://www.mdpi.com/journal/symmetry
https://www.mdpi.com/article/10.3390/sym16050591?type=check_update&version=1


Symmetry 2024, 16, 591 2 of 12

of anxiety is ethically difficult to determine. Instead, it may be sufficient to set aside
the causal chain of events and simply define CBs and anxiety as “correlates” for the
purpose of reflecting upon possible treatment approaches, thereby arguing that they may
act in different directions within different persons, at different times, and under different
circumstances. Thus, possible treatment approaches would consider the “CB–anxiety”
association as a target itself rather than isolating either CB or anxiety as the consistent
initiator of the other.

Two issues arise when investigating the CB–anxiety association: first, the way that
CBs and anxiety are defined and measured, and second, the possible sex differences that
may exist in the way that CBs and anxiety are associated. The first of these issues is
important for psychometric and clinical treatment reasons wherein the choice of validated
and reliable instruments for measuring CBs and anxiety is a basic requirement of sound
methodology. Several major reviews of CB measurement have been reported (e.g., [14–16]),
and a number of standardised valid and reliable instruments have been identified [17].
Similarly, several valid and reliable instruments for assessing anxiety in autistic youths
have been reviewed [18]. Relatedly, although the issue of which source of information about
an autistic child’s anxiety state is appropriate has received some attention, with some data
suggesting that an autistic child’s self-reports of anxiety are more valid when compared
with a physiological indicator of chronic stress (i.e., cortisol) than those given by their
carers [19], CBs exhibited by autistic children are most often measured by parents’ ratings
of their children’s behaviours on standardised scales because parents are the primary
caregivers and often spend the most time with their autistic children in home settings.
Finally, in terms of measuring CBs and anxiety, although it is common practice to use
singular indices of each of these variables derived from the total scores of inventories that
represent the range of diagnostic criteria for each, this process can obscure differences in
the association between the underlying aspects of CBs (e.g., subscales on a standardised
inventory) and various anxiety disorders [10]. For example, in one of the commonly
used measures of CBs (the Aberrant Behavior Checklist [20]), there are five subscales,
each of which represents a different type of CB, including irritability, lethargy, stereotypy,
hyperactivity, and inappropriate speech. Similarly, the Diagnostic and Statistical Manual of
Mental Disorders, 5th Ed, Text Revision [10] describes a number of anxiety disorders, five
of which (Generalised Anxiety Disorder, Specific Phobia, Panic Disorder, Social Anxiety,
and Separation Anxiety) have been shown to vary in their association with at least one of
the major diagnostic criteria for ASD [21]; these five anxiety disorders will be the focus of
this investigation.

The second issue (sex differences) is relevant because of the increasing focus upon the
differences in the way that ASD and its associated behaviours are manifested in autistic
male and female youths. From a search of the literature (PubMed, Google Scholar, PsycInfo)
conducted in February 2024, using the descriptors “autism”, “child”, “adolescent”, “Chal-
lenging Behavior”, and “anxiety”, we identified the most recent research studies on these
topics that were relevant to the current investigation (e.g., [22–26]), in addition to the recent
review of sex differences in diagnosis, imaging, autistic behaviour, and sex-dependent
uniqueness that was reported by Napolitano, Schiavi et al. [27]. Those authors noted that
males tended to show more repetitive behaviours and restricted interests than females
during childhood and adolescence, but females may have been unnoticed due to their
ability to “camouflage” their ASD-related behaviours. By contrast, other data confirm the
absence of sex-based differences in anxiety among autistic children and adolescents [28].
However, the relative prevalence of repetitive and restricted behaviours and anxiety be-
tween autistic males and females was not the primary focus of this research. Instead,
this study focussed on the possible sex-based differences in the relationship between one
of the major features of ASD (CBs) and several anxiety disorders. Although asymmetry
in cognition and behaviour has been noted between human males and females for some
time [29], the presence of sex-based asymmetry in the association between ASD-related
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behaviours and anxiety has only received limited attention [30], and this limitation includes
the CB–anxiety association [27,31] investigated here.

Therefore, the present study focussed on the association between CBs and anxiety in
young autistic males and females rather than the presence of sex-based differences in CBs or
anxiety in an attempt to explore whether that association was symmetrical or asymmetrical
between males and females and, if so, in what way. On the basis of previous research on the
prevalence of CBs and anxiety among autistic male and female youths, it was hypothesised
that (1) males would exhibit higher rates of CBs than females, but (2) there would be no
significant sex-based differences in anxiety. Due to the lack of previous research on the
association between CBs and anxiety, the null hypothesis of there being (3) no significant
differences in the significance or direction of the association between CBs and anxiety
across autistic male and female youths was set for testing. The total CB scores and subscales
from a CB inventory were also examined in addition to five anxiety disorders in order to
provide a more comprehensive description of any sex-based asymmetry in the associations
between these CB and anxiety variables. Because this is a study in a series about school-age
autistic youths, the sample was restricted to an age range of 6yr to 18yr with an IQ of at
least 70 and attendance in a mainstream school. In the local clinical categorisation used
where these children resided, they were characterised as “mildly impaired”.

2. Materials and Methods
2.1. Participants

A total of 32 autistic males and 32 autistic females (see Table 1 for age, IQ, and ADOS
data) were recruited from local parent support groups on the Gold Coast, Queensland, Aus-
tralia. There were no significant differences between the males and females in age, WASI-II
IQ, or ADOS-2 score (all p > .101). Because of the presence of sex dysphoria in autistic
children [32], these males and females were defined by their parents’ identifications of their
children’s sexes at birth, plus the males and females themselves agreeing to participate in
“a study about autism in males” or “a study about autism in females” (recruited separately).
Eleven of the thirty-two females had reached menarche, but apart from age, there were no
significant differences between these females and those who had not reached menarche
in any of the defining variables (age, IQ, and ASD severity), the CASI anxiety disorders,
or the ABC subscales. Serendipitously, all of the females’ parents and 28 of the males’
parents were mothers, perhaps reflecting the finding that mothers have the highest levels
of parenting stress from caring for a child with ASD [33]. All of the autistic children had
been diagnosed with ASD via clinical interviews with a paediatrician or psychiatrist and
a clinical psychologist, which was later confirmed with the administration of the Autism
Diagnostic and Observation Schedule-2nd edition (ADOS-2) [34] by a research-reliable
assistant as part of the recruitment process for this study; all of the males and females had
total ADOS-2 scores of 7 or more. These children’s Full Scale IQs were all 70+ based on
the Wechsler Abbreviated Scale for Intelligence-2nd edition (WASI-II) [35], which was ad-
ministered by the same research-reliable assistant during recruitment. None of the parents
reported that these sons or daughters were currently taking medication for anxiety or that
their autistic children had been formally diagnosed with anxiety. The autistic children were
able to be classified as “mildly impaired” because of their IQs, ASD severity scores, their
abilities to self-manage, and because they were all attending mainstream schools.

Table 1. Mean (SD), range data for age, WASI-2 Full Scale IQ, and ADOS-2 scores for 32 autistic
females and 32 autistic males.

Sex Age IQ 1 ADOS 2

Males 10.09 yr (3.82 yr)
6–18 yr

95.78 (13.67)
74–125

12.41 (2.62)
7–17

Females 10.31 yr (2.57 yr)
6–15 yr

99.97 (12.85)
79–128

11.25 (2.91)
7–17

1 Wechsler Abbreviated Scale of Intelligence (2nd ed.); 2 Autism Diagnostic Observation Schedule (2nd Ed.).
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2.2. Instruments
2.2.1. Anxiety

The Child and Adolescent Symptom Inventory (CASI) was used [36,37]. The CASI is
designed to assess children and adolescents on a range of DSM-based disorders. Previously
applied in a sample of 103 autistic children [38] and another sample of 67 children with
ASD [39], the CASI Test Manual describes satisfactory subscale psychometric data for
Generalised Anxiety Disorder (GAD), Specific Phobia, Panic Disorder, Social Phobia, and
Separation Anxiety for this population [36,37]. Participants self-rated the frequency of their
responses to CASI items as 0 (never), 1 (sometimes), 2 (often), or 3 (very often), thus pro-
viding a measure of severity beyond that obtained from categorical assessment procedures.

2.2.2. Challenging Behaviour

The Aberrant Behavior Checklist (ABC) was used to assess challenging behaviour [20].
Parents completed their 58-item community version of the ABC about their autistic children.
The ABC provides a total score, plus scores for five subscales (Irritability, Lethargy, Stereo-
typy, Hyperactivity, and Inappropriate Speech) relevant to ASD. All of these subscales
have internal consistencies (Cronbach’s alpha) between .77 and .94. Parents rated their
children’s CBs on a 4-point Likert scale for each ABC item (0 = “not at all”, 1 = “slight”,
2 = “moderate”, and 3 = “severe”) for the past four weeks. Because the number of ABC
items used in these five subscales ranges from 4 to 16, mean subscale scores were used.
Norms for 1893 autistic youths aged 6 to 12 years have been previously reported for the
ABC [40].

2.3. Procedure

Parents and children were each given a suitable Information Statement and Consent
Form. Parents were also given the ABC, and their children were given the five anxiety
subscales described above. Parents and their children completed all of these scales with
reference to the last four-week period for all participants in order to reduce the influence of
possible history effects. Responses were checked for completion.

2.4. Statistical Analyses

SPSS 27 was used to obtain descriptive data and check for normality, although both
a MANOVA [41] and Pearson’s Product Moment Correlation [42] are relatively robust to
the effects of non-normality. A MANOVA confirmed the absence of significant differences
between the male and female data regarding age, the ADOS-2 score, and the WASI-II Full
Scale score; in addition, the effect of sex on the ABC and CASI scales was determined by a
MANOVA. Pearson correlation coefficients were used to test for significant associations
between the males’ and females’ ages, IQs, and ASD severity and between the males’
and females’ ABC total and subscale scores and the five anxiety disorder scores from the
CASI. Although it has been suggested that when sample sizes are restricted, the alpha level
might be set at .10 instead of .05 [43], a more stringent criterion was set for the presence of
meaningful effects here. Thus, for these correlational analyses to be considered meaningful,
they must have reached at least p < .05 plus (at minimum) an effect size of r ≥ .3 [44].

3. Results

Table 1 presents the descriptive data for the autistic males’ and females’ ABC total and
subscale scores and their five CASI anxiety disorder scores. There was little evidence of
skewness or kurtosis in all of these scores; additionally, an inspection of the histograms and
the normal Q-Q plots plus the Kolmogorov–Smirnov test for normality indicated that there
was no need to transform the data [41]. The internal consistencies for the ABC total score
and subscales and the CASI anxiety disorders scale were between .81 and .92, all of which
are acceptable values. There were no significant correlations between the autistic females’
ages, IQs, or ASD severity and any of their ABC or CASI scores, nor between the males’
IQs or ASD severity and their ABC or CASI scores, but the males’ ages were significantly
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inversely associated with their mean ABC Irritability (r = −.500, p = .004) and Hyperactivity
(r = −.561, p = .001) scores. Therefore, in the following ANOVA and MANOVA, age was
covaried out of the analysis.

Sex Effects

The ANOVA indicated that there was no significant difference in the ABC total scores
between the autistic females and males (F(1,63) = .088, p = .767, µ2 = .001). The MANOVA
on the ABC subscales’ mean scores and the CASI anxiety disorder scores also indicated
that there were no significant sex differences in any of these variables (all p values > .056).
In addition to the data presented in Table 2, Figure 1 shows the means and standard errors
for these data for the males and females, plus the results of the MANOVA, suggesting the
presence of sex-based symmetry in severity for the ABC subscales (Figure 1A) and the five
anxiety disorders (Figure 1B). These results refute hypothesis (1) but confirm hypothesis (2).

Table 2. Mean (SD) data for 32 autistic males’ and 32 autistic females’ ABC 1 total and subscale scores
and five CASI 2 anxiety disorders.

ABC CASI

Total
Score Irritability Lethargy Stereotypy Hyperactivity Inappropriate

Speech GAD 3 Specific
Phobia

Panic
Disorder

Social
Anxiety

Separation
Anxiety

Males 49.62
(32.97)

0.85
(0.70)

0.78
(0.53)

0.65
(0.59)

0.91
(0.82)

1.08
(0.67)

9.17
(4.63)

1.40
(1.06)

0.67
(0.92)

4.73
(3.24)

6.80
(6.21)

Females 50.72
(28.05)

1.13
(0.66)

0.68
(0.55)

0.44
(0.53)

0.91
(0.57)

0.74
(0.63)

11.78
(5.79)

1.34
(1.15)

0.72
(0.96)

5.41
(4.14)

7.68
(6.32)

1 Aberrant Behavior Checklist; 2 Child and Adolescent Symptom Inventory; 3 Generalised Anxiety Disorder.
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Figure 1. Mean scores and standard errors of five Aberrant Behavior Checklist subscales (A) and five
anxiety disorders (B) for 32 young autistic males (blue) and 32 young autistic females (pink) with
results of MANOVA univariate tests for sex-based differences.

However, the symmetry between males and females regarding their severity of CBs
and anxiety disorders did not necessarily imply that the same level of symmetry existed
in terms of how the CB and anxiety disorder variables were associated with each other,
which was the major focus of this investigation. To test the presence of symmetry in the
associations between anxiety and CBs, a Pearson correlational analysis was performed
separately on the males’ and females’ data. Table 3 shows the results of those correlations,
and Figure 2 provides a heat map to portray the differences between the males’ and females’
CB–anxiety associations more clearly via the colour-coding of meaningful associations
for males (blue squares) and females (pink squares) for each possible association. It is
apparent in Figure 2 that the males’ and females’ associations between CBs and anxiety
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were generally, but not consistently, asymmetrical, providing only partial confirmation of
hypothesis (3).

Table 3. Pearson correlations * between Aberrant Behavior Checklist total and subscale scores and
five anxiety disorders for 32 autistic males and 32 autistic females.

Males GAD 1 Specific
Phobia

Panic
Disorder

Social
Anxiety

Separation
Anxiety

ABC total .128 .416 * .331 .317 .367 *
Irritability .234 .389 * .387 * .309 .417 *
Lethargy .167 .392 * .036 .200 .084

Stereotypy .352 * .350 .207 .303 .276
Hyperactivity .249 .305 .364 * .258 .369 *

Inappropriate Speech .262 .355 * .416 * .334 .457 *

Females GAD 1 Specific
Phobia

Panic
Disorder

Social
Anxiety

Separation
Anxiety

ABC total .424 * .363 * .393 * .311 .261
Irritability .249 .216 .294 .188 .168
Lethargy .579 * .241 .417 * .395 * .031

Stereotypy .356 * .445 * .306 .066 .248
Hyperactivity .248 .290 .275 .142 .391 *

Inappropriate Speech .199 .534 * .209 .277 .278

* p < .05 and r > .300; 1 Generalised Anxiety Disorder.
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As shown in Figure 2A, there was sex-based symmetry in the associations between the
ABC total score and one of the five anxiety disorders (Specific Phobia), but there was sex-
based asymmetry between the ABC total score and GAD, Panic Disorder, and Separation
Anxiety. Although the lack of either sex having meaningful associations between the ABC
total score and Social Anxiety could appear to be symmetrical, the focus of this investigation
was on the presence of such meaningful associations rather than their absence.

When considered in terms of the ABC subscales (Figure 2B), there was sex-based sym-
metry between three different ABC subscale scores and three of the five anxiety disorders
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(Stereotypy and GAD, Inappropriate Speech and Specific Phobia, and Hyperactivity and
Separation Anxiety), but there was sex-based asymmetry between the ABC irritability
subscale and Specific Phobia, Panic Disorder, and Separation Anxiety (only males had
meaningful associations between these CBs and anxiety disorders); Lethargy and GAD,
Panic Disorder, and Social Anxiety (females only) and Lethargy and Specific Phobia (males
only); Stereotypy and Specific Phobia (females only); Hyperactivity and Panic Disorder
(males only); and Inappropriate Speech and Panic Disorder and Separation Anxiety (males
only). These instances of sex-based asymmetry between various ABC subscales and partic-
ular anxiety disorders were almost evenly spread between the males (seven meaningful
associations) and females (six meaningful associations), emphasising the sex-based nature
of these asymmetrical associations between CBs and anxiety disorders

4. Discussion

The major aim of this research was to investigate the presence of sex-based symme-
try/asymmetry in the associations between five aspects of CB and five anxiety disorders.
Although there were no significant differences between the males and females regarding
the severity of CBs (rejecting hypothesis (1)) or anxiety (confirming hypothesis (2)) (indi-
cating the presence of symmetry), the associations between CBs and anxiety indicated that
there was inconsistent asymmetry (partially confirming hypothesis (3)). Figure 2 shows
this sex-based asymmetry in associations between CBs and anxiety disorders most clearly,
while Figure 1 demonstrates the sex-based symmetry in the severity of CBs and anxiety.
Thus, both symmetry and asymmetry are present in these data, arguing for a more complex
structure than what might initially be understood from simply examining only the severity
or prevalence of these major features of ASD according to the sexes of respondents.

At the ABC total score level (i.e., the omnibus index of CBs), the presence of sex-
based asymmetry in the associations between CBs and different anxiety disorders is clear,
particularly with GAD and Panic Disorder for females, with Separation Anxiety for males,
and with Specific Phobia for both males and females; there was no association between CBs
and Social Anxiety for either sex. Although tentative at this stage, these results suggest that
autistic males and females share common links between CBs and fear of specific objects or
situations, but they differ in the way that CBs are associated with more generalised anxiety,
the distinctive physiological manifestations that accompany panic, and the fear of being
removed from important individuals. It appears that neither sex experiences a link between
their CBs and fear of social situations, which is one of the more common anxiety disorders
in autistic youths [45]. The “causal” roles of CBs and these anxiety disorders are yet to be
defined in terms of directionality, but the finding that those roles vary according to sex and
type of anxiety suggests that there is a more complex series of relationships, than has been
suggested in the past.

When considered at the ABC subscale level, the sex–CB subtype–anxiety disorder
associations become even more complex, displaying instances of symmetry and asymmetry.
As described above, each of the five ABC subscales was associated with at least two of
the five anxiety disorders for either males or females (asymmetry) or both (symmetry). It
is noteworthy that none of the five ABC subscales were consistently associated with all
the anxiety disorders for neither males nor females, further emphasising the asymmetry
in these associations. This sex-based asymmetry shown at the ABC subscale and anxiety
disorder levels of the CB–anxiety association also confirms the invalidity of using global
CBs or anxiety as measures of how these two aspects of the ASD diagnostic criteria are
related. Instead, these results affirm the need to consider sex and the particular types of
CBs and anxiety when attempting to diagnose that relationship and plan for its treatment
in autistic youths.

These findings are congruent with the fact that, although traditional investigations
of these variables in the ASD population have been almost completely restricted to males,
more recent research has reported some major differences in the ways that core ASD
features manifest (i.e., their severity) in young autistic males and females [22–26]. However,
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none of those studies, or any of the nearly 30 studies of sex differences in ASD that were
reviewed by Napolitano Schiavi et al. [27], examined the nature of the associations between
ASD features and different forms of anxiety across sexes. Vasa, Keefer et al. [1] reviewed the
comorbidity of anxiety and some aspects of CBs, but they did not examine sex differences
in those associations. While research which reports solely on the prevalence or severity of
ASD features is valuable in understanding how autistic males and females may differ in the
way that these features are demonstrated, it does not provide any insights into the ways
that these ASD features may correlate with the very common comorbid condition of anxiety
that has been found to occur in over 60% of autistic youth samples [1], nor how those
features of ASD might be differently associated with different forms of anxiety across males
and females. Thus, the issue of sex-based symmetry vs. asymmetry in the associations
between CB and anxiety has not been the specific target of previous research.

Further, although it is most often reported as a unitary variable, “anxiety” occurs
in several major forms, some of which are included in this study, and each of which is
assessed via different symptoms, with only a minor overlap across these disorders that
differ from each other in terms of the objects or situations that induce anxiety [10]. Of
interest, the commonly quoted statement that there is a 2:1 ratio of anxiety occurrence in
girls/boys in the general population [10] was not found here for any of the five anxiety
disorders examined nor in some previous studies of anxiety prevalence in autistic males
and females [28], which is possibly due to the elevated prevalence of anxiety in both male
and female autistic youths compared to their non-autistic peers [46].

Therefore, by examining the association between these different forms of anxiety and
five forms of CB, and by conducting examinations across autistic male and female youth,
this study has enabled a more complex understanding of the way that one aspect of ASD is
associated with the commonly comorbid disorder of anxiety rather than the understanding
that can be derived from a simple global score for CBs and anxiety. The delineation of
different associations between the five aspects of CB and the five anxiety disorders for
males and females that is shown in Figure 2 provides a further basis for the development
of individualised treatment planning, a goal that has been set for some time [47] but has
yet to be realised [48].

Possible explanations of why ASD-related features may differ between autistic males
and females (and perhaps why CBs and anxiety are differently associated for males and
females) have been argued to rely, to a very large extent, upon differences in the ways that
autistic male and female brains process information [49,50]. Although some attention was
given to the “extreme male brain” hypothesis [51], that model has largely been refuted
by fMRI data [52] as well as experimental data regarding testosterone concentrations [53].
Alternatively, more recent hypotheses have argued that autistic females may “camouflage”
their ASD-related behaviours [54], although this was not found to be the case here as
regards the severity of ABC subscale data across the sexes. It has been suggested that “sex-
related biology may interact with peripheral processes, in particular the stress axis and brain
arousal system, to produce distinct neurodevelopmental patterns in males and females with
ASD” ([55], p. 1]), and this hypothesis may be of use in explaining the sex-based asymmetry
found here for the ways that CBs and anxiety disorders were associated. For example,
Calderoni [56] has argued that neurological differences may occur in autistic males and
females from in utero stages of development and continue during life, and Walsh, Pagni
et al. [57] found different neural connectivity patterns between autistic male and female
adults, arguing that these may account for differences in the male/female presentation
of ASD features. However, while these are potentially invaluable in accounting for the
sex-based differences in ASD feature presentation per se, they do not directly consider the
underlying associations between specific aspects of CBs and particular anxiety disorders,
leaving this field open to further investigation. The present study is a first step in that
process and emphasises the presence of sex-based asymmetry in the ways that CBs and
anxiety are associated in autistic youths. Further steps to investigate these asymmetrical sex-



Symmetry 2024, 16, 591 9 of 12

based associations between CBs and anxiety might benefit from focusing on neurological
differences between autistic males and females.

Although not directly comparable to some previous studies due to differences in age
and specific neuropsychiatric disorders, these results add to the understanding of how
sex differences may occur across a range of these disorders, including depression [58],
anxiety [59], and Alzheimer’s [60]. It has been argued that the sex differences found for
many psychiatric disorders may be artifacts of a lack of sex-balanced participant recruit-
ment [61,62], although there have been some suggestions that sex differences in some
psychiatric disorders are the results of differences in brain development [63,64]. The cur-
rent study directly addressed the issue of participant recruitment by matching males and
females based on their ages, IQs, and ASD severity, thus adding some degree of validity to
the comparison, which may not have been present in previous research. Future research
into sex differences in brain functions while keeping participant recruitment constant will
extend these findings.

This study is not without limitations, one of which was argued in the opening sections
of this ms: no attempt was made here to derive causality in the association between CBs
and anxiety. This would require a longitudinal study and major ethical considerations (i.e.,
how to initiate the kind of stressor experience that would lead to anxiety or CBs). Instead,
the association between anxiety and CBs was the major research focus of this study, but
further investigation (perhaps via observational studies) into whether CBs initiate anxiety,
or vice versa, is a logical and valuable next step. The sample sizes in this study were
limited, but the application of a more stringent criterion to obtain meaningful results for the
correlational analysis argued for the validity of the results reported here. However, a further
extension of this study with larger samples would enhance its generalisability. As stated, the
autistic youths recruited here were only mildly impaired, and so no comment can be made
regarding these findings and more severely impaired individuals with ASD, including the
possible influence of comorbid intellectual impairment, ASD severity, ADHD, and chronic
anxiety that may influence CB occurrence [65–67]. For reasons given in the Introduction,
this study only recruited relatively high-functioning autistic youths, but the extension of
this research to young autistic males and females with other psychiatric comorbidities is
necessary before a confirmed model of the association between CBs and anxiety can be
established. Although the focus of this study was on children and adolescents who were
of school age, younger or older autistic males and females would be of interest in future
research. There were some geographical and cultural limitations in sampling, and the fact
that very few fathers volunteered for this study also limits this study’s generalisability to
them. Data were collected at a single point in time, and no examination was made of the
possible changes that might occur in the association between CBs and anxiety over time,
although age was not significantly correlated with CBs nor anxiety. In contrast to these
limitations, the measures of anxiety and CBs used here are well established in the ASD
research literature, and the identification of IQ and ASD severity was performed with gold
standard instruments. The examination of CBs and anxiety from the perspective of different
subscales and anxiety disorders contributes to the comprehensiveness of these findings.

5. Conclusions

These findings extend our understanding of the ways that males and females differ in
their experiences of ASD features and comorbid forms of anxiety. The results indicating
that there are different connections between specific CBs and various anxiety disorders
across autistic male and female youths argue for a careful consideration of these differences
when planning treatments for either CBs or anxiety in young people with ASD. Although
this is a first step in such a process of developing individualised treatment options, the
demonstration that such individualised models are necessary is of value.
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