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ARTICLE INFO ABSTRACT
Keywords: There is growing research interest in autism-related sex differences. Many behavioural and
Autism cognitive sex differences have been identified, with implications for research and clinical prac-
Autistic Traits tice. Much of this research has relied on self-report autism measures, which are assumed to
Gender measure autistic traits equally in males and females. However, robust evidence for this
Sex assumption is lacking. Previous findings have not been replicated and no study has directly
compared sex differences across multiple self-report autism measures in the same sample. To
address this gap in research, a large sample of adults (N = 1000, 500 female) completed a series of
self-report autism measures (AQ-50, —28, —26, —20, —10, —9, BAPQ, CATI). Following pre-
registered measurement invariance analyses, only the AQ-9, AQ-28, and CATI showed good-to-
acceptable invariance to sex when specifying a multi-factor structure, and all 8 measures
showed non-invariance to sex when capturing a general autism construct. We discuss the im-
plications of these findings for investigating autism-related sex differences in future research.
Introduction

In recent years, autism-related sex differences have garnered considerable research interest in at least three ways. First, research
continues to assess the extent of male preponderance in relation to autism and autistic traits. For example, although around three males
are diagnosed for every 1 female (Loomes et al., 2017), research indicates that females may be under-diagnosed due to male-skewed
diagnostic tools and/or societal and clinical biases (see Lai & Szatmari, 2020). Second, much research has focused on sex differences in
specific patterns of autistic traits, both within diagnosed autistic and general population samples (see Hull et al., 2017). For example,
females may show fewer or more subtle repetitive behaviours and restricted interests (e.g., Lai et al., 2015; Sutherland et al., 2017),
and sometimes exhibit fewer social difficulties or appear ‘superficially social’ (e.g., Boorse et al., 2019; Wood-Downie et al., 2021).
Third, attention has been paid to autism-related sex differences in relation to other behaviours and cognition, with implications for
their expression, diagnosis, and management. For example, autism-related sex differences have been found in mental health difficulties
(e.g., So et al., 2021), motivation for friendship (e.g., Sedgewick et al., 2016), and social and non-social cognition (see Hull et al., 2017
for meta-analysis). Based on this growing body of research on autism-related sex differences, the existence of a ‘female autism
phenotype’ has even been theorised (Hull et al., 2020; Whitlock et al., 2020), which may require female-specific diagnostic tools and
clinical support.
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Critically, however, research into autism-related sex differences requires an important assumption to be met. That is, self-report
autism measures should be tapping into equivalent psychometric constructs across the sexes. If they are not, findings on sex differ-
ences using these measures are difficult or impossible to interpret. If the tools are not measuring the same constructs in males and
females, meaningful comparisons cannot be made at either overarching factor or individual item levels. A widely used method to assess
whether a measure is capturing the same psychometric construct across groups (e.g., sex) is measurement invariance analysis (see van
de Schoot et al., 2015). Whilst such tests are common practice in several sub-domains of psychological science (e.g., social psychology;
Callan et al., 2015) and clinical research (e.g., Fried et al., 2016), they are not used frequently in autism research. This is surprising,
given the long-standing research and clinical interest in sex differences, and thus the need for self-report autism measures that are
invariant to sex.

Some limited research has investigated measurement invariance to sex in adult self-report autism measures. The Autism-Spectrum
Quotient has shown measurement invariance to sex across diagnosed autistic males and females in its 28-item form (AQ-28; Hoekstra
et al., 2011; Grove et al., 2017). Surprisingly, however, to our knowledge, this has not been directly investigated in the more widely
used 50-item version (AQ-50; Baron-Cohen et al., 2001). Murray and colleagues (2017, 2019) have also shown, using item response
theory rather than measurement invariance analysis, that the 10-item AQ (AQ-10; Allison et al., 2012) is generally not biased across
the sexes, although one item appears potentially problematic. The AQ-26 (Austin, 2005; Hurst et al., 2007) and AQ-9 (Jia et al., 2019) —
other less frequently used variants of the AQ-50 — also appear to have potentially good factorial validity and invariance to sex.
Additionally, the Broad Autism Phenotype Questionnaire (BAPQ; Hurley et al., 2007) has demonstrated measurement invariance to sex
in one sample of parents of children with diagnosed autism (Broderick et al., 2015). And most recently, English et al. (2021) developed
the Comprehensive Autistic Trait Inventory (CATI), which has demonstrated measurement invariance to sex in a large sample of
~1000 non-autistic individuals.

These studies have laid the groundwork for establishing appropriate self-report autism measures to study sex differences. Equally,
however, they highlight several outstanding issues that need to be addressed and built upon. First, none of the aforementioned studies
have openly accessible datasets, and there is generally a lack of replicatory research. Given how widely self-report autism measures are
used in clinical and psychological science, it is imperative that we have openly accessible data in this field, to accompany robust and
reproducible evidence for measurement invariance by sex (see Maassen et al., 2023). The present study will therefore, to our
knowledge, represent the first study on autism-related sex differences using measurement invariance with a fully open dataset and
analytic code.

Second, some previous research has not always been able to test for the most stringent levels of invariance, generally focussing on
whether the measures have similar factor structures without imposing strict constraints on the models (e.g., Broderick et al., 2015).
This might be due to issues with small samples or the heterogeneity in clinically diagnosed groups. By circumventing these issues in the
present study, it will provide us with a better opportunity to use multigroup confirmatory factor analysis at four levels of increasing
stringency (see Methods) towards an improved understanding of each measure’s invariance to sex.

Third, almost all studies have selectively focussed on clinical samples, thus it is unclear whether their findings generalise to other
populations where self-report autism measures are commonly used. Establishing this relationship is critical, given the increased use of
self-report autism measures in non-clinical samples to inform understanding of autism and psychological science more generally (e.g.,
Clutterbuck et al., 2021; Happé & Frith, 2020; Riglin et al., 2021). To address this issue, we will draw on a large, non-clinical sample in
the current research.

A final issue is that the aforementioned self-report autism measures have only ever been assessed in independent samples, making it
difficult to compare them in terms their (in)appropriateness for studying sex differences. For example, the AQ-28 was found to be
invariant to sex in Dutch cohorts (Grove et al., 2017), and the BAPQ in a highly unusual sample of people with a genetic liability for
autism from across the United States (Broderick et al., 2015).

Overall, to advance understanding of autism-related sex differences, the current study aimed to test whether eight different self-
report autism measures (three core measures, including six variations of the AQ) show measurement invariance to sex. Addition-
ally, we compared autism scores by sex using conventional group comparisons. If different self-report autism measures were equally
invariant to sex, the measure that produced the largest and most consistent sex difference in autism scores was taken as being the most
sensitive to sex differences. Taken together, this study aims to establish which measure, if any, is optimal for investigating autism-
related sex differences in future research.

Methods
Participants

One-thousand adults (500 females, 500 males) were recruited via online platform Prolific. Using data from the UK Office for Na-
tional Statistics, we stratified participants by age to form a sample that is broadly representative of the UK (Mean = 45.94 years, Range
= 18-87 years). Specific power analyses for measurement invariance analyses cannot be conducted, but larger samples with equal
group sizes are known to increase analysis power and model stability (Putnick & Bornstein, 2016). Simulations suggest minimum
sample sizes for measurement invariance of 150 per group (Chen, 2007), which our study exceeds. The sample size has also been
determined with a view to provide 95 % power to detect small effect sizes (d = 0.23) in the group comparisons (where a = 0.05,
2-tailed). Twenty-two additional participants were excluded for failing an embedded attention check (“Please select "Definitely Disagree"
to show you are reading the question.”) presented within the AQ-50, and, given the nature of the current research, two participants were
excluded for specifying their sex at birth as “other”.
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Measures and procedure

Three self-report autism measures were administered. The 50-item Autism-Spectrum Quotient (AQ), including several of its shorter
variants, the Broad Autism Phenotype Questionnaire, and the new Comprehensive Autistic Trait Inventory. These measures were
selected because they: 1) were designed for both males and females, 2) capture a wide range of autistic traits across autism diagnostic
criteria, and 3) are openly accessible, enabling our materials and datasets to also be openly accessible.

The 50-Item Autism-Spectrum Quotient (AQ-50) was developed as one of the first self-report measures of autism, in line with the
Diagnostic and Statistical Manual of Mental Disorders IV guidelines (DSM-IV; American Psychiatric Association, 1994; Baron-Cohen
etal., 2001). It has been used extensively in diagnosed autistic (e.g., Ashwood et al., 2016) and general population samples (see Ruzich
et al., 2015 for meta-analysis), including several studies on sex differences (e.g., Baron-Cohen et al., 2014; Lai et al., 2017). The AQ-50
contains 50 statements regarding diverse autistic traits, which reflect the measure’s five subscales: Social Skill, Communication,
Attention Switching, Attention to Detail, and Imagination. Individuals indicate how strongly each statement applies to them on a
4-point Likert scale (1 = Definitely Agree, 4 = Definitely Disagree), before their responses are binarized and one point is awarded for each
item they endorse. Scores can range from 0 (low autistic traits) to 50 (high autistic traits), with moderate-to-high internal consistency
found across total (@ = .67; Hurst et al., 2007) and subscale measures (@« = .63-.77; Baron-Cohen et al., 2001). Two cut-off values (>26
and >32) have been identified as demonstrating high sensitivity (.77-.95) and specificity (.52-.74) to identify individuals with an
autism diagnosis (Woodbury-Smith et al., 2005).

The 28-Item Autism-Spectrum Quotient (AQ-28) is an abridged version of the AQ-50 that retains the measure’s sensitivity and
specificity (Hoekstra et al., 2011). Previous research suggests the AQ-28 shows measurement invariance to sex (Grove et al., 2017), and
has thus been used across psychological research to investigate autism-related sex differences (e.g., Livingston et al., 2022; Shah et al.,
2019). The 28 items reflect Social Behavioural Difficulties (Social Skills, Switching, Routine, and Imagination) and fascination of
Numbers and Patterns subscales, with high internal consistency found across total (a« = .77-.86) and subscale measures (« = .67-.86).
Items are scored using a 4-point Likert scale, with total scores ranging from 28 (low autistic traits) to 112 (high autistic traits). Two
cut-off values (>65 and >70) have been identified as demonstrating high sensitivity (.94-.97) and specificity (.82-.91) to autism.

The 26-Item Autism-Spectrum Quotient (AQ-26) was developed after the psychometric properties of the AQ-50’s five-factor
structure were questioned (Austin, 2005). The AQ-26 retains three subscales which align with the DSM-IV’s triad of diagnostic
criteria: Social Skills, Details/Patterns, and Communication/Mindreading. Twenty-six items are measured using a 4-point Likert scale,
and possible scores range from 26 (low autistic traits) to 104 (high autistic traits), with no cut-off value proposed. Whilst the measure
has been used in some non-clinical autism research (e.g., Camodeca et al., 2019; Ingersoll, 2010), the moderate-to-high internal
consistency (a = .66-.85) found by Austin (2005) has been questioned, with Hurst et al. (2007) finding moderate total (¢ = .65) and
low-to-moderate subscale values (a = .42-.75).

The 20-Item Autism-Spectrum Quotient (AQ-20) is an abridged version of the AQ-50 that was developed as part of the Adult
Psychiatric Morbidity in England survey (McManus et al., 2009). While the measure’s internal consistency has not been investigated,
the AQ-20 has been used across neurodevelopmental research (e.g., Chaplin et al., 2017; McCarthy et al., 2015). Retaining the AQ-50’s
five subscales, binarized item responses are used to create a score between 0 (low autistic traits) and 20 (high autistic traits), with a
cut-off value of > 10 reported in previous research (e.g., McCarthy et al., 2019; National Institute for Health and Clinical Excellence,
2012). The AQ-20 was developed with three items reverse-phrased from their original wording in the AQ-50 (Brugha et al., 2007),
however, because the current study will compute AQ-20 scores from participant’s AQ-50 responses, all items were phrased according
to Baron-Cohen et al. (2001).

The 10-Item Autism-Spectrum Quotient (AQ-10), another clinically-focussed variant of the AQ-50, was developed to aid cli-
nicians in making autism referrals by selecting the 10 items (two from each subscale) most predictive of autism diagnosis (Allison et al.,
2012). The measure was found to show high internal consistency (total a = .85; subscale a not reported) and has been used across
clinical practice and research (e.g., Weir et al., 2020; Taylor et al., 2021; Livingston et al., 2020). Whilst the AQ-10 has not been
assessed for measurement invariance to sex, Murray et al., (2017, 2019) used item response theory to suggest the measure does not
show a strong sex bias. Binarized response scores can range from 0 (low autistic traits) to 10 (high autistic traits), and a cut-off value of
> 6 was identified as having high sensitivity (.88) and specificity (.91) to identify when a referral for a specialist autism diagnostic
assessment may be required (Allison et al., 2012; National Institute for Health and Care Excellence, 2021).

The 9-Item Autism-Spectrum Quotient (AQ-9) was recently developed to provide an updated AQ measure which mirrors the
DSM-5 diagnostic criteria (Jia et al., 2019; American Psychiatric Association, 2013). Whilst the AQ-9 has not been externally validated,
Jia and colleagues found high internal consistency across the measure’s two subscales: Attention to Detail and Social Communication
(@ = .80-.92; total a not reported), as well as measurement invariance to sex. The AQ-9 was developed using a 7-point Likert scale,
creating a total score range from 9 (low autistic traits) to 63 (high autistic traits), with no autism screening value proposed. Because
current participant responses were collected using a 4-point Likert scale, current scores may not correspond to those reported in Jia
et al. (2019).

The Broad Autism Phenotype Questionnaire (BAPQ) was developed to measure “milder” characteristics of autism (Hurley et al.,
2007, p. 1) akin to autistic traits, known as the ‘Broad Autism Phenotype’ (BAP). The BAPQ has been used to investigate the differences
in BAP traits across family members of autistic individuals (e.g., Sasson et al., 2013, 2014). The BAPQ contains 36 items designed to
measure the characteristics of its three subscales: Aloof Personality (Social Behaviour), Rigid Personality (Stereotyped-Repetitive
Behaviour), and Pragmatic Language Deficits (Communication), in line with the DSM-IV (American Psychiatric Association, 1994).
Participants indicate how frequently each statement applies to them on a 6-point Likert scale (1 = Very Rarely, 6 = Very Often). Scores
are then averaged across all/subscale items, creating four metrics of BAP traits ranging from 1 (low BAP traits) to 6 (high BAP traits).
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Hurley et al. (2007) found the BAPQ to have high internal consistency across total (¢ = .95) and subscale (a« = .85-.94) measures, and
suggested a total score cut-off value of 3.15 due to its high sensitivity (.82) and specificity (.78).

The Comprehensive Autistic Trait Inventory (CATI) was recently developed in light of advances in autism understanding and
changing DSM-5 criteria (English et al., 2021; American Psychiatric Association, 2013); most specifically, the inclusion of sensory
sensitivities into diagnostic criteria. Using a 5-point Likert scale, participants indicate the extent to which they agree (1 = Definitely
Disagree, 5 = Definitely Agree) with 42 items across six subscales (Social Interactions, Communication, Social Camouflage, Cognitive
Rigidity, Repetitive Behaviours, and Sensory Sensitivity), with high internal consistency reported across total (@ = .95) and subscale (a
= .81-.94) measures. Total scores can range from 42 (low autistic traits) to 210 (high autistic traits), with a cut-off value of > 134
suggested as the optimal value to discriminate between autistic and non-autistic individuals (sensitivity =.83, specificity =.79).

Overall, participants completed three core self-report autism measures, the AQ-50, BAPQ, and the CATI, which also generated
overall AQ-28, —26, —20, —10, and —9 scores. Together, we have eight different self-report measures of autism. After providing
informed consent, participants completed the three core measures in a counterbalanced, pseudo-randomised order before answering
demographic questions regarding age (years) and sex at birth (male, female, other). Participants were debriefed following completion
of the study, which was covered by the local ethics committee.

Analyses

All analyses were conducted in R (R Core Team, 2021) and pre-registered (see https://psyarxiv.com/r4t9v/ for our Stage 1
manuscript with In Principle Acceptance; accepted September 2022). Measurement invariance analysis utilised the lavaan package
(Rosseel, 2012) and the annotated analysis script, including all used packages, is openly accessible along with the dataset, and can be
found in the Supplementary Materials. Relevant items for the AQ-28, —26, —20, —10, and —9 were extracted from the AQ-50 and total
scores computed for each measure following reverse scoring. To inspect and visualize the data, descriptive statistics (e.g., mean, SD,
range) and internal consistency measures (e.g., a, @) are reported for all eight self-report autism measures. The correlations between
the measures are also reported. These analyses were conducted across the whole sample, as well as separately in males and females.

To test for measurement invariance across sex, multigroup confirmatory factor analyses — using robust diagonally weighted least
square estimates (WLSMV) to account for ordered-categorical data (DiStefano & Morgan, 2014; Flora & Curran, 2004; Li, 2016a,
2016b; Sass, 2011; Williams et al., 2018) — were conducted at four levels of increasing stringency (Putnick & Bornstein, 2016; van de
Schoot et al., 2012). Configural invariance measures if the same latent factor structure is found between groups when fitting a model
without any constraints. Metric invariance measures if each item shows a similar contribution to factors between males and females by
constraining the configural models with equal factor loadings. Scalar invariance measures if the mean differences in the latent factor
can explain all mean differences in the shared variance of items by constraining the metric models with equal intercepts. Residual
invariance measures if the explained variance of each item is equal between groups by constraining the scalar models with equal
variance of residuals.

Table 1
Descriptive statistics.
Measure Group Descriptives Reliability Sex comparison
M SD Range « ®

AQ50 Total 115.27 18.16 66—181 .90 91 t(997.71) = 4.17, p < .001, d = .26 [.14, .39]
Male 117.64 18.17 68—-181 .90 91
Female 112.89 17.86 66—-170 .90 91

AQ28 Total 65.16 11.88 34-102 .87 .88 t(996.19) = 4.33, p < .001, d = .27 [.15, .40]
Male 66.77 12.02 37-102 .88 .88
Female 63.55 11.52 34-97 .87 .87

AQ26 Total 61.07 11.60 31-98 .88 .88 t(998.00) = 3.83, p < .001, d = .24 [.12, .37]
Male 62.46 11.52 33-98 .87 .88
Female 59.67 11.52 31-93 .88 .88

AQ20 Total 45.52 7.55 25-71 .76 .78 t(996.16) = 4.15, p < .001, d = .26 [.14, .39]
Male 46.51 7.65 25-71 .76 77
Female 44.54 7.33 26-70 .76 .78

AQ10 Total 21.26 4.29 10-38 71 .75 t(997.75) = 5.01, p < .001, d = .32 [.19, .44]
Male 21.93 4.27 11-38 .70 .75
Female 20.59 4.20 10-35 71 .75

AQ9 Total 22.46 5.01 9-36 .78 .80 t(998.00) = 5.31, p < .001, d = .34 [.21, .46]
Male 23.29 4.94 11-36 77 .80
Female 21.63 4.94 9-34 77 .80

CATI Total 112.50 29.06 43-197 .95 .95 t(997.45) = 1.23, p = .22, d = .08 [-.05, .20]
Male 113.64 28.70 48-197 .95 .95
Female 111.37 29.39 43-196 .95 .95

BAPQ Total 112.71 25.95 52-192 .94 .94 t(997.35) = 2.81, p = .005, d = .18 [.05, .30]
Male 115.00 26.19 52-192 .94 .94
Female 110.41 25.53 53-186 .94 .94

Note. 95 % Confidence Intervals of effect size are shown in brackets [].
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At each level, model fit was assessed across several fit indices (e.g., CFI and TLI > 0.95, RMSEA < 0.06, and SRMR < 0.08, are
indicative of good model fit; Hu & Bentler, 1999; Chen, 2007). If model fit was found to worsen, it was taken as indication of mea-
surement non-invariance (following Chen, 2007; Meade et al., 2008; Putnick & Bornstein, 2016). Because of the large sample size,
change in X2 was not used to test for measurement invariance, following recommendations from Cheung and Rensvold (2002) and
Meade et al. (2008). Partial invariance (Jung & Yoon, 2016) was also not investigated as the current study aimed to test full invariance
of the different measures in their current form. Nonetheless, as the dataset is openly accessible, it will enable future analyses on partial
invariance and other psychometric analyses (e.g., MIMIC modelling). Irrespective of invariance to sex, we compared males and females
on all self-report autism measures using independent samples t-tests (where @ = 0.05, 2-tailed), accompanied with estimated effect
sizes (Cohens d) with 95 % ClIs.

Exploratory section

Outside of autism research, 1-item measures have been widely used to capture psychological constructs (see Postmes et al., 2013 for
a meta-analysis of frequently cited 1-item measures). They often highly correlate with larger measurement scales and may be more
equipped to detect individual differences as they are not biased by or towards specific traits (Nagy, 2002). We consequently included
an additional 1-item Overall Autistic Trait Scale (OATS) in this study, which asked participants to rate “On a scale of 0-100, how many
autistic personality traits do you think you have?”, to ascertain how this approach performs within the context of autistic traits.

Results

At the observational level, all measures showed excellent to acceptable internal consistency for measuring autistic traits. As shown
in Table 1, males reported significantly greater autistic traits than females in all measures except the CATI, and a moderate to strong
correlation was found between total scores on all eight measures (Fig. 1).

When considering latent constructs, all measures showed consistent composite reliability between males and females (see Table 3).
When modelling the factor structures unique to each autistic trait measure, the AQ-50, —26, and —20 produced wide-ranging coef-
ficient omegas covering poor to excellent reliability. In these instances - in addition to all other measures - factors relating to social
skills appeared to have the greatest reliability (see Supplementary Materials S.M.3.3). All AQ-related measures showed good-to-
excellent composite reliability using a single-factor structure that captures autism as a general construct. However, reliability
values for the CATI and BAPQ exceeded 1.0, suggesting that these measures may not work effectively as a unidimensional scale.

When modelling the unique multi-factor structures, the AQ-9 showed good measurement invariance to sex at the strictest level of
constraints, whilst the AQ-28 and the CATI showed acceptable measurement invariance. The AQ-50, —26, —20, and BAPQ showed
poor model fit and measurement non-invariance to sex at even the least constrained, configural level." Applying a single-factor
structure produced poor model fit and measurement non-invariance to sex in all measures at the configural level (see Table 2).

Chi-square statistics suggested a significant difference between males and females in autistic traits across all measures (p < .001).>
The AQ-50 and AQ-26 showed the greatest difference in chi-square contribution (> 1000), whilst the AQ-20 and AQ-9 showed the
smallest difference (< 100). Females contributed significantly more to the chi-square statistics in the AQ-50, —28, —26, and —20,
suggesting that female scores were further from the expected score distribution than males (Table 3). The same pattern of results was
found across the AQ-9, CATI, and BAPQ when specifying multi-factor structures, but reversed when specifying a single-factor model.

Latent variable means were higher for males than females in all measures (see Table 3), except for the sensory sensitivity subscale of
the CATI, where the latent mean of males was 0.22 SDs below that of females (see S.M.3.3 for all subscale results). There was moderate
variation in latent mean differences across all multi-factor models (SD = 0.00-0.37), with lower deviations observed in social skill
related factors. Latent mean differences showed greater consistency across single-factor models (SD = 0.02-0.31), with the smallest sex
differences observed in the CATI and AQ-9.

Exploratory results

When using the 1-item measure (OATS), there was no significant difference ((997.58) = .58, p = .56, d = .04, 95 % CI[-.09, .16])
in the number of autistic traits reported between males (M = 23.79, SD = 22.04, Range = 0-90) and females (M = 22.99, SD = 21.59,
Range = 0-90). Significant correlations between participant scores on the OATS and all eight established measures were observed
(Fig. 1).

1 Ordinal categorical data can also be investigated using an alternative constraint approach (Svetina et al., 2020), which produces a very similar
pattern of results to those reported in Table 2. We report these alternative findings, in addition to non-scaled values, in the Supplementary Materials
for the interested reader (S.M.1 — S.M.2.2). The AQ-10 could not be investigated using a multi-factor structure as only two items load onto each
factor.

2 Chi-square statistics have been included at the request of a reviewer. These values have not been used as indicators of model fit, but to provide
greater insight into the source of measurement non-invariance.
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Fig. 1. Distribution of autistic traits and the relationships between trait measures. Note. Scatter plots and spearman correlation coefficients between
the self-report autism measures split by sex. Males are shown in yellow, females are shown in blue, and correlation coefficients for the total sample
are shown in black. All correlations are significant at p < .001. Density plots show the distribution of autistic trait scores within each measure,
overlaying male and female distributions separately.

Discussion

This study investigated measurement invariance to sex in eight self-report autism measures that are widely used in research. Using
a large, sex-balanced sample broadly representative of the UK population, a striking pattern of results was observed. Only three
measures — the AQ-9, AQ-28, and CATI - showed measurement invariance to sex when a factor structure was specified, and all eight
measures showed measurement non-invariance to sex when capturing a general autism construct. These results suggest that many self-
report autism measures may not capture the same constructs in males and females in general population samples, implicating the
interpretation of previous results and the best practice for research moving forward.

Finding good-to-acceptable model fit across increasingly constrained models in the AQ-9, AQ-28, and CATI, replicates previous
research testing these measures for measurement invariance to sex (English et al., 2021; Jia et al., 2019). These findings bolster ev-
idence and support the use of these tools for investigating sex differences in autism in non-clinical populations. Equally, the current
results raise caution over the continued use of the AQ-50, —26, —20, —10, and BAPQ for investigating sex differences in autism, given
their current measurement non-invariance to sex.

The psychometric explanation for this pattern of results appears two-fold. First, the AQ-9, —28, and CATI showed consistently good-
to-excellent composite reliability, suggesting all factors within their model structure can accurately capture an autism construct. The
remaining AQ measures showed poor composite reliability across many of their factors, suggesting the opposite, except for social skill
related constructs. Finding such a large discrepancy in reliability within multiple measures is arguably surprising, and may reflect that
social skill factors capture a narrower array of traits and linguistics (e.g., “I find social situations easy” and “I enjoy social situations’)
compared to other autistic trait factors. Second, differences in chi-square contribution were smaller for measures that showed more
invariance, and larger in non-invariant measures. Although all measures showed larger chi-square contributions for females, rein-
forcing the potential male-biases within these tools, those that minimised this discrepancy were more likely to show measurement-
invariance to sex.

Interestingly, this pattern was not so stark when considering differences in latent means, although discrepancies were smallest in
social skill related factors, again suggesting greater consistency in scoring across more reliable constructs. The sensory sensitivity
subscale in the CATI was the only factor to show a preponderance towards females. This is in line with current literature on sensory
sensitives in autism (e.g., Lane et al., 2022; Osorio et al., 2021), suggesting that measures aligning with more up-to-date theory may be
more adept at capturing autistic constructs across sex.

Indeed, of the eight measures currently tested, only the AQ-9 and CATI were developed in-line with the current DSM-5 clinical
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Table 2
Measurement invariance fit statistics.
Measure Analysis Muli-factors One factor
CFlg TLIg RMSEAg SRMR CFlg TLIg RMSEAg SRMR

AQ50 Configural 0.81 0.80 0.08 0.11 0.74 0.73 0.10 0.12
Metric 0.84 0.84 0.07 0.11 0.81 0.81 0.08 0.12
Scalar 0.82 0.82 0.08 0.11 0.77 0.77 0.09 0.12
Residual 0.82 0.82 0.08 0.11 0.77 0.77 0.09 0.12

AQ28 Configural 0.93 0.92 0.07 0.08 0.72 0.70 0.14 0.13
Metric 0.94 0.93 0.07 0.08 0.81 0.81 0.11 0.13
Scalar 0.92 0.92 0.07 0.08 0.76 0.77 0.12 0.13
Residual 0.92 0.92 0.07 0.08 0.76 0.77 0.12 0.13

AQ26 Configural 0.91 0.90 0.10 0.11 0.82 0.81 0.14 0.12
Metric 0.92 0.92 0.09 0.11 0.89 0.89 0.11 0.12
Scalar 0.91 0.91 0.10 0.11 0.86 0.86 0.12 0.12
Residual 0.91 0.91 0.10 0.11 0.86 0.86 0.12 0.12

AQ20 Configural 0.85 0.82 0.11 0.10 0.78 0.75 0.12 0.12
Metric 0.87 0.85 0.10 0.10 0.83 0.82 0.10 0.12
Scalar 0.85 0.84 0.10 0.10 0.80 0.81 0.11 0.12
Residual 0.85 0.84 0.10 0.10 0.80 0.81 0.11 0.12

AQ10 Configural - - - - 0.90 0.87 0.12 0.08
Metric - - - - 0.93 0.92 0.09 0.08
Scalar - - - - 0.91 0.91 0.10 0.08
Residual - - - - 0.91 0.91 0.10 0.08

AQ9 Configural 0.99 0.99 0.06 0.05 0.81 0.74 0.30 0.18
Metric 0.99 0.99 0.06 0.05 0.88 0.87 0.22 0.18
Scalar 0.99 0.99 0.07 0.05 0.85 0.87 0.21 0.18
Residual 0.99 0.99 0.07 0.05 0.85 0.87 0.21 0.18

CATI Configural 0.92 0.91 0.07 0.07 0.76 0.75 0.12 0.12
Metric 0.93 0.93 0.06 0.07 0.84 0.83 0.10 0.12
Scalar 0.92 0.92 0.07 0.07 0.77 0.78 0.12 0.12
Residual 0.92 0.92 0.07 0.07 0.77 0.78 0.12 0.12

BAPQ Configural 0.89 0.88 0.10 0.09 0.81 0.80 0.12 0.11
Metric 0.92 0.92 0.08 0.09 0.88 0.87 0.10 0.11
Scalar 0.90 0.91 0.09 0.09 0.84 0.85 0.11 0.11
Residual 0.90 0.91 0.09 0.09 0.84 0.85 0.11 0.11

Note. Scaled model fit indices are reported. Criteria for good model fit were CFI/TLI >0.95 and RMSEA <0.06/SRMR <0.08. Model fit was considered
to have significantly worsened when ACFI/ ATLI >-0.01 and ARMSEA >0.015/ASRMR >0.3 (metric) or >—0.15 (scalar; Chen, 2007; Putnick &
Bornstein, 2016). The AQ10 could not be investigated under a multi-factor structure as only two items load onto each factor.

criteria (APA, 2013). Knowledge of sex differences in autism has advanced significantly between and beyond the publication of the
DSM-IV (APA, 1994) and the DSM-5 (APA, 2013), and thus the grounding of these measures in more current understanding may be
driving their propensity to accurately capture autism constructs across sex. These results echo a broader call amongst research to
re-assess how older — and somewhat theoretically outdated — self-report autism measures are used in research, and potentially su-
persede them with newer measures that can accurately capture autism constructs across sex and thus be more useful for examining sex
differences (e.g., Ashwood et al., 2016; Bertrams & Shah, 2021; Taylor et al., 2021).

All eight measures showed measurement non-invariance to sex when measuring autism as a general construct. This was even found
at the configural level before any constraints had been imposed, suggesting that overarching autism is not being captured equally
between males and females. This is arguably concerning given that many of the studies that use these measures rely on their one-factor
structure and total trait scores to infer the general level of autistic traits within a sample (e.g., Hargitai et al., 2023; Livingston et al.,
2022; Taylor et al., 2023). Although this limitation is widely discussed across other psychological measures (e.g., Neff et al., 2017;
Reise et al., 2013), the implications within autism research have not been readily considered. For example, using total scores on a
measure with a non-invariant 1-factor structure may reduce the reliability of results that focus on autism related sex-differences. How
research continues to use self-report measures to study autism, therefore, may require further reflection and discussion. This may lead
to the application of more nuanced approaches that facilitate the accurate capture of sex differences.

Indeed, many studies have raised concern over the psychometric properties of older measures, specifically concerning their ability
to accurately capture autism constructs (e.g., Ashwood et al., 2016; Bertrams & Shah, 2021; Taylor et al., 2021). This is compounded
by the often-poor implementation of these tools, which may stem from erroneous or misleading guidelines (e.g., Waldren et al., 2025).
When coupled with the current results, it becomes apparent that a stark review into how (and which) self-report autism measures
should be used in research is required, with the aim of ensuring that autism constructs are accurately captured moving forward. For
example, the AQ-9 showed excellent measurement invariance to sex in our study, suggesting it would be a suitable tool for investi-
gating sex differences in autism. However, the AQ-9 has been used sparingly in autism research, with, to our knowledge, only three
published studies to date utilising the measure (Belcher et al., 2023; Francis et al., 2024; Jia et al., 2022).

Furthermore, our exploratory 1-item questionnaire (OATS) significantly correlated with all other measures, in keeping with pre-
vious research that has used a 1-item tool to capture attitudes towards autistic people (Hanel & Shah, 2020). This suggests this
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Table 3
Composite reliability, difference in latent means, and chi-square contributions.
Measure Analysis Multiple Factors One Factor
Female o Male o A Mean Female y>  Male »* Female @ Malew A Mean  Femaley>  Male x*
AQ50 Configural 0.77 - 0.93 0.66—0.95 - 5201.27 4925.20 0.90 0.89 - 7080.36 5978.73
Metric 0.76 - 0.94 0.69-0.93 - 4552.20 4323.47 0.90 0.90 - 5434.05 4647.80
Scalar 0.75-0.93 0.66—0.95 0.05 - 0.25 5131.07 4864.51 0.91 0.90 0.09 6454.90 5522.73
Strict 0.75 - 0.93 0.66—0.95 0.05 - 0.25 5131.07 4864.51 0.91 0.90 0.09 6454.90 5522.73
AQ28 Configural 0.72 - 0.88 0.71 - 0.89 - 1355.30 1094.22 0.91 0.92 - 4061.59 3226.36
Metric 0.71 - 0.90 0.72 - 0.88 - 1221.87 999.16 0.93 0.91 - 2860.40 2293.36
Scalar 0.72 - 0.88 0.71 - 0.89 0.00 - 0.32 1415.72 1159.38 0.93 0.92 0.08 3528.89 2859.99
Strict 0.72 - 0.88 0.71 - 0.89 0.00 - 0.32 1415.72 1159.38 0.93 0.92 0.08 3528.89 2859.99
AQ26 Configural 0.69 - 0.94 0.69 - 0.94 - 2051.10 1720.76 0.90 0.88 - 3866.67 2753.91
Metric 0.68 - 0.93 0.7 - 0.95 - 1733.03 1482.28 0.89 0.90 - 2472.89 1807.13
Scalar 0.69 - 0.94 0.69 - 0.95 0.04 - 0.27 2042.65 1746.52 0.89 0.89 0.15 3165.65 2321.07
Strict 0.69 - 0.94 0.69 - 0.95 0.04 - 0.27 2042.65 1746.52 0.89 0.89 0.15 3165.65 2321.07
AQ20 Configural 0.46 - 0.88 0.32-0.89 - 1062.96 1024.49 0.76 0.75 - 1588.51 1335.47
Metric 0.46 - 0.88 0.31 - 0.89 - 951.27 919.14 0.74 0.77 - 1236.77 1047.41
Scalar 0.45 - 0.88 0.29 - 0.89 0.06 - 0.37 1085.89 1051.08 0.77 0.74 0.19 1429.88 1248.81
Strict 0.45 - 0.88 0.29 - 0.89 0.06 - 0.37 1085.89 1051.08 0.77 0.74 0.19 1429.88 1248.81
AQ10 Configural - - - - - 0.75 0.72 - 296.08 254.29
Metric - - - - - 0.72 0.76 - 226.38 196.45
Scalar - - - - - 0.73 0.75 0.31 278.53 261.13
Strict - - - - - 0.73 0.75 0.31 278.53 261.13
AQ9 Configural 0.77 - 0.89 0.72 - 0.90 - 66.30 83.29 0.82 0.79 - 1394.32 1041.88
Metric 0.76 - 0.90 0.73 - 0.90 - 68.67 85.39 0.79 0.81 - 854.14 642.61
Scalar 0.77 - 0.89 0.73 - 0.90 0.10 - 0.34 120.88 132.92 0.81 0.81 0.05 1066.81 829.35
Strict 0.77 - 0.89 0.73 - 0.90 0.10 - 0.34 120.88 132.92 0.81 0.81 0.05 1066.81 829.35
CATI Configural 0.89 - 0.95 0.84 - 0.94 - 2921.43 2959.14 1.04 1.03 - 7394.75 6572.46
Metric 0.89 - 0.95 0.85-0.94 - 2515.02 2550.33 1.04 1.03 - 5292.92 4749.09
Scalar 0.89 - 0.95 0.84 - 0.94 —-0.22-0.27 2989.92 2999.94 1.04 1.03 0.04 7288.02 6489.96
Strict 0.89 - 0.95 0.84 - 0.94 —0.22-0.27 2989.92 2999.94 1.04 1.03 0.04 7288.02 6489.96
BAPQ Configural 0.77 - 0.98 0.82-0.97 - 3206.39 3385.00 1.01 1.00 - 5286.76 5037.75
Metric 0.79 - 0.97 0.80 - 0.97 - 2489.63 2613.83 1.02 0.99 - 3713.61 3551.04
Scalar 0.78 - 0.98 0.81 - 0.97 0.02 - 0.16 3073.11 3231.59 1.02 1.00 0.13 4797.20 4583.77
Strict 0.78 - 0.98 0.81-0.97 0.02 - 0.16 3073.11 3231.59 1.02 1.00 0.13 4797.20 4583.77

Note. Female/Male w represent the range (across factors, Multiple Factors) and total (One Factor) composite reliability for each measure at each level
of stringency. A Mean represents the magnitude of standard deviation for which the male latent mean is higher than female latent mean. Latent means
can only be calculated for scalar and strict levels of stringency where intercepts have been constrained. Female/Male y? represent the contribution of
each sex to scaled chi-square statistics using traditional measurement invariance loadings, with higher values reflecting greater deviation from ex-
pected outcomes. For unstandardised and alternative invariance loadings, please see Supplementary Materials S.M.3.1 and S.M.3.2. The AQ10 could
not be investigated under a multi-factor structure as only two items load onto each factor.

approach may be a suitable alternative to measure sex-differences in autism, given its consistency with other measures, innate
measurement invariance to sex, and the resource constraints (e.g., financial, time) that often accompany research, especially within
low and middle income countries (Bauer et al., 2022). Improving autism science through the accurate measurement of autistic traits
may require a shift towards using existing measures that are theoretically current and psychometrically robust, like the AQ-9, or
towards developing new measures, like the 1-item questionnaire, in collaboration with the neurodivergent community, that can
accurately capture autistic constructs across sex (see Hobson et al., 2023). Nevertheless, for any such changes in research practice to
occur it is evident that further research and discussion is needed. We hope that our study adds valuable insight on this issue and, by
making our dataset and analysis code openly accessible, can provide an impetus for further research.

Research may wish to extend this work to consider clinical and non-clinical participants in addition to sex differences. Whilst this
type of measurement invariance has been tested in previous studies (e.g., Murray et al., 2014), it has not been examined across
numerous measures in the same dataset, nor has it readily been combined with sex differences (see Edwards, Wright, Sargeant, Cortese,
& Wood-Downie, 2023; Tsirgiotis, Young, & Weber, 2023). Generating a more complete picture of self-report autism measures in this
manner may further elucidate how to advance best practice in autism research. Furthermore, future research could examine a broader
scope of self-report measures, given the arguably limited selection that were currently investigated. This was in-part due to many
measures not being openly accessible (e.g., Social Responsiveness Scale; Constantino et al., 2000), highlighting the importance of
incorporating open-science into future research and measure development to facilitate high quality autism research.

One may further argue that the current study is limited for applying traditional measurement invariance constraints to ordinal
categorical data, when this can be less meaningful at more stringent levels of invariance (Svetina et al., 2020). We find the same pattern
of results, however, when using alternative model constraints (see Supplementary Materials), suggesting the current pattern of results
is robust. Research has also debated whether the traditional model fit criteria can over inflate good model fit in Likert data (Xia & Yang,
2019). If this were the case, however, it arguably makes the current findings — and non-invariance to sex — even more striking, and
underscores that further consideration is needed over how (and which) self-report measures are continually used in research.
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One such consideration would be to examine the item-level measurement-invariance. Whilst beyond the scope of the current study,
investigating partial-invariance may shed important light onto the specific items that are failing to capture the same construct across
sex and driving the current pattern of results (e.g., Belcher et al., 2023). By making the data set from this study openly accessible, we
encourage future research to investigate these parameters, in addition to implementing wider invariance techniques.

In summary, the current study set out to investigate, which, if any, self-report measure(s) were optimal for investigating autism-
related sex differences. Of the eight measures investigated (BAPQ, CATI, and six variants of the AQ50), the AQ-9, AQ-28, and CATI
showed good-to-acceptable measurement invariance to sex when specifying a multi-factor structure, whilst all measures showed
measurement non-invariance to sex when measuring a general autism construct. These findings paint an alarming picture for the
propensity of existing self-report measures to capture autism traits equally across sex, with implications for how these measures should
be used and interpreted within autism research. Further discussion and research in this area is now required, which we hope to
facilitate through our open-access analysis code and dataset.
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