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Abstract

The sex difference in the prevalence of autism spectrum disorder (ASD) may be magnified by

sex differences on diagnostic measures. The current study compared autistic males and females

on items on the gold-standard diagnostic measure, the Autism Diagnostic Observation Schedule,
Second Edition (ADOS-2). In a sample of 8-to-17-year old autistic individuals from research (n =
229) and clinical settings (n = 238), females were less likely to show atypicalities on most items
related to social-communication behaviors and on total and subscale scores. When controlling for
overall intensity of symptomatology, no sex differences survived statistical corrections. Diagnostic
criteria and/or gold-standard assessments may be less sensitive to female presentations of ASD
and/or autistic females may exhibit fewer or less intense behaviors characteristic of ASD.
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Introduction

Autism spectrum disorder (ASD) is characterized by challenges in social communication
and restricted, repetitive behaviors and interests (RRBs; American Psychiatric Association
[APA], (2013)). The prevalence of ASD has increased dramatically over the past decades,
and recent estimates show that 1 in 54 children are diagnosed with the disorder in the
United States (Knopf, 2020) and estimates using national registries indicate a prevalence of
0.76% and incidence of 0.12% (Kiselev et al., 2020; Knopf, 2020). Within these estimates,
there is a significant sex/gender? difference, with a ratio of 3.5-4 males to each female
(Loomes et al., 2017), even when girls’ symptoms are equally intense (Giarelli et al., 2010;
Russell et al., 2011). However, these numbers vary across studies, and the male-to-female
ratio in autistic children? with intellectual disability (1D) is much smaller (Loomes et al.,
2017). While there are biological explanations for the large sex/gender prevalence difference
(Baron-Cohen et al., 2011), the gap is also likely to be magnified by sex/gender-related
social and behavioral factors (e.g., gender socialization) that impact ascertainment and
diagnosis (Halladay et al., 2015). Thus, research is needed on sex/gender presentations on
ASD diagnostic assessments to account for potential differences in presentation that impact
prevalence estimates.

Females are more likely than males to experience diagnostic substitution or be diagnosed
with ASD later in life (Begeer et al., 2013; Kentrou et al., 2019; Shattuck et al., 2009;
Trubanova et al., 2014). Prior research has found that autistic female and male children

have similar overall language and social interaction (review in Rubenstein et al., 2015), but
females with complex phrase speech may be diagnosed later than males with similar verbal
ability (Salomone et al., 2015). Sex/gender differences in social and behavioral features

that may not be captured by diagnostic criteria or assessments that are based on White
cisgender males have been hypothesized as potential sources of diagnostic and ascertainment
bias (Goldman, 2013; Koenig & Tsatsanis, 2005; Lai et al., 2015). For example, some
studies have reported that female children use more nonverbal communication, reciprocal
communication on preferred topics (Hiller et al., 2014), and pay more visual attention

to faces (Harrop et al., 2019). In addition, preschool through schoolaged females’ social-
communication challenges may also be relatively difficult to detect as they tend to be more
socially motivated and less shy compared to autistic males (Mandy et al., 2012; Milner
etal., 2019; Gien et al., 2018a, b; Sedgewick et al., 2016). Autistic female school-aged
children are also more likely to initiate interactions (Hiller et al., 2014), to briefly join group
activities, and to play solitary activities in close proximity to groups, similar to neurotypical
(NT) males. In contrast, autistic males spend more time alone than NT males or females

1Sex is defined as biological and physiological characteristics related to being male, female, or intersex. Gender refers to the socially
constructed characteristics associated with sex (World Health Organization, 2002). As gendered social constructs begin early in
development, and gender identity is rarely assessed to appropriately distinguish between the effect of sex or gender on presentation,
the term sex/gender will be used in reviews of extant literature (e.g., Lai et al., 2015). Additionally, while we recognize the increased
prevalence of gender diversity (e.g., transgender, nonbinary, etc.) among autistic individuals who may not conform to “traditional”
gender norms (Janssen et al., 2016; Qien et al., 2018a, b; Strang et al., 2014), the present study focuses on ASD diagnostic
assessments based on sex as data was not collected on gender identity.

Additionally, we are using “identity-first language” based on consultation with self-advocates, preferences by autistic people (Kenny
et al., 2016), and reports that this language is less stigmatizing than person-first language (Bottema-Beutel et al., 2021).
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(Dean et al., 2017). Thus, while autistic males and females may have similar challenges in
maintaining interactions or friendships, females may have enough similarities to NT males
that they subvert concerns in mixed sex/gender environments at young ages (Dean et al.,
2017; Harrop et al., 2019).

Females’ reduced RRBs may also contribute to decreased ascertainment as RRBs

are relatively noticeable ASD characteristics. Autistic females show fewer and less
intense RRBs compared to males, including fewer routines, rituals, and repetitive motor
mannerisms, from age six years through adulthood (Uljarevié et al., 2020; review in
Rubenstein et al., 2015; Van Wijngaarden-Cremers et al., 2014). Their restricted interests
are also more likely to be similar to their NT peers’ interests in content (e.g., baby dolls,
animals), although not in quality or intensity (Gould & Ashton-Smith, 2011; Mandy et al.,
2012). In the absence of these more obvious atypicalities, females may be less likely than
males to be referred for evaluations and/or diagnosed with ASD.

Clinical referrals are also impacted by sex/gender differences in co-occurring behaviors.
Among 18-month olds who had a false negative screen for ASD, males showed more social
inhibition and females showed less social inhibition, in comparison to true-negative screens
(Dien et al., 2018a, b). Later in development, from elementary school through adolescence,
autistic and non-autistic males are more likely to show externalizing problems, and females
are more likely to show internalizing ones (Lai et al., 2019; May et al., 2014; Posserud et
al., 2018; Rynkiewicz & t.ucka, 2018; Solomon et al., 2012). Internalizing problems are
relatively difficult to detect in childhood (compared to adolescence) and cause less distress
for others, resulting in lower rates of diagnostic referrals (Mandy et al., 2012). In sum,
females often require a greater symptom intensity, developmental difference, or intellectual
disability load to meet criteria for ASD, which likely relates both to a genetically-driven
female protective factor (Robinson et al., 2013), as well as to differences in presentation
from males that negatively impact the timeliness and/or accuracy of diagnosis in females
(Dworzynski et al., 2012).

Further complicating sex/gender ASD phenotypic differences, females may also be better
able to “camouflage” or “mask” atypicalities. There is an ongoing debate about the
construct validity of camouflaging as well as the role of camouflaging in late diagnosis

and female presentation of ASD (Fombonne, 2020; Lai et al., 2020). However, there is
generally a consensus that camouflaging may be one coping strategy for autistic individuals
(Fombonne, 2020; Hull et al., 2020). There is also research demonstrating that autistic
females show relatively more awareness of their social differences, social understanding
(Lai et al., 2011), and social motivation (Sedgewick et al., 2016; Young et al., 2018)
compared to autistic males. This may help autistic youth and adults employ camouflaging
and similar compensatory strategies (e.g., mimicking socially successful peers, memorizing
conversational response) to hide their symptoms and/or form some friendships (Corbett et
al., 2021; Dean et al., 2017; Livingston et al., 2019; Milner et al., 2019; Sedgewick et

al., 2016). Female ASD-related challenges may become more pronounced and salient for
females when their social demands increase in intensity and complexity in adolescence
(Kopp & Gillberg, 2011; Mandy et al., 2018). For example, adolescent autistic females may
have more difficulty than NT peers in identifying and managing the sophisticated, relational
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aggression that increases in adolescence (Bjorkqvist, 2018; Sedgewick et al., 2016). Further,
while some females have enough NT-appearing behaviors to delay functional impairments
and detection of challenges, many of their ASD-related traits do become more notably
impairing over time (Lai et al., 2015, 2019; Mandy et al., 2018). Given the aforementioned
constellation of sex/gender differences in presentation, it is important to investigate sex/
gender differences in diagnostic measures so as to promote early detection and diagnosis
that may optimize females’ outcomes.

Sex/Gender Differences on the ADOS

Several studies have investigated sex/gender differences on diagnostic measures such as
the Autism Diagnostic Observation Schedule (ADOS; Lord et al., 1999, 2012), now in its
second edition. The ADOS is generally considered the gold standard behavioral measure
in both research and clinical practice, and thus has been a primary focus of much of this
research. On the ADOS-G (based on DMS-IV criteria), no differences emerged on total or
subscale scores in studies with a wide range of ages (ages 4-20 years in Holtmann et al.,
2007; ages 2-56 years in Mussey et al., 2017). Similarly, and consistent with previously
mentioned similarities among males and autistic females in social-communication abilities,
few studies found social interaction or communication differences on the ADOS-G (review
in Van Wijngaarden-Cremers et al., 2014). However, some studies reported that female
toddlers (ages 1.5-3 years; Hartley & Sikora, 2009; Carter et al., 2007) through adolescents
(ages 4-18 years) in research settings (Frazier et al., 2014) showed more communication
challenges compared to males, controlling for 1Q. In contrast, research in community
settings indicated that in toddlers and children administered modules 2 or 3 of the ADOS,
females showed less social interaction atypicalities than males (with no differences in
modules 1 or 4; Lawson et al., 2018; Mussey et al., 2017). Taken together, there are
inconsistencies in social interaction and communication findings that may be impacted by
age range, setting, small sample sizes, or the small number of females included.

Findings on the ADOS-G measure of RRBs are generally more consistent. While sex/gender
differences in RRBs were not found in community-based samples of toddlers (Lawson et
al., 2018; Reinhardt et al., 2015), most studies found that males showed higher rates of
RRBs in a sample of toddlers with a high likelihood of ASD (Messinger et al., 2015), or
confirmed ASD (ages 1.5-3 years; Hartley & Sikora, 2009), young children (ages 3-8 years;
Lord et al., 1982), and adolescents (Bdélte et al., 2011), controlling for 1Q. Autistic males
also showed quantitatively and qualitatively more intense RRBs in one 1Q-matched sample
with a wide age range (3-18 years; Mandy et al., 2012). Finally, the sex/gender difference

in RRBs may be general, as children with a high-likelihood of ASD with a confirmed
diagnosis, children with a high likelihood of ASD with no diagnosis, and NT control males
all showed higher levels of RRBs compared to females (Messinger et al., 2015).

Research on the ADOS-2 and DSM-5 criteria is relatively limited. Ratto et al. (2018)
analyzed sex differences on items of Module 3, the module for children and adolescents
with fluent speech. They found that females showed less atypicality on some individual
items (i.e., excessive interests, hyperactivity items) and less direction of facial expressions.
However, there were no differences in overall “calibrated symptom severity” (CSS) when
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1Q was not controlled. Knutsen et al. (2019) focused on items on the RRB subscale in a
comparison of males and females separated by age (younger than 6, or 6-18 years) and 1Q
(less than 70, or greater than or equal to 70). The only item with sex/gender differences was
the repetitive interests/stereotyped behaviors. Younger females with an 1Q greater than 70
and older females with an 1Q below 70 had lower scores on this item compared to males.
Finally, Kaat et al. (2021) analyzed a large multisite sample of children who completed all
modules of the ADOS-2. They found significantly higher mean scores for males on the RRB
CSS at ages 3, 7, and 15 years, and higher mean scores on the social affect (SA) CSS at age
7 years after accounting for nonverbal 1Q and language level.

While research on sex/gender differences on the ADOS-2 is growing, gaps remain. Research
is needed on sex differences on individual ADOS items, rather than just subscale or CSS
scores, as it seems more likely that males and females differ on specific behaviors and

the ways in which they meet diagnostic criteria, which would be obscured by comparisons
of algorithm scores (Hiller et al., 2014; Lai et al., 2015; Mandy et al., 2012). Although

these differences may not directly affect whether or not an individual meets diagnostic
cutoff criteria on the ADOS-2, they may influence clinical decision-making and may also
capture meaningful variability in the overall presentation of ASD by sex. In light of previous
findings of sex/gender differences in ASD phenotype, the current study leveraged a large,
multisite sample to investigate and ascertain quantified sex-differences at item level on the
ADOS. First, cross-tabs were conducted to replicate Ratto et al.’s (2018) study on sex
differences on items. Next, polytomous regression analyses were conducted both with and
without controlling for overall ASD-traits. It was hypothesized that autistic females would
show lower scores on RRB items, compared to autistic males (Rubenstein et al., 2015; Van
Wijngaarden-Cremers et al., 2014). On socialcommunication items, sex differences were
expected on direction of facial expressions (Ratto et al., 2018). It was hypothesized that
there would not be differences in overall ASD traits, as measured by the CSS, and that
controlling for CSS would account for most sex differences.

Method

Participants

The present study utilized secondary analysis of previously collected data. Participants were
drawn from both the Gender Exploration of Neurogenetics and Development to Advance
Autism Research (GENDAAR; NIMH100028) Consortium (n = 229) and a clinic-based
sample (n = 2831). GENDAAR is a multi-site research study (Boston MA, Seattle WA,

Los Angeles CA, New Haven CT) aimed at better understanding the causes and expression
of ASD in females. All participants in the research sample were screened for having a
clinical diagnosis of ASD, and diagnoses were confirmed using an ADOS-2. Participants
from the clinic-based sample were seen either for (a) clinical evaluation by a psychologist or
neuropsychologist at an autism specialty clinic within a pediatric hospital in the Washington,
DC metropolitan area or (b) participation in a clinical research study run by the same clinic.
See Rau et al. (2020) for additional information regarding this study sample. Children were
included if they presented at the clinic for an autism evaluation and received a module 3

or 4 of the ADOS-2 and met inclusion criteria (n = 238; see Fig. 1 for Consort Diagram).
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All children resided in the United States at the time of the evaluation, and all testing was
performed in English.

Final Sample—From these two previously collected research and clinical samples, a
smaller sample was drawn, utilizing the following eligibility criteria: aged 8-17 years 11
months, fullscale 1Q = 70, and of appropriate age and language skills for administration

of either Module 3 (n = 395; 31.4% female) or 4 (n = 73; 34.2% female) of the

Autism Diagnostic Observation Schedule, Second Edition (ADOS-2). Participants were also
required to have a clinical diagnosis of ASD, which was confirmed by trained clinician
using the DSM-IV-TR (APA, 2010) or DSM-5 (APA, 2013) diagnostic criteria. Participants
also had to meet criteria for ASD based on at least one of the following: the ADOS-2
algorithm score (Lord et al., 2012) or the Autism Diagnostic Interview, Revised (ADI-R),
although most met criteria for ASD on both. Participants who did not meet ADOS-2

criteria but were nonetheless considered to have a clinical diagnosis of ASD were included
to ensure variability in scores and generalizability of findings. As item level analysis of

the ADOS-2 was the primary focus of this study, only participants with complete data

on the ADOS-2 were included in the study to avoid the need for imputation of missing

data. Participants with missing data on some other measures were included (see Statistical
Analysis). Exclusion criteria were presence of a genetic disorder associated with ASD

(e.g., Fragile X), medical, or neurological disorder, clinically significant visual or auditory
impairment after correction, sensory motor difficulties that would preclude use of diagnostic
instruments, brain damage, seizures, current use of certain or unstable medications (e.g.,
benzodiazepines, barbiturates, or antiepileptic medications). Due to the use of neuroimaging
in GENDAAR, participants were also excluded from that study if they had metal in the
body, twin status, pregnancy, a history of pre/perinatal complications, or a tic disorder

that would interfere with neuroimaging. Based on inclusion/exclusion criteria, 118 children
from the clinical sample were excluded based on age, five children had two evaluations

so only one time point was retained, and 96 children were excluded for genetic, medical,
neurological or other disorders. This resulted in a clinical sample of 238 children. All
children in the research sample (n = 229) met these inclusion criteria, as well.

The final sample included 467 children and adolescents (ages 8-18; M = 12.20, SD = 2.85).
There was a difference in average age between the clinical (M = 11.81, SD = 2.70) and
research (M = 12.62, SD = 2.95) samples {457) = - 3.11, p=.002). Demographics for the
full sample are presented in Table 1. IQ was assessed using a variety of measures, including
the Differential Ability Scales-Second Edition (DAS-I11; Elliot, 2007; n = 228), the Wechsler
Abbreviated Scale of Intelligence-Second Edition (WASI-II; Wechsler, 2011; n = 98), the
Wechsler Intelligence Scale for Children-Fourth Edition (WISC-1V; Wechsler, 2003; n = 23),
the Wechsler Intelligence Scale for Children-Fifth Edition (WISC-V; Wechsler, 2014; n =
94), the Wechsler Adult Intelligence Scale-Fourth Edition (WAIS-I1V; Wechsler, 2008; n =
19). There was no difference between the clinical (M = 102.12, SD = 17.42) and research (M
=102.01, SD = 19.01) samples in terms of 1Q (t(454) = .07, p=.948).
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Autism Diagnostic Observation Schedule, Second Edition (ADOS-2)—
Participants were assessed using the ADOS-2, a standardized, semi-structured observational
assessment with five potential modules, administered depending on the individual’s age

and expressive language level. Based on interactions during the assessment, clinicians rate
individuals on items related to social affect (SA) and restricted and repetitive behaviors
(RRB), with higher scores indicating greater intensity. There are also three items related to
commonly cooccurring behaviors: anxiety, overactivity/agitation, and tantrums/aggression/
negative or disruptive behavior. Selected items contribute to algorithms to calculate social-
affect (SA) and restricted repetitive behavior (RRB) subscale scores, as well as a total score,
with a cut-off score to determine if a participant meets diagnostic criteria for ASD. The
subscale and total algorithm scores can also be converted to a Calibrated Severity Score
(CSS), a measure of “overall symptom severity” allowing for comparisons across modules
(Hus & Lord, 2014; Hus et al., 2012). The CSS utilizes a rating from 1 to 10 (1: minimal-
to-no evidence of ASD, 10: high evidence) to allow for comparisons across modules. All
ADOS-2 were administered and scored live. For the research sample, scoring was done by a
research reliable licensed clinical psychologists or clinical psychology trainee. In the clinical
setting, all clinicians had undergone clinical training in the ADOS-2 and meet monthly for
ADOS-2 reliability reviews.

Of the available modules, module 3 is designed for children and adolescents with fluent
speech and module 4 is for older adolescents and adults with fluent speech. Modules 3

and 4 include 12 identical tasks. Module 3 includes 2 additional make-believe play tasks
with action figures. As those tasks are not developmentally appropriate for adults, mod 4
includes 3 additional brief interviews about work/school, daily living, and plans/hopes that
would not be developmentally appropriate for younger adolescents. Scoring is also almost
identical, with module 4 only including two additional items as compared to module 3.
Only scoring items that overlapped between modules 3 and 4 were included. Items are
rated on ordinal scales, where 0 indicates no evidence of ASD-related behaviors, 1 indicates
mild ASD-related behaviors, and 2—3 indicates significant ASD-related behaviors. There
are some differences in scoring among items. For example, the item related to atypical eye
contact is rated on a two-point scale (0 or 2). Some items also include scores of 7 for
atypicalities that are not related to ASD (e.g., stutter or stammer or other fluency disorder
that results in speech atypicalities) or are extreme behaviors (e.g., unusually frequent,
intense, or excessive demands for attention) and some include scores of 8 to indicate a
behavior is not applicable (e.g., due to physical disability).

Statistical Analysis

In accordance with the ADOS-2 algorithm scoring protocol, scores of 3 were collapsed to
2. In contrast to algorithm scoring protocol of converting 7 and 8 scoresto a 0, 7’s and 8’s
were entered as missing data given the infrequency of those values and the description of
those values as implying some level of atypicality that is not commensurate with 0 scores.
To decrease the number of analyses, items that are not focused on ASD symptomatology
were omitted (i.e., overall non-echoed language, overactivity, tantrums, and anxiety).
Additionally, the item “Language Production and Linked Nonverbal Communication”
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was omitted, as scoring for this item is linked to the scoring of other items (i.e., that

is automatically scored an 8 for individuals with significant challenges on items rating
gestures, eye contact, and/or facial expressions resulting in a high rate of “8” scores (n = 332
of 468). T-tests were used to assess sex differences in the ADOS CSS for total ASD-related
behaviors, social affect, and RRB. For preliminary analyses, Pearson Chi Squares were
conducted to evaluate sex differences in rates of meeting ASD criteria on the ADOS-2 items
(see Supplementary Table 1). Next, analysis of statistical differences between levels on items
were conducted using a polytomous regression, first without and second with controlling for
overall CSS. Males served as the reference group. Thus, positive beta values indicate more
atypicalities for males, negative beta values indicate more atypicalities for females. The false
discovery rate procedure was used to control for Type I error in all analyses (Benjamini &
Hochberg, 1995).

Comparisons of Overall and Subscale Scores

On average, males (M = 7.46, SE = 0.12) had a significantly higher total CSS score than
females (M = 6.26, SE = 0.18), indicating higher levels of overall ASD-related behaviors for
males (p < .001, Cohen’s D = .50). In contrast to hypotheses, the Social Affect CSS was
significantly different between males (M = 7.48, SE = 0.12) and females (M = 6.38, SE =
0.18; p<.001, Cohen’s D = .48). There was also a difference on the RRB CSS between
males (M = 7.19, SE = 0.12) and females (M = 6.66, SE = 0.21; p=.029, Cohen’s D
=.25). Descriptive statistics for each item are presented in Table 2. Supplemental Table 1
presents cross tabs of each item to replicate findings by Ratto et al. (2018). Findings on
the direction of a range of facial expressions were in the opposite direction as reported in
Ratto et al. (2018). Specifically, females in the current sample were more likely to direct a
range of facial expressions, compared to males. Females were also more likely to identify
and share emotions in others. There were also sex differences in offering information,
reporting events, conversation, gestures, shared enjoyment, insight, amount of reciprocal
social communication, quality of rapport, and imagination.

Ordinal Regression without Covariates

Contrary to hypotheses, there were only sex differences on social communication items, and
not on RRB items (Table 3). An ordinal regression analysis revealed that on items pertaining
to verbal language and social communication, males were 1.91 times more likely to have
greater challenges with spontaneously offering information (95% CI 0.20, 1.09, p=.042),
were 1.84 times more likely to be rated as impaired in their ability to independently report
nonroutine events (95% CI 0.22, 0.99, p=.002), and were 2.04 times more likely to be
impaired in reciprocal conversation skills (95% CI 0.33, 1.10, p < .001).

Males also showed challenges in nonverbal communication, including being 2.08 times
more likely to be impaired in their use of gestures (95% CI 0.33, 1.134, p<.001), 1.62 times
more likely to show unusual eye contact (95% CI 0.05, 0.91, p=.027), and 2.72 times more
likely to be impaired in direction of a range of facial expressions to the examiner (95% CI
0.60, 1.41, p< .001).
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Males showed more atypicalities in understanding of as well as their ability to initiate and
maintain social interactions: They were 2.09 times more likely to be impaired in their ability
to indicated shared enjoyment in interaction (95% CI 0.36, 1.11, p< .001), 1.62 times more
likely to be impaired in their ability to show understanding of others’ emotions (95% CI
0.10, 0.86, p=.012), 1.79 times more likely to show limited insight into typical social
situations and relationships (95% ClI .21, .96, p=.002), 1.75 times more likely to show
reduced quality of social overtures (i.e., 95% CI 0.13, 0.98, p=.110) and social responses
(95% C10.12, 1.01, p=.012), and 2.76 times more likely to show a reduced amount of
reciprocal social communication (95% CI 0.63, 1.40, p < .001). Finally, males were 2.02
times more likely to show limited imaginative play and creative thinking skills (95% CI
0.32,0.11, p<.001).

Ordinal Regression Controlling for Overall ASD-Related Behaviors

When “overall symptom severity” (CSS) was entered as a covariate in the regression, no
items survived Hochberg FDR correction.

Discussion

The current study explored sex differences on ADOS-2 items in a large multi-site, multi-
study sample of verbal adolescents with average or higher cognitive functioning. This

study leveraged large research and clinical samples to increase the variability in scores and
generalizability of findings. When interpreting the results, it is important to remember that
lower scores on the ADOS-2 indicate behaviors that are /ess characteristic of ASD. Contrary
to our hypotheses and inconsistent with much of the previous literature on the ADOS-G

and ADOS-2, there were sex differences on the total CSS, social affect subscale score, and
many social affect items. Interestingly, there was a difference on the RRB subscale but no
differences on most RRB items. Specifically, when overall ASD-related behaviors were not
taken into consideration, females appeared to have lower scores, indicating behavior less
characteristic of ASD, in all ADOS domains of social communication, including nonverbal
communication (Rynkiewicz & tucka, 2018), verbal reciprocity (Hiller et al., 2014), and
quality of initiation. While others have similarly found that restricting the sample to a
limited age range yields sex differences in total and subscale scores on the ADOS-G and
ADOS-2 (e.g., Frazier et al., 2014; Lawson et al., 2018; Mussey et al., 2017), the current
study’s age range likely does not fully explain discrepancies with past research (e.g., Ratto
et al., 2018). This finding is also likely not due to 1Q, which was not different between males
and females.

The current findings of robust sex differences in social communication items do align with
several existing theories. For example, the “extreme male brain theory” argues that autism

is an extreme of the “typical” cisgender male cognitive profile characterized by relative
strengths in systematizing over empathizing, while females show the exact opposite, on
average (Baron-Cohen, 2002). Thus, according to this theory, males would be expected to
show higher levels of autistic traits, consistent with findings in the current sample. Similarly,
the female protective effect theory suggests that females may require a higher genetic load
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to meet criteria for autism. Thus, as found in this study, autistic females may show reduced
autistic behaviors and characteristics (Zhang et al., 2020).

Additionally, the current findings suggest that autistic females may show relatively less
social-communication and RRBs traits that are characteristic of ASD, relative to autistic
males; although these females still exhibited differences compared to the larger population.
One reason females’ autistic behaviors may not be as evident on the ADOS-2 is that females
may camouflage more effectively and frequently (Dean et al., 2017). For example, it may

be easier for females to imitate ADOS-2 clinicians during evaluations because clinicians are
often cisgender females.

Another possibility is that female autistic behaviors may manifest in ways that are not
captured by current criteria or scoring definitions. In support of this notion, almost all items
that contribute to the diagnostic algorithm for Social Affect for modules 3 and 4 were
different between males and females in the current study. Using the existing algorithms,
verbal females with average or higher cognitive functioning may have autistic behaviors that
are under-reported and under-diagnosed. It is particularly notable that autistic females scored
lower on the ADOS-2 in the current samples as the clinicians (both in the research and
clinical settings) had specific interests, expertise, and training in autistic female diagnoses.
As actuarial procedures are more reliable than clinical judgement in most diagnoses (Dawes
et al., 1989), we may need to modify diagnostic measures to better capture females’ autistic
behaviors. Modifications may entail adding items that are more relevant for females and/or
adding tasks that better elicit ASD behaviors in females. Clinicians may also need to
consider overall presentation and different presentations of symptoms when interpreting the
ADOS-2 for females.

In analyses that accounted for CSS, no items survived multiple comparison correction,
indicating that overall ASD-related behavior differences appear to be driving sex differences.
Given that these females were diagnosed with autism, it is worth identifying the areas

in which they show behaviors that are more characteristic of autism that contributed to

a diagnosis. Examination of confidence intervals on estimated group differences as well

as uncorrected significance suggests that females may show less challenges with shared
enjoyment and amount of reciprocal social communication; as well as relatively more
speech atypicalities in intonation, volume, rhythm, and rate; more difficulty asking for
information; and a higher presence of excessive interests. Future research should examine
the generalizability and replicability of these female-specific patterns of behavior.

The potential impacts of clinician perception and cohort effects may also play a role in
present findings. The data collection sites’ specific interests and specialties in the role

of sex/gender on the manifestation of ASD may make them more likely to identify

autism in females who have social behaviors that are not represented by the ADOS,

but who nonetheless meet diagnostic criteria for ASD. Additionally, all of the present

data were collected after the shift to DSM-5, which may have enabled the identification

of more autistic females, due to shifts in diagnostic criteria (e.g., inclusion of sensory
processing differences in the RRB category). Although prior literature has not consistently
captured these social differences, it is possible that contemporary samples include a more
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diverse range of ASD manifestations as our understanding of ASD as a field continues to
advance. Relatedly, the lack of significant sex differences on RRB items may suggest some
adjustments by clinicians to account for female differences in phenotype. It is possible that
clinicians are interpreting female RRBs based on the relatively large body of research that
indicates sex differences in presentation. Further assessment of clinician practices in this
area will be important for codifying and standardizing procedures. As the ADOS is only one
tool that contributes to an ASD diagnosis, it may also be important to consider individuals
who score high on the ADOS but do not meet diagnostic criteria for ASD.

While this study is one of the larger comparisons of autistic males and females on ADOS-2
items, this study is not without limitations. Replication will be needed with individuals with
lower 1Q and at younger ages. Additionally, research settings routinely use more stringent
scoring criteria and cut-offs, as compared to clinicians, which may limit generalizability
(Lai et al., 2015). As we have limited information on the ADOS-2 administrators, we are
unable to calculate reliability between raters or between sites. By restricting the sample

to individuals who have an autism diagnosis and by including a large research sample,

we may have some ascertainment bias in our sample. Research is also needed in more
sociodemographically diverse samples to better understand the intersection of race, gender,
and autism. We currently only have information on sex assigned at birth, but, as the
difference in presentation is likely driven in part by (socialized) gender differences, future
research should consider gender differences in items. Non-autistic, neurodiverse, and/or
clinical samples with overlapping disorders should be used as comparison groups in future
research. Such comparisons would allow us to understand if the observed differences are
unique to autism, or if they reflect broader sex/gender differences.

Summary and Conclusions

Our large research and clinical sample of children through early adolescents (8—14 years)
with average and higher cognitive functioning indicated significant sex differences on most
social-communication items of the ADOS-2 modules 3 and 4. Notably, most of the item
differences (with females showing a less severe presentation) would account for the lower
CSS for autistic females as most algorithm items were different between males and females.
Thus, algorithm items in particular may be an area wherein females show fewer behaviors
characteristic of ASD and other items may potentially be better assessments of clinical
concerns for autistic females. Findings support previous research on sex differences in

total and subscale scores on the ADOS-G, that overreliance on the ADOS-2 may result

in underdiagnosis for females, and that diagnostic tools likely contribute to estimated
prevalence differences among sexes (Adamou et al., 2018). Some clinicians have proposed
alternative formats for assessments for females to account for sex/gender differences. For
example, some have reported anecdotally that autistic females are more likely to present
with social-communication behaviors that are not characteristic of ASD during initial visits,
but that it becomes apparent in follow-up appointments that those social-communication
behaviors are repetitive and are signs of scripting, camouflaging, and/or a routinized need
for sameness (J. Gerdts, personal communication, May 12, 2021). Alternatively, clinicians
report that females may camouflage less over time either due to fatigue within one long
visit or due to comfort with the environment (Group discussion during Rounds, personal
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communication, August 26, 2021. Therefore, there would be benefits to conducting more
shorter visits to account for stereotyped greetings/speech and increasing comfort with the
clinician, as well as at least one longer visit to assess for reductions in camouflaging with
fatigue. Clinicians may need to be mindful of biases based on initial impressions compared
to interactions at the end of a session or in follow-up visits.

It may also be important to include self-report of the inner experience of the autistic person
undergoing assessment. While autistic individuals’ experiences are often elicited in intake
interviews and somewhat through the ADOS, most of our semi-structured assessments for
ASD rely on clinician judgement and parent report. However, many autistic individuals,

as well as their families, feel strongly about giving the person being evaluated more

of a voice. Semi-structured or structured self-report interviews and questionnaires that
acknowledge and utilize autistic individuals’ self-awareness and expressiveness would be
more inclusive and informative. Relatedly, and likely particularly important for females,
masking or social compensation behaviors may not always be apparent to the clinician. It
has been reported that there may be a “cost” to these compensatory behaviors—autistic
people who frequently camouflage or socially compensate may experience elevated levels of
internalizing symptoms (Cage & Troxell-Whitman, 2019; Cassidy et al., 2018; Livingston et
al., 2019), which has important implications for treatment.

Additionally, clinicians need feedback about diagnostic outcomes for females, particularly
when provisional diagnoses are given. Clinicians should prioritize follow-up visits with
families with females to provide continued learning about their diagnostic accuracy

and developmental trajectory. Clinics should also prioritize ongoing care for families as
another method for providing diagnosticians with feedback. Finally, future research should
explore changes to ASD diagnostic instruments that may account for differences in female
presentation, including consideration of the role of self-report instruments.
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Excluded (n=2,588):
e No ASD diagnosis

e <8 or >18 years (n=118)

¢ Genetic/medical/neurologi
cal/other co-occurring
disorder (n=96)

GENDAAR Research Clinic-Based Sample
Consortium
=229 n= 2826
(n=2,373)
GENBAAR Research Clinic-Based Sample
onsortium
9 n=238

Final Sample
n =467

Module 3 (n =394)
Module 4 (n =73)

Fig. 1.

Consort diagram to indicate sample recruitment
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Descriptive statistics of ADOS-2 Items

Table 2

Item Overall mean (SD) Malemean (SD) Female mean (SD)
Speech abnormalities 1.23 (0.69) 1.25 (0.69) 1.19 (0.71)
Echoed language 0.08 (0.30) 0.08 (0.30) 0.07 (0.31)
Stereotyped language 0.94 (0.67) 0.98 (0.68) 0.87 (0.64)
Offers information 0.41 (0.66) 0.47 (0.70) 0.27 (0.53)
Asks for information 1.07 (0.76) 1.05 (0.75) 1.11 (0.76)
Reporting of events 0.62 (0.65) 0.68 (0.65) 0.48 (0.61)
Conversation 1.14 (0.66) 1.22 (0.67) 0.98 (0.62)
Gestures 0.51 (0.59) 0.58 (0.60) 0.37 (0.55)
Unusual eye contact 1.47 (0.88) 1.53 (0.85) 1.33 (0.95)
Directed facial expressions 0.93 (0.60) 1.02 (0.61) 0.72 (0.55)
Shared enjoyment 0.75 (0.75) 0.85 (0.78) 0.54 (0.65)
Empathy 0.81 (0.67) 0.86 (0.67) 0.69 (0.66)
Insight 1.42 (0.67) 1.49 (0.62) 1.27 (0.74)
Quality of social overtures 1.12 (0.55) 1.17 (0.55) 1.03 (0.51)
Amount of social overtures 0.83 (0.82) 0.88 (0.82) 0.70 (0.79)
Quality of social response 1.12 (0.55) 1.16 (0.53) 1.03 (0.51)
Amount of reciprocal social communication  0.96 (0.67) 1.07 (0.65) 0.73 (0.66)
Quality of rapport 1.01 (0.66) 1.04 (0.69) 0.93 (0.60)
Imagination 0.84 (0.69) 0.92 (0.70) 0.66 (0.64)
Unusual sensory interests 0.61(0.72) 0.65 (0.72) 0.52 (0.71)
Hand finger mannerisms 0.59 (0.80) 0.64 (0.81) 0.48 (0.76)
Self-injurious behaviors 0.32 (0.65) 0.36 (0.69) 0.22 (0.54)
Excessive interests 0.43 (0.70) 0.40 (0.69) 0.50 (0.72)
Compulsions 0.55 (0.70) 0.60 (0.74) 0.45 (0.61)
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Table 3

Regression analyses without and without CSS as a covariate indicating which sex has more difficulties

(positive p means more difficulties for males) and odds ratio of scoring higher

Page 21

Item Polytomous regression Polytomous regression controlling for overall CSS
B SE OR pvalue B SE OR p value
Speech abnormalities 0.163 0.189 1.177 0.387 -0.542 0.208 0.58 0.009
Echoed language 0.118  0.408 1.252 0.772 -0.299 0.426 0.74 0.482
Stereotyped language 0.301 0.192 1.351 0.117 0.058 0.201 1.06 0.771
Offers information 0.647 0.227 1.910 0004 0.248 0.242 1.28 0.306
Asks for information -0.154 0.185 0.857 0.404 - 0.469 0.194 0.63 0.016
Reporting of events 0.605 0.196 1.831 0002 0.256 0.212 1.29 0.227
Conversation 0712 0196 2048 <0001* 0.184 0.214 1.20 0.391
Gestures 0.734 0205 2.083 <0,001% 0.413 0.218 151 0.058
Unusual eye contact 0483 0219 1.621 0.027F -0.055 0.260 0.95 0.833
Directed facial Expressions 1.001 0.207 2721 <QQ01* 0.556 0.232 1.74 0.017
Shared enjoyment 0738 0193 2092 <0001* 0.392 0.211 1.48 0.062
Empathy 0480 0192 1616 0012° 0278 0.199 1.32 0.162
Insight 0583 0192 1791 0002° 0.270 0.203 131 0.184
Quality of social overtures 0.552 0.218 1.737 0011* -0.126 0.244 0.88 0.606
Amount of social overtures 0.417  0.204 1517 0.041 0.050 0.212 1.05 0.815
Quality of social response 0.564 0.225 1.758 0012 -0.140 0.250 0.87 0.575
Amount of reciprocal Social communication 1.015 0199 2759 <Q001* 0.567 0.219 1.76 0.010
Quality of rapport 0.340 0.194 1.405 0.079 -0.282 0.215 0.75 0.190
Imagination 0701 0192 2016 <0001 0.336 0.208 1.40 0.107
Unusual sensory interests 0416  0.196 1.516 0.034 0.095 0.210 1.10 0.650
Hand finger mannerisms 0429 0.205 1.536 0.036 0.092 0.217 1.10 0.672
Self-injurious behaviors 0.530 0.262 1.699 0.043 0.187 0.274 121 0.494
Excessive interests -0.359 0.208 0.698 0.085 -0.488 0.216 0.61 0.024
Compulsions 0.338 0.199 1.402 0.089 0.050 0.212 1.05 0.815

*
Significant with Hochberg false discovery rate

Positive B indicates more difficulties for males; negative B indicates more difficulties for females

OR Odds ratios, or likelihood of having a higher score on the item
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