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Abstract

Objectives—This study is the largest to date examining executive function and adaptive skills in
females with autism spectrum disorder (ASD). Its primary aim was to utilize parent ratings of real-
world executive functioning and adaptive behavior to better understand whether females with ASD
differ from males with ASD in these areas of everyday functioning.

Methods—We compared 79 females with ASD to 158 males with ASD (ages 7-18) who were
statistically matched on age, 1Q, and level of ADHD or ASD traits. All participants were assessed
using the Behavior Rating Inventory of Executive Function (BRIEF) and a subset (56 females and
130 males) also received the Vineland Adaptive Behavior Scales (VABS).

Results—Females were rated by parents as having greater problems with executive function on
the BRIEF. Parents also rated females as exhibiting more difficulties than males on the Daily
Living Skills domain of the VABS. There was a correlation between increased global EF difficulty
and decreased adaptive ability in both males and females.

Conclusions—Our results indicate relative weaknesses for females compared to males
diagnosed with ASD on executive function and daily living skills. These differences occur in the
absence of sex differences in our sample in age, 1Q, clinician ratings of core ASD
symptomatology, parent ratings of ADHD symptoms, and parent-reported social and
communication adaptive skills on the VABS. These findings indicate specific liabilities in real
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world EF and daily living skills for females with ASD and have important implications for
targeting their treatments.
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Introduction

Sources commonly cite a 4 to 1 ratio of males to females diagnosed with an autism spectrum
disorder (ASD) (Rivet & Matson, 2011), and this is confirmed by the most recent data from
Centers for Disease Control, which estimate the overall prevalence ratio to be 4.5 males to 1
female (Christensen et al., 2016). This discrepancy in diagnosis increases in those without
co-occurring intellectual disability (ID), and decreases to less than 2 to 1 among individuals
with moderate to severe ID (Fombonne, 1999; Werling & Geschwind, 2013; Yeargin-
Allsopp et al., 2003), indicating that the overall diagnostic discrepancy is driven primarily by
those without ID. Females also consistently receive ASD diagnoses later, on average, than
their male counterparts (Begeer et al., 2013).

Sex differences in the prevalence and age of diagnosis of autism have been attributed to
inherent discrepancies in genetic make-up or environmental demands. Sexual dimorphism
may well make up part of the explanation, as biological differences between males and
females, in both the typically developing (Baron-Cohen, Knickmeyer, & Belmonte, 2005)
and ASD populations (Robinson, Lichtenstein, Anckarséter, Happé, & Ronald, 2013) have
been found. Evidence has also been presented for a ‘“female protective effect’ (Robinson et
al., 2013), whereby females with ASD are protected against some of the symptoms of ASD,
and could therefore require more genetic (Levy et al., 2011) or environmental “hits” to bring
them to an ASD diagnosis, consistent with patterns seen in other genetic and developmental
disorders. Biologically-based differences in prevalence rates could be enhanced by
environmental factors, such as parents typically interacting differently with male and female
infants, whereby mothers respond preferentially to female infants (Johnson, Caskey, Rand,
Tucker, & Vohr, 2014).

It is in many ways premature, however, to study the mechanism underlying sex differences
in ASD, because we do not yet have adequate data to determine the diagnostic presentation
of ASD in females (Lai, Lombardo, Auyeung, Chakrabarti, & Baron-Cohen, 2015). Our
current diagnostic criteria for ASD have been defined mainly in boys. Gold standard
diagnostic measures, such as the Autism Diagnostic Observation Schedule (ADOS) and
Autism Diagnostic Interview (ADI), were developed with a predominately male ASD
population (Lord et al., 2012; Lord, Rutter, & Le Couteur, 1994). Therefore, it must be
recognized that any terminology used in this paper (and more broadly) related to “autistic
traits” most accurately describes the autistic traits appearing in males and could be exclusive
of other groups such as adults, females, and transgender and gender nonconforming
individuals.

The reliance of our understanding of autism on predominantly male groups can lead to a self
perpetuating cycle whereby autism traits may be missed in females, especially those who are
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younger and do not have ID, further contributing to an ascertainment bias and a paucity of
information on the presentation of ASD in females. Clinicians may be assessing females in
areas that do not entirely relate to the everyday difficulties they are having, and are more
appropriate for males. Regarding diagnostic measures in general, even when males and
females present with equally high levels of ASD traits, there is evidence that females are less
likely to receive a diagnosis (Dworzynski, Ronald, Bolton, & Happé, 2012). Better
communication skills and stronger social motivation may mean that females do better than
males at “masking” their social understanding deficits (Dworzynski et al., 2012; Gould &
Ashton-Smith, 2011) for the short time frame of a diagnostic interview. This could be
particulary true of females without ID, explaining the jump in the male:female discrepancy
moving from the ID to the non-1D population. Ascertainment bias against identifying
females with autism may also occur long before the application of diagnostic procedures.
Similar to the typically developing population (Achenbach, Howell, Quay, & Conners,
1991), there is evidence that males with ASD more frequently show externalizing behaviors,
such as hyperactivity and aggression, that may in turn trigger referrals to a clinic, leading
males to receive evaluations more commonly (Kopp & Gillberg, 1992; Rivet & Matson,
2011).

One tool for combatting the cycle of limited ascertainiment and male dominated diagnostic
criteria is the characterization of females and males on continuous measures of features
strongly associated with ASD, such as executive function and adaptive abilities (American
Psychiatric Association, 2013) which remove sex bias with either sex-specific normative
data or norms with equal representation of males and females. Because they require
informants to report on behavior over a previous number of weeks, they capture a broader
sample of behavior than a diagnostic interview, such as the ADOS, does. Additionally, prior
studies have demonstrated that quality of life in individuals with ASD is more strongly
associated with factors such as adaptive behavior and daily executive functioning, making
these variables more relevant to understanding the lived experience of individuals with ASD
(Kuhlthau et al., 2010). Comparison of females and males with ASD using these tools may
help to delineate true phenotypic differences between males and females that we are
currently identifying as falling on the autism spectrum.

Executive Function (EF) is an important area of focus in the ASD population (Kenworthy,
Black, Harrison, Della Rosa, & Wallace, 2009; Kenworthy, Yerys, Anthony, & Wallace,
2008). Problems with EF, flexibility in particular, are common in those with ASD, and this
area presents as a promising target for intervention. These difficulties have been linked to
key outcomes, such as decreased adaptive ability (Pugliese et al., 2015), co-occurring
psychopathology (Lawson et al., 2015; Wallace et al., 2016), decreased job success (Hume,
Loftin, & Lantz, 2009), and poorer quality of life (Bishop-Fitzpatrick et al., 2016). There has
been a limited amount of research conducted on EF sex differences in ASD, mostly utilizing
lab-based tasks, and the results have been mixed. In individuals with no ID nor significant
differences in FSIQ between groups, it has been found that females with ASD have
decreased response inhibition, measured through a stop task (Lemon, Gargaro, Enticott, &
Rinehart, 2011). In contrast, no differences in sensitivity to signals nor response inhibition
was found between sexes on a Go/No-Go task (Lai et al., 2012); this finding was in the
context of a female sample with significantly lower social and communication difficulites on
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the ADOS than males. Poorer cognitive flexibility, as measured by greater perseveration
errors on the Wisconsin card sorting task (Memari et al., 2013), has been reported in females
as compared to males with ASD. Another study found that females with ASD showed better
switching ability than males with ASD, however, as assessed by the Trail Making Task B-A
(Bolte, Duketis, Poustka, & Holtmann, 2011). The lack of consensus in this small literature
on sex differences in people with ASD on EF measures warrants further exploration in this
area. Furthermore, no research has been conducted on how EF-related behaviors may differ
between the sexes in real-world settings, outside of the lab.

In terms of adaptive ability, it is historically known that there is a more balanced
male:female ratio of ASD in low 1Q populations (Lord & Schopler, 1985), which was
recently corroborated in an epidemiological study of adults with ASD (Brugha et al., 2016).
IQ is also known to be commensurate with adaptive ability in typically developing
populations (Sparrow, Cicchetti, & Balla, 2005), but not in ASD populations without ID,
where adaptive ability is generally worse than predicted based on 1Q (Kanne et al., 2010;
Lee & Park, 2007). Based on the limited existing evidence, it might be expected that any
differences in adaptive ability between males and females with ASD would occur alongside
1Q differences. While it has been found that females with ASD have more limited adaptive
behavior skills than males with ASD, this effect was fully mediated by lower general 1Q for
females with ASD (Frazier, Georgiades, Bishop, & Hardan, 2014). There has been limited
research on sex differences in adaptive abilities among individuals with ASD without ID,
making it impossible to draw any conclusions within that population. Furthermore, while
EF-related behaviors have been observed to predict adaptive ability in the ASD population
(Pugliese et al., 2015), it remains unclear whether the relationship between these two
important areas of concern differs by sex in ASD.

The current study compares parent-reported EF and adaptive ability between well-matched
males and females with ASD, primarily without co-occurring 1D, and examines the
relationship between these two domains of everyday behavior in males and females
separately. Due to the heterogeneity of 1Q and comorbid presentation of ADHD in ASD
(Leyfer et al., 2006), the two groups are also compared on 1Q scores and presence of ADHD
symptoms. Given the equivocal nature of the limited past research comparing males and
females with ASD in areas of EF, this study is exploratory in that regard. However,
acknowledging the connection between adaptive ability and 1Q, in this 1Q-matched and
largely non-ID sample, it is hypothesized that males and females with ASD will demonstrate
comparable adaptive skill deficits. If sex differences in EF are apparent, it is also possible
that different associations between EF and adaptive ability might emerge when examining
the sexes separately.

This project used archival data and was conducted in compliance with standards established
by the institution’s IRB including procedures for informed consent. Participants were
evaluated for clinical or research purposes in a hospital setting. Analyses were conducted
using IBM SPSS Statistics, Version 22. All participants were assessed using the Behavior
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Rating Inventory of Executive Function (BRIEF; Gioia, Isquith, Guy, & Kenworthy, 2000)
and a subset of 56 females and 130 males were assessed using the Vineland Adaptive
Behavior Scales, first or second edition (VABS, VABS-I1I (Sparrow, Balla, & Cicchetti,
1984; Sparrow, Cicchetti, & Balla, 2005).

A cohort of 79 females (mean age=12.17, SD=2.74; mean 1Q=106.68, SD=20.37) and 158
males (mean age=12.65, SD=2.43; mean 1Q=106.74, SD=18.95), were included in this
study. Age ranged from 7-18 years and Full-Scale 1Q ranged from 62-149, with no outliers.
All participants met DSM criteria for an autism spectrum disorder based on clinical
judgment of a research reliable and clinically experienced ASD expert using the Autism
Diagnostic Interview (ADI) or Autism Diagnostic Interview—Revised (ADI-R; Le Couteur et
al., 1989; Lord et al., 1994) and/or the first or second edition of the Autism Diagnostic
Observation Schedule (ADOS, ADOS-2; Lord et al., 2000, 2012).

In addition to meeting criteria for ASD, female participants were included in the analyses if
they had scores for all subscales on the BRIEF, and an FSIQ score. After identifying all
females who met these criteria, males were selected from the total dataset of 226 males in a
2:1 male:female ratio using the FUZZY case-control matching function, without
replacement, within IBM SPSS (Version 22). This function takes two datasets, one typically
larger than the other, and allows for matching of groups based on multiple factors within a
range of tolerance. It prioritizes selecting participants who are the closest matches. In this
case, each female was matched to two male participants within 4 years of age and 14 1Q
points. Males and females did not differ significantly in ADOS and Attention Deficit
Hyperactivity Disorder (ADHD) symptom ratings for the subset of the group that had each
(see Table 1). In addition, there was a second subset of 56 males and 29 females with
normed ADHD ratings (T scores) based on parent report on the ADHD rating scale. These
groups did not have significantly different ratings.

Behavior Rating Inventory of Executive Function, Parent Form (BRIEF; Gioia et al., 2000).
The BRIEF assesses behavioral manifestation of Executive Function (EF) difficulties in
children through parent questionnaire. Scores are divided into two main indices, the
Behavioral Regulation Index (BRI), and the Metacognition Index (MCI). The BRI is further
divided into three scales (Initiate, Emotional control, Shift) and the MCI is divided into five
scales (Inhibit, Organize/plan, Organization of materials, Working memory, Monitor).
Higher scores indicate poorer EF, with T-scores above 65 indicating clinically significant
ratings. The BRIEF has good reliability, and convergent and discriminant validity (Gioia et
al., 2000). It is important to note that BRIEF scores have sex-specific norms.

The Vineland Adaptive Behavior Scales, First and Second Editions (VABS, VABS-II;
Sparrow et al., 1984, 2005). The VABS is a standardized, structured parent/caregiver
interview of adaptive skills. The current study used the Communication, Daily Living, and
Socialization domain standard scores. The VABS has demonstrated strong reliability and
validity (Sparrow et al., 2005). Importantly, the VABS has an approximately equal
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representation of males and females in its normative sample (though it is not normed
separately for males and females), and analyses in the normative process showed no
evidence of sex bias (Sparrow et al., 2005).

Diagnostic and Statistical Manual of Mental Disorders-1V Attention Deficit Hyperactivity
Disorder Rating Scale-Parent Edjtion (DSM-1V; ADHD rating scale). The ADHD Rating
Scale (DuPaul, Power, Anastopoulos, & Reid, 1998) assesses severity in inattention and
hyperactivity/impulsivity symptoms. This 18-question scale yields two domains: inattention
and hyperactivity/impulsivity. For each question, parents use a 0-3 scale to rate the
participant. A higher score indicates more symptom severity, and a score of 2 or 3 is
considered a significant symptom; six or more significant symptoms in either the inattention
or hyperactivity/impulsivity domains meet criteria for an ADHD diagnosis. Just as with the
BRIEF, the ADHD Rating Scale is normed separately for males and females.

Child and Adolescent Symptom Inventory-4R (CASI-4R; Gadow & Sprafkin, 2005). This is
a parent-rated questionnaire of youth’s symptoms that combines the symptom modules of
the Child Symptom Inventory-4 and the Adolescent Symptom Inventory-4. Individual items
bear one-to one correspondence with DSM-1V symptoms and are rated on a scale from 0
(never) to 3 (very often). Symptom counts (not normed) from the ADHD subscale of the
CASI-4R were used in this study.

Data Analysis

Data Inspection and Demographic Analyses—In the fully matched data set, scores
were examined to ensure there were no outliers using stem and leaf plots. Summary scores
for ADOS modules 2, 3, and 4 were consolidated to create overall Communication + Social
Totals and Stereotyped Behavior scores. ADOS-2 modules 2, 3, and 4 were similarly
combined to create overall Social Affect and Restricted and Repetitive Behavior (RRB)
Total scores. ADI and ADI-R scores were also combined to create overall Social,
Communication, and RRB Total scores.

For those participants that had them available, ADHD symptom ratings from the Child and
Adolescent Symptom Inventory (CASI-4R) and ADHD rating scale were consolidated and
given a dichotomous, “yes” or “no”, value indicating whether each participant met or did not
meet criteria for each type: Inattentive and Hyperactive. For both the Inattentive and
Hyperactive Types, the proportion of males and females who met criteria for each were
compared using a chi square test to ensure equal parent-rated presentation of ADHD
symptoms across groups.

T-tests and chi-square analyses (as appropriate) were also conducted to evaluate for equal
distributions of 1Q, age, ADOS/ADI scores, race, and maternal education across the male
and female samples. Given unequal sample size in the 2 groups, dependent variables of
interest (BRIEF, Vineland) were evaluated with Levene’s test of homogeneity of variances
with non-significant results (ps = .08-.89). Regardless, results reported below were
confirmed with Welch and Brown Forsythe tests.
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Executive Function and Adaptive Behavior Analyses—Two mixed-model
ANOVAs were conducted to compare sex differences across the eight scales of the BRIEF
and three domains of the VABS-1/I1 and, when appropriate, post-hoc independent t-tests
were used to assess differences on specific scales. The first was a Sex (male, female) by
BRIEF scale (eight scales) ANOVA and the second was a Sex (male, female) by VABS-I/11
Domain (three domains) ANOVA.

Correlational Analyses—For each of the male and female groups, partial correlations,
accounting for the influence of age and FSIQ, were computed to assess the relationship
between the BRIEF and each of the three VABS-I/II Domains: Communication, Daily
Living Skills (DLS), and Socialization.

Demographic Analyses

Independent samples t-tests between males with ASD and females with ASD on age and
FSIQ and chi-square analyses of ADOS/ADOS-2 and ADI/ADI-R indicated there were no
significant differences between males and females on any of these factors. Chi-square
analyses of proportions of males and females exhibiting ADHD Inattentive Type showed no
significant differences. Similarly, the proportions were not significantly different for ADHD
Hyperactive Type. For those participants for whom it was available, maternal level of
education (n=55 females, 158 males) and racial demographic data (n=69 females, 158
males) were analyzed using chi-square analyses, which showed no significant differences in
either area (see Table 1). The subset of males and females with VABS-I/11 scores also did not
differ from each other statistically on age, FSIQ, ADOS scores, ADI scores, ADHD
symptom ratings, maternal level of education, and racial demographic data.

Executive Function

A mixed-model ANOVA resulted in a main effect of sex (/=5.03; p=.03, an:.OZ), whereby
parents rated females as exhibiting greater overall EF problems than males (see Table 2).
This difference occurred despite no significant sex-based differences in terms of ASD and
ADHD symptomatology. There was no significant interaction between sex and BRIEF
subscale. Females’ mean scores also surpassed the level of clinically significant problems (T
score>65) on 5/8 scales: Inhibit, Shift, Working Memory, Plan/Organization, and Monitor,
while males’ mean scores passed this level on only the Shift scale (see Figure 1).

Adaptive Behavior

This mixed-model ANOVA yielded a main effect of sex across the three domains of adaptive
behavior (/=3.89; p=.05, an:.OZ). There was also an interaction between VABS-I/11
domain and sex (/=5.15; p<.01, an:.O3). Post-hoc t-tests revealed significantly greater
impairments (i.e., lower standard scores) for females with ASD in the domain of DLS (<.
01). In the adaptive behavior domains of Communication and Socialization, there were no
significant differences in parent reports of males and females, however there was a trend
level difference in the socialization domain, whereby females show slightly lower social
adaptive ability (p=.09). See Table 2.
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Correlational Analyses

For both males and females, there were significant correlations, controlling for the effects of
age and FSIQ, between the BRIEF Global Executive Composite (GEC) score and the VABS-
I/11 domains of DLS and Socialization (see Table 3). The GEC score, rather than the eight
individual subscales, from the BRIEF was used because there was no interaction effect in the
BRIEF ANOVA, but rather only a main effect, indicating differences at the composite level.
Also use of the GEC score limits the issue of multiple comparisons during this analysis.
Higher BRIEF GEC scores (i.e., more impaired EFs) were associated with decreased VABS-
I/11 DLS and Socialization abilities. The male group also showed a significant correlation
between BRIEF GEC score and VABS-1/I1 Communication, whereby more EF impairment
was associated with less communication ability. For females, this correlation was not
significant. Comparing the magnitude of these correlations using an r to z transformation
revealed that the size of the correlations between BRIEF GEC and VABS-I/11 domains was
not significantly different between males and females. There was, however, a trend towards a
stronger relationship between DLS and BRIEF GEC in females than males with ASD (z
diff=1.9, p=.06).

Confirmatory Analyses

The above results of analyses conducted in the 2:1 FUZZY matched dataset were confirmed
in the full sample, including the same 79 females, but comparing them to all 226 males. This
larger sample showed no significant differences in 1Q between males and females (p=.25),
however, there were differences in age (p<.01), with a mean female age of 12.2 years and a
mean male age of 13.1 years. Autism symptoms as ascertained on the ADQOS remained
equivalent between the sexes in this broader sample, although females showed fewer parent-
reported past symptoms as ascertained on the ADI. Controlling for age, we repeated the
BRIEF subscale by sex comparison. Mauchly’s test of sphericity was significant, indicating
that the assumption of sphericity had been violated, thus we interpreted with the
Greenhouse-Geisser, resulting in a main effect of sex (/=4.04; p=.045), with no interaction.
Similar to the findings from the 2:1 matched sample, parents rated females as showing
greater EF problems than males. In the subset of those with a VABS-I/11 (n=56 females, 176
males), the Sex by Domain comparison, while controlling for age, yielded a main effect of
sex across the three domains of adaptive behavior (/=4.12; p=.04) and an interaction
between VVABS-1/I1 domain and sex (/=6.07; p<.01). This pattern of differences is the same
as that found in the 2:1 matched sample.

Discussion

This study presents a novel exploration of sex differences in a large cohort of individuals
with ASD, a majority without ID, on continuous measures of everyday executive function
and adaptive ability. In this sample of individuals with ASD, females show greater executive
function problems than males and markedly worse adaptive daily living skills. Importantly,
these differences occur on measures shown not to have sex bias and in the context of
equivalent ratings for males and females on clinician-administered measures of ASD
symptomatology (ADOS/ADOS-2 and ADI-R), parent-reported ADHD levels, and FSIQ.
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These findings are consistent with previous research indicating diminished EF performance
on laboratory tasks in females with ASD (Lemon et al., 2011; Memari et al., 2013), but
broaden the implications to difficulties these females have in the real world, as reported by
parents. Greater EF problems in females occur in the context of similar levels of parent
reported ADHD symptoms between the sexes, which is important given previous work
showing that the presence of ADHD symptoms is associated with increased EF problems in
people with ASD (Corbett, Constantine, Hendren, Rocke, & Ozonoff, 2009; Yerys,
Kenworthy, Jankowski, Strang, & Wallace, 2013).

Regarding adaptive behavior skills, we found the expected one to two standard deviation gap
between 1Q and adaptive ability in both males and females that has been typically described
in studies of individuals with ASD without ID (e.g., Kanne et al., 2010; Pugliese, et al
2015). In contrast to our prediction of equivalent adaptive skills across the sexes, however,
we found better parent reported daily living skills in males than females. Socialization and
communication skills were not significantly different. While previous reports have linked
reported female specific adaptive behavior deficits to discrepancies in cognitive level (Lord,
Schopler, & Revicki, 1982; Frazier et al., 2014), this explanation does not apply to our
sample because the male and female groups were matched for FSIQ. There is potentially
corroborating evidence in one previous study, which found particular weakness for
adolescent females in daily living skills within the Simons Simplex Collection (Howe et al.,
2015), but this difference did not survive corrections for false discovery rate.

Thus, in the context of similar 1Q level, ASD symptoms and social/communication skills,
the females in this study had greater problems with parent reported daily living as well as EF
skills. If supported in future studies, this raises the possibility of a concentration of female
specific phenotypic differences outside of social communication domains. Such a pattern
could reflect biological/genetic differences or previously described sex differences in child
rearing (Johnson et al., 2014), which emphasize social and communication skills for females
and thus may provide more intensive support for girls to develop these skills (Bornstein,
Giusti, Leach, & Venuti, 2005). Since ASD is diagnosed later in females, they may be
missing out on specific interventions that would target their ASD related weaknesses more
broadly. It is also possible that these biological or environmental differences in upbringing
could lead to the commonly ventured idea of a female “masking” effect. Multiple self-
advocates have discussed females being better able to blend into social and communicative
situations (Rosa, 2016), such as during an evaluation with a clinician. It could be in other
areas of functioning, such as EF and DLS, and particularly on real-world measures where
behavior is assessed over long time periods, that the problems females are experiencing
become apparent.

In terms of sex differences in the relationship between parent reported EF problems and
adaptive behavior, our exploratory analyses reveal a generally consistent pattern across the
sexes of a negative relationship between EF problems and adaptive abilities. For males in
this study, the relationship between EF problems and adaptive behavior domains was
consistent with that reported in a large predominantly male sample (male n=301, female
n=53; Pugliese et al., 2015) in that all three domains of the Vineland were correlated with
EF problems (although the correlation with daily living skills in this study is small). For

Autism Res. Author manuscript; available in PMC 2018 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

White et al.

Page 10

females in this study, however, the pattern is different. The correlation between the
Communication domain and EF problems was not significant. It must be noted that this
finding is weakened by that fact that the difference in the size of the correlation between
communication skills and EF problems in males and females was not significant.
Nonetheless, the indication that communication skills in females may be artificially
dissociated from EF problems, could be related to advanced use of scripting, as reported by
some self-advocates (Baggs, 2007; Mead, 2016). Reports from female self-advocates
indicating that they use verbal scripts to mask communication weaknesses, in combination
with our findings of greater difficulty with EF and daily living skills for females, indicates
that the possible dissociation of communication from EF skills in females merits future
research. Direct investigation of the use and utility of scripting to people with ASD without
ID is needed to explore this possibility. Furthermore, without longitudinal data collection in
larger samples of males and females with and without ASD, we are limited to speculation
regarding causality in the relationships we have observed and the uniqueness to ASD of sex
differences in these relationships.

It is necessary to recognize the limitations of this mainly exploratory study. The measures of
both EF and adaptive ability are based on parent report and lack the additional input of other
adults in the participants’ lives, the participants themselves, and reliable lab-based tasks.
Although this study does not provide indications of the etiology of these differences (e.g.,
whether parental bias based on sex-specific expectations for these skills drove sex
differences), it is notable that the differences in adaptive behavior and EF in this study were
found on measures that are either sex normed or derived from a balanced male:female
standardization sample. It is important to recognize the possibility that utilizing norms based
on typically developing youth could mask ASD-specific sex differences. However, if
anything, these findings are conservative and constrained by the the sex-based norms of the
BRIEF in which the normative sample of TD females show either fewer or equivalent
problems when compared to TD males across age. Nonetheless, a crucial future step will be
the investigation of a larger sample of males and females with ASD, which would allow for
the exploration of the psychometrics of these scales in males and females with ASD
specifically. Ascertainment bias should also be considered in interpreting these findings.
First, because of our mostly clinically referred sample, it is possible that those females who
were referred were also those with more noticeable problems in everyday life. Second, all
participants in this study were included based on meeting ASD criteria on a gold standard
diagnostic measure, either the ADOS/ADOS-2 or ADI/ADI-R. Among those females who
presented to the clinic, sex bias in these diagnostic measures could mean that only the
females showing the most “ASD traits” (as determined based on a majority male
characterization sample) met criteria and ended up being included in this study. Therefore,
our findings are not necessarily representative of the ASD population overall. This
ascertainment problem is not unique to our study. Addressing this problem is a critical goal
for future research on sex differences in ASD. Failing that, research which intends to explore
sex differences may only capture at differences between one sex and a subset of another,
rather than comparable populations. Additional future goals for our research include
population based studies that use diagnostic measures with sensitivity across all gender
identities, thereby allowing for representation of females, transgender and gender
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nonconforming individuals. Like others in the field, we have conceptualized individuals in a
binary way (male vs. female) when in fact there could be many more profiles, or possibly no
difference in profile, as we include those who are transgender and gender nonconforming.
Given high rates of gender variance in people with autism (Strang et al, 2015), it is
important to include these under-represented groups in future research.

Given the present findings and input from self-advocates about the propensity for females to
compensate for social and communication deficits, increased clinical and research inquiry is
needed into distinctive cognitive and behavioral phenotypes in females with ASD. This
study also makes clear the importance of evaluating functioning outside of ASD-specific
symptoms, into related domains that have major impacts on quality of life and overall daily
functioning. Also, paying particular attention to continuous measures, including others in
addition to the BRIEF and VVABS-I/Il, as a support to the clinical interaction could be of
strong value for getting the complete real-world picture of a female’s situation. While the
focus on females with ASD has substantially increased in recent years, there is still much
more research needed, especially towards determining whether there is a specific profile for
females with ASD and which particular strengths/difficulties parents and clinicians might
look to observe. A greater awareness around the female phenotype can begin to diminish the
number of females with ASD without ID that slip under the radar.
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Figure 1.
The profile of scores on the Behavior Rating Inventory of Executive Function for male and

female participants with autism spectrum disorder. T scores above 65 are indicative of
clinically significant problems.
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Partial correlations (accounting for age and 1Q) between the Behavior Rating Inventory of Executive Function
Global Executive Composite score and domain scores from the Vineland Adaptive Behavior Scales for males

and females with autism spectrum disorder.

Vineland Domain  Global Executive Composite

Males Females
Communication .30%* -14
Daily Living Skills _18% 467
Socialization _34** 4
*
p<.05;
Ak
p<.01

For all correlations, male n=130, female n=55.
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