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Abstract
Objective—To examine differences in behavioral symptoms and cognitive functioning between
males and females with autism spectrum disorder (ASD).

Method—We analyzed data from 2,418 probands with autism (304 females, 2,114 males)
included in the Simons Simplex Collection. Sex differences were evaluated across measures of
autism symptoms, cognitive and motor functioning, adaptive behavior, and associated behavior
problems. Measurement bias was examined using latent variable models of symptoms. Unadjusted
and propensity-adjusted analyses were computed to ensure sex differences were not due to
unbalanced sampling. Moderator and mediator analyses evaluated whether sex differences were
modified by clinical characteristics or driven by cognitive ability.

Results—Females with ASD had greater social communication impairment, lower levels of
restricted interests, lower cognitive ability, weaker adaptive skills, and greater externalizing
problems relative to males. Symptom differences could not be accounted for by measurement
differences, indicating that diagnostic instruments captured autism similarly in males and females.
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IQ reductions mediated greater social impairment and reduced adaptive behavior in females with
ASD, but did not mediate reductions in restricted interests or increases in irritability.

Conclusions—A specific female ASD phenotype is emerging that cannot be accounted for by
differential symptom measurement. The present data suggest that the relatively low proportion of
high functioning females may reflect the effect of protective biological factors or may be due to
under-identification. Additional carefully-accrued samples are needed to confirm the present
pattern and to evaluate whether observed sex ratios in high functioning cases are reduced if
female-specific indicators of restricted interests are included.
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Being male is one of the most powerful and well-established risk factors for autism
spectrum disorders (ASD). Sex ratio estimates have indicated 3–4 males per female across
the diagnostic spectrum.1 Even more severe ratios (as high as 9:1) are observed in
cognitively higher functioning cases.2, 3 Consequently, original descriptions, subsequent
diagnostic criteria, and the vast majority of phenotypic data are from males with ASD. Yet,
recent data suggest that females may be underidentified4 or, at minimum, show different
behavioral, cognitive, neuroanatomical, and/or molecular expression patterns.5–10

Unfortunately, studies of sex differences in the ASD phenotype have often included modest
female sample sizes, focused exclusively on adults, and/or focused on a limited number of
domains (e.g., symptoms or cognition). Thus, no previous studies have been able to
comprehensively evaluate whether major differences in core symptoms or overall cognitive
ability may drive other sex differences in children with ASD.

Previous investigations of sex differences in autism symptoms have suggested decreased
repetitive behavior in females, with no consistent differences in social communication
symptoms. In one of the earliest and largest studies of sex differences in ASD, Lord et al.11

found that females with autism had lower levels of unusual visual interests. Contemporary
studies have confirmed lower levels of repetitive sensory motor behavior (Cohen’s d across
studies =.16–.42),4, 12 at least in older children with ASD where repetitive behaviors are
often more apparent and impairing.13 It is not yet clear whether this reduction is broadly
present across all sub-domains (e.g., repetitive sensory motor, need for sameness, and
restricted interests). One recent study suggested that sex differences may be most
pronounced for repetitive symptoms characteristic of higher functioning individuals (e.g.,
large store of factual information).4 Additionally, no previous studies have carefully
evaluated whether sex differences reflect true differences in symptom expression or an
artifact of differential symptom measurement in females with ASD. This is crucial given
that diagnostic criteria were primarily based on male-centric descriptions. Furthermore, no
previous studies have examined whether sex differences may reflect unbalanced sampling of
demographic or clinical factors across male and female cases. For example, female ASD
cases from families of lower socioeconomic strata may be differentially under-represented.
Careful evaluation of measurement equivalence and sample comparability are key to
ensuring observed sex differences reflect true differences.

Studies of sex differences in cognitive functioning have produced inconsistent findings.
Several investigations have found worse verbal/language abilities in females11, 13 while
others have found no significant differences.4, 14 Findings for full scale IQ, nonverbal IQ,
and motor functioning have been variable and potentially dependent on age and sample
characteristics.4, 13–15 Data on adaptive functioning and associated behavior problems have
also been variable, with the largest studies suggesting decreased adaptive behavior, weaker
social competence, and more emotional difficulties in older females with ASD.4, 11 A key
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next step will be estimating these effects simultaneously in a large sample. This will assist in
determining whether previous discrepancies across studies are accounted for by statistical
power or sampling variation as well as examining whether cognitive differences between
males and females mediate other sex differences.

The primary aim of the present study was to evaluate sex differences in behavioral and
cognitive characteristics of youth with ASD using a large sample from the Simons Simplex
Collection (SSC). The SSC affords the advantage of simultaneously evaluating an array of
phenotypic measures, including core ASD symptoms, cognitive and language measures,
adaptive functions, and associated behavior problems. To address this overarching objective,
the study first evaluated the possibility that any observed symptom differences between
males and females may result from differential symptom measurement. We hypothesized
that females and males would show highly similar autism symptom structure, implying
equivalent measurement between sexes in the SSC. If established, measurement equivalence
would facilitate investigation of mean differences between males and females. Sex
differences were then evaluated across the full range of phenotypic measures, with careful
correction for any unbalanced sampling between males and females that may distort sex
differences. Based on previous literature, we anticipated lower repetitive behavior symptom
levels, greater cognitive impairment (particularly for verbal IQ), weaker adaptive behavior,
and higher levels of associated behavior problems in females relative to males with ASD.
Finally, clinical characteristics were examined as potential moderators and overall cognitive
ability was examined as a mediator of sex differences in other phenotypic domains.

Method
Sample

Data were obtained from the Simons Simplex Collection (SSC; version 14.1) and included
2,418 probands with complete demographic and diagnostic data, including 304 females and
2,114 males with ASD. Previous reports have described the SSC data collection process, as
well as the extensive phenotypic data available.16 Informed consent was obtained at each
data collection site included in the SSC. The procedures of the present study were reviewed
and approved by the institutional review board of the Cleveland Clinic.

Measures
Demographics and clinical characteristics—Age and sex of the proband and their
sibling (for quad families), race/ethnicity (coded white non-Hispanic, other race/ethnicity),
family type (trios vs. quads), family structure (zero or one biological parent in the home vs.
two biological parents in the home), number of siblings, highest parental education, family
income, evidence of regression, presence of a phrase speech delay, proband height, proband
body mass index, SSC diagnostic certainty rating, and Collaborative Programs of Excellence
in Autism (CPEA) proband diagnosis (e.g., Autism, ASD, Asperger’s). The SSC includes
probands with DSM-IV-TR spectrum diagnoses, including an “ASD” designation
functionally similar to DSM-IV Pervasive Developmental Disorder Not Otherwise Specified.
SSC families were included if the proband was age 4–18, had nonverbal mental age >18
months, was absent severe neurologic deficits or birth complications, met CPEA criteria for
an autism spectrum disorder, and did not have a first-degree relative with an autism
spectrum disorder.16

Core autism symptoms—Autism symptom data were obtained from the Autism
Diagnostic Interview–Revised (ADI-R)17 total and domain scores (social, nonverbal
communication, and restricted/repetitive behavior), Autism Diagnostic Observation
Schedule (ADOS) calibrated severity score and scale scores (reciprocal social,
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communication, social affect, and restrictive/repetitive),18 Social Responsiveness Scale
(SRS) total raw and subscale scores,19 and Repetitive Behavior Scale–Revised (RBS-R)
total raw score.20 ADI-R repetitive behavior current item scores and RBS-R items were
coded into sub-scales based on recent empirical work by Bishop et al.21 identifying a
different factor structure than originally used for scoring these instruments. Specifically,
ADI-R repetitive behavior item scores were summed to create insistence on sameness and
repetitive sensory motor subscales. RBS-R items were summed to create stereotypy,
restricted interests, self-injury, compulsive, and sameness sub-scales. For conceptual clarity,
symptom measures were presented in clusters (global autism severity, social
communication/interaction, and restricted/repetitive behavior).

Cognitive and motor—Cognitive data included full scale intelligence quotient (FSIQ),
verbal IQ, and nonverbal IQ derived from multiple instruments.22–24 As a result, only
overall, verbal, and non-verbal ability standard scores or ratio (deviation) scores were
obtained. The absolute difference between verbal and nonverbal IQ scores (VIQ minus PIQ)
was also examined based on previous literature indicating an increased rate of discrepancies
in autism.25 Language measurements included standard scores from the Peabody Picture
Vocabulary Test–Fourth edition (PPVT),26 scaled scores from the non-word repetition
subtest of the Comprehensive Test of Phonological Processing (CTOPP),27 and the
difference between language level defined by the ADOS module received and nonverbal
mental age (coded 0=no discrepancy between ADOS module received and expected ADOS
module, 1= one level lower than the expected ADOS module, and 2= two levels lower than
the expected ADOS module). Motor functioning was assessed using the total number of
pegs completed using the dominant (Pegs Dominant) and nondominant (Pegs Non-
Dominant) hands in the Grooved Pegboard test.28 Caregiver reports of motor function were
obtained using the fine motor, coordination during movement, general coordination, and
composite scores from the Developmental Coordination Disorder Questionnaire (DCDQ).29

Adaptive behavior and associated behavior problems—Adaptive behavior was
evaluated using the composite and subscale standard scores from the Vineland Adaptive
Behavior Scale–Second Edition.30 Associated behavior problems were measured using the
total, internalizing, and externalizing T-scores of the Child Behavior Checklist (CBCL)31

and the total and subscale raw scores from the Aberrant Behavior Checklist (ABC).32, 33

Data Analysis
Differences in sample demographic and clinical characteristics across females and males
with ASD were estimated using independent samples t-tests or Chi-square statistics.

Measurement invariance—Detailed measurement invariance methods are provided in
Supplement 1. Briefly, a series of increasingly restrictive factor models were estimated with
the 3 ADI-R domain scores, 3 ADOS domain scores, SRS total raw score, and RBS-R total
raw score as indicators (Table S1 provides indicator-factor correspondence). Comparisons of
fit across models were used to determine whether males and females show similar factor
structure (factor loadings, intercepts, and error variances).

Sex differences—To examine unadjusted sex differences across all phenotypic measures,
independent samples t-tests were computed with each measure as a dependent variable.
Unadjusted analyses do not account for possible demographic or clinical differences
(unbalanced sampling) between females and males with ASD. To account for these potential
differences, a logistic regression was computed predicting participant sex using all other
demographic and clinical factors. The log probability of being male (linear propensity score)
was saved for each case and used to adjust for demographic and clinical differences between
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females and males with ASD. Preliminary analyses also examined one-to-one matching
based on the linear propensity score. However, all standardized covariate differences were
less than 10% of the pooled standard deviation (Cohen’s d<.10) and the linear propensity
score difference was also small (Cohen’s d=.14). The pattern of results was highly similar.
Therefore, the following presentation focused only on covariate-adjustment.

Moderator analyses—To examine moderation, demographic and clinical characteristics
and their interaction with proband sex were included as predictors in linear regression
models. Dependent variables included phenotypic measures with the largest, statistically
significant sex differences in each domain. A significant interaction between sex and other
demographic or clinical characteristics would imply potential moderator effects.34

Mediational models—To examine whether sex differences in other phenotypic measures
were mediated by reductions in full scale IQ, a series of regression analyses were computed
following Baron and Kenny.35 Analogous structural equation models were also computed to
simultaneously estimate standardized coefficients. It is important to note that all data were
cross-sectional. Thus, mediation can only be described in the statistical sense and could not
be logically tested following MacArthur framework guidelines.34, 36

Multiple comparison corrections—For all analyses, false discovery rate corrections
were applied within each domain (global autism symptoms, social communication/
interaction, restricted/repetitive behavior, cognitive, motor, adaptive behavior, and
associated behavior problems) to maintain Type 1 error rate at .05.37, 38 Univariate statistics
(t and F) were converted to Cohen’s d to represent the magnitude of effect sizes across all
measures.39 Effect sizes conventions were very small (d<.10), small (d=.20), medium (.50),
and large (d=.80).40 Latent variable models were estimated using MPlus v5.2. All other
analyses used SPSS v20.

Results
Sample Characteristics

Table 1 presents demographic and clinical characteristics, separately for males and females
with ASD. The SSC included 2,418 ASD-affected individuals (304 females, 2,114 males;
age range=4–18) with complete demographic and clinical data. Bachelor’s and graduate
degrees were common among parents and the socioeconomic status of families was higher
than the general population (income ~$75,000). The majority of children lived with both
biological parents. Consistent with the broad but relatively higher functioning composition
of the SSC,16 phrase speech delay was reported in roughly a third of cases. Females and
males with ASD were surprisingly well-matched across the full array of demographic and
clinical variables (largest absolute standardized difference - Cohen’s d=.07). The propensity
score representing combined differences on all covariates indicated that the level of overlap
between females and males with ASD was quite high (Figure S1).

Measurement Equivalence
Table S2 presents fit statistics from increasingly restrictive measurement models. Fit was
stable and in some cases improved across increasingly restrictive models, implying strict
measurement invariance across sexes. The presence of strict measurement invariance for
each assessment measure permits evaluation of mean differences in symptoms by
demonstrating that observed differences in scores were not a function of differences in
measurement between males and females included in the SSC. The DSM-5 factor model also
estimated equivalent correlations between social communication/interaction and restricted/
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repetitive behavior factors in males (r=.63, 95% CI=.57–.69) and females (r=.71, 95% CI=.
56–.86).

Autism Symptoms
Table 2 presents unadjusted means and standard deviations for autism symptoms in males
and females with ASD. There were no significant differences in global autism severity
metrics, although a non-significant trend was noted for higher SRS total raw scores in
females. For specific symptom measures, females with ASD showed higher social and
communication symptom levels on the ADOS and two of the four SRS social subscales.
Conversely, females with ASD had significantly lower repetitive behavior symptom levels
on the ADI-R repetitive domain score and the RBS-R restricted interests subscale. The latter
effect was the largest absolute male-female difference across symptom measures, but was
small in magnitude (Cohen’s d=−.13). Adjustment for the propensity score did not alter the
pattern or magnitude of results.

Cognition and Motor
Table 3 presents unadjusted means and standard deviations for cognitive and motor
measures in males and females with ASD. Females with ASD showed significantly lower
overall, verbal, nonverbal cognitive scores as well as reduced language scores. Overall, the
discrepancy between verbal and nonverbal IQ was less pronounced in females with ASD,
with males more likely to show a discrepancy (≥8 points) in favor of nonverbal IQ (males
48.8% vs. females 40.5%) and females more likely to show a discrepancy in favor of verbal
IQ (males 18.9% vs. females 23.6%; χ2(2)=9.04, p=.011; see Figure S2). Interestingly, at
higher overall cognitive levels (full scale IQ≥80), females with ASD did not show a verbal/
nonverbal discrepancy (females M=0.27, SD=14.26; males M=−3.72, SD=16.51;
F(1,1388)=6.83, p=.009). Effect sizes for cognitive and language measures were small, but
this is not surprising given the large score ranges. The average standard score difference for
full scale IQ was approximately 8 points. Additionally, lower cognitive ability in females
with ASD appears to be largely due to a lower proportion of females with IQ≥80 (9.6%)
relative to IQ<80 (16.5%: χ2(1)=24.87, p<.001), and there were no sex differences in IQ
when analyses were conducted separately in low (IQ<80) and high (IQ≥80) IQ groups
(smallest p=.313). Females and males generally showed comparable motor function, with
the only exception being females with ASD reported to have worse gross motor coordination
(throwing or catching a ball, jumping, running, etc.), possibly due to rater biases in judging
gross motor success in girls.

Adaptive and Associated Behavior Problems
Table 3 also presents unadjusted descriptive and inferential statistics for measures of
adaptive behavior and associated behavior problems in females and males with ASD.
Females with ASD had worse adaptive behavior in all areas. Females with ASD also had
greater total and externalizing behavior problems, irritability, lethargy, and self-injurious
behavior. Adjustment for the propensity score did not alter findings for any phenotypic
measure.

False Discovery Rate Correction
Table 4 summarizes findings that survive false discovery rate correction within each
domain. Significant increases in social communication/interaction symptoms in females
were no longer significant after false discovery correction. However, 5 of the 9 tests were
nominally significant (p<.05) and the pattern of p-values deviated substantially from
expectation (see Figure S2 Q-Q plot), suggesting a small trend toward poorer social
communication/interaction ability in females with ASD. RBS-R restricted interests survived
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false discovery rate correction within the repetitive behavior domain, implying that females
with ASD are likely to show fewer circumscribed interests. All of the cognitive measures
survived false discovery rate correction, as did the four nominally significant Vineland
adaptive behavior measures (composite, social, communication, and daily living skills). All
of the significant findings within the associated behavior problems domain survived false
discovery rate correction except RBS-R self-injurious behavior.

Moderators of Sex Differences
Sex differences in social communication symptoms, full scale IQ, gross motor coordination,
and adaptive behavior were larger at older ages (smallest t(2379)=2.01, p=.045). Reductions
of adaptive behavior in females with ASD were less pronounced in youth of other race/
ethnicity (t(2383)=1.94, p=.053) and youth from higher income families (t(2383)=2.29, p=.
022). Lower IQ levels in females with ASD were also less pronounced in higher income
families (t(2379)=2.06, p=.040). Irritability levels decreased with age (t(2358)=− 6.90, p<.
001), but this general trend was modified by substantially greater irritability in older females
with ASD relative to older males with ASD (t(2358)=2.83, p=.005). For both sexes, a
history of regression was associated with lower full scale IQ and adaptive behavior
(t(2360)=3.60, p<.001). However, a history of regression did not moderate sex differences
for any measure (all p>.05). Lower levels of restricted interests in females with ASD was
not moderated by any demographic or clinical characteristic (all p>.05).

Mediation of Sex Differences
Figure 1 presents mediational model results. IQ was chosen as a mediator to determine
whether reductions in IQ in females with ASD, resulting from a lower proportion of females
with IQ≥80, was driving other phenotypic differences. Reductions in full scale IQ in females
with ASD fully mediated higher social communication/interaction symptoms and lower
adaptive function. Lower restricted interests in females with ASD was independent of
reductions in IQ (standardized direct effect =−.065, standardized indirect effect < .001).
Similarly, greater irritability in females with ASD was largely independent of reductions in
IQ (standardized direct effect = .051, standardized indirect effect = .009). A similar pattern
of findings was obtained when verbal or non-verbal IQ scores were included as mediators as
well as when externalizing behavior replaced ABC-irritability as a downstream effect.

Discussion
The present study represents the largest and most comprehensive study of the cognitive and
behavioral characteristics of females with ASD conducted to date. The findings clarify a
growing literature on the female ASD phenotype, elucidating both the pattern and magnitude
of sex differences after cautiously considering possible sampling and measurement biases.
Consistent with several smaller-scale investigations, females with ASD had generally
greater impairment than males, including more social communication/interaction
symptoms,11, 13 lower cognitive and language abilities,11, 13 and poorer adaptive
function,11, 13 and increased problem behavior by parent report4—particularly externalizing
problems and irritability.

A lower proportion of females with IQ≥80 in the SSC is congruent with increasingly
disparate sex ratios at the highest functioning end of the autism spectrum (~9:1 male to
female).2, 3 This sex disparity raises the question of whether females are protected from
ASD, requiring additional deleterious “hits” to express the ASD phenotype or whether high
functioning ASD females are differentially underidentified; explanations that are not
mutually exclusive. Recent data support the notion of etiologic protective factors in females,
identifying requirement of a higher genetic liability for expression of ASD in females,
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particularly for the repetitive behavior domain.12 The idea of separate protective factors
across different ASD symptom domains has also been identified by behavioral genetic
studies,41 further supporting the potential for sex- and domain-specific protective factors.

The possibility of a higher liability threshold for expression of repetitive behavior in females
with ASD is intriguing in light of the present finding of lower restricted interests, especially
in higher functioning individuals. This observation may explain the very high sex ratios at
the high end of the spectrum, where restricted interests are a key symptom for ASD
identification. Less circumscribed interests may be a protective factor or may simply
represent a less obvious phenotype during clinical evaluation. This also raises the question
of whether high functioning females without restricted interests but with social
communication/interaction difficulties and need for sameness will qualify for the newly
posited Social Communication (Pragmatic) Disorder or whether a relaxation of proposed
DSM-5 criteria for ASD should be implemented for females. Additional study of the specific
DSM-5 symptom patterns in females will be needed before determining whether sex-specific
algorithms are useful.

Aside from a higher liability threshold, it is also possible that high functioning females with
ASD are differentially under-identified. Original descriptions of autism tended to be male-
dominated42, 43, although not exclusively,44, 45 and even contemporary descriptions of high
functioning ASD emphasize attributes related to traditionally- (albeit stereotypically) male
interests.46, 47 At present, symptom exemplars specific to female presentations are not
clearly emphasized in diagnostic instruments. The inclusion of behavior exemplars more
characteristic of female presentations in commonly-used assessment tools may improve
identification of high functioning females with ASD. Interestingly, the present results
indicate that currently-applied symptom measurements are not evaluating ASD in a
substantively different way, at least in the majority of ASD-affected females in the SSC
(including 135 females with full scale IQ≥80). This observation further supports a role for
differential liability thresholds in males and females, but does not completely rule out
measurement as an additional explanation for under-identification, as particular items may
still show minor variations in sensitivity to males and females.

The possibility of under-identification of females with ASD was further supported by
moderator analyses. Larger sex differences at older ages, and modification of sex differences
in IQ and adaptive behavior by race and income, may imply under-identification of females.
The fact that sex differences were less prominent in younger cohorts may imply sampling
bias in older cohorts of the SSC or may indicate that identification of females with ASD is
improving as general knowledge of autism in the public and in primary care professionals is
heightened. The need to reduce any disparity in identification of females, particularly at the
higher end of the spectrum, highlights the importance of evaluating rater effects. Mothers
are typically the primary source of information for subjective report and interview-based
tools and they may report differently for female and male children, at least for “high
functioning” symptoms. Less pronounced discrepancy of verbal and non-verbal IQ may also
contribute to underidentification of females with ASD. Higher nonverbal ability, relative to
verbal ability, is often considered a clinical clue to the presence of ASD. Whether this
represents a true protective factor for females or simply contributes to under-identification
merits further exploration.

The third major finding from this investigation was that lower levels of restricted interests
and greater irritability/externalizing behavior could not be explained by a lower proportion
of cognitively-able females in the SSC. Yet, it is not clear if these findings relate more
directly to being female rather than to ASD etiology or if there is an interaction between
background genetics of females and etiologic factors driving ASD. Regardless, the presence
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of higher irritability and externalizing behavior highlights that females with ASD should be
monitored carefully for these symptoms. It is also crucial to note that the above described
pattern of sex differences could not be completely explained by selection bias of diagnostic
instruments. The two primary diagnostic instruments, ADI-R and ADOS, separately showed
measurement equivalence across sexes and DSM-5 symptom domains had equivalent
correlations in males and females. Additionally, results were not likely attributable to
unbalanced sampling of females, as results remained consistent both in pattern and
magnitude following propensity adjustment. However, unbalanced sampling in this context
is distinct from under-identification of female cases with higher IQ. Under-identification of
females with higher IQ may still be present, even when sampling is balanced on other
clinical and demographic factors. Future large-scale studies that carefully attend to sample
ascertainment and measurement bias are needed to confirm the present findings. This
research should use multiple distinct instruments and item sets to further investigate ASD
factor structure and its equivalence across males and females. Future investigations should
also attend to age at ASD diagnosis as this is an important factor in symptom expression.

The primary limitations of the present investigation were evaluation of a large number of
phenotypic measures clustered into conceptual domains, the lack of correlation between
phenotypic sex-differences and genotypic measurements, and the inherent limitations of the
SSC cohort. Specifically, some female ASD cases may have been missed due to the strict
diagnostic requirements of the sample, including a requirement to at least meet autism
spectrum criteria on the ADI-R and ADOS. This concern is somewhat diminished because
of the high functioning nature of the SSC sample and inclusion of clinician best estimate
diagnostic judgments. Future studies of sex differences in ASD should include individuals
from single and multiple incidence families who do not meet full criteria for ASD but have
other “mimic” conditions, including social (pragmatic) communication disorder. Examining
the patterns of autism symptoms across a fuller range of syndromal and subsyndromal
presentations, using both raw and sex-adjusted scores on quantitative trait and clinical
diagnostic measures, is needed to better understand any ascertainment biases and to inform
diagnostic judgments.

The extensive array of phenotypic measures coupled with a large sample sizes raises the
question of whether observed sex-differences are simply Type 1 errors. To mitigate against
this possibility, the present study applied false discovery corrections within each domain and
focused on effect sizes in the interpretation of significant findings. Furthermore, application
of moderator and mediator analyses permitted building a conceptual model of the pattern of
findings, rather than focusing on each measure in isolation. Additional studies that delineate
factors leading to sex differences and that link differences across levels of analysis
(symptoms, cognition, brain structure and function, cellular, and molecular) are needed to
develop a comprehensive understanding of sex differences in ASD. These studies should
also attend to the magnitude of observed differences as small effects may or may not be
clinically meaningful.

The present study provided a broad picture across a range of behavioral symptom and
cognitive/motor domains. As such, it represents an important large-scale “first pass” at
female-male differences within ASD, identifying lower restricted interests and higher
irritability/externalizing behavior as phenotypic differences that could not be explained by
measurement or sampling. Future studies that take a more focused look at behavioral
exemplars and specific facets of cognitive processes (e.g. prosody or affect recognition) are
needed to further refine our understanding of sex-differences in ASD. Finally, the SSC has
recently provided access to large-scale genotype data. An important next step will be to
correlate identified sex-differences in restricted interests and irritability/externalizing
behavior with genetic variation. Several regions and genomic features show sex
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differences48, 49 across males and females and these may be candidates for risk or protective
factors driving sex-differences in ASD.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Clinical Guidance

• Females with autism spectrum disorder (ASD) may show lower levels of
restricted interests on currently used measures. Evaluators should be aware of
this difference when conducting evaluations and consider looking for female-
specific indicators of restricted interests.

• Females with ASD may show lower cognitive ability and adaptive function but
generally similar symptom levels to males with ASD. Clinicians should consider
evaluating cognition and adaptive function when engaging in treatment planning
as the symptom pattern may not provide an accurate picture of the functional
capacity of females with ASD.

• Clinicians should consider both raw and sex-adjusted scores for parent-reported
quantitative symptom measures, particularly for social communication behavior,
as females with ASD appear to be equally or more impaired than males with
ASD on this domain.

• Clinicians may consider Social (Pragmatic) Communication Disorder as an
alternative to ASD for females who do not meet full DSM-5 restricted and
repetitive behavior criteria for ASD.

Frazier et al. Page 13

J Am Acad Child Adolesc Psychiatry. Author manuscript; available in PMC 2015 March 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 1.
Full scale IQ as a mediator of greater social communication/interaction symptoms, lower
restricted interests, poorer adaptive function, and increased irritability in females with
autism spectrum disorder. Note: Lower IQ drove greater social communication/interaction
symptoms and lower adaptive function. Lower restricted interests and greater irritability in
females with autism spectrum disorder were largely independent of IQ. All coefficients are
unstandardized with standard errors in parentheses. Social communication symptoms were
measured using Social Responsiveness Scale: Social Communication subscale and restricted
interests were measured using the Repetitive Behavior Scale–Revised: Restricted Interests
subscale. Adaptive function was measured using the Vineland composite score and
Irritability was measured using the Aberrant Behavior Checklist: Irritability subscale.
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Table 4

Summary of Major Phenotypic Differences Surviving False Discovery Rate Correction Between Females and
Males With Autism Spectrum Disorder.

Domains Females With ASD Show…

Social Communication/Interaction Greater Symptoms (trend on q-q plot)

Restricted Interests Fewer Symptoms

Overall, Verbal, and Non-Verbal IQ Lower Ability

Language Processing Lower Ability

Social, Communication, and Daily Living Skills Lower Adaptive Function

Total and Externalizing Behavior Problems Greater Problems

Irritability and Lethargy Greater Problems
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