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Abstract

Background: Concerns have been raised that scores on standard measures of autism spectrum 

disorder (ASD) symptoms may differ as a function of sex. However, these findings are hindered by 

small female samples studied thus far. The current study evaluated if, after accounting for age, IQ, 

and language level, sex affects ASD severity estimates from diagnostic measures among children 

with ASD.

Methods: Data were obtained from eight sources comprising 27 sites. Linear mixed-effects 

models, including a random effect for site, were fit for 10 outcomes (ADOS domain-level 

calibrated severity scores, Autism Diagnostic Interview–Revised [ADI-R] raw scores by age-based 

algorithm, and raw scores from the two indices on the Social Responsiveness Scale [SRS]). Sex 

was added to the models after controlling for age, NVIQ, and an indicator for language level.

Results: Sex significantly improved model fit for half of the outcomes, but least square mean 

differences were generally negligible (effect sizes [ES] < 0.20), increasing to small-to-moderate in 

adolescence (ES < 0.40). Boys received more severe RRB scores than girls on both the ADOS and 
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ADI-R (age 4+ algorithm) and girls received more severe scores than boys on both SRS indices, 

which emerged in adolescence.

Conclusions: This study combined several available databases to create the largest sample of 

girls with ASD diagnoses. We found minimal differences due to sex beyond other known 

influences on ASD severity indicators. This may suggest that, among children who ultimately 

receive a clinical ASD diagnosis, severity estimates do not systematically differ to such an extent 

that sex-specific scoring procedures would be necessary. However, given the limitations inherent 

in mostly clinically-ascertained samples, future research must address questions about systematic 

sex differences among children or adults who do not receive clinical diagnoses of ASD. Moreover, 

while the current study helps resolve questions about widely used diagnostic instruments, we 

could not address sex differences in phenotypic aspects outside of these scores.
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Introduction

During the past decade there has been growing concern that standard diagnostic assessment 

procedures for ASD may be biased against girls and women (Ratto et al., 2018). Substantial 

resources have been dedicated to understanding phenotypic differences between the sexes, in 

order to improve identification of girls and women with ASD (Charman et al., 2017), 

especially those with higher cognitive and/or language abilities (Howe et al., 2015). 

However, concerns remain that commonly used diagnostic instruments may yield 

systematically lower scores for girls and women referred for assessment of ASD (Tillmann 

et al., 2018). This could happen for multiple reasons; available measures may be biased 

toward detecting ASD among male individuals (Constantino & Charman, 2012; 

Dworzynski, Ronald, Bolton, & Happé, 2012; Kirkovski, Enticott, & Fitzgerald, 2013), or 

females may actually have less pronounced symptoms of ASD (Lai et al., 2011; Rynkiewicz 

et al., 2016). A hypothesis that girls and women with ASD may be more skilled than boys 

and men at hiding their ASD-related impairments (e.g., “camouflaging”) has further fueled 

these concerns, resulting in calls for sex-specific revisions to widely-used instruments 

(Constantino & Charman, 2016; Lai, Lombardo, Auyeung, Chakrabarti, & Baron-Cohen, 

2015).

Given that the discrepant sex ratio is one of the most consistently replicated findings in the 

clinical and epidemiological literature on ASD (see Loomes, Hull, & Mandy, 2017), 

questions about phenotypic differences between male and female individuals with ASD are 

not new. However, early studies were significantly hindered by lack of access to sufficiently 

large numbers of girls and women with ASD. This resulted in inconsistent and sometimes 

conflicting findings from relatively small, clinically-ascertained samples. The field has 

recently benefitted from large-scale efforts to aggregate phenotypic, genetic, and other types 

of data across sites (Fischbach & Lord, 2010). This has yielded larger numbers of female 

participants with ASD, and a clearer picture of sex differences among individuals with ASD 

diagnoses has started to emerge. Several studies have shown that girls with ASD tend to 

receive lower scores on measures of restricted and repetitive behaviors (RRBs) (Charman et 
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al., 2017; Frazier, Georgiades, Bishop, & Hardan, 2014; Hartley & Sikora, 2009; Knutsen, 

Crossman, Perrin, Shui, & Kuhlthau, 2019; Lai et al., 2011; Mandy et al., 2012; Supekar & 

Menon, 2015; Szatmari et al., 2012; Wilson et al., 2016), but findings remain inconsistent 

with regard to social-communication deficits. In addition, even when samples are relatively 

large, ascertainment continues to pose a critical problem. For example, if at least a portion of 

girls with higher cognitive and language abilities are at risk of not being identified until later 

in life (Begeer et al., 2013; Giarelli et al., 2010; Howe et al., 2015), then they would not be 

represented in samples recruited during early childhood. A recent meta-analysis (e.g., Van 

Wijngaarden-Cremers et al., 2014) directly considered the issue of ascertainment by 

evaluating findings from 20 studies of sex differences. Overall, findings indicated no major 

differences in core symptoms between males and females; however, the potential limitation 

of certain girls (or boys) with ASD not being included in studies hinders meta-analyses 

similarly as individual studies. At the same time as increasing attention has been focused on 

possible sex differences, a number of studies have found that scores on these measures are 

affected by factors such as age, cognitive ability, and behavior problems (Havdahl et al., 

2016; Hus, Bishop, Gotham, Huerta, & Lord, 2013). Thus, in some cases, more severe 

scores may reflect demographic or developmental characteristics rather than actual symptom 

severity (Bishop et al., 2019). These findings are critical to consider in relation to questions 

of sex differences, especially given the consistently replicated finding that females with ASD 

are underrepresented at the higher end of IQ and overrepresented at the lower end (Lai et al., 

2011; Mandy et al., 2012; Skuse et al., 2009). Sex differences in IQ distributions in ASD 

likely result from a combination of biological and social-contextual factors. At the low end 

of IQ, females with ASD are more likely to have highlypenetrant genetic mutations which 

are also associated with intellectual disability (Iossifov et al., 2014; Sanders et al., 2015). At 

the high end, females who are more successful at “camouflaging” may fail to be diagnosed 

with ASD at all (Lai et al., 2017; Livingston & Happé, 2017). Regardless of the factors 

driving IQ differences in males and females with ASD, it is essential to consider the 

possibility that the effects of IQ and sex on measures of ASD symptoms are confounded. 

Except for recent notable examples (Charman et al., 2017; Tillman et al., 2018), previous 

studies have not been adequately powered to consider multiple developmental variables, or 

have not accounted for these factors simultaneously. Thus questions remain about whether 

any observed differences in scores are actually attributable to sex.

The current study was initiated to determine whether—after accounting for age, nonverbal 

IQ (NVIQ), and language level—scores on ASD symptom measures differ systematically 

between boys and girls with a best-estimate clinical diagnosis of ASD. Further 

understanding of this issue is necessary to inform proper use and future revisions of ASD 

diagnostic instruments, including the Social Responsiveness Scale (SRS; Constantino & 

Gruber, 2005), the Autism Diagnostic Interview–Revised (ADI-R; Rutter, Le Couteur, & 

Lord, 2003), and the Autism Diagnostic Observation Schedule (ADOS/ADOS-2; Lord et al., 

2000; Lord, Rutter, et al., 2012). Importantly, as data were limited to scores on three widely 

used measures, our analyses could not address sex differences in aspects of phenotype that 

may not be reflected in scores from these measures.
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Methods

Participants

Data were obtained from eight sources (see Supplementary Table 1 for a description of the 

data sources): 20 clinics from the Autism Treatment Network (ATN), Center for Autism and 

the Developing Brain/University of Michigan Autism and Communication Disorders Center 

(CADB), University of Minnesota (UMN), Korean Epidemiological Cohort (KOR), National 

Institute of Mental Health (NIMH), Simons Simplex Collection (SSC), UCSF STAR Center 

(STAR), and the Pathways study (PATH). At the time of data collection, written informed 

consent and/or assent was obtained from all participants in accordance with IRB approved 

protocols at each site. Sample size varied by analysis insofar as participants were 

administered different measures depending on age, language ability, date of assessment (e.g., 

some participants were assessed prior to publication of the SRS), and site/study-specific 

practices (e.g., the ADI-R was not administered at all ATN sites). Across all analyses, 8,985 

individuals met the overall inclusion criteria of: age at ADOS assessment 12 months to less 

than 18 years, best-estimate clinical diagnosis of ASD (determined from all information 

obtained during the assessment but not contingent on scores from any one measure), and 

NVIQ and ADOS data available from the same study visit. If a participant had more than 

one visit that was eligible for inclusion, a single visit was chosen at random. Table 1 show 

participant demographics overall for any participant who provided data to any outcome, and 

supplementary Table S2 provides demographics by analysis and site.

Measures

Cognitive Assessment.—NVIQ was assessed with a test selected based on clinician 

judgment and the child’s age and ability. The majority (80%) of children were administered 

either the Differential Ability Scales-II (Elliott, 2007), the Mullen Scales of Early Learning 

(MSEL; Mullen, 1995), or the Stanford-Binet, Fifth Edition (SB-5; Roid, 2003). Standard 

scores for NVIQ were used whenever possible. In cases where standard scores could not be 

calculated, ratio NVIQ scores were derived using age equivalent scores (Bishop, Guthrie, 

Coffing, & Lord, 2011; Farmer, Golden, & Thurm, 2015).

Autism Diagnostic Observation Schedule, Second Edition (ADOS-2).—The 

ADOS-2 consists of five modules (Toddler Module, Modules 1-4), one of which is selected 

based on the child’s expressive language and chronological age (Lord, Rutter, et al., 2012). 

The 10-point calibrated severity score (CSS; Gotham, Pickles, & Lord, 2009) provides a 

measure of overall autism symptom severity, accounting for the age and language level of 

the child, with higher scores representing greater severity. Separate domain calibrated scores 

for Social Affect (SA) and Restricted and Repetitive Behaviors (RRB) (Hus, Gotham, & 

Lord, 2014) were used in our analyses.

When using the ADOS as the outcome-of-interest, several exclusionary criteria were 

implemented: Children who received the Toddler Module (n=279) or Module 4 (n=215) 

were excluded from analysis due to small sample sizes. Participants who were younger than 

31 months of age and who received Module 1 (n=432) were also excluded because they 

would have received the Toddler Module, had it been available when tested. Three children 
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ages < 36 months with Module 3 were excluded based on recommendations from the test 

developers (Lord, Rutter, et al., 2012). None of these exclusionary rules was enforced for the 

other outcome (e.g., the ADI-R or SRS).

Autism Diagnostic Interview – Revised (ADI-R).—The ADI-R is a standardized, 

semi-structured caregiver interview designed to assess developmental and behavioral aspects 

of ASD (Lord, Rutter, & Le Couteur, 1994; Rutter et al., 2003). Raw total scores were 

calculated for each of the current behavior algorithm domains: Social Interaction (range 

0-30); Communication (range Verbal 0-26, Nonverbal 0-14); and RRB (range 0-12), where 

higher scores represent greater abnormality. It is important to note that the ADI-R was not 

originally developed to index severity (see Hus & Lord, 2013), though these raw total scores 

are commonly employed as continuous measures of ASD symptoms in research (e.g., 

Meilleur & Fombonne, 2009; Seltzer et al., 2003). Raw scores were analyzed for all domains 

except for Communication, where the proportion of maximum possible score ([POMP] 

range 0-100) was used, given the different number of applicable items (Cohen, Aiken, & 

West, 1999). These scores were considered separately for children under and over 4, as there 

are different algorithms available for children under 4 years (Kim, Thurm, Shumway, & 

Lord, 2013). Focus of analyses was on ADI-R current algorithm scores in order to 

approximate current autism severity and account for current age and cognitive abilities in 

analyses of score differences. The diagnostic algorithm (which uses ever/abnormal 4 to 5 

scores), was also evaluated. Similar results were found, though these analyses were limited 

by ceiling effects on all domains.

Social Responsiveness Scale (SRS).—The SRS was designed to be a continuous 

measure of ASD traits appropriate for individuals with and without ASD (Constantino & 

Gruber, 2005, 2012). Raw sum scores for the two DSM-5 indices were used in the current 

analysis: the Restrictive and Repetitive Behavior (RRB) Index (range 0 - 36) and the Social 

Communication/Interaction (SCI) Index (range 0 - 159). Higher SRS scores are meant to 

indicate more ASD-related behaviors. While the authors provide sex-specific T-scores on the 

SRS, we focused on the effect of sex among individuals already diagnosed with ASD. Thus 

we did not want to prematurely adjust for sex, and thus used raw scores instead.

Statistical Analysis

In order to maximize available person- and item-level data, we planned an integrative data 

analysis (IDA). IDAs do not represent one type of statistical analysis, but rather a family of 

methods using pooled item-level data (Curran & Hussong, 2009). Within this family, we 

utilized a parametric mixed-effects random IDA. We regressed each of the 10 outcome 

measures on covariates known to affect ASD severity scores (age, NVIQ, and an indicator of 

language level), and included a random intercept for site to account for potential differences 

across clinics. This is especially likely on measures such as the ADOS or ADI-R, where 

clinicians may be more similar to other clinicians at their site than those at different sites, 

even if they had the same research-reliable training. Indeed, site-effects in diagnostic 

practices have been reported previously (Lord, Petkova, et al., 2012). Sex was then added to 

the model to evaluate if it significantly improved modeling each outcome. The large number 

of available datasets in this study (20 individual ATN sites plus seven other data sources) 
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mitigates any limitations of the random effects IDA (versus a fixed effect IDA) (Brincks et 

al., 2018; Hussong, Curran, & Bauer, 2013). Intra-class correlation coefficients (ICCs) were 

calculated to estimate the amount of shared variance within site.

The model building process consisted of the following: first, scatterplots of the outcome 

scores with age were examined for curvilinear trends. Second (only if a curvilinear 

relationship was suggested), a set of regression models with complete pooling (i.e., no 

random effects) compared the fit of quadratic and log-linear age terms. Each set of models 

contained the appropriate age terms, the other covariates, and interactions. To indicate 

language level, ADOS outcomes used Modules 1-3, ADI-R used the verbal vs. non-verbal 

algorithm indicator (i.e., 0 vs. 1 or 2 on Item 30), and SRS used ADOS Module 1 compared 

to 2, 3, or 4 combined (i.e., to index minimally-verbal vs. verbal). R-squared values and 

significance of terms were assessed to determine the appropriate curvilinear age relationship. 

Third, a set of linear mixed-effects models was fit, first with only the covariates and then 

adding sex and sex-by-age interactions to determine if it improved model fit. Both sets of 

models started with fixed effects for mean-centered age and non-linear age (as appropriate), 

mean-centered NVIQ, the same indicator for verbal level (as specified above), and all 

interactions. We evaluated whether model fit was significantly improved by adding sex using 

the Akaike information criterion (AIC) and Bayesian information criteria (BIC) and 

statistical significance using the Satterthwaite method for mixed effects models (Burnham & 

Anderson, 2003; SAS, 2008). If the AIC and BIC suggested different models, the difference 

test between nested models was used, with a significant result rejecting the model with fewer 

parameters and thus suggesting including sex. Given the large sample, we also calculated 

least square mean differences using Sidak correction for familywise Type 1 error control. 

For ADOS and SRS analyses, age refers to age at ADOS assessment; for ADI-R analyses, it 

refers to age when the ADI was completed. For the majority of participants, the ADI-R and 

ADOS were completed within 3 months of each other, but for a minority (<10%) it was 

completed at an earlier or later date than the index-visit ADOS. Alpha was set to .05. 

Residuals were visually inspected for linearity, homogeneity, and normality via residual vs. 

predicted value plots, histograms, and Q-Q plots. Statistical analyses were performed using 

SAS/STAT version 9.4 and R version 3.6.1 with packages lme4 1.1-21 (Bates, Mächler, 

Bolker, & Walker, 2014) and emmeans 1.4.2 (Lenth, 2019).

Results

The first step of our model building process determined the optimal effect for age on the 

outcome of interest. A curvilinear relationship was suggested for the ADOS, ADI-R (ages 

4+), and the SRS. A linear age relationship was suggested for the ADI-R Toddler algorithm. 

In the second step quadratic age had comparable or better R-squared values than those with 

log-transformed age for those with putative curvilinear age models. Thus, the ADOS, ADI-R 

age 4+, and SRS models included quadratic age terms, and the ADI-R under age 4 only had 

a linear age term; no models continued with the log-transformed age term. Our final models 

directly compared the inclusion or exclusion of sex on the outcome of interest in a random-

effects IDA.
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Table 2 summarizes the mixed effect models for each of the 10 outcomes. Supplementary 

Tables 3 provide model coefficients for all models, and supplementary figures 1.a-1.j 

graphically represent the sex effects on predicted scores. The addition of sex was statistically 

significant for five of 10 outcomes, which was consistently supported by the AIC, though the 

BIC only supported including sex-effects for the ADOS CSS-RRB.

Within the RRB domain, there were consistent mean differences for the ADOS CSS-RRB. 

Given the discontinuous nature of the ADOS CSS-RRB scores, we conducted two sensitivity 

analyses: 1) evaluating the natural logarithm of the outcome, and 2) treating the outcome as 

nominal and using multinomial regression (due to the complexity of this model, the random 

effect for site could not be modeled). Both sensitivity analyses, available from the authors, 

resulted in similar estimated sex effects. On the ADI-R RRB for ages 4+ there were sex 

effects at younger ages but not in adolescence. There was no evidence of a sex-effect on it 

under age 4. The SRS had no significant sex differences at ages 5 or 10, but some evidence 

for more severe RRBs for girls (contradicting the ADOS and ADI-R) among adolescents.

Within the Social Communication domain, there was no evidence of a sex effect on the ADI-

R Social Interactions or Communication at any age. On the ADOS CSS-SA, the AIC and 

BIC provided contradictory support, with no significant sex effect at ages 3 or 15, but a 

slight difference with more severe males at age 7 years. On the SRS SCI, again the AIC and 

BIC provided contradictory support, and there were no significant differences at ages 5 or 

10, but some evidence for girls having more severe scores at age 15 years.

Tables S3.a-S3.b show the model coefficients for each model with and without sex. As 

expected, the known covariates (age, NVIQ, and verbal/nonverbal status) were related to 

most measures in the expected way. The second interesting finding was the effect of site. 

While we hypothesized that ICCs would be high for clinician-rated measures within site, we 

observed smaller ICCs for the ADI-R and ADOS (ICCs 0.03-0.09) than for the SRS (0.21 or 

0.29), which was unexpected.

Supplementary Figures 1 graphically represent the results of these analyses. The predicted 

values are plotted as points, with a generalized additive model (GAM) smoother using 

shrunken cubic splines through predicted values by sex. Across the 10 figures, it is evident 

that the size of effects are generally small, but also that they vary by age.

Discussion

Despite multiple concerns being raised, previous sex-based comparisons of scores on 

standardized instruments have yielded inconsistent results. One explanation for this is the 

small sample size of these studies. Given that girls tend to comprise 20% of children 

diagnosed with ASD, the number of girls on which findings are based is usually quite small, 

and therefore the estimates of differences between girls and boys are not very precise. The 

variability in results can perhaps also be explained by differences in ascertainment methods 

across studies; if the diagnostic system is biased, then among individuals already diagnosed 

with ASD, sex effects will be minimized because inclusion will have been preferentially 

extended to the girls who are phenotypically similar to the boys. Findings of differences may 
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also be dependent on the age of the patient population; expert clinicians report observing 

greater sex differences in adolescents and adults with ASD (Jamison, Bishop, Huerta, & 

Halladay, 2017), which is consistent with findings from the current study. However, as 

mentioned previously, ascertainment and age of assessment may be heavily confounded. 

Thus, in the absence of longitudinal data, it is difficult to separate out actual age differences 

in how ASD manifests in boys vs. girls, from other phenotypic differences (e.g., in type or 

severity of symptoms) that drive age of identification.

While still limited to cross-sectional data, the current study attempted to resolve previous 

debates about sex differences in scores on three widely used measures of ASD 

symptomology (i.e., the SRS, ADI-R, ADOS-2) by aggregating a very large sample of 

females (n=1,463) and males (n=7,522) with clinical diagnoses of ASD. The large sample 

afforded us the opportunity to extend previous work by examining whether sex affected 

scores, above and beyond the known influences of developmental factors. This is a 

significant strength of our study, as there is a high chance of drawing erroneous conclusions 

about “sex” differences, or lack of, when compared groups of males and females differ on 

other phenotypic variables besides sex.

After accounting for age, NVIQ, and language level, sex had a statistically significant effect 

on some of the scores. Boys received higher raw scores on measures of restricted and 

repetitive behaviors according to both parent report (ADI-R RRB) and direct observation 

(ADOS-2 RRB CSS). This is consistent with several other published reports that girls tend 

to exhibit fewer repetitive behaviors than boys (Kreiser & White, 2014; Rubenstein, 

Wiggins, & Lee, 2015; Van Wijngaarden-Cremers et al., 2014). However, on the SRS RRB, 

differences emerged in adolescence, such that girls received more severe scores In addition, 

while social communication scores on the ADI-R and ADOS did not differ between boys 

and girls, differences on the SRS SCI also emerged in adolescence, with girls receiving more 

severe scores the SRS SCI. This stands in contrast to recent observations that girls exhibit 

less severe impairments in core social-communication behaviors (Lai et al., 2017; 

Sedgewick, Hill, Yates, Pickering, & Pellicano, 2016), and may possibly reflect gender 

socialization differences that are picked up more by the SRS. For example, parents 

(primarily mothers in this case) may have higher expectations of their girls when it comes to 

certain social-communication behaviors; perhaps “Is emotionally distant, doesn’t show his 

or her feelings” and “Has good personal hygiene,” are rated differently for boys than for 

girls. Further, several of the items on the SRS RRB concern perceptions of unusual 

behaviors/behaviors that are inappropriate to the social situation (e.g., “Is regarded by other 

children as odd or weird” and “Behaves in ways that seem strange or bizarre”). Thus, it is 

possible that while a sex difference in discrete, observable repetitive behaviors would be 

expected, this was mitigated by higher parental expectations for their daughters’ social 

behaviors that are embedded within certain RRB items on the SRS.

Limitations

A major limitation of this study sample is that participants were drawn from databases of 

children with clinical diagnoses of ASD, and therefore did not include females (or males) 

with ASD who were not diagnosed. For this reason, we could not evaluate the sensitivity and 
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specificity of the diagnostic instruments, and we were only able to treat scores as indices of 

ASD symptom severity. This highlights a critical problem of relying on data from clinically-

ascertained and diagnosed samples: we can only evaluate the instruments’ performance on 

individuals who were actually identified. Thus, it is impossible to comment on the utility of 

standard instruments among individuals whose symptom presentation was too mild and/or 

different to be captured by standard diagnostic practices (Evans, Boan, Bradley, & 

Carpenter, 2018; Kim et al., 2011; Loomes et al., 2017). Further, although ASD diagnoses in 

the current study were based on clinician best estimate and not scores from any one 

diagnostic measure, these measures were nevertheless employed as part of the diagnostic 

assessment, and in some cases (i.e., for participants enrolled in ATN or SSC), inclusion 

criteria did require meeting ASD cut-offs on one or more of the diagnostic measures. As a 

result, it is possible that sex differences in scores were minimized by our ascertainment 

procedures and that our findings are generalizable only to youth who already have a 

diagnosis of ASD. Nonetheless, the consistent findings regarding RRBs across instruments 

and modes of data collection (observation and parent-interview) suggests some 

generalization of these results even given this limitation.

Conclusion

This work was motivated by our interest to better understand the extent to which standard 

measures of ASD symptoms might perform differently in males and females. By compiling 

the largest set of data from girls with ASD, we were sufficiently powered to consider 

developmental variables in the discussion of how girls may score differently on ASD 

symptom measures than boys. Our results indicated that girls receive less severe scores on 

parent-reported and clinician-administered measures of restricted and repetitive behavior 

(ADI-R and ADOS RRB). In adolescence, girls received more severe scores on a parent 

report questionnaire of ASD symptoms (SRS SCI and RRB). However, all of these 

differences were small (effect sizes [ES] generally < 0.20) and thus of minimal clinical 

significance.

While our findings of no, or very small, differences in scores do not readily support the need 

for sex-specific scoring of these instruments among children already diagnosed with ASD, it 

is still possible that some girls and women exhibit different ASD-related difficulties. This 

would indicate a need to continue to examine the content validity of diagnostic instruments 

and systems that potentially lack sensitivity to detect certain ASD symptoms, in order to 

ensure they adequately capture the range of symptoms characteristic of females with ASD. 

Considering differences in symptom presentation of other groups traditionally 

underrepresented in ASD research (e.g., ethnic minorities, rurally located families, families 

with lower SES, older adults with ASD) will also be critical in future measure development 

and revision efforts. As part of this work, Item Response Theory (IRT) based approaches 

will be particularly useful for understanding true differences in psychometric performance of 

ASD symptom measures in different subgroups.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key points

• Researchers and clinicians have increasingly questioned whether there are sex 

differences on measures used to determine ASD diagnosis and symptom 

severity.

• Previous investigations of how sex affects scores have been hindered by small 

groups of female participants, preventing adequate consideration of other 

variables known to affect scores on ASD symptom measures.

• Results of the current study indicated that among youth already diagnosed 

with ASD, select scores from the ADI-R, SRS, and ADOS-2 differ by sex, 

with girls receiving less severe scores, in the area of RRBs. However, effects 

of sex were small and likely of limited clinical significance.

• Clinicians must be sufficiently trained to recognize the widely varying 

presentations of individuals with ASD across the spectrum of age, IQ, 

language level, and ASD severity. Attending to how sex and other 

sociodemographic variables may affect symptom presentation is yet another 

component of best clinical practice.
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Table 1.

Overall Participant Demographics

Characteristics Overall Female Male

Age (months) (mean±SD (n), min-max) 82.9±45.9 (8985), 12-215 82.6±47.2 (1463), 13-215 83.0±45.7 (7522), 12-215

NVIQ (mean±SD (n), min-max) 79.0±26.8 (8985), 2-161 75.8±27.1 (1463), 2-153 79.6±26.7 (7522), 7-161

Male % (n) 84% (7522)

White/Caucasian race % (n) 77% (6304) 76% (1023) 78% (5281)

Non-Hispanic ethnicity % (n) 90% (7308) 91% (1229) 89% (6079)

ADOS Module

 Toddler Module 3% (279) 3% (48) 3% (231)

 Module 1 age <31 months 5% (432) 5% (75) 5% (357)

 Module 1 age 31+ months 31% (2799) 33% (485) 31% (2314)

 Module 2 21% (1925) 22% (329) 21% (1596)

 Module 3 37% (3335) 33% (485) 38% (2850)

 Module 4 2% (215) 3% (41) 2% (174)

Source (n)

 ATN 3332 543 2789

 SSC 2756 374 2382

 CADB 1894 372 1522

 PATH 388 62 326

 NIMH 261 42 222

 KOR 163 40 123

 UMN 103 15 88

 STAR 85 15 70

SD = standard deviation, min = minimum, max = maximum, NVIQ = non-verbal intelligence quotient, ADOS = Autism Diagnostic Observation 
Schedule, ATN = Autism Treatment Network, CADB = Center for Autism and the Developing Brain/University of Michigan Autism and 
Communication Disorders Center, KOR = Korean Epidemiological Cohort, NIMH = National Institute of Mental Health, PATH = Pathways study, 
SSC = Simons Simplex Collection, STAR = UCSF STAR Center, UMN = University of Minnesota
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