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Abstract

Objective

Later autism diagnosis is associated with increased mental health risks. Thus,
understanding factors related to disparities in diagnostic timing is important to reduce psychiatric
burden for autistic people at disproportionate risk for mental health problems. “Sex” has captured
attention in relation to differences in timing in autism recognition and diagnosis. However,
literature to date does not characterize, differentiate, or account for gender identity beyond
assigned sex at birth. Consideration of gender is key, as gender diversity may be more common
in autistic relative to neurotypical people, and autism is proportionally overrepresented in
gender-diverse populations. We examined age at autism diagnosis by assigned sex at birth,
gender identity, and gender diversity (gender-diverse vs. cisgender) status, separately.
Method

Three independent autistic cohorts representing different ascertainments were examined:
a research-recruited academic medical center sample (N=193; aged 8.0-18.0y); a clinic-based
sample (N=1550; 1.3-25.4y); and a community-enriched sample (N=244, 18.2-30.0y).
Results

Disparities in diagnostic timing were observed in the clinic-based and community-
enriched samples: people assigned female at birth, people of female gender, and gender-diverse
people were diagnosed with autism significantly later than persons assigned male at birth,
persons of male gender, and cisgender persons, respectively.
Conclusion

Sex at birth, gender identity, and gender diversity may each uniquely relate to disparities

in diagnostic timing of autism. The influence of ascertainment strategies, particularly in studies
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examining assigned sex at birth or gender identity, should be considered. Further research into

autism diagnosis in adulthood and the role of sociodemographic factors is needed.
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Introduction

Earlier timing of an autism diagnosis is associated with better outcomes.'?> Conversely,
later age at autism diagnosis is associated with elevated psychiatric comorbidity,>* lower quality
of life,’> and increased self-harm.® Thus, understanding factors that may contribute to disparities
in diagnostic timing may help reduce psychiatric burden and improve life outcomes in autistic
people.

To date, a key variable that has been associated with delayed autism diagnosis is “female
sex,” though as described below, studies have rarely differentiated assigned sex at birth versus
gender identity. Evidence indicates that people referred to as “female” in the literature (PRF;
undifferentiated in prior research as to whether “female” refers to assigned sex at birth or gender)
without co-occurring intellectual disability receive an autism diagnosis at a later age*’~ and with
greater difficulty!'®!! relative to people referred to as “male” (PRM; again, undifferentiated in the
literature as to whether “male” refers to assigned sex at birth or gender). This literature
demonstrates autistic PRF may manifest core autism features differently than autistic PRM.!%13
For example, social communication features and restricted and repetitive behaviors and interests
may present differently among autistic PRF.!* Relative to autistic PRM, autistic PRF may show
greater attention to social stimuli'> and demonstrate higher social motivation.'®!” Across the
lifespan, autistic PRF may also evidence greater efforts to establish friendships and to “fit in”
socially.'® These potential differences in clinical presentations for PRF may impact referral and
diagnosis.!® Differences in autistic presentations may intersect with other, external factors—for
instance, the predominance of young-cisgender-male conceptualizations of autism in patterns of
referral,>%?! clinical diagnostic training,?? and research samples.??

Although increasing attention has been given to comparisons of PRF and PRM to help
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explicate differences in timing in the recognition and diagnosis of autism, a key limitation of the
extant literature is that it does not characterize, differentiate, or account for gender identity
beyond assigned sex at birth (see?*?). Thus, although the literature describes potential
differences in the presentation(s) of autistic PRF and how these may relate to diagnostic timing
relative to autistic PRM, we do not know whether these studies’ reporting of sex/gender refers to
assigned sex at birth or gender identity.

Until very recently, scant attention was devoted to the potential distinctiveness of gender
identity beyond assigned sex at birth. Considering gender identity is critical, however, as gender
diversity experiences and gender-diverse identities may be more common in autistic relative to
neurotypical individuals, and autism is proportionally overrepresented in gender-diverse
populations.**3!

To elucidate disparities in diagnostic timing, it is crucial to consider both gender identity
and assigned sex at birth independently (see’*??). Initial findings suggest that gender identity,
assigned sex at birth, and gender diversity status (i.e., cisgender vs. gender-diverse) may each
relate to differential phenotypic patterns in autistic people.>? Further, there is emerging
qualitative and quantitative evidence that autism may be later identified in some gender-diverse
individuals,’?*3 and that patterns of first observed autism signs may vary by assigned sex at birth
in transgender adolescents.>?

Independent of the literature on diagnostic timing in PRF, a body of evidence indicates
that autistic PRF report elevated co-occurring anxiety and depression relative to both autistic
PRM343? and neurotypical PRF.3¥4° Further, in a reversal of sex-based suicide rates in the
general population,*! autistic PRF are at greater risk of completed suicide relative to autistic

PRM, and are 13 times more likely to die by suicide than non-autistic PRF.#*> Autistic gender-
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diverse individuals are at heightened risk for mental health difficulties, above and beyond the
risks of autistic and transgender populations independently.*? Both autistic PRF and autistic
gender-diverse individuals are at increased risk for physical and sexual abuse.**#6 Enhanced risk
for mental health problems is conferred, independently, by later age of autism diagnosis,>*%47
female “sex,”?*3%% female gender,*? or gender diversity.*>*34° Later autism diagnosis among
female and gender-diverse persons (and the corresponding eclipsed access to autism-related
supports) may substantially elevate risk for psychiatric comorbidity and increase vulnerability to
victimization.'®

The current study seeks to address critical gaps in the literature on diagnostic timing in
autism. For the first time (to our knowledge), we examine age at autism diagnosis simultaneously
by assigned sex at birth, gender identity, and gender diversity (i.e., gender-diverse vs. cisgender)
status. Our research questions are investigated across three independent cohorts that represent
different ascertainment approaches, as well as age ranges, in order to enhance the robustness and
generalizability of findings. The inclusion of datasets that span well into adulthood is critical for
a study of autism diagnostic timing that investigates both assigned sex at birth and gender, as
individuals often realize their gender diversity in adolescence or adulthood; younger recruitments
may notably underrepresent and underidentify individuals who will ultimately discover their
gender diversity later in development.

Specifically, we tested the following hypotheses.

Hypothesis 1: We hypothesize people assigned female at birth and people of female
gender identity will be diagnosed significantly later than people assigned male at birth or of male
gender identity, respectively. Critically, because previous studies of diagnostic timing have not

distinguished assigned sex at birth and gender identity, this study explores patterns of diagnostic
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timing by assigned sex at birth and gender, independently.
Hypothesis 2: Based on initial qualitative findings*® and observations of international
clinicians expert in both gender diversity and autism,>® we hypothesize gender-diverse

individuals will be diagnosed later than cisgender individuals.

Methods

The current study examined three samples that implemented different ascertainment
strategies and recruited individuals from a range of developmental periods. Characteristics of
these samples are presented in Table 1. Essential information concerning ascertainment strategies
for each sample and respective inclusionary/exclusionary criteria as they relate to the current
study are summarized below. See Supplemental Materials and Supplemental Table 1 for details
of ascertainment procedures, and for additional characterization, where applicable, of
participants.
Research-recruited academic medical center sample of autistic youth: GENDAAR

Autistic youth aged 8.0-18.0y were recruited using academic medical center research
recruitment strategies for inclusion as part of Wave 1 of the ‘GENDAAR’ project (NIH Data
Archive Data Collection #2021). A key component of recruitment for the GENDAAR cohort
was its oversampling of youth assigned female sex at birth to achieve a sex-balanced study
sample. Expert clinicians confirmed Diagnostic and Statistical Manual of Mental Disorders-
based autism diagnoses using the Autism Diagnostic Interview-Revised (ADI-R),*' and the
diagnostic algorithm for module 3 or 4, as appropriate, of the Autism Diagnostic Observation
Schedule, Second Edition (ADOS-2).5? Participants from the GENDAAR study included in the

analyses reported here either met the ADI-R algorithm cut-off for each of the 3 domains or
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diagnostic criteria according to the ADOS-2. If a participant met on the ADI-R and/or ADOS,
but the clinician evaluated their presentation to be questionable, or inconsistent with a diagnosis
of autism, the participant was excluded from analyses. For inclusion in analyses, a score of >70
on at least one scale of the Differential Abilities Scales, Second Edition (DAS-II)>* was required.
The GENDAAR sample in the current study was comprised of 193 autistic youth. A subsample
of participants reported on here are also reported on elsewhere.>*

Clinic-based sample of autistic youth and young adults: Children’s National Hospital (CNH)

The CNH sample was obtained from a large (N>5,000) clinical sample of youth and
young adults seen for clinical evaluation in an outpatient autism center and neuropsychology
clinic. Participants were included in these analyses if they 1) had complete data available for date
of autism diagnosis, assigned sex at birth, and gender; and 2) either received their initial
diagnosis of autism at the time of evaluation, or in the case of gender-diverse autistic youth, had
available documentation of the date of original autism diagnosis. All participants were diagnosed
with autism by a clinician (psychologist or psychiatrist), with advanced training and expertise in
autism and related conditions, based on DSM-5% diagnostic criteria, utilizing both
developmental history and direct observation and clinical assessment.

The final CNH sample included 1,550 autistic persons ranging from 1.3 to 25.4y. Gender
and gender diversity status were captured when communicated by the youth through oral report
or in the assessment protocol. At the time of assessment, there was not a specific measure of
gender for youth, as no measure had yet been validated to capture gender for autistic children.

In the CNH sample, apart from the gender-diverse autistic youth, participants with a prior
diagnosis of autism were excluded from analyses, as age of diagnosis was not systematically

collected for those who presented to the clinic with an established autism diagnosis. In the case


Mobile User


of gender-diverse autistic youth, a comprehensive record review was conducted for each
individual to identify the initial date of autism diagnosis from previous evaluation reports and the
electronic health record. This approach for retrospective age of diagnosis confirmation was
required as many gender-diverse youth (and especially gender-diverse autistic youth®*) do not
realize their gender diversity until the teen years. Many of these young people are diagnosed with
autism prior to “coming out”; therefore, including only that subset of gender-diverse youth who
realize their gender diversity before they are diagnosed with autism would significantly bias the
sample.
Community-enriched sample of autistic adults: SPARK

Autistic adults were recruited via Simons Powering Autism Research’s (SPARK)3¢
Research Match service as part of a broader online study of adult outcomes. This community-
enriched sample consisted of 244 autistic adults aged 18.2-30.0y, which comprises a subset of
those reported on elsewhere.”’ Participants with a self-disclosed professional diagnosis of autism
were included in analyses reported here. SPARK does not independently confirm participants’
autism diagnosis. However, SPARK partners with and recruits from expert autism clinical sites,
in part, to increase the likelihood that participants have a professional community-based
diagnosis autism.>® A study examining the electronic health records of 254 SPARK participants
confirmed an autism diagnosis in 98.8% of the sample;>® this study concluded that the validity of
reported autism diagnoses, including self-disclosed diagnoses, were confirmed with “high
confidence.”®
Measures

GENDAAR. As part of a demographics survey, families reported on their child’s age of

autism diagnosis and assigned sex at birth, and their child’s ethno-racial identity. No information
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concerning gender identity or gender diversity status was collected from the Wave 1 GENDAAR
participants. Data were collected between 2012 and 2017.

CNH: As part of the clinical evaluation, families completed a demographics survey to
provide information about assigned sex at birth, gender and gender identity, and race/ethnicity.
CNH clinical evaluations for participants reported on here took place between 2013 and 2022.

SPARK: SPARK provided information collected from autistic adults concerning their age
at autism diagnosis and assigned sex at birth. As part of a larger demographics survey,
participants reported their gender identity. Data were collected during December 2019 and
January 2020.

Categorization by gender

Due to small cell sizes, the gender of participants using gender descriptors other than
binary female or male (e.g., gender non-conforming, gender queer, non-binary, another/other
gender identity) was categorized as gender other than binary female or male. Gender-diverse
participants reported a gender identity other than the sex assigned at birth. For the SPARK
dataset, cisgender persons reported a gender identity identical to their sex assigned at birth. For
the CNH dataset, the cisgender classification was given to all participants for whom there was no
mention of gender differing from assigned sex at birth by the child or parent. Clearly, for
younger children, and potentially some adolescents, the cisgender grouping might ultimately not
be the correct classification because gender diversity self-awareness may emerge over time. It is
also important to acknowledge that some autistic youth might not have been “out” to others, and
so the cisgender group might have included some gender-diverse individuals, unknown to the
clinician.

Ethics statement
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GENDAAR. Parents provided written informed consent, and youth provided written
assent. Procedures were conducted in compliance with ethical standards set forth by the
universities’ Institutional Review Boards (IRB). CNH. Archival data were used, and the study
was conducted in compliance with standards established by the institution’s IRB, including
procedures for informed consent. SPARK. The study was approved by The George Washington
University IRB. Across the three study samples, all procedures performed involving human
participants were in accordance with the ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki declaration and its later amendments or
comparable ethical standards.

Data analysis

All analyses were conducted in R and are described in detail below.
Assigned sex at birth: Female, male

Within the three samples (GENDAAR, CNH, SPARK), independent samples t-tests were
conducted to examine whether autistic participants assigned female at birth differed for age of
autism diagnosis from those assigned male at birth. For these tests, the MKinfer package® in R
was used, with p-values computed by Monte Carlo simulation using 10,000 replications.
Gender identity: Female, male

Within the CNH and SPARK samples, we additionally examined whether participants
differed for age at autism diagnosis according to gender (female, male). Due to small sample
sizes for participants within gender categories other than the binary female or binary male
categories, the focus of analyses was on binary female and male genders; however, follow-up
exploratory analyses examined whether female, male, and genders other than binary female or

male in these samples differed for diagnostic timing. Independent samples #-tests with p-values
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computed via Monte Carlo simulation with 10,000 replications compared age of autism
diagnosis for binary female and male gender identities.
Gender identity exploratory analyses: Female, male, not binary female or male gender

In the CNH and SPARK samples, follow-up exploratory analyses were conducted via
robust ANOVAs using the WRS2 package®® in R, using the bootstrap (10,000 bootstrap samples)
version of the ANOVA for trimmed means. Pairwise follow-up analyses used bootstrap testing to
derive p-values adjusted for multiple comparisons using the false-discovery rate (FDR)
approach, with p<.05 considered significant, and  (a robust, generalized form of Cohen's d that
allows heteroscedasticity)®' as the measure of effect size.
Gender diversity status: Gender-diverse, cisgender

Within the CNH and SPARK samples, independent samples ¢-tests with p-values
computed via Monte Carlo simulation with 10,000 replications (using the MKinfer package® in
R) examined whether cisgender and gender-diverse autistic individuals differed for diagnostic

timing.

Results
Figure 1 visualizes diagnostic timing across the three samples for assigned sex at birth,
and across the CNH and SPARK samples for gender identity and gender diversity status.
Assigned sex at birth: Female, male
GENDAAR. Compared to autistic youth assigned male at birth (M=5.58y), those assigned
female at birth (M=6.25y) were diagnosed an average of 0.67y later, a difference that was not
statistically significant (=-1.24, p=221, d=-.18).

CNH. Compared to autistic participants assigned male at birth (M=7.41y), autistic

11
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participants assigned female at birth (M=8.67y) were diagnosed significantly later (=-4.70,
p<.00001, d=-.27), with a difference of 1.26y in mean age of diagnosis.

SPARK. Compared to autistic adults assigned male at birth (4/=9.94y), those assigned
female at birth (M=15.72y) received an autism diagnosis significantly later (=-6.25, p<.00001,
d=-0.82), on average 5.78y later.

Gender identity: Female, male

CNH. Compared to autistic individuals of male gender (M=7.34), autistic individuals of
female gender (M=8.49) were diagnosed significantly later (/=-4.33, p<.00001, d=-0.25) , with a
difference of 1.15y in mean age of diagnosis.

SPARK. Compared to autistic adults of male gender (M=10.81y), those of female gender
(M=14.97y) were diagnosed significantly later (=-4.24, p<.00001, d=-0.57), on average 4.16y
later.

Gender identity exploratory analyses: Female, male, not binary female or male gender

CNH. Results showed a significant main effect for gender identity group
(F(2,39.28)=24.53, p<.00001, £&=0.57). Follow-up pairwise tests, adjusted for multiple
comparisons, revealed that compared to those of male gender (M=7.34y), both those of female
gender (M=8.49y; t=-4.31, pa4i<.0001, d=-0.25) and those with genders that were not binary
female or male (M=13.45y; =-6.69, paqi<.00001, d=-1.28) received an autism diagnosis
significantly later (with a mean difference in age of diagnosis of 1.15y and 6.11y, respectively).
In addition, those with genders that were not binary were diagnosed significantly later than those
of female gender (=-4.66 paqi<.00001, d=-0.98), on average 4.96y later.

SPARK. A significant main effect for gender identity group (F(2,66.5)=11.38, p<.0001,

£=0.42) was found. Pairwise comparisons revealed that relative to those of male gender

12


Mobile User


(M=10.81y), those of female gender (M=14.97y; t=-4.08, pa4;<.01, d=-0.57 ) and those with
genders that were not binary (M=16.78; t=-3.43, p.4;<.01, d=-0.79) were diagnosed with autism
significantly later (average differences in age of diagnosis were 4.16y and 5.97y, respectively).
Those participants with genders that were not binary were diagnosed an average of 1.81y later
relative to those of female gender, a difference that was not statistically different (=-1.13, puqj
=258, d=-0.24).
Gender diversity status: Cisgender, gender-diverse

CNH. Relative to cisgender (M=7.33y) autistic individuals, gender-diverse (M=13.01y)
individuals were diagnosed significantly later (+=-12.89, p<.00001, d=-1.20), with a difference of
5.68y in the mean age of diagnosis.

SPARK. Relative to cisgender (M=12.73y) adults, gender-diverse (M=16.73y) autistic

adults were diagnosed significantly later (=-3.12, p<.01, d=-0.53), on average 4.0y later.

Discussion

Supported by three independent samples, each of which involved differing developmental
periods and implemented different recruitment strategies and autism diagnostic procedures, this
study provides an unprecedented window into autism diagnostic disparities by investigating
assigned sex at birth and gender, separately. Previous work has reported later age of autism
diagnosis in people referred to as “female” (PRF) relative to people referred to as “male”
(PRM)!1:62-65; however, these studies did not differentiate gender from assigned sex at birth.
Independent investigation of assigned sex at birth and gender identity revealed distinct patterns
of results in analyses across samples. Findings reported elucidate the roles of female gender and

female assigned sex at birth, independently, in later age of autism diagnosis.
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A single study to date that has examined gender (but not sex assigned at birth) as a factor
in diagnostic timing, found that, relative to male gender, female gender and gender that was not
binary female or male predicted later age at autism diagnosis.® Results of the current study
demonstrate that gender-diverse persons are diagnosed later than cisgender persons, and that
persons with a gender that was not binary female or male were diagnosed significantly later than
both persons of male gender and persons of female gender. The complexity and nuance of our
findings illustrate the importance of actively and independently characterizing assigned sex at
birth and gender in clinical research, particularly in autistic populations, as doing so yields
distinctive insights. Given the proportional over-occurrence of gender diversity in autistic people
and of autism and increased autistic traits in gender-diverse people,2®! it is vital that
characterization of sociodemographic factors include both assigned sex at birth and gender
identity.

The results reported here have additional important implications for research and clinical
practice. In the research-recruited academic medical center sample, which used stringent
inclusionary criteria, while those assigned female sex at birth were diagnosed later than those
assigned male sex at birth, this difference was not statistically significant. This contrasts with
findings showing significantly later age of diagnosis in persons assigned female at birth relative
to those assigned male at birth in both the clinically- and community-enriched samples. These
findings underscore the potential impacts of ascertainment and diagnostic procedures—even in
studies that have oversampled for persons assigned female at birth, as in the research-recruited
academic medical center sample. Thus, it is particularly important that ascertainment and
diagnostic procedures be considered carefully in studies for which gender or assigned sex at birth

are variables of interest.
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Specifically, the use of inclusionary/exclusionary criteria yoked to cut-points on
measures that were developed and validated based on predominantly young male samples, and
that are known to underidentify female persons may introduce systematic bias into samples.?3-6
This bias in turn may artifactually limit the ability to detect gender or sex differences in the
presentations and experiences of autism. Moreover, these biases may obscure veridical gender or
sex differences, as autistic persons within such samples may be more similar to one another
because they have been passed through a filter that captures certain autism presentations while
systematically missing others.

Additionally, this study has identified that gender diversity is a predictor of later
diagnosis. Therefore, studies of diagnostic timing moving forward should capture assigned sex at
birth as well as gender and gender diversity. There is a complexity in terms of ascertaining
diagnostic timing for gender-diverse people: Identifying the date of autism diagnosis itself is
insufficient, as this date of diagnosis may precede when the person came to understand
themselves as gender-diverse. Thus, in cross-sectional studies of diagnostic timing, careful
consideration of the timing of diagnosis relative to when the person self-identified as a gender
different from the sex assigned at birth is necessary. Broadly, the findings reported here suggest
that whereas diagnostic clinics tend to focus on early years, there is a need for diagnostic clinics
that span not only adolescence but across adulthood. In the case of gender diversity programs,
which serve youth who often report significant autistic characteristics in their referrals,?’ it may
be prudent for providers to refer more regularly for autism assessment given the later diagnostic
timing of persons who are gender-diverse.

Findings of later autism diagnosis among gender-diverse individuals concord with

descriptions from gender clinics of high numbers of youth with suspected, but not yet diagnosed,
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autism (email communications, December 2022, with S. Leibowitz, MD, Director of the
THRIVE Clinic gender program at Nationwide Children’s Hospital and A.I.R. van der Miesen,
MD PhD with the Center for Expertise on Gender Dysphoria at VU University, Amsterdam, The
Netherlands). In fact, gender diversity may obfuscate autism-related signs in some children, as
the social and behavioral differences observed in gender-diverse youth may be attributed solely
to gender minority stress (i.e., societal stress associated with being gender-diverse). Clinical
accounts from families with gender-diverse children in the Gender and Autism Program at
Children’s National (i.e., the first specialty clinic dedicated to the intersection of autism and
gender diversity; personal communications, December 2022, with J. Strang, PsyD, Director of
the Gender and Autism Program at Children’s National Hospital and A. Clawson, PhD,
neuropsychologist with the same program) support this as a possible driver of later autism
diagnosis in some youth. Specifically, families describe that during development a great amount
of attention focused on the gender-related experiences and needs of their children; after the
gender-related needs were sufficiently supported, these families note that the social and
behavioral challenges continued, and only then were they referred for autism-related assessment.
International clinical guidance on the intersection of gender diversity and autism recommends
screening all gender-diverse youth for autism,%” given the significant proportional over-
occurrence of autism in gender diversity (i.e., ~11% of gender-diverse individuals are autistic?!).
Yet, there is emerging evidence that autism-related screening measures may not function
typically among gender-diverse youth.®® Further, given that autism diagnostic measures were
developed and normed in primarily cisgender male populations, it is unclear whether problems
with autism diagnostic tools observed in girls and women??® are also present for gender-diverse

individuals.
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Despite its notable strengths, this study has limitations. In the clinically- and community-
enriched samples, relative to persons reporting a binary female or male gender, fewer
people reported a gender that was not binary female or male. As such, the analyses on gender
that included these persons were exploratory, and the results reported should be considered
preliminary. In youth samples, because many gender-diverse people come to know their gender
diversity later in development, we cannot know how many youth may be miscategorized.
Additionally, in the clinically-enriched sample, although gender was captured as it was revealed
in clinic, we cannot know if some gender-diverse youth lacked the privileged language to

describe their identities32-33

or if they felt uncomfortable sharing this information in the presence
of family or the clinician. Future studies should employ an autism-friendly gender self-report
measure to elucidate the role of gender and gender diversity in diagnostic timing in autism; the
Gender Self-Report® may provide such a tool.

The current study also shows that for research studies investigating diagnostic timing, it
is essential that samples span adolescence and into adulthood. The ability to detect factors
related to patterns in diagnostic timing is constrained by the age of the sample investigated.:
Restricting the age range at the upper limit such that those persons in the sample have, relatively
speaking, timely (i.e., earlier) diagnosis, systematically overlooks autistic people who are missed
earlier in development but who go on to receive an autism diagnosis in adolescence or adulthood
(i.e., later diagnosed people), who are disproportionately likely to be assigned female at birth
and/or gender diverse.

Future studies examining diagnostic timing should study an age range that includes an

adequate density of sampling among not only children, but also adolescents and adults. The

phenotypic presentation of those diagnosed earlier versus later may differ in ways that can
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inform diagnostic referral and assessment and ultimately help to reduce disparities in diagnostic
timing and concomitant risks related to delayed autism diagnosis. Thus, understanding both
socio-demographic characteristics as well as the presentations of autism associated with these
characteristics are needed.

Characterization of samples that include examination of factors that also, separately, may
contribute to differences in diagnostic timing (and that may distinguish the groups studied here)
is needed. One such factor is cognitive ability. Across the three samples examined here, persons
with co-occurring intellectual disability were largely absent. No measure of IQ was collected in
the current study’s community-enriched sample. In the research sample, autistic individuals with
intellectual disability were excluded, and estimated 1Q was typically in the average to high-
average range. In the clinically-enriched sample, the collection of 1Q was not a high priority, and
1Q data were systematically missing for gender-diverse individuals. Recent work suggests that
gender identity diversity is associated with higher scores on a polygenic index created based on
its ability to explain significant variance in cognitive performance, with greater gender diversity
associated with polygenic scores predicting higher 1Q.”° This finding is relevant to studies
examining diagnostic timing in autism given indications that autistic people with higher 1Q tend
to be diagnosed later relative to those with lower 1Q.’*7! Thus, examination of IQ, in addition to
gender and gender diversity, is needed to fully understand differential patterns of diagnostic
timing in autistic transgender and non-binary people.

Studies of autism diagnostic timing must be interpreted within the context of not just who
is included in a given sample, but also who is excluded. For example, cohorts comprised
exclusively of autistic children and teens will (necessarily) fail to represent those who receive

their diagnosis in adulthood - that is, those individuals potentially most impacted by delays in
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diagnosis. Ultimately, it is only with the equitable inclusion of those people who are at greatest
risk of being overlooked and underidentified earlier in development that we can fully understand
and truly begin to address disparities in diagnostic timing.
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Table 1. Participant characteristics: GENDAAR, CNH, and SPARK samples

GENDAAR CNH SPARK Test statistic® p-value Effect Significant post
(N=193) (N=1550) (N=244) size hoc contrasts®
Age at diagnosis, y F(2,1984)= .0001 n>=0.14 GENDAAR <
Mean (SD) 5.88 (3.70) 7.71 (4.57) 13.40 (7.63) 161.80 CNH < SPARK
Median (Range) 5.0 (1.33-17.0) 6.50 (1.30-25.36)  12.50 (1.33-29.33)
Age at assessment, y #(435)=-38.72 <.00001 d=-3.77
Mean (SD) 12.61 (2.91) -- 24.67 (3.47)
Median (Range) 12.42 (8.0-18.0) 25.17 (18.17-30.00)
Gender, n (%) -- Y’(2)=132.61 <.0001 y=0.27°
Female 372 (24.00%) 116 (47.54%)
Male 1154 (74.45%) 103 (42.21%)
Genders that are not binary 24 (1.55%) 25 (10.25%)
female or male
Assigned sex at birth, n (%) 2(1)=148.02 <.0001 V=0.27 GENDAAR >
Female 86 (44.56%) 372 (24.00%) 146 (59.84%) CNH;
Male 107 (55.44%) 1177 (75.94%) 98 (40.16%) SPARK > CNH;
No binary designated -- 1 (0.06%) --
sex related to variations in SPARK >
sex traits/intersex GENDAAR
Gender identity, n (%) v?(1)=28.91 <.0001 V=0.13
Gender-diverse 104 (6.71%) 41 (16.80%)
Cisgender 1446 (93.29%) 203 (83.20%)
Ethno-racial identity, n (%)*
Black 9 (4.66%) 274 (17.68%) 5 (2.05%)
Asian 6 (3.11%) 120 (7.74%) 2 (0.82%)
More than one race? 32 (16.58%) 109 (7.03%) 24 (9.84%)
Native American/Native Alaskan® 1 (0.52%) 0 (0%) 2 (0.82%)
Native Hawaiian/Pacific Islander’ 1 (0.52%) 1 (0.06%) 0 (0%)
White 142 (73.57%) 578 (37.29%) 203 (83.20%)
Missing/Unknown/Other 2 (1.04%) 289 (18.65%) 8 (3.28%)

Latina/o/e" 30 (15.54%) 179 (11.55%) 31 (12.70%)
Not Latina/o/e 161 (83.42%) 210 (86.07%)
Latina/o/e/ status o 0
missing/unknown 2 (1.04%) 3 (1.23%)

2 For the independent samples #-test, p-values were computed by Monte Carlo simulation using 10,000 replications. A robust ANOVA used 10,000 bootstrap samples, and follow-
up comparisons used pairwise permutation testing to derive p-values adjusted for multiple comparisons using the false-discovery rate (FDR) approach with values p <.05
considered significant. The Chi-square test of independence p-values were computed by Monte Carlo simulation with 10,000 replicates.

b Comparisons of samples for assigned sex at birth are for female, male.

¢ As reflected in the table, ethno-racial identity was queried differently in the three samples. Note that in the CNH sample, unlike in the GENDAAR and SPARK sample
characterizations, Latina,o,e is not exclusive of race. Given differences in the ways in which ethno-racial identity was queried in the three samples, we provide descriptive statistics
but no comparison(s) across the samples.
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4 This category was termed "More than one race" in GENDAAR and SPARK, and "Mixed" in CNH.

¢ This category was termed “American Indian/Alaska Native” in GENDAAR, “Native American/Alaska Native" in SPARK, and "American Indian" in CNH.

f This category was termed "Native Hawaiian/Pacific Islander" in GENDAAR, "Native Hawaiian or other Pacific Islander" in SPARK, and "Pacific Islander" in CNH.
¢ This category was termed "Hispanic or Latino descent" in GENDAAR and SPARK, and “Hispanic” in CNH.
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N
o

Age of diagnosis (y)
o

Research-Recruited
Academic Med Center

Clinically-Enriched

Community-Enriched

(N=193) (N=1550)

1 1 AMAB < AFAB 1 Cisgender < Gender Diverse | Male gender < Female gender

AMAB < AFAB ! Cisgender < Gender Diverse ' Male gender < Female gender ** ! * ! **

o : *x : *x T : T : T Assigned male at birth

— — ‘ — : . ]
! ! ! ! Assigned female at birth
i i i i
i i i i Cisgender
i i i i
; : , ; Gender diverse
: : : : . Male gender identity
i I ! ! Female gender identity
i i i i
i i i i

Male Female Male Female Cisgender Gender Male Female Male Female Cisgender Gender Male Female
Diverse Diverse

Figure 1. Diagnostic timing by assigned sex at birth (male, female), gender diversity status (cisgender, gender-diverse), gender (male,

female): Disparities in clinically-enriched and community-enriched samples. AMAB=assigned male at birth; AFAB=assigned female

at birth. *= p<.01, ** p<.00001.
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SUPPLEMENTAL MATERIALS

Additional information concerning ascertainment and participant characteristics for each
of the three study samples is reported below.

Research-recruited academic medical center sample of autistic youth: GENDAAR

The GENDAAR study included four data collection sites (Yale University, University of
Washington, Boston Children’s Hospital/Harvard Medical School, and University of California,
Los Angeles), a data coordinating center at the University of Southern California, and a data
analytic and study coordination center at the University of Virginia.

Participants for whom age of autism diagnosis was recorded as <12 months were
excluded from analyses. The broader GENDAAR study’s exclusionary criteria included co-
occurring intellectual disability. FSIQ was estimated via the Differential Abilities Scales, Second
Edition (DAS-II)! General Conceptual Ability Standard Score, and an FSIQ >70 was an criterion
for inclusion in the broader study. For the current study, to be more inclusive of participants
recruited into GENDAAR, youth with a score of >70 on any single DAS-II subscale were
included analyses reported here.

See Supplemental Table 1 for additional characteristics of the GENDAAR sample. For
further information concerning inclusionary/exclusionary criteria for the broader GENDAAR
study see’ inter alia.

Clinic-based sample of autistic youth and young adults: Children’s National Hospital (CNH)

Of the 1550 youth and young adults, 1235 were administered the Autism Diagnostic
Observation Schedule (ADOS)? or its recent revision, the ADOS-2°, with 78.29% (1212/1550) of
the total sample meeting criteria for an ASD and 1.48% (23/1550) not meeting criteria. Out of

the total sample, 90.58% (1404/1550) did not have Autism Diagnostic Interview, Revised (ADI-
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R’) information available. Of those with available ADI information, 7.94% (123/1550) met
criteria, and 1.48% (23/1550 ) did not meet ADI criteria.

As detailed in the Methods, all participants received an autism diagnosis from a
psychologist or psychiatrist with advanced training and expertise in autism and related
conditions. This diagnosis utilized both developmental history and direct observation and clinical
assessment and was made based on based on DSM-5% diagnostic criteria.

Diagnostic information was entered by the evaluating clinician directly into the database,
and the clinician was prompted by the data entry system to indicate for each diagnosis entered
whether this was a new/first-time diagnosis (i.e., the child did not have a diagnosis of ASD
before the visit). Given that this was a clinical sample, information about family income and
parental education were not systematically collected and thus are not reported.
Community-enriched sample of autistic adults: SPARK

Participants were “independent adults,” which SPARK designates as individuals >18y
without a court-appointed legal guardian, and therefore able to consent for themselves. Given
SPARK’s criteria for the determination of “independent adult” status, participants are unlikely to
have a co-occurring intellectual disability. Consistent with this, and as part of medical history
collected in the present study, no participant self-disclosed a past or current diagnosis of
intellectual disability.

As part of a demographics survey participants also reported on current household income,
their highest level of education, and highest level of parental education, and these variables are
summarized in Supplemental Table 1.

Consistent with the self-disclosed clinical diagnoses of participants in the current study,

90% of the sample with scores on the Autism Spectrum Quotient-Short Form (AQ-28)° (n=240)
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met AQ-28 screening criteria (total score of >65).
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Supplemental Table 1. Additional characterization of the research-recruited academic medical center recruited (GENDAAR) and

community-enriched (SPARK) samples

A. GENDAAR Sample N=193

1Q: Differential Abilities Scales, Second Edition (DAS-II)

Full-scale 1Q

Mean (SD) 100.7 (20.03)
Median (Range) 99 (47-167)
Verbal 1Q

Mean (SD) 100.95 (21.33)
Median (Range) 102 (31-159)
Non-verbal 1Q

Mean (SD) 101 (18.25)
Median (Range) 100 (51-158)
Spatial 10

Mean (SD) 99.01 (17.47)
Median (Range) 97 (51-158)
Diagnostic assessment/ confirmation, n (%)

Met ADOS-2

Yes 179 (92.75%)
No 14 (7.25%)
Met ADI-R

Yes 180 (93.26%)
No 13 (6.74%)
Met ADOS-2 & ADI-R

Yes 166 (86.01%)
No 27 (13.99%)
Total household income, n (%)

$5,001-$10,000 2 (1.03%)
$10,001-$15,000 5 (2.60%)
$15,001-$25,000 5(2.60%)
$25,001-$35,000 9 (4.66%)

$35,001-$50,000

12 (6.22%)
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$50,001-$75,000
$75,001-$100,000
$100,001-$150,000
>$150,000

Not reported

15 (7.77%)
19 (9.84%)
20 (10.36%)
33 (17.10%)
73 (37.82%)

Parental highest level of education, n (%)

Associate’s degree/Some college 39 (20.20%)
Bachelor’s degree 45 (23.32%)
GED 2 (1.04%)
Graduate degree 71 (36.79%)
High school diploma 10 (5.18%)
Less than high school 2 (1.04%)
Some graduate work 10 (5.18%)
Not reported 14 (7.25%)
B. SPARK sample N=244

Participant highest level of education, n (%)

Associate’s degree/some college
Bachelor’s degree

88 (36.07%)
44 (18.03%)

GED 10 (4.10%)
Graduate/professional degree 13 (5.32%)
High school diploma 66 (27.05%)
Some high school 7 (2.87%)
Trade or vocational school 16 (6.56%)

Total household income, # (%)
<$20,000

$21,000-$35,000
$36,000-$50,000
$51,000-$65,000
$66,000-$80,000
$81,000-$100,000

$101,000- $130,000
$131,000-$160,000

81 (33.20%)
41 (16.80%)
22 (9.01%)
12 (4.92%)
14 (5.74%)
9 (3.69%)

8 (3.28%)
5(2.05%)
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>§$160,0009 3 (1.23%)

Unknown/Prefer not to answer 49 (20.08%)
Parental highest level of education, n (%)

Associate’s degree/some college 49 (20.08%)
Bachelor’s degree 62 (25.41%)
GED 5(2.05%)
Graduate/professional degree 67 (27.46%)
High school diploma 38 (15.57%)
Some high school 4 (1.64%)
Trade or vocational school 11 (4.51%)
Not reported 8 (3.28%)

Note. ADOS-2=Autism Diagnostic Observation Schedule, Second Edition; ADI-R=Autism Diagnostic Interview, Revised
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