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Abstract

Prior research suggests that Black children are at risk for delays in diagnosis of autism, but factors
that influence diagnostic timing across races remain unclear. This study analyzed data from Black
and White children who received a first-time autism diagnosis at a specialty clinic. Black youth
were under-represented in the group who received a first diagnosis in middle/late childhood (i.e.,
after age six). Receiving a diagnosis later in childhood was related to higher 1Q (trend level) and
more internalizing problems for White children whereas it was related to lower 1Q (trend level)
and higher ASD symptom intensity for Black children. Findings suggest racial disparities in early
identification of autism may be diminishing but persist among those diagnosed later in childhood..
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Introduction

Recent estimates suggest that 1 in 54 children in the United States have a diagnosis of
Autism Spectrum Disorder (ASD; Maenner et al. 2020). Although autism can reliably be
diagnosed by age two (Lord et al. 2006), up to half of children do not receive their first
ASD diagnosis until after age six (Sheldrick et al. 2017). This is concerning given that early
intervention in early childhood prior to school entry has been found to improve receptive
and expressive language, cognitive functioning, and adaptive skills (Reichow et al. 2018).
A number of variables have been identified as predictors of diagnostic timing. For example,
higher socioeconomic status, and greater parental concern about initial symptoms are

“Serene Habayeb, shabayeb@childrensnational.org.

Authors Contribution This study was conducted by SH under direct mentorship from AR. SH and AR contributed to the

study conception, design, data analysis, and material preparation. AT performed a literature review and contributed to writing the
introduction and discussion. LK serves as the clinic director and oversaw data collection and data management of this clinical dataset.
The first draft of the manuscript was written by SH with support from AT and AR and all authors reviewed and commented on
subsequent versions of the manuscript. All authors read and approved the final manuscript.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Habayeb et al.

Page 2

associated with earlier diagnoses (Daniels & Mandell 2014; Mandell et al. 2005). Intensity
of some autistic traits (e.g., hand flapping, odd social play) also relate to earlier diagnoses
(Mandell et al. 2005). Those who receive diagnoses later in life often have more subtle
symptoms and higher cognitive functioning in early childhood, and therefore get missed

by screening protocols that are often only in place until about age three (Mazurek et al.
2014; Ozonoff et al. 2018).The relationship between cognitive functioning and receiving an
ASD diagnosis is mixed, particularly in those with an intellectual disability (ID). Although
autistic children with co-occurring ID usually receive their first autism diagnosis earlier
than those without 1D (Maenner et al. 2020), having an ID may decrease the likelihood of
healthcare professionals assessing for ASD once an ID has been determined, again, delaying
an appropriate diagnosis (Mandell et al. 2009). Receiving a diagnosis later in life is often
associated with greater emotional and behavioral problems, possibly due to not accessing
preventative healthcare services but rather waiting until crises arise in order to seek care and
receive a diagnosis (Liptak Stuart & Auinger 2006).

Historically, research has found that Black children on average receive later diagnoses than
White children (Mandell et al. 2002). It is, therefore, promising that more recent research
shows that autism prevalence rates for Black and White children, at ages four and eight,

do not significantly differ (Maenner et al. 2020; Shaw et al. 2020). This may suggest that
more Black children are appropriately receiving diagnoses earlier in life, perhaps due to
increased public health initiatives to increase early developmental monitoring and screening
for ASD in the first few years of life (Daniel et al. 2009; King et al. 2010). However,

the disparity in diagnostic timing does not appear to be completely resolved, as there are
continued findings that Black children, on average, receive their first diagnosis of ASD
later than White children (Baio et al. 2018; Shaw et al. 2020). Black children are almost
three times less likely to get an ASD diagnosis on their first visit to a specialty care clinic
compared to White children (Mandell et al. 2007) and often require three or more visits
until they receive an autism diagnosis (Constantino et al. 2020). Most Black children receive
their first diagnosis after age five, coming on average three years after parents first voice
developmental concerns (Constantino et al. 2020).

Racial disparities in differences of age of diagnosis may be mediated or moderated by

a number of other factors. Overall, fewer children in low socioeconomic status (SES)
communities receive appropriate diagnoses of ASD, and Black children are over-represented
in low SES communities (Maenner et al. 2020). However socioeconomic disparities do not
fully explain the different prevalence rates of ASD between racial groups; even within low
SES communities, racial minority children are still less likely to have an ASD diagnosis
(Durkin et al. 2017). Relatedly, poor access to appropriate healthcare may lead to a delay

in receiving an appropriate diagnosis for some, although this is not consistent across racial
groups. One study found that while White children with a consistent source of medical care
received earlier ASD diagnoses, Black children with a consistent source of medical care
were less likely to (Emerson et al. 2016). This may be related to cultural differences in
parenting beliefs and attitudes for some Black families. For example, ethnic minority parents
are less likely to contact a health care professional for ASD related concerns compared

to White parents, and at times may wait years to receive a formal diagnosis (Zeleke et

al. 2019). One qualitative study seeking insight from Black parents of autistic children
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reported that Black parents perceive racial disparities in receiving diagnoses due to 1)
insufficient education and training on ASD for Black parents 2) health care professionals
unresponsiveness to concerns of Black parents and 3) health care professionals poor
knowledge of ASD diagnostic criteria (Pearson & Meadan 2018).

Timing of diagnosis and race also seems to be affected by the intensity of ASD symptoms
and cognitive functioning. Black children are over-represented among youth with ASD and
co-occurring ID and under-represented among youth with ASD without ID, who often are
not diagnosed until middle childhood or adolescence (Constantino et al. 2020; Jo et al. 2015;
Maenner et al. 2020). Among those with “mild/moderate” ASD, there is a higher proportion
of White children receiving later diagnoses, compared to Black children.

Given these complex inter-relationships, the goal of this study was 1) to understand whether
age of receiving a first diagnosis differed between Black and White children presenting to

a hospital clinic and 2) to identify factors that predict age of first diagnosis, focusing on

the effects of parent-reported autism symptom intensity, behavioral/emotional functioning,
and cognitive abilities. Since most historical research suggests a delay in diagnosis for
Black children (Constantino et al. 2020; Daniels & Mandell 2014), we hypothesized that on
average, Black children would receive a later first diagnosis compared to White children.
We further hypothesized that children who received later diagnoses would show lower
symptom intensity, but that this relationship would be moderated by race, such that Black
children would require relatively more symptoms overall in order to receive a diagnosis of
ASD. In terms of behavioral/emotional functioning, we hypothesized that higher behavioral/
emotional difficulties would be associated with a later age of diagnosis, but that this
relationship would also be moderated by race, such that Black children would require a
higher level of behavioral/emotional dysfunction to receive a diagnosis of ASD from a
clinic compared to White children. In terms of cognitive functioning, we hypothesized that
lower cognitive abilities would be associated with an earlier age of diagnosis, and that this
relationship would be stronger for White compared to Black children.

This project used archival data and was conducted in compliance with standards established
by the institution’s Institutional Review Board (IRB), including procedures for informed
consent. All procedures performed in studies 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 was collected from a clinical sample of 5,697 youth seen between 2014 and 2020 for a
diagnostic or neuropsychological clinical evaluation in an outpatient neuropsychology clinic
which also housed an autism center. The clinic was affiliated with an academic medical
center in the Washington, DC metropolitan area. From the total sample, a subsample of 514
participants was identified who met the following criteria: received a first-time diagnosis

of ASD, identified as either Black/African American (N = 164) or White (N = 350), and
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had complete data available on demographic variables and measures of interest (Table 1).
Demographic variables (i.e., child race/ethnicity, gender) were gathered via parent report.
Consistent with gender ratios in ASD (Maenner et al. 2020), there were more males (N

= 383) than females (N = 128) in the sample, and three participants were transgender or
gender nonconforming. The gender difference (males vs. females) was similarly distributed
among in the Black and White group, X2(1, 511 = 0.056, p = 0.813). In this system, data
about SES are not routinely gathered. The clinic serves families from a wide range of
socioeconomic levels from the large urban area as well as neighboring suburbs and exurban
areas. The clinic serves children with both private and public insurance. Previous research
from our clinic found that SES did not significantly differ between parents of Black and
White children with ASD without co-occurring ID (Ratto et al. 2016). This was a highly
educated sample, as among both Black and White families, most parents had at least a
college education.

Ages of first diagnosis ranged from 1.3 years to 20 years, and visits were conducted between
2014 and 2020. The distribution of age was moderately positively skewed (skewness statistic
= 0.74) given that more children are seen for diagnostic evaluations earlier in life at our
clinic. There were no outliers in our data (i.e., no points lying outside the outer fences

of a boxplot). All participants were diagnosed with ASD by a clinician (child clinical
psychologist or psychiatrist), with advanced training and expertise in ASD and related
conditions, based on DSM-5 (American Psychiatric Association 2013) diagnostic criteria,
utilizing both developmental history and direct observation and clinical assessment. Of
these, 94.5% met criteria for an ASD based on the Autism Diagnostic Observation Schedule
(ADQS; Lord et al. 2006) or its recent revision, the ADOS-2 (Lord et al. 2006). 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).

Parent-Reported Behavioral-Emotional Functioning

The Child Behavior Checklist (CBCL; Achenbach et al. 2001) was used to assess behavioral
and emotional problems. Both the Preschool (1.5 — 5) and School-Age (6-18) versions

of the measures were used. The CBCL is a parent-report questionnaire and identifies
emotional and behavioral symptoms, generating T-scores across a number of domain scales.
For the present study, domains of interest included: Internalizing Problems (CBCL-I) and
Externalizing Problems (CBCL-E) in order to get an overall assessment of internalizing and
externalizing symptomatology.

Parent-Reported Autism Symptom Intensity

The Social Responsiveness Scale (SRS; Constantino 2002) and the updated second edition
of the measure (Constantino & Gruber 2014) are parent report questionnaires of the intensity
of autistic traits. Both the Preschool and School-Age versions of the measures were used.
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The measures yield T-scores across a number of domains. For the purposes of this study, the
measure’s total score was used as a measure of parent-reported autism symptom intensity.

Cognitive Ability

Analysis

A full scale 1Q (FSIQ) score (reported as a standard score), using the following measures,
was used to assess cognitive ability: the Wechsler Intelligence Scale for Children-Fifth
Edition (Wechsler 2014), Wechsler Intelligence Scale for Children-Fourth Edition (Wechsler
2003), the Wechsler Adult Intelligence Scale-Third Edition (Wechsler 1997), Wechsler
Abbreviated Scale of Intelligence, Second Edition (Wechsler 2011), Wechsler Abbreviated
Scale of Intelligence (Wechsler 1999) or the Differential Ability Scales-Second Edition
(Elliott et al. 2007). Younger individuals rarely complete a cognitive assessment as part of
an autism diagnostic evaluation at this particular clinic given that 1Q scores in individuals
with ASD are known to change throughout early childhood (Solomon et al. 2018). Given
that FSI1Q scores were systematically missing for many younger children FSIQ data was
only included in the analyses for a sub-sample of children (N = 306; Black N = 82; White

N = 224; Table 1). FSIQ data was available for 3 out of 126 children in the 0-3 year-old
range, 99 out of 184 children in the 4-7 year-old range, and for all children in both the 8-11
year-old and 12 and older age ranges.

Study data were managed using REDCap (Research Electronic Data Capture) electronic
data capture tools hosted at Children’s National Hospital (Harris et al. 2009). REDCap

is a secure, web-based application designed to support data capture for research studies,
providing 1) an intuitive interface for validated data entry; 2) audit trails for tracking data
manipulation and export procedures; 3) automated export procedures for seamless data
downloads to common statistical packages; and 4) procedures for importing data from
external sources. IBM SPSS statistics software (version 26) was used for all analyses.
Independent samples #tests were used to assess whether age of first diagnosis differed
between racial groups in our sample. For some analyses, the sample was dichotomized

into those who received earlier diagnoses of ASD (i.e., under age 6 years; N = 247) and
those who received diagnoses later in childhood (i.e., age 6—20 years; N = 267; Table 1;
henceforth referenced as Earlier Diagnosis and Later Diagnosis groups). We selected the
age cut-off at 6 as meaningful because it represents the timepoint during which children
have aged out of early intervention programs and transitioned to school-age programming.
Further, research estimates that up to half of children do not receive a first diagnosis

of ASD until age 6 (Sheldrick et al. 2017). A Chi-squared analysis explored whether
children of each race were over-represented in different groups (Earlier Diagnosis vs. Later
Diagnosis). Regressions were conducted to examine relationships between independent
variables (CBCL-E, CBCL-I, SRS, FSIQ) and the dependent variable, age of first diagnosis,
and to explore if and how these relationships were moderated by race (moderation). See Fig.
1
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Results

Descriptive data of the full sample are presented in Table 1. Mean scores and standard
deviations for each variable of interest are presented overall and for each race subgroup.

Research Question 1: Do Black and White Children differ in Terms of Receiving Earlier
Versus Later First ASD Diaghoses?

In the full sample, an independent samples #test indicated that White children, on average,
received their first diagnosis at an older age compared to Black children, £512) = -2.33,

p = 0.02 (Table 1). The sample was then dichotomized at age 6 as described above.
Chi-squared analysis indicated that distribution of race differed significantly between the
Earlier Diagnosis and Later Diagnosis groups, with more than expected White children and
less than expected Black children in the older group, X2(1, 514) = 5.33, p = 0.02 (Fig. 2),
indicating that Black children were less likely to receive a first-time diagnosis of ASD in
later childhood.

Research Question 2: Do Parent-Reported Autism Symptom Intensity, and Behavioral,
Emotional, and Cognitive Functioning Predict Age of First Diagnosis and are Predictions
Moderated by Race?

7-tests were conducted to assess racial group differences in our independent variables. In the
full sample White children showed greater internalizing and externalizing symptoms than
Black children (Table 1). No group differences were found in the intensity of parent-reported
autism symptoms. In the subsample of children with complete FSIQ data, scores were higher
in the White group (M =99.92, SD = 18.79) than the Black group (M = 87.88, SD = 16.67),
#304) = -12.04, p < 0.001.

Given that FSIQ scores were systematically missing for many younger children, FSIQ

was not included as a predictor variable in the first set of analyses which assessed
predictors of behavioral and emotional functioning and autism symptom intensity. In order
to assess whether independent variables were appropriate to include in regression models,
bivariate correlations were run to explore relationships between and among independent
and dependent variables, as well as to assess for collinearity. Based on the results of
bivariate correlations, collinearity was not present among any variables. CBCL-E scores
were not found to be related to age at diagnosis and therefore was not included as

an independent variable in the regression model (Table 2). Following these preliminary
analyses, a regression was run to analyze the relationship between the independent variables,
intensity of parent-reported autism symptoms (i.e., SRS Total Score) and internalizing
symptoms (i.e., CBCL-I), and the dependent variable, age at first diagnosis. In step 1, race
(included in order to interact with SRS and CBCL-I in step 2), SRS, and CBCL-I were
included in the model to analyze their relationships to age of first diagnosis. In step 2,
interaction variables (i.e., interactions of SRS with race and CBCL-I with race) were added
to the model in order to conduct a moderation analysis.

A regression indicated that SRS and CBCL-I scores together significantly predicted age of
diagnosis (Table 2). The relationship between SRS scores and age of first diagnosis was
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moderated by race, such that higher SRS scores predicted a later age of diagnosis to a
stronger degree for Black children compared to White children. The relationship between
CBCL-I and age of first diagnosis was also moderated by race, such that higher CBCL-I
scores predicted later ages of diagnosis in White children but earlier ages of diagnosis in
Black children. See Fig. 3 for a visual representation of the moderation analysis with SRS
and CBCL-I score plotted against age of diagnosis predicted by the multivariate model.

Another regression was run, only including participants with complete FSIQ data. When
including FSIQ in the model, FSIQ independently predicted age of diagnosis, net of the
variance explained by other variables in the model (B = 0.125, p = 0.039). The relationship
between FSIQ and age of diagnosis appeared to be moderated by race at a trend level (B

= -0.548, p = 0.075); such that among Black children lower 1Q was related to later age of
diagnosis, while among White children higher 1Q was related to later age of diagnosis (Fig.
4).

Discussion

Our study found that Black children were less likely to receive a first-time diagnosis of
ASD later in childhood (i.e., older than age six) compared to White children. In our

sample of children who received their first diagnosis of ASD at a specialized autism

center in a large children’s hospital, White children were, on average, older age than Black
children. Receiving a diagnosis of ASD later in childhood was related to higher levels

of parent-reported autism symptom intensity; particularly for Black children compared to
White children. For White children, having higher levels of emotional problems was related
to receiving a diagnosis of ASD later in childhood, however this finding was opposite

in Black children. Finally, our study found a trend level pattern indicating that higher
cognitive abilities related to a later age of diagnosis in White children while lower cognitive
abilities related to a later age of diagnosis in Black children. This suggests that when
getting a diagnosis later in life, Black children show relatively more autistic traits and lower
cognitive functioning, and White children show relatively more emotional problems and
higher cognitive abilities. This pattern may indicate that, compared to older White children,
older Black children, particularly those with higher 1Qs, less intense parent-reported autism
symptoms, and more emotional problems, are less readily recognized as having ASD and/or
have greater difficulty accessing a specialty clinic. This concept is supported by our initial
finding that among older children receiving a first- time ASD diagnosis, Black youth were
under-represented and White youth were over-represented.

Our findings may suggest a few important factors. First, the fact that the distribution of
diagnoses by race widened after age 6 suggests that many Black children are appropriately
receiving diagnoses earlier in life, contrary to older research suggesting a delay in early
diagnosis of ASD for racial minority children (Mandell et al. 2002). This is potentially a
byproduct of increased public health initiatives to increase early developmental monitoring
and screening (Daniel et al. 2009; King et al. 2010). This finding is also in line with recent
national prevalence data which found that rates of ASD are similar among Black and White
four and eight year old children (Maenner et al. 2020; Shaw et al. 2020).
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While the implication of improved diagnosis among young Black children should be
commended, our research suggests that race-based health disparities continue to be evident
among older children; fewer Black children are receiving their first diagnoses later in life
compared to White children. Our findings are in line with the fact that White parents

are more likely to seek out health care professionals with concerns for ASD than Black
parents are (Zeleke et al. 2019). This could be related to cultural factors, such as Black
parents being more likely to attribute subtle symptoms (e.qg., social difficulties with peers,
overly formal language) to a child’s temperament rather than as clinically symptomatic and
indicative of a possible disorder, and therefore do not choose to seek professional services
(Mandell & Novak 2005). Alternatively, findings may suggest issues of access. After aging
out of early intervention services at age 3 or 5, it is often challenging for Black families,
particularly those of lower SES, to access specialty ASD care (Pearson & Meadan 2018).
Our findings may also reflect race-based biases on behalf of healthcare professionals leading
to not providing a referral to a specialty ASD clinic (Pearson & Meadan 2018) only doing
so once functional difficulties worsen. Such biases may include healthcare professionals
misinterpreting minority children’s behavior, misunderstanding cultural norms, or being
unresponsive to concerns of Black parents unless they are more severe (Ennis-Cole et al.
2013). In turn, Black children are often misdiagnosed with other developmental or mental
health disorders and are less likely than White children to receive a diagnosis of ASD at
their first visit with a healthcare professional (Mandell et al. 2007).

Our findings suggest that when Black children do receive a first diagnosis of ASD later

in childhood, they present with a relatively greater intensity of parent-reported autism
symptoms compared to their White peers. Our findings are consistent with recent research
suggesting that children with less intense parent-reported autism symptoms who receive
their first diagnosis later in childhood, are more likely to be White than Black (Jo et al.
2015). Our findings, however, are inconsistent with research that suggests that intensity of
autistic traits usually relates to earlier diagnosis (Jo et al. 2015; Mandell et al. 2005). It is
possible that our sample, seen in a specialty ASD clinic, reflect Black children who missed
a critical window early in childhood to receive a diagnosis, and in order for them to present
to a specialty clinic, they must present with more intense parent-reported autism symptoms
later in life. Further, this finding may reflect levels of parent concern or “certainty” of
ASD. As previously mentioned, Black parents may be less likely to interpret behaviors as
clinically symptomatic compared to White parents (Mandell & Novak 2005). Therefore,
while White parents may seek services even when their child presents with less clear or
impairing symptoms of ASD, Black parents may only seek diagnostic services later in life
if they are more certain that their child has ASD, or if their child’s symptoms are having a
more significant impact on their daily functioning.

We also found that greater levels of internalizing symptoms related to a later age of
diagnosis for White children, while lower levels of internalizing symptoms related to a later
age of diagnosis for Black children. For White children, along with less intense symptoms of
ASD, this may reflect that either internalizing symptoms masked ASD-specific weaknesses
earlier in life, or that internalizing problems emerged secondary to growing up without an
ASD diagnosis and therefore inadequate supports. Black children with ASD, however, are
more likely to be misdiagnosed with another mental health disorder (Pearson & Meadan
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2018). Therefore, it is likely that there are misdiagnosed autistic Black children with higher
internalizing problems that did not seek an ASD diagnosis, and were therefore not reflected
in our sample.

Finally, our data support a trend level finding suggesting that for White children higher
cognitive functioning related to later ages of diagnosis, and for Black children lower
cognitive functioning predicted later diagnoses. For White children, this may suggest that
intelligent young children do not present as impaired and therefore do not receive diagnoses
until later in life. However, our findings in the Black subsample align with the fact that
Black children with ASD and cognitive impairments are overrepresented compared to White
children with ASD, and often get their diagnoses later (Maenner et al. 2020). Taken together,
our data suggests that compared to White children, Black children must show greater
cognitive weaknesses and must have more intense parent-reported autism symptoms in order
to appropriately receive an ASD diagnosis later in childhood.

A number of limitations must be considered in interpreting our data. First, given that

this data was collected as part of standard clinical evaluations, data on SES was not
available. This is an important limitation given that ASD prevalence is higher in higher SES
communities (Maenner et al. 2020). SES is likely an important covariate when exploring

the role of race. Second, cognitive data was only available for a subsample of children and
was systematically missing for younger children. We recognize this as a limitation, reflective
of the clinic’s procedure and effort to maximize the number of children at-risk for ASD

seen in early childhood, to support the initiation of early intervention services. Third, we

do not have information about prior non-autism diagnoses, or previous points of contact for
children who received diagnoses later in life. Therefore, the mechanisms which led to later
diagnoses for some children cannot be inferred based on this data. In turn, this data was
cross-sectional, and although we interpreted the data with age of diagnosis as the outcome, it
is possible that the relationship is not truly causal. We also did not have data on cooccurring
ID diagnoses. We recognize that cooccurring diagnoses of ID and ASD may interact with
race in predicting timing of ASD diagnoses and future research should consider this factor.
Finally, data on autism symptom severity and internalizing behaviors were based on parent
report. Although measures were standardized, cultural factors may affect the ways in which
Black and White parents complete the questionnaires.

Despite these limitations, our study highlighted a clear racial health disparity, wherein

older Black children are not equally accessing the ASD diagnostic services that White
children are. This is concerning given that without a formal diagnosis, children are likely
not receiving appropriate services and supports. It is vital for future research to further
explore the mechanisms through which Black children are limited in receiving such clinical
services later in life. In turn, equitable initiatives to support Black children with ASD across
childhood is vital.

This work was supported by the District of Columbia Intellectual and Developmental Disabilities Research Center
(DC-1DDRC) Award Grant No. U54HD090257 by NICHD (PI: V. Gallo) and Clinical and Translational Science
Institute at Children’s National (Award Grant No. UL1TR001876).
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Table 2

Summary of Regression Analyses for Variables Predicting Age of Diagnosis

Step and Variable B SEB B AR?
Step 1 093
Race -.73 .39 - .08f
SRS 06 02 5"
CBCL-I .07 .02 a7
Step 2 021
Race 54 247 06
SRS 01 .02 .05
CBCL-I 12 03 oM
SRS/Race Interaction 12 .04 897"
CBCL-I/Race Interaction -.15 .05  -1,02**

fp< 0.1
*
p<0.05

Aok

p<0.01

Hok:

*
p < 0.001
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