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Abstract

The objectives of our study were to (a) report how many children met an autism spectrum disorder 

(ASD) surveillance definition but had no clinical diagnosis of ASD in health or education records 

and (b) evaluate differences in demographic, individual, and service factors between children with 

and without a documented ASD diagnosis. ASD surveillance was conducted in selected areas of 

Arizona, Arkansas, Colorado, Georgia, Maryland, Minnesota, Missouri, New Jersey, North 

Carolina, Tennessee, and Wisconsin. Children were defined as having ASD if sufficient social and 

behavioral deficits and/or an ASD diagnosis were noted in health and/or education records. 

Among 4,498 children, 1,135 (25%) had ASD indicators without having an ASD diagnosis. Of 

those 1,135 children without a documented ASD diagnosis, 628 (55%) were not known to receive 

ASD services in public school. Factors associated with not having a clinical diagnosis of ASD 

were non-White race, no intellectual disability, older age at first developmental concern, older age 

at first developmental evaluation, special education eligibility other than ASD, and need for fewer 

supports. These results highlight the importance of reducing disparities in the diagnosis of children 

with ASD characteristics so that appropriate interventions can be promoted across communities.

Lay Summary:

Children who did not have a clinical diagnosis of autism spectrum disorder (ASD) documented in 

health or education records were more likely to be non-White and have fewer developmental 

problems than children with a clinical diagnosis of ASD. They were brought to the attention of 

healthcare providers at older ages and needed fewer supports than children with a clinical 

diagnosis of ASD. All children with ASD symptoms who meet diagnostic criteria should be given 

a clinical diagnosis so they can receive treatment specific to their needs.
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Introduction

One of the challenges of identifying children with autism spectrum disorder (ASD) stems 

from the complex nature of the diagnostic process. Typically, the diagnosis of ASD requires 

an observation of the child’s behavior and collection of developmental history to determine 

whether ASD diagnostic criteria are met [Lord, Elsabbagh, Baird, & Veenstra-Vanderweele, 

2018]. The ability to access high-quality services and navigate complex health systems 
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understandably influences the likelihood of ASD evaluation and diagnosis [Parish, Magaña, 

Rose, Timberlake, & Swaine, 2012; Zuckerman et al., 2014; Zuckerman et al., 2017]. 

Detection of ASD is also complicated by heterogeneity in symptom presentation [Lord et al., 

2018], presence of co-occurring conditions [Close, Lee, Kaufmann, & Zimmerman, 2012; 

Levy et al., 2010], maturational changes [Fountain, Winter, & Bearman, 2012; Gotham, 

Pickles, & Lord, 2012; Lord, Luyster, Guthrie, & Pickles, 2012], and evolving diagnostic 

criteria [Matson, Kozlowski, Hattier, Horovitz, & Sipes, 2012; McPartland, Reichow, & 

Volkmar, 2012]. Consequently, some children with ASD characteristics do not receive a 

clinical diagnosis of ASD or may be diagnosed later than other children with a similar 

behavioral profile [Baio et al., 2018; Mandell, Ittenbauch, Levy, & Pinto-Martin, 2007; 

Magaña, et al., 2013].

There are numerous factors that influence the timing of ASD diagnosis, although birth 

cohort and socioeconomic variables such as race/ethnicity are most often reported in the 

literature [Daniels & Mandell, 2014]. Some studies found that children in older birth cohorts 

were diagnosed later than children in more recent cohorts, suggesting that the age of ASD 

diagnosis is decreasing with time [Daniels & Mandell, 2014]. Even still, white children are 

systematically diagnosed 1–2 years earlier than non-white children [Fountain et al., 2012; 

Mandell, Listerud, Levy, & Pinto-Martin, 2002; Valicenti-McDermott, Hottinger, Seijo, & 

Shulman, 2012]. One possible reason for continued racial/ethnic disparities in the timing of 

ASD diagnosis may be parent-doctor interactions. Non-white parents in one study more 

often reported that their doctor did not spend enough time with their child, did not listen to 

them carefully and did not make them feel like a partner than non-Latino white parents 

[Parish et al., 2012]. When their children were screened, non-white parents in another study 

reported fewer ASD concerns before ASD diagnosis than white parents, which could 

indicate different perceptions of similar behaviors based on cultural background [Donohue, 

Childs, Richards, & Robins, 2019]. Moreover, some evidence suggests healthcare providers 

are more likely to first diagnose developmental and behavioral disorders, such as conduct 

disorder, in non-white children when compared to white children who are eventually 

diagnosed with ASD [Mandell et al., 2007].

Other variables that contribute to delayed ASD diagnosis are co-occurring psychiatric and 

neurological disorders, fewer ASD symptoms, fewer functional limitations, and lack of 

intellectual disability [Durkin et al., 2017; Mandell et al., 2002; Ratto et al., 2017; Shatttuck 

et al., 2009; Maenner et al., 2013]. Parents who have children diagnosed with ASD later than 

others often attribute their first concerns to a behavioral or medical problem rather than a 

developmental problem [Daley, 2004]. Lastly, children with ASD who do not receive ASD 

services in public school are diagnosed later than other children [Daniels & Mandell, 2014; 

Keen & Ward, 2004].

Both presence and timing of an ASD diagnosis can lead to treatments associated with 

improved outcomes for some children, and less intensive intervention over time [Fernell, 

Eriksson, & Gillberg, 2013; Gourdine, Baffour, & Teasley, 2011; Howlin, Magiati, & 

Charman, 2009; Magiati, Tay, & Howlin, 2012]. Other possible benefits of confirming an 

ASD diagnosis are verifying that ASD best describes the overall pattern of symptoms 

according to the professional(s) who evaluated the child, providing parents with an 
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explanation for their child’s behaviors, and easing communication between multiple 

providers. Additionally, confirming an ASD diagnosis can help inform policies to reduce 

disparities and plan for service needs [Heurta & Lord, 2012; Midence & O’Neil, 1999].

The Autism and Developmental Disabilities Monitoring (ADDM) Network is a surveillance 

program that tracks the prevalence and characteristics of 8-year-old children with ASD in 

multiple U.S. communities [Rice et al., 2007]. In the 2014 surveillance year, ADDM ASD 

ascertainment did not exclusively rely on a documented ASD diagnosis to establish 

prevalence. Rather, it conducted a record-review strategy that identified children with ASD 

from information contained in existing health and education records. Expert clinicians, using 

a standardized process, determined whether children satisfied ASD criteria outlined in the 

Diagnostic and Statistical Manual of Mental Disorders—Fifth Edition (DSM-5). In addition, 

the expert clinicians coded multiple fields of information reflecting behavioral 

characteristics, intellectual functioning, co-occurring conditions, the presence of an existing 

ASD diagnosis documented in service records, and their degree of certainty the child had 

ASD. The objectives of this article are thus twofold: (a) report how many children who 

satisfied the ADDM DSM-5 ASD surveillance definition had no clinical diagnosis of ASD 

documented in health or education records and (b) evaluate differences in demographic, 

individual and service factors for children with and without a documented ASD diagnosis.

Methods

The DSM-5 surveillance population included 8-year-old children who had health and/or 

education records reviewed for ASD in 11 sites funded by the Centers for Disease Control 

and Prevention (CDC) as part of the 2014 ADDM Network (award cycle 2015–2018). 

Surveillance sites were in Arizona, Arkansas, Colorado, Georgia, Maryland, Minnesota, 

Missouri, New Jersey, North Carolina, Tennessee, and Wisconsin. The ADDM method is an 

active, multiple source, records-based system that monitors the prevalence of ASD among 8-

year-old children across multiple US communities [Rice et al., 2007]. ADDM sites are 

chosen through a competitive review process. Each ADDM site functions as a public health 

authority, as specified under the Health Insurance Portability and Accountability Act of 1996 

Privacy Rule and meets applicable local Institutional Review Board and privacy and 

confidentiality requirements.

ASD Case Ascertainment

A child was considered for ADDM ASD surveillance if he/she: (a) was born in 2006 (i.e., 

was 8 years old at any point during the 2014 surveillance year), (b) resided with a parent or 

legal guardian in a predefined surveillance area in 2014, and (c) received service for a 

behavioral, educational, developmental, or medical condition as evidenced by a discharge 

diagnosis, billing code, reason for referral, or education eligibility documented in health or 

education records. All ADDM sites except one (Missouri) had at least some access to 

education records. Six sites (Arizona, Georgia, Maryland, Minnesota, New Jersey, and North 

Carolina) reviewed education records for all school districts within their covered 

surveillance areas. Four ADDM sites (Arkansas, Colorado, Tennessee, and Wisconsin) 

reviewed education records in only some school districts within their covered surveillance 
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areas (i.e., the proportion of the surveillance population residing in school districts accessed 

by these ADDM site ranged from 26% to 88%). In all, over 95% of the children in this 

sample were ascertained from sites that had at least partial access to education records.

Surveillance staff reviewed health and education records of children meeting eligibility 

criteria for social deficits that indicated symptoms of ASD (e.g., limited interest in other 

children or reduced eye contact). Information abstracted from records that contained a social 

deficit included developmental histories, verbatim descriptions of ASD symptoms, 

descriptions of co-occurring conditions, results of developmental tests, and documentation 

of a clinical ASD diagnosis referenced in the record or assigned by the community 

professional who evaluated the child (e.g., a statement that the child met criteria for an ASD 

diagnosis in the summary statement of a psychological report). All abstracted information 

was combined into one composite abstraction record if multiple health/education records 

were abstracted for the same child.

ASD Surveillance Case Status

Clinicians with advanced degrees and specialized training and experience in ASD applied a 

standardized coding scheme to each child’s composite abstraction record. ADDM record-

review coding for ASD surveillance has been traditionally based on an algorithm created 

using DSM-IV-TR diagnoses of autistic disorder, Asperger disorder, or pervasive 

developmental disorder not otherwise specified (PDD-NOS). An algorithm based on the 

DSM-5 diagnosis of ASD, including the presence of a previous ASD diagnosis, was 

developed for the 2014 surveillance year. In order to meet the ADDM DSM-5 surveillance 

case status for ASD, the child had to have (a) the number and pattern of social and 

behavioral deficits defined by DSM-5 as meeting the criteria for ASD (i.e., three social 

deficits and two of four behavioral deficits) or (b) an existing clinical diagnosis of ASD 

documented in service records (i.e., DSM-IV-TR diagnoses of autistic disorder, Asperger 

disorder, or PDD-NOS or DSM-5 diagnosis of ASD). Figure 1 outlines the decision tree for 

ASD surveillance case status according to DSM-5 criteria. Inter-rater reliability for case 

status is monitored on an ongoing basis using a blinded, random 10% sample of abstracted 

records that are scored independently by two reviewers. For 2014, inter-rater agreement on 

DSM-5 case status (confirmed ASD vs. not ASD) was 92.3% when comparison samples 

from all sites were combined (k = 0.84).

The clinician who applied the surveillance-coding scheme rated the level of support needed 

by the child given all available information in abstracted records. The level of support 

needed was rated on a three-point scale with one representing the need of some support, two 

representing the need of substantial support, and three representing need of very substantial 

support (Table 1). Clinicians could overturn case status upon primary review, or call for a 

second review if their degree of certainty the child had ASD was low based on sufficient 

information to determine that symptoms were accounted for by another disorder, or any 

other reason (e.g., the person who evaluated the child for ASD clearly stated the child did 

not meet criteria for ASD but did meet criteria for attention deficit hyperactivity disorder 

[ADHD]).
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Data Analyses

Denominators for the total population within surveillance catchment areas (aggregate and by 

site) were determined from the National Center for Health Statistics Vintage 2016 Bridged-

Race Estimates. Specifically, population denominators were derived by postcensal estimates 

of the number of children aged 8 years living in specified counties under DSM-5 

surveillance (note that the DSM-5 catchments areas were smaller than the DSM-IV-TR 

catchment areas for the ADDM 2014 surveillance year due to resource constraints). Children 

living in school districts outside the surveillance area were subtracted from the county-level 

census denominators using school enrollment data from the U.S. Department of Education’s 

National Center for Education Statistics and adjusted for differences in race and sex within 

the applicable counties [CDC, 2016].

Frequencies of the number of children within the surveillance population(s) who met 

ADDM ASD case status are reported. Frequencies of those children, who met ADDM ASD 

case status who had an ASD diagnosis, and who had social and behavioral deficits exclusive 

of an ASD diagnosis, are also reported. Omnibus chi-square analyses compared the 

proportion of children who met ASD surveillance status and had a documented ASD 

diagnosis and those who did not have a documented ASD diagnosis on the following 

variables: age at first evaluation abstracted (3 years or older or younger than 3 years), autism 

educational exceptionality (no or yes), developmental concern noted by 3 years of age (no or 

yes), intellectual disability (no, yes, or unknown), level of support needed (some, substantial, 

or very substantial support), race/ethnicity (white non-Hispanic, black non-Hispanic, other 

race non-Hispanic, Hispanic, or unknown), child sex (male or female), and study site. 

Tennessee was chosen as the referent category for study site since the proportion of children 

with versus without an ASD diagnosis in Tennessee was closest to the average among all 

sites. All variables were then entered into an adjusted logistic regression model to identify 

odds ratios associated with not having a clinical diagnosis of ASD documented in health or 

education records controlling for all other variables considered. Post hoc analyses examined 

whether the same variables, excluding the receipt of ASD services in public school, were 

associated with neither having a clinical diagnosis of ASD nor receiving known services for 

ASD in school.

Results

There were 4,498 children who met ADDM ASD surveillance status based on DSM-5 social 

and behavioral deficits or a previous ASD diagnosis. Of those, 81.4% were male and 25.0% 

had known ID (23.8% had missing cognitive data). The racial and ethnic distribution of the 

sample was 51.0% white non-Hispanic, 23.9% black non-Hispanic, 16.1% Hispanic, 7.4% 

other race non-Hispanic, and 1.6% missing race and ethnicity data. A total of 3,363 (74.8%) 

had a documented clinical diagnosis of ASD and 1,135 (25.2%) had social and behavioral 

deficits exclusive of an ASD diagnosis documented in service records (Table 2). Of those 

1,135 children without a documented ASD diagnosis, 55.3% (n = 628) were not known to 

receive ASD services in public school (Table 3).

Table 3 shows differences between children who did and did not have a clinical ASD 

diagnosis documented in health or education records among predefined variables, and 
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adjusted odds ratios associated with not having a documented ASD diagnosis for those same 

variables. In this analysis, the −2 log-likelihood value was smaller for the fitted model, 

indicating that the fitted model performed better than the intercept only model. Children who 

did not have a clinical diagnosis of ASD documented in health or education records were 

more likely than other children to have a developmental concern noted after 3 years of age, 

first evaluation after 3 years of age, receipt of special education services other than ASD, 

intellectual functioning outside of the disability range, need for fewer supports, and be from 

certain geographic areas (Table 3). They were also more likely to be black non-Hispanic, 

other non-Hispanic race, or Hispanic than white non-Hispanic. The absence of a 

documented ASD diagnosis was not influenced by child sex. Unadjusted analyses found 

very similar results with unchanged direction or significance of findings.

Additionally, we looked at children who did not have a clinical diagnosis nor were known to 

receive ASD services in public school (n = 628). These children were more likely than 

others to be evaluated after 3 years of age than at or before 3 years of age (OR = 1.3, 95% CI 

1.1, 1.6), have average intellectual functioning versus intellectual disability (OR = 1.4, 95% 

CI 1.1, 1.9), need some support (OR = 4.5, 95% CI 2.6,8.0) or substantial support (OR = 

11.3, 95% CI 6.4, 20.2) than very substantial support, and be non-Hispanic black (OR = 1.4, 

95% CI 1.1, 1.7), other non-Hispanic race (OR = 1.7, 95% CI 1.2,2.4), or Hispanic (OR = 

1.3, 95% CI 1.0, 1.7) than non-Hispanic white. They were less likely to be from Arkansas 

(OR = 0.49, 95% CI 0.32, 0.76), Georgia (OR = 0.63, 95% CI 0.43, 0.94), and Missouri (OR 

= 0.29, 95% CI 0.14, 0.57) than Tennessee. The absence of a clinical diagnosis or ASD 

educational services was not influenced by developmental concerns noted in the first 3 years 

or child sex (data not shown).

Discussion

Diagnosing children with ASD symptoms may facilitate delivery of services that maximize 

the developmental potential of the child and provide supports to their families, among other 

benefits (e.g., easing communication between multiple providers) [Heurta & Lord, 2012; 

Midence & O’Neil, 1999]. Our findings indicate that 25.2% of children with ASD identified 

by ADDM in surveillance year 2014 had enough symptoms in service records to satisfy 

ASD diagnostic criteria but did not have a clinical diagnosis of ASD documented in service 

records. Approximately 55.3% of these children were not known to receive ASD services in 

their school. Children identified by ADDM who did not have a clinical diagnosis of ASD 

differed from those who did have a clinical diagnosis in that they were more likely to be 

non-White, older than 3 years at first developmental concern, older than 3 years at first 

evaluation, have no intellectual disability, and need fewer supports. These findings 

complement those on timing of ASD diagnosis and highlight the need to address factors that 

facilitate disparities in both timing and documenting an ASD diagnosis in service records 

[Daniels & Mandell, 2014; Fountain et al., 2012; Mandell et al., 2002;Valicenti-McDermott 

et al., 2012].

Non-Hispanic black and Hispanic children were less likely than non-Hispanic white children 

to have a diagnosis of ASD noted in service records. Racial and ethnic disparities in ASD 

diagnosis are well-documented in a variety of clinical and surveillance reports [Bernier, 
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Mao, & Yen, 2010; Durkin et al., 2017; Liptak et al., 2008; Mandell et al., 2002; Mandell et 

al., 2007; Mandell et al., 2009]. Some perceived barriers to ASD diagnosis reported by non-

Hispanic black and Hispanic parents are confusion and frustration with the diagnostic 

process, high levels of stigma in some communities, lack of parental information about 

ASD, limited English proficiency, and provider dismissal of parental concerns [Parish et al., 

2012; Zuckerman et al., 2014; Zuckerman et al., 2017]. Moreover, when seen in clinics, 

black parents eventually diagnosed with ASD report fewer ASD symptoms compared to 

white parents on written questionnaires [Donohue et al., 2019].

A few interventions have been shown to reduce disparities in ASD diagnosis. One such 

intervention is the use of patient navigators who explore parental understanding of and need 

for a diagnostic assessment, help complete documents required for the assessment, and 

ensure the family understands assessment results. Patient navigators can also help identify 

and develop a plan to address barriers to care. Previous research found that families that 

worked with a patient navigator were more likely than families who received routine clinical 

care to complete an ASD diagnostic assessment and receive timely ASD diagnosis [Feinberg 

et al., 2016]. Other effective or promising intervention strategies to reduce disparities in 

ASD dentification are using pictorial ASD screens to reduce linguistic and literacy demands 

[Janvier, Coffield, Harris, Mandell, & Cidav, 2019], asking healthcare providers to rate their 

likelihood of referral for certain disorders on a continuous rather than dichotomous scale 

[Begeer, Bouk, Boussaid, Terwogt, & Koot, 2009], and adopting a presumptive eligibility 

approach where early intervention services are based on an at-risk screen before diagnostic 

evaluation [Rotholz, Kinsman, Lacy, & Charles, 2017]. More research is needed on the 

utility of parent and provider education and stigma reduction in reducing disparities in ASD 

diagnosis.

As previously mentioned, one possible benefit of receiving a clinical diagnosis is to facilitate 

access to appropriate services. Over the past decade, many states have enacted laws that 

mandate insurance companies to reimburse evidence-based treatments for ASD; including 

but not limited to behavioral therapy (e.g., applied behavior analysis), occupational therapy, 

physical therapy, speech therapy, social skills training, and a combination of these [Barry et 

al., 2017; Dawson & Burner, 2011; Douglas, Benevides, & Carretta, 2017; Kasari, 2015; 

Zwaigenbaum et al., 2015]. However, justification for the medical necessity of therapies is 

most often needed before insurers will approve and reimburse service requests. Although 

comprehensive service use and insurance status are not surveyed in ADDM, a clinical 

diagnosis of ASD may support such justification and help reduce the financial burden of 

raising a child with special needs by decreasing out-of-pocket premiums. Recognizing and 

diagnosing children with ASD symptoms may, therefore, facilitate access to appropriate 

services and reduce financial strain.

Older children and those without ID were also less likely to have an ASD diagnosis 

documented in health or education records. These findings complement previous research 

that found earlier age of ASD diagnosis was associated with greater cognitive impairment 

[Shatttuck et al., 2009]. In our study, children with ASD symptoms without an ASD 

diagnosis still needed some support (47.0%), substantial support (47.6%) and very 

substantial support (5.5%) to function in daily life despite older age and cognitive abilities 
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above the disability range. General developmental and ASD screening efforts may need to 

extend beyond the preschool years and among children from different backgrounds in order 

to identify those who could benefit from early interventions, including those specific to 

ASD.

The prevalence ratio for having a previous ASD diagnosis compared to having ASD 

symptoms without an ASD diagnosis varied substantially across sites (from 1.0 in 

Minnesota to 7.7 in Missouri), and the study site was a significant predictor of a clinical 

diagnosis documented in health or education records. These results highlight geographic 

differences in whether children with ASD symptoms receive a clinical diagnosis. Some 

communities (i.e., those with higher prevalence ratios) may diagnose more children included 

in ASD surveillance than other communities (i.e., those with lower prevalence ratios), even 

though children without a diagnosis could be receiving ASD services in a public school (as 

seen in 45.7% of our sample without a clinical diagnosis) or elsewhere. ADDM sites can use 

these results to inform policy efforts to strengthen screening and diagnostic frameworks 

within their communities and share effective practices with localities outside the ADDM 

Network.

It is important to reflect on the fact that one-fourth of children who met the ADDM ASD 

surveillance definition did not have a clinical diagnosis of ASD documented in health or 

education records and, of those, 55.3% were not known to receive ASD services in public 

school. We do not know whether children without a documented diagnosis would meet 

diagnostic criteria if evaluated specifically for ASD, or if they would present with 

subthreshold symptom presentation or have symptoms better accounted for by another 

disorder (e.g., ADHD). Based on information contained in health and/or education records, 

we do know that these children had the number and pattern of social and behavioral deficits 

to be confirmed as an ASD surveillance case, clinicians rated their degree of certainty the 

child had ASD as high versus low, and more than half of these children were rated to 

required substantial or very substantial support to function in daily life. In sum, these results 

indicate that some children with a significant number of ASD symptoms coupled with 

functional limitations may not have a clinical diagnosis of ASD and might remain unserved 

or underserved in education or healthcare settings.

There are some limitations associated with these analyses. ADDM record review 

surveillance is not nationally representative, thus results cannot be generalized to all U.S. 

communities. Moreover, ADDM 2014 data are subject to the following considerations: (a) 

some children with an ASD diagnosis given after records were abstracted may not have been 

considered for ASD surveillance (e.g., no social trigger documented in records), (b) it is 

possible that a child received an ASD diagnosis before records were abstracted that was not 

documented in the records we reviewed, (c) it is possible that children who did not have an 

ASD diagnosis nor receive ASD services in school received services elsewhere in the 

community, (d) children with social and behavioral deficits without an ASD diagnosis who 

were counted as surveillance cases may not be best described as having ASD, and (e) ASD 

case status was determined by a record-review method instead of through direct clinical 

evaluation of the child. Despite these limitations, ADDM record-review surveillance from 

2014 provided in-depth information on the characteristics of children with and without ASD 
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and counted children with an ASD phenotype irrespective of diagnostic confirmation. These 

strengths are unique to ADDM 2014 surveillance and allowed analyses on children who 

have ASD symptoms but no clinical diagnosis of ASD noted in health or education records.

In conclusion, we found that 25.2% of children identified by ADDM ASD surveillance had 

symptoms but no ASD diagnosis documented in health or education records and 55.3% of 

these children were not known to receive ASD services in school. Factors associated with 

not having a clinical ASD diagnosis were non-White race, no intellectual disability, older 

age at first concern, older age at first evaluation, special education eligibility other than 

ASD, and fewer supports needed. These results highlight the importance of reducing 

disparities in the diagnoses of children with ASD symptoms so that appropriate 

interventions can be promoted across communities.
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Figure 1. 
Decision tree to determine autism spectrum disorder (ASD) surveillance case status from the 

Autism and Developmental Disabilities Monitoring Network (2014) according to criteria 

outlined in the Diagnostic and Statistical Manual of Mental Disorders—Fifth Edition. 
1These cases were disqualified due to low clinician certainty the child had ASD.
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