1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Autism Res. Author manuscript; available in PMC 2023 January 01.

-, HHS Public Access
«

Published in final edited form as:
Autism Res. 2022 January ; 15(1): 146-155. doi:10.1002/aur.2628.

Prevalence of Autism Spectrum Disorder in a large, diverse
Metropolitan Area: variation by sociodemographic factors

Josephine Shenouda, MS1:3, Emily Barrett, PhD12, Amy L. Davidow, PhD?, William
Halperin, MD, DrPH, MPH1, Vincent M. B. Silenzio, MD, MPH4, Walter Zahorodny, PhD3
1Department of Biostatistics and Epidemiology, Rutgers — School of Public Health, 170
Frelinghuysen Rd, Piscataway, NJ 08854

2Environmental and Occupational Health Sciences Institute, Rutgers School of Public Health, 170
Frelinghuysen Rd, Piscataway, NJ 08854

3Department of Pediatrics, Rutgers — New Jersey Medical School, 185 South Orange Ave F-511,
Newark, NJ 07103

4Department of Urban-Global Public Health, Rutgers School of Public Health, 170 Frelinghuysen
Rd, Piscataway, NJ 08854

Abstract

Autism Spectrum Disorder (ASD) prevalence estimates have varied by region. In this study, ASD
prevalence, based on active case finding from multiple sources, was determined at the county and
school district levels in the New Jersey metropolitan area. Among children born in 2008, residing
in a four-county area and enrolled in public school in 2016, ASD prevalence was estimated to

be 36 per 1,000, but was significantly higher in one region -- 54 per 1,000 and greater than 70
per 1,000, in multiple school districts. Significant variation in ASD prevalence by race/ethnicity,
socioeconomic status (SES) and school district size was identified. Highest prevalence was in
mid-SES communities, contrary to expectation. Prevalence among Hispanic children was lower
than expected, indicating a disparity in identification. Comprehensive surveillance should provide
estimates at the county and town levels to appreciate ASD trends, identify disparities in detection
or treatment and explore factors influencing change in prevalence.

Lay Summary
We found autism prevalence to be 3.6% in New Jersey overall, but higher in one region (5.4%)
and in multiple areas approaching 7.0%. We identified significant variation in ASD prevalence by
race/ethnicity, socioeconomic status (SES) and school district size. Mapping prevalence in smaller,
well-specified, regions may be useful to better understand the true scope of ASD, disparities in
ASD detection and the factors impacting ASD prevalence estimation.
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Background

Autism Spectrum Disorder (ASD) is a complex neurodevelopmental disorder characterized
by social communication impairments in combination with restricted interests and/or
repetitive behaviors (American Psychiatric Association, 2013). The most recent reports
suggest autism prevalence affects approximately 2% of United States (US) children and
indicates that ASD prevalence has increased 200% since 2000 (ADDM-CDC, 2007a, 2007b;
Fombonne, 2018; Maenner et al., 2020), making ASD one of the most common childhood
developmental disorders (Van Naarden Braun et al., 2015).

In the United States (US), ASD prevalence has been estimated by three different systems:
the National Survey of Children’s Health (NSCH), the National Health Interview Survey
(NHIS) and the Autism and Developmental Disabilities Monitoring (ADDM) Network.
NSCH and NHIS provide national estimates based on parent report. The ADDM Network
tracks ASD through an active, bi-annual, population-based multi-state US surveillance
system (Kogan et al., 2018; Rice et al., 2007; Zablotsky, Black, Maenner, Schieve, &
Blumberg, 2015). One of the advantages of ADDM Network surveillance is the ability

to identify undiagnosed ASD cases, compared to NSCH and NHIS systems. Since 2000,
ADDM Network ASD prevalence estimates have risen three-fold -- from 6.7 per 1,000 (95%
Cl: 6.3-7.0) in 2000, to 18.5 per 1,000 (95% CI: 18.0-19.1) in 2016 (ADDM-CDC, 2007b;
Maenner et al., 2020). Differences in ASD prevalence across US sites have been noted
consistently (ADDM-CDC, 2007a, 2007b, 2009, 2012; Baio et al., 2018; Maenner et al.,
2020), but not investigated.

The sex ratio estimate is one of the most consistent epidemiologic findings on ASD. Across
multiple epidemiological investigations, a 4:1 (male/female) sex ratio is disclosed (ADDM-
CDC, 2007a, 2009; Baio, 2012; Baio et al., 2018). Regarding the distribution of ASD

by race/ethnicity, the most recent ADDM report indicated that prevalence estimates may

be equalizing across race and ethnicity, though disparities remain (ADDM-CDC, 2007a,
2007b; Baio et al., 2018; Maenner et al., 2020). While multiple studies reported a positive
association between SES and ASD prevalence, between 2000 and 2010 (Durkin et al., 2017;
Durkin et al., 2010; Nevison & Parker, 2020; Thomas et al.,) Recent studies suggest that the
association may be shifting (Nevison & Parker, 2020; Winter, Fountain, Cheslack-Postava,
& Bearman, 2020).

The distribution of factors contributing to ASD prevalence variation locally has been
examined utilizing available (federal and state) administrative data by multiple studies
(Maenner & Durkin, 2010; Mandell et al., 2010; Mandell & Palmer, 2005; Palmer,
Walker, Mandell, Bayles, & Miller, 2010; Shattuck, 2006). However, ASD prevalence
estimates derived from administrative data often underestimate ASD prevalence and/or
provide information reflecting only some sectors of the total population. For example, it
has been shown that reliance on (Autism) special education classification underestimates
ASD prevalence (Baio et al., 2018). For example, across ADDM sites, Autism special
education classification ranges from 36.5% to 75% (Baio et al., 2018). More local or
granular analyses of ASD prevalence information established by active surveillance may
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inform the understanding of ASD patterns overall and are likely to inform the allocation of
resources to individuals with ASD. Additionally, understanding local variations in autism
prevalence allows us to consider and control for multiple factors that are often cited

as sources of variations in ASD prevalence estimates, including different methodologies,
different regional policies and to some extent level of awareness and access to services
(Broder-Fingert, Sheldrick, & Silverstein, 2018; Fombonne, 2018). Furthermore, data from
epicenters of ASD may lead to understanding future trends in ASD prevalence and/or lead to
innovative strategies for addressing the increase in ASD prevalence estimates.

This study determined ASD prevalence in a diverse and populous US region in New Jersey
at the county and school district level and examined ASD prevalence variation in relation to
sex, race, socioeconomic status (SES) and school district size. The main objectives were to:
1) describe variation in ASD prevalence in New Jersey using population-based data from an
active ASD surveillance system and 2) examine sociodemographic factors related to ASD
prevalence.

Study Design

Cross-sectional data from active, multiple-source, (ADDM Network) ASD monitoring of
8-year-olds, born in 2008 and residing in the New Jersey surveillance region in 2016, was
utilized. Data were from population-based surveillance for ASD, developed by the CDC--
National Center on Birth Defects and Developmental Disabilities (NCBDDD). Surveillance
was conducted in Essex, Hudson, Ocean and Union counties, a region consisting of 76
populous and diverse urban and suburban school districts (Supplemental Figure 1). Two
districts did not participate and data from these districts were excluded. The counties
differed in their race, SES, and district size profiles (Table 1).

The ADDM methodology has been extensively described elsewhere, but briefly it is

an active surveillance method, using a two-phase approach to ASD ascertainment,

using standard case identification procedures and standard DSM-specified ASD criteria
(ADDM-CDC, 2007a, 2007b, 2012; Avchen et al., 2011; Baio, 2012; Baio et al., 2018;
Christensen et al., 2016; Maenner et al., 2020). In phase 1, records from hospital-based
developmental centers and special education records were reviewed for all children

meeting age (born in 2008) and residency criteria, in 2016. Complete records of children
showing one or more specific, pre-determined, ASD indicators in professional evaluations
conducted for educational services or clinical diagnosis or care, were comprehensively
abstracted. Information contained in professional evaluations by community providers (e.g.,
Psychologists, MD Developmental Specialists, Speech and Language Pathologists, Social
Workers, Occupational and Physical therapists) was reviewed by trained researchers. ASD
indicators included: ASD diagnosis , Autism special education classification information
and/or documented indication of one or more specific ASD-associated behaviors such as
“poor, variable or no eye contact,” “inability to form peer relationships” and “preference for
solo play,” among others. Information from comprehensive evaluations was compiled into a
de-identified, chronological record, from birth to age 8, for each individual child.
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In phase 2, clinician reviewers satisfying specialized CDC training and reliability criteria,
used standardized scoring and case definition procedures to confirm ASD cases. The

ASD case definition was satisfied if 1) behaviors documented in abstracted professional
evaluations met the DSM-5 criteria as specified by the surveillance case definition and/or 2)
if abstracted information disclosed an ASD diagnosis by age 8-years.

Assessment of ASD Prevalence

Records of 5,453 (8-year-old) children were reviewed. Information from 2,520 children

was abstracted, consequent to a documented (ASD) indicator, in one or more professional
evaluation. 1,036 children satisfied the surveillance ASD case definition. Ninety-four (94)
confirmed ASD cases did not attend a public school in 2016 and were excluded from
analysis, yielding 942 ASD children enrolled in public school. The study denominator

— 26,083 individuals included all 8-year-olds attending public school in the surveillance
counties, in 2016 (NJ Department of Education, 2017). ASD prevalence was estimated at the
district and county levels.

Estimates were based on population denominators obtained from New Jersey Department
of Education (NJ DOE) public school enroliment data (26,083 8-year-old children) (NJ
Department of Education, 2017). Population denominators obtained from the National
Center for Health Statistics (NCHS) vintage 2018 postcensal estimates for the surveillance
region were obtained at the county level to estimate the number of 8-year-old children not
enrolled in public school (33,031 8-year-old children) (National Center for Health Statistics
(NCHS), 2018). We estimate that 6,948 (21%) children of the birth cohort were not enrolled
in a public school in 2016. Since NCHS does not provide district level population estimates,
public school enrollment information, was used to estimate the denominator on behalf of
ASD prevalence determination at the district and county level.

Demographic and ecological variables

Data reflecting demographic and ecological factors potentially related to ASD prevalence,
including sex and race/ethnicity were abstracted. Race was categorized as White (Non-
Hispanic), Black (Non-Hispanic) and Hispanic. Race and ethnicity information was obtained
from medical and educational sources and supplemented with information from birth
certificates when source data on race and ethnicity was missing. Ecological factors
assessed included: socioeconomic status (SES) and school district size. SES by county
was determined by averaging median household income across the school districts within
each county. Median household income (MHI) was defined at the district level, based on
2016 intercensal 5-year estimates and served as the proxy for SES. MHI estimates ranged
from $33,025 to $190,625, with a median of $73,596 (standard deviation: $35,171) among
districts. SES was categorized as Low SES (MHI <$45,000), Mid SES (MHI $45,000-
$100,000) and High SES (MHI >$100,000) (US Census, 2016).

District size was defined as: small (<250), medium (250 to 999) or large (>999), according
to the number of 8-year-olds in the district. District size categorization was based on
enrollment data from the National Center for Education (NCES) (Gray, Bitterman, Goldring,
& Broughman, 2013).
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Data Analysis

Results

Prevalence estimates were based on the number of confirmed ASD cases in public school,
identified by surveillance, divided by the total population of public school enrolled 8-year-
old children. Wilson score method was used to calculate 95% confidence intervals for
prevalence estimates and prevalence ratios. Pearson chi-square and Fisher exact tests were
used to compare distributions across counties. Prevalence rate ratios and 95% confidence
intervals at the county level and overall surveillance region were assessed by sex (reference:
female), race/ethnicity , SES (reference: low SES) and school district size (reference: small
district size). Sociodemographic analysis at the school district level was not included due to
small sample sizes.

This study was approved by the Institutional Review Board (IRB) of Rutgers University —
New Jersey Medical School and ASD surveillance was conducted under waiver of informed
consent, consistent with public health investigation standards.

Description and characteristics of the surveillance region

The surveillance region was densely populated, entirely urban & suburban, racially and
ethnically diverse, with White (Non-Hispanic), Black (Non-Hispanic) and Hispanic children
comprising 33.9%, 20.4% and 37.8% of the population, respectively (Table 1). The
distribution of race/ethnicity, socioeconomic status (SES) and school district size varied
across the four counties (p<0.001) (Table 1).

Table 2 describes the characteristics of children identified with ASD at the County level.
Overall, 767 children (81.4%) were diagnosed with ASD by a community provider such as
a Developmental Pediatrician or a Pediatric Neurologist, and 175 children (18.6%) did not
have an ASD diagnosis but met the surveillance case definition for ASD. ASD diagnosis by
a community provider was highest in Hudson County (90.1%) and lowest in Union County
(73.8%) (p =0.0003).

In general, while most children identified with ASD received special education services
through their local public school system in 2016 (94.1%), only 40.7% (n=485) of

children with ASD were educated under the Autism (special education) classification and
special education classification varied by county. Hudson County had the highest Autism
classification (66.9%) and Ocean County had the lowest classification (35.7%) (p<.0001).
Among children with ASD with documented intelligence quotient (1Q) data, 74.8% (n=541)
children did not have 1Q in the intellectual disability range. Intellectual ability also differed
by County. In Ocean County, 88.4% of children with 1Q data had 1Q scores above 70, while
in Essex County 69.4% had 1Q scores above 70 (p<.0001).

ASD prevalence comparisons at the county level

Overall, ASD prevalence was 36 per 1,000 (95% CI: 34-38) in the combined four-county
surveillance region (Table 2). ASD prevalence estimates varied by county, sex, race/
ethnicity, socioeconomic status and school district size. ASD prevalence estimates for
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Hudson County were lowest and highest in Ocean County (Table 3). Across the region,
ASD prevalence was consistently (4.0-4.8 times) higher among male children, compared to
female children (Table 4). Ocean County had higher ASD prevalence across all subgroups,
except for Hispanic children (Table 3).

Comparisons by race/ethnicity, SES and school district size

Race and ethnicity-based differences were observed, across counties. Hispanic children had
significantly lower identified ASD prevalence compared to White (Non-Hispanic) children
(prevalence ratio (PR) = 0.6; 95%CI: 0.5-0.7; P<0.001). ASD prevalence estimates were
30-60% lower among Hispanic children in three of four counties (Table 4). Mid SES
districts had significantly higher ASD prevalence (PR = 1.2; 95% CI: 1.1-1.4; p = 0.01)
compared to Low and High SES districts (PR=0.8; 95% CI: 0.7-1.0; p=0.09; Table

4). School district size was consistently and positively associated with ASD prevalence
estimates (PR = 1.3; 95% CI: 1.1-1.6; p = 0.004) (Table 4). This difference was observed
across counties and yielded ASD estimates ranging from 1.2 to 1.6 times higher in large
districts, compared to small districts.

ASD prevalence at the school district level

ASD prevalence estimates ranged from 8 to 108 per 1,000, at the district level (p<0.0001).
Thirteen of 74 school districts (18%) showed ASD prevalence greater than 50 per 1,000.

Among the four largest school districts (age 8 enrollment >1,000), ASD prevalence was
highest in Toms River (Ocean County), 73 per 1,000 (95% CI: 5.9-9.0).

Discussion

Our findings are consistent with prior ADDM reports and other epidemiologic studies
showing wide variation in ASD prevalence across geographic regions. This study
demonstrates that significant variation in ASD prevalence is also present at the local level.
Variation in ASD prevalence across countries is likely the result of using different methods
to estimate ASD prevalence (Chiarotti & Venerosi, 2020; Fombonne, 2018). In contrast,

the ADDM Network employs a standard and consistent ascertainment method. Observed
inter-state variation in ASD prevalence in the ADDM Network may be a function of
differences in policy, awareness and/or access to professional services (Broder-Fingert et al.,
2018; Fombonne, 2018; Pinborough-Zimmerman, Bilder, Satterfield, Hossain, & McMahon,
2010). Within New Jersey, however, the observed variations are not likely to be due to
differences in policy or awareness but may reflect differences in utilization of services or
access to care and should be considered, systematically.

Our examination of ASD prevalence at the county and school district levels confirms

that ASD is not uniformly distributed, even within a region, and highlights counties and
districts with higher-than-expected prevalence. For example, in Ocean County, over 5% of
public students had ASD and nearly one in five districts in our surveillance region had
ASD prevalence between 5% and 10%. We also found differences between counties in
identification of ASD by a community provider. For example, while 90% of children in
Hudson County had an ASD diagnosis, in Union County only 73.8% of children had a
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diagnosis. Furthermore, Ocean County had the highest proportion of children with ASD and
IQ >70 suggesting better identification of children with ASD with borderline and average
intellectual ability.

Even when utilizing a rigorous and standardized ascertainment method, in a region known
for policies aiming to ensure access to high quality educational resources (EducationWeek,
2019), significant variations in ASD identification, diagnosis and educational classification
exist. Active surveillance in metro New Jersey indicated that 3.6% of (8-year-old) children
in the public education system had ASD. By focusing ‘down’ to the more granular county
level, we were able to see that the identified rate of ASD ranged from approximately 3% in
Hudson County, to 5% in Ocean County. Focusing still further ‘down’ -- to the district level,
we recognized that many communities in our region, approximately one in five, including
some of the largest, had ASD rates between 5% and 10%.

This study discloses an important and continuing disparity — Hispanic children with ASD are
less likely to be identified than White. Non-Hispanic peers. When we parsed the surveillance
data at a more granular level, we detected meaningful county and district level differences

in the identification of Hispanic children with ASD. Case identification by the active
multiple source method depends on the quality and quantity of information in professional
evaluations. If Black and/or Hispanic children received services less frequently, they might
be less likely identified. That possibility is supported by recent studies showing that
Hispanic children are less likely to receive occupational and physical therapy, compared to
White, Non-Hispanic children (Bilaver & Havlicek, 2019) and indicating that case-relevant
information was more likely to be missing for Black, Non-Hispanic, and Hispanic children
than for White, Non-Hispanic peers (Imm, 2019). Even in regions with high levels of
awareness, support for and access to services, disparities in ASD identification may persist.
If disparity is identified, local level information may lead to the provision of focused
information and resource sharing with districts needing the most help. Accurate specific
information at the local level is likely to be most useful for planning and implementation.

Previous epidemiologic studies from New Jersey and the ADDM Network observed a
significant and persisting stepwise association of SES and ASD prevalence, between 2000
and 2010(Durkin et al., 2010; Durkin & Yeargin-Allsopp, 2018; Thomas et al., 2012).
Surprisingly, in our (2016) population, ASD prevalence rates were highest among children
from Mid SES communities. ASD prevalence estimates in High SES communities were
lower than in Low-income communities, contrary to expectation. Our findings support the
possibility of a shift away from the positive SES gradient for ASD observed from 2000

to 2010 and are consistent with recent ASD trend reports (Nevison & Zahorodny, 2019;
Winter et al., 2020). Additional research and ongoing surveillance are necessary to clarify
these observations and understand the drivers of the shift in ASD demographics. Previous
studies based on administrative data have shown a relation between ASD identification and
school district characteristics (Palmer, Blanchard, Jean, & Mandell, 2005). This study also
found that higher rates of ASD were identified in large school districts. Multiple school
districts in the New Jersey metro region had higher ASD prevalence compared to the average
for the entire surveillance region and compared to the ADDM Network average for the
period. Zero cases and sporadically higher than expected estimates would be predicted
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in small districts, as a function of small numbers. However, ASD rates were highest in
some of the largest school districts. For example, in Newark, the largest urban district

in New Jersey, identified ASD prevalence was 4.4%, while in Toms River, the largest
suburban district, ASD prevalence was 7.1%. Larger districts may provide more services
from a greater number of professionals or have additional resources for detection or care
of ASD. It is possible that parents of children with learning or developmental disorders,
including ASD, relocate from small districts to large districts, to maximize their children’s
educational attainment. Additional studies are needed to specify the impact of district size
and the potential influence of in-migration on ASD prevalence. If large districts are better
able to identify and serve children with ASD, it might be useful for small districts to
consider consolidating special education services at a county or regional level or to facilitate
ASD-specific training and education of staff in small sized districts.

Public schools are the primary source of interventions to students with autism. Overall, 94%
of our total population received special education services in the study year, indicating the
importance of the public education system to students with ASD. Four in ten (41%) ASD
students were served under the Autism classification, suggesting that the actual scope of
ASD is dramatically underrepresented by the Autism classification count. Similarly, while
about 80% of surveillance identified ASD cases have an ASD diagnosis by age nine, that
leaves one in five ASD children undiagnosed and potentially underserved. If ASD diagnosis
is associated with more robust services, evidence from this active surveillance system
indicates a general area for improvement as well as providing the method for identifying

the groups that are most likely to benefit from targeted action.

Significant resources are needed to care for, educate and support children with ASD.
Effective planning and action are best served by accurate appreciation of the scope of a
challenge. Aggregate estimates and general averages of ASD prevalence can obscure the
useful information conveyed at the local level. ASD rates of 5% and higher were already
evident in multiple New Jersey communities in 2016 and there is no reason to believe that
similar rates of occurrence are not the case in other US metropolitan areas. Moreover, future
autism estimates are likely to increase, as detection improves in underserved communities.
The findings emphasize the need for increasing resources to and evidence-based planning
of services to children with ASD and the enhancement of systems which monitor the
expression of ASD at the local level and seek to define the social determinants which
influence the identification and distribution of ASD (Krieger, 2011).

An important strength of this study was use of a rigorous, comprehensive, and validated
method of active ascertainment in a diverse metropolitan Area. The active ascertainment
method has multiple advantages, including detection of undiagnosed ASD cases, use of a
standardized and reliable case definition based on DSM criteria and surveillance coverage of
the total population, including children from under-represented populations. These ASD
prevalence estimates were determined in the context of ongoing ASD monitoring by
experienced investigators with access to information from multiple clinical and educational
sources in a populous, diverse population.
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Several limitations are acknowledged. The study denominators represent children attending
public schools, only. Approximately 80% of children in the region attended public schools.
ASD prevalence among non-public (private school and home schooled) students was not
considered. Overestimation of ASD prevalence is possible among children enrolled in public
school, as children in private schools and home-schooled, are less likely to have significant
impairment in learning, requiring special education services. However, underestimation is
also possible since our findings reveal disparities in the identification of Hispanic children.
While ASD prevalence estimates where stratified by sociodemographic factors, this study
did not examine whether SES and race-based differences exist across public and non-public
school students. SES and school district size are ecological factors and do not reflect
individual-level information. As in many epidemiological studies, residual confounding is
possible, given that SES and school district size are broad categories. Surveillance was
conducted in only four urban-suburban New Jersey counties representing approximately
25% of the total state population. No rural area was included, and findings may not be
representative of the entire state. Additional sources of ascertainment bias cannot be ruled
out. The ADDM active ascertainment method relies on access to a wide range of information
from multiple sources and the completeness of existing information. Incomplete records due
to socio-economic and/or race/ethnic disparities may have led to underestimation of ASD, in
some districts. However, these ASD estimates may still understate actual ASD prevalence.
There are children with ASD who first come to attention after age 8 and, therefore, would
not be identified. Additionally, it is likely that SES and/or race & ethnicity-based disparities
in ASD identification, in parts of our region, led to underestimation of ASD. Finally, a
considerable limitation of this study is the sample size. Small sample sizes may produce
higher prevalence estimates (Fombonne, 2002). There were several small sample sizes when
the data was further stratified by race/ethnicity and SES.

The findings suggest that the true scope of ASD may be under-represented by extant
national and state estimates. If ASD rates of 4 to 7% were recorded in the NJ-NY area,

it is possible that similar levels might be detected in other US metro regions. Exclusive
reliance on Autism classification or ASD diagnosis data may bias the appreciation of ASD
prevalence on individual districts or regions. Additional research is needed to identify
specific systemic or local conditions or practices that contribute to the use of health or
education resources and, in turn, may affect the estimation of ASD prevalence.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgement

This study was made possible by support from the Centers for Disease Control and Prevention (CDC)
(1U53DD001172) and NIH-NIEHS P30 ES005022. The efforts and expertise of Audrey Mars MD, Mildred Waale
LDTC, Arline Fusco PsyD, Tara Gleeson NP, Gail Burack PhD, Paul Zumoff PhD, Kate Sidwell, BA, Rita Baltus,
MD, Cindy Cruz, Michael Verile, and Yuriy Levin as well as the cooperative support and participation of the

New Jersey Department of Health and Education and the many school districts and health centers in our region is
gratefully acknowledged. The authors have no conflict of interest to declare.

Grant Sponsor: CDC

Autism Res. Author manuscript; available in PMC 2023 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Shenouda et al. Page 10

Grant number: NU53DD001172
Grant Sponsor: NIH-NIEHS

Grant number: P30 ES005022

References

ADDM-CDC. (2007a). Prevalence of autism spectrum disorders--autism and developmental
disabilities monitoring network, 14 sites, United States, 2002. MMWR Surveill Summ, 56(1),
12-28. [PubMed: 17287715]

ADDM-CDC. (2007b). Prevalence of autism spectrum disorders--autism and developmental
disabilities monitoring network, six sites, United States, 2000. MMWR Surveill Summ, 56(1), 1-11.

ADDM-CDC. (2009). Prevalence of autism spectrum disorders - Autism and Developmental
Disabilities Monitoring Network, United States, 2006. MMWR Surveill Summ, 58(10), 1-20.

ADDM-CDC. (2012). Prevalence of autism spectrum disorders--Autism and Developmental
Disabilities Monitoring Network, 14 sites, United States, 2008. MMWR Surveill Summ, 61(3),
1-19.

American Psychiatric Association. (2013). Diagnostic and statistical manual of mental disorders
(DSM-5) (5th ed.) (5th ed. ed.). Washington, DC: American Psychiatric Publishing.

Avchen RN, Wiggins LD, Devine O, Van Naarden Braun K, Rice C, Hobson NC, ... Yeargin-Allsopp
M (2011). Evaluation of a records-review surveillance system used to determine the prevalence of
autism spectrum disorders. J Autism Dev Disord, 41(2), 227-236. doi:10.1007/s10803-010-1050-7
[PubMed: 20568003]

Baio J (2012). Prevalence of Autism Spectrum Disorders — Autism and Developmental Disabilities
Monitoring Network, 14 Sites, United States, 2008. MMWR Surveill Summ, 61(03), 1-19.

Baio J, Wiggins L, Christensen DL, Maenner MJ, Daniels J, Warren Z, ... Dowling NF
(2018). Prevalence of Autism Spectrum Disorder Among Children Aged 8 Years - Autism and
Developmental Disabilities Monitoring Network, 11 Sites, United States, 2014 (Table 6). MMWR
Surveill Summ, 67(6), 1-23. doi:10.15585/mmwr.ss6706al

Broder-Fingert S, Sheldrick CR, & Silverstein M (2018). The Value of State Differences in Autism
When Compared to a National Prevalence Estimate. Pediatrics, 142(6). doi:10.1542/peds.2018-2950

Chiarotti F, & Venerosi A (2020). Epidemiology of Autism Spectrum Disorders: A Review of
Worldwide Prevalence Estimates Since 2014. Brain Sci, 10(5). doi:10.3390/brainsci10050274

Christensen DL, Baio J, Van Naarden Braun K, Bilder D, Charles J, Constantino JN, ... Prevention.
(2016). Prevalence and Characteristics of Autism Spectrum Disorder Among Children Aged 8
Years--Autism and Developmental Disabilities Monitoring Network, 11 Sites, United States, 2012.
MMWR Surveill Summ, 65(3), 1-23. doi:10.15585/mmwr.ss6503al

Durkin MS, Maenner MJ, Meaney FJ, Levy SE, DiGuiseppi C, Nicholas JS, ... Schieve LA
(2010). Socioeconomic inequality in the prevalence of autism spectrum disorder: evidence from a
U.S. cross-sectional study. PLoS One, 5(7), e11551. doi:10.1371/journal.pone.0011551 [PubMed:
20634960]

Durkin MS, & Yeargin-Allsopp M (2018). Socioeconomic Status and Pediatric Neurologic Disorders:
Current Evidence. Semin Pediatr Neurol, 27, 16-25. doi:10.1016/j.spen.2018.03.003 [PubMed:
30293586]

EducationWeek. (2019). Quality Counts 2019. Retrieved from https://www.edweek.org/leadership/
quality-counts-2019-grading-the-states

Fombonne E (2002). Epidemiological trends in rates of autism. Mol Psychiatry, 7 Suppl 2, S4-6.
d0i:10.1038/sj.mp.4001162 [PubMed: 12142931]

Fombonne E (2018). Editorial: The rising prevalence of autism. J Child Psychol Psychiatry, 59(7),
717-720. doi:10.1111/jcpp.12941 [PubMed: 29924395]

Gray L, Bitterman A, Goldring R, & Broughman S (2013). Characteristics of Public School Districts
in the United States: Results From the 2011-12 Schools and Staffing Survey. July 2013: National
Center for Education Statistics - Institute of Education Sciences

Autism Res. Author manuscript; available in PMC 2023 January 01.


https://www.edweek.org/leadership/quality-counts-2019-grading-the-states
https://www.edweek.org/leadership/quality-counts-2019-grading-the-states

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Shenouda et al.

Page 11

Kogan MD, Vladutiu CJ, Schieve LA, Ghandour RM, Blumberg SJ, Zablotsky B, ... Lu MC (2018).
The Prevalence of Parent-Reported Autism Spectrum Disorder Among US Children. Pediatrics,
142(6). doi:10.1542/peds.2017-4161

Krieger N (2011). Epidemiology and the people's health : theory and context. New York: Oxford
University Press.

Maenner MJ, & Durkin MS (2010). Trends in the prevalence of autism on the basis of
special education data. Pediatrics, 126(5), e1018-1025. doi:10.1542/peds.2010-1023 [PubMed:
20974790]

Maenner MJ, Shaw KA, Baio J, Washington A, Patrick M, ... Dietz PM (2020). Prevalence of Autism
Spectrum Disorder Among Children Aged 8 Years - Autism and Developmental Disabilities
Monitoring Network, 11 Sites, United States, 2016. MMWR Surveill Summ, 69(4), 1-12.
doi:10.15585/mmwr.ss6904al

Mandell DS, Morales KH, Xie M, Polsky D, Stahmer A, & Marcus SC (2010). County-level variation
in the prevalence of medicaid-enrolled children with autism spectrum disorders. J Autism Dev
Disord, 40(10), 1241-1246. doi:10.1007/s10803-010-0982-2 [PubMed: 20195736]

Mandell DS, & Palmer R (2005). Differences among states in the identification of autistic spectrum
disorders. Arch Pediatr Adolesc Med, 159(3), 266—269. doi:10.1001/archpedi.159.3.266 [PubMed:
15753271]

National Center for Health Statistics (NCHS), C.f.D.C.a.P.C.U.S.D.o. H.a. H. S. U.

D. (2018). Bridged-Race Population Estimates, United States July 1st resident population by
state, county, age, sex, bridged-race, and Hispanic origin. Compiled from 1990-1999 bridged-
race intercensal population estimates (released by NCHS on 7/26/2004); revised bridged-race
2000-2009 intercensal population estimates (released by NCHS on 10/26/2012); and bridged-race
Vintage 2018 (2010-2018) postcensal population estimates (released by NCHS on 6/25/2019).
Retrieved Accessed at http://wonder.cdc.gov/bridged-race-v2018.html on Jul 24, 2021 1:14:32
PM, from CDC WONDER Online Database

Nevison C, & Parker W (2020). California Autism Prevalence by County and Race/Ethnicity:
Declining Trends Among Wealthy Whites. J Autism Dev Disord, 50(11), 4011-4021. doi:10.1007/
$10803-020-04460-0 [PubMed: 32193763]

Nevison C, & Zahorodny W (2019). Race/Ethnicity-Resolved Time Trends in United States ASD
Prevalence Estimates from IDEA and ADDM. J Autism Dev Disord, 49(12), 4721-4730.
doi:10.1007/s10803-019-04188-6 [PubMed: 31435818]

NJ Department of Education. (2017). 2016-2017 Enrollment District Reported Data. Retrieved from
https://www.nj.gov/education/data/enr/enr17/

Palmer RF, Blanchard S, Jean CR, & Mandell DS (2005). School district resources and
identification of children with autistic disorder. Am J Public Health, 95(1), 125-130. doi:10.2105/
AJPH.2003.023077 [PubMed: 15623872]

Palmer RF, Walker T, Mandell D, Bayles B, & Miller CS (2010). Explaining low rates of autism
among Hispanic schoolchildren in Texas. Am J Public Health, 100(2), 270-272. doi:10.2105/
AJPH.2008.150565 [PubMed: 20019320]

Pinborough-Zimmerman J, Bilder D, Satterfield R, Hossain S, & McMahon W (2010). The
impact of surveillance method and record source on autism prevalence: collaboration with
Utah Maternal and Child Health programs. Matern Child Health J, 14(3), 392-400. doi:10.1007/
$10995-009-0472-3 [PubMed: 19475366]

Rice CE, Baio J, Van Naarden Braun K, Doernberg N, Meaney FJ, Kirby RS, & Network A (2007).
A public health collaboration for the surveillance of autism spectrum disorders. Paediatr Perinat
Epidemiol, 21(2), 179-190. doi:10.1111/j.1365-3016.2007.00801.x [PubMed: 17302648]

Shattuck PT (2006). The contribution of diagnostic substitution to the growing administrative
prevalence of autism in US special education. Pediatrics, 117(4), 1028-1037. doi:10.1542/
peds.2005-1516 [PubMed: 16585296]

Thomas P, Zahorodny W, Peng B, Kim S, Jani N, Halperin W, & Brimacombe M (2012).

The association of autism diagnosis with socioeconomic status. Autism, 16(2), 201-213.
d0i:10.1177/1362361311413397 [PubMed: 21810908]

Autism Res. Author manuscript; available in PMC 2023 January 01.


http://wonder.cdc.gov/bridged-race-v2018.html
https://www.nj.gov/education/data/enr/enr17/

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Shenouda et al. Page 12

US Census. (2016). 2016: ACS 5-Year Estimates Subject Tables - Median Income in the Past 12
Months (In 2016 Inflation-Adjusted Dollars. In: Census.gov.

Van Naarden Braun K, Christensen D, Doernberg N, Schieve L, Rice C, Wiggins L, ... Yeargin-
Allsopp M (2015). Trends in the prevalence of autism spectrum disorder, cerebral palsy, hearing
loss, intellectual disability, and vision impairment, metropolitan atlanta, 1991-2010. PLoS One,
10(4), e0124120. doi:10.1371/journal.pone.0124120 [PubMed: 25923140]

Winter AS, Fountain C, Cheslack-Postava K, & Bearman PS (2020). The social patterning of autism
diagnoses reversed in California between 1992 and 2018. Proc Natl Acad Sci U S A, 117(48),
30295-30302. doi:10.1073/pnas.2015762117 [PubMed: 33199592]

Zablotsky B, Black LI, Maenner MJ, Schieve LA, & Blumberg SJ (2015). Estimated Prevalence
of Autism and Other Developmental Disabilities Following Questionnaire Changes in the 2014
National Health Interview Survey. Natl Health Stat Report(87), 1-20.

Autism Res. Author manuscript; available in PMC 2023 January 01.


http://Census.gov

Page 13

Shenouda et al.

SB1IUN0D UBBMIB] S0UBJALIP 10 anjeA-d

SNJEIS 21WIOU0J30100S = SIS ‘APMIS WsiNy Assiar MaN = SWYEN :SUOIRIAIGAY

S1OLISIP [00Y9S 0} JUBJBAINDS UOISIAIPGNS AIUN0D AQ SWO02U| PJOYSSNOH UBIPSIAI ASAINS ANUNWWOD UBDLIBWY 9TOZ SNSUSD S'M U0 paseq si SIS

J1eak 100yas /T0Z-9TOZ 10J BIep JusW|jous [00yds d1jgnd uoireanp3 Jo Juswyedad N Uo paseq uoire|ndod=dod

8989 L0Ly €69 9/98 €809¢ el
¢'8¢ 9€6T L'¢¢ 0L0T TGE 080Cc 8TE +Vvelc 66 0181 (Suapnis 666<) 80187
Y6y €6€€ 0Ly 0Tz €€S 29T€ TO09 €SIS V€S BIGET  (SWAPIMS 666-052) Wipsy
¥'¢e OvST  €0€ Levl 9TT 169 '8 669 L9T  /LSE¥ (Siuapms 05z>) fjews
100°0> 8z PIISIp [00Yos
6T 16T - -Gz 0ST /8 6S¢ V8T 608 (000°0018<) Y6IH
G9¢ L0S¢ €6, S€.€ 818 T98y 00¢ 8TLT T6r TI8CT (000°001$-000'5%) PIN
LT€  G.T¢ 90C¢ 696 L'ST €86 V19 GOy G¢CE  ¢8¥8 (000°'5$>) MO7
100°0> S3S
86 TE€LCc T¢¢ ¢v0OT TO09 89SE V6 0¢S¢ 8LE 0986 oIuedsH
L'6T 0S€T 9V 8T¢ L1169 9G€ €S0€ P¥0C LTES OHURASIH-UON YIE|d
€€E 68cC 89 60Cc€ 9/.T SYOT L9C 6 6'EE  GEB8 IHUBASIH-UON ‘FHYM
000> Apiuyizpeoey
€05 9s¥€ TIS €ove TO0S V.6 SIS ETvr 80§ 9VCET olew
L'6y <CI¥E 68y V0EC 66¢Y 696¢ S8y €9TF <C'6v  LE€8CT ofewso
Se0 LES)
% dod 9% dod 9% dod o dod % “dod AKioBered
anfen-d uolun ueso0 uospnH Xess3 uoiBey
2oue||BAINS
A1unod Aq s Jo1oe} [e2160j038 pue diyde Bowsp Jo uoinglisia SVCN
970¢ ul

uaJp|Iyd pjo Jeak-g 10j uoibal asue|j1daAINS ay) ul (AJuUnod Ag pue [[eJaA0) 9ZIS 191A1SIP [00UIS puUe SNJeIS J1LoU0I30120S ‘A1Id1Uyls/adel ‘Xas Jo uonlngisia

Author Manuscript

—T93lgel

Author Manuscript

Author Manuscript

Author Manuscript

Autism Res. Author manuscript; available in PMC 2023 January 01.



Page 14

Shenouda et al.

Author Manuscript

wanongd sousbiaiu] = O] ‘Apms wsnny Assiar MaN = SYEN “4apJosiq wnaads wsiny = ASY SUOHRIA3IGQY

S31IUNOD UBMIBY SBOUBIRYIP 104 anjeA-d

8T0 0. OLT 98, 86T .08 OvT 92, 60z 89, €2 eRp O Yim _auwnn
€6, 8T v¥88 QLT L'€9 €6 69 ST 8v.L T¥S 0/ <0l
Lvz Ty 9Tl € €98 €5 905 ¥9 ZSZ 28l 0L501

7000"> (9e2 = u) Allgy R |
¥0000 €26 v0Z 168 92C 8.6 LT 696 6.7 T¥6 988 SSUNIFS (0042 BUINSIFY

uoeaNnp3 [ereds
T000> LOy 06 LSE 06 699 TZT GT9 LT LOF 8Ly  UOHBIWISSEID WSHNY pue SIsoubeiq GSy
T000> L0y 06 LSE 06 699 TZT 6€9 VY8T LOF S8y  LONBIYISSED UOHEINp3 [B1980S WSHNY
€0000 8€L €9T L€8 TIz TO06 €91 66L 0S¢ +'18 L9L sisoubeiq asv

uolpeOISe D ANUNWILIOD ASY

% dod 9% dod 9% dod 9% dod 9% ‘dod KioBoyed
anen-d uolun uesdQ uospnH X955 uoifey
soUe||lPAINS
Aunod Aq s Jojoey [ea160]0%8 pue d1yde JBowsp Jo uoinglisiq SVCN

9T0Z Ul UaJp]1yd pjo J1eak-g 10} uoifal aoue|jianins ayy ul (Aunod Ag pue [[elano) sansialoeieyd

— ¢ 9lgel

Author Manuscript Author Manuscript Author Manuscript

Autism Res. Author manuscript; available in PMC 2023 January 01.



Page 15

Shenouda et al.

[eAJBIU| BOUBPIIUOD = [ ‘SNILIS DIWOU020II0S = SIS ‘ApNIS WSIINY A3sIar MON = SYEN :apIosid winiioads wsiny = ASY :SUONeINBIGAY
SB1IUN0J UBBMIB] S0UBJAYIP J0f anjeA-d

K1063189 S35 YBIH 8y U1 AIUN0D UBsdQ Ul PAILIIUSPI BJ9M S8SED ON

S1OLISIP [00YS 03 JUBJBAINDS UOISIAIPGNS AIUN0D AQ 8WO02U| PJOYSSNOH UBIPSIAl ASAINS ANUNWWOD UBdLISWY 9TOZ SNSUSD S'M U0 paseq si SIS
POUIaW 8103S UOS|IAA UO Paseq [eAIRIU| S0USPYUOD %SG6

ua1p|1Yo plo Jeak-g 000'T Jad sousfensld

1eak [00Yds /T0Z-9TOZ Ul JuaW]|01ud |00yds 1jgnd UO paseq aJe siojeulwouap uonendod

ABojopoylsw NAQV Buisn uoniuigep 8sed ASY G NS U0 paseq aJe sased aSy

10000> (Le-82)2ze  Tez  (09-W)¥S 25z (Ge-92)Te 18T (8e-0€)ve 88z  (8e-vE)9E w6 feloL
T0000>  (ev-L2) ¥€ 99 (06-69) €2 8. (05-€¢) v a8 (egL8) vy 61T (6v-Ov) Sy 8YE (Suspnis 666<) obre7
10000> (17-82)ve  GIT (G- Tv) 6y 60T  (62-8T) €2 €L (re-sz)6z  0ST  (Se62)ce  Liv (Swapms 666-052) wipsy
200 (se-61) 92 oy (85-9¢) 9 59 (6v-22) €€ (54 (ev-L1) L2 6T (ov-62) ve  LVT (Suapnis p5z>) 1ews
az!s PLISIP [00YOS
290 (8e-v2) o€ 99 - - (g8-87) OF 9 (ee-02) 9z 9 (ee-vz) 8z 9€T (000°007$<) 535 YOIH
10000>  (0v-92) 2€ 8 (79-09)9s  T1¢  (6e-62) €€ 29T  (6V-TE) 6E 19 (wr-L€) Ty 125 (000°001$-000'G#$) SIS PIN
€000  (ev-L2) vE v. (25-1€) 2 114 (¥2-80) ¥T €T (ev-1€)9e 16T (8e-0€)ve  G8¢ (000'5¥$>) 535 MoT
s3S
200 (ve-22) L2 7 (ov-61) 82 6¢ (82-81) 22 6. (ev-62) € 68 (te-ge) sz 2Le auedsiH
620 (6€-12) 62 6¢ (z8-62) 9v 01 (19-0¢) £ o (ov-82)ee 20T (6e62)¥E 18T IIURASIH-UON %28)g
10000>  (8v-2€) 6€ 06 (tzvs)z9 86T (1522) € 6€ (tr-92)ee &L (os-tr) 9y zov IIUBASIH-UON ‘SHYM
Apuyiaeoey
10000> (19-9¥) €S ¢8T  (G6€)¥8 10z (GTM)ey  vvT  (09-Lv) €S Gz (zo-v8)8s 9L ajen
€000 (91-8) 11 6€ (62-L1) 22 16 (L1-6) €T L€ (zT-01) €T €5 (9T-zm)vT 08T afeuwd
XS
(10%s6) sseDd  (I0%S6) sseD  (I0%S6) sseD  (I0%S6) sesed  (ID%S6)  Sesed

NDWBEMId JdSY ddwemld JdSVY dowemld dsSy oowemld Jdsy 9douwemld  dasv AioBared

anfen-d Auno) uoiun Auno) uesoo Auno) uospnH Auno) xess3

Aunod Aq usJp|1yd 000'‘T Jod adusfensld asy mucm__r._%,_www_wgz uoibey

9T0Z Ul (8Z1S 19111SIP |00YIS pUe ‘SnjeIs
21W0U0230190s ‘A1191UYI8/398l ‘X3S AQ pue [|BI3A0) UaIp[Iyd pjo Jeak-g Buowre Assiar MaN Ul [9As] A1unod ay) e adusjensld Japiosig wnidads wsnny

‘€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Autism Res. Author manuscript; available in PMC 2023 January 01.



Page 16

Shenouda et al.

sdno.b usamiag aousjeAsld ul adusIalIp JuedIUBIS Sjussaldas G0 0> anjea-d

oluedsiH = dsiH ‘o1uedsiH-UoN oe|d =

HNG ‘01uedsIH-UON ‘@MY = HN ‘[eAIS1U] 90UBPIIUOD = [ ‘UOITeY 90U3[BA3Id = Hd ‘SNIBIS JIWOU0930120S = SIS ‘APNIS WSINY A3sIar MON = SYEN ‘19pIosid winiioads wsiny = ASY :SUONeINSIGYY

LT°0 0¢-60 €71 100 €¢¢T 91 LE°0 0¢-80 <¢1 500 L'20T 971 T00 9T-TT €1 (Suapnis 666<) abre7
10 6'7-60 €71 090 §1-80 TT [430] TIl-¥0 L0 8L°0 L'T-L0 T71 090 T1-80 07T (SuapnIs 666-052) Wnipayy
(32u843431) (S1UBpPNIS 0SZ>) J18WS

8Z1s PLISIp jo0Yos
JAA) ¢1-90 60 - - - 200 6L TT 6°¢C €00 07-50 L0 600 07-20 80 (000'001$<) YOIH
IZA] €T-L'0 60 800 6'T-0T V1 100 EVv1T Ve €50 ST1-80 TT T00 11T ¢ (000°001$-000°5%%) PIN
(32u343431) (000'Sr$>) MOT

S3S
6.0 ¥'1-90 60 91’0 ¢T-€0 90 100 80€0 90 0.0 7180 TT €00 0T-L0 80 aSIH -HNE
¢00 6'0-60 L0 TO0O0> 90€0 VO T00 60-¥0 90 90 §1-80 TT T000> L0S0 90 HNM:ASIH
07’0 T1-90 /L0 €0 Vi-¥0 L0 S50 61-L0 ¢1 06°0 ¥'1-80 071 1000 6'0-90 /L0 HNM-HNE

Apuygpsey
1000> 89-¥¢ 8% 1T000> GS6¢ O¥ T000> 8G8¢ Ov T000> 6S¢E€ +vv TO00> TG9E€E €V olew
(89u3434381) 9fBLs-

XS

aneA-d  10%G6 dd oneA-d  1D%S6  dd  enfead  [0%S6  Hd  oneA-d  10%G6  dd  enfeAd  1D%S6  dd KioBayed

uoiun ue00 uospnH x9553 uoifey
uo1Ba 1 aoue||BAINS 8Y] Ul AJUN0D Yyoes ul olre s aousfensid asy 0UR||PAMSSYLEN

Author Manuscript

92I1S 10111SIP [00Y2S pUB SNJeIS J1LLIOU0280120S ‘AlIoIuy18/aoel ‘Xas AQ sousjeAsid SV 10 Oel 8dusfenald

‘v alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Autism Res. Author manuscript; available in PMC 2023 January 01.



	Abstract
	Lay Summary
	Background
	Methods
	Study Design
	Assessment of ASD Prevalence
	Demographic and ecological variables
	Data Analysis

	Results
	Description and characteristics of the surveillance region
	ASD prevalence comparisons at the county level
	Comparisons by race/ethnicity, SES and school district size
	ASD prevalence at the school district level

	Discussion
	References
	Table 1 –
	Table 2 –
	Table 3.
	Table 4.

