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Abstract

Objective: Although data on publicly available special education are informative and offer a glimpse of trends in autism
spectrum disorder (ASD) and use of educational services, using these data for population-based public health monitoring has
drawbacks. Our objective was to evaluate trends in special education eligibility among 8-year-old children with ASD identified
in the Autism and Developmental Disabilities Monitoring Network.

Methods: We used data from 5 Autism and Developmental Disabilities Monitoring Network sites (Arizona, Colorado,
Georgia, Maryland, and North Carolina) during 4 surveillance years (2002, 2006, 2008, and 2010) and compared trends in 12
categories of special education eligibility by sex and race/ethnicity. We used multivariable linear risk regressions to evaluate
how the proportion of children with a given eligibility changed over time.

Results: Of 6010 children with ASD, more than 36% did not receive an autism eligibility in special education in each sur-
veillance year. From surveillance year 2002 to surveillance year 2010, autism eligibility increased by 3.6 percentage points
(P = .09), and intellectual disability eligibility decreased by 4.6 percentage points (P <.001). A greater proportion of boys than
girls had an autism eligibility in 2002 (56.3% vs 48.8%). Compared with other racial/ethnic groups, Hispanic children had the
largest increase in proportion with autism eligibility from 2002 to 2010 (15.4%, P = .005) and the largest decrease in proportion
with intellectual disability (—14.3%, P = .004).

Conclusion: Although most children with ASD had autism eligibility, many received special education services under other
categories, and racial/ethnic disparities persisted. To monitor trends in ASD prevalence, public health officials need access to
comprehensive data collected systematically, not just special education eligibility.
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The documented prevalence of autism spectrum disorder
(ASD), which is characterized by impairment in social com-
munication and interaction and repetitive and restricted
behaviors and interests, has increased substantially in the
past 2 decades.' The most recent prevalence estimate from
the Autism and Developmental Disabilities Monitoring
(ADDM) Network, an active ASD surveillance system in the
United States, was 14.6 per 1000 children aged 8 in 2012,*
more than double the prevalence reported in 8-year-old chil-
dren in 2000 (6.7 per 1000 children aged 8), when the
ADDM Network first reported ASD prevalence.” Tracking
and understanding trends in ASD prevalence are important
public health objectives, and assessing special education
eligibility can help public health practitioners and education
policy makers better evaluate this network and patterns in
school-provided autism services.

The Individuals with Disabilities Education Act was
enacted by the US Congress in 1975 to ensure appropriate
education for children with special needs.® The current ver-
sion of the Act specifies that a child can be placed into 1 of
14 “primary eligibilities” that are intended to reflect the area
in which they most need services if their disability adversely
affects their academic achievement.” Primary eligibility
categories are autism, deaf-blindness, deafness, emotional
disturbance, hearing impairment, intellectual disability, mul-
tiple disabilities, orthopedic impairment, other health impair-
ment, specific learning disabilities, speech or language
impairments, traumatic brain injury, and visual impairments.
At the state and local levels, developmental delay can be
included as an additional eligibility. Although mandated at
the federal level, states can set their own criteria for what
constitutes a child’s need for eligibility services.’

According to the National Center for Education Statistics,
6.5 million school-aged children in the United States, or
12.9% of all school-aged children, received special educa-
tion services in the 2013-2014 school year, and this percent-
age has been largely unchanged since 2002, when it was
13.5%.® With the number of children identified with ASD
in the population increasing, the percentage of children with
autism named as the reason for special education eligibility
(hereinafter, autism eligibility) should also increase.
Although publicly available special education statistics are
informative and offer a glimpse of autism trends and use of
educational services among children with developmental dis-
abilities, using these data for population-based public health
monitoring has drawbacks. Primarily, autism eligibility is
not equivalent to an autism diagnosis defined by using clin-
ical criteria.”'® A child who meets diagnostic criteria for
ASD may not need specialized education services, whereas
a child who does not formally meet ASD diagnostic criteria
may need autism-related school services.’ Furthermore,
using only school records may underestimate the prevalence
of ASD, because data on children with ASD who do not
receive school-based autism services would not be captured
in a school-only surveillance system.'' These national edu-
cation statistics provide a denominator of all children and not

just all children with ASD; therefore, the data cannot be used
to make inferences on children with ASD. To monitor trends
in the prevalence of ASD, public health officials need access
to comprehensive data collected in a systematic manner.

By evaluating how special education eligibilities among
children with ASD change during a time of increasing ASD
prevalence, we can evaluate how the rise in the documented
prevalence of ASD is associated with special education clas-
sification, with a focus on disparities. The primary objective
of this study was to analyze data from 5 ADDM Network
sites (Arizona, Colorado, Georgia, Maryland, and North Car-
olina) during 4 surveillance years (2002, 2006, 2008, and
2010) to assess trends in special education eligibility classi-
fications of 8-year-old children with ASD. A secondary
objective was to examine disparities in special education
eligibility by sex and race/ethnicity.

Methods

We examined data collected by the ADDM Network during 4
surveillance years from 2002 to 2010. ADDM Network is a
population-based, multisource, active surveillance system
established by the Centers for Disease Control and Preven-
tion to estimate the prevalence of ASD and other develop-
mental disabilities using a standardized methodology.'? The
ADDM Network conducts ASD surveillance among children
aged 8 based on a review of information abstracted from
health and education records. Trained clinicians review the
abstracted information to determine whether a child meets
surveillance criteria for ASD.

Study Population and ADDM Network Case
Ascertainment

This study included all 8-year-old children with ADDM
Network-identified ASD from the 5 sites that contributed
data from both education and health sources during the 4
surveillance years. At each site, a child was eligible for
inclusion in the ADDM Network if he or she was aged 8
during a given surveillance year and had at least 1 parent who
resided in the site’s defined geographic surveillance area
during that year. For a child to be identified as potentially
having ASD and be subject to clinician review to confirm
this diagnosis using criteria from the Diagnostic and Statis-
tical Manual of Mental Disorders, 4th Edition, Text Revision
(DSM-IV-TR),"? a child had to have met ADDM Network
triggers for abstraction (eg, a previous ASD diagnosis, pre-
fers to play alone or engage in solitary activities). If these
criteria were met, a trained clinician reviewed and abstracted
all of a child’s developmental evaluations in special educa-
tion and health records from multiple community providers
who serve, diagnose, and treat children with developmental
disabilities. The trained research staff member abstracted
medical, behavioral, psychiatric, and developmental his-
tories, as well as symptoms and diagnoses consistent with
DSM-IV-TR criteria, for each child along with available
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school records. If more than 1 record was available for a child,
all available records were collated into a composite record.
Trained clinicians reviewed all abstracted composite records
by using a highly structured scoring protocol based on DSM-
IV-TR criteria to determine whether classification criteria for
ASD were met. Clinicians maintained 90% agreement for
reliability on final case status and 80% to 90% agreement for
individual variables scored.'? The study met the requirements
for privacy and confidentiality by the institutional review
boards at each site: University of North Carolina, Centers for
Disease Control and Prevention, Emory University, Univer-
sity of Utah, University of Wisconsin, University of Colorado,
University of South Florida, and Johns Hopkins University.

Special Education Eligibility

The clinician abstractor determined the child’s most recent
primary reason for special education eligibility from school
records. In this analysis, we tabulated results for 7 eligibility
categories that each included at least 5% of our sample in at
least 1 surveillance year: autism, emotional disturbance,
speech or language impairment, specific learning disability,
other health impairment, intellectual disability, and develop-
mental delay. Six eligibilities combined (deafness, deaf-
blindness, vision impairment, traumatic brain injury, hearing
impairment, and multiple disabilities) contributed 3.8% of all
eligibility in 2002, 3.0% in 2006, 3.8% in 2008, and 2.3% in
2010 and did not have adequate power to be assessed, even
when collapsed into an “other” category. Criteria to meet
autism eligibility varied across sites; Arizona and Maryland
followed the outline provided in the Individuals with Dis-
abilities Education Act, whereas Georgia, North Carolina,
and Colorado added detail about the wider range of ASDs
as defined by DSM-IV.>"* We included developmental delay
as an eligibility category in our analyses. The Individuals
with Disabilities Education Act allows states more flexibility
in the use of developmental delay as an eligibility type com-
pared with other eligibilities, and all sites in this analysis
included development delay; however, in all states, develop-
mental delay can be used as the primary eligibility only
through age 9.”'* Although the definition of developmental
delay varies by state, we collapsed all developmental delay
types into 1 category in our analyses to increase statistical
power and simplify interpretation of our results.

We excluded data from 7 sites that did not abstract edu-
cation records, leaving 5 ADDM Network sites that met
inclusion criteria: Arizona, Colorado, Georgia, Maryland,
and North Carolina (n = 7735 children). We excluded from
analysis children who did not have a school record available
(n = 1641) or who lived at an address that could not be
geocoded to a 2010 census tract (n = 13). We excluded 30
children from the aforementioned 5 participating sites
because they were missing data on special education elig-
ibility or did not have special education eligibility. We also
excluded 41 children who were missing information on race,
leaving 6010 children who were eligible for analysis.

Data Analysis

We used linear risk regression analysis to estimate the
change in proportion of children with ASD in each eligibility
classification across surveillance years. We ran a crude
model that controlled only for site, because site is a design
variable and sites may have differed slightly in record-
keeping systems, diagnostic practices, and education evalua-
tion practices. We tested for differences between years, with
2002 as the referent year, using a likelihood ratio test with
2-sided test of significance and P < .05 considered signifi-
cant. Because of the small sample size in developmental
disability eligibility in 2002, we used 2006 as the referent
year for the likelihood ratio test. To address potential con-
founding, we also used a model that adjusted for sex and
race/ethnicity, because race/ethnicity differed across ADDM
Network surveillance years,” sex is commonly adjusted for in
ASD analyses, and both race/ethnicity and sex are associated
with eligibility type.'>'” We defined race/ethnicity as non-
Hispanic white, non-Hispanic black, non-Hispanic other, and
Hispanic. Furthermore, we conducted likelihood ratio tests to
determine trends over time. Because of differences in the
geographic areas that some sites surveyed across study years,
we performed a sensitivity analysis restricted to children resid-
ing in a common catchment area (ie, the geographic area that
was surveyed in all study years). When we restricted analysis
to this common catchment area, 710 cases were excluded from
the sample and our estimates changed by less than 10%. Both
analyses are presented; however, we focused our interpreta-
tion on findings from the sample not restricted to a common
catchment area based on the lack of change after restriction.

We stratified our models by sex or race/ethnicity to eval-
uate differences by these demographic characteristics over
time. We assessed trends in each stratum using likelihood
ratio tests. In addition, we ran linear risk regression models
with sex by surveillance year or race/ethnicity by surveil-
lance year interaction terms and used likelihood ratio tests
to assess whether any of the interaction terms differed from
zero at a 2-sided significance level of 0.1, signifying signif-
icant effect measure modification. We conducted all analy-
ses using SAS/STAT version 9.3.'%

Results

Across 4 ADDM Network surveillance years, 6010 children
met eligibility criteria: 849 (14.1%) in 2002, 1334 (22.2%) in
2006, 1743 (29.0%) in 2008, and 2084 (34.7%) in 2010
(Table 1). Most children with ASD were non-Hispanic white
in all 4 surveillance years, but the percentage of non-
Hispanic white children with ASD decreased from 59.7%
in 2002 to 52.4% in 2010, and the percentage of Hispanic
children increased from 9.8% in 2002 to 14.3% in 2010.
From 2002 to 2010, North Carolina increased in percentage
of the total study sample (from 12.4% to 26.2%) and Arizona
decreased (from 31.6% to 23.3%) because of the changes in
the defined surveillance areas.
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Table |. Characteristics of 8-year-old children with autism spectrum disorder identified in 5 sites in the Autism and Developmental

Disabilities Monitoring Network, 2002-2010*

No. (%)
2002 2006 2008 2010
Characteristic (n = 849) (n=1334) (n=1743) (n =2084)
Sex
Male 697 (82.1) 1106 (83.0) 1460 (83.8) 1735 (83.2)
Female 152 (17.9) 228 (17.0) 283 (16.2) 349 (16.8)
Site
Arizona 268 (31.6) 479 (35.9) 477 (27.4) 485 (23.3)
Colorado 54 (6.4) 38 (2.9) 69 (4.0 45 (2.2)
Georgia 300 (35.3) 414 (31.0) 543 (31.2) 628 (30.1)
Maryland 122 (14.4) 198 (14.9) 226 (13.0) 380 (18.2)
North Carolina 105 (12.4) 205 (15.4) 428 (24.6) 546 (26.2)
Race/ethnicity
Non-Hispanic white 507 (59.7) 756 (56.7) 926 (53.1) 1092 (52.4)
Non-Hispanic black 224 (26.4) 293 (22.0) 443 (25.4) 504 (24.2)
Non-Hispanic other 35 4.1) 90 (6.8) 141 (8.1) 191 (9.2)
Hispanic 83 (9.8) 195 (14.6) 233 (134) 297 (14.3)
Special education eligibility
Autism 486 (57.2) 771 (57.8) 1082 (62.1) 1331 (63.9)
Developmental delay 3(04) 51 (3.9) 99 (5.7) 180 (8.7)
Emotional disturbance 52 (6.1) 55 (4.1) 68 (3.9) 64 (3.1)
Hearing or visual impairments I (0.1) 3(0.2) I (0.1) 3(0.1)
Intellectual disability 93 (11.0) 123 (9.2) 115 (6.6) 94 (4.5)
Multiple disabilities 17 (2.0) 28 (2.1) 27 (1.6) 38 (1.8)
Orthopedic impairments I (1.3) 9 (0.7) 19 (1.1) 9 (0.4)
Other 0 0 I (0.1) 0
Other health impairment® 50 (5.9) 106 (8.0) 106 (6.1) 142 (6.8)
Specific learning disabilities 61 (7.2) 86 (6.5) 116 (6.7) 128 (6.1)
Speech or language impairments 75 (8.8) 102 (7.7) 108 (6.2) 95 (4.6)
Traumatic brain injury 0 0 I (0.1) 0

?Data sources: Autism and Developmental Disabilities Monitoring Network.>*

POther health impairment defined as limited strength, vitality, or alertness due to chronic health problems.

The largest increases in primary special education elig-
ibility were in the proportion of children with an autism
eligibility (from 54.9% in 2002 to 58.5% in 2010, P = .08)
and developmental delay eligibility (from 5.2% in 2006 to
8.1% in 2010, P = .006) (Table 2). The largest decrease was
in the proportion of children with ASD who had an intellec-
tual disability eligibility (from 9.6% in 2002 to 5.0% in 2010,
P <.001). Regarding potential confounding, adjusting for sex
and race/ethnicity did not change any estimates over time in
eligibility (Table 3). We found no meaningful quantitative
differences (>10% change in estimate) in our sensitivity
analysis comparing the common catchment area subsample
(n = 5370) with the total study sample (Table 4), except for a
significant negative trend in speech or language impairment
eligibility (3.0 percentage-point decrease from 2002 to 2010,
P <.001).

When we stratified by sex and controlled for race/ethni-
city, a greater proportion of boys than girls had an autism
eligibility in 2002 (56.3% vs 48.8%), and we found a non-
significant increase in autism eligibility for boys and girls
over time (a 3.6 percentage-point increase from 2002 to 2010

for boys, and a 2.1 percentage-point increase from 2002 to
2010 for girls; Table 5). In contrast, a greater proportion of
girls than boys had an intellectual disability eligibility in
2002 (16.1% vs 9.3%), but this trend significantly decreased
for boys only (P <.001). Neither autism eligibility nor intel-
lectual disability eligibility was significantly modified by
child sex (likelihood ratio test P = .60 and P = .65,
respectively).

After we adjusted for sex, Hispanic children had the low-
est percentage of autism eligibility in 2002 (38.2%); how-
ever, this racial/ethnic subgroup was the only one to have a
significant increase in autism eligibility (a 15.4 percentage-
point increase from 2002 to 2010, P = .005). The likelihood
ratio testing of all racial/ethnic groups by surveillance year
interaction terms was significant (P = .04). Hispanic chil-
dren with ASD had the highest percentage of intellectual
disability eligibility in 2002 (26.8%), and non-Hispanic
white children with ASD had the lowest percentage of intel-
lectual disability eligibility (7.0%). All racial/ethnic groups
had decreasing trends for use of the intellectual disability
eligibility, but only trends among non-Hispanic white
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Table 2. Temporal differences in special education eligibility of 8-year-old children with autism spectrum disorder identified in the Autism
and Developmental Disabilities Monitoring Network, 2002-2010*

Percentage-Point Change Since 2002 (95% CI)°

% in 2002 Overall Trend,©

Eligibility (n=849) 2006 (n=1334) 2008 (n=1743) 2010 (n =2084) X2 (P Value)
Autism 54.9 0.4 (-3.8 to 4.6) 3.5 (0.4 to 7.5) 3.6 (0.3 to 7.6) 6.7 (.08)
Developmental delay® — 5.2¢ 0.7 (2.0 to 3.4) 2.9 (0.2 to 5.6) 10.4 (.006)
Emotional disorder 5.5 -13(-3.1t006) -14(-32t004) —2.0 (-3.8 to —0.4) 6.9 (.08)
Intellectual disability 9.6 -1.8(43t007) -35(58to-1.2) —46(-6.8to-23) 25.8 (<.001)
Other health impairment’ 72 1.5(-13t044) -03(-3.0to24) 0.2 (24 to0 2.9) 2.1 (.55)
Specific learning disabilities 6.6 —08(29to1.2) 0.7 (-27to [.3) —0.9 (29 to I.1) 0.9 (.81)
Speech or language impairments 1.3 -1.7 (-3.7t0 0.3) -3.3 (-5.1 to —1.6) 0.9 (-5.2 to —1.8) 284 (<.001)

*Data came from the Arizona, Colorado, Georgia, Maryland, and North Carolina sites of the Autism and Developmental Disabilities Monitoring Network.>*
PAll estimates adjusted for site only.

“Likelihood ratio tests with a P < .05 significance level tested for differences between years, with 2002 as the referent year.

9Because of the small sample size in developmental disability eligibility in 2002, 2006 was the referent year.

®Percentage of 8-year-old children with developmental delay in 2006.

fOther health impairment defined as limited strength, vitality, or alertness due to chronic health problems.

Table 3. Adjusted temporal differences in special education eligibility of 8-year-old children with autism spectrum disorder, Autism and
Developmental Disabilities Monitoring Network, 2002-2010%

Percentage-Point Change Since 2002 (95% CI)®

% in 2002 Overall Trend,©
Eligibility (n=849) 2006 (n=1334) 2008 (n=1743) 2010 (n =2084) x* (P Value)
Autism 52.3 0.1 (44 to 4.1) 3.0 (1.0 to 7.0) 3.4 (-0.6 to 7.3) 6.4 (.09)
Developmental delay® — 5.2¢ 0.7 (-2.0 to 3.4) 2.8 (0.2 to 5.6) 8.0 (.02)
Emotional disorder 5.1 -1.1 (-3.0t0 0.7) -1.2(-3.0 to 0.5) —-1.9 (3.6 to -0.1) 5.1 (17)
Intellectual disability 1.9 -18(42t006) -35(-58to-13) —44(-6.51t0-2.2) 27.5 (<.001)
Other health impairment’ 72 1.6 (-1.5 to 4.7) 0.0 (-3.0 to 3.0) 0.5 (2.4 to 3.4) 1.4 (.70)
Specific learning disabilities 7.6 —0.1 ((29to 1.0) 0.8 (-28to I.I) -1.3(-3.2t0 0.7) 1.7 (.64)
Speech or language impairments 12.2 -15(A40to I.1) -3.1 (-54t0-07) -3.7(-5.9to-1.5) 5.4 (.14)

*Data from the Arizona, Colorado, Georgia, Maryland, and North Carolina sites of the Autism and Developmental Disabilities Monitoring Network.>*
®Models adjusted for sex, non-Hispanic black race, non-Hispanic other race, Hispanic ethnicity, and surveillance site.

“Likelihood ratio tests with a P < .05 significance level tested for differences between years, with 2002 as the referent year.

9Because of the small sample size in developmental disability eligibility in 2002, 2006 was the referent year.

Percentage of 8-year-old children with developmental delay in 2006.

fOther health impairment defined as limited strength, vitality, or alertness due to chronic health problems.

Table 4. Adjusted temporal differences in special education eligibility of 8-year-old children with autism spectrum disorder, analysis
restricted to geographic area that was common across the 4 surveillance years (n = 5370), Autism and Developmental Disabilities
Monitoring Network, 2002-2010?

Percentage-Point Change Since 2002 (95% CI)°

% in 2002 Overall Trend,®

Eligibility (n=829) 2006 (n=1270) 2008 (n=1531) 2010 (n = 1740) x> (P Value)
Autism 523 0.0 (4.4 to 4.3) 1.5 (27 t0 5.7) 2.7 (-1.4 to 6.8) 3.1 (.38)
Developmental delay® — 4.5¢ 1.9 (0.0 to 3.8) 54 (3.6t07.2) 6.0 (.05)
Emotional disorder 53 -12(32t07) -1.0(-291t0 0.9) —2.0 (-3.8 to -0.1) 5.1 (.17)
Intellectual disability 12.2 -18(43t007) -35(58to-12) —43(-65to-2.1) 22.4 (<.001)
Other health impairment’ 74 2.1 (-1.3to0 4.7) 0.5 (2.8 t0 3.7) 0.7 (2.5 t0 3.8) 0.0 (>.99)
Specific learning disabilities 82 —0.1 (29to 1.2) 0.7 (-2.7 to 1.4) —1.8(-3.9t0 0.2) 3.6 (.31)
Speech or language impairments 10.4 -1.6(40to04) -24(43to0o-05) -3.0(48to-1.2) 18.2 (<.001)

?Data from the Arizona, Colorado, Georgia, Maryland, and North Carolina sites of the Autism and Developmental Disabilities Monitoring Network.>"
®Models adjusted for sex, non-Hispanic black race, non-Hispanic other race, Hispanic ethnicity, and site.

“Likelihood ratio tests with a P < .05 significance level tested for differences between years, with 2002 as the referent year.

9Because of the small sample size in developmental disability eligibility in 2002, 2006 was the referent year.

°Percentage of 8-year old children with developmental delay in 2006.

fOther health impairment defined as limited strength, vitality, or alertness due to chronic health problems.
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Table 5. Adjusted stratum-specific temporal differences in special education eligibility of 8-year-old children with autism spectrum disorder,
Autism and Developmental Disabilities Monitoring Network, 2002-2010?

Percentage-Point Change Since 2002 (95% CI)°

P Value for P Value for

Eligibility % in 2002 2006 2008 2010 Overall Trend® Interaction®
Autism (n = 486) (n=771) (n = 1082) (n=1331)
Sex
Male 56.3 0.5 (42t 5.1) 27 (-1.8to7.1) 3.6 (0.7 t0 7.9) 22 .60
Female 48.8 -33(-135t06.9) 5.1 (4.7 to 14.9) 2.1 (<74 to I1.5) .28
Race/ethnicity
Non-Hispanic white 54.3 1.3 (4.3 to 6.9) 2.7 (2.6 to 8.0) 29 (24 t082) .68 .04
Non-Hispanic black 52.6 —2.8 (-I1.1 to 5.5) 1.8 (-5.8 to 9.4) —1.8 (-9.2 to0 5.7) .54
Non-Hispanic other 55.1 —6.4 (-26.1 to 13.4) | (-179t0 19.9) 0.6 (-18.0 to 19.3) .66
Hispanic 38.2 22(99to 142) 53 (-6.7to0 17.2) 15.4 (4.1 to 26.8) .005
Intellectual disability (n =93) (n = 123) (n=115) (n =94)
Sex
Male 9.3 -1.9(45t007) -34(58to-I.1) —43(-6.61t0-2.0) <.001 .65
Female 16.1 1.0 (-6.1 to 8.1) 3.3 (-9.9t03.3) -3.3(-9.8t03.3) .18
Race/ethnicity
Non-Hispanic white 7.0 —0.6(-33t0o2.l) -24(48to00.1) —2.9 (-5.2 to -0.5) .009 .001
Non-Hispanic black 14.1 26 (-79t027) —46(-941t00.2) —4.8 (-9.8 to 0.2) .16
Non-Hispanic other 18.3 -8.7(-24.1 to 6.8) -9.9 (-258t0 6.0) —8.3 (-22.4 to 5.8) A4l
Hispanic 26.8 -75(-187t037) -89 (-19.6to0 1.9) -143(-24.8t0-3.7) .004

*Data from the Arizona, Colorado, Georgia, Maryland, and North Carolina sites of the Autism and Developmental Disabilities Monitoring Network.>*
PModels adjusted for sex, non-Hispanic black race, non-Hispanic other race, Hispanic ethnicity, and site.

“Likelihood ratio tests with a P < .05 significance level tested for differences between years, with 2002 as the referent year.

9Interaction test is a likelihood ratio test for sex x surveillance year or race/ethnicity x surveillance year interaction terms.

(P = .009) and Hispanic (P = .004) groups were signifi-
cant. The overall likelihood ratio test evaluating race/eth-
nicity as an effect measure modifying the relationship
between intellectual disability eligibility and surveillance
year was significant (P = .001), indicating that these
decreasing trends differed in the rate of change among
racial/ethnic groups.

Discussion

This study assessed changes over time in the distribution of
special education eligibility in a sample of children identified
with ASD in the ADDM Network. Autism eligibility was the
most common eligibility category for children with ASD;
however, in all years, at least 36% of children identified with
ASD received primary special education services under non-
autism eligibility. In our overall sample, we found no signif-
icant change in the proportion of children with ASD under
autism eligibility over time. Although not significant overall,
change in autism eligibility was variable across subgroups
over time, because the interaction between race/ethnicity and
trend was significant. It is not surprising that estimating ASD
prevalence solely by using special education eligibility
would substantially underestimate ASD prevalence, and time
trends did not indicate that using special education data as a
source of ASD prevalence has improved such an underesti-
mation over time.

Special education eligibility may not mirror ASD preva-
lence rates or trends for several reasons. First, not all children

with ASD need specialized school services, because the Indi-
viduals with Disabilities Education Act eligibility applies
only if the condition negatively affects educational perfor-
mance.’” Furthermore, diagnostic accretion or substitution
could factor into the difference we found between data
sources. Diagnostic substitution is when children who would
have once received other diagnoses are identified as having
ASD, and diagnostic accretion is when children receive ASD
diagnoses in addition to other diagnoses they received in the
past.'>?® These changes would not be evident when solely
assessing primary eligibility. Last, it is not expected that
school professionals have the expertise in ASD as clinical
specialists, and thus, some ASD cases may not be accurately
identified.”’

The differences observed between sexes may be attribu-
table to girls with ASD being identified later than boys****
and possibly having a different phenotypic profile.***° In
our study, girls had a similar trend in autism eligibility dis-
tribution to boys. We had expected that as ASD awareness
increased, girls with ASD would increasingly receive autism
eligibility, because they were identified as having ASD less
frequently than boys. However, although ASD prevalence
has increased, autism as an eligibility for special education
has remained fairly constant for both girls and boys. Children
of racial/ethnic minority groups may be less likely than non-
Hispanic white children to receive an autism eligibility,' ">’
even though children of racial/ethnic minority groups are dis-
proportionately more frequently enrolled in special educa-
tion.”® Non-Hispanic black and Hispanic children with ASD
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are more likely than non-Hispanic white children with ASD
to have co-occurring intellectual disabilities,> which may lead
to an intellectual disability eligibility instead of an autism
eligibility. In this study, Hispanic children were the only sub-
group to have a significant increasing trend in autism eligibil-
ity. This increase may indicate the under-identification of
ASD in the Hispanic population among participating ADDM
Network sites in the earlier study years or an increase over
time in schools’ ability to identify the need for autism services
among children whose primary language is Spanish.

Limitations and Strengths

This study had several limitations. One limitation was that
we had data only on primary special education eligibility. If
education records were to be effectively used for ASD sur-
veillance, more data would be needed. Studies indicate that
children with developmental disabilities are often identified
as having more than 1 type of disability.”>** Having data
only on primary eligibility precluded us from fully assessing
all reasons and all factors used to determine the need for
special education services. However, our data informed us
about what was the most pressing educational concern for a
child with ASD at the time of special education classifica-
tion, and these data mirrored publicly available education
statistics. Second, we examined only children with education
records reviewed from public schools; as such, we could not
infer information on educational services received by chil-
dren with ASD who did not receive special education ser-
vices in public schools. Third, we did not have data on the
child’s primary language, which would have been useful in
exploring trends by race/ethnicity. Finally, the study was
limited to the 5 ADDM Network sites that consistently had
access to education data; therefore, although our data were
population based, our results may not be generalizable to the
US population or to the entire ADDM Network.

This study also had several strengths. First, we limited
temporal variability by assessing a similar geographic area
during 4 surveillance years and ran sensitivity analyses to
ensure that any geographic changes did not affect our results.
ADDM Network surveillance for ASD relies on review from
all the Individuals with Disabilities Education Act eligibility
categories and is not limited to the categories most likely to
be used for children with ASD. Using a record review
approach, we assessed trends in a diverse subset of children
for whom a wide range of demographic, medical, and edu-
cation data were available. Finally, the ADDM Network uses
comprehensive, reliable, and systematic protocols to ensure
appropriate case classification, and these methods have been
standardized and consistent since the ADDM Network’s
inception.

Conclusion

Our results show that the primary special education eligibil-
ity for 8-year-old children with ASD would underestimate

ASD prevalence compared with a wider surveillance net, and
this underestimation did not change over time. However, we
did observe an increase in autism eligibility over time for
Hispanic children. Although ASD surveillance data and spe-
cial education data have different purposes, they should be
used in conjunction to better understand service use and the
health needs of children with ASD.

Acknowledgments

The findings and conclusions in this article are those of the authors
and do not necessarily represent the official position of the Centers
for Disease Control and Prevention. Data collection of this work
was supported by the Autism and Developmental Disabilities
Monitoring Network.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding

The authors received no financial support for the research, author-
ship, and/or publication of this article.

References

1. Blumberg SJ, Bramlett MD, Kogan MD, Schieve LA, Jones JR,
Lu MC. Changes in prevalence of parent-reported autism spec-
trum disorder in school-aged U.S. children: 2007 to 2011-2012.
Natl Health Stat Rep. 2013;(65):1-11.

2. Boyle CA, Boulet S, Schieve LA, et al. Trends in the preva-
lence of developmental disabilities in US children, 1997-2008.
Pediatrics. 2011;127(6):1034-1042.

3. Christensen DL, Baio J, Van Naarden Braun K, et al. Preva-
lence of autism spectrum disorder among children aged 8
years—Autism and Developmental Disabilities Monitoring
Network, 11 sites, United States, 2010. MMWR Surveill Summ.
2014;63(2):1-21.

4. Christensen DL, Baio J, Van Naarden Braun K, et al. Preva-
lence and characteristics of autism spectrum disorder among
children aged 8 years—Autism and Developmental Disabilities
Monitoring Network, 11 sites, United States, 2012 [published
erratum appears in MMWR Morb Mortal Wkly Rep. 2016;
65(15):404]. MMWR Surveill Summ. 2016;65(3):1-23.

5. Christensen DL, Baio J, Van Naarden Braun K, et al. Preva-
lence of autism spectrum disorders—Autism and Developmen-
tal Disabilities Monitoring Network, six sites, United States,
2000. MMWR Surveill Summ. 2007;56(1):1-11.

6. Pub L No. 102-119 (1991-1992).

. Pub L No. 101-476, 101 Stat 1142 (1990).

8. Snyder TD, de Brey C, Dillow SA. Digest of Education Statis-
tics, 2015. 51st ed. NCES 2016-014. Washington, DC: National
Center for Education Statistics, Institute of Education Sciences,
US Department of Education; 2016.

9. MacFarlane JR, Kanaya T. What does it mean to be autistic?
Inter-state variation in special education criteria for autism
services. J Child Family Stud. 2009;18(6):662-669.

J



92

Public Health Reports 133(1)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Pennington ML, Cullinan D, Southern LB. Defining autism:
variability in state education agency definitions of and evalua-
tions for autism spectrum disorders. Autism Res Treat. 2014;
2014:327271.

Pinborough-Zimmerman J, Bakian AV, Fombonne E, Bilder D,
Taylor J, McMahon WM. Changes in the administrative pre-
valence of autism spectrum disorders: contribution of special
education and health from 2002-2008. J Autism Dev Disord.
2012;42(4):521-530.

Rice CE, Baio J, Van Naarden Braun K, Doernberg N, Meaney
FJ, Kirby RS; ADDM Network. A public health collaboration
for the surveillance of autism spectrum disorders. Paediatr
Perinat Epidemiol. 2007;21(2):179-190.

American Psychiatric Association. Diagnostic and Statistical
Manual of Mental Disorders, 4th Edition, Text Revision.
Arlington, TX: American Psychiatric Publishing; 2000.
Gargiulo RM. Special Education in Contemporary Society: An
Introduction to Exceptionality. Thousand Oaks, CA: SAGE; 2015.
Sullivan AL, Bal A. Disproportionality in special education:
effects of individual and school variables on disability risk.
Except Child. 2013;79(4):475-494.

Herring WL, McGrath D, Buckley J. Demographic and School
Characteristics of Students Receiving Special Education in the
Elementary Grades. Jessup, MD: National Center for Educa-
tion Statistics, Institute of Education Sciences, US Department
of Education; 2007.

Travers JC, Tincani M, Krezmien MP. A multiyear national
profile of racial disparity in autism identification. J Spec Educ.
2013;47(1):41-49.

SAS Institute, Inc. SAS/STAT Version 9.3. Cary, NC: SAS
Institute, Inc; 2011.

Newschaffer CJ, Falb MD, Gurney JG. National autism preva-
lence trends from United States special education data. Pedia-
trics. 2005;115(3):e277-¢282.

Maenner MJ, Durkin MS. Trends in the prevalence of autism
on the basis of special education data. Pediatrics. 2010;126(5):
¢1018-e1025.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Matson JL, Nebel-Schwalm M, Matson ML. A review of meth-
odological issues in the differential diagnosis of autism spec-
trum disorders in children. Res Autism Spectr Disord. 2007,
1(1):38-54.

Giarelli E, Wiggins LD, Rice CE, et al. Sex differences in the
evaluation and diagnosis of autism spectrum disorders among
children. Disabil Health J. 2010;3(2):107-116.

Begeer S, Mandell D, Wijnker-Holmes B, et al. Sex differences
in the timing of identification among children and adults with
autism spectrum disorders. J Autism Dev Disord. 2013;43(5):
1151-1156.

Carter AS, Black DO, Tewani S, Connolly CE, Kadlec MB,
Tager-Flusberg H. Sex differences in toddlers with autism
spectrum disorders. J Autism Dev Disord. 2007;37(1):86-97.
Dworzynski K, Ronald A, Bolton P, Happé F. How different
are girls and boys above and below the diagnostic threshold for
autism spectrum disorders? J Am Acad Child Adolesc Psychia-
try. 2012;51(8):788-797.

Zwaigenbaum L, Bryson SE, Szatmari P, et al. Sex differences
in children with autism spectrum disorder identified within a
high-risk infant cohort. J Autism Dev Disord. 2012;42(12):
2585-2596.

Sullivan AL. School-based autism identification: prevalence,
racial disparities, and systemic correlates. School Psych Rev.
2013;42(3):298-316.

de Valenzuela JS, Copeland SR, Qi CH, Park M. Examining
educational equity: revisiting the disproportionate representa-
tion of minority students in special education. Except Child.
2006;72(4):425-441.

Levy SE, Giarelli E, Lee L-C, et al. Autism spectrum dis-
order and co-occurring developmental, psychiatric, and
medical conditions among children in multiple populations
of the United States. J Dev Behav Pediatr. 2010;31(4):
267-275.

Close HA, Lee L-C, Kaufmann CN, Zimmerman AW.
Co-occurring conditions and change in diagnosis in autism
spectrum disorders. Pediatrics. 2012;129(2):e305-e316.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


