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Autism and Developmental Disabilities Monitoring Network 2006 Principal Investigators

Abstract

Problem/Condition: Autism spectrum disorders (ASDs) are a group of developmental disabilities characterized by atypical
development in socialization, communication, and behavior. ASDs typically are apparent before age 3 years, with associated
impairments affecting multiple areas of a person’s life. Because no biologic marker exists for ASDs, identification is made
by professionals who evaluate a child’s developmental progress to identify the presence of developmental disorders.

Reporting Period: 2006.

Methods: Earlier surveillance efforts indicated that age 8 years is a reasonable index age at which to monitor peak preva-
lence. The identified prevalence of ASDs in U.S. children aged 8 years was estimated through a systematic retrospective
review of evaluation records in multiple sites participating in the Autism and Developmental Disabilities Monitoring
(ADDM) Network. Data were collected from existing records in 11 ADDM Network sites (areas of Alabama, Arizona,
Colorado, Florida, Georgia, Maryland, Missouri, North Carolina, Pennsylvania, South Carolina, and Wisconsin) for
2006. To analyze changes in identified ASD prevalence, CDC compared the 2006 data with data collected from 10
sites (all sites noted above except Florida) in 2002. Children aged 8 years with a notation of an ASD or descriptions
consistent with an ASD were identified through screening and abstraction of existing health and education records
containing professional assessments of the child’s developmental progress at health-care or education facilities. Children
aged 8 years whose parent(s) or legal guardian(s) resided in the respective areas in 2006 met the case definition for an
ASD if their records documented behaviors consistent with the Diagnostic and Statistical Manual of Mental Disorders,
4th edition, text revision (DSM-IV-TR) criteria for autistic disorder, pervasive developmental disorder—not otherwise
specified (PDD NOS), or Asperger disorder. Presence of an identified ASD was determined through a review of data

abstracted from developmental evaluation records by trained clinician reviewers.

Results: For the 2006 surveillance year, 2,757 (0.9%) of 307,790 children aged 8 years residing in the 11 ADDM sites
were identified as having an ASD, indicating an overall average prevalence of 9.0 per 1,000 population (95% confidence
interval [CI] = 8.6-9.3). ASD prevalence per 1,000 children aged 8 years ranged from 4.2 in Florida to 12.1 in Arizona
and Missouri, with prevalence for the majority of sites ranging between 7.6 and 10.4. For 2006, ASD prevalence was
significantly lower in Florida (p<0.001) and Alabama (p<0.05) and higher in Arizona and Missouri (p<0.05) than in all
other sites. The ratio of males to females ranged from 3.2:1 in Alabama to 7.6:1 in Florida. ASD prevalence varied by
type of ascertainment source, with higher average prevalence in sites with access to health and education records (10.0)
compared with sites with health records only (7.5). Although parental or professional concerns regarding development
before age 36 months were noted in the evaluation records of the majority of children who were identified as having an
ASD, the median age of earliest documented ASD diagnosis was much later (range: 41 months [Florida]-60 months
[Colorado]). Of 10 sites that collected data for both the 2002 and 2006 surveillance years, nine observed an increase
in ASD prevalence (range: 27%-95% increase; p<0.01), with increases among males in all sites and among females in
four of 11 sites, and variation among other subgroups.

Interpretation: In 20006, on average, approximately 1% or one child in every 110 in the 11 ADDM sites was classified as
having an ASD (approximate range: 1:80—1:240 children [males: 1:70; females: 1:315]). The average prevalence of ASDs
identified among children aged 8 years increased 57% in 10 sites from the 2002 to the 2006 ADDM surveillance year.
Although improved ascertainment accounts for some of the prevalence increases documented in the ADDM sites, a true
increase in the risk for children to develop ASD symptoms
cannot be ruled out. On average, although delays in identifi-

Corresponding author: Catherine Rice, PhD, National Center on . isted. ASD beine di db .
Birth Defects and Developmental Disabilities, CDC, 1600 Clifton cation persisted, $ were being diagnosed by community
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Public Health Actions: These results indicate an increased prevalence of identified ASDs among U.S. children aged 8
years and underscore the need to regard ASDs as an urgent public health concern. Continued monitoring is needed to
document and understand changes over time, including the multiple ascertainment and potential risk factors likely to
be contributing. Research is needed to ascertain the factors that put certain persons at risk, and concerted efforts are
essential to provide support for persons with ASDs, their families, and communities to improve long-term outcome.

Introduction

Autism spectrum disorders (ASDs) are a group of develop-
mental disabilities characterized by atypical development in
socialization, communication, and behavior. The symptoms
of ASDs typically are present before age 3 years and often are
accompanied by abnormalities in cognitive functioning, learn-
ing, attention, and sensory processing (). The term “spectrum
disorders” is used to indicate that ASDs encompass a range of
behaviorally defined conditions, which are diagnosed through
clinical observation of development. These conditions include
autistic disorder (i.e., autism), Asperger disorder, and pervasive
developmental disorder—not otherwise specified (PDD-NOS)
(2—4). Persons with Asperger disorder or PDD-NOS have fewer
diagnostic symptoms of ASDs compared with autism, and the
symptoms often are indicative of more mild impairment. The
complex nature of these disorders, the current lack of consis-
tent and reliable genetic or biologic diagnostic markers, and
changes in how these conditions are defined and identified
make evaluating ASD prevalence over time challenging.

Since the early 1990s, the number of persons receiving ser-
vices for ASDs has increased substantially (5—71). However,
identifying children for services for autism might not be
equivalent to using consistent diagnostic standards to identify
persons in the population because services within communities
are not available uniformly to all persons with ASDs. For this
reason, studies that rely exclusively on single-source administra-
tive datasets (e.g., disability service records or annual reports
of special education counts) most likely underestimate ASD
prevalence and might not adequately capture changes in the
ASD population over time (8, 12—14).

Before the 1980s, the term “autism” was used primarily to
refer to autistic disorder and was thought to be rare, affect-
ing approximately one in every 2,000 (0.5%) children (2,3).
Autism now is considered to be one of three disorders classi-
fied together as ASDs (4). Using diagnostic criteria established
in the early 1990s, which encompass a broad spectrum of
disorders (15,16), the best estimate of ASD prevalence is that
approximately six or seven of every 1,000 (0.6%—0.7%) chil-
dren have an ASD. These estimates are approximately 10 times
higher than estimates using earlier criteria (2—4, 12). However,
some recent population-based studies have documented even
higher ASD prevalence estimates of >1% of children in areas

of Japan, Sweden, the United Kingdom, and the United States
(12,17-21), with ASD symptoms identified in 2.7% of chil-
dren in one study from Norway (22).

Elevated public concern, continued increases in the number
of children receiving services for ASDs, and reports of higher-
than-expected ASD prevalence highlight the need for system-
atic public health monitoring of ASDs (23). For this reason,
in 2000, CDC organized the Autism and Developmental
Disabilities Monitoring (ADDM) Network to provide a better
understanding of the prevalence, population characteristics,
and public health impact of ASDs and other developmental
disabilities in the United States (4,23). The ADDM Network
employs a multisite, multiple-source, records-based surveillance
methodology to conduct detailed retrospective screening and
review of behavioral data from multiple education and health
facilities. Administrative records of children who have been
evaluated for a range of developmental conditions are reviewed,
and standard criteria for case identification and confirmation
are applied at each of the surveillance sites (7,24).

Two surveillance summaries presenting ADDM Network
ASD prevalence data for 2000 and 2002 have been published
previously (4,12). These first two ADDM prevalence reports
served to establish baseline prevalence for ASDs among U.S.
children aged 8 years. Prevalence for those reports was calcu-
lated by race/ethnicity, sex, and multiple ASD-associated char-
acteristics (e.g., cognitive impairment) on the basis of data from
six sites* in 2000 and from 14 sites' in 2002. Overall prevalence
estimates for both surveillance years were comparable (6.7 and
6.6 cases per 1,000 children aged 8 years in 2000 and 2002,
respectively). Among the participating sites, ASD prevalence
in 2000 ranged from 4.5 cases per 1,000 children aged 8 years
in West Virginia to 9.9 cases in New Jersey, compared with 3.3
cases in Alabama to 10.6 cases in New Jersey in 2002. From
2000 and 2002, prevalence of identified cases of ASDs was
stable in four of the six sites (Arizona, Maryland, New Jersey,
and South Carolina) that collected data in both years and
increased in two sites (Georgia and West Virginia).

* Areas of Arizona, Georgia, Maryland, New Jersey, South Carolina, and West
Virginia.

TAreas of Alabama, Arizona, Arkansas, Colorado, Georgia, Maryland, Missouri,
New Jersey, North Carolina, Pennsylvania, South Carolina, Utah, West Virginia,
and Wisconsin.
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This report presents results for 2006 from 11 ADDM Network
sites® and describes updated ASD prevalence overall and by
race or ethnicity, sex, level of cognitive functioning, ASD sub-
type, and multiple associated characteristics. Because 10 sites
(Alabama, Arizona, Colorado, Georgia, Maryland, Missouri,
North Carolina, Pennsylvania, South Carolina, and Wisconsin)
also collected data on ASD prevalence in 2002 (12), changes
in identified ASD prevalence in these sites are also reported. In
addition, data for an additional surveillance year, 2004, were
collected by eight sites.! The 2004 surveillance year represented
an effort on a smaller scale that was conducted by sites with avail-
able resources to collect an additional surveillance year of data.
Results for 2004 have been summarized (see Appendix).

Methods

Surveillance Methods

The ADDM Network’s methodology (Figure 1) is modeled
on that used by CDC’s Metropolitan Atlanta Developmental
Disabilities Surveillance Program (MADDSP), an active,
population-based surveillance program that monitors the
occurrence of developmental disabilities through retrospective
record review among children aged 8 years in the metropolitan
Atlanta area (1,25-27). Although ASD symptoms typically
are present in the first 3 years of life, identification often is
not made not until later; previous surveillance efforts have
identified age 8 years as a reasonable index age at which to
monitor peak prevalence for ASDs (7). The ADDM Network
implemented the MADDSP methodology using a common
case definition and standardized data abstraction, clinician
review, and quality assurance procedures.

Study Sites

ADDM site project teams are located at state health depart-
ments or at universities working on behalf of their state health
departments to collect or receive information used for protect-
ing public health. Sites were selected through a competitive
objective review process on the basis of their ability to conduct
active ASD records-based surveillance; they were not selected

S Areas of Alabama (32 counties in north and central Alabama), Arizona (one
county, including metropolitan Phoenix), Colorado (1 county in metropolitan
Denver), Florida (one southern county), Georgia (the CDC site in five coun-
ties in metropolitan Atlanta), Maryland (six counties in suburban Baltimore),
Missouri (five counties in metropolitan St. Louis), North Carolina (10 central
counties), Pennsylvania (one county in metropolitan Philadelphia), South
Carolina (23 counties in the Coastal and PeeDee regions), and Wisconsin (10
counties in south eastern Wisconsin).

IAreas of Alabama, Arizona, Georgia, Maryland, Missouri, North Carolina,
South Carolina, and Wisconsin.

to be a nationally representative sample. Each site met appli-
cable local Institutional Review Board and/or other privacy
and confidentiality requirements.

Study Sites and Population Characteristics

During 2006, CDC and 10 site project teams collaborated
in monitoring reported occurrence of ASDs in selected areas
of 11 states (Table 1). On the basis of postcensal estimates,
the number of children aged 8 years in the 11 surveillance
sites ranged from 7,184 in Colorado to 46,621 in Georgia
(28). Distribution according to race/ethnicity among children
aged 8 years varied across surveillance sites. The percentage
of non-Hispanic white children residing in each surveillance
area ranged from 23.3% in Maryland to 69.7% in Alabama;
the percentage of non-Hispanic black children ranged from
5.4% in Arizona to 50.1% in Pennsylvania; the percentage of
Hispanic children ranged from 2.9% in Missouri to 52.3%
in Florida; the percentage of Asian/ Pacific Islander children
ranged from 1.1% in Alabama to 5.8% in Georgia; and the per-
centage of American Indian/Alaska native children was <0.6%
in all sites except Arizona (with 2.2%). The breakdown by sex
was similar across sites, with approximately equal distribution
of male and female children.

Case Definition

For surveillance purposes, children who were born in 1998
whose parent(s) or legal guardian(s) resided in the site’s geo-
graphic region (Table 1) at any time in 2006 were classified
as having an ASD if they displayed behaviors documented
in evaluation records by a community professional that were
consistent with the Diagnostic and Statistical Manual of Mental
Disorders, 4th Edition, Text Revision (DSM-IV-TR) criteria (15)
for the subtypes of autistic disorder, PDD-NOS (including
atypical autism), or Asperger disorder at any time through age
8 years. An evaluation record was defined as the documented
record of an assessment conducted by a community profes-
sional to determine the need for special education services or
the presence of a developmental disorder. The assessments
could be conducted at any time in the child’s life through
age 8 years. A community professional was defined as a clini-
cal or education professional with specialized training in the
observation of children with developmental disabilities (e.g.,
a developmental pediatrician, child psychiatrist, pediatric
neurologist, clinical or developmental psychologist, or speech
or language pathologist). The case definition focuses on iden-
tifying the behaviors consistent with the presence of any ASD
rather than on attempting to identify specific ASD subtypes.
Children were classified as having cognitive impairment if
they had an intellectual quotient (IQ) score of <70 on their
most recent test of intellectual ability available in the record.
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FIGURE 1. Surveillance methodology flowchart — Autism and Developmental Disabilities Monitoring (ADDM) Network, United States

Each site defines surveillance area by geographic boundaries and obtains data on the number and
characteristics of resident children aged 8 years using the most recent vintage of postcensal population
estimates from CDC's National Center for Health Statistics.

'

Identify multiple health and education sources in the community that evaluate, educate,
and treat children with developmental disabilities.

.

Obtain agreements for record review at these sources.

! v

v

Request and receive data from health sources Request and receive data from education
according to select ICD-9* and DSM-IVT billing sources for all special education eligibility
codes. classifications.S
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| Implement final data cleaning procedures. |

.

| Link to vital statistics birth certificate data. |

-
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.

Analyze data, and generate and disseminate reports to data
5 sources, stakeholders, and scientific community for feedback
and distribution of information for public health action

* International Classification of Diseases, 9th Revision.

t Diagnostic and Statistical Manual of Mental Disorders, 4th Edition, Text Revision.

§ All ADDM sites conducting cerebral palsy surveillance are conducting linkage of cases with vital statistics death certificates. If feasible, sites conducting
ASD and intellectual development surveillance also conducted this death certificate linkage. For sites that completed this linkage no ASD cases were
identified.

1 Georgia and North Carolina did not review special education records of children whose only exceptionality was speech and language impairment (SLI).
A sample of children in SLI indicated that this decision had minimal effect on prevalence estimates.
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TABLE 1. Number* and percentage of children aged 8 years, by race/ethnicity and site — Autism and Developmental Disabilities

Monitoring Network, 11 Sites, United States, 2006

Non-Hispanic, Non-Hispanic, o l\:o. 9f
Total white black Hispanic APIt AVANS . . evaluations
receiving % abstracted
Surveillance special abstracted Median
Site Site institution area No. No. (%) No. (%) No. (%) No. (%) No. (%) education' for ASD** (range)
Sites with access to health records
Alabama Univ of 32 counties in 35,126 23,967 (68.2) 9,028 (25.7) 1,607 (4.6) 371 (1.1) 153 (0.4) 16.7 1.2 5(1-32)
Alabama— north and cen-
Birmingham tral Alabama
Florida Univ of Miami 1 county 27,615 6,422 (23.3) 6,267 (22.7) 14,443 (52.3) 429 (1.6) 54 (0.2) 11.8 0.5 3(1-17)
(Miami-Dade)
in south
Florida
Missouri Washington 5 counties 26,533 18,199 (68.6) 6,702 (25.3) 777 (2.9) 773 (2.9) 82 (0.3) 17.6 1.8 4 (1-17)
Univ—S5t. including
Louis metropolitan
St. Louis
Pennsylvania Univ of 1 county 17,886 5,048 (28.2) 8,969 (50.1) 2,852 (15.9) 959 (5.4) 58 (0.3) 13.0 1.9 7 (1-41)
Pennsylvania  (Philadelphia)
in metropolitan
Philadelphia
Wisconsin Univ of 10 counties in 34,058 22,361 (65.7) 6,157 (18.1) 4,153 (12.2) 1,206 (3.5) 181 (0.5) 15.0 1.7 6 (1-61)
Wisconsin south eastern
—Madison Wisconsin
Sites with access to education and health records
Arizona Univ of Arizona 1 county 41,650 19,664 (47.2) 2,244 (54) 17,577 (42.2) 1,236 (3.0) 926 (2.2) 16.7 22 5(1-19)
(Maricopa) in
metropolitan
Phoenix
Colorado Colorado Dept 1 county 7,184 4,009 (55.8) 963 (13.4) 1,761 (24.5) 411 (5.7) 40 (0.6) 10.7 1.5 5 (2-23)
of Public (Arapahoe) in
Health and metropolitan
Environment Denver
Georgia CDC 5 counties 46,621 17,871 (38.3) 19,877 (42.6) 6,015 (12.9) 2,710 (5.8) 148 (0.3) 11.3 24 4 (1-26)
including
metropolitan
Atlanta
Maryland Johns Hopkins 6 counties in 26,489 18,464 (69.7) 5,601 (21.1) 1,109 (4.2) 1,246 (4.7) 69 (0.3) 126 1.3 2 (1-8)
Univ suburban
Baltimore
North Univ of North 10 counties in 22,195 12,727 (57.3) 6,160 (27.8) 2,618 (11.8) 627 (2.8) 63 (0.3) 13.6 1.7 5(1-18)
Carolina Carolina— central North
Chapel Hill Carolina
South Medical Univ 23 counties in 22,681 12,153 (53.6) 9,061 (39.9) 1,053 (4.6) 282 (1.2) 132 (0.6) 15.9 1.3 5 (1-28)
Carolina of South the Coastal
Carolina and Pee Dee
regions

* Total numbers of children aged 8 years in each study area were obtained from CDC’s National Center for Health Statistics (NCHS) vintage 2007 postcensal population estimates.

Surveillance area denominator excludes those school districts that did not participate.

t Asian/Pacific Islander.
§ American Indian/Alaska Native.

TNumber of students in special education and total enrolled in districts in surveillance area for the 2005-2006 school year obtained from http:/www.nces.ed.gov.
** Autism spectrum disorder. Represents the number of children identified as possibly having an ASD divided by the total number of children aged 8 years in the population.

Borderline cognitive functioning was defined as an IQ score of
71-85, and average to above-average functioning was defined
as an IQ score of >85.

Case Ascertainment

To begin ascertainment of possible cases, investigators at
each site identified data sources for health and education
providers for children aged 8 years within the jurisdiction
of the site that evaluated, educated, or treated children with
developmental disabilities. Health sources included providers

of developmental evaluations, including state health facili-
ties, hospitals, clinics, diagnostic centers, private physicians
offices, and other clinical providers. Investigators then asked
each identified provider for a list of all children whose medical
records were associated with a diagnostic or billing /nternational
Criteria for Diagnosis, 9th Revision (ICD-9) (29) code for child
neurodevelopmental disorder (e.g., 299.0 for autistic disorder
or 315.3 for developmental speech or language disorder). Seven
sites (Alabama, Arizona, Georgia, Missouri, North Carolina,
South Carolina, and Wisconsin) reviewed additional records
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for additional ICD-9 codes for other developmental disabili-
ties monitored by that site (e.g., cerebral palsy or intellectual
disability). In addition, six sites (Arizona, Colorado, Georgia,
Maryland, North Carolina, and South Carolina) (Table 1)
also included education sources and the special education
evaluation records of children receiving special education ser-
vices during 2005-2006 and/or 2006—-2007. Each child was
assigned a unique identifier to prevent duplication and to link
information across multiple data sources.

Investigators then reviewed the records of each provider or
education source; records were selected for abstraction if the
child met the residency requirement and the record contained
a documented or suspected ASD classification (i.e., a diagno-
sis of an ASD or a special education eligibility classification
of autism) and/or descriptions of social behaviors associated
with an ASD diagnosis. Abstracted information included the
evaluation date; data source (education or health); community
professional type and degree (e.g., MD, developmental pedia-
trician or PhD, clinical psychologist); developmental history
and indications of developmental concerns (e.g., notations
in the records about parental or professional worries that the
child’s development was not progressing typically); verbatim
behavioral descriptions associated with autism (e.g., current
and past social, communication, and behavioral functioning);
results from 1Q), adaptive, and tests used to diagnose autism;
and evaluation conclusions. The most recent eligibility clas-
sification for receiving special education services (e.g., autism
or learning disability) was collected from special education
records. For all abstracted evaluations, information from
multiple sources was combined into one composite summary
record with a unique identifier for each child and was then
sent for clinician review.

Clinician Review

All abstracted evaluations from the case ascertainment
phase were reviewed and scored by an ASD clinician reviewer.
Clinician reviewers included professionals (e.g., medical doc-
tors, psychologists, and speech and language pathologists)
with specialized training and experience in autism assessment
and diagnosis. Clinician reviewers were selected and assessed
periodically for reliability. Clinician reviewers used a coding
guide developed on the basis of DSM-IV-TR criteria (15) to
determine whether each identified child met the ASD case
definition. A child met the ASD case definition if evidence
documented in the abstracted evaluations indicated the pres-
ence of autistic disorder, PDD-NOS, or Asperger disorder.
The clinician reviewer classified the child as having an ASD if
evidence existed of either 1) the DSM-IV-TR criteria in the
social, communication, and behavior domains and evidence of
delays before age 3 years or 2) the social and either communica-

tion or behavior criteria for PDD-NOS or Asperger disorder.
Because the thresholds for meeting the criteria specified by
DSM-IV-TR are lower for the diagnosis of PDD-NOS or
Asperger disorder than for autistic disorder, a stricter require-
ment was included requiring that at least one of the autism-
specific behaviors be of a sufficient quality or intensity to be
highly indicative of an ASD (72,23). Under this additional
requirement, for example, the DSM-IV-TR social criterion
of “limited social or emotional reciprocity” required a specific
impairment (e.g., “rarely responds verbally or nonverbally to
a social approach from others in a familiar setting”).

In addition to the DSM-IV-TR criteria, all evaluation
information was reviewed to categorize any concerns noted in
developmental evaluations concerning the child’s developmental
status before age 3 years; any specified concerns regarding the
development of social, language, or imaginative play before
age 3 years also were documented, as were any indications
of regression or plateau in skill development. Descriptions of
associated features (e.g., odd responses to sensory stimuli) by
the community professional also were coded. The diagnostic
conclusion of the community professional who evaluated the
child also was summarized, including specification of any ASD
diagnosis by subtype, when available. Children were classified as
having a previously documented ASD classification if they had
1) received a diagnosis of autistic disorder, PDD-NOS, Asperger
syndrome, PDD, or ASD by a qualified professional that was
documented in an evaluation record or 2) had received special
education services under an autism eligibility category.

Before clinician review began for each surveillance year,
interrater reliability was established among reviewers accord-
ing to standards of 280% agreement for overall case status and
other scored items. Ongoing inter-rater reliability checks were
conducted on a blinded, random sample of 210% of records
reviewed. The percentage of agreement for the final case defini-
tion was acceptable for 2006 (range: 82%—100% across sites
[Kappa range: 0.5-1.0]) and 2002 (12).

Analytic Methods

ASD prevalence estimates were calculated using as the
denominator the number of children aged 8 years residing
in the study area according to CDC’s National Center for
Health Statistics (NCHS) vintage 2007 postcensal population
estimates for each site (28). NCHS datasets provide estimated
population counts by county, single year of age, race, ethnic ori-
gin, and sex. The race or ethnicity of each child was determined
from information contained in the source records or, if not
found in the source file, from birth certificates (when available).
Race- or ethnicity-specific rates were calculated for five popu-
lations: non-Hispanic white, non-Hispanic black, Hispanic,
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Asian/Pacific Islander, and American Indian/Alaska Native.
Prevalence results are reported per 1,000 children aged 8 years
identified as meeting the ASD case definition over the total
number of children that age in the population. To allow com-
parison of ASD estimates identified by community professionals
with those identified by ADDM Network data, ASD prevalence
also was calculated on the basis of the number of children who
had a previously documented classification of an ASD on record
compared with the total number of children in the population
aged 8 years. Poisson approximation to the binomial distribu-
tion was used to calculate 95% confidence intervals (Cls) for
prevalence rates (30). Chi-square tests were used to compare
prevalence estimates within and across sites, and rate ratios and
percentage change were used to compare prevalence changes
within each site for 2002 and 2006 (31,32). Data from 2002
were compared with data from 2006 because 2002 represented
the largest and most complete first year of data collection for
10 of the sites reporting in 2006. A maximum value of p<0.05
was used for all tests of statistical significance.

Because the ADDM Network identifies children who meet
the ASD case definition on the basis of information con-
tained in evaluation records, variation in the components of
this process could account for some differences in prevalence
across sites or over time in the same site. Several aspects of
the identification process were monitored to evaluate their
impact on changes in identified ASD prevalence among sites
and across surveillance years. The percentage of children in the
population who had a record abstracted for ASD represents the
number of children identified in the case ascertainment phase
over the total population of children aged 8 years in that site
(Table 1). Variation in the abstraction proportion is influenced
primarily by 1) the number and type of data sources accessed
by individual sites, including access to education sources; 2) the
number of ICD-9 billing codes used for source data requests;
3) the number of evaluation records found in the files; 4) the
numbers of files not located for review; and 5) the level of detail
in source records, including documentation of the descriptions
and assessment information consistent with ASDs.

To facilitate an evaluation of the potential effect on ASD
prevalence presented by the seven sites that reviewed records
for additional ICD codes, the number of children who were
identified solely on the basis of those additional codes was
identified, and the impact on prevalence was estimated (27).
At each site, certain education and health records could not be
located for review, and an analysis of the effect of these miss-
ing records on case ascertainment was conducted. All children
initially identified for screening were first stratified by two
factors highly associated with final case status: information
source (education only, health only, or both types of sources)
and the presence or absence of either an ASD ICD-9 code

(299.0 or 299.8) or an autism special education eligibility. The
potential number of cases missed because of missing records,
and the impact on prevalence, was estimated on the assump-
tion that within each of the strata, the proportion of children
with missing records who ultimately would be confirmed as
having ASD cases would have been similar to that of children
for whom no records were missing.

Results

The 11 ADDM sites identified 5,151 children who met
the criteria for abstraction as potentially meeting the ASD
case definition. The proportion of children aged 8 years
in the population whose records were abstracted varied
(range: 0.5% [Florida]-2.4% [Georgia]) (Table 1). The median
number of comprehensive evaluations abstracted per child with
ASD ranged from two in Maryland to seven in Pennsylvania
(Table 1). During clinician review, more than half of these
children (54%; n = 2,757) were confirmed as meeting the ASD
case definition (range: 42% [Georgia]-81% [Florida]).

Overall ASD Prevalence Estimates

In 2006, the overall identified ASD prevalence per
1,000 children aged 8 years varied across ADDM sites
(range: 4.2 [Florida]—12.1 [Arizona and Missouri]) (Table 2).
The average across all 11 sites was 9.0 (CI = 8.6-9.3) per 1,000
children. Overall estimated ASD prevalence per 1,000 chil-
dren aged 8 years was significantly lower (p<0.01) in Florida
(4.2; CI = 3.5-5.0) than in all other sites, whereas overall
estimated ASD prevalence in Alabama (6.0; CI = 5.3-6.9)
was significantly lower (p<0.05) than identified ASD
prevalence in each of the remaining sites except Colorado
(7.5; CI = 5.7-9.8).

In general, estimated ASD prevalence was lower in ADDM
sites that relied solely on health sources to identify cases
(mean: 7.5 per 1,000 population; CI = 7.0-7.9) compared
with sites that also had access to education sources (mean:
10.2 per 1,000 population; CI = 9.7-10.7) (p<0.001). For sites
that relied solely on health sources, identified ASD prevalence
was significantly higher in Missouri (12.1) and significantly
lower in Florida (4.2) (p<0.001). Among sites with access to
education sources, identified ASD prevalence was significantly
higher in Arizona (12.1) than in each of the other sites (p<0.05)
whereas prevalence in Colorado (7.5) was significantly lower
(p<0.05) than in Arizona (12.1), Georgia (10.2), and North
Carolina (10.4). In sites with access to both health and educa-
tion sources, the proportion of ASD cases identified exclusively
from education sources ranged from 20% in North Carolina
to 78% in Arizona.
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TABLE 2. Estimated prevalence* (prev) of autism spectrum disorders (ASDs) among children aged 8 years, by sex and race/
ethnicity — Autism and Developmental Disabilities Monitoring Network, 11 Sites, United States, 2006

Sex
Total no. Total' Males Females Male-to-female
Site Total no. with ASDs Prev 95% CIT Prev 95% ClI Prev 95% ClI prevs ratio
Sites with access to health
records
Alabama 35,126 212 6.0 (5.3-6.9) 9.1 (7.8-10.6) 2.9 (2.2-3.8) 3.2
Florida 27,615 116 4.2 (3.5-5.0) 7.3 (6.0-8.9) 1.0 (0.6-1.7) 7.6
Missouri 26,533 321 12.1 (10.8-13.5) 19.3 (17.0-21.7) 4.7 (3.7-6.1) 4.1
Pennsylvania 17,886 150 8.4 (7.2-9.8) 13.3 (11.1-15.8) 3.3 (2.3-4.8) 4.0
Wisconsin 34,058 257 7.6 (6.7-8.5) 12.7 (11.1-14.5) 2.3 (1.6-3.1) 5.6
Sites with access to edu-
cation and health records
Arizona 41,650 504 121 (11.1-13.2) 18.9 (17.1-20.8) 4.9 (4.0-5.9) 3.9
Colorado 7,184 54 7.5 (5.7-9.8) 115 (8.5-15.6) 34 (1.9-6.0) 3.4
Georgia 46,621 474 10.2 (9.3-11.1) 16.6 (15.1-18.3) 3.4 (2.7-4.2) 4.9
Maryland 26,489 243 9.2 (8.1-10.4) 15.6 (13.7-17.9) 2.4 (1.7-3.4) 6.5
North Carolina 22,195 230 10.4 (9.1-11.8) 17.0 (14.7-19.5) 3.4 (2.5-4.7) 5.0
South Carolina 22,681 196 8.6 (7.5-9.9) 14.3 (12.3-16.6) 2.6 (1.8-3.7) 5.6
Race/ethnicity Prev ratio
White, non-Hispanic, Black, non-Hispanic Hispanic API** - -
White-to- White-to- Black-to-
Site Prev 95% CI Prev 95% ClI Prev 95% ClI Prev 95% ClI black Hispanic Hispanic
Sites with access to
health records
Alabama 5.8 (5.0-6.9) 6.8 (5.3-8.7) 0.6 (0.1-4.4) 2.7 (0.4-19.1 0.9 9.411 10.95§8
Florida 3.4 (2.3-5.2) 1.6 (0.9-3.0) 52  (4.1-6.5) —m - 2,11t 0.7 0.3
Missouri 13.7 (12.1-15.5) 5.1 (3.6-7.1) 2.6 (0.6-10.3) 7.8 (3.5-17.3) 2.788 5.3tt 2.0
Pennsylvania 101 (7.7-13.3) 7.5 (5.9-9.5) 7.7 (61-117) 1.0 (0.2-7.4) 1.4 1.3 1.0
Wisconsin 8.5 (7.4-9.8) 3.6 (2.4-5.4) 1.7 (0.8-3.5) 5.8 (2.8-12.2) 2.488 5.188 2.1
Sites with access
to education and
health records
Arizona 14.8 (13.1-16.6) 129  (9.0-18.6) 83 (7.0-9.7) 16.2 (10.4-25.1) 1.1 1.888 1.6t
Colorado 6.7 (4.6-9.8) 12.5 (7.1-21.9) 4.5 (2.3-9.1) 7.3 (2.4-22.6) 0.5 1.5 2.8tt
Georgia 12.0 (10.5-13.8) 9.5 (8.2—10.9) 4.8 (3.4-6.9) 7.8 (5.1-11.9) 1.3t 2.588 2.08§
Maryland 9.3 (8.0-10.8) 7.9 (5.9-10.6) 6.3 (3.0-13.2) 9.6 (5.5-17.0) 1.2 1.5 1.2
North Carolina 122 (10.4-14.3) 75  (5.6-10.0) 6.1 (3.7-10.0) 4.8 (1.5-14.8) 1.688 2.088 1.2
South Carolina 71 (5.7-8.7) 7.3 (5.7-9.3) 48 (2.0-114) 36 (0.5-25.2) 1.0 15 1.5

* Per 1,000 children aged 8 years.

T All children are included in the total regardless of race or ethnicity. The total also includes children for whom race/ethnicity was unknown.

§ All male-to-female ratios different within sites (p<0.01).

1l Confidence interval.

** Asian/Pacific Islander.

Tt Prevalence ratio significantly different within site (p<0.05).
§§ Prevalence ratio significantly different within site (p<0.01).
M No children identified in this group.

Prevalence by Sex and Race or Ethnicity

A consistent finding in all sites was that ASD prevalence was
significantly higher (p<0.001) among boys than among gitls.
ASD prevalence among males ranged from 7.3 in Florida to
19.3 in Missouri (average: 14.5 [CI = 13.9-15.1]) (Table 2).
ASD prevalence among females ranged from 1.0 in Florida to

4.9 in Arizona (average: 3.2 [CI = 2.9-3.5]). The combined

male-to-female prevalence ratio across all sites was 4.5:1
(range: 3.2:1 [Alabama]-7.6:1 [Florida]).

ASD prevalence also varied by race and ethnicity (Table 2).
Combining data from all sites, the average prevalence among
non-Hispanic white children (9.9; CI = 9.4—10.4) was signifi-
cantly greater than that among non-Hispanic black children
(7.2; CI = 6.6-7.8) and Hispanic children (5.9; CI = 5.3-6.6)
(Table 2) (p<0.001). For five (Florida, Georgia, Missouri,
North Carolina, and Wisconsin) of the 11 ADDM sites, ASD
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prevalence was significantly higher among non-Hispanic white
children than among non-Hispanic black children (p<0.05).
ASD prevalence was significantly lower among Hispanic
children than among non-Hispanic white children in six
sites (Alabama, Arizona, Georgia, Missouri, North Carolina,
and Wisconsin), and was significantly lower than prevalence
among non-Hispanic black children in four sites (Alabama,
Arizona, Colorado, and Georgia). Estimates for Asian/Pacific
Islander children ranged from 1.0 to 16.2, with wide Cls sug-
gesting that findings for this subgroup should be interpreted

with caution.

Special Education Eligibility

For sites that had full access to education records, informa-
tion in the records indicated that the vast majority of children
identified with an ASD for surveillance were receiving special
education services through public schools (Table 3). Wide
variation existed in the proportion of children who were docu-
mented to receive special education under an eligibility category
of autism (range: 34% [Colorado]-76% [Maryland]) (Table 3).
Other common special education eligibilities included “specific
learning disabilities,” “speech and language impairments,”
“other health impairments,” and “intellectual disabilities,” with
these proportions also varying by site (Table 3).

Previously Documented Classification
of ASD

Amongall children meeting the ADDM ASD surveillance case
definition, approximately 77% had a documented ASD classifi-
cation in their records (range: 65% [Arizona]-93% [Maryland]).

Overall prevalence estimates based on ADDM methods
were higher than those based on an ASD classification
documented by a community professional in the records
(Figure 2). The median age of earliest known ASD diagnosis
documented in children’s records varied (range: 41 months

[Florida]-60 months [Colorado]). Across all 11 ADDM sites,
the average age of diagnosis was 53 months (Table 4).

Cognitive Functioning

Data on cognitive functioning are reported for sites having
IQ test scores available on at least 70% of children who met
the ASD case definition. The proportion of children with ASDs
who had test scores indicating cognitive impairment (IQ <70)
ranged from 29.3% in Colorado to 51.2% in South Carolina
(average: 41%). In four of the six sites (Alabama, Arizona,
North Carolina, and South Carolina), a higher proportion of
females with ASDs had cognitive impairment compared with
males (Figure 3), although Arizona was the only site for which
the proportions differed significantly (p<0.05).

Developmental Characteristics
The vast majority of children with ASDs in all sites had

developmental concerns noted to occur before age 3 years
(Table 4) (range: 70% [Maryland]-95% [Alabama]). The
most commonly documented early developmental concern
was language delay. In 2006, the proportion of children with
an indication of developmental regression (i.e., loss of previ-
ously acquired skills in social, communication, play, or motor
areas) ranged from 13.3% in Alabama to 29.6% in Colorado
and Wisconsin (Table 4), whereas the proportion indicating

TABLE 3. Number and percentage of children aged 8 years identified with an autism spectrum disorder (ASD) and receiving special
education services* through public schools, by special education eligibilityt — Autism and Developmental Disabilities Monitoring
Network, 6 sites with access to education records, United States, 2006

Primary special education Arizona Colorado Georgia Maryland North Carolina  South Carolina
eligibility % % % % % %

Autism 48.6 34.1 60.0 75.7 61.4 51.2
Emotional disturbance 4.8 12.2 4.5 2.9 1.9 1.2
Specific learning disabilities 10.5 0.0 5.6 1.9 3.4 11.6
Speech/language impairments 11.4 26.8 3.1 7.8 7.2 9.1
Hearing or visual impairments 0.2 0.0 0.0 0.5 0.5 0.0
Orthopedic impairments 0.0 171 0.2 0.5 0.0 1.2
Other health impairments 6.6 0.0 12.7 4.4 5.3 11.0
Multiple disabilities 25 2.4 0.0 3.4 3.9 0.6
Intellectual disabilities 15.5 7.3 6.6 2.4 6.3 14.0
Developmental delay/preschool 0.0 0.0 7.3 0.5 10.1 0.0
Total no. of ASD cases (%S) 504 (96.0) 54 (75.9) 474 (89.7) 243 (84.8) 230 (90.0) 196 (83.7)

* For sites that had full access to education records, the percentage of children receiving special education included the number of children identified with
an ASD for surveillance who were receiving special education services through public schools over the total number of children identified with an ASD.

T The primary special education eligibility is the first category listed by the school system under which the child identified with an ASD was receiving special
education services through the public schools. Percentages were calculated by dividing the number of children classified by a specific eligibility category
by the total number of children with an ASD receiving special education in that site.

§ Percentage receiving special education services during 2006.
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FIGURE 2. Overall prevalence* of autism spectrum disorders
(ASDs) among children aged 8 years and prevalence of ASDs
among children with a previously documented ASD classifica-
tion,t by source type and order of ASD prevalence — Autism
and Developmental Disabilities Monitoring (ADDM) Network,
11 sites, United States, 2006

15

14 4 4 ADDM 2006 ASD Prevalence
139 @ Previously Documented ASD Classification Prevalence %
12 A
11 -
o 10 4 }
g 94 }
m -
g {
] 7
o 64

2 -
1 -
0 T T T T T T T T T T T

o . &
0’«\& ’b@‘b &b O&\o . &{b 0\\(\‘0 K é\é o&@ 0\\(\‘0 %00« 1/0&
X X O N N N J
T F&F&IE P

& &

QQA N o\
P <

* Per 1,000 population.

T Children were classified as having a previously documented ASD clas-
sification if they had 1) received a diagnosis of autistic disorder, pervasive
developmental disorder (PDD)—not otherwise specified, Asperger syn-
drome, PDD, or ASD by a qualified professional that was documented in
an evaluation record or 2) had received special education services under
an autism eligibility category.

developmental plateau (i.e., lack of continued development
without clear evidence of regression) was consistently lower

(range: 3.2% [Georgia]-10.9% [Missouri]) (Table 4).

Comparison Between 2002 and 2006
Prevalence Estimates

All of the 10 ADDM sites that provided data for both
2002 and 2006 reported an increase in identified ASD
prevalence among children aged 8 years within each site
(range: 34%-95%; p<0.01) except Colorado, (p=0.19),
with an average increase of 57% (6.0 to 9.4 cases per 1,000
population; p<0.0001) (Table 5). Although the direction and
magnitude of change within various subgroups differed across
sites, aggregate increases were observed within all major sex,
racial/ethnic, and cognitive functioning categories.

Increases in identified ASD prevalence were found among
boys in nine sites and among girls in four sites. On aver-
age, identified ASD prevalence increased 60% among
males (from 9.5 to 15.2; p<0.001) and 48% among females
(from 2.3 to 3.4; p<0.001).

For all sites except Colorado, Pennsylvania, and South
Carolina, a significant increase was noted in identified ASD
prevalence among non-Hispanic white children, with an aver-

age increase of 55% (p<0.001) (Table 5). The average increase
in identified ASD prevalence among non-Hispanic black
children was 41% (p<0.001) and also was significant within
four sites (Alabama, Arizona, Georgia, and Pennsylvania).
For Hispanic children, overall prevalence of ASDs increased
91% (p<0.001), primarily attributable to the sizable Hispanic
population and an increase in prevalence of 144% in Arizona.
Prevalence among Hispanic children did not change signifi-
cantly within any of the other 10 sites.

For sites having 1Q test scores available for 270% of per-
sons identified with an ASD, a 35% increase (range: 0-96%)
in identified ASD prevalence was reported among chil-
dren with cognitive impairment (IQ <70), a 90% increase
(range: 21%—-180%) among children with borderline intel-
lectual functioning (IQ 71-85), and a 72% increase (range:
24%-116%) among children with average to above-average
intelligence (IQ >85) (Table 5).

During 2002-2006, the proportion of children who met the
ASD case definition and had a previously documented ASD clas-
sification in their records increased <5%), on average, across the
10 sites, from 72% in 2002 to 77% in 2006. Within sites, this
increase ranged from <1% in Alabama and Georgia to >15% in
Colorado. Average ASD prevalence based on documented ASD
classification in records increased 64% (from 4.4 to 7.2 per 1,000
population), paralleling the 57% increase in ADDM-identified
ASD prevalence estimates (Figure 4). When only ASD diagno-
ses (i.e., excluding an autism eligibility classification for special
education services) documented by a community professional
were considered, the specific ASD diagnosis subtype could be
examined to indicate children who ever had received a diagnosis
of autism (autistic disorder) documented in records at any time
through age 8 years and those who received a diagnosis of another
subtype of ASD (Asperger disorder, PDD-NOS, ASD, or PDD
without subtype specified). In 2002, an average of 44.9% (range:
32.7%-52.5%) of children with ADDM-identified ASD had
ever received an autism diagnosis compared with 47% (range:
38.1%—-61.1%) in 2006. For all those who received ASD
diagnoses other than autism, no overall change was observed
across all sites, with an average of 23.7% (range: 9.3%-39%)
in 2002 and 23.8% (range: 7.4%—37%) in 2006 (Figure 5). No
consistent pattern existed in the use of ASD subtype diagnoses
across the sites from 2002 to 2006. During 2002-2006, the
median age of earliest documented ASD diagnosis decreased in
all sites, from a decrease of 1 month in Wisconsin to 15 months
in Alabama (Table 6).

Considering changes in the surveillance identification
process from 2002 to 2006, data sources were stable within
sites. For seven sites (Alabama, Colorado, Georgia, Maryland,
Pennsylvania, South Carolina, and Wisconsin), the propor-
tion of children identified with ASDs who were born in and
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TABLE 4. Median age in months of the earliest dignosis of an autism spectrum disorder (ASD) with developmental concerns* at
age <3 years,t by median age in months at which concerns were noted, and proportion and median age in months of children for
whom developmental regression or plateau was noted in records — Autism and Developmental Disabilities Monitoring Network,
11 Sites, United States, 2006

Age of earliest

ASD diagnosis General Imaginative = Developmental Developmental
Total on record concern Social Language play regression plateau
no. with
Site ASDs Median (Range) % Median % Median % Median % Median % Median % Median
Alabama 212 51 (22—99) 953 <24 mos 557 <36mos 858 <24mos 245 <36mos 23.1 24 4.7 21

Arizona 504 59 (5-104) 88.3 <24mos 425 <36mos 815 <24mos 171 <36mos 13.3 24 5.8 24
Colorado 54 60 (23-97) 852 <24mos 481 <36mos 759 <24mos 259 <36mos 29.6 30 3.7 23
Florida 116 41 (9-98) 940 <12mos 276 <24mos 845 <12mos 6.9 <24mos 28.4 18 3.4 15
Georgia 474 53 (2-101) 90.7 <24mos 414 <36mos 79.7 <24mos 13.1 <36mos 20.7 19 3.2 24
Maryland 243 58 (18-105) 69.5 <24mos 36.6 <36mos 547 <24mos 7.8 <36mos 23.0 18 3.7 24
Missouri 321 53 (10-102) 81.3 <24mos 43.3 <24mos 726 <24mos 11.8 <36mos 24.3 18 10.9 24
North 230 50 (15-106) 86.5 <24mos 474 <36mos 752 <24mos 235 <36mos 23.9 19 8.7 21
Carolina
Pennsylvania 150 52  (19-105) 920 <24mos 46.0 <36mos 820 <24mos 16.7 <36mos 22.0 24 3.3 12
South 196 54 (13-103) 89.3 <24mos 378 <36mos 832 <24mos 16.3 <36mos 21.4 15 6.1 18
Carolina
Wisconsin 257 53 (18-106) 879 <12mos 50.2 <24mos 77.0 <24mos 315 <24mos 29.6 18 7.4 18

* For each child, all evaluation information was reviewed to categorize any concerns noted in developmental evaluations concerning the child’s develop-
mental status before age 3 years; any specified concerns regarding the development of social, language, or imaginative play before age 3 years also were
documented.

fIndicates that the developmental concern was noted to occur at or before age either 12, 24, or 36 months.

still resided in the surveillance areas did not change >5%. The
three sites (Arizona, Missouri, and North Carolina) that had
the greatest increases in ASD prevalence also had the largest
increases during 2002—-2006 in the proportion of children aged
8 years who were born in and still resided in the surveillance
area, indicating a more stable population by 2006. Some differ-

ences were noted in the proportion of files that were located for
review. Sensitivity analyses conducted by all sites determined
that files that were eligible for review but not located contrib-
uted to <5% of the change in prevalence in all sites except
South Carolina, for which approximately 13% of the 43%

FIGURE 3. Intelligence quotient (IQ) of children aged 8 years with an autism spectrum disorder (ASD) for whom psychometric
test data were available,* by site, sex, and IQ score — Autism and Developmental Disabilities Monitoring Network, 11 sites, United

States, 2006
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*Sites with psychometric test data on >70% of children identified with an ASD were included.
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TABLE 5. Prevalence of autism spectrum disorder (ASD) among children aged 8 years,* 2002-to-2006 rate ratio, and percentage
of prevalence change — Autism and Developmental Disabilities Monitoring Network, 10 sites, 2002 and 2006

North South
Alabama Arizona Coloradof Georgia Marylandt Missouri Carolinat Pennsylvania Carolina Wisconsin Average
Total ASD
2002* 3.3 6.2 5.9 7.6 6.7 7.3 6.5 5.3 6.0 5.2 6.0
2006* 6.0 121 7.5 10.2 9.2 121 10.4 8.4 8.6 7.6 9.4
2002-t0-2006 rate ratio 1.98 2.08 1.3 1.38 1.47 1.78 1.68 1.68 1.47 1.58 1.68
(95% CI**) (1.5-2.3) (1.7-2.3) (0.9-1.8) (1.2-1.5) (1.1-1.7) (1.4-2.0) (1.3-2.0) (1.3-2.1) (1.2-1.8) (1.2-1.8) (1.5-1.7)
% change 82 95 27 34 37 66 60 58 43 46 57
Male
2002 5.0 10.1 9.9 124 10.2 11.3 10.6 8.6 9.2 7.9 9.5
2006 9.1 18.9 1.5 16.6 15.6 19.3 17.0 13.3 14.3 12.7 15.2
2002-t0-2006 rate ratio 1.88 1.98 1.2 1.38 1.58 1.78 1.68 1.51 1.68 1.68 1.68
(95% Cl) (1.4-2.3) (1.6-2.2) (0.8-1.7) (1.2-1.6) (1.3-1.9) (1.4-2.1)  (1.2-2.0) (1.2-2.0) (1.2-2.0) (1.3-2.0) (1.5-1.7)
% change 82 87 16 34 53 71 60 55 55 61 60
Female
2002 1.4 2.2 1.7 2.6 3.0 3.1 2.1 1.8 2.7 2.3 2.3
2006 2.9 4.9 3.4 3.4 24 4.7 34 3.3 2.6 2.3 3.4
2002-t0-2006 rate ratio 211 228 2.0 1.3 0.8 1.5t 1.6 1.8tt 0.9 1.0 1.58
(95% Cl) (1.3-3.3) (1.6-3.1) (0.9-4.8) (0.9-1.8) (0.5-1.3) (1.0-2.2) (1.0-2.8) (1.0-3.3) (0.6-1.6) (0.6-1.6) (1.3-1.7)
% change 107 123 100 31 -20 52 62 83 -4 0 48
White, non-Hispanic
2002 3.3 7.7 6.4 8.9 7.0 7.7 6.4 7.6 6.0 5.9 6.6
2006 5.8 14.8 6.7 12.0 9.3 13.7 12.2 10.1 71 8.5 10.2
2002-t0-2006 rate ratio 1.88 1.98 1.1 1.41 1.3 1.88 1.98 1.3 1.2 1.51 1.58
(95% Cl) (1.4-2.4) (1.6-2.3) (0.7-1.7) (1.1-1.7)  (1.1-1.7) (1.5-2.2)  (1.5-2.5) (0.9-2.0) (0.9-16) (1.2-1.8) (1.4-1.7)
% change 76 92 5 35 33 78 91 33 18 44 55
Black, non-Hispanic
2002 3.4 6.3 6.4 6.8 6.2 4.7 7.2 4.2 5.5 3.7 5.4
2006 6.8 12.9 12.5 9.5 7.9 5.1 75 7.5 7.3 3.6 7.6
2002-t0-2006 rate ratio 2.01 2.1t 2.0 1.41 1.3 1.1 1.0 1.81 1.3 1.0 1.48
(95% Cl) (1.3-3.1) (1.1-3.9) (0.7-5.2) (1.1-1.8)  (0.9-1.9) (0.7-1.7)  (0.7-1.6) (1.2-2.6) (0.9-1.9) (0.5-1.7) (1.2-1.6)
% change 100 105 95 40 27 9 4 79 33 -3 41
Hispanic
2002 1.9 3.4 2.0 4.6 1.4 1.8 41 4.7 4.4 0.3 3.2
2006 0.6 8.3 4.5 4.8 6.3 2.6 6.1 7.7 4.8 1.7 6.1
2002-t0-2006 rate ratio 0.3 2.48 23 1.0 4.7 1.4 1.5 1.6 1.1 5.8 1.98
(95% Cl) (0.3-3.6) (1.8-3.3) (0.7-7.7) (0.6-1.9) (0.6-38.0) (0.1-15.6) (0.6-3.6) (0.8-3.2) (0.3-4.5) (0.7-46.9) (1.5-2.4)
% change -68 144 125 4 350 44 49 64 9 467 91
1Q <70
2002 1.4 23 1.6 35 —8§ — 29 — 3.2 — 2.6
2006 2.2 4.5 1.7 3.5 —_ —_ 3.9 - 3.8 —_ 3.5
2002-t0-2006 rate ratio 1.61t 2.08 1.0 1.0 — — 1.3 — 1.2 — 1.38
(95% Cl) (1.1-2.3) (1.6-2.5) (0.5-2.1) (0.8-1.3) (0.9-1.8) (0.9-1.6) (1.2-1.5)
% change 57 96 6 0 — — 34 — 19 — 35
1Q =71-85
2002 0.5 1.2 1.4 1.3 — — 1.4 — 0.6 — 1.0
2006 1.4 25 1.7 2.1 — — 1.9 — 1.5 — 1.4
2002-t0-2006 rate ratio 2.9§ 2,18 1.3 1.61 — — 1.4 — 247 — 1.98
(95% Cl) (1.7-5.1)  (1.5-2.9) (0.6-2.6) (1.2-2.2) (0.9-2.2) (1.3-4.3) (1.6-2.2)
% change 180 108 21 62 — — 36 — 150 — 90
1Q >85
2002 0.6 22 1.7 23 — — 1.9 — 1.7 — 1.8
2006 0.9 4.2 2.4 3.7 — — 41 — 21 — 3.1
2002-t0-2006 rate ratio 1.7 2.08 1.4 1.68 — — 2.28 — 1.2 — 1.78
(95% Cl) (1.0-2.9) (1.5-2.5) (0.7-2.6) (1.3-2.1) (1.5-3.2) (0.8-1.8) (1.5-2.0)
% change 50 91 41 61 — — 116 — 24 — 72

* Prevalence of ASD per 1,000 children aged 8 years in the surveillance year indicated.

t Slight variations existed in counties included in surveillance areas in 2002 and 2006.

§ p<0.001.

1 p<0.01.

** Confidence interval.
1 p<0.05.

§§ Data not reported for sites with intellectual quotient (1Q) data for <70% of persons with ASDs.

Rate ratios calculated with 2006 as the numerator and 2002 as the denominator.
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FIGURE 4. Change in prevalence* of autism spectrum disorders (ASDs) among children aged 8 years, by classification type —
Autism and Developmental Disabilities Monitoring Network (ADDM), 10 sites, United States, 2002 and 2006
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*Per 1,000 children aged 8 years in the surveillance area.
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FIGURE 5. Change in subtype of autism spectrum disorder (ASD) as documented in evaluation records, by year — Autism and
Developmental Disabilities Monitoring Network, 10 sites, United States, 2002 and 2006
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* Includes documented diagnoses of Asperger disorder, Pervasive Developmental Disorder—Not Otherwise Specified, Autism Spectrum Disorder or Pervasive
Developmental Disorder, or an International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) code of 299.8.

prevalence increase from 2002 to 2006 could be explained by 2006. In addition, a qualitative assessment of differences in
improved ability to locate records for review. the information contained in developmental evaluation records

For the 10 sites that reported data for both 2002 and 2006, across sites conducted by polling the clinicians reviewing the
an average of four evaluations were abstracted per child in records indicated that the quality and amount of information

2002 compared with five evaluations abstracted per child in contained in the evaluation records improved steadily over
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TABLE 6. Number of children aged 8 years with autism spectrum disorder (ASD), by median age in months at earliest known
diagnosis — Autism and Developmental Disabilities Monitoring Network, 11 Sites, United States, 2002 and 2006

2002

Age* of earliest ASD diagnosis on record

Total no. with

2006

Age of earliest ASD diagnosis on record Change in age of

earliest ASD diag-
nosis on record,

Total no. with

Site ASDs Median Range ASDs Median Range 2002 to 2006
Alabama 116 66 (10-101) 212 51 (22-99) -15
Arizona 280 63 (20-101) 504 59 (5-104) -4
Colorado 65 62 (12-100) 54 60 (23-97) -2
Georgia 337 58 (23-103) 474 53 (2-101) -5
Maryland 199 60 (21-105) 243 58 (18-105) -2
Missouri 205 56 (20-106) 321 53 (10-102) -3
North Carolina 135 53 (21-99) 230 50 (15-106) -3
Pennsylvania 111 58 (24-94) 150 52 (19-105) -6
South Carolina 140 60t (14-103) 196 54 (13-103) -6
Wisconsin 181 54 (11-104) 257 53 (18-106) -1
*In months

1 Data published previously for 2002 (CDC. Prevalence of autism spectrum disorders—autism and developmental disabilities monitoring network, 14 sites,
United States, 2002. In: Surveillance Summaries, February 9, 2007 MMWR 2007;56[No. SS-1]:12—28) reported South Carolina’s earliest age of ASD
diagnosis at age 64 months. These data have been updated to include the earliest known ASD diagnosis reported in the records.

time, with noticeable increases in level of detail documented

on ASD symptoms by 2006.

Discussion

Across the 11 ADDM sites, retrospective estimates from
the year 2006 indicated ASD prevalence ranging from 4.2 to
12.1, with most sites identifying prevalence of 7.5 to 10.4 cases
per 1,000 children aged 8 years (average: 9 cases). This report
provides updated data from the ADDM Network indicating
an average prevalence of ASDs in the United States approach-
ing 1%, which is substantially higher than previously reported
ADDM average estimates (4,12). The first ADDM Network
reports from 2000 and 2002 indicated average identified ASD
prevalence among children aged 8 years of 6.7 and 6.6 cases per
1,000 children, respectively, with one site, New Jersey, identify-
ing prevalence of approximately 10 cases per 1,000 children in
2000 and 2002 (4,12). A recent U.S. study analyzing national
survey data for 2007 of parents’ reports of ASDs indicated that
approximately 1% of all children aged 3—17 years and 1.3%
of all children aged 6-8 years had an ASD (21). Recently
published international studies have reported ASD prevalence
estimates upward of 1% (12,17-20). Recent studies indicating
changes in ASD prevalence are consistent in finding increases in
identified ASD prevalence. However, no studies have addressed
the multiple complex contributions of changes in ascertain-
ment and potential risk factors. Because ASDs are behaviorally
defined conditions identified on the basis of observation and
reported symptoms, evaluations of ASD prevalence across
multiple studies and methodologies are especially informative.
The ADDM Network provides a systematic confirmation of
documented ASD classifications and symptoms. In addition,

the methodology identifies children who have documented
symptoms of an ASD but have not previously received an ASD
diagnosis by a community professional, increasing complete-
ness of ASD prevalence estimates.

In general, ADDM ASD prevalence estimates were lower in
sites that relied solely on health sources to identify cases com-
pared with sites that also had access to education records. In
Missouri, although investigators did not have direct access to
special education evaluation records, this information could be
found in the regional developmental disabilities programs, which
provide evaluation and treatment coordination. Lack of access
to education records appears to have had the greatest impact on
identified ASD prevalence in Alabama and Florida.

Consistent with findings from previous ADDM Network
reports and other studies (24, 12), data from the 2006 surveil-
lance year indicated that ASD prevalence was 4.5 times higher
in males than in females. Among children aged 8 years, ASD
prevalence was 14.5 per 1,000 males compared with 3.2 per
1,000 females. Research exploring these marked sex differ-
ences suggests differences in the developmental profiles and
potential etiologies between males and females with ASDs (33).
Identified ASD prevalence also varied by race/ethnicity, with
some sites showing higher ASD prevalence estimates among
non-Hispanic white children than among non-Hispanic black
children and Hispanic children. Considerable variability has
been reported across studies in the racial disparities of ASDs
(33). Further examination of socioeconomic factors and sub-
groups of children might provide more clarity on whether racial
or ethnic disparities reflect differences in ascertainment issues,
environmental risk factors, and genetic susceptibility.

Children identified with an ASD in 2006 reflect a group with
less co-occurring cognitive impairment than the population
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identified 220 years ago, when autism was conceptualized in
a more severe and singular form compared with the spectrum
of disorders identified today (2,34). In 20006, of all children
with an ASD for whom testing documentation was available,
41% had cognitive impairment. When modern criteria are
applied, children identified are less likely to test as having
general cognitive impairments, and unusual learning profiles
indicating scatter in cognitive skills rather than across-the-
board cognitive delays might be more salient indicators of an
ASD than intellectual impairment (35).

Children with ASDs can experience a loss of developmental
skills, a plateau in development, or both. Up to 30% of children
identified by ADDM Network sites as having an ASD had
reports of significant skill loss or regression, usually before age
2 years, whereas up to 11% experienced a reported plateau in
development early in life. These findings are consistent with
those provided in previous ADDM Network reports (4,12).
Incorporating descriptions of loss or plateau of skills into clini-
cal and research practices might provide insight into the pos-
sible unique etiologic pathways leading to the developmental

challenges faced by a subset of children with ASDs (36).

Changes in ASD Prevalence During
2002-2006

Data from the 10 ADDM sites with results from multiple
surveillance years (4, 12) indicate a significant average increase
(57%) in identified ASD prevalence in 2006 compared with
2002 (range: 27%-95%). The only site not showing a statis-
tically significant increase was Colorado; this probably was
attributable to the relatively small population of children aged
8 years in the surveillance area and the slightly lower magnitude
of change, limiting the power to detect change compared with
other sites. On average, ASD prevalence increased across all sex,
racial/ethnic, and cognitive functioning subgroups. For all sites,
the most consistent pattern was the increase in identified ASD
prevalence for males. Otherwise, no clear subgroup patterns
emerged to reflect a consistent group that accounted for the
overall increase in identified ASD prevalence across all sites.

Factors Affecting Changes in
Identified ASD Prevalence

Whether the increases in identified ASD prevalence observed
in the ADDM Network data are attributable to a true increase
in the risk for developing ASD symptoms or solely to changes
in community awareness and identification patterns is not
known (2,3,37-39). Understanding the relative contribution
of multiple factors is important. Because the ADDM Network
identifies children with ASDs on the basis of evaluation records,

the primary ways in which increased identification and aware-
ness could account for differences in ASD prevalence across
sites or over time in the same site are differences in the popula-
tion from which the records were drawn, the record screening
process, or the way in which social and other ASD behaviors
were documented in the developmental evaluation records.
One possible gauge of improved community awareness is the
change in the proportion of children identified as having ASDs
who received a documented ASD classification from a com-
munity professional. During 2002-2006, the proportion of
children identified with an ASD for surveillance who received
adocumented classification of an ASD by a community profes-
sional increased in all sites and paralleled the increase observed
in ADDM-identified ASD prevalence overall. Although com-
munity identification of children with ASDs increased during
the study period, this factor alone does not explain fully the
increase in ADDM-identified prevalence.

The widening of diagnostic criteria over time to include
persons who are more mildly affected has been suggested
frequently as a factor influencing increases in ASD prevalence
(2,3,37-39). Although not a perfect indicator of degree of
impairment severity, the broader spectrum might be repre-
sented by children who received a diagnosis from a community
professional of a broader ASD subtype (i.e., Asperger disorder,
PDD-NOS, or ASD or PDD, broadly defined) compared with
autism (autistic disorder). However, in this analysis, a clear
shift was not identified from 2002 to 2006 in the use of the
more broadly defined ASD diagnoses. In fact, for several sites,
increases were recorded in the use by community professionals
of the autism diagnosis rather than the other ASD diagnoses.
Another indicator of identifying children on the more mild end
of the spectrum would be a differential increase in prevalence
among children with borderline or average to above-average
cognitive functioning. Although the overall pattern among
these higher cognitive functioning groups indicated substan-
tial increases in ASD prevalence, increases also were observed
among children with cognitive impairment. Increases varied
across sites, and a clear pattern did not emerge that would per-
mit attributing the majority of the increase in ASD prevalence
to the use of the broader ASD spectrum.

Early identification and intervention of ASD is crucial
to maximizing a child’s potential and quality of life. Earlier
identification might influence ADDM prevalence estimates
(40—45). For example, if children are being identified earlier,
they might be included in the prevalence estimates when pre-
viously they would not have been. This might be particularly
true for children on the milder end of the ASD spectrum. In
2002, the earliest ASD diagnosis ranged from 53—66 months,
compared with 50-60 months for ASD cases in 2006. All sites
reported a reduction in the median age of earliest ASD diagno-
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sis (range: 1 month [Wisconsin]-15 months [Alabama]), with
an overall trend across all sites of a reduction of approximately
5 months. Although encouraging, this trend toward earlier
identification was modest and still quite delayed compared
with the documented concerns about the child’s development
occurring before age 2 years. For children identified with an
ASD by age 8 years, the reduction of age of identification does
not appear to be a substantial factor influencing prevalence
estimates; however, further analysis of this issue is needed.

The variation in ASD prevalence among demographic
subgroups might reflect local patterns in who is evaluated for
developmental concerns, in how those concerns and behaviors
are documented in developmental evaluation records, and in
differential risk for ASD according to these subgroups. The
increase in ASD prevalence among males is not unexpected
given the consistently reported sex difference, but whether
this is attributable to improved identification or to increased
risk among some males is not known. The greater variability
among increases for females is more likely to be attributable
to improved recognition of ASD symptoms among females.
Differences in identified ASD prevalence by race/ethnicity
have been hypothesized to reflect changes in identification
patterns because no clear etiologic hypotheses have been pro-
posed that would predict differences in ASD prevalence by
race or ethnicity. The role of race/ethnicity is not independent
of socioeconomic factors related to community identification
patterns (33,46,47). The role of these factors as risk indicators
is debated (33).

Factors related to the record review process that might affect
identified ASD prevalence include the type and stability of data
sources, screening criteria, and ability to locate files for review
over time. Data sources were relatively stable for all sites, and
although sites with access to both health and education data
had higher average identified ASD prevalence, the inclusion of
education sources was consistent for these sites from 2002 to
2006. Application of screening criteria also was stable within
sites from 2002 to 2006. For certain sites, the ability to locate
records between the two time periods differed, but this fac-
tor explained <5% of the change in prevalence in each of the
sites, except South Carolina; in that site, approximately 13%
of the 43% increase in prevalence during 2002-2006 could be
explained by improved ability to locate records for review.

Another factor that might contribute to increases in iden-
tified prevalence is the quality and quantity of behavioral
information in records. Because case determination relies on
descriptions in records, the existence of greater detail in records
for the 2006 study year potentially would have provided
more data to confirm cases in 2006 than in 2002. Improved
symptom documentation most likely is connected to increased
awareness and identification; however, increased documenta-

tion based on risk cannot be ruled out. In the first ADDM
Network data reports (4,12), the highest ASD prevalence in
the New Jersey site was speculated to be attributable either to
better symptom documentation in developmental evaluation
records for that site or to a true increased prevalence. If the
former were the case, other sites would be expected over time
to show increases approaching the estimates in New Jersey as
community awareness and service availability expand, which
did occur in 2006 for all sites. Although New Jersey did not par-
ticipate in the ADDM Network for 2006, the site has been col-
lecting similar data and is working with the ADDM Network
to report updated prevalence results. Therefore, whether the
prevalence in New Jersey also has increased over time remains
to be seen. For the sites for which data are provided in this
report, an assessment of the quantity of available data indicated
that the average number of evaluations abstracted per child
was four in 2002 and five in 2006. The average increase of
one more evaluation per child might indicate that additional
documentation enabled more complete case confirmation in
2006. A qualitative assessment of differences in the informa-
tion contained in developmental evaluation records suggested
that the quality and amount of information contained in the
evaluation records improved steadily over surveillance years,
with noticeable increases in level of detail on ASD symptoms
by 2006. Therefore, improved information reflected in more
evaluations with more detail likely contributed to some of the
increases in identified ASD prevalence.

Variation in change of residence of the base population
from which records are screened also might potentially affect
prevalence over time. Potential indicators include the migra-
tion patterns of children residing in the surveillance area and
changes in the population of children in special education from
which records were screened. For seven sites, the overall patterns
indicated by the proportion of children born and still residing
in the surveillance areas indicated relative stability from 2002 to
2006. The three sites (Arizona, Missouri, and North Carolina)
that had the greatest increases in ASD prevalence also had the
largest increases during 2002—-2006 in the proportion of children
who were born in and still resided in the surveillance areas at
age 8 years, indicating a more stable population by 2006. The
improved stability of the population might have improved the
site’s ability to collect adequate information to confirm ASD case
status on more children in these sites; however, for the major-
ity of sites, changes in migration patterns appear to have had a
minimal influence on ASD prevalence changes.
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Strengths of the ADDM Network
Methodology

The systematic implementation of the ADDM Network
methodology, which requires standardized training of abstrac-
tors and clinician reviewers, ongoing monitoring for quality
assurance, and standardization of methods to confirm cases
and conduct analyses, produces highly reliable and valid data
(27). The level of detail collected and reviewed on children
from multiple sources improves on previous estimates based
solely on administrative records or single-source surveillance.
The use of consistent methods across sites and over time has
enabled researchers to begin to evaluate changes in ASD
prevalence. The ADDM methods have great utility given their
ability to identify children with the profile consistent with an
ASD regardless of whether the child was classified as having
autism for services. On the basis of ADDM data, if prevalence
estimates depended solely on the documented classification of
ASD, prevalence would be underestimated by 5%-22%. The
ability to link ADDM data with external data sources affords
the ability to examine potential risk factors beyond the scope
of surveillance data alone. Routine linkages of ADDM data
with birth certificate and census files enables evaluation of
such potential risk factors as parental age (48), multiple births
(49), and socioeconomic characteristics (33,47). In addition,
determining the prevalence of children at age 8 years reduces
the influence of earlier ages of identification and enables the
inclusion of children whose developmental issues might not
be recognized until they reach school-age (37).

Limitations

The data provided in this report are subject to at least three
limitations. First, multiple factors can contribute to changes
in prevalence estimates obtained through retrospective record
review (27). The existence of the records, the ability to locate
them, and the quantity and quality of the information in the
records are all relevant issues that affect ASD prevalence using
ADDM methods. Because overall prevalence was lower among
the sites with access to health evaluations alone, sites that lacked
access to education evaluations or to another source that pro-
vides free evaluations to the public likely underestimated ASD
prevalence. In addition, sites without access to education evalu-
ations have been unable to obtain sufficient data to examine
the role of cognitive functioning among children with ASDs.
These points underscore the need to improve the accessibility
of education sources and evaluations. Second, the majority
of sites did not include private schools, charter schools, and
clinical providers or service centers with small numbers of cli-
ents. Previous reports suggest that the impact of not reviewing
records of children who are private or homeschooled is mini-

mal (27). Regardless of the type of data source access, specific
data sources from 2002 to 2006 were relatively stable within
all sites. Finally, direct in-person evaluation of each child to
determine case status is not part of a records-based approach to
surveillance. However, the surveillance approach minimizes the
burden on children and their families and reduces response bias
and validation of the symptom profile consistent with an ASD
is verified by clinician review. In addition, CDC is conducting
avalidation study comparing records-based to direct evaluation
methods. Although the ADDM sites were not selected to be
a nationally representative sample, the population included
represents a substantial number of children, >300,000 (7.9%)
of all children in the United States aged 8 years in 2006.

Public Health Implications

The data in this report, which indicate prevalence of ASDs
approaching approximately 1% of U.S. children aged 8 years,
corroborate other recently published data (12,17-21) and confirm
that ASDs are an important public health concern. The progressive
increases in ASD prevalence recorded during 2002—2006 further
underscore the need to understand better the risk factors and
causes of these conditions. Although researchers can begin to evalu-
ate trends with the data provided in this report, caution is urged,
given the likelihood of some variation over time in prevalence of
behaviorally defined conditions such as ASDs. No single factor
explains the changes identified in ASD prevalence over time, and
much needs to be done to understand the relative contribution of
the multiple factors involved. Although some of these increases
can be accounted for by improved identification and awareness,
the steady increase in ASD symptoms in the population possibly
reflects increased risk, particularly among males. Some progress
has been reported in quantifying the effect of single factors such
as reduction in age of diagnosis and inclusion of milder cases
(45) or shifting in diagnostic patterns (50) on increased autism
prevalence. However, these analyses are limited by the use of
single-source datasets, which contain primarily data on children
with autism rather than on those with the whole spectrum of
ASDs. More complete datasets and complex models are needed
to assess further the influence of the multiple factors discussed in
this report on the changing prevalence of ASDs.

Whether identified ASD prevalence estimates will plateau or
continue to increase is unknown. The ADDM cohorts in this
report comprise children born in 1994 (for 2002 data) and
1998 (for 2006 data). Children born starting in the mid-to-late
1990s were particularly susceptible to the changing influence
of the new DSM-IV criteria in 1994 and to increased autism
awareness among the public and health professionals (2,3).
The impact on estimated ASD prevalence of the broadening
of diagnostic criteria and the increased awareness of ASDs
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might reach a high point and then diminish after a period of
time. Therefore, evaluating the prevalence of ASDs among
children born in this millennium using the same standard for
evaluating the change in ASD symptoms over time is critical
to understanding the current and changing population of
children with ASDs. Of note, recent research indicates that
the core social traits of autism are distributed in the population
along a continuum (57); where the line is drawn between trait
measures regarded as normal variance in behavior versus those
labeled as impairment or disability might affect ASD prevalence
estimates. The landscape of ASD diagnoses is likely to change
with the introduction of the next version of the DSM expected
in 2012. Efforts are needed to examine prevalence changes in
other childhood conditions such as attention-deficit/hyperac-
tivity disorder, asthma, and allergies to assess whether changes
in ASD prevalence are occurring in isolation (52-54).

Efforts are needed to understand how complex genetic and
environmental factors interact to result in the symptoms which
make up the autism spectrum. In addition to changes in ASD
prevalence by race/ethnicity, sex, and cognitive functioning,
other potential risk factors (e.g., variations by urban and rural
area, sociodemographic status, perinatal complications, and
parental age) also need to be studied further. ADDM data
are being analyzed to understand better the roles of these
and other factors. Studies such as the Study to Explore Early
Development, a CDC-funded study examining a wide array
of risk factors for ASD are being conducted and are necessary
to test hypotheses more fully. In addition, the coordination
of research priorities between public and private organizations
through the Interagency Autism Coordinating Committee of
the National Institutes of Health and acceleration of research
on ASDs highlights the need for an urgent, coordinated, and
multiprong approach to ASD research.

Experienced clinicians using standardized methods can
diagnose autism reliably in children as young as age 2 years,
and these diagnoses tend to be stable within the ASD spectrum
(55,56). These data provide further evidence (57) that a signifi-
cant lag exists between earliest concerns and actual reported
identification of an ASD, thus contributing to potentially
significant delays in intervention. Because of the benefit of
early intervention (40), identification of ASDs at earlier ages
is essential to ensure that children in the United States receive
optimal early intervention services. In addition to community
professionals providing diagnosis, many children who did not
have an ASD diagnosis recorded in their record as of 2006
were receiving special education services through an autism
eligibility in the public schools. Public schools are playing a
crucial role in evaluating, identifying, and serving children

with ASDs. CDC is working with caregiver and professional
groups through the “Learn the Signs. Act Early.” public aware-
ness campaign to provide education on the early recognition
of signs of ASDs and other developmental disabilities (47). In
addition, in 2007, the American Academy of Pediatrics recom-
mended that routine screening for autism occur for all children
as part of ongoing developmental screening during the 18- and
24-month well-child visits (42,43). In the future, ADDM data
can be used to monitor changes in early identification that
potentially result from increased education efforts.

More children than ever before are receiving services for
ASDs and are having symptoms of ASDs documented in
developmental evaluation records. Even without fully under-
standing the complex causes of this increase in identified ASD
prevalence, the impact on affected children, families, and
communities is substantial. Prevalence estimates can be used
to plan policy, educational, and intervention services needs for
persons with ASDs. In addition to continued evaluation of
ASD prevalence changes, major collaborative efforts are needed
to improve research into what factors put certain people at risk
and how to intervene to help reduce the debilitating symptoms
of ASDs. Concerted efforts are essential to address the many
needs of affected persons and to provide coordinated support
services which improve daily functioning and long-term life
outcomes.
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Appendix

Brief Update: Prevalence of Autism Spectrum Disorders (ASDs) —
Autism and Developmental Disabilities Monitoring (ADDM) Network,
United States, 2004

CDC and seven site project teams from the Autism and
Developmental Disabilities Monitoring (ADDM) Network
(1,2) (Table 1) collaborated in monitoring the prevalence of
autism spectrum disorders (ASDs) in 2004 in selected areas
of eight states: Alabama (three counties in central Alabama),
Arizona (districts in one county, including metropolitan
Phoenix), Georgia (the CDC site in five counties in metropoli-
tan Atlanta), Maryland (five counties in suburban Baltimore),
Missouri (five counties in metropolitan St. Louis), North
Carolina (eight central counties), South Carolina (23 coun-
ties in the Coastal and PeeDee regions), and Wisconsin (three
counties in south-central Wisconsin).

The 2004 surveillance year represented a smaller-scale effort
than other ADDM Network surveillance years conducted
previously (3,4) and in 2006. Participation in the 2004 surveil-
lance year was undertaken by sites that had the available time
and resources to collect additional data and it included a smaller
catchment area than in 2006 for five of the eight sites (Alabama,
Arizona, Maryland, North Carolina, and Wisconsin). Because
the smaller population monitored in 2004 might not be com-
parable to the larger area surveyed in other years, caution is
needed when comparing 2004 results with those from other
surveillance years. However, these additional data provide
information on the status of identified ASD prevalence in the
sites included in this summary.

Methods
Prevalence of ASDs in U.S. children was estimated through

a systematic retrospective review of evaluation records in
multiple sites participating in the ADDM Network. Data
for 2004 were collected retrospectively from existing records
from eight ADDM Network sites. Children aged 8 years (i.c.,
those born in 1996) with a notation of an ASD or descriptions
consistent with an ASD were identified through screening and
abstraction of existing health and education records containing
reported professional assessments of the child’s developmental
progress at health-care or education facilities. Children aged 8
years whose parent(s) or legal guardian(s) resided in the respec-
tive areas in 2006 met the case definition for an ASD if their
records documented behaviors consistent with the Diagnostic
and Statistical Manual of Mental Disorders, 4th edition, text
revision (DSM-IV-TR) criteria for autistic disorder, pervasive

developmental disorder, not otherwise specified (PDD NOS),
or Asperger disorder. Presence of an identified ASD was deter-
mined through a review of data abstracted from developmental
evaluation records by trained clinician reviewers.

For 2004, a limited (or streamlined) abstraction and review
of evaluation records was conducted by six of the eight sites
(all except North Carolina and South Carolina) for children
with a previously documented classification of an ASD (i.e., a
diagnosis of an ASD or a special education eligibility classifica-
tion of autism documented in the records). This limited review
was based on data obtained from MADDSP ASD surveillance
and indicated that 98.0% of children aged 3-10 years with a
previous ASD diagnosis and 99.0% of children with a previ-
ous autism eligibility for special education services satisfied the
surveillance criteria for having an ASD (5). This addition was
implemented to improve efficiency without altering the basic
case classification standards. The limited abstraction included
all information as noted above except the verbatim behavior
descriptions. CDC’s analysis of the resource savings indicated
that they were not worth the loss of the variables summarizing
the behavioral descriptions collected. Therefore, for the 2006
surveillance year, the standard abstraction and review method-
ology was used instead of the limited review used in 2004.

For 2004 surveillance year records that underwent limited
abstraction, children were considered to meet the ASD case
definition on the basis of the previously documented ASD
diagnosis unless 1) conflicting information was noted in the
record, 2) the reviewer needed additional information, or 3) the
record indicated that an ASD had been ruled out as a diagnosis.
In those circumstances, a full abstraction was performed, and
the case was reviewed again by the clinician reviewer. For any
record, if a child met the ASD case definition, and the clinician
reviewer had cause to question the case status, the reason was
noted, and a blinded secondary review was undertaken. Final
ASD case status was established on the basis of a consensus
review. For all sites, the range of agreement for final case defi-
nition was acceptable (76.0%-94.0%; Kappa range 0.5-0.9)
for 2004. Methods for 2004 were otherwise comparable to
those used for the 2006 surveillance year. Prevalence results
are reported per 1,000 children aged 8 years. Chi-square tests
were used to compare prevalence estimates within and across
sites.
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TABLE 1. Number* and percentage of children aged 8 years, by race/ethnicity and site — Autism and Developmental Disabilities

Monitoring Network, eight Sites, United States, 2004

White, non-  Blac, non- Receiving
Hispanic Hispanic Hispanic APIt AI/ANS special  Abstracted
Site Total educationT for ASD"

Site institution Surveillance area no. No. (%) No. (%) No. (%) No. (%) No. (%) (%)) (%)

Sites with access to health records

Alabama Univ of Alabama— 3 counties in central 11,676 6,765 (57.9) 4,329 (37.1) 377 (3.2) 166 (1.4) 39 (0.3) (16.7) (1.6)
Birmingham Alabama

Missouri Washington 5 counties including 26,970 18,818 (69.8) 6,651 (24.7) 728 (2.7) 697 (2.6) 76 (0.3)  (19.0) (1.1)
Univ-St. Louis metropolitan St. Louis

Wisconsin Univ of Wisconsin—3 counties in south 11,312 9,593 (84.8) 554 (4.9) 634 (5.6) 497 (4.4) 34 (0.3) (14.4) (1.3)
Madison central Wisconsin

Sites with access to education and health records

Arizona Univ of 1 county (Maricopa) in 13,620 6,571 (48.2) 713 (5.2) 5,576 (40.9) 422 (3.1) 337 (2.5) (10.2) (2.1)
Arizona-Tucson  metropolitan Phoenix

Georgia CDC 5 counties including 45,190 18,270 (40.4) 19,176 (42.4) 5,167 (11.4) 2,461 (5.4) 116 (0.3) (10.8) (1.7)

metropolitan Atlanta

Maryland Johns Hopkins 5 counties in suburban 20,981 15,044 (71.7) 4,213 (20.1) 685 (3.3) 976 (4.7) 63 (0.3) (12.8) (1.3)
Univ Baltimore

North Carolina Univ of North 8 counties in central 20,187 11,670 (57.8) 5,798 (28.7) 2,070 (10.3) 570 (2.8) 79  (0.4)  (14.4) (1.6)
Carolina—Chapel  North Carolina
Hill

South Carolina Medical Univ of 23 counties in the 22,399 11,875 (53.0) 9,335 (41.7) 824 (3.7) 256 (1.1) 109 (0.5) (16.2) (1.1)

Coastal and Pee Dee
regions

South Carolina

* Total numbers of children aged 8 years in each study area obtained from CDC’s National Center for Health Statistics (NCHS) vintage 2007 postcensal population estimates.
Surveillance area denominators exclude those school districts that did not allow access to records.

t Asian/Pacific Islander.
§ American Indian/Alaska Native.

INumber of students in special education and total enrolled in districts in surveillance area for the 2003—2004 school year obtained from http:/www.nces.ed.gov.
** Autism spectrum disorder. Represents the number of children identified as possibly having an ASD divided by the total number of children aged 8 years in the population.

Results

On the basis of postcensal estimates, the number of children
aged 8 years in the eight surveillance sites ranged from 11,312
in Wisconsin to 45,190 in Georgia (Table 1) (6). Distribution
according to race or ethnicity among children aged 8 years
varied across surveillance sites. The percentage of non-Hispanic
white children residing in each surveillance area ranged from
40.4% in Georgia to 84.8% in Wisconsin; the percentage of
non-Hispanic black children ranged from 4.9% in Wisconsin
to 42.4% in Georgia; the percentage of Hispanic children
ranged from 2.7% in Missouri to 40.9% in Arizona; the per-
centage of Asian/Pacific Islander children ranged from 1.1%
in South Carolina to 5.4% in Georgia; and the percentage of
American Indian/Alaska native children ranged from <0.5%
in all sites except Arizona, with 2.5%. Although most sites
had a similar distribution of the population by race/ethnicity,
compared with the larger surveillance areas for 2006, Alabama’s
smaller 2004 surveillance area included a greater proportion
of non-Hispanic black children, and Wisconsin’s 2004 area
included more non-Hispanic white children (Table 1). The
breakdown by sex was similar across sites, with approximately
equal distribution of male and female children (Table 1).

In 2004, the overall identified ASD prevalence per 1,000
children aged 8 years varied across ADDM sites (range: 4.6
[Alabama] — 9.8 [Arizona]) (Table 2). The average across

all sites was 8.0 (CI = 7.6-8.4) per 1,000 children. Among
the eight 2004 sites, six were clustered in a tighter range
(7.8-9.8 per 1,000 children), and these rates did not differ
from each other significantly. However, prevalence in Alabama
(4.6) and South Carolina (5.3) was significantly (p<0.01) lower
than in the other six sites. In general, identified ASD preva-
lence estimates in 2004 were lower in sites that relied solely
on health sources to identify cases (mean: 7.3; CI = 6.5-8.1)
compared to sites that also had access to education sources
(mean: 8.3; CI =7.7-8.8) (p<0.05).

A consistent finding in all sites was a significantly higher
(p<0.001) prevalence of ASDs among boys than among girls
(Table 2). Identified ASD prevalence among males ranged
from 6.8 in Alabama to 15.8 in Arizona with an average
of 12.9 (CI = 12.2-13.7) per 1,000 children aged 8 years.
Female prevalence ranged from 1.5 in South Carolina to 3.7
in Wisconsin with an average of 2.9 (CI = 2.6-3.3) per 1,000
children aged 8 years. When male-to-female prevalence was
compared, observed sex ratios ranged from 3.0:1.0 in Alabama
to 6.1:1.0 in both North and South Carolina, with an overall
ratio for all sites of 4.5:1.0.

ASD prevalence varied by race/ethnicity (Table 2). In 2004,
the average prevalence among non-Hispanic white children
(9.7; CI = 9.1-10.4) was greater than for non-Hispanic black
(6.9; CI = 6.2-7.6) (p<.001) and Hispanic (6.2; CI = 5.0-7.5)
(p<0.001) children. Although several sites trended toward
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TABLE 2. Estimated prevalence* (prev) of autism spectrum disorders (ASDs) among children aged 8 years, by sex and race/
ethnicity — Autism and Developmental Disabilities Monitoring Network, 8 Sites, United States, 2004

Sex
Total Totalt Males Females
Total no. no. with Male-to-female

Site chidren ASDs Prev 95% CI Prev 95% ClI Prev 95% CI prevs ratio
Sites with access to health records

Alabama 11,676 54 4.6 (3.5-6.0) 6.8 (5.0-9.3) 2.3 (1.3-3.9) 3.0

Missouri 26,970 221 8.2 (7.2-9.4) 13.5 (11.7-15.6) 2.8 (2.0-3.8) 4.9

Wisconsin 11,312 88 7.8 (6.3-9.6) 12.0 (9.4-15.2) 3.7 (2.4-5.6) 3.3
Sites with access to education and health records

Arizona 13,620 133 9.8 (8.2-11.6) 15.8 (13.1-19.1) 3.6 (2.4-5.3) 4.4

Georgia 45,190 401 8.9 (8.1-9.8) 14.1 (12.6-15.7) 3.6 (2.8-4.4) 4.0

Maryland 20,981 185 8.8 (7.6-10.2) 141 (12.0-16.5) 3.2 (2.3-4.6) 4.4

North Carolina 20,187 176 8.7 (7.5-10.1) 14.8 (12.6-17.3) 2.4 (1.6-3.6) 6.1

South Carolina 22,399 118 5.3 (4.4-6.3) 8.9 (7.4-10.8) 15 (0.9-2.4) 6.1

Race/ethnicity Prev ratio
Whi -Hi i Black -Hi i Hi i API**
ite, non-Hispanic ack, non-Hispanic ispanic White-to- White-to- Black-to-
Site Prev 95% CI Prev 95% CI Prev 95% CI Prev 95% CI black  Hispanic Hispanic

Sites with access to health records

Alabama 3.8 (2.6-5.6) 6.0 (4.1-8.8) —ft — — — 0.6 — —

Missouri 8.7 (7.5-10.2) 3.2 (2.1-4.8) 5.5 (2.1-14.6) 4.3 (1.4-13.4) 2.888 1.6 0.6

Wisconsin 7.4 (5.9-9.3) 3.6 (0.9-14.4) 1.6 (0.2-11.2) 6.0 (2.0-18.7) 2.0 7 2.3
Sites with access to education and health records

Arizona 12.6 (10.2-15.7) 5.6 (2.1-15.0) 7.0 (5.1-9.6) 11.9 (4.9-28.5) 2.3 1.888 0.8

Georgia 9.7 (8.4-11.3) 7.9 (6.8-9.3) 6.4 (4.5-9.0) 8.1 (5.2-12.6) 1.2 1.5M 1.2

Maryland 7.4 (6.2-9.0) 128 (9.8-16.7) 8.8 (3.9-19.5) 12.3 (7.0-21.7) 0.688 0.8 15

North Carolina 8.6 (7.0-10.4) 9.0 (6.8-11.8) 6.8 (4.0-11.4) 5.3 (1.7-16.3) 1.0 1.3 1.3

South Carolina 5.5 (4.3-7.0) 41 (3.0-5.6) 2.4 (0.6-9.7) — — 1.3 2.3 1.7

* Per 1,000 children aged 8 years.

T All children are included in the total regardiess of race or ethnicity. The total also includes children for whom race/ethnicity was unknown.

§ All male-to-female ratios different within sites (p<0.01).

1 Confidence interval.

** Asian/Pacific Islander.

T No children identified in this group.

§§ Prevalence ratio significantly different within site (p<0.01).
M Prevalence ratio significantly different within site (p<0.05)

higher ASD prevalence among non-Hispanic white than
among non-Hispanic black children, the difference was signifi-
cant in only one site (Missouri) and another site (Maryland)
showed the opposite with higher prevalence among non-His-
panic black children. Prevalence was lower for Hispanic than
for non-Hispanic white children in all sites except Maryland,
but was significantly lower only in Arizona and Georgia. For
Asian/Pacific Islander children, the prevalence ranged between
4.3 and 12.3 per 1,000 children, but most sites had small num-
bers of cases, if any, identified in this group. Small populations
and case numbers prohibited reliable prevalence estimates for
American Indian/Alaska Native children.

Data regarding cognitive functioning are reported for sites for
which at least 70% of children had test results. For 2004, the pro-
portion of children with ASDs who also had cognitive impairment
ranged from 37.9% in Arizona to 63.0% in Alabama (average:
43.8%). Overall, females were more likely than males (56.9% and
44.5%, respectively) to have cognitive impairment.

More than half of children meeting the ASD case definition
for ASDs had documented developmental concerns noted to
occur before the age of 3 years. The most commonly docu-
mented early developmental concern was for language skills.
General concerns about development were documented to
have occurred prior to a median age of 24 months in all sites,
except South Carolina, where the median age was 36 months.
The median age of earliest reported ASD diagnosis documented
in the children’s records ranged from 48 months in North
Carolina to 67 months in Arizona (average of 57 months).

2004 Identified ASD Prevalence
Summary

ASD prevalence estimates for children aged 8 years ranged
from 4.6 to 9.8 among 8 sites with an average of 8.0 per 1,000
children in 2004. On average, 4.5 males were identified as
having an ASD compared with every one female, and 44% of
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children identified also had cognitive impairment. Variability
existed by race and ethnicity, with some sites showing higher
ASD prevalence estimates among non-Hispanic white children
than non-Hispanic black children and Hispanic children.
Considering data from the 2004 surveillance year illustrates
the incremental increases in identified ASD prevalence over the
short time period 2002—2006 based on the ADDM Network
methods. For all sites except South Carolina, where ASD
prevalence decreased from 2002 to 2004 and then increased
considerably from 2004 to 2006, the data indicate the incre-
mental and steady increase in identified ASD prevalence over
the period reported.
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