o
4

of HliAIJnQ
4

<
%
a,

S e
o Yy

: DEPARTMENT OF HEALTH AND HUMAN SERVICES Public Health Service

Centers for Disease Control
and Prevention (CDC)
Atlanta GA 30333

July 5, 2018

Aaron Siri

Sire and Glimstad, LLP

200 Park Avenue
Seventeenth Floor

New York, New York 10166
Via email: aaron@sirillp.com

Dear Mr. Siri:

This letter is our final response to your Centers for Disease Control and Prevention and Agency for Toxic
Substances and Disease Registry (CDC/ATSDR) Freedom of Information Act (FOIA) request of May 7,
2018, assigned #18-00687-FOIA, for “all drafts of the Morbidity and Mortality Weekly Report dated April
27,2018, entitled 'Prevalence of Autism Spectrum Disorder Among Children Aged 8 Years — Autism and
Developmental Disabilities Monitoring Network, 11 Sites, United States, 2014.”

We located 385 pages of responsive records. After a careful review of these pages, no information was
withheld from release.

If you need any further assistance or would like to discuss any aspect of the records provided please contact
either our FOIA Requester Service Center at 770-488-6399 or our FOIA Public Liaison at 770-488-6277.

Sincerely,

Roger Andoh

CDC/ATSDR FOIA Officer

Office of the Chief Operating Officer
(770) 488-6399

Fax: (404) 235-1852

18-00687-FOIA



3

ta

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Prevalence of autism spectrum disorder among 8-year-old children — Autism and Developmental

Disabilities Monitoring Network, 11 sites, United States, 2014

Corresponding author: Jon Baio, EdS, National Center on Birth Defects and Developmental Disabilities,

CDC. Telephone: 404-498-3873; E-mail: jbaio@cdc.gov.

Jon Baio, EdS!

Lisa Wiggins, PhD!
Deborah L. Christensen, PhD!
Julic Daniels, PhD-?
Zachary Warren, PhD?
Margaret Kurzius-Spencer, PhD?
Walter Zahorodny, PhD?
Cordelia Robinson Resenberg, PhD®
Tiffany White, PhD?
Maureen Durkin, PhD?#
Pamcla [mm, MS*?

Loizos Nikolaou, MPH'9
Marshalyn Yeargin-Allsopp, MD!
Li-Ching Lee, PhD!
Rebecca Harrington, PhDD"
Maya Lopez, MD!!
Robert T. Fitzgerald, PhD'?
Amy Hewitt, PhD"
Sydney Pettygrove, PhD*

John N. Constantino, MD!?



27

28

29

30

31

32

34

35

36

37

38

39

40

41

42

44

45

Alison Vehorn, MS?
Josephine Shenouda, MS?
Jennifer Hall-Landc!?
Kim Van Naarden Braun, PhD'

Nicole F. Dowling, PhD!

'National Center on Birth Defects and Developmental Disabilities, CDC
University of North Carolina, Chapel Hill
Wanderbilt University Medical Center, Nashville, Tennessee
University of Arizona, Tucson
‘Rutgers University, Newark, New Jersev
SUniversity of Colorado School of Medicine at the Anschutz Medical Campus
"Colorado Department of Public Health and Environment, Denver
SUniversity of Wisconsin, Madison
YOak Ridge Institute for Science and Education, Oak Ridge, Tennessee
" Johns Hopkins University, Baltimore, Maryland
"HUniversity of Arkansas for Medical Sciences, Little Rock
RWashington University in St. Louis, Missouri

HUniversity of Minnesota, Minneapolis



47

48

49

50

51

52

54

55

56

57

58

59

60

61

62

63

64

65

06

67

68

69

70

71

72

Abstract

Problem/Condition: Autism spectrum disorder (ASD)

Period Covered: 2014.

Description of System: The Autism and Developmental Disabilities Monitoring (ADDM) Network is an
active surveillance system that provides estimates of the prevalence of ASD among children aged eight
years whose parents or guardians reside within multiple ADDM sites in the United States. ADDM
surveillance is conducted in two phases. The first phase involves review and abstraction of
comprehensive evaluations that were completed by professional service providers in the community. Staff
completing record review and abstraction receive extensive training and supervision and are evaluated
according to strict reliability standards to certify effective initial training, identify ongoing training needs,
and ensure adherence to the prescribed methodology. Record review and abstraction occurs in a variety of
data sources ranging from general pediatric health clinics to specialized programs serving children with
developmental disabilities. [n addition, most of the ADDM sites alse review records for children who
have received special education services in public schools. In the second phase of the study, all abstracted
information is reviewed systematically by experienced clinicians to determine ASD case status. A child is
considered to meet the surveillance case definition for ASD if he or she displays behaviors, as described
on onc or more comprehcensive evaluations completed by community-based professional providers,
consistent with the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revisien
(DSM-IV-TR) diagnostic criteria for Autistic Disorder; Pervasive Developmental Disorder—Not
Otherwisc Specificd (PDD-NOS, including Atypical Autism); or Asperger Disorder. This report provides
updated ASD prevalence estimates for children aged eight years during the 2014 surveillance year, based
on DSM-IV-TR criteria, and describes characteristics of the population of children with ASD. In 2013 the
American Psychiatric Association published the DSM-5, which made considerable changes to ASD
diagnostic criteria. The change in ASD diagnostic criteria may influence ADDM ASD prevalence
estimates; therefore, many (85%) of the records used to determine prevalence estimates based on DSM-

IV-TR criteria underwent additional review under a newly operationalized surveillance case defimition for
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ASD consistent with the DSM-5 diagnostic criteria, which include the presence of an established DSM-
IV-TR diagnosis of Autistic Disorder, PDD-NOS or Asperger Disorder. Results from a targeted
comparison of these two case definitions are also reported.

Results: For the 2014 surveillance year, the overall prevalence of ASD among the 11 ADDM sites was
16.8 per 1,000 (95% confidence interval: 16.4, 17.3) children aged eight years. Overall ASD prevalence
estimates varied among sites, from 13.1-29.3 per 1,000 children aged eight years. ASD prevalence
estimates also varied by sex and race/ethnicity. Males were four times more likely than females te be
identified with ASD. Prevalence estimates were higher for non-Hispanic white (henceforth, white)
children compared to non-Hispanic black (henceforth, black) children, and both groups were more likely
to be identified with ASD compared to Hispanic children. Among the nine sites with sufficient data on
intellectual ability, 31% ef children with ASD were classified in the range of intellectual disability
(1Q<=7(), 25% were in the borderling range (IQ 71-85), and 44% had IQ scores in the average to above
average range (i.c.. 1Q =85). The distribution of intellectual ability varicd by scx and race/ethnicity.
Although mention of developmental concerns by age 36 months was documented for 85% of children
with ASD, only 42% had a comprehensive evaluation on record by 36 months of age. The median age of
earliest known ASD diagnosis was 52 months and did not differ significantly by sex or race/ethnicity. For
the targeted comparison of DSM-1V-TR and DSM-5 results, the number and characteristics of children
meeting the newly operationalized DSM-5 case definition for ASD were similar to those meeting the
DSM-1V-TR case defimtion, with DSEM-IV-TR case counts exceeding DSM-5 counts by less than 5% and
approximatcly 86% overlap between the two case definitions (kappa — 0.85).

Interpretation: Findings from CDC's ADDM Network, based on surveillance year 2014 data reported
from 11 sites, provide updated population-based estimates of the prevalence of ASD among 8-year-olds
in multiple communities in the United States. Because the ADDM sites do not provide a representative
sample of the entire United States, the combined prevalence estimates presented in this report cannot be
generalized to all children aged eight years in the United States. Consistent with reports from previous

ADDM surveillance years, findings from 2014 were marked by sigmficant variation in ASD prevalence
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when stratified by geographic area, sex, and level of intellectual ability. Differences in prevalence
estimates between black and white children have diminished in most sites, but remained notable for
Hispanic children. The new case definition for ASD based on DSM-5 criteria resulted in a similar, but
slightly lower estimate of ASD prevalence. The long-term impact of the revised diagnostic criteria
remains in question, as the number of children aged eight yvears meeting DSM-5 diagnostic criteria for
ASD based solely on a previous DSM-IV-TR diagnosis of Autistic Disorder, PDD-NOS or Asperger
Disorder will decrease over time.
Public Health Action: The latest findings from the ADDM Network provide evidence that the
prevalence of ASD 1s higher than previously reported estimates, and continues to vary among certain
racial/cthnic groups and commounitics. With prevalence of ASD ranging from 13.1 to 29.3 per 1,000
children aged eight vears in different communities threughout the United States, the need for enhanced
public health strategies te deliver behavioral, educational, residential, and occupational services remains
high, as docs the need for inercased rescarch on both genetic and non-genctic risk factors for ASD.
Introduction

Autism spectrum disorder (ASD} is a develepmental disability detined by diagnostic criteria that
include deficits in social communication and social interaction, and the presence of restricted, repetitive
patterns of behavior, interests, or activitics that can persist throughout life (/). The Centers for Discase
Control and Prevention {CDC) began tracking the prevalence of ASD and characteristics of children with
ASD in the United States in 1998 {2,3). The first CDC study was based on an imvestigation in Brick
Township, New Jersey (2), which identified similar characteristics but higher prevalence of ASD
compared to other studies of that era. The second CDC study was conducted in metropolitan Atlanta,
Georgia {3), which identitied a lower prevalence of ASD compared to the Brick Township study but
similar estimates compared to other prevalence studies of that era. In 2000, CDC established the Autism
and Developmental Disabilities Monitoring (ADDM} Network to cellect data that would provide

estimates of the prevalence of ASD as well as other developmental disabilities in the United States (4,5).
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Tracking the prevalence of ASD poses unique challenges because of the heterogeneity in
symptom presentation, lack of biologic diagnostic markers, and changing diagnostic criteria {5). Initial
signs and symptoms typically arc apparent in the carly developmental period; however, social deficits and
behavicral patterns might not be recognized as symptoms of ASD until a child is unable to meet social,
educational, occupational, or other important life stage demands (7). Features of ASD may overlap with
or be difficult to distinguish from those of other psychiatric disorders, as descnbed extensively in the
DSM-5 (/). Although standard diagnostic tools have been validated to inform clinicians' impressions of
ASD symptomology, inherent complexity of measurement approaches and variation in clinical
impressions and decision-making, combined with policy changes that affect eligibility for health benefits
and cducational programs, complicates identification of ASD as a behavioral health diagnosis or
educational exceptionality. To reduce the influence of these factors on prevalence estimates, the ADDM
Network has consistently tracked ASD by applying a clearly defined surveillance case definition of ASD
and using the same record-review methodology and behaviorally-defined casc inclusion eriteria since
2000 (3).

ADDM estimates of ASD prevalence among children aged eight years in multiple US
commumnities have risen from about one in 150 children in 2000-2002 to one in 68 1n 2010-2012, more
than doubling during this period (6,7,8,9, 10,11}, The observed increase in ASD prevalence substantiates a
need for continued surveillance using consistent methods to monitor the changing prevalence of ASD and
characteristics of children with ASD in the population.

In addition to serving as a basis for ASD prevalence estimates, ADDM data have been used to
describe characteristics of children with ASD in the population, to study how these characteristics vary
with ASD prevalence estimates over time and among communities, and to monitoer progress toward
Healthy People 2020 objectives {12}. ADDM ASD prevalence estimates consistently estimated a ratio of
about 4.5 male: | female with ASD from 20006 to 2012 (9,71} { I, Other characteristics that have remained
relatively constant over time in the population of children identified with ASD by ADDM include the

median age of earliest known ASD diagnosis, which remained close to 53 months during 2000-2012
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(range: 50 menths [2012] to 56 months [2002]), and the proportion of children receiving a comprehensive
developmental evaluation by age 3 years, which remained close to 43% during 2006-2012 {range: 43%
[2006 and 2012] to 46% [2008]).

ASD prevalence by race/ethnicity has been more varied over time among ADDM Network
communities (9,76, 17). Although ASD prevalence estimates have historically been greater among white
children compared to black children or Hispame children (13), ADDM-reported white:black and
white:Hispanic prevalence ratios have declined over time due to larger increases in ASD prevalence
among black children and, to an even greater extent, among Hispanic children, as conipared to the
magnitude of increase in ASD prevalence among white children (9). Prior reports from the ADDM
Network estimated ASD prevalence among white children to exceed that among black children by
approximately 30% in 2002, 2006 and 2010, and by about 20% in 2008 and 2012. Estimated prevalence
among white children exceeded that among Hispanic children by nearly 70% in 2002 and 2006, and by
about 50% in 2008, 2010 and 2012. ASD prevalence estimates from the ADDM Network have also varied
by socioeconomic status (SES). A consistent pattern cbserved in ADDM data has been higher identified
ASD prevalence among residents of neighboerhoods with higher socioeconontic status (SES). While ASD
prevalence has increased over time at all levels of SES, the absolute difference in prevalence between
high, middle, and lower SES did not change between 2002 and 2010 (74, 15). [n the context of declining
white:black and white:Hispanic prevalence ratios antidst consistent SES patterns, a complex three-way
interaction among time, SES, and race/ethnicity has been proposed (/6).

Finally, ADDM Network data have shown a shift toward children with ASD with higher
intellectual ability (9, /), as the proporticn of children with ASD whose intelligence quetient (IQ)) scores
fell within the range of intellectual disability (i.e., IQ <=70) has decreased gradually over time. During
2000-2002 nearly half of children with ASD had 1Q scores in the range of mtellectual disability (ID);
during 2006-2008 this proportion was closer to 40%, and during 2010-2012 less than one third of children
with ASD had 1Q <=70. This trend was more pronounced for females as compared to males. The

proportion of males with ASD and 1D dechined from approximately 40% during 2000-2008 to 30% during
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2010-2012. The proportion of females with ASD and I declined from about 60% during 2000-2002, to
45%, during 2006-2008, and to 35% during 2010-2012.

All previously reported ASD prevalence estimates from the ADDM Network were based on a
surveillance case definition aligned with the DSM-IV-TR diagnostic criteria for Autistic Disorder;
Pervasive Developmental Disorder—Not Otherwise Specified (PDD-NOS, including atypical autism); or
Asperger Disorder. In the American Psychiatric Association's 2013 publication of its Diagnostic and
Statistical Manual of Mental Diserders, Fifth Edition (DSM-3), substantial changes were made to the
taxonomy and diagnostic criteria for autism (/, /7). Taxonomy changed from Pervasive Developmental
Disorders. which included several diagnostic subtypes, to Autism Spectrum Disorder, which no longer
comprises distinct subtypes but represents one singular diagnostic category defined by severity levels.
Diagnostic criteria were refined by collapsing the DSM-IV-TR social and cemmunication domains into a
single, combined domain for DSM-5. Individuals diagnosed with ASD under DSM-5 must meet all three
criteria under the social communication/interaction domain (i.c., defieits in social-cmotional reciprocity,
deficits in nonverbal communicative behaviors, and deficits in developing., understanding, and
maintaining relationships) and at least two of the four criteria under the restrictive/repetitive behavior
domain {i.e.. repetitive speech or motor movements, nsistence on sameness, restricted interests, or
unusual responsc to sensory input). According to the DSM-5 Workgroup on Neurodevelopmental
Disorders, the need for new criteria for autism and related disorders was identified long before the
Workgroup was convened in 2007 (I8). Although the DSM-IV-TR criteria proved useful in identifying
ASD in children aged five to cight years, they performed less well when used in the diagnosis of toddlers
and preschool-aged children, adolescents, and young adults (/8). Further, the DSM-IV-TR criteria were
insufficient to accurately identify girls and women with autism and lacked the cultural sensitivity needed
to identify cases in ethnic or racial minorities (/8). The DSM-5 changes introduced a more focused
diagnostic framework compared to that of DSM-IV-TR; however, DSM-5 states that any individual with
a well-established DSM-TV-TR diagnosis of Autistic Disorder, Asperger Disorder, or PDD-NOS would

automatically qualify for a DSM-5 diagnosis of Autism Spectrum Disorder. Previous studies suggest that
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DSM-5 criteria for ASD may exclude some children who would have qualified for 2 DSM-IV-TR
diagnosis but hadn't yet received one, particularly those who are very young and those without intellectual
disability (/9,260,27,22,23). Thesc findings suggest that ASD prevalence estimates will likely be lower
under DSM-5 than they have been under DSM-IV-TR diagnostic criteria.

The purpose of this report is to provide the latest available ASD prevalence estimates from the
ADDM Network based on both DSM-IV-TR and DSM-3 criteria and to suggest targets for future
monitoring of ASD prevalence trends and efforts to improve early identification of ASD. The intended
audiences for these findings include pediatric healthcare providers, school psychologists, educators,
researchers. policymakers, and program administrators working to understand and address the needs of
individuals with ASD and their familics. These data can be used to help plan services, guide rescarch into
risk factors and effective interventions, and inform policies that promote improved outcemes in health
and education settings,

Methods
Study Sites

The Children’s Health Act (4) authorized CDC to monitor prevalence of ASD in multiple areas of
the United States, a charge which led to the formation of the ADDM Network in 2000. Sice that time.
CDC has funded grantees in 16 states { Alabama, Arizona, Arkansas, Colorado, Florida, Maryland,
Minnesota, Missouri, New Jersey, North Carolina, Pennsylvania, South Carclina, Tennessee, Utah, West
Virginia, and Wisconsin). CDC tracks ASD in metropolitan Atlanta and represents the Georgia site
collaborating with competitively funded sites to form the ADDM Network. The ADDM Network uscs
multisite, multiple-source, records-based surveillance based on a model originally implemented by CDC’s
Metropolitan Atlanta Developmental Disabilities Surveillance Program (MADDSP) (24). As feasible, the
surveillance methods have remained consistent over time. Some minor changes have been introduced to
improve efficiency and data quality. Although a different array of geographic areas was covered in each
of the 8 ADDM Network surveillance years, these changes have been documented to facilitate evaluation

of their impact.
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The core surveillance activities in all ADDM Network sites focus on children aged eight years
because the baseline ASD prevalence study conducted by MADDSP suggested that this is the age of peak
prevalence (3). ADDM has multiple goals: 1) to provide descriptive data on classification and functioning
of the population of children with ASD; 2) to monitor the prevalence of ASD in different areas of the US;
and 3) to understand the impact of ASD in US communities.

Funding for ADDM Network sites participating in the 2014 surveillance year was awarded for a
4-year cvcle covering 2015 2018, during which time data are collected for children aged eight vears
during the 2014 and 2016 surveillance years. Sites were selected through a competitive objective review
process on the basis of their ability to conduct active, records-based surveillance of ASD; they were not
sclected to be a nationally representative sample. A total of 11 sites are included in the current report
{ Arizona, Arkansas, Colorado, Geergia, Maryland, Minnesota, Missouri, New Jersey, North Carclina,
Tennessee, and Wisconsin). Each ADDM site participating in the 2014 surveillance year functioned as a
public health authority under the Health [nsurance Portability and Accountability Act of 1996 Privacy
Rule and met applicable local Institutional Review Board and privacy and confidentiality requirements
under 45 CFR 46 (25).

Casc Ascertainment

ADDM is an active surveillance system that does not depend on family or practitioner reporting
of an existing ASD diagnosis or classification to determine ASD case status. ADDM staff conduct
surveillance to determine case status in a two-phase process. The first phase of ADDM imvolves review
and abstraction of children's evaluation records from data sources in the community. In the second phase,
all abstracted evaluations for each child are compiled in chronological order into a comprehensive record
that is reviewed by one or more experienced clinicians to determing the child's ASD case status.
Developmental assessments completed by a wide range of health and education providers are reviewed.
Data sources are categorized as either 1) education source type, including evaluations to determine
eligibility for special education services, or 2) health source type, including diagnostic and developmental

assessments from psychologists, neurologists, developmental pediatricians, child psychiatrists, physical
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therapists, occupational therapists. and speech/language pathologists. Agreements to access records are
made at the mstitutional level in the form of contracts, memoranda, or other formal agreements. All
ADDM Network sites have agreements in place to aceess records at health sources; however, despite the
otherwise standardized approach, net all sites have permission te access education recerds. One ADDM
site {Missouri) has not been granted access to records at any education sources. Among the remaining
sites, some receive permission from their statewide Department of Education to access children's
educational records, whereas cther sites must negotiate permission from numerous individual school
districts to access educational records, A total of six sites (Arizona, Georgia, Maryland, Minnesota, New
Jersey, and North Carolina) reviewed education records for all school districts in their covered
surveillance arcas. Three ADDM sites (Colorado, Tennessee and Wisconsing received permission to
review education records in only seme school districts within the overall gecgraphic area covered for
surveillance year 2014, In Tennessee, permission te access education records was granted from 13 of 14
school districts in the 11-county surveillance arca, representing 88% of the total 8-year-old population.
Conversely, access to education records was limited to a small proportion of the population in the overall
geographic area covered by two sites, 33% in Colorado and 26% in Wisconsin, In the Colorado school
districts where access to education records is permitted for ADDM, parents are directly notitied about the
ADDM system and may request that their children's education records be excluded. The Arkansas
ADDM site received permission from their state Department of Education to access children's educational
records statewide; however, time and travel constraints prevented mvestigators from visiting all 250
school districts in the 75-county surveillance arca, resulting in access to education records for 69% of the
statewide population of children aged eight years. The two sites with access to education records
throughout niost, but not all, of the surveillance area (Arkansas and Tennessee) received data from their
state Department of Education to evaluate the potential impact on reported ASD prevalence estimates
attributed to missing records.

Within each education and health data source, ADDM sites identify records to review based on a

child’s year of birth and one or more 1) select eligibility classifications for special education or 2)
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International Classification of Diseases, Ninth Revision (ICD-9) billing codes for select childhood
disabilities or psychological conditions. Children’s records are first reviewed to confirm year of birth and
residency in the surveillance arca at some time during the surveillanee year. For children meeting these
requirements. the records are then reviewed for certain behavioral or diagnostic descriptions defined by
ADDM as triggers for abstraction (e.g., child does not initiate interactions with others, prefers to play
alone or engage in solitary activities, or has received a documented ASD diagnosis). If abstraction
triggers are found, evaluation information from birth through the current surveillance vear frem all
available sources is abstracted into a single composite record fer each child.

In the second phase of surveillance, the abstracted composite evaluation files are de-identified
and reviewced systematically by cxpericnced clinicians who have undergone standardized training to
determine ASD case status using a coding scheme based on the DSM-IV-TR guidelines. A child meets
the surveillance case definition for ASD if behaviors described in the composite record are consistent
with the DSM-IV-TR diagnostic criteria for any of the following conditions: autistic disorder, PDD-NOS
(including atvpical autism}, or Asperger disorder.

Although new diagnostic criteria became available in 2013, the children under surveillance in
2014 would have grown up primarily under the DSM-IV-TR defimtions for ASD, which are prioritized in
this report. The 2014 surveillance year is the first to operationalize an ASD case definition based on
DSM-5 diagnostic criteria, in addition to that based on DSM-TV-TR. Because of delays in developing
information technology systems to manage data collected under this new case definition, the surveillance
arca for DSM-5 was reduced by 19% in an cffort to include complete estimates for both DSM-1V-TR and
DSM-35 in this report. Phase 1 record review and abstraction was the same for DSM-IV-TR and DSMS5;
however, a coding scheme based on the DSM-5 definition of ASD was developed for Phase 2 of the
ADDM methodology (i.e.. systematic review by experienced clinicians) {26). The new coding scheme
was develeped through a collaborative process and includes reliability measures, although no validation
metrics have been published for this new ADDM Network DSM-5 case definition. Behavioral and

diagnostic components of the DSM-IV-TR and DSM-5 ASD case definitions operationalized for ADDM
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surveillance are outlined in Diagram L. In practice, DSM-5 criteria autematically include children with a
well-established DSM-1V-TR diagnosis of ASD, thus. the ADDM coding scheme similarly
accommodated those with a previous DSM-IV-TR diagnosis in the DSM-5 casc definition, regardless of
whether decumented symptems independently met either the DSM-IV-TR or DSM-5 diagnostic criteria.
The coding scheme allowed differentiation of children who met DSM-5 criteria on the basis of behavioral
characteristics from those who met DSM-5 criteria solely through a previous DSM-IV-TR diagnosis.
Quality Assurance

All sites follow the quality assurance standards established by the ADDM Network. In the first
phase of ADDM, the accuracy of record review and abstraction is checked periodically. In the second
phasc, intcrrater reliability is monitored on an engoing basis using a blinded, random 10% sample of
abstracted records that are scored independently by two reviewers (3}, For the 2014 surveillance vear,
interrater agreement on case status {confirmed ASD versus not ASD) was 89.1% when comparison
samples from all sites were combined (k — 0.77), which was slightly below quality assurance standards
established for the ADDM Netwoerk (90% agreement, 0.80 kappa). On DSM-5 reviews, interrater
agreement on case status (confirmed ASD versus not ASD) was 92.3% when comparison samples from
all sites were combined (k = (.84). Thus. for the DSM-5 surveillance definition, reliability exceeded
quality assurance standards established for the ADDM Network.
Descriptive Characteristics

LEach ADDM site attempted to obtain birth certificate data for all children abstracted during Phase
| through linkages conducted using state vital records. These data were only available for children born in
the state where the ADDM site is located. The race/ethnicity of each child was determined from
information contained in source records or, if not found in the source file, from birth certificate data on
one or both parents. Children with race coded as “other” or “multiracial” were considered 1o be missing
race informaticn for all analyses that were stratified by race/ethnicity. For this report. data on timing of
the first comprehensive evaluation on record were restricted to children with ASD who were born in the

state where the ADDM site 15 located, as confirmed by linkage to birth certificate records. Data were
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restricted in this manner te reduce error in the estimate that was introduced by children for whom
evaluation records were incomplete because they were born out of state and migrated into the surveillance
arca between the time of birth and the year when they reached age 8 years.

Information on children’s functional skills is abstracted trom source records. when available,
including scores on tests of adaptive behavior and intellectual ability. Because no standardized, validated
measures of functioning specific to ASD have been widely adopted in clinical practice and because
adaptive behavior rating scales are not sufficiently available in health and education records of children
with ASD, scores of intellectual ability have remained the primary source of information on children's
functional skills. Children are classified as having intellectual disability 1f they have an 1} score of <70
on their most recent test available in the record. Borderline intellectual ability is defined as having an 1Q
score of 71 83, and average or above-average intellectual ability is defined as having an 1Q score of =85,
In the absence of a specific [ score, an examiner’s statement based on a formal assessment of the child’s
intellectual ability, if available, is used to classify the child in one of these three levels.

Diagnostic conclusions from each evaluation record are summarized for each child, including
notation of any ASD diagnosis by subtype, when available, Children are considered to have a previously
documented ASD classification if they received a diagnosis of autistic disorder. PDD-NOS, Asperger
disorder, or ASD that was documented in an abstracted cvaluation or by an ICD-9 billing code at any time
from birth through the year when they reached age 8 years, or if they were noted as meeting eligibility
criteria for special education services under the classification of autism or ASD.

Analytic Methods

Population denominators for calculating ASD prevalence estimates were obtained from the
National Center for Health Statistics Vintage 2016 Bridged-Race Postcensal Population Estimates {27),
CDC's National Vital Statistics Systemn provides estimated population counts by state, county, single year
of age, race, ethnic origin, and sex. Pepulation denominators for the 2014 surveillance year were
compiled from postcensal estimates of the number of children aged eight years living in the counties

under surveillance by each ADDM site (Table 1).
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In two sites (Arizona, Minnesota). geographic boundaries were defined by constituent school
districts included in the surveillance area. The number of children living in outlying school districts were
subtracted from the county-level census denominators using school enrollment data from the U.S.
Department of Education’s Naticnal Center for Education Statistics (28). Enrellment counts of students in
third grade during the 2014-15 school year differed from the CDC bridged-race population estimates,
attributable primarily to children being enrolled out of the customary grade for their age or in charter
schools, home schools. or private schools. Because these differences varied by race and sex within the
applicable counties, race- and sex-specific adjustments based on enrellment counts were applied te the
CDC population estimates to derive school district-specific denommators for Arizona and Minnesota.

Race- or cthnicity-specific prevalence estimates were caleulated for four groups: white, black,
Hispanic (regardless of race), and Asian/Pacific Islander. Prevalence results are reperted as the total
number of children meeting the ASD case definition per 1,000 children aged eight years in the population
in cach racc/ethnicity group. ASD prevalenee also was estimated separately for boys and girls, as well as
within each level of intellectual ability. Overall prevalence estimates include all children identified with
ASD regardless of sex, race/ethnicity, or level of intellectual ability and thus are not affected by the
availability of data on these characteristics.

Statistical tests were sclected and confidence intervals (Cls) for prevalence cstimates were
calculated under the assumption that the observed counts of children identified with ASD were obtained
from an underlying Poisson distribution. Pearson chi-square tests were performed, and prevalence ratios
and percentage differences were calculated to compare prevalence estimates from different strata. Pearson
chi-square tests were alse performed for testing significance in cemparisens of proportions, and Mantel-
Haenszel common odds ratio {OR) estimates were calculated to further describe these comparisons. To
reduce the effect of outliers, distribution medians were typically presented, although one-way ANOVA
was used to test significance when comparing arithmetic means of these distributions. Significance was
set at p<0.05. Results for all sites combined were based on pocled numerator and denominator data from

all sites, in total and stratified by race/ethmcity. sex, and level of intellectual ability.
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Sensitivity Analysis Methods

Some education and health records were missing for certain children, including records that could
not be located for review, those affected by the passive consent process unigue to the Colorado site, and
those archived and deemed too costly to retrieve. A sensitivity analysis of the effect of these missing
records on case ascertainment was conducted. All children initially identified for record review were first
stratified by two factors closely associated with final case status: information source (health source type
only, education source type only, or both source types) and the presence or absence of either an autism
special education eligibility or an 1CD-9-CM code for ASD, collectively forming six strata. The potential
number of cases not identified because of missing records was estimated under the assumption that within
cach of the six strata, the proportion of children confirmed as ASD surveillance cases among those with
missing recerds would be similar to the propertien of cases among children with no missing records.
Within each stratum, the proportion of children with no missing records who were confirmed as having
ASD was applicd to the number of children with missing records to estimate the number of missed cascs,
and the estimates from all six strata were added to calculate the total for each site. This sensitivity
analysis was conducted solely to investigate the potential impact of niissing records on the presented
estimates. The estimates presented in this report do not reflect this adjustment or any of the other
asscssments of the potential cffects of assumptions underlying the approach.

All ADDM sites identified records for review from health sources by conducting record searches
that were based on a common list of [CD-9 billing codes. Because several sites were conducting
surveillance for other developmental disabilities in addition to ASD (i.c., one or more of the following:
cerebral palsy, intellectual disability, hearing loss, and vision impairment), they reviewed records based
en an expanded list of ICD-9 codes. The Colorado site also requested code 781.3 {lack of coordination),
which was identified in that community as a commonly used billing code for children with ASD. The
preportion of children meeting the ASD surveillance case definition whose records were obtained solely
on the basis of those additional codes was calculated to evaluate the potential impact on ASD prevalence.

Results
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A total population of 325,483 children aged eight years was covered by the 11 ADDM sites that
provided data for the 2014 surveillance year {Table 1). This number represented 8% of the total U.S.
population of children aged cight years in 2014 (4,119,668) (79). A total of 53,120 records for 42,644
children were reviewed from health and education sources. Of these, the source records of 10,886
children met the criteria for abstraction, which was 25.5% of the total number of children whose source
records were reviewed and 3.3% of the total population under surveillance. Of the records reviewed by
clinicians, 5.473 children met the ASD surveillance case definition. The number of evaluations abstracted
for each child who was ultimately identified with ASD varied by site (median: 5; range: 3 [Arizona,
Minnesota, Missouri, Tennessee] to [0 [Maryland]).

Overall ASD Prevalence Estimates

Overall ASD prevalence for the ADDM 2014 surveillance year varied widely among sites (range:
13.1 [Arkansas] to 29.3 [New Jersey]) {Table 2). Based on combined data from all 11 sites, ASD
prevalence was 16.8 per 1,000 {onc in 59) children aged cight years. Overall estimated prevalence of
ASD was highest in New Jersey (29.3). Minnesota {24.0) and Maryland (20.0). Five sites reported
prevalence estimates in the range of 13,1-14.1 per 1,000 (Arizona, Arkansas, Colorado, Missouri,
Wisconsin), and three sites reported prevalence estimates ranging between 15.5—17.4 per 1,000 (Georgia,
North Carolina. Tennessce).

Prevalence by Sex and Race/Ethnicity

Combining data from all 11 ADDM sites, ASD prevalence was 26.6 per 1,000 boys and 6.6 per
1,000 girls (prevalence ratio: 4.0 for all sites combined). ASD prevalence was significantly (p<0.01)
higher among boys than among girls in all 11 ADDM sites (Table 2). with male-to-female prevalence
ratios ranging from 3.2 (Arizona) to 4.9 (Georgia). Estimated ASD prevalence also varied by race and
ethnicity (Table 3). When data from all sites were combined, the estimated prevalence among white
children (17.2 per 1,000) was 7% greater than that among black children (16.0 per 1,000) and 22% greater
than that among Hispanic children (14.0 per 1,000). In nine sites the estimated prevalence of ASD was

higher among white children than black children. The white-to-black ASD prevalence ratios were
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statistically significant in three sites (Arkansas, Missouri, Wisconsin}, and the white-to-Hispanic
prevalence ratios were significant in seven sites. In nine sites the estimated prevalence of ASD was higher
among black children than that among Hispanic children. The black-to-1lispanic prevalence ratio was
significant in three of these nine sites. In New Jersey there was almost no difference in ASD) prevalence
estimates among white, black and Hispanic children. Estimates for Asian/Pacific Islander children ranged
from 7.9 per 1.000 (Colorado) to 19.2 per 1.000 (New Jersey), with notably wide Cls.

Intellectual Ability

Data on intellectual ability are reported only for nine sites {Arizena, Arkansas, Colorado,
Georgia, Maryland, Minnesota, New Jersey. North Carolina, Tennessee) having information available for
at least 70% of children who met the ASD casc definition (range: 70.8% [Tennessce] to 89.2% [North
Carolina]). The median age of children’s most recent [(Q tests. on which the following results are based,
was 73 months (6 years, 1 month). Data from these nine sites yielded accompanying data on intellectual
ability for 3,714 (80.3%) of 4,623 children with ASD. This proportion did not differ by sex or
race/ethnicity in any of the nine sites or when combining data from all nine sites. Among these 3,714
children, 31% were classified in the range of intellectual disability (IQ <70), 25% were in the borderling
range (1QQ = 71-85), and 44%; had 1Q =85. The propertion of children classified in the range of intellectual
disability ranged from 26.7% in Arizona to 39.4% in Tennessee.

Among children identified with ASD, the distribution by intellectual ability varied by sex, with
girls more likely than boys to have IQ <70, and boys more likely than girls to have 1 =85 (Figure 1). In
these nince sites combined, 251 (36.3%) of 691 girls with ASD had 1Q scores or examiners’ statements
indicating intellectual disability compared with 891 (29.5%) of 3,023 males {(odds ratio [OR] = 1.4,
p<0.01), though ameng individual sites this proportion differed significantly in only one (Georgia, OR =
1.6, p<0.05). The proportion of children with ASD with borderline intellectual ablity (I1Q = 71-85) did
not differ by sex, whereas a significantly higher proportion of males (45%) compared to females (40%)

had 1Q =85, i.e., average or above average intellectual ability {OR = 1.2, p<0.05),
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The distribution of intellectual ability also varied by race/ethnicity. Approximately 44% of black
children with ASD were classified in the range of intellectual disability, compared with 35% of Hispanic
children and 22% of white children. The proportion of blacks and whites with intellectual disability
diftered significantly in all nine sites and when combining their data (OR = 2.9, p=<0.01). The proportion
of Hispanics and whites with intellectual disability differed significantly when combining data from all
nine sites {OR = 1.9, p<0.01), and among individual sites it reached significance (p<0.05) in six of the
nine sites, with the three excepticns being Arkansas (OR = 1.8, p = 0.09), North Carolina(OR=18,p=
(.07} and Tennessee (OR = 2.1, p=0.10). The proportion of children with borderline intellectual ability
(1Q = 71-85) did not differ by race/ethmcity in any of these mne sites or when combimng their data;
however, when combining data from these nine sites the proportion of white children {(56%) with 1Q =85
was significantly higher than the proportion of black {27%., OR = 3.4, p=<0.01) or Hispanic (36%, OR =
2.2, p<0.01) children with 1Q=85.

First Comprehensive Evaluation

Among children with ASD who were bom in the same state as the ADDM site (n =4.,147 of
5,473 confirmed cases), 42% had a comprehensive evaluation on record by 36 months of age {(range: 30%
[Arkansas] to 66% [North Carolina]) (Table 4). Approximately 39% of these 4,147 children did not have
a comprehensive cvaluation on record until after age 48 months; however, mention of developmental
concerns by age 36 months was documented for 85% (range: ¢1% [Tennessee] to 94% [Arizona]).
Previously Documented ASD Classification

Of the 5,473 children mecting the ADDM ASD surveillance casc definition, 4,379 (80%) had
either eligibility for autism special education services or a DSM-IV, DSM-5 or ICD-9 autism diagnosis
documented in their records (range among 11 sites: 58% [Colorado] to 92% [Missouri]). Combining data
from all 11 sites, 81% of boys had a previous ASD classification on record. compared with 75% of girls
(OR = 1.4, p=0.01). When stratified by race/ethnicity, 80% of white children had a previously
documented ASD classification, compared with nearly 83% ot black children (OR = 0.9, p=0.09) and

76% of Hispanic children (OR = 1.3, p<0.01); a significant difference was also found when comparing
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the proportion of black children with a previous ASD classification to that among Hispanic children (OR
= 1.5, p<0.01).

The median age of carliest known ASD diagnosis documented in children’s records (Table 5)
varied by diagnostic subtype (autistic disorder; 46 months; ASD/PDI): 56 months; Asperger disorder; 67
months). Within these subtypes, the median age of earliest known diagnosis did not differ by sex, nor did
any difference exist in the proportion of boys and girls who mitially received a diagnosis of autistic
disorder (48%), ASD/PDD (46%). or Asperger disorder {6%). The median age of earliest known
diagnosis and distribution of subtypes did vary by site. The median age of earliest known ASD diagnosis
for all subtypes combined was 52 months, ranging from 40 months in North Carolina to 59 months in
Arkansas.
Special Education Eligibility

Sites with access to education records collected informatien about the most recent eligibility
categories under which children received special education services (Table 6). Among children with ASD
who were receiving special education services in public schools during 2014, the proportion of children
with a primary eligibility category of autism ranged from 40% in Wisconsin to 74% in North Carolina.
Most other sites noted over half of children with ASD having autism listed as their most recent primary
special education cligibility category, the exceptions being Coloradoe (43%) and New Jerscy (48%). Other
cominon special education eligibilities included health or physical disability, speech and language
impairment, specific learning disability, and a general developmental delay category that is used until age
nine years in many US states. All ADDM sites reported < 10% of children with ASD receiving special
education services under a primary eligibility category of intellectual disability.
Sensitivity Analvses Evaluating Impact of Missing Records and Expanded ICD-9 Codes

A stratified analysis of records that could not be located for review was completed to assess the
degree to which missing data might have potentially reduced prevalence estimates as reported by
individual ADDM sites. Had all children's records identified in Phase 1 been located and reviewed,

prevalence estimates would potentially have been <1% higher in four sites (Arizona, Georgia, Minnesota
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and Wisconsin), between 1% to 5% higher in five sites (Arkansas, Colorado, Missouri, New Jersey and
North Carolina}), about 8% higher 1 Maryland. and nearly 20% higher in Tennessee, where investigators
did not obtain permission to review children's records in one of the fourteen school districts comprising
the eleven-county surveillance area.

The impact on prevalence estimates of reviewing records based on an expanded list of ICD-9
codes varied from site to site. Colorado, Georgia and Missouri were the only three sites that identified
more than 1% of ASD surveillance cases partially or sclely on the basis of the expanded code list. In
Missouri, less than 2% of children identified with ASD had some of their records located on the basis of
the expanded code list. and none were identified exclusively from these codes. In Colorado. about 2% of
ASD surveillance cases had some abstracted records identified on the basis of the expanded code list, and
4% had records found exclusively from the expanded codes. In Georgia, where ICD-9 codes were
requested for surveillance of five distinet conditions {autism, cergbral palsy, intellectual disability,
hearing loss, vision impairment), about 10% of children identified with ASD had some of their records
located on the basis of the expanded code list, and less than 1% were identified exclusively from these
codes.

Comparison of DSM-1V-TR vs. DSM-3 Casc Definitions

The DSM-5 analysis was complcted for part of the overall ADDM 2014 surveillance arca (Table
7), representing a total population of 263,775 children aged eight years. This was 81% of the population
on which DSM-IV-TR prevalence estimates were reported. Within this population, a total of 4,920
children were confirmed to mect the ADDM Network ASD case definition for cither DSM-IV-TR or
DSM-35. Of these children, 4,236 (86%) met both case definitions, 422 (9%) met only the DSM-IV-TR
criteria, and 262 (5%) met only the DSM-5 criteria (Table 8). This yielded a DSM-IV:DSM-5 prevalence
ratio of 1.04 m this population, indicating that ASD prevalence was about 4% higher based on the
histerical DSM-IV-TR case definition cempared to the new DSM-5 case definition. In six of the 11
ADDM sites, DSM-5 case counts were within about 5% of DSM-IV-TR counts (range: 5% lower

[Tennessee] to 5% higher [Arkansas]), whereas DSM-5 case counts were more than 5% lower than DSM-
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IV-TR counts in Minnesota and North Carolina (6%}, New Jersey (10%) and Colorado (14%). Kappa
statistics indicated strong agreement between DSM-IV-TR and DSM-5 case status among children
abstracted in phase 1 of the study who were reviewed in phase 2 for both DSM-1V-TR and DSM-5 (kappa
for all sites combined: 0.85, range: 0.72 [Tennessee] to 0.93 [North Carolina]).

Stratified analysis of DSM-IV:DSM-5 ratios were very similar compared to the overall sample
(Table 9). DSM-5 estimates were about 3% lower than DSM-IV-TR counts for males, and about 6%
lower for females (kappa = (.85 for both). Case counts were about 3% lower among white and black
children on DSM-5 compared to DSM-TV, 5% lower among Asian children, and 8% lower among
Hispanic children. Children who received a comprehensive evaluation by age 36 months were 7% less
likely to meet DSM-5 than DSM-1VY, whereas those cvaluated by age 4 years were 6% less likely to meet
DSM-3, and those initially evaluated after age 4 years were just as likely to meet DSM-5 as DSM-IV.
Children with documentation of eligibility for autism: special education services, as well as those with a
documented diagnosis of ASD by age 3 years, were 2% morce likely to meet DSM-5 than DSM-1V.
Slightly over 3% of children whose earliest ASD diagnosis was Autistic Disorder met DSM-5 criteria but
not DSM-1V, compared to slightly under 3% of those whose earliest diagnosis was PDD-NOS/ASD-NOS
and 5% of those whose earliest diagnosis was Asperger Disorder. Children with no previous ASD
classification {diagnosis or cligibility} were 47% less likely to meet DSM-5 than DSM-IV-TR.
Combining data from all 11 sites, children with 1Q scores in the range of intellectual disability were 3%
less likely to meet DSM-35 criteria compared to DSM-IV-TR (kappa = 0.89), those with I() scores in the
borderline range were 6% less likely to meet DSM-5 than DSM-1V-TR (kappa — 0.88), and children with
average or above average intellectual ability were 4% less likely to meet DSM-5 criteria compared to
DSM-IV-TR (kappa = 0.86).

Discussion

Comparison to earlier ADDM surveillance years

The overall ASD prevalence estimate of 16.8 per 1,000 children aged eight years in 2014 is

higher than previously reported estimates from the ADDM Network. An ASD case definition based on
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DSM-IV-TR criteria was used during the entire period of ADDM surveillance from 2000 to 2014, as were
comparable study operations and procedures, although the geographic areas under surveillance have
varied over time. During this period ADDM ASD prevalence estimates incrcased from 6.7 to 16.8 per
1.000 children aged eight years, an increase of approximately 150%.

Among the six ADDM sites conmipleting both the 2012 and 2014 studies for the same geographic
area, all six showed an increase in ASD prevalence estimates between 2012 and 2014, with a nearly 10%
prevalence increase in Georgia and Maryland, 19% in New Jersey, 23% in Missouri, 29% in Colorado
and 31% in Wisconsin. The ASD prevalence estimate from New Jersey continues to be one of the highest
reported by a population-based surveillance system. The two sites with the greatest relative increase in
prevalence arc remarkable in that both gained aceess to children's education records in additional
geographic areas for 2014. Colorado was granted access to review children's education records in one
additienal county for the 2014 surveillance year (representing nearly 20% of the pepulation aged eight
years within the overall Colorado surveillance arca), and Wisconsin was granted aceess to review
education records in parts of 2 of the 10 counties comprising their 2014 surveillance area. Although this
represented only 26% of the population aged eight years within the overall Wisconsin surveillance area,
2014 marked the first time Wisconsin has included education data sources. Comparnisons to earlier
ADDM Network surveillance results should be interpreted cautiously due to changing composition of
sites and geographic coverage over time. For example, three ADDM Network sites completing both the
2012 and 2014 surveillance vears {Arizona, Arkansas and North Carolina) covered a different geographic
arca cach ycar, and two new sites (Minncsota and Tennessce) were awarded funding to monitor ASD in
collaboration with the ADDM Network.

Some characteristics of children with ASD were similar in 2014 compared to earlier surveillance
years. The median age of earliest known ASD diagnosis remained close to 53 months in prior surveillance
years and was 52 months in 2014. The proporticn of children who received a comprehensive
developmental evaluation by age 3 years was unchanged: 42% in 2014 and 43% during 2006-2012. There

were a number of differences in the characteristics of the population of children with ASD in 2014, as



591

592

593

594

595

596

597

598

599

600

601

602

603

604

605

o6

607

608

609

610

611

612

613

614

615

616

24

well. The male:female prevalence ratio decreased frem 4.5:1 during 2002-2012 to 4:1 in 2014, driven by
a greater relative increase in ASD prevalence among girls than among boys sice 2012, Also, the decrease
in the ratios of white:black and white:1ispanic children with ASD continued a trend observed since 2002.
Among sites covering a population of at least 20,000 children aged eight vears, New Jersey reported no
significant race- or ethnicity-based difference in ASD prevalence, suggesting more complete
ascertainment among all children regardless of race/ethnicity. Historically, ASD prevalence estimates
from combined ADDM sites have been about 20-30% higher among white children as compared to black
children. For surveillance year 2014 the difference was only 7%, the lowest difference ever observed for
the ADDM Network. Likewise, prevalence among white children was almost 70% higher than that among
Hispanic children in 2002 and 2006, and about 50% higher in 2008, 2010 and 2012, whercas for 2014 the
difterence was only 22%. Data from a previously reported comparison of ADDM Network ASD
prevalence estimates from 2002, 2006 and 2008 {9) suggested greater increases in ASD prevalence
among black and llispanic children compared to those among white children. Reductions in disparities in
ASD prevalence for black and Hispanic children may be due, in part, to more effective cutreach directed
to minority communities. Finally, the proportion of children with ASD and lower intellectual ability was
sirnilar in 2012 and 2014 at about 30% of males and 35% of females. These proportions were markedly
lower than those reported in prior surveillance years.
Comparison among ADDM 2014 sites

Findings from the 2014 surveillance year indicate that prevalence estimates still vary widely
among ADDM Network sites, with the highest prevalence observed in New Jersey. Although five of the
11 ADDM sites coenducting the 2014 surveillance year reported prevalence estimates within a very close
range, from 13.1 to 14.1 per 1,000 children, New Jersey's prevalence estimate ot 29.4 per 1,000 children
was significantly greater than that from any other site, and four sites {Georgia. Maryland, Minnesota,
North Carolina) reported prevalence estimates that were significantly greater than those frem any of the
five sites in the 13.1-14.1 per 1,000 range. It should be noted that two of the sites with prevalence

estimates of 20.0 per 1,000 or higher, Maryland and Minnesota. conducted surveillance among a total
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populaticn of less than 10,000 children aged eight years. Concentrating surveillance efforts in smaller
geographic areas, especially those in close proximity to diagnostic centers and those covering school
districts with advanced staff training and programs to support children with ASD, may yield higher
prevalence estimates compared to those frem sites covering populations of more than 20,000 8-year-olds.
Those sites with limited or no access to education data scurces (Coloradoe, Missouri, and Wisconsin) had
prevalence estimates near the lower range among all sites. In addition to variation among sites in reported
ASD prevalence, wide variation among sites is noted on the characteristics of children identified with
ASD, including the proportion of children who received a comprehensive developmental evaluation by
age 3 years. the median age of earliest known ASD diagnosis, and the distribution by intellectual ability.
Some of this variation might be attributable to regional differences in diagnostic practices and other
documentation of autism symptoms, although previous reperts based en ADDM data have linked much of
the variation to other extrinsic factors such as regional and socioeconomic disparities in access to services
(13,14).
Comparison between DSM-IV-TR and DSM-5 case definitions

Agreement in the application of the DSM-IV-TR and DSM-5 case definitions was remarkably
close. overall and when stratified by sex, race/ethnicity, DSM-IV-TR diagnostic subtype or level of
intellectual ability. Overall, ASD prevalence estimates based on the new DSM-5 case definition were very
similar in magnitude but slightly lower than those based cn the historical DSM-IV-TR case definition.
Three of the 11 ADDM sites actually had slightly higher case counts using the DSM-5 framework
comparcd to the DSM-IV. Colorado, where the DSM-IV-TR:IDSM-5 ratio was highest compared to all
other sites. was also the site with the lowest proportion of DSM-IV-TR cases having a previous ASD
classification. This suggests that the diagnostic component of the DSM-5 case definition, whereby
children with a documented DSM-1V-TR diagnosis of ASD automatically qualify as DSM-5 cases
regardless of social interaction/communication and restricted/repetitive behavioral criteria, might have
influenced DSM-5 results to a lesser degree in that site, as a smaller proportion of DSM-IV-TR cases

would meet DSM-35 case criteria based solely on the presence of a documented DSM-1V-TR diagnosis.
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This element of the DSM-35 case definition will carry less weight moving forward, as fewer children aged
eight years in health and education settings will have been diagnosed with ASD under the DSM-IV-TR
criteria. [t is also possible that individuals who conduct developmental cvaluations of children in health
and education settings will increasingly describe behavioral characteristics using language more
consistent with DSM-5 terminelogy, yielding more ASD cases based en the behavioral component of
ADDM's DSM-5 case definition. Prevalence estimates based on the DSM-5 case defimition that
incorporates an existing DSM-IV-TR diagnosis reflect the actual patterns of diagnosis and services for
children in 2014, since children diagnoesed under DSM-IV-TR did not lose their diagnosis when the
updated DSM-5 criteria were published. Using this approach, agreement in the application of the DSM-
1V-TR and DSM-5 case definitions was remarkably close, overall and when stratified by sex,
race/ethnicity, DSM-IV-TR diagnostic subtype, or level of intellectual ability. In the ceming vears
prevalence estimates will align more closely with the specific DSM-5 behavioral criteria, and may
cxelude some individuals who would have met DSM-IV-TR criteria for Autistic Disorder, PDD-NOS or
Asperger Disorder, while at the same time including individuals who do not meet those criteria but who
do meet the specitic DSM-5 behavioral criteria.
Comparison to national prevalence estimates

The ADDM Network is the only ASD surveillance system in the United States providing robust
prevalence estimates for specific areas of the country, including those for subgroups defined by sex and
racefethnicity, providing information about geographical variation that can be used to evaluate policies
and diagnostic practices that may affeet ASD prevalence. [t is also the only comprehensive surveillance
system to incorporate ASI) diagnostic criteria inte the case definitien rather than relving entirely on
parent or caregiver report of a previous ASD diagnosis, providing a unique contribution to the knowledge
of ASD epidemiology and the impact of changes in diagnostic criteria. Two surveys of children’s health,
The National Health Interview Survey (NHIS) and the National Survey of Children’s Health (NSCH)
report estimates of ASD prevalence based on caregiver report of being told by a doctor or other healthcare

provider that their child has ASD, and, for the NSCH. if their child was also reported to currently have



669

670

671

672

673

674

675

676

677

678

679

680

681

682

683

684

685

686

687

688

689

690

691

692

693

694

27

ASD. The most recent publication from NHIS showed that 27.6 per 1,000 children aged 3-17 years had
ASD in 2016, which did not differ significantly from estimates for 2015 or 2014 (24.1 and 22.4,
respectively) (29). An estimate of 20.0 per 1,000 children aged 6-17 years was reported from the 201 1-
2012 NSCH (3@} The study samples for the two phone surveys are substantially smaller than the ADDM
Network; however, they were intended to be nationally representative, whereas the ADDM Network
surveillance areas were selected through a competitive process and, although large and diverse, were not
intended te be nationally representative. Geographic differences in ASD prevalence have been cbserved
in both the ADDM Network and national surveys, as have difterences in ASD prevalence by age
(6,7,89.10,11,29,30). All three prevalence estimation systems are impacted by regional and policy-driven
differences in the availability and utilization of cvaluation and diagnostic services for children with
developmental concerns. Phone surveys are likely more sensitive in identifying children who received a
preliminary or confirmed diagnosis of ASD but are not receiving services (for exaniple, special education
scrvices). The ADDM Network method based on analysis of information contained in existing health and
education records enables the collection of detailed. case-specific information reflecting children’s
behavioral, developmental and functienal characteristics, which are not available from the natienal phene
surveys. This detailed case level information may provide insight into temporal changes in the expression
of ASD phenotypes, and offers the ability to account for differences based on changing diagnostic
criteria,
Limitations

The findings in this report are subject to a number of limitations. Foremost, ADDM Network sites
were not selected to represent the United States as a whole, nor were the geographic areas within each
ADDM site selected to represent that state as a whole (with the exception of Arkansas, where ASD is
monitored statewide). Although a combined estimate 18 reported for the Network as a whole to inform
stakeholders and interpret the findings from individual surveillance years in a more general context, data
reported by the ADDM Network should not be interpreted to represent a national estimate of the number

and characteristics of children with ASD. Rather. 11 is more prudent to examine the wide variation -
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among sites, between specific groups within sites, and across time - in the number and characteristics of
children identified with ASD, and to use these findings to inform public health strategies aimed at
removing barriers to identification and treatment, and climinating disparitics among sociocconomic and
racial/ethnic groups. Data frem individual sites provide even greater utility for developing local policies
in those states.

When considering data on the characteristics of children with ASD, it is important to
acknowledge limitations of information available in children's health and education records. Age of
earliest known ASD diagnosis was obtained from descriptions in children's developmental evaluations
that were available in the health and education facilities where ADDM staff had access to review records.
1t is possible that some children had carlicr diagnoses that were not recorded in these records. Likewise, it
is possible that some descriptions of historical diagneses, i.e., these not made by the evaluating examiner,
could be subject to recall error on the part of a parent or provider who described the historical diagnosis to
that cxaminer. Another characteristic featured prominently in this report, intellectual ability, is subject to
measurement limitations. 1Q test results should be interpreted cautiously due to myriad factors that impact
performance on these tests, particularly language and attention deficits that are common among children
with ASD, especially when testing was conducted prior to age 6 vears.

Because comparisons to the results from carlier ADDM surveillance years were not restricted to a
cominon geographic area, inferences about the changing number and characteristics of children with ASD
over time should be made with caution. Additional limitations to the records-based surveillance
methodology have been deseribed extensively in previous ADDM and MADDSP reports
(3.6,7,8,910,11).

Future Surveillance Directions

Data collection for the 2016 surveillance year began in early 2017 and will continue through md-

2019, Beginning with surveillance year 2016, the DSM-5 case definition for ASD will serve as the basis

for prevalence estimates, The DSM-TV-TR case definition will be applied in a limited geographic area to
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offer additional data for comparison, although the DSM-IV-TR case definition will eventually be phased
out.

When the ADDM methodology was originally developed. estimating ASD prevalence among
children aged eight vears was determined to represent the peak prevalence, based on estimates for
multiple ages in metropolitan Atlanta, GA in 1996 (3). Estimating prevalence among 8-year-olds requires
quality data from both health and educational agencies and likely captures most children whose adaptive
performance is impacted by ASD. However, because prevalence estimation takes considerable time and
effort, reporting of estimates lags behind the surveillance year by 3-4 years, Thus, opportunities for policy
or programmatic enhancerments to impact key health mdicators also lag. Focusing on vounger cohorts
may allow carlicr asscssment of systematic changes (e.g., policics, insurance, and programs) that impact
younger children, rather than waiting until cohorts impacted by these changes reach eight vears of age.
Surveillance of ASD in older populaticns is also important, but may require different methodological
approaches.

CDC's “Learn the Signs. Act Early.” (LTSAE) campaign, launched in October 2004, aims to
change perceptions among parents, healthcare professionals and early educators regarding the importance
of early 1dentification and treatment of autism and other developmental disorders {37). In 2007, the
American Academy of Pediatrics {AAP} recommended developmental sereening specifically focused on
social development and ASD at 18 and 24 months of age. Both efforts are in accordance with the Healthy
People 2020 (HP2020) goal that children with ASD are evaluated by age 36 months and begin receiving
community-based support and scrvices by age 48 months (/2). 1t is concerning that progress has not been
made toward the HP2020 goal of increasing the percentage of children with ASD who receive a first
evaluation by age 36 months to 47%:; however, the cohort of children monitored under the ADDM 2014
surveillance vear (i.e.. children born in 2006) represents the first ADDM 8-year-old cohort impacted by
the LTSAE campaign and the 2007 AAP recemmendations. The effect of these programs in lowering age
at evaluation may become more apparent when subsequent birth cohorts are monitored. Further

exploration of ADDM data, including those collected on cohorts of children aged four vears (33), may
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inform how policy initiatives such as screening recommendations and other social determinants of health
may impact the prevalence of ASD and characteristics of children with ASD, including the age at which
most children receive an ASD diagnosis.

Conclusion

The latest findings from the ADDM Network provide evidence that the prevalence of ASD has
increased compared to previously reported ADDM estimates, and continues to vary among certain
racial/ethnic groups and communities. The cverall ASD prevalence estimate of 16.8 per 1,000 (children
aged eight years in 2014 is higher than previous estimates from1 the ADDM Network. With prevalence of
ASD reaching nearly 3% in some communities and representing an increase of 150% since 2000, ASD is
an urgent public health concern that could benefit from enhanced strategics to help identify ASD carlier;
to determine possible risk factors; and to address the growing behavioral, educational. residential and
occupational needs of this population.

Contrary to somc predictions, the redefinition of ASD provided by the DSM-5 may have had a
relatively small impact on the overall ASD estimate provided by the ADDM Network. This may be due to
the carryover effect of including all DSM-IV-TR-diagnosed cases in the DSM-5 count, Qver time, the
estimate may be mfluenced (downward) by a diminishing number of individuals who meet the DSM-5
diagnostic criteria for ASD based solely on a previous DSM-1V-TR diagnosis, and influenced (upward)
by professionals aligning their clinical descriptions with the DSM-5 criteria. Although the prevalence of
ASD and characteristics of children identified by each case definition were similar in 2014, the diagnostic
features defined under DSM-1V-TR and DSM-5 appear to be quite different. The ADDM Network will
continue te evaluate these similarities and differences in much greater depth, and will examine at least
one more cohort of children aged eight years to expand this comparison. Over time, the ADDM Network
will be well positioned to evaluate the effects of changing ASD diagnostic parameters on prevalence.
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Tables & Figures for MMWR Surveillance Summaries:
Prevalence of autism spectrum disorder among 8-year-old childran — Autism and Developmental Disahilitias Monitoring Network, 11 sites, United States, 2014

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, 2014

White Black Asian or American Indian
Site Site Institution Surveillance Area Total oo L Hispanic Pacific Islander, or Alaska Native,
non-Hispanic non-Hispanic N \ . \
non-Hispanic non-Hispanic
No. No. % No. % No. % No. % No. %
" .
Arizona Uniiv of Arizona Part of 1 county in 24,952 12,308  {49.3) 1,336 (5.4) 9,792  {39.2) 975 (3.9) 541 (2.2)
metropolitan Phoenix
i f 7 ies i
Arkansas Univ of Arkansas for All 75 counties in 39,992 26,103  (65.3) 7,705  {19.3) 5012  {12.5) 843 (2.1) 329 (0.8)
Medical Sciences Arkansas
Colorado Dept of Public 7 counties in
Colorado Health and Environment  metropolitan Denver 41,128 22,410  (545) 2,724 6.6) 13,735  (33.4) 2,031 (4.9) 228 (0.6)
Georgia Centers for Disease 5 counties including 51,161 15495  {30.3) 22,042  {43.1) 9913 {194} 3,599 (7.0) 112 (0.2)
Control and Prevention metropolitan Atlanta
. . 1 county in
Maryland lohns Hopkins Uniy . . 9,955 4,977 {50.0} 3,399 {34.1} 829 {8.3) 719 {7.2) 31 {0.3)
metropoelitan Baltimore
+ Parts of 2 counties |
Minnesota University of Minnesota o > O 2COUNtESIN g 267 3793 (38.8) 2,719  (27.8) 1486  (152) 1576  {16.1) 193 (2.0)
Minneapaolis-5t. Paul
o \ o 5 counties includi
Missouri Washington University counties INCUIng 25333 16529  (65.2) 6,577  (260) 1,220 (4.8} 931 (3.7) 76 (0.3}
metropolitan St. Louis
New Jersey Rutgers University 4 counties including 32,935 13,593  (41.3) 7,066  (21.8) 10,226  (31.0) 1,874 (5.7) 76 (0.2)
metropoelitan Newark
. Univ of North Carolina- 6 counties in central
North Caralina Chapel Hill ot 30,283 15241  {50.3) 7,701  (25.4) 5463  (180) 1,778 (5.9) 100 (0.3)
o 11 counties in central
Tennessee vanderbilt University Tenc::sr;égs'nce” ra 24940 15,367  (63.6) 4,896  (19.6) 3,324  {(13.3) 799 (3.2) 54 (0.2)
Wisconsin Univ of Wisconsin — 10 counties in south- 35,037 20,732  {59.2) 6,48  {185) 6,181  {17.6) 1471 (4.2) 167 (0.5)
Madison eastern Wisconsin
All Sites Combined 325483 167,048  (51.3) 72,751  (22.4) 67,181  {(206) 16,596 (5.1) 1,907 (0.6)

Total numbers of children aged 8 years in each surveillance area were obtained from CDC's National Center for Health Statistics {NCHS) Vintage 2016 Bridged-Race Population Estimates for July 1,

2014,

Denominator excludes school districts that were not included in the surveillance area, calculated from Naticnal Center for Education Statistics enrollment counts of 3rd graders during the 2014-

2015 school year.



TABLE 2. Estimated prevalence* of autism spectrum disorder {ASD) per 1,000 children aged 8 years, by sex — Autism and Developmental Disabilities Monitoring Network, 11 Sites, United States,
2014

Sex

Site Total pop. Total:so[; with Overallt Males Females Male-to-Female

Prevalence 95% Cl Prevalence 95% Cl Prevalence 95% Cl prevalence ratio®
Arizona 24,552 349 14.0 {12.6 - 15.5}) 21.1 {18.7 - 23.8) 6.6 (5.3-8.2) 3.2
Arkansas 39,992 522 13.1 {12.0-14.2) 205 {18.6 - 22.5}) 5.4 {45-6.5) 3.8
Colorado 41,128 572 139 {12.8-15.1) 218 {19.9-23.9) 55 {46-6.7) 39
Georgia 51,161 869 17.0 {15.9-18.2) 27.5 {25.9-30.0) 5.7 {4.8-6.7) 4.9
Maryland 8,855 1385 200 {17.4-23.0) 327 {28.1-38.2) 7.2 {5.2-10.0} 4.5
Minnesota 8,767 234 24.0 {21.1-27.2) 35.0 {33.8-44.9) 8.5 {6.3-11.6) 4.6
Missouri 25,333 356 14.1 {12.7 -15.6) 222 {15.8 - 25.0) 5.6 {4.4-7.0) 4.0
New Jersey 32,535 964 28.3 {27.5-31.2) 45.5 {42.4-48.9) 12.3 {10.7 - 14.1) 3.7
North Carolina 30,283 527 17.4 {16.0-15.0) 28.0 {25.5 - 30.8) 6.5 (5.3-7.9) 4.3
Tennessee 24,340 387 15.5 {14.0-17.1) 25.3 {22.6-28.2) 5.4 {4.2-6.9) 4.7
Wisconsin 35,037 434 14.1 {12.9-15.4) 214 {19.4 - 23.7) 6.4 {53-7.7) 34
All Sites Combined 325,483 5,473 16.8 {16.4 -17.3) 26.6 {25.8-27.4) 6.6 {6.2-7.0] 4.0

Abbreviations: Cl = confidence interval,

* Per 1,000 children aged 8 years.

+ All children are included in the total regardless of race or ethnicity.

5 All sites identified significantly higher prevalence among males compared to females {p<0.01).
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TABLE 3. Estimated prevalence* of autism spectrum disorder {ASD) per 1,000 children aged 8 years, by race/ethnicity — Autism and Developmental Disabilities Monitoring Network, 11 Sites, United
States, 2014

Race/ethnicity Prevalence Ratio

Site White Black Hispanic Asian/Pacific Islander White-to- White-to- Black-to-

Prevalence 95% ClI Prevalence 95% ClI Prevalence 95% ClI Prevalence 95% ClI Black Hispanic Hispanic
Arizona 16.2 {14.1-18.6) 195 {13.3-28.6) 10.3 {8.5-12.5) 10.3 {5.5-19.1) 0.8 1.6% 1.95
Arkansas 13.9 {12.6 - 15.5) 104 (8.3-12.9) 8.4 (6.2 -11.3) 14.2 {8.1-25.1) 1.3t 1.7 1.2
Colorado 15.0 {13.5-16.7) 114 (8.0 -16.2) 10.6 (9.0-12.5) 7.9 (4.8 -12.9) 1.3 1.4t 1.1
Georgia 17.9 {16.0 - 20.2} 17.1 {15.4 - 18.9) 12.6 {10.6 - 15.0} 119 (8.9 -16.1) 1.1 1.45 1.4
Maryland 19.5 {16.0 - 23.8) 16.5 (12.7-21.4) 15.7 {9.1-27.0) 13.9 {7.5-25.8) 1.2 1.2 1.1
Minnesota 243 {19.8 - 29.8) 272 (21.7-34.2) 208 (14.7 -29.7) 17.8 {12.3-25.7) 0.9 1.2 1.3
Missouri 14.1 {12.4 - 16.0) 10.8 {8.6-13.6) 49 {2.2-10.9) 10.7 (5.8 -20.0) 1.3t 2.9t 2.2
New lersey 30.2 {27.4-33.3) 26.8 {23.3-30.9) 29.3 {26.2-32.9) 19,2 {13.9-26.5) 1.1 1.0 0.9
North Carolina 18.6 {16.5 - 20.9) 16.1 {13.5-19.2) 11.9 {9.3-15.2) 19.1 {13.7 - 26.8) 1.2 1.6% 1.4t
Tennessee 16.1 {14.3 -18.2) 125 (9.7 - 16.0) 10.5 (7.6-14.7) 125 (6.7 -23.3) 1.3 1.5t 1.2
Wiscansin 15.2 {13.6 - 17.0} 113 (8.9 -14.2) 125 {10.0 - 15.6} 10.2 (6.1-16.9) 1.3t 1.2 0.9
All Sites Combined 17.2 {16.5 - 17.8) 16.0 {15.1-16.9) 14.0 {13.1-14.9) 13.5 {11.8-15.4} 1.1t 1.2 1.15

Abbreviations: Cl = confidence interval
* Per 1,000 children aged 8 years.

T Prevalence ratio significant at p<0.05.
% Prevalence ratio significant at p<0.01.



4

TABLE 4. Number and percentage of children aged 8 years* identified with autism spectrum disorder {ASD) who received a comprehensive evaluation by a qualified professional before age 3 years,
4 years, or later — Autism and Developmental Disabilities Monitoring Network, 11 sites, United States, 2014

Earliest age when child received a comprehensive evaluation

Mention of general delay

<=36mos 37-48mos >48mos <=36mos
No % No % No % No %

Arizona 87 {34.1} 56 {22.0) 112 {43.9) 240 {94.1)
Arkanzas 117 {30.5) 98 (25.6) 168 (43.9) 354 (92.4)
Colorado 200 {46.4} 66 {15.3) 165 {38.3) 383 {88.9)
Georgia 240 {37.6) 126 (19.7) 273 (42.7) 549 (85.9)
Maryland 96 {56.1} 19 {11.1} 56 {32.7) 158 {92.4)
Minnesota 57 {33.5) 36 (21.2) 77 (45.3) 124 (72.9)
Missouri 88 {32.1} 39 {14.2) 147 {53.6) 196 {71.5)
New lersey 318 {40.5) 174 (22.2) 293 (37.3) 645 (82.2)
North Carclina 260 {66.2) 42 {10.7) g1 {23.2) 364 {92.6)
Tennessee 30 {34.0) 47 (20.0) 108 (46.0) 144 (61.3)
Wisconsin 194 {47.2) 87 {21.2) 130 {31.6) 368 {89.5)

All Sites Combined 1737 {41.9) 790 (19.0) 1620 (39.1) 3525 (85.0)

*Includes children identified with ASD who were linked to an in-state birth certificate



TABLE 5. Median age {in months] of earliest known autism spectrum disorder (ASD) diagnosis and number and proportion within each diagnostic subtype — Autism and Developmental Disabilities
Monitoring Network, 11 sites, United States, 2014

Autistic Disorder ASD/PDD Asperger Disorder Any Specified ASD Diagnosis
Median Age No. % Median Age No. % Median Age No. % Median Age No. %

Arizona 55 186 (76.2) 61 50 (20.5) 74 8 (3.3) 56 244 (69.9)
Arkansas 55 269 (63.0) 63 129 (30.2) 75 29 (6.8) 59 427 (81.8)
Colorado a0 192 {(61.7) 65 104 {33.4) 61 15 {4.8) 51 311 {54.4)
Georgia 46 288 (48.1) 56 261 (43.6) 65 50 (8.3) 53 599 (68.9)
Maryland 43 52 {32.3) 61 104 {64.5) 65 5 (3.1) 52 161 {80.9)
Minnesota 51 50 {45.9) 65 54 {49.5) 62 5 {4.6) 56 109 (46.6)
Missouri 54 gl {26.7) 55 187 {65.0} 65 25 {8.3) 56 303 {85.1}
New lersey 42 227 (32.7) 51 428 (61.6) 66 40 (5.8) a8 695 (72.1)
North Carolina 32 165 {52.5) 49 130 {41.4} &7 18 {6.1) 40 314 {58.6}
Tennessee 51 157 (57.1) 63 100 (36.4) 60 18 {6.5) 56 275 (71.1)
Wisconsin 46 143 {40.2} 55 129 {53.1} &7 24 {6.7) 51 356 {72.1}

All Sites Combined 46 1310 {472.7) 56 1746 {46.0} &7 238 {6.3) 52 3794 {63.3}

Abbreviation: PDD = pervasive developmental disorder - not otherwise specified.



TABLE 6. Number and percentage of children aged 8 years identified with autism spectrum disorder {ASD) for whom special education data were available, by primary special education eligibility
category*® — Autism and Developmental Disabilities Monitoring Network, 10 sites with access to education records, United States, 2014

Arizona Arkansas Colorado Georgia Maryland Minnesota New Jersey N. Carolina  Tennessee Wisconsin

Total no. of ASD cases 349 522 572 869 199 234 964 527 387 494
Total no. (%} of ASD cases with 311 455t 1485 752 159 201 851 444 293+ 167¢
Special Education records {89.1) (87.2)% {NR}Y {86.5) {79.5) {85.9) {88.3) {84.3) (75.7)% (NR)Y
Primary Exceptionality

Autism (%) 65.3 65.1 43.2 57.8 66.0 65.2 47.7 74.3 68.9 39.5
Emotional Disturbance (%} 2.9 0.9 7.4 2.0 25 45 1.5 2.5 0.3 5.4
Specific Learning Disability (%) 6.8 3.1 14.2 4.0 11.9 1.0 8.0 2.7 0.7 2.4
Speech or Language Impairment (%) 5.5 10.3 10.1 2.4 3.8 5.0 13.6 3.6 10.8 19.2
Hearing or Visual Impairment (%) 0.0 0.2 0.0 0.1 0.0 1.0 0.6 0.5 0.0 0.6
Health, Physical or Other Disability (%) 6.8 13.2 15.5 3.6 8.8 14.4 19.3 10.6 5.5 15.0
Multiple Disabilities (%)} 0.3 4.2 4.7 0.0 4.4 1.5 6.9 1.6 0.0 0.0
Intellectual Disability (%) 3.2 3.1 4.1 2.0 1.9 7.0 1.8 2.7 2.0 0.6
Developmental Delay / Preschool (%) 9.3 0.0 0.7 28.1 0.6 0.5 0.6 1.6 11.6 17.4

* Some state-specific categories were recoded or combined to match current U.S. Department of Education categories.

T Includes children residing in school districts where educational records were not reviewed {proportion of surveillance population: 31% Arkansas, 12% Tennessee]

% Excludes children residing in school districts where educational records were not reviewed {proportion of surveillance population: 67% Colorado, 74% Wisconsin)

T Proportion not reported because numerator is not comparable to other sites {excludes children residing in school districts where educational records were not reviewed)



Figure 1. Most recent intelligence quotient score as of age 8 years among children with autism spectrum disorder for whom test data were available, by sex and site — Autism and Developmental
Disabilities Monitoring Network, nine sites,* United States, 2014

m Within intellectually disahled range (00 700 Above intellectually disabled runee (1 74

104F

Dy

hULE

56% 56% 52% 54%

‘?{}I:I':l
629
1% 67% 9% . o 63% 6%
% 740, 2% e % T my 7% n%

OF 81%

S

RTINS

R

RIT

14K

I Sl I A% I A% i Y| I Sl I Sl I A% I A% i Y| I Sl

Arizona Arkansas Colorado Georgia Maryland Minnesota New lersey N. Carolina Tennessee Total

Abbreviations: ASD = autism spectrum disorder; F = female; 1Q = intelligence quotient; M = male.
* Includes sites that had intellectual ability data available for 270% of children who met the ASD case definition.



Figure 2. Most recent intelligence quotient score as of age 8 years among children with autism spectrum disorder for whom test data were available, by sex and race/ethnicity — Autism and
Developmental Disabilities Monitoring Network, nine sites,* United States, 2014
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Abbreviations: ASD = autism spectrum disorder; F = female; 1Q = intelligence quotient; M = male.
* Includes sites that had intellectual ability data available for 270% of children who met the ASD case definition.



TABLE 7. Number®* and percentage of children aged 8 years, by race/ethnicity and site in the DSM-5 Surveillance Area — ADDM Network, 11 Sites, United States, 2014

White Black Asian or American Indian
Site Site Institution Surveillance Area Total ., o Hispanic Pacific Islander, or Alaska Native,
non-Hispanic non-Hispanic . . . .
non-Hispanic non-Hispanic
No. No. % No. % No. % No. % No. %
, . . + Part of 1 county in
Arizona Univ of Arizona . , 9,478 5,340 {56.3) 321 {3.4) 3,244 {34.2) 296 {3.1) 277 {2.9)
metropolitan Phoenix
Arkansas Univ of Arkansas for All 75 counties in 39,992 26,103  {65.3) 7,705  {19.3) 5012  {12.5) 843 (2.1) 329 (0.8)
Medical Sciences Arkansas
| Publi i
Colorado Colorado Dept of Public — 1 county in 8,022 2,603  (32.4) 1,018  {12.7) 4019  {50.1) 322 (4.0) 60 (0.7)
Health and Environment  metropelitan Denver
. Centers for Disease 5 counties including
Georgia Control and Prevention  metropolitan Atlanta 51,61 15,495  (30.3) 22,042  {43.1) 9,913  {19.4) 3,599 {7.0) 112 {0.2)
. . 1 county in
Maryland lahkns Hopkins Univ ' ) 9,955 4,977  {50.0} 3,399 (34.1) 829 (8.3) 719 {7.2) 31 {0.3)
metropolitan Baltimore
TP f ies |
Minnesota University of Minnesata | Farts of 2 countiesin 9,767 3,793  (38.8) 2,719  {27.8) 148  {152) 1576  (16.1) 193 (2.0)
Minneapolis-St, Paul
5 ties includi
Missouri Washington University counties incuding 12,205 7,186  (589) 3,793  (31.1) 561 (4.6) 626 (5.1) 29 (0.3)
metropolitan 5t. Louis
. , 4 counties including
41, P . } . 874 . .
New Jersey Rutgers University metropolitan Newark 32,935 13,583 {41.3) 7,166 {21.8) 10,226 {31.0) 1,87 {5.7 76 {0.2)
Univ of North Carclina— & counties in central
Narth Caroli ) . 30,283 15,241 50.3 7,701 25.4 5,463 18.0 1,778 5.9 100 0.3
orth Larolina Chapel Hill North Carolina { } { ) ( ) 5.9) (0.3)
Tennessee vanderbilt University 11_::::;:25 in central 24,940 15867  (63.6) 4,896  (19.6) 3,324  (13.3) 799 (3.2) 54 (0.2)
. , Univ of Wi in— 10 ties | th-
Wisconsin niv or Wisconsin COUNHES In S0U 35,037 20,732 (59.2) 6,486  (185) 6181  (17.6) 1471 (4.2) 167 (0.5)
Madison eastern Wisconsin
All Sites Combined 263,775 130,930  (49.6) 67,246 (255} 50,258  {19.1) 13,903 (5.3} 1,438 (0.5}

Total numbers of children aged 8 years in each surveillance area were obtained from CDC’'s National Center for Health Statistics {NCHS) Vintage 2016 Bridged-Race Population Estimates for July 1,

2014,

Denominator excludes school districts that were not included in the surveillance area, calculated from National Center for Education Statistics enrollment counts of 3rd graders during the 2014-

2015 school year.



TABLE 8. Number and percentage of children meeting DSM-IV-TR and/or DSK-5 surveillance case definition — ADDM Netwaork, 11 Sites, United States, 2014

Met DSM-IV or DSM-5 Met Both DSM-IV and DSM-5 Met DSM-IV Only Met D5M-5 Only DSM-IV vs. DSM-5
ADDM 5ite n n % n % n % Ratio Kappa
Arizona 179 143 {(79.9) 17 {9.5) 19 {10.6) 0.99 0.83
Arkansas 560 514 {91.8) 8 {1.4) 38 {6.8) 0.95 0.92
Colorado 116 92 (79.3) 19 (16.4) 5 {4.3) 1.14 0.79
Georgia 937 790 (84.3) 79 (8.4) &8 {7.3) 1.01 0.83
Maryland 207 187 {90.3) 12 {5.8) 3 {3.9) 1.02 0.89
Minnesota 254 200 (78.7) 34 {13.4) 20 (7.9} 1.06 0.79
Missouri 209 179 (85.6) 12 (5.7) 18 (8.6) 0.97 0.74
New Jersey 995 842 (84.6) 122 {12.3) 31 {3.1) 1.10 0.85
North Carolina 532 493 (92.7) 34 {6.4) 5 {0.9) 1.06 0.92
Tennessee 408 348 (85.3) 39 {9.5) 21 {5.1) 1.05 0.72
Wisconsin 523 448 (85.7) 46 (8.8) 29 {5.5) 1.04 0.83

All Sites Combined 4,920 4,236 {86.1) 422 (8.6) 262 (5.3} 1.04 0.85




TABLE 9. Stratified comparison of children meeting DSM-IV-TR and/or DSK-5 surveillance case definition — ADDM Netwark, 11 Sites, United States, 2014

Met DSM-IV or DSM-5

Met Both DSM-1V and D5M-5

Met DSM-IV Only

Met DSM-5 Only

DSM-IV vs. DSM-5

Characteristic n n % n % n % Ratic Kappa
Met ASD case definition under DSM-IV andfor DSM-5 4,920 4,236 [86.1) 422 (8.6} 262 {5.3) 1.04 0.85
Sex

Male 3978 3452 (86.8} 316 (7.9} 210 {5.3} 1.03 0.85
Female 942 784 (83.2} 106 (11.3} 52 {5.5) 1.06 0.85
Race /Ethnicity

White, non-Hispanic 2486 2158 (86.8} 123 {7.8) 134 (5.4} 1.03 0.85
Black, non-Hispanic 1184 934 (84.0} 109 9.2} 81 {6.8) 1.03 0.84
Hispanic, regardless of race 817 6495 [85.1} a1 [11.1} 31 {2.8) 1.08 0.86
Asian / Pacific Islander, non-Hispanic 207 182 [90.8} 14 (6.8} 5 (2.4} 1.05 0.88
Earliest comprehensive evaluation on record*

<=36 months 1509 1372 {90.9} 115 (7.6} 22 f1.5) 1.07 0.89
37-48 months 723 640 (88.5} 61 (8.4} 22 (3.0} 1.06 0.86
=48 months 1503 1195 [(79.5) 154 (10.2} 154 (10.2} 1.00 0.81
Documented ASD Classification

Autism special education eligibility 2270 2156 [95.0) 35 (1.5} 79 (3.5} 0.98 0.57
ASD diagnostic statementt

Earliest ASD diagnosis <=36 months 951 936 (98.4} 0 0.0} 15 {1.6} 0.98 0.71
Earliest ASD diagnosis Autistic Disorder 1577 1526 [96.8) D (0.0} 51 {3.2) 0.97 0.50
Earliest ASD diagnosis PDD-NOS/ASD-NOS 1564 1525 (97.5) 0 (0.0} 39 {2.5) 0.98 0.72
Earliast ASD diagnosis Asperger Disorder 21 210 [95.0} o] (0.0} 11 (5.0} 0.95 0.72
Mo previous ASD diagnosis or eligibility on record 950 484 [50.9) 369 [38.8} a7 [10.2} 1.47 0.62
Moaost recent intelligence quotient score?

Intellectual disability {1 <=70} 1191 1089 (91.4) 67 {5.6) 35 {2.9) 1.03 0.89
Borderline range {10 71-85} 281 778 {88.3} 74 (8.4} 29 (3.3} 1.06 0.88
Average or above average (10 =85) 1620 1391 [85.9) 143 (8.3) 86 (5.3} 1.04 0.86

* Includes children identified with ASD wha were linked to an in-state hirth certificate

+ A DSM-IV-TR diagnosis of autistic disorder, PDD-NOS or Asperger disorder automatically qualifies a child as meeting the DSM-5 surveillance case definition for ASD
5 Includes data from all 11 sites, including those with 1Q data available for <70% of confirmed cases
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Diaggram 1. ASD case determination criteria under DSM-IV-TR

DSM-IV-TR Behavioral Criteria

Social

la. Marked impairment in the use of multiple nonverbal behaviors such as eye-to-eye gaze, facial expression, body postures, and
gestures to regulate social interaction

1b. Failure to develop peer relationships appropriate to developmental level

1c. A lack of spontaneous seeking to share enjoyment, interests, or achievements with other people {e.g., by a lack of showing,
bringing, or pointing out objects of interest}

1d. Lack of social or emotional reciprocity

Communication

2a. Delay in, or total lack of, the development of spoken language (not accompanied by an attempt to compensate through alternative
modes of communication such as gesture or mime}

2b. In individuals with adeguate speech, marked impairment in the ability to initiate or sustain a conversation with others

2c. Stereotyped and repetitive use of language or idiosyncratic language

2d. Lack of varied, spontaneous make-believe play or social imitative play appropriate to developmental level

Restricted Behavior/Interest

3a, Encompassing precccupation with one or more sterectyped and restricted patterns of interest that is abnormal either in intensity
or facus

3b. Apparently inflexible adherence to specific, nonfunctional routines or rituals

3c. Stereotyped and repetitive motor mannerisms {e.g., hand or finger flapping or twisting, or complex whole body movements)

3d. Persistent preoccupation with parts of ohjects

Developmental History

Child had identified delays or any concern with development in the following areas at or before the age of three years: Social,
Communication, Behavior, Play, Motor, Attention, Adaptive, Cognitive

Autism Discriminators

Oblivicus to children

Chblivicus to adults or others

Rarely responds to familiar sacial approach
Language primarily echolaliz or jargon
Regression/loss of social, language, or play skills
Previous ASD diagnosis

Lack of showing, bringing, etc.

Little or no interest in others

Uses others as tools

Repeats extensive dialog

Absent or impaired imaginative play
Markedly restricted interests

Unusual preoccupation

Insists on sameness

Nonfunctional routines

Excessive focus on parts

Visual inspection

Mowvement preoccupation

Sensory prenccupation

DSM-IV-TR Case Determination

At least & behaviors coded with a minimum of 2 Secial, 1 Communication, and 1 Restricted Behavior/Interest; AND evidence of
developmental delay ar concern at or before the age of three years

CR

At least 2 behaviors coded with a minimum of 1 Social and either 1 Communication and/or 1 Restricted Behavior/Interest; AND at |east
one Autism Discriminator coded

12



Diagram 2. ASD case determination criteria under DSM-5

DSM-5 Behavioral Criteria

A. Persistent deficits in social
communication and social
interaction

Al: Deficits in social emotional reciprocity
A2, Deficits in nonverbal communicative behaviors
A3. Deficits in developing, maintaining, and understanding relationships

B. Restricted, repetitive patterns of
behavior, interests, or activities,
currently or by history

B1: Stereotyped or repetitive motor movements, use of ohjects or speech

B2. Insistence on sameness, inflexible adherence to routines, or ritualized patterns of verbal or nonverbal behavior
B3. Highly restricted interests that are abnormal in intensity or focus

B4. Hyper- or hypo-reactivity to sensory input or unusual interest in sensory aspects of the environment

Historical PDD Diagnosis

A well-established DSM-IV diagnosis of autistic disorder, Asperger's disorder, or pervasive developmental disorder - not otherwise
specified (PDD-NOS])

D5M-5 Case Determination

All 3 behavioral criteria coded under part A, and at least 2 behavioral criteria coded under part B
OR
A DSM-IV diagnosis of autistic disorder, Asperger's disorder, or PDD-NOS
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Abstract

Problem/Condition: Autism spectrum disorder (ASD)

Period Covered: 2014.

Description of System: The Autism and Developmental Disabilities Monitoring (ADDM) Network is an
active surveillance system that provides estimates of the prevalence of ASD among children aged eight
years whose parents or guardians reside within multiple ADDM sites in the United States. ADDM
surveillance is conducted in two phases. The first phase involves review and abstraction of
comprehensive evaluations that were completed by professional service providers in the community. Staff
completing record review and abstraction receive extensive training and supervision and are evaluated
according to strict reliability standards to certify effective initial training, identify ongoing training needs,
and ensure adherence to the prescribed methodology. Record review and abstraction occurs in a variety of
data sources ranging from general pediatric health clinics to specialized programs serving children with
developmental disabilities. [n addition, most of the ADDM sites alse review records for children who
have received special education services in public schools. In the second phase of the study, all abstracted
information is reviewed systematically by experienced clinicians to determine ASD case status. A child is
considered to meet the surveillance case definition for ASD if he or she displays behaviors, as described
on onc or more comprehcensive evaluations completed by community-based professional providers,
consistent with the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revisien
(DSM-IV-TR) diagnostic criteria for Autistic Disorder; Pervasive Developmental Disorder—Not
Otherwisc Specificd (PDD-NOS, including Atypical Autism); or Asperger Disorder. This report provides
updated ASD prevalence estimates for children aged eight years during the 2014 surveillance year, based
on DSM-IV-TR criteria, and describes characteristics of the population of children with ASD. In 2013 the
American Psychiatric Association published the DSM-5, which made considerable changes to ASD
diagnostic criteria. The change in ASD diagnostic criteria may influence ADDM ASD prevalence
estimates; therefore, many (85%) of the records used to determine prevalence estimates based on DSM-

IV-TR criteria underwent additional review under a newly operationalized surveillance case defimition for
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ASD consistent with the DSM-5 diagnostic criteria, which include the presence of an established DSM-
IV-TR diagnosis of Autistic Disorder, PDD-NOS or Asperger Disorder. Results from a targeted
comparison of these two case definitions are also reported.

Results: For the 2014 surveillance year, the overall prevalence of ASD among the 11 ADDM sites was
16.8 per 1,000 (95% confidence interval: 16.4, 17.3) children aged eight years. Overall ASD prevalence
estimates varied among sites, from 13.1-29.3 per 1,000 children aged eight years. ASD prevalence
estimates also varied by sex and race/ethnicity. Males were four times more likely than females te be
identified with ASD. Prevalence estimates were higher for non-Hispanic white (henceforth, white)
children compared to non-Hispanic black (henceforth, black) children, and both groups were more likely
to be identified with ASD compared to Hispanic children. Among the nine sites with sufficient data on
intellectual ability, 31% ef children with ASD were classified in the range of intellectual disability
(1Q<=7(), 25% were in the borderling range (IQ 71-85), and 44% had IQ scores in the average to above
average range (i.c.. 1Q =85). The distribution of intellectual ability varicd by scx and race/ethnicity.
Although mention of developmental concerns by age 36 months was documented for 85% of children
with ASD, only 42% had a comprehensive evaluation on record by 36 months of age. The median age of
earliest known ASD diagnosis was 52 months and did not differ significantly by sex or race/ethnicity. For
the targeted comparison of DSM-1V-TR and DSM-5 results, the number and characteristics of children
meeting the newly operationalized DSM-5 case definition for ASD were similar to those meeting the
DSM-1V-TR case defimtion, with DSEM-IV-TR case counts exceeding DSM-5 counts by less than 5% and
approximatcly 86% overlap between the two case definitions (kappa — 0.85).

Interpretation: Findings from CDC's ADDM Network, based on surveillance year 2014 data reported
from 11 sites, provide updated population-based estimates of the prevalence of ASD among 8-year-olds
in multiple communities in the United States. Because the ADDM sites do not provide a representative
sample of the entire United States, the combined prevalence estimates presented in this report cannot be
generalized to all children aged eight years in the United States. Consistent with reports from previous

ADDM surveillance years, findings from 2014 were marked by sigmficant variation in ASD prevalence
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when stratified by geographic area, sex, and level of intellectual ability. Differences in prevalence
estimates between black and white children have diminished in most sites, but remained notable for
Hispanic children. The new case definition for ASD based on DSM-5 criteria resulted in a similar, but
slightly lower estimate of ASD prevalence. The long-term impact of the revised diagnostic criteria
remains in question, as the number of children aged eight yvears meeting DSM-5 diagnostic criteria for
ASD based solely on a previous DSM-IV-TR diagnosis of Autistic Disorder, PDD-NOS or Asperger
Disorder will decrease over time.
Public Health Action: The latest findings from the ADDM Network provide evidence that the
prevalence of ASD 1s higher than previously reported estimates, and continues to vary among certain
racial/cthnic groups and commounitics. With prevalence of ASD ranging from 13.1 to 29.3 per 1,000
children aged eight vears in different communities threughout the United States, the need for enhanced
public health strategies te deliver behavioral, educational, residential, and occupational services remains
high, as docs the need for inercased rescarch on both genetic and non-genctic risk factors for ASD.
Introduction

Autism spectrum disorder (ASD) is a developmental disability defined by diagnostic criteria that
include deficits in social communication and social interaction, and the presence of restricted, repetitive
patterns of behavior, interests, or activitics that can persist throughout life (/). The Centers for Discase
Control and Prevention {CDC) began tracking the prevalence of ASD and characteristics of children with
ASD in the United States in 1998 {2,3). The first CDC study was based on an imvestigation in Brick
Township, New Jersey (2), which identified similar characteristics but higher prevalence of ASD
compared to other studies of that era. The second CDC study was conducted in metropolitan Atlanta,
Georgia {3), which identitied a lower prevalence of ASD compared to the Brick Township study but
similar estimates compared to other prevalence studies of that era. In 2000, CDC established the Autism
and Developmental Disabilities Monitoring (ADDM} Network to cellect data that would provide

estimates of the prevalence of ASD as well as other developmental disabilities in the United States (4,5).
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Tracking the prevalence of ASD poses unique challenges because of the heterogeneity in symptom
presentation. lack of biologic diagnostic markers, and changing diagnostic enteria (5). Initial signs and
symptoms typically arc apparent in the carly developmental period; however, social deficits and
behavicral patterns might not be recognized as symptoms of ASD until a child is unable to meet social,
educational, occupational, or other important life stage demands (7). Features of ASD may overlap with
or be difficult to distinguish from those of other psychiatric disorders, as descnbed extensively in the
DSM-5 (/). Although standard diagnostic tools have been validated to inform clinicians' impressions of
ASD symptomology, inherent complexity of measurement approaches and variation in clinical
impressions and decision-making, combined with policy changes that affect eligibility for health benefits
and cducational programs, complicates identification of ASD as a behavioral health diagnosis or
educational exceptionality. To reduce the influence of these factors on prevalence estimates, the ADDM
Network has consistently tracked ASD by applying a clearly defined surveillance case definition of ASD
and using the same record-review methodology and behaviorally-defined casc inclusion eriteria since
2000 (3).

ADDM estimates of ASD prevalence among children aged eight years in multiple US communities
have risen from about one in 150 children 1 2000-2002 to one n 68 in 2010-2012, more than doubling
during this period (6,7,8,9,10,11). The observed increase in ASD prevalence substantiates a need for
continued surveillance using censistent nmiethods to monitor the changing prevalence of ASD and
characteristics of children with ASD in the population.

[n addition to serving as a basis for ASD prevalence estimates, ADDM data have been used to
describe characteristics of children with ASD in the population, to study how these characteristics vary
with ASD prevalence estimates over time and among communities, and to monitoer progress toward
Healthy People 2020 objectives {12}. ADDM ASD prevalence estimates consistently estimated a ratio of
about 4.5 male: | female with ASD from 20006 to 2012 (9,71} { I, Other characteristics that have remained
relatively constant over time in the population of children identified with ASD by ADDM include the

median age of earliest known ASD diagnosis, which remained close to 53 months during 2000-2012
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(range: 50 menths [2012] to 56 months [2002]), and the proportion of children receiving a comprehensive
developmental evaluation by age 3 years, which remained close to 43% during 2006-2012 {range: 43%
[2006 and 2012] to 46% [2008]).

ASD prevalence by race/ethnicity has been more varied over time among ADDM Network
communities (9,76, 17). Although ASD prevalence estimates have historically been greater among white
children compared to black children or Hispame children (13), ADDM-reported white:black and
white:Hispanic prevalence ratios have declined over time due to larger increases in ASD prevalence
among black children and, to an even greater extent, among Hispanic children, as conipared to the
magnitude of increase in ASD prevalence among white children (9). Prior reports from the ADDM
Network estimated ASD prevalence among white children to exceed that among black children by
approximately 30% in 2002, 2006 and 2010, and by about 20% in 2008 and 2012. Estimated prevalence
among white children exceeded that among Hispanic children by nearly 70% in 2002 and 2006, and by
about 50% in 2008, 2010 and 2012. ASD prevalence estimates from the ADDM Network have also varied
by socioeconomic status (SES). A consistent pattern cbserved in ADDM data has been higher identified
ASD prevalence among residents of neighboerhoods with higher socioeconontic status (SES). While ASD
prevalence has increased over time at all levels of SES, the absolute difference in prevalence between
high, middle, and lower SES did not change between 2002 and 2010 (74, 15). [n the context of declining
white:black and white:Hispanic prevalence ratios antidst consistent SES patterns, a complex three-way
interaction among time, SES, and race/ethnicity has been proposed (/6).

Finally, ADDM Network data have shown a shift toward children with ASD with higher intellectual
ability (9, /(). as the proportion of children with ASD whose intelligence quotient {1Q) scores fell within
the range of intellectual disability (i.e., IQ <=7() has decreased gradually over time. During 2000-2002
nearly half of children with ASD had 1Q scores in the range of mtellectual disability (ID); during 2006-
2008 this proportion was closer to 40%, and during 2010-2012 less than one third of children with ASD
had 1Q <=70. This trend was more pronounced for females as compared to males. The proportion of

males with ASD and ID declined from approximately 40% during 2000-2008 to 30% during 2010-2012.
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The proporticn of females with ASD and IID declined frem about 60% during 2000-2002, to 45% during
2006-2008, and to 35% during 2010-2012.

All previously reported ASD prevalence estimates from the ADDM Network were based on a
surveillance case definition aligned with the DSM-IV-TR diagnostic criteria for Autistic Disorder;
Pervasive Developmental Disorder—Not Otherwise Specified (PDD-NOS, including atypical autism); or
Asperger Disorder. In the American Psychiatric Association's 2013 publication of its Diagnostic and
Statistical Manual of Mental Diserders, Fifth Edition (DSM-3), substantial changes were made to the
taxonomy and diagnostic criteria for autism (/, /7). Taxonomy changed from Pervasive Developmental
Disorders. which included several diagnostic subtypes, to Autism Spectrum Disorder, which no longer
comprises distinct subtypes but represents one singular diagnostic category defined by severity levels.
Diagnostic criteria were refined by collapsing the DSM-IV-TR social and cemmunication domains into a
single, combined domain for DSM-5. Individuals diagnosed with ASD under DSM-5 must meet all three
criteria under the social communication/interaction domain (i.c., defieits in social-cmotional reciprocity,
deficits in nonverbal communicative behaviors, and deficits in developing., understanding, and
maintaining relationships) and at least two of the four criteria under the restrictive/repetitive behavior
domain {i.e.. repetitive speech or motor movements, nsistence on sameness, restricted interests, or
unusual responsc to sensory input). According to the DSM-5 Workgroup on Neurodevelopmental
Disorders, the need for new criteria for autism and related disorders was identified long before the
Workgroup was convened in 2007 (I8). Although the DSM-IV-TR criteria proved useful in identifying
ASD in children aged five to cight years, they performed less well when used in the diagnosis of toddlers
and preschool-aged children, adolescents, and young adults (/8). Further, the DSM-IV-TR criteria were
insufficient to accurately identify girls and women with autism and lacked the cultural sensitivity needed
to identify cases in ethnic or racial minorities (/8). The DSM-5 changes introduced a more focused
diagnostic framework compared to that of DSM-IV-TR; however, DSM-5 states that any individual with
a well-established DSM-TV-TR diagnosis of Autistic Disorder, Asperger Disorder, or PDD-NOS would

automatically qualify for a DSM-5 diagnosis of Autism Spectrum Disorder. Previous studies suggest that
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DSM-5 criteria for ASD may exclude some children who would have qualified for 2 DSM-IV-TR
diagnosis but hadn't yet received one, particularly those who are very young and those without intellectual
disability (/9,260,27,22,23). Thesc findings suggest that ASD prevalence estimates will likely be lower
under DSM-5 than they have been under DSM-IV-TR diagnostic criteria.

The purpose of this report is to provide the latest available ASD prevalence estimates from the
ADDM Network based on both DSM-IV-TR and DSM-3 criteria and to suggest targets for future
monitoring of ASD prevalence trends and efforts to improve early identification of ASD. The intended
audiences for these findings include pediatric healthcare providers, school psychologists, educators,
researchers. policymakers, and program administrators working to understand and address the needs of
individuals with ASD and their familics. These data can be used to help plan services, guide rescarch into
risk factors and effective interventions, and inform policies that promote improved outcemes in health
and education settings,

Methods
Study Sites

The Children’s Health Act (4} authorized CDC to monitor prevalence of ASD in multiple areas of the
United States, a charge which led to the formation of the ADDM Network in 2000. Since that time, CDC
has funded grantecs in 16 states {Alabama, Arizona, Arkansas, Colorado, Florida, Maryland, Minncsota,
Missouri, New Jersey, North Carolina, Pennsylvania, South Carolina, Tennessee, Utah, West Virginia,
and Wisconsin). CDC tracks ASD in metropolitan Atlanta and represents the Georgia site collaborating
with competitively funded sites to form the ADDM Network. The ADDM Network uses multisite,
multiple-source, recerds-based surveillance based on a model originally implemented by CDC’s
Metropolitan Atlanta Developmental Disabilities Surveillance Program (MADDSP) (24). As feasible, the
surveillance methods have remained consistent over time. Some minor changes have been introduced to
improve efficiency and data quality. Although a different array of geographic areas was covered in each
of the 8 ADDM Network surveillance years, these changes have been documented to facilitate evaluation

of their impact.
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The core surveillance activities in all ADDM Netwoerk sites focus on children aged eight vears
because the baseline ASD prevalence study conducted by MADDSP suggested that this is the age of peak
prevalence (3). ADDM has multiple goals: 1) to provide descriptive data on classification and functioning
of the population of children with ASD; 2) to monitor the prevalence of ASD in different areas of the US;
and 3) to understand the impact of ASD in US communities.

Funding for ADDM Network sites participating in the 2014 surveillance year was awarded for a 4-
year cvcle covering 2015 2018, during which time data are cellected for children aged eight vears during
the 2014 and 2016 surveillance years. Sites were selected through a competitive objective review process
on the basis of their ability to conduct active. records-based surveillance of ASDy; they were not selected
to be a nationally representative sample. A total of 11 sites are included in the current report (Arizona,
Arkansas, Colorado, Georgia. Maryland, Minnesota, Missouri, New Jersey, North Carolina, Tennessee,
and Wisconsin). Each ADDM site participating in the 2014 surveillance year functioned as a public health
authority under the lealth Insurance Portability and Accountability Act of 1996 Privacy Rule and met
applicable local Institutional Review Board and privacy and confidentiality requirements under 45 CFR
46 (25).

Casc Ascertainment

ADDM is an active surveillance system that does not depend on family or practitioner reporting of an
existing ASD diagnosis or classification to determine ASD case status. ADDM staft conduct surveillance
to determine case status in a two-phase process. The first phase of ADDM involves review and
abstraction of children's cvaluation records from data sources in the community. In the second phase, all
abstracted evaluatiens for each child are compiled in chronological order into a comprehensive record that
is reviewed by one or more experienced clinicians to determine the child's ASD case status.
Developmental assessments completed by a wide range of health and education providers are reviewed.
Data sources are categorized as either 1) education source type, including evaluations to determine
eligibility for special education services, or 2) health source type, including diagnostic and developmental

assessments from psychologists, neurologists, developmental pediatricians, child psychiatrists, physical
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therapists, occupational therapists. and speech/language pathologists. Agreements to access records are
made at the mstitutional level in the form of contracts, memoranda, or other formal agreements. All
ADDM Network sites have agreements in place to aceess records at health sources; however, despite the
otherwise standardized approach, net all sites have permission te access education recerds. One ADDM
site {Missouri) has not been granted access to records at any education sources. Among the remaining
sites, some receive permission from their statewide Department of Education to access children's
educational records, whereas cther sites must negotiate permission from numerous individual school
districts to access educational records, A total of six sites (Arizona, Georgia, Maryland, Minnesota, New
Jersey, and North Carolina) reviewed education records for all school districts in their covered
surveillance arcas. Three ADDM sites (Colorado, Tennessee and Wisconsing received permission to
review education records in only seme school districts within the overall gecgraphic area covered for
surveillance year 2014, In Tennessee, permission te access education records was granted from 13 of 14
school districts in the 11-county surveillance arca, representing 88% of the total 8-year-old population.
Conversely, access to education records was limited to a small proportion of the population in the overall
geographic area covered by two sites, 33% in Colorado and 26% in Wisconsin, In the Colorado school
districts where access to education records is permitted for ADDM, parents are directly notitied about the
ADDM system and may request that their children's education records be excluded. The Arkansas
ADDM site received permission from their state Department of Education to access children's educational
records statewide; however, time and travel constraints prevented mvestigators from visiting all 250
school districts in the 75-county surveillance arca, resulting in access to education records for 69% of the
statewide population of children aged eight years. The two sites with access to education records
throughout niost, but not all, of the surveillance area (Arkansas and Tennessee) received data from their
state Department of Education to evaluate the potential impact on reported ASD prevalence estimates
attributed to missing records.

Within each education and health data source, ADDM sites identify records to review based on a

child’s year of birth and one or more 1) select eligibility classifications for special education or 2)
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International Classification of Diseases, Ninth Revision (ICD-9) billing codes for select childhood
disabilities or psychological conditions. Children’s records are first reviewed to confirm year of birth and
residency in the surveillance arca at some time during the surveillanee year. For children meeting these
requirements. the records are then reviewed for certain behavioral or diagnostic descriptions defined by
ADDM as triggers for abstraction (e.g., child does not initiate interactions with others, prefers to play
alone or engage in solitary activities, or has received a documented ASD diagnosis). If abstraction
triggers are found, evaluation information from birth through the current surveillance vear frem all
available sources is abstracted into a single composite record fer each child.

In the second phase of surveillance, the abstracted composite evaluation files are de-identified and
reviewed systematically by experienced clinicians who have undergone standardized training to
determine ASD case status using a coding scheme based on the DSM-IV-TR guidelines. A child meets
the surveillance case definition for ASD if behaviors described in the composite record are consistent
with the DSM-IV-TR diagnostic criteria for any of the following conditions: autistic disorder, PDD-NOS
(including atvpical autism}, or Asperger disorder.

Although new diagnostic criteria becanie available in 2013, the children under surveillance in 2014
would have grown up primarily under the DSM-1V-TR definitions for ASD, which are prioritized in this
report. The 2014 surveillance year is the first to operationalize an ASD case definition based on DSM-5
diagnostic criteria, in addition to that based on DSM-IV-TR. Because of delays in developing information
technology systems to manage data collected under this new case definition, the surveillance area for
DSM-5 was reduced by 19% in an effort to include complete estimates for both DSM-1V-TR and DSM-5
in this report. Phase 1 record review and abstraction was the same for DSM-IV-TR and DSMS5; however,
a coding scheme based on the DSM-5 definition of ASD was developed for Phase 2 of the ADDM
methodology (1.e., systematic review by experienced clinicians} (26). The new coding scheme was
developed through a collaborative process and includes reliability measures, although no validation
metrics have been published for this new ADDM Network DSM-5 case definition. Behavioral and

diagnostic components of the DSM-IV-TR and DSM-5 ASD case definitions operationalized for ADDM
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306 surveillance are outlined in Diagram 1. In practice, DSM-5 criteria automatically include children with a
307 well-established DSM-1V-TR diagnosis of ASD, thus. the ADDM coding scheme similarly

308 accommodated those with a previous DSM-IV-TR diagnosis in the DSM-5 casc definition, regardless of
39  whether documented symptoms independently met either the DSM-TV-TR or DSM-5 diagnostic criteria.
310 The coding scheme allowed differentiation of children who met DSM-5 criteria on the basis of behavioral
311 characteristics from those who met DSM-5 criteria solely through a previous DSM-IV-TR diagnosis.
312 Quality Assurance

313 All sites follow the quality assurance standards established by the ADDM Network. In the first phase
314 of ADDM, the accuracy of record review and abstraction is checked periodically. In the second phase,
315 interrater reliability is monitored on an ongoing basis using a blinded, random 10% sample of abstracted
316 records that are scored independently by two reviewers (5). For the 2014 surveillance year, interrater
317 agreement on case status (confirmed ASD versus not ASD) was 89.1% when comparison samples from
318 all sites were combined {(k — 0.77), which was slightly below quality assurance standards cstablished for
319 the ADDM Network (90% agreement, 0.80 kappa). On DSM-5 reviews, interrater agreement on case
320 status (confirmed ASD versus not ASD) was 92.3% when comparison samples from all sites were

321 combined (k = 0.84). Thus, for the DSM-5 surveillance definition, reliability exceeded quality assurance

322 standards established for the ADDM Network.

(]
~J
Ld

Descriptive Characteristics

324 Each ADDM site attempted to obtain birth certificate data for all children abstracted during Phase |
325 through linkages conducted using state vital records. These data were only available for children born in
326 the state where the ADDM site is located. The race/ethnicity of each child was determined from

327 information contained in scurce records or, if not found in the source file, from birth certificate data on
328 one or both parents. Children with race coded as “other” or “multiracial” were considered to be missing
329 race information for all analyses that were stratified by race/ethnicity. For this report., data on timing of
330 the first comprehensive evaluation on record were restricted to children with ASD who were born in the

331 state where the ADDM site is located, as confirmed by linkage to birth certificate records. Data were



332

333

334

338

339

340

341

345

346

347

348

351

352

353

354

14

restricted in this manner te reduce error in the estimate that was introduced by children for whom
evaluation records were incomplete because they were born out of state and migrated into the surveillance
arca between the time of birth and the year when they reached age 8 years.

Information on children’s functienal skills is abstracted from source records, when available,
including scores on tests of adaptive behavior and intellectual ability. Because no standardized, validated
measures of functioning specific to ASD have been widely adopted in clinical practice and because
adaptive behavior rating scales are not sufficiently available in health and education records of children
with ASD, scores of intellectual ability have remained the primary source of information on children's
functional skills. Children are classified as having intellectual disability 1f they have an 1} score of <70
on their most recent test available in the record. Borderline intellectual ability is defined as having an 1Q
score of 71 83, and average or above-average intellectual ability is defined as having an 1Q score of =85,
In the absence of a specific [ score, an examiner’s statement based on a formal assessment of the child’s
intellectual ability, if available, is used to classify the child in one of these three levels.

Diagnostic conclusions from each evaluation record are summarized for each child, including
notation of any ASD diagnosis by subtype, when available, Children are considered to have a previously
documented ASD classification if they received a diagnosis of autistic disorder. PDD-NOS, Asperger
disorder, or ASD that was documented in an abstracted cvaluation or by an ICD-9 billing code at any time
from birth through the year when they reached age 8 years, or if they were noted as meeting eligibility
criteria for special education services under the classification of autism or ASD.

Analytic Methods

Population denominaters for calculating ASD prevalence estimates were obtained from the National
Center for Health Statistics Vintage 2016 Bridged-Race Postcensal Population Estimates (27). CDC's
National Vital Statistics System provides estimated population counts by state, county, single year of age,
race, ethnic origin, and sex. Population denominators for the 2014 surveillance year were compiled from
postcensal estimates of the number of children aged eight years living in the counties under surveillance

by each ADDM site (Table 1).
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In two sites (Arizona, Minnesota), geegraphic boundaries were defined by constituent school districts
included in the surveillance area. The number of children living in outlying school districts were
subtracted from the county-level census denominators using school enrollment data from the U.S.
Department of Education’s Naticnal Center for Education Statistics (28). Enrellment counts of students in
third grade during the 2014-15 school year differed from the CDC bridged-race population estimates,
attributable primarily to children being enrolled out of the customary grade for their age or in charter
schools, home schools. or private schools. Because these differences varied by race and sex within the
applicable counties, race- and sex-specific adjustments based on enrellment counts were applied te the
CDC population estimates to derive school district-specific denommators for Arizona and Minnesota.

Race- or ethnicity-specific prevalence estimates were calculated for four groups: white, black,
Hispanic (regardless of race), and Asian/Pacific Islander. Prevalence results are reperted as the total
number of children meeting the ASD case definition per 1,000 children aged eight years in the population
in cach racc/ethnicity group. ASD prevalenee also was estimated separately for boys and girls, as well as
within each level of intellectual ability. Overall prevalence estimates include all children identified with
ASD regardless of sex, race/ethnicity, or level of intellectual ability and thus are not affected by the
availability of data on these characteristics.

Statistical tests were selected and confidence intervals (Cls) for prevalenee cstimates were caleulated
under the assumption that the observed counts of children identified with ASD were obtained front an
underlying Poisson distribution. Pearson chi-square tests were performed, and prevalence ratios and
percentage differences were calculated to compare prevalence estimates from different strata. Pearson
chi-square tests were alse performed for testing significance in cemparisens of proportions, and Mantel-
Haenszel common odds ratio {OR) estimates were calculated to further describe these comparisons. To
reduce the effect of outliers, distribution medians were typically presented, although one-way ANOVA
was used to test significance when comparing arithmetic means of these distributions. Significance was
set at p<0.05. Results for all sites combined were based on pocled numerator and denominator data from

all sites, in total and stratified by race/ethmcity. sex, and level of intellectual ability.
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Sensitivity Analysis Methods

Some education and health records were missing for certain children, including records that could not
be located for review, thosc affected by the passive consent process unique to the Colorado site, and those
archived and deemed too costly to retrieve. A sensitivity analysis of the effect of these missing records on
case ascertainment was conducted. All children initially identified for record review were first stratified
by two factors closely associated with final case status: information source {health source type only,
education source type only, or both source types) and the presence or absence of either an autism special
education eligibility or an ICD-9-CM code for ASD, collectively forming six strata. The potential number
of cases not identified because of missing records was estimated under the assumption that within each of
the six strata, the proportion of children confirmed as ASD surveillance cases among those with missing
records would be similar te the preportion of cases among children with no missing records. Within each
stratum, the proportion of children with no missing records who were confirmed as having ASD was
applicd to the number of children with missing records to cstimate the number of missed cascs, and the
estimates from all six strata were added to calculate the total for each site. This sensitivity analysis was
conducted solely to investigate the potential impact of missing records on the presented estimates. The
estimates presented n this report do not reflect this adjustment or any of the other assessments of the
potential cffects of assumptions underlying the approach.

All ADDM sites identified records for review from health sources by conducting record searches that
were based on a common list of ICD-9 billing codes. Because several sites were conducting surveillance
for other developmental disabilities in addition to ASD (i.c., onc or more of the following: cerebral palsy,
intellectual disability, hearing loss, and vision impairment), they reviewed records based on an expanded
list of TCD-9 codes. The Celorado site also requested code 781.3 (lack of coordination}), which was
identified in that commumty as a commonly used billing code for children with ASD. The proportion of
children meeting the ASD surveillance case definition whose records were obtained solely on the basis of
those additional codes was calculated to evaluate the potential impact on ASD prevalence.

Results
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A total population of 325,483 children aged eight years was covered by the 11 ADDM sites that
provided data for the 2014 surveillance year {Table 1). This number represented 8% of the total U.S.
population of children aged cight years in 2014 (4,119,668) (79). A total of 53,120 records for 42,644
children were reviewed from health and education sources. Of these, the source records of 10,886
children met the criteria for abstraction, which was 25.5% of the total number of children whose source
records were reviewed and 3.3% of the total population under surveillance. Of the records reviewed by
clinicians, 5.473 children met the ASD surveillance case definition. The number of evaluations abstracted
for each child who was ultimately identified with ASD varied by site (median: 5; range: 3 [Arizona,
Minnesota, Missouri, Tennessee] to [0 [Maryland]).

Overall ASD Prevalence Estimates

Overall ASD prevalence for the ADDM 2014 surveillance vear varied widely among sites (range:
13.1 [Arkansas] to 29.3 [New Jersey]) {Table 2). Based on combined data from all 11 sites, ASD
prevalence was 16.8 per 1,000 {onc in 59) children aged cight years. Overall estimated prevalence of
ASD was highest in New Jersey (29.3). Minnesota {24.0) and Maryland (20.0). Five sites reported
prevalence estimates in the range of 13,1-14.1 per 1,000 (Arizona, Arkansas, Colorado, Missouri,
Wisconsin), and three sites reported prevalence estimates ranging between 15.5—17.4 per 1,000 (Georgia,
North Carolina. Tennessce).

Prevalence by Sex and Race/Ethnicity

Combining data from all 11 ADDM sites, ASD prevalence was 26.6 per 1,000 boys and 6.6 per 1,000
girls {prevalence ratio: 4.0 for all sites combined). ASD prevalence was significantly {p<t0.01) higher
among boys than among girls in all 11 ADDM sites {Table 2), with male-to-female prevalence ratios
ranging frem 3.2 (Arizona) to 4.9 (Georgia). Estimated ASD prevalence also varied by race and ethnicity
(Table 3). When data from all sites were combined, the estimated prevalence among white children (17.2
per 1.000) was 7% greater than that among black children (16.0 per 1,000) and 22% greater than that
ameng Hispanic children (14.0 per 1,000). In nine sites the estimated prevalence of ASD was higher

among white children than black children. The white-to-black ASD prevalence ratios were statistically
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significant in three sites (Arkansas, Missouri. Wisconsin), and the white-to-Hispanic prevalence ratios
were significant in seven sites. In mine sites the estimated prevalence of ASD was higher among black
children than that ameng 1lispanic children. The black-to-1lispanic prevalence ratio was significant in
three of these nine sites. In New Jersey there was almost no difference in ASD prevalence estimates
among white, black and Hispanic children. Estimates for Asian/Pacific [slander children ranged from 7.9
per 1,000 (Colorado) to 19.2 per 1,000 (New Jersey), with notably wide Cls.

Intellectual Ability

Data on intellectual ability are reported only for nine sites { Arizona, Arkansas, Colorado, Georgia,
Maryland. Minnesota, New Jersey, North Carolina, Tennessee) having information available for at least
70% of children who met the ASD casc definition (range: 70.8% [Tennessee] to 89.2% [North Carolinal).
The median age of children’s most recent 1Q tests, on which the following results are based, was 73
months (6 years, 1 month). Data from these nine sites vielded accompanying data on intellectual ability
for 3,714 (80.3%) of 4,623 children with ASD. This proportion did not differ by sex or race/cthnicity in
any of the nine sites or when combining data from all nine sites. Among these 3,714 children, 31% were
classified in the range of intellectual disability (1Q <70), 25% were in the borderline range (1 = 71-85),
and 44% had [} >85. The proportion of children classified in the range of intellectual disability ranged
from 26.7% in Arizona to 39.4% in Tennessee.

Among children identified with ASD, the distribution by intellectual ability varied by sex, with girls
more likely than boys to have 1(} <70, and boys more likely than girls to have 1QQ >85 (Figure 1). In these
nine sites combined, 251 {36.3%) of 691 girls with ASD had 1Q scores or examiners’ statements
indicating intellectual disability compared with 891 (29.5%) of 3,023 males {(odds ratio [OR] = 1.4,
p<0.01), though ameng individual sites this proportion differed significantly in only one (Georgia, OR =
1.6, p<0.05). The proportion of children with ASD with borderline intellectual ablity (I1Q = 71-85) did
not differ by sex, whereas a significantly higher proportion of males (45%) compared to females (40%)

had 1Q =85, i.e., average or above average intellectual ability {OR = 1.2, p<0.05),



461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

4381

482

483

484

4385

486

19

The distribution of intellectual ability alsc varied by race/ethnicity. Approximately 44% of black
children with ASD were classified in the range of intellectual disability, compared with 35% of Hispanic
children and 22% of white children (Figure 2). The proportion of blacks and whites with intellectual
disability differed significantly in all nine sites and when combining their data (OR = 2.9, p<0.01}. The
propoertion of Hispanics and whites with intellectual disability differed significantly when combining data
from all nine sites (OR = 1.9, p<<0.01}, and among individual sites it reached significance (p<0.05}) m six
of the nine sites, with the three exceptions being Arkansas (OR = 1.8, p = 0.09)}, North Carolina (OR =
1.8, p = 0L.07) and Tennessee (OR = 2.1, p = 0,10). The proportion of children with borderline intellectual
ability (1Q = 71-85) did not differ by race/ethnicity in any of these nine sites or when combining their
data; howcever, when combining data from these ninc sites the proportion of white children (56%) with [Q
>&5 was significantly higher than the proportion of black (27%., OR = 3.4, p<0.01} or Hispanic (36%, OR
= 2.2, p<0.01) children with 1Q>8S,

First Comprehensive Evaluation

Among children with ASD who were born in the same state as the ADDM site (n =4.147 of 5473
confirmed cases}, 42% had a comprehensive evaluation on record by 36 months of age (range: 30%
[Arkansas] to 66% [North Carolina]) (Table 4). Approximately 39% of these 4,147 children did not have
a comprehensive cvaluation on record until after age 48 months; however, mention of developmental
concerns by age 36 months was documented for 85% (range: ¢1% [Tennessee] to 94% [Arizona]).
Previously Documented ASD Classification

Of the 5,473 children mecting the ADDM ASD surveillance case definition, 4,379 (80%) had cither
eligibility for autism special education services or a DSM-IV, DSM-5 or ICD-9 autism diagnosis
documented in their records (range among 11 sites: 58% [Colorado] to 92% [Missouri]). Combining data
from all 11 sites, 81% of boys had a previous ASD classification on record. compared with 75% of girls
(OR = 1.4, p=0.01). When stratified by race/ethnicity, 80% of white children had a previously
documented ASD classification, compared with nearly 83% ot black children (OR = 0.9, p=0.09) and

76% of Hispanic children (OR = 1.3, p<0.01); a significant difference was also found when comparing
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the proportion of black children with a previous ASD classification to that among Hispanic children (OR
= 1.5, p<0.01).

The median age of carliest known ASD diagnosis documented in children’s records (Table 5) varied
by diagnostic subtype (autistic disorder: 46 months; ASD/PDD: 56 months; Asperger disorder: 67
months). Within these subtypes, the median age of earliest known diagnosis did not differ by sex, nor did
any difference exist in the proportion of boys and girls who mitially received a diagnosis of autistic
disorder (48%), ASD/PDD (46%). or Asperger disorder {6%). The median age of earliest known
diagnosis and distribution of subtypes did vary by site. The median age of earliest known ASD diagnosis
for all subtypes combined was 52 months, ranging from 40 months in North Carolina to 59 months in
Arkansas.
Special Education Eligibility

Sites with access to education records collected information about the most recent eligibility
categories under which children received special education services (Table 6). Among children with ASD
who were receiving special education services in public schools during 2014, the proportion of children
with a primary eligibility category of autism ranged from 40% in Wisconsin to 74% in North Carolina.
Most other sites noted over half of children with ASD having autism listed as their most recent primary
special education cligibility category, the exceptions being Coloradoe (43%) and New Jerscy (48%). Other
cominon special education eligibilities included health or physical disability, speech and language
impairment, specific learning disability, and a general developmental delay category that is used until age
nine years in many US states. All ADDM sites reported < 10% of children with ASD receiving special
education services under a primary eligibility category of intellectual disability.
Sensitivity Analvses Evaluating Impact of Missing Records and Expanded ICD-9 Codes

A stratfied analysis of records that could not be located for review was completed to assess the
degree to which missing data might have potentially reduced prevalence estimates as reported by
individual ADDM sites. Had all children's records identified in Phase 1 been located and reviewed,

prevalence estimates would potentially have been <1% higher in four sites (Arizona, Georgia, Minnesota
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and Wisconsin), between 1% to 5% higher in five sites (Arkansas, Colorado, Missouri, New Jersey and
North Carolina}), about 8% higher 1 Maryland. and nearly 20% higher in Tennessee, where investigators
did not obtain permission to review children's records in one of the fourteen school districts comprising
the eleven-county surveillance area.

The impact on prevalence estimates of reviewing records based on an expanded list of ICD-9 codes
varied from site to site. Colorado, Georgia and Missouri were the only three sites that identified more than
1% of ASD surveillance cases partially or selely on the basis of the expanded code list. In Missouri, less
than 2% of children identified with ASD had some of their records located on the basis of the expanded
code list, and none were identified exclusively from these codes. In Colorado. about 2% of ASD
surveillance cases had some abstracted records identified on the basis of the expanded code list, and 4%
had records found exclusively from the expanded codes. In Georgia, where 1CI)-9 codes were requested
for surveillance of five distinct conditions (autisim, cerebral palsy, intellectual disability, hearing loss,
vision impairment), about 10% of children identified with ASD had some of their records located on the
basis of the expanded code list, and less than 1% were identified exclusively from these codes.
Comparison of DSM-IV-TR vs. DSM-5 Case Definitions

The DSM-5 analysis was completed for part of the overall ADDM 2014 surveillance area (Table 7),
representing a total population of 263,775 children aged cight years. This was 81% of the population on
which DSM-IV-TR prevalence estimates were reported. Within this population, a total of 4,920 children
were confirmed to meet the ADDM Network ASD case defimition for either DSM-IV-TR or DSM-5. Of
these children, 4,236 (86%) met both case definitions, 422 (9%) met only the DSM-1V-TR criteria, and
262 (5%) met only the DSM-5 criteria (Table 8). This vielded a DSM-IV:DSM-5 prevalence ratio of 1.04
in this population, indicating that ASD prevalence was about 4% higher based on the historical DSM-1V-
TR case definition compared to the new DSM-5 case definition. In six of the 11 ADDM sites. DSM-5
case counts were within about 5% of DSM-IV-TR counts {range: 5% lower [Tennessee] to 5% higher
[Arkansas]), whereas DSM-5 case counts were more than 5% lower than DSM-IV-TR counts in

Minnesota and North Carolina (6%}, New Jersey (10%) and Colorado (14%). Kappa statistics indicated
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streng agreement between DSM-IV-TR and DSM-5 case status among children abstracted in phase | of
the study who were reviewed in phase 2 for both DSM-1V-TR and DSM-5 (kappa for all sites combined:
0.85, range: 0.72 [Tennessee] to 0.93 [North Carolinal).

Stratified analysis of DSM-IV:DSM-5 ratios were very similar compared to the overall sample (Table
9). DSM-5 estimates were about 3% lower than DSM-IV-TR counts for males, and about 6% lower for
females (kappa = 0.85 for both). Case counts were about 3% lower among white and black children on
DSM-5 compared to DSM-1V, 5% lower ameng Asian children, and 8% lower among Hispanic children.
Children who received a comprehensive evaluation by age 36 months were 7% less likely to meet DSM-5
than DSM-1V, whereas those evaluated by age 4 years were 6% less likely to meet DSM-5. and those
initially cvaluated after age 4 years were just as likely to meet DSM-5 as DSM-[V. Children with
documentation of eligibility for autism special education services, as well as these with a decumented
diagnosis of ASD by age 3 years, were 2% more likely to meet DSM-5 than DSM-IV. Slightly over 3%
of children whose carliest ASD) diagnesis was Autistic Disorder met DSM-5 criteria but not DSM-1Y,
compared to slightly under 3% of those whose earliest diagnosis was PDD-NOS/ASD-NOS and 5% of
those whose earliest diagnosis was Asperger Disorder. Children with no previous ASD classification
(diagnosis or eligibility) were 47% less likely to meet DSM-5 than DSM-IV-TR. Combining data from all
11 sites, children with 1QQ scores in the range of intellectual disability were 3% less likely to meet DSM-5
criteria compared to DSM-IV-TR (kappa = (1.89), those with 1Q scores in the borderline range were 6%
less likely to meet DSM-5 than DSM-1V-TR (kappa = 0.88). and children with average or above average
intellectual ability were 4% less likely to meet DSM-5 criteria compared to DSM-1V-TR (kappa — 0.86).

Discussion

Comparison to earlier ADDM surveillance vears

The overall ASD prevalence estimate of 16.8 per 1.000 children aged eight years in 2014 13 higher
than previously reported estimates from the ADDM Network. An ASD case definition based on DSM-IV-
TR criteria was used during the entire period of ADDM surveillance from 2000 to 2014, as were

comparable study operations and procedures, although the geographic areas under surveillance have
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varied over time. During this period ADDM ASD prevalence estimates increased from 6.7 to 16.8 per
1,000 children aged eight years, an increase of approximately 150%.

Among the six ADDM sites completing both the 2012 and 2014 studies for the same geographic arca,
all six showed an increase in ASD prevalence estimates between 2012 and 2014, with a nearly 10%
prevalence increase in Georgia and Maryland, 19% in New Jersey, 23% in Missouri, 29% in Colorado
and 31% in Wisconsin. The ASD prevalence estimate from New Jersey continues to be one of the highest
reported by a population-based surveillance system. The two sites with the greatest relative increase in
prevalence are remarkable in that both gained access to children's education records in additional
geographic areas for 2014. Colorado was granted access to review children's education records in one
additional county for the 2014 surveillance year (representing nearly 20% of the population aged cight
years within the overall Colorado surveillance area}, and Wisconsin was granted access to review
education records in parts of 2 of the 10 counties comprising their 2014 surveillance area. Although this
represented only 26% of the population aged cight years within the overall Wisconsin surveillance arca,
2014 marked the first time Wisconsin has included education data sources. Comparisons to earlier
ADDM Network surveillance results should be interpreted cautiously due to changing composition of
sites and geographic coverage over time. For example, three ADDM Network sites completing both the
2012 and 2014 surveillance years {Arizona, Arkansas and North Caroclina) covered a different geographic
area each year, and two new sites {Minnesota and Tennessee) were awarded funding to monitor ASD in
collaboration with the ADDM Network.

Some characteristics of children with ASD were similar in 2014 compared to carlicr surveillance
years. The median age of earliest known ASD diagnesis remained close to 33 months in prior surveillance
years and was 52 months in 2014, The proportion of children who received a comprehensive
developmental evaluation by age 3 years was unchanged: 42% in 2014 and 43% during 2006-2012. There
were a number of differences in the characteristics of the population of children with ASD in 2014, as
well. The male:female prevalence ratio decreased from 4.5:1 during 2002-2012 to 4:1 in 2014, driven by

a greater relative increase in ASD prevalence among girls than among boys sice 2012, Also, the decrease
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591 in the ratios of white:black and white:Hispanic children with ASD continued a trend observed since 2002,
592 Among sites covering a population of at least 20,000 children aged eight years, New Jersey reported no
593 significant race- or cthnicity-bascd difference in ASD prevalence, suggesting more complete

594  ascertainment among all children regardless of race/ethnicity. Historically, ASD prevalence estimates
595 from combined ADDM sites have been about 20-30% higher among white children as compared to black
596 children. For surveillance year 2014 the difference was only 7%. the lowest difference ever observed for
597 the ADDM Network. Likewise, prevalence among white children was almost 70% higher than that among
598 Hispanic children in 2002 and 2006, and about 50% higher in 2008, 2010 and 2012, whereas for 2014 the
599 difference was only 22%. Data from a previously reported comparison of ADDM Network ASD

600 prevalence cstimates from 2002, 2006 and 2008 (9) suggested greater increascs in ASD prevalence

631 among black and Hispanic children compared to those among white children. Reductions in disparities in
602 ASD prevalence for black and Hispanic children may be due, in part, to more effective cutreach directed
603 to minority communitics. Finally, the proportion of children with ASD and lower intellectual ability was
604  similar in 2012 and 2014 at about 30% of males and 35% of females. These proportions were markedly
605 lower than those reported in prior surveillance years.

606 Comparison among ADDM 2014 sitcs

607 Findings from the 2014 surveillance year indicate that prevalence estimates still vary widely among
608 ADDM Network sites, with the highest prevalence observed in New Jersey. Although tive of the 11

609 ADDM sites conducting the 2014 surveillance vear reported prevalence estimates within a very close
610 range, from 13.1 to 14.1 per 1,000 children, New Jersey's prevalence estimate of 29.4 per 1,000 children
611 was significantly greater than that from any other site, and four sites (Georgia, Maryland. Minnesota,
612 North Carolina) reported prevalence estimates that were significantly greater than those from any of the
613 five sites in the 13.1-14.1 per 1.000 range. It should be noted that two of the sites with prevalence

614  estimates of 20.0 per 1,000 or higher, Maryland and Minnesota, conducted surveillance among a total
615 population of less than 10,000 children aged eight years. Concentrating surveillance efforts in smaller

616 geographic areas, especially those in close proximity to diagnostic centers and those covering school
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districts with advanced staff training and programs to support children with ASD, may yield higher
prevalence estimates compared to those from sites covering populations of more than 20,000 8-year-olds.
Thosc sites with limited or no access to education data sources {Coloradoe, Missouri, and Wisconsin) had
prevalence estimates near the lower range among all sites. In addition to variation among sites in reported
ASD prevalence, wide variation among sites is noted on the characteristics of children identified with
ASD, mcluding the proportion of children who received a comprehensive developmental evaluation by
age 3 years, the median age of earliest known ASD diagnosis, and the distribution by intellectual ability.
Some of this variation might be attributable to regional differences in diagnostic practices and other
documentation of autism symptoms, although previous reports based on ADDM data have linked much of
the variation to other extrinsic factors such as regional and sociocconomic disparities in access to scrvices
(13.14).
Comparison between DSM-IV-TR and DSM-5 case definitions

Agreement in the application of the DSM-1V-TR and DSM-5 casc definitions was remarkably close,
overall and when stratified by sex, race/ethnicity, DSM-IV-TR diagnostic subtype or level of intellectual
ability. Overall, ASD prevalence estimates based on the new DSM-5 case definition were very similar in
magnitude but slightly lower than those based on the histonical DSM-IV-TR case definition. Three of the
11 ADDM sites actually had slightly higher case counts using the DSM-5 framewoerk compared to the
DSM-IV. Colorado, where the DSM-IV-TR:DSM-5 ratio was highest compared to all other sites, was
also the site with the lowest proportion of DSM-IV-TR cases having a previous ASD classification. This
suggests that the diagnostic component of the DSM-5 casc definition, whercby children with a
documented DSM-IV-TR diagnosis of ASID) automatically qualify as DSM-5 cases regardless of social
interacticn/communication and restricted/repetitive behavioral criteria, might have influenced DSM-5
results to a lesser degree in that site, as a smaller proportion of DSM-IV-TR cases would meet DSM-5
case criteria based solely on the presence of a documented DSM-IV-TR diagnosis. This element of the
DSM-5 case definition will carry less weight moving forward, as fewer children aged eight years in health

and education settings will have been diagnosed with ASD under the DSM-1V-TR criteria. It 1s also



643

644

645

646

647

648

649

650

651

652

653

654

655

656

657

658

659

660

661

662

663

664

6065

666

667

668

26

possible that individuals who conduct developmental evaluations of children in health and education
settings will increasingly describe behavioral characteristics using language more consistent with DSM-53
terminology. yiclding more ASD cascs based on the behavicral component of ADDM's DSM-5 case
definition. Prevalence estimates based on the DSM-5 case definition that incorporates an existing DSM-
IV-TR diagnosis reflect the actual patterns of diagnosis and services for children in 2014, since children
diagnosed under DSM-1V-TR did not lose their diagnosis when the updated DSM-5 criteria were
published. Using this approach, agreement in the application of the DSM-IV-TR and DSM-5 case
definiticns was remarkably close, overall and when stratified by sex, race/ethnicity, DSM-IV-TR
diagnostic subtype. or level of mtellectual ability. In the coming vears prevalence estimates will align
more closcly with the specific DSM-5 behavioral criteria, and may exclude some individuals who would
have met DSM-IV-TR criteria for Autistic Disorder, PDD-NOS or Asperger Disorder, while at the same
time including individuals who do not meet those criteria but who do meet the specific DSM-5 behavioral
criteria.
Comparison to national prevalence estimates

The ADDM Network is the only ASD surveillance systen1 in the United States providing robust
prevalence estimates for specific areas of the country, including those for subgroups defined by sex and
racc/ethnicity, providing information about geographical variation that can be used to cvaluate policies
and diagnostic practices that may aftect ASD prevalence. [t is also the only comprehensive surveillance
system to incorporate ASD diagnostic eriteria into the case definition rather than relving entirely on
parent or carcgiver report of a previous ASD diagnosis, providing a unique contribution to the knowledge
of ASD epidemiclogy and the impact of changes in diagnostic criteria. Twe surveys of children’s health,
The National Health Interview Survey (NHIS} and the National Survey of Children’s Health (NSCH)
report estimates of ASD prevalence based on caregiver report of being told by a doctor or other healthcare
provider that their child has ASD, and, for the NSCH, if their child was also reported te currently have
ASD. The most recent publication from NHIS showed that 27.6 per 1,000 children aged 3-17 years had

ASD in 2016, which did not differ significantly from estimates for 2015 or 2014 (24.1 and 22.4,
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respectively) (29). An estimate of 20.0 per 1,000 children aged 6-17 years was reported from the 2011-
2012 NSCH (3. The study samples for the two phone surveys are substantially smaller than the ADDM
Network; however, they were intended to be nationally representative, whercas the ADDM Network
surveillance areas were selected through a competitive process and, although large and diverse, were not
intended to be nationally representative. Geographic difterences in ASD prevalence have been observed
in both the ADDM Network and national surveys, as have differences in ASD prevalence by age
(6,7,8,9,10, 1129 30). All three prevalence estimation systems are impacted by regional and policy-driven
difterences in the availability and utilization of evaluation and diagnostic services for children with
developmental concerns. Phone surveys are likely more sensitive in identifying children who received a
preliminary or confirmed diagnosis of ASD but arc not recciving services (for example, special education
services). The ADDM Network method based on analysis of information contained in existing health and
education records enables the collection of detailed, case-specific information retlecting children’s
behavioral, developmental and functional characteristics, which are not available from the national phone
surveys. This detailed case level information may provide insight into temporal changes in the expression
of ASD phenotypes, and offers the ability to account for differences based on changing diagnostic
criteria.
Limitations

The findings in this report are subject to a number of limitations. Foremost, ADDM Network sites
were not selected to represent the United States as a whole. nor were the geographic areas within each
ADDM site sclected to represent that state as a whole (with the exception of Arkansas, where ASD is
monitored statewide). Although a combined estimate is reported for the Network as a whole to inform
stakeholders and interpret the findings from individual surveillance years in a more general context, data
reported by the ADDM Network should not be mterpreted to represent a national estimate of the number
and characteristics of children with ASD. Rather, it is more prudent to examine the wide variation -
among sites, between specific groups within sites, and across time - in the number and characteristics of

children identified with ASD, and to use these findings to inform public health strategies aimed at
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removing barriers to identification and treatment. and eliminating disparities among socioeconomic and
racial/ethnic groups. Data from individual sites provide even greater utility for developing local policies
in those states.

When censidering data on the characteristics of children with ASD, it is important to acknowledge
limitations of information available in children's health and education records. Age of earliest known
ASD diagnosis was obtained from descrniptions m children's developmental evaluations that were
available in the health and education facilities where ADDM staff had access to review records. It is
possible that sonie children had earlier diagnoses that were not recorded in these records. Likewise, it i3
possible that some descriptions of historical diagnoses, i.e.. those not made by the evaluating examiner,
could be subject to recall error en the part of a parent or provider who described the historical diagnosis to
that examiner. Another characteristic featured prominently in this report, intellectual ability, is subject to
measurenient limitations. 1Q test results should be interpreted cautiously due to myriad factors that impact
performance on these tests, particularly language and attention deficits that arc common among children
with ASD, especially when testing was conducted prior to age 6 vears.

Because comparisons to the results from earlier ADDM surveillance years were not restricted to a
common geographic area, inferences about the changing number and characteristics of children with ASD
over time should be made with caution. Additional limitations to the records-based surveillance
methodology have been described extensively in previous ADDM and MADDSP reports
(3,6,7.8,9.10,11).

Future Surveillance Directions

Data collection for the 2016 surveillance year began in early 2017 and will continue through mid-
2019. Beginning with surveillance year 2016, the DSM-5 case definition for ASD will serve as the basis
for prevalence estimates. The DSM-IV-TR case definition will be applied in a limited geographic area to
offer additional data for comparison, although the DSM-IV-TR case definition will eventually be phased

cut.
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When the ADDM methodelogy was originally developed. estimating ASD prevalence among
children aged eight vears was deterrmined to represent the peak prevalence, based on estimates for
multiple ages in metropolitan Atlanta, GA in 1996 (3). Estimating prevalence among 8-year-olds requires
quality data from beth health and educational agencies and likely captures mest children whose adaptive
performance is impacted by ASD. However, because prevalence estimation takes considerable time and
effort, reporting of estimates lags behind the surveillance year by 3-4 vears. Thus, opportunities for policy
ot programmatic enhancements to impact key health indicators also lag. Focusing on vounger cohorts
may allow earlier assessment of systematic changes (e.g., policies, insurance, and programs) that impact
younger children, rather than waiting until cohorts impacted by these changes reach eight vears of age.
Surveillance of ASD in older populaticns is also important, but may require different methodological
approaches.

CDC’s “Learn the Signs. Act Early.” (LTSAE) campaign, launched in October 2004, ainis to change
perceptions among parents, healthcare professionals and carly educators regarding the importance of carly
identificaticn and treatment of autism and other developmental disorders (3/7). In 2007, the American
Academy of Pediatrics (AAP) recommended developmental screening specifically focused on social
development and ASD at 18 and 24 months of age (32). Both efforts are in accordance with the Healthy
People 2020 (HP2020) goal that children with ASD are evaluated by age 36 months and begin recciving
comimunity-based support and services by age 48 months (/23 It is concerning that progress has not been
made toward the HP2020 goal of increasing the percentage of children with ASD who receive a first
cvaluation by age 36 months to 47%; however, the cohort of children monitored under the ADDM 2014
surveillance vear (i.e.. children born in 2006) represents the first ADDM &-year-old cohort impacted by
the LTSAE campaign and the 2007 AAP recommendations. The eftect of these progranis in lowering age
at evaluation may become more apparent when subsequent birth cohorts are monitored. Further
exploration of ADDM data, including those collected on cohorts of children aged four vears (33), may

inform how policy initiatives such as screening recommendations and other social determinants of health
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may impact the prevalence of ASD and characteristics of children with ASD, including the age at which
most children receive an ASD diagnosis.
Conclusion

The latest findings from the ADDM Network provide evidence that the prevalence of ASD has
increased compared to previously reported ADDM estimates, and continues to vary among certain
racial/ethnic groups and communities. The overall ASD prevalence estimate of 16.8 per 1,000 (children
aged eight yvears in 2014 is higher than previcus estimates from the ADDM Network. With prevalence of
ASD reaching nearly 3% in some communities and representing an increase of 150% since 2000, ASD is
an urgent public health concern that could benefit from enhanced strategies to help dentity ASD earlier;
to determinc possible risk factors; and to address the growing behavioral, educational, residential and
occupational needs of this population.

Contrary to some predictions, the redefinition of ASD provided by the DSM-5 may have had a
relatively small impact on the overall ASD cstimate provided by the ADDM Network. This may be duc to
the carrvover effect ef including all DSM-IV-TR-diagnosed cases in the DSM-5 count. Over time, the
estimate may be influenced (downward) by a diminishing number of individuals who meet the DSM-5
diagnostic criteria for ASD based solely on a previous DSM-1V-TR diagnosis, and influenced {upward)
by profcssionals aligning their clinical descriptions with the DSM-5 criteria. Although the prevalence of
ASD and characteristics of children identified by each case definition were similar in 2014, the diagnostic
features defined under DSM-1V-TR and DSM-5 appear 1o be quite different. The ADDM Network will
continuc to evaluate these similaritics and differences in much greater depth, and will examine at least
one more cohort of children aged eight years to expand this comparison. Over time, the ADDM Network
will be well positioned to evaluate the effects of changing ASD diagnostic parameters on prevalence.
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Tahles & Figures for MMWR Surveillance Summaries:
Prevalence of autism spectrum disorder among 8-year-old children — Autism and Developmental Disabilities Monitoring Network, 11 sites, United States, 2014

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, 2014

36

White Black Asian or American Indian
Site Site Institution Surveillance Area Total L N Hispanic Pacific Islander, or Alaska Native,
non-Hispanic non-Hispanic . . . .
non-Hispanic non-Hispanic
No. No. % No. % No. % No. % No. %
. . . t Part of 1 county in
Arizona Univ of Arizona : , 24,952 12,308 (493} 1,336 (54) 9,792  (39.2) 975 (3.9) 541 (2.2)
metropaolitan Phoenix
Arkansas Univ of Arkansas for All 75 counties in 39,992 26,103 {653} 7,705  {19.3} 5012  {12.5) 843 {2.1) 329 (0.8)
Medical Sciences Arkansas
toubli o
Colorado Colorado Dept of Public 7 counties in 41,128 22,410 (545} 2,724 (6.6) 13,735  (33.4) 2,031 (4.9) 228 (0.6)
Health and Envircnment  metropolitan Denver
. Centers for Disease 5 counties including
Georgia Control and Prevention  metropolitan Atlanta 51,161 15495  (30.3) 22,042  (43.1) 9,913 (194} 3,599 (7.0) 112 (0.2)
. . 1 county in
H ‘ ) 4, ‘ . ‘
Maryland Johns Hopkins Univ metropolitan Baltimore 9,955 4,977 {50.0) 3,399 {34.1) 829 {3.3) 719 {7.2) 31 {0.3)
: o
Minnesota University of Minnesota | 2"t ©f 2 counties in 9,767 3,793  (38.8) 2,719  (27.8) 1,486  (15.2) 1,576  (16.1) 193 (2.0}
Minneapolis-5t. Paul
5 counties includi
Missouri Washingten University counties including 25333 16529  (652) 6577  (260) 1,220  (4.8) 931 (3.7) 76 (0.3)
metropolitan St. Louis
. . 4 counties including
N R ‘ 7, ‘ ' ‘ ) 7 .
ew Jersey utgers University metropolitan Newark 32,935 13,593 (41.3) 166  (21.8) 10,226  (31.0) 1,874 (5.7) 76 (0.2)
North Caralina Univ of North Carolina— & counties in central 30,283 15241  (50.3) 7,701 (254} 5,463 (180} 1,778 (5.9) 100 (0.3)
Chapel Hill North Carolina
o |
Tennessee vanderbilt University %2;::3:2:5 In centra 24,940 15867  (63.6) 4896  (19.6) 37324  {13.3) 799 (3.2) 54 (0.2}
— Univ of Wisconsin — 10 counties in south-
Wisconsin niv o1 Tisconsin COUNtIEs In sou 35,037 20,732  (59.2) 6,486  (185) 6181  (17.6) 1471 (4.2) 167 {0.5)
Madison eastern Wisconsin
All Sites Combined 325,483 167,048  (51.3) 72,751  (22.4) 67,181  (20.6) 16,596 (5.1) 1,907 (0.6)

* Total numbers of children aged 8 years in each surveillance area were obtained from CDC's National Center for Health Statistics (NCHS) Vintage 2016 Bridged-Race Population Estimates for July 1,

2014,

¥ Denominator excludes school districts that were not included in the surveillance area, calculated from National Center for Education Statistics enrollment counts of 3rd graders during the 2014~

2015 school year.
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TABLE 2. Estimated prevalence* of autism spectrum disorder {ASD) per 1,000 children aged 8 years, by sex — Autism and Developmental Disabilities Monitoring Network, 11 Sites, United States,
2014

Sex

Site Total pop. Total:sa[; with Overallt Males Females Male-to-Female

Prevalence 95% CI Prevalence 95% CI Prevalence 95% CI prevalence ratio®
Arizona 24,952 349 14.0 (12.6 -15.5) 21.1 (18.7 - 23.8) 6.6 {5.3-8.2) 3.2
Arkansas 39,992 522 13.1 {12.0-14.2) 20.5 {18.6-22.5) 5.4 {4.5-6.5) 3.8
Colorado 41,128 572 13.9 {12.8-15.1) 21.8 {19.9-23.9) 5.5 {4.6-6.7) 3.9
Georgia 51,161 869 17.0 {15.9-18.2) 27.9 {25.9-30.0) 5.7 {4.8-6.7) 4.9
Maryland 5,955 195 20.0 {17.4 -23.0 32.7 {28.1-38.2) 7.2 {5.2-10.0} 4.5
Minnesota 9,767 234 24.0 {21.1-27.2) 39.0 {33.8-44.9) 8.5 {6.3-11.6) 4.6
Missouri 25,333 356 14.1 {12.7 -15.6) 22.2 {15.8 - 25.0) 5.6 {4.4-7.00 4.0
New Jersey 32,935 864 29.3 (27.5-31.2) 45.5 (42.4 -48.9) 12.3 (10.7 -14.1) 3.7
Marth Carolina 30,283 527 17.4 (16.0 -19.0) 28.0 (25.5-30.8) 6.5 {5.3-7.9) 4.3
Tennessee 24,940 387 15.5 {14.0-17.1) 25.3 {22.6-28.2) 5.4 {4.2-6.9) 4.7
Wisconsin 35,037 494 14.1 {12.9-15.4) 21.4 {19.4-23.7) 6.4 {5.3-7.7) 3.4
All Sites Combined 325,483 5473 16.8 {16.4 -17.3) 26.6 {25.8-27.4) 6.6 {6.2-7.0) 4.0

Abbreviations: Cl = confidence interval,

* Per 1,000 children aged 8 years.

+ All children are included in the total regardless of race or ethnicity.

5 All sites identified significantly higher prevalence among males compared to females {p<0.01).
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TABLE 3. Estimated prevalence* of autism spectrum disorder {ASD) per 1,000 children aged 8 years, by race/ethnicity — Autism and Developmental Disabilities Monitoring Network, 11 Sites, United

States, 2014

Race/ethnicity

Prevalence Ratio

Site White Black Hispanic Asian/Pacific Islander White-to- White-to- Black-to-

Prevalence 95% Cl Prevalence 95% Cl Prevalence 95% Cl Prevalence 95% Cl Black Hispanic Hispanic
Arizona 16.2 {14.1 - 18.6) 19.5 {13.3-28.6) 10.3 {(85-12.5) 10.3 {(5.5-19.1) 0.8 1.6 1.9%
Arkansas 139 {12.6 - 15.5) 10.4 {(8.3-12.9) 8.4 {6.2-11.3) 14.2 {8.1-25.1) 13t 1.7 1.2
Colorado 15.0 (13.5-16.7) 11.4 (8.0-16.2) 10.6 {9.0-12.5) 7.9 {1.8-12.9) 1.3 1.4+ 1.1
Georgia 17.9 (16.0-20.2) 17.1 (15.4-18.9) 12.6 (10.6 - 15.0) 11.9 {(8.9-16.1) 1.1 1.4 1.45
Maryland 195 {16.0-23.8) 16.5 {12.7-21.4) 15.7 {9.1-27.0) 13.9 {(7.5-25.8) 1.2 12 1.1
Minnesata 243 {19.8 -29.8) 27.2 (21.7-34.2) 20.9 {14.7 -29.7) 17.8 {12.3-25.7) 0.9 12 13
Missouri 14.1 {12.4 - 16.0} 10.8 {8.6-13.6) 49 {(2.2-10.9) 10.7 {(5.8-20.0) 1.3t 2.9t 2.2
New Jersey 30.2 {27.4-33.3) 26.8 {23.3-30.9) 293 (26.2-32.9) 19.2 {13.9-26.6) 11 1.0 0.9
North Carolina 18.6 {16.5 - 20.9) 16.1 {13.5-19.2} 119 {9.3-15.2) 19.1 {13.7 - 26.8} 1.2 1.6 1.4t
Tennessee 16.1 {14.3 - 18.2) 125 {9.7-16.0) 10.5 {(7.6-14.7) 125 (6.7-23.3) 13 1.5t 1.2
Wisconsin 15.2 (13.6-17.0) 11.3 (8.9-14.2) 125 (10.0 - 15.6) 10.2 {6.1-16.9) 1.3t 1.2 0.9
All Sites Combined 17.2 (16.5-17.8) 16.0 (15.1-16.9) 14.0 (13.1-14.9) 135 (11.8-15.4) 1.1t 1.25 1.15

Abbreviations: Cl = confidence interval

* Per 1,000 children aged 8 years.

T Prevalence ratio significant at p<0.05.
% Prevalence ratio significant at p<0.01.
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TABLE 4. Number and percentage of children aged 8 years* identified with autism spectrum disorder {ASD) who received a comprehensive evaluation by a qualified professional before age 3 years,
4 years, or later — Autism and Developmental Disabilities Monitoring Network, 11 sites, United States, 2014

Earliest age when child received a comprehensive evaluation

Mention of general delay

<=36mos 37-48mos >48mos <=36mos
No % No % No % No %

Arizona 87 {34.1) 56 {22.0) 112 {43.9) 240 {94.1)
Arkansas 117 (30.5) 98 {25.6) 168 {43.9) 354 {92.4)
Colorado 200 {46.4) 66 {15.3) 165 {38.3) 383 {88.9)
Georgia 240 (37.6) 126 {19.7} 273 {42.7) 549 {85.9)
Maryland 96 {56.1) 19 {11.1) 56 {32.7) 158 {92.4)
Minnesota 57 (33.5) 36 {21.2) 77 {45.3) 124 {72.9)
Missouri 88 {32.1) 39 {14.2) 147 {53.6) 136 {71.5)
New lersey 318 (40.5) 174 {22.2) 293 {37.3) 645 {82.2)
North Carolina 260 {66.2) 42 {10.7) 91 {23.2) 364 {92.6)
Tennessee 80 (34.0) 47 {20.0} 108 {46.0} 144 {61.3)
Wisconsin 194 {47.2) 87 {21.2) 130 {31.6) 368 {89.5)

All Sites Combined 1737 (41.9) 790 {19.0} 1620 {39.1) 3525 {85.0}

*Includes children identified with ASD who were linked to an in-state birth certificate
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TABLE 5. Median age {in months] of earliest known autism spectrum disorder (ASD) diagnosis and number and proportion within each diagnostic subtype — Autism and Developmental Disabilities

Monitoring Network, 11 sites, United States, 2014

Autistic Disorder ASD/PDD Asperger Disorder Any Specified ASD Diagnosis
Median Age No. % Median Age No. % Median Age No. % Median Age No. %

Arizona 55 186 (76.2) 61 50 (20.5) 74 8 (3.3) 56 244 (69.9)
Arkansas 55 269 (63.0) 63 129 (30.2) 75 29 (6.8) 59 427 (81.8)
Colorado a0 192 {(61.7) 65 104 {33.4) 61 15 {4.8) 51 311 {54.4)
Georgia 46 288 (48.1) 56 261 (43.6) 65 50 (8.3) 53 599 (68.9)
Maryland 43 52 {32.3) 61 104 {64.5) 65 5 (3.1) 52 161 {80.9)
Minnesota 51 50 {45.9) 65 54 {49.5) 62 5 {4.6) 56 109 (46.6)
Missouri 54 gl {26.7) 55 187 {65.0} 65 25 {8.3) 56 303 {85.1}
New lersey 42 227 (32.7) 51 428 (61.6) 66 40 (5.8) a8 695 (72.1)
North Carolina 32 165 {52.5) 49 130 {41.4} &7 18 {6.1) 40 314 {58.6}
Tennessee 51 157 (57.1) 63 100 (36.4) 60 18 {6.5) 56 275 (71.1)
Wisconsin 46 143 {40.2} 55 129 {53.1} &7 24 {6.7) 51 356 {72.1}

All Sites Combined 46 1310 {472.7) 56 1746 {46.0} &7 238 {6.3) 52 3794 {63.3}

Abbreviation: PDD = pervasive developmental disorder - not otherwise specified.
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TABLE 6. Number and percentage of children aged 8 years identified with autism spectrum disorder {ASD) for whom special education data were available, by primary special education eligibility
category*® — Autism and Developmental Disabilities Monitoring Network, 10 sites with access to education records, United States, 2014

Arizona Arkansas Colorado Georgia Maryland Minnesota NewlJersey N.Carolina Tennessee Wisconsin

Total no. of ASD cases 349 522 572 869 193 234 964 527 387 494
Total no. (%) of ASD cases with 311 455+ 1488 752 153 201 851 444 293t 1675
Special Education records (85.1) {87.2)% {NR}" {86.5) (79.9) {85.9) (88.3) {84.3) {75.7)t {NR)T
Primmary Exceptionality

Autism (%) 5.3 65.1 43.2 57.8 6.0 65.2 47.7 74.3 68.9 39.5
Emotional Disturbance (%) 2.9 0.9 7.4 2.0 2.5 45 1.5 25 0.3 5.4
Specific Learning Disability (%) 6.8 31 14.2 4.0 11.9 1.0 8.0 2.7 0.7 24
Speech or Language Impairment (%)} 5.5 10.3 10.1 24 3.8 5.0 13.6 3.6 10.9 19.2
Hearing or Visual Impairment {%) 0.0 0.2 0.0 0.1 0.0 1.0 0.6 0.5 0.0 0.6
Health, Physical or Other Disability (%) 6.8 13.2 15.5 3.6 8.8 14.4 19.3 10.6 5.5 15.0
Multiple Disabilities {%) 0.3 4.2 a7 0.0 4.4 15 6.9 1.6 0.0 0.0
Intellectual Disability (%) 3.2 31 4.1 2.0 1.9 7.0 1.8 2.7 2.0 0.6
Develapmenital Delay / Preschool {%) 9.3 0.0 0.7 28.1 0.6 0.5 0.6 1.6 11.6 17.4

* Some state-specific categories were recoded or combined to match current U.S. Department of Education categories.

T Includes children residing in school districts where educational records were not reviewed {proportion of surveillance population: 31% Arkansas, 12% Tennessee]

% Excludes children residing in school districts where educational records were not reviewed {proportion of surveillance population: 67% Colorado, 74% Wisconsin)

T Proportion not reported because numerator is not comparable to other sites {excludes children residing in school districts where educational records were not reviewed)
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Figure 1. Most recent intelligence quotient score as of age 8 years among children with autism spectrum disorder for whom test data were available, by sex and site — Autism and Developmental
Disabilities Monitoring Network, nine sites,* United States, 2014
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Abbreviations: ASD = autism spectrum disorder; F = female; 1Q = intelligence quotient; M = male.
* Includes sites that had intellectual ability data available for 270% of children who met the ASD case definition.



Figure 2. Most recent intelligence quotient score as of age 8 years among children with autism spectrum disorder for whom test data were available, by sex and race/ethnicity — Autism and
Developmental Disabilities Monitoring Network, nine sites,* United States, 2014
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Abbreviations: ASD = autism spectrum disorder; F = female; 1Q = intelligence quotient; M = male.
* Includes sites that had intellectual ability data available for 270% of children who met the ASD case definition.
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TABLE 7. Number®* and percentage of children aged 8 years, by race/ethnicity and site in the DSM-5 Surveillance Area — ADDM Network, 11 Sites, United States, 2014

44

White Black Asian or American Indian
Site Site Institution Surveillance Area Total L N Hispanic Pacific Islander, or Alaska Native,
non-Hispanic non-Hispanic . . . .
non-Hispanic non-Hispanic
No. No. % No. % No. % No. % No. %
. . . t Part of 1 county in
Arizona Univ of Arizona . . 9,478 5,340 {56.3) 321 {3.4) 3,244 {34.2} 296 {3.1} 277 {2.9)
metropaolitan Phoenix
Arkansas Univ of Arkansas for All 75 counties in 39,992 26,103 {653} 7,705  {19.3} 5012  {12.5) 843 {2.1) 329 (0.8)
Medical Sciences Arkansas
toubli \
Colorado Colorado Dept of Public 1 county in 8022 2,603  (32.4) 1,018 (127} 4018  {50.1} 322 (4.0) 50 (0.7)
Health and Envircnment  metropolitan Denver
. Centers for Disease 5 counties including
Georgia Conirol and Prevention _ metropolitan Atlanta 51,161 15495  (30.3) 22,042  (43.1) 9,913 (194} 3,599 (7.0) 112 (0.2)
. . 1 county in
Maryland Johns Hopkins Univ ! _ 9,955 4,977  {50.0) 3,395  {(34.1) 829 (8.3) 719 (7.2) 31 (0.3)
metrapolitan Baltimore
N o
Minnesota University of Minnesota | 2"t ©f 2 counties in 9,767 3,793  (38.8) 2,719  (27.8) 1,486  (15.2) 1,576  (16.1) 193 (2.0}
Minneapolis-5t. Paul
5 counties includi
Missouri Washingten University counties including 12,205 7,18 (589} 3,793  (31.1) 561 (4.6) 626  (5.1) 33 (0.3)
metropolitan St. Louis
. . 4 counties including
N R ‘ 7, ‘ ' ‘ ) 7 .
ew Jersey utgers University metropolitan Newark 32,935 13,593 (41.3) 166  (21.8) 10,226  (31.0) 1,874 {5.7) 76 {0.2)
North Caralina Univ of North Carolina— & counties in central 30,283 15241  (50.3) 7,701 (254} 5,463 (180} 1,778 (5.9) 100 (0.3)
Chapel Hill North Carolina
o |
Tennessee vanderbilt University %2;::3:2:5 In centra 24,940 15867  (63.6) 4896  (19.6) 37324  {13.3) 799 (3.2) 54 (0.2}
— Univ of Wisconsin — 10 counties in south-
Wisconsin niv o1 Tisconsin COUNtIEs In sou 35,037 20,732  (59.2) 6,486  (185) 6181  (17.6) 1471 (4.2) 167 {0.5)
Madison eastern Wisconsin
All Sites Combined 263,775 130,930  (49.6) 67,246 (255} 50,258  (19.1) 13,903 (5.3) 1,438 (0.5

* Total numbers of children aged 8 years in each surveillance area were obtained from CDC's National Center for Health Statistics (NCHS) Vintage 2016 Bridged-Race Population Estimates for July 1,

2014,

¥ Denominator excludes school districts that were not included in the surveillance area, calculated from National Center for Education Statistics enrollment counts of 3rd graders during the 2014~

2015 school year.



TABLE 8. Number and percentage of children meeting DSM-IV-TR and/or DSK-5 surveillance case definition — ADDM Netwaork, 11 Sites, United States, 2014

Met DSM-IV or DSM-5

Met Both DSM-IV and DSM-5

Met DSM-1V Only

Met DSM-5 Only

DSM-IV vs. DSM-5

ADDM Site n n % n % n % Ratio Kappa
Arizona 179 143 (79.9) 17 {9.5) 19 {10.6) 0.99 0.83
Arkansas 560 514 (91.8) ) {1.4) a8 (6.8) 0.95 0.92
Colorado 115 92 {79.3) 19 {15.4) 5 {4.3) 1.14 0.79
Georgia 937 790 {84.3) 79 {8.4) 68 {7.3) 1.01 0.83
Maryland 207 187 {80.3) 12 (5.8) 8 (3.9) 1.02 0.89
Minnesota 254 200 (78.7) 34 {13.4) 20 (7.9) 1.06 0.79
Missouri 209 179 (85.6) 12 (5.7} 18 (8.6) 0.97 0.74
New lersey 995 842 (84.6) 122 {(12.3) 31 (3.1) 1.10 0.85
North Carolina 532 493 {92.7) 34 {6.4) 5 {0.9) 1.06 0.93
Tennessea 408 343 {85.3) 39 {3.6) 21 {5.1) 1.05 Q.72
Wisconsin 523 448 (85.7) 46 (8.8) 29 {5.5) 1.04 0.83
All Sites Combined 4,920 4,236 (86.1) 422 (8.6) 262 (5.3} 1.04 0.85
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TABLE 9. Stratified comparison of children meeting DSM-IV-TR and/or DSK-5 surveillance case definition — ADDM Netwark, 11 Sites, United States, 2014

Met DSM-IV ar DSM-5

Met Both DSM-IV and DSM-5

Met DSM-IV Only

Met DSM-5 Only

DSM-IV vs. DSM-5

Characteristic n n % n % n % Ratio Kappa
Met ASD case definition under DSM-IV and/or DSM-5 4,920 4,236 (86.1) 422 {8.6) 262 {5.3) 1.04 0.85
Sex

Male 3978 3452 (86.8) 316 {7.9) 210 {5.3) 103 0.85
Female 242 784 (83.2) 106 {11.3) 52 {5.5] 1.06 0.85
Race/Ethnicity

White, non-Hispanic 2486 2159 {86.8) 193 {7.8) 134 {5.4) 103 0.85
Black, non-Hispanic 1184 994 (84.0] 108 {9.2) 81 {6.8) 1.03 0.84
Hispanic, regardless of race 817 695 (85.1) 91 {11.1) 31 {3.8) 1.08 0.86
Asian / Pacific Islander, non-Hispanic 207 128 (90.8) 14 {6.8] 5 {2.4) 1.05 0.28
Earliest comprehensive evaluation on record*

<=36 months 1509 1372 {90.9) 115 {7.6) 22 {15) 1.07 0.89
37-48 months 723 640 (88.5) 6l {54) 22 {3.09 106 0.26
»48 months 1503 1195 (79.5) 154 (10.2) 154 (10.2) 1.00 0.81
Documented ASD Classification

Autism special education eligibility 2270 2156 (95.0 35 {1.5] 74 {3.5] 098 0,57
ASD diagnostic statementt

Earliest ASD diagnosis <=36 months 851 936 (93.4) o] {0.0] 15 {1.6] 098 071
Earliest ASD diagnosis Autistic Disorder 1577 1526 (96.8) 0 (0.0 51 (3.7 0.97 0.50
Earliest ASD diagnosis PDD-NOS/ASD-NOS 1564 1525 (97.5) 0 {0.0) 39 {2.5) 0.98 0.72
Earliest ASD diagnosis Asperger Disorder 221 210 {95.0) o (0.3 11 {5.0) 0.85 0.72
N previous ASD diagnaesis or eligibility on recerd 350 434 (50.9] 369 (33.8) 97 (10.2) 1.47 0.62
Most recent intelligence quotient score’

Intellectual disability {1Q <=70) 1191 1089 {91.4) 67 {5.6) 35 {2.9) 1.03 0.8%
Borderline range {1Q 71-85) 881 778 {88.3) 74 {8.4) 28 (3.3 1.06 0.88
Average or above average {10 =85]) 1620 1391 (85.9) 143 {3.8] 36 {5.3] 1.04 0.36

* Includes children identified with ASD wha were linked to an in-state hirth certificate

+ A DSM-IV-TR diagnosis of autistic disorder, PDD-NOS or Asperger disorder automatically qualifies a child as meeting the DSM-5 surveillance case definition for ASD
5 Includes data from all 11 sites, including those with 1Q data available for <70% of confirmed cases
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Diagram 1.

ASD case determination criteria under DSM-IV-TR

DSM-IV-TR Behavioral Criteria

Social

1a. Marked impairment in the use of multiple nonverbal behaviors such as eye-to-eye gaze, facial expression, body postures, and
gestures to regulate social interaction

1b. Failure to develop peer relationships appropriate to developmental level

1c. Alack of spontaneous seeking to share enjoyment, interests, or achievements with other people (e.g., by a lack of showing,
bringing, or painting out objects of interest)

1d. Lack of social or emotional reciprocity

Communication

2a. Delay in, or total lack of, the development of spoken language (not accompanied by an attempt to compensate through alternative
mades of communication such as gesture or mime)

2b. In individuals with adequate speech, marked impairment in the ability to initiate or sustain a conversation with others

2c. Stereotyped and repetitive use of language or idiosyncratic language

2d. Lack of varied, spontaneous make-believe play or social imitative play appropriate to developmental level

Restricted Behavior/Interest

3a. Encompassing precccupation with one or mere stereotyped and restricted patterns of interest that is abnormal either in intensity
or focus

3b. Apparently inflexible adherence to specific, nonfunctional routines or rituals

3c. Stereotyped and repetitive motor mannerisms {e.g., hand or finger flapping or twisting, or complex whole boady movements)

3d. Persistent preoccupation with parts of abjects

Developmental History

Child had identified delays or any concern with development in the following areas at or before the age of three years: Social,
Communication, Behavior, Play, Motor, Attention, Adaptive, Cognitive

Autism Discriminators

Oblivious to children

Oblivious to adults or others

Rarely responds to familiar social approach
Language primarily echolalia or jargon
Regression/loss of social, language, or play skills
Previous ASD diagnosis

Lack of showing, bringing, etc.

Little or no interest in others

Uses others as tools

Repeats extensive dialog

Absent or impaired imaginative play
Markedly restricted interests

Unusual preoccupation

Insists on sameness

Nonfunctional routines

Excessive focus on parts

Visual inspection

Maovament preaccupation

Sensary preaccupation

DSM-IV-TR Case Determination

At least 6 behaviors coded with a minimum of 2 Social, 1 Communication, and 1 Restricted Behavior/Interest; AND evidence of
developmental delay or concern at or before the age of three years

OR

At least 2 behaviors coded with a minimum of 1 Sacial and either 1 Caommunication and/or 1 Restricted BehaviorfInterest; AND at least
ane Autism Discriminator coded
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Diagram 2. ASD case determination criteria under DSM-5

DSM-5 Behavioral Criteria

A. Persistent deficits in social
communication and social
interaction

Al: Deficits in social emotional reciprocity
A2, Deficits in nonverbal communicative behaviors
A3. Deficits in developing, maintaining, and understanding relationships

B. Restricted, repetitive patterns of
behavior, interests, or activities,
currently or by history

B1: Stereotyped or repetitive motor movements, use of ohjects or speech

B2. Insistence on sameness, inflexible adherence to routines, or ritualized patterns of verbal or nonverbal behavior
B3. Highly restricted interests that are abnormal in intensity or focus

B4. Hyper- or hypo-reactivity to sensory input or unusual interest in sensory aspects of the environment

Historical PDD Diagnosis

A well-established DSM-IV diagnosis of autistic disorder, Asperger's disorder, or pervasive developmental disorder - not otherwise
specified (PDD-NOS])

D5M-5 Case Determination

All 3 behavioral criteria coded under part A, and at least 2 behavioral criteria coded under part B
OR
A DSM-IV diagnosis of autistic disorder, Asperger's disorder, or PDD-NOS
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BOX 1. Autism spectrum disorder {(ASD) case determination criteria under DSM-IV-TR

DSM-IV-TR behavioral criteria

Social

la. Marked impairment in the use of multiple nonverbal behaviors such as eye-to-eye gaze, facial expression,
body postures, and gestures to regulate social interaction

1b. Failure to develop peer relationships appropriate to developmental level

le. A lack of spentaneous seeking to share enjoyment, interests, or achievements with other people (e.g., by a
lack of showing, bringing, or pointing out objects of interest)

1d. Lack of social or emotional reciprocity

Comniunication

2a. Delay in, or total lack of, the development of spoken language (not accompanied by an attempt to
compensate through alternative modes of communication such as gesture or mime)

2b. In individuals with adequate speech, marked impairment in the ability to initiate or sustain a conversation
with others

2c. Stercotyped and repetitive usc of language or idiosyneratic language

2d. Lack of varied. spontaneous make-believe play or social imitative play appropriate to developmental level

Restricted behavior/Interest

3a. Encompassing preoccupation with one or more stereotyped and restricted patterns of interest that is
abnormal cither in intensity or focus

3b. Apparently inflexible adherence to specific, nonfunctional routines or rituals

Jc. Stereotyped and repetitive motor mannerisms {e.g., hand or finger flapping or twisting, or complex whole
body movements)

3d. Persistent preoccupation with parts of objects

Developmental history

Child had identified delays or any concern with development in the following areas at or before the age of 3
years: Social. Communication, Behavior, Play, Motor, Attention, Adaptive, Cognitive




Autism discriminators

Oblivious to children

Oblivicus to adults or others

Rarely responds to familiar social approach
Language primarily echolalia or jargon
Regression/loss of social, langunage, or play skills
Previous ASD diagnosis

Lack of showing, bringing, etc.

Little or no interest in others

Uses others as tools

Repeats extensive dialog

Absent or impaired imaginative play
Markedly restricted interests

Unusual preoccupation

[nsists on samencss

Nonfunctional routines

Excessive focus on parts

Visual inspection

Movement preoccupation

Sensory preoccupation

DSM-IV-TR case
determination

At least 6 behaviors coded with a mmimum of 2 Social, | Communication, and | Restricted Behavior/Interest;
AND evidence of developmental delay or concern at or betore the age of 3 years

OR

At least 2 behaviors coded with a mimimum of | Social and either 1 Communication and/or | Restricted
Behavior/Interest; AND at least 1 Autism Discriminator coded

Abbreviation: DSM-IV-TR = Diagnostic and Statistical Manual of Mental Disorders-Fourth Edition (Text Revision).




BOX 2. Autism Spectrum Disorder case determination criteria under DSM-5

DSM-5 behavioral criteria

A. Persistent deficits in social
communication and social
intcraction

Al: Deficits in social emotional reciprocity
AZ. Deficits in nonverbal communicative behaviors

A3, Deficits in developing, maintaining, and understanding relationships

B. Restricted, repetitive
patterns of behavior.
interests, or activities,
currently or by history

B1: Stercotyped or repetitive motor movements, usc of objects or speech

B2. Insistence cn sameness, inflexible adherence to routines, or ritualized patterns of verbal or nonverbal
behavior

B3. Highly restricted interests that arc abnormal in intensity or focus

B4. Hyper- or hypo-reactivity to sensory input or unusual interest in sensery aspects of the environment

Historical PDD diagnosis

A well-established DSM-TV diagnosis of autistic disorder. Asperger’s discerder, or pervasive developmental
disorder—not otherwisc specified (PDD-NOS)

DSM-5 case determination

All 3 behavioral criteria coded under part A, and at least 2 behavioral criteria coded under part B
OR
A DSM-1V diagnosis of autistic disorder, Asperger’s disorder, or PDID-NOS

Abbreviation: DSM-5 = Diagnostic and Statistical Manual of Mental Disorders 5th ed.
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TABLE 1. Number* and percentage of children a
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zed 8 years, by race/ethnicity and site — Autism and Developmental Disabilities Monitoring Network, 11 sites, United States, 2014

White Black Asian or American Indian
Total -His - -His - Hispanic Pacific Islander, or Alaska Native,
Site Site institution Surveillance area non-Hispanic nen-tispanse non-Hispanic non-Hispanic
No. No. (%) No. (%) No. (%) No. (%) No. (%)
. . . . Part of 1 county in
Arizona University of Arizona metropolitan Phoenix! 24,952 12,308 (49.3) 1,336 (5.4) 9,792 (39.2) 975 (3.9) 541 (2.2)
Ark University of Arkansas for Al 75 counties in 399972 26103 (65.3) 7705 (19.3) 5012 (12.5) 943 (2.1) 329 (0.8)
rkansas Medical Sciences Arkansas ’ ’ ’ ! ’ ! ’ ’ ’
Colorade Department of 7 countics in
Colorado Pullic Health and 1', D 41,128 22,410 (54.5) 2,724 [6.6) 13,735 (33.4) 2,031 (4.9 228 [0.6)
Environment metropolitan Denver
. 5 counties including
Georgia €D metropolitan Atlants 51,161 15495 (30.3) 22,042 [43.1) 9,913 (19.4) 3,599 (7.0) 112 (0.2)
Maryland Johns Hopkins University lelf;ﬁ;‘g;“ metropolitan 9955 4977  (50.0) 3399 (34.1) 829 (8.3) 719 (7.2) 31 (0.3)
. . . e ] Parts of 2 counties in
Minnesota University of Minnesota Minncapolis-St. Pault 9,767 3,793 (38.8) 2,719 (27.8) 1486 (15.2) 1,576 (16.1) 193 (2.0
S o N 5 counties including . .
Missouri Washington University metropolitan St. Louis 25,333 16,529 (65.2) 6,577 (26.0) 1,220 (4.8) 931 {3.7) 76 {0.3)
. . 4 ¢ountics including l_ . . . c - )
New |ersey Rutgers University metropolitan Newark 32,935 13,593 (41.3) 7,166 (21.8) 10,226 (31.0) 1,874 {5.7) 76 {0.2)
R University of North 6 counties in central . .
North Carolina Carolina-Chapel Hill North Carolina 30,283 15,241 (50.3) 7.701 (254) 5463 (18.0) 1.778 (5.9] 100 [0.3)
Tennessee Vanderbilt University %i;l‘:éﬂ‘qt;gs in central 24,940 15867 (63.6] 4,896 (19.6) 3,324 (13.3] 799 (3.2) 54 (0.2)
Wisconsin University of Wisconsin- 10 counties in south- 35,037 20,732 (59.2) 6486 (18.5) 6,181 (17.6) 1471 (4.2) 167 (0.5)

Madison

castern Wisconsin

All sites combined

325483 167048  (51.3) 72751  (22.4) 67,181  (20.6) 16,59 (5.1) 1,907 (0.6)

Abbreviation: CDC = Centers for Disease Control and Prevention.

* Total numbers of children aged 8 years in each surveillance area were obtained from CDC's National Center for Health Seatistics (NCHS) Vintage 2016 Bridged-Race Population Estimates for July 1, 2014,

tDenominatar excludes school districts that were not included in the surveillance arca, caloulated from National Center for Education Statistics enrollment counts of 3rd graders during the 2014-2015 school

yoar.
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TABLE 2. Estimated prevalence* of autism spectrum disorder per 1,000 children aged 8 years, by sex — Autism and Developmental Disabilities Monitoring Network, 11 sites, United States, 2014

Sex
Site po;‘:lt;ltlion T"tal;;‘g with Overall Males Females Male-to-female
Prev:lenc 95% CI Prevalence 95% CI Prevalence 95% CI prevalence ratio$
Arizona 24,952 349 14.0 (12.6-15.5) 21.1 (18.7-23.8) 6.6 {5.3-8.2) 3.2
Arkansas 39,992 522 13.1 (12.0-14.2) 20.5 (18.6-22.5) 5.4 {4.5-6.5) 38
Colorado 41,128 572 13.9 (12.8-15.1) 21.8 (19.9-23.9) 5.5 {4.6-6.7) 39
Georgia 51,161 869 17.0 (15.9-18.2) 27.9 {25.9-30.0) 5.7 {4.8-6.7) 49
Maryland 9,955 199 20.0 (17.4-23.0) 327 (28.1-38.2) 7.2 {(5.2-10.0) 45
Minnesota 9,767 234 240 (21.1-27.2) 39.0 (33.8-44.9) 8.5 {(6.3-11.6) 46
Missouri 25,333 356 14.1 {12.7-15.6] 22.2 {19.8-25.0] 5.6 {4.4-7.0) 4.0
New Jersey 32,935 964 29.3 [27.5-31.2) 45.5 [42.4-48.9) 12.3 {10.7-14.1) 3.7
North Carolina 30,283 527 17.4 (16.0-19.0) 28.0 (25.5-30.8) 6.5 {5.3-7.9) 4.3
Tennessee 24,9440 387 15.5 (14.0-17.1) 25.3 (22.6-28.2) 5.4 {4.2-6.9) 4.7
Wiscunsin 35,037 494 14.1 (12.9-154) 21.4 (19.4-23.7] 6.4 {5.3-7.7) 34
All sites combined 325,483 5,473 16,8 (16.4-17.3) 26.6 (25.8-27.4) 6.6 (6.2-7.0) 4.0

Abbreviation: Cl = confidence interval.
* Per 1,000 children aged 8 years.
t All children are included in the total regardless of race or ethnicity.

¥ All sites identified significantly higher prevalence among males compared with females (p=0.01).
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TABLE 3. Estimated prevalence* of autism spectrum disorder per 1,000 children aged 8 years, by race/ethnicity — Autism and Developmental Disabilities Monitoring Network, 11 sites, Unitad
States, 2014

Race/ethnicity Prevalence ratio

Site White Black Hispanic Asian/Pacific Islander White-to- White-to- Black-to-

Prevalence 95% CI Prevalence 959% ClI Prevalence 959% ClI Prevalence 959% ClI black Hispanic Hispanic
Arizona 16.2 (14.1-18.6) 19.5 (13.3-28.6) 10.3 (8.5-12.5) 10.3 {5.5-19.1) 0.8 1.6 1.9¢
Arkansas 134 (12.6-15.5) 104 (8.3-12.9) 8.4 (6.2-11.3) 14.2 (8.1-25.1) 1.3¢ 1.7 12
Colorado 15.0 (13.5-16.7) 114 (8.0-16.2) 10.6 (9.0-12.5) 7.9 (4.8-12.9) 13 1.4 1.1
Georgia 179 (16.0-20.2) 17.1 (15.4-18.9) 126 (10.6-15.0) 119 (8.9-16.1) 11 1.4% 1.4%
Maryland 195 (16.0-23.8) 16.5 (12.7-21.4) 15.7 (9.1-27.0) 139 (7.5-25.8) 1.2 1.2 1.1
Minnesota 24.3 (19.8-29.8) 27.2 (21.7-34.2) 209 (14.7-29.7) 178 (12.3-25.7) 0.9 1.2 13
Missouri 14.1 (12.4-16.0) 10.8 (8.6-13.6) 4.9 (2.2-10.9) 10.7 (5.8-20.0) 13! 2.9t 2.2
New Jersey 302 (27.4-33.3) 26.8 (23.3-30.9) 29.3 (26.2-32.9) 19.2 (13.9-26.6) 1.1 1.0 0.9
Narth Carolina 18.6 (16.5-20.9) 16.1 (13.5-19.2) 11.9 (2.3-15.2) 19.1 (13.7-26.8) 1.2 1.6% 1.41
Tennessee 16.1 (14.3-18.2) 125 [9.7-16.0) 105 (7.6-14.7) 125 (6.7-23.3) 13 15t 12
Wisconsin 15.2 (13.6-17.0) 11.3 (8.9-14.2) 12.5 (10.0-15.6) 10.2 [6.1-16.9) 1.3t 1.2 0.9
All sites combined 17.2 (16.5-17.8) 16.0 (15.1-16.9) 14.0 (13.1-14.9) 13.5 (11.8-15.4) 1.1° 1.28 1.1%

Abbreviation: Cl = confidence interval.
* Per 1,000 children aged 8 years.
I Pearson chi-square test of prevalence ratio significant at p<0.05.

% Pearson chi-sguare test of prevalence ratio significant at p<0.01,
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TABLE 4. Number and percentage of children aged 8 years* identified with autism spectrum disorder who received a comprehensive evaluation by a qualified professional before age £36
months, 37-48 months, or 48 months, and those with a mention of general delay concern by age 36 months — Autism and Developmental Disabilities Monitoring Network, 11 sites, United
States, 2014

Mention of general

Earliest age when child received a comprehensive evaluation
developmental delay

Site =36 mos 37-48 mos >48 mos <36 mos
No. {%) No. (%) No. (%) No. (%)

Arizona 87 {34.1) 56 (22.0] 112 (13.9] 24 {91.1)
Arkansas 117 {30.5) 98 (25.6) 168 (43.9) 354 (92.4)
Colorado 200 {16.4) 66 (15.3] 165 (38.3] 383 {88.9)
Georgia 240 {37.6) 126 {19.7) 273 (42.7) 549 (85.9)
Maryland 96 {56.1) 19 (11.1] 56 (32.7] 158 {92.4)
Minnesota 57 {33.5) 36 (21.2) 77 (45.3) 124 (72.9)
Missouri 88 (32.1) 39 (11.2] 147 (53.6] 196 {71.5)
New Jersey 318 {40.5) 174 (22.2) 293 (37.3) 645 (82.2)
North Carelina 260 {66.2) 12 (10.7] 91 (23.2] 364 {92.6)
Tennessee 80 {34.0) 47 (20.0) 108 (46.0) 144 (61.3)
Wisconsin 194 {147.2) g7 (21.2] 130 (31.6] 308 {89.5)
All sites combined 1,737 (41.9) 790 (19.0) 1,620 (39.1) 3,525 (85.0)

*ncludes children identificd with autism spectrum disorder who were linked to an in-state birth certificate,
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TABLE 5. Median age (in months) of earliest known autism spectrum disorder diagnosis and number and proportion within each diagnostic subtype — Autism and Developmental Disabilities
Meonitoring Network, 11 sites, United States, 2014

Autistic disorder ASD/PDD Asperger disorder Any specified ASD diagnosis

Site Median age No. (%) Median age No. (%) Median age No. (%) Median age No. (%)

Arizona 55 186 {70.2) 61 50 {20.5) 74 8 {3.3) 56 244 {69.9)
Arkansas 55 269 {63.0] 63 129 (30.2) 75 29 {6.8) 59 127 (81.8)
Colorado 40 192 (61.7) 65 104 (33.4) a1l 15 {4.8) 51 311 (54.4)
Georgia 1o 288 {18.1) 56 261 {13.6) G5 50 {8.3) 53 599 {68.9)
Maryland 43 52 (32.3) a1l 104 (64.6) 65 5 (3.1} 52 161 (80.9)
Minnesota 51 50 {15.9) G5 54 {19.5) 62 3 {1.6) 56 109 {10.6)
Missouri 54 71 (26.7) 55 197 (65.0) 65 25 (8.3) 56 303 (85.1)
New Jersey 12 227 (32.7) 51 128 {6l.a) 66 40 {5.8) H 695 {72.1)
North Carolina 32 145 (52.5) 49 130 (41.4) 67 19 (6.1} 40 314 (59.6)
Tennessee 51 157 {57.1) 63 100 (30.1) 6o 18 {6.5) 56 275 {71.1)
Wisconsin 46 143 (40.2) 55 189 (53.1) 67 24 (6.7} 51 356 (72.1)
All sites combined 46 1,810 {47.7) 56 1,746 {46.0) 67 238 (6.3) 52 3,794 (69.3)

Abbreviations: ASD = autism spectrum disorder; PDD = pervasive developmental disorder-not otherwise specified.

Page 5 of 9



Publisher: MMWR; Journal: MMWR. Surveillance Summaries
Article Type: Surveillance Summaries; Volume: ; Issue: ; Year: ; Article ID: autism tables
DOI: 10.15585/

TABLE 6. Number and percentage of children aged 8 years identified with autism spectrum disorder with available special education records , by primary special education eligibility category*
— Autism and Developmental Disahilities Monitoring Network, 10 sites, United States, 2014

Characteristic Arizona Arkansas Colorado Georgia Maryland Minnesota New Jersey C::t;itil:la Tennessee Wisconsin
Total no. of ASD cases 349 522 572 865 199 234 964 527 387 494
Total no. (%) of ASD cases with 311 455t 148¢ 752 159 201 851 444 293 167¢
Special education records {(89.1) (8721t —T {86.5) {79.9) {85.9) {(88.3) {84.3) {(75.7) —
Primary exceptionality (%)

Autism 65.3 65.1 432 57.8 66.0 65.2 47.7 743 68.9 395
Emotional disturbance 2.9 0.9 7.4 2.0 2.5 45 15 25 0.3 5.4
Specific learning disability 6.8 3.1 14.2 40 119 1.0 8.0 27 0.7 2.4
Speech or language impairment 55 103 101 2.4 3.8 5.0 13.6 3.6 109 19.2
Hearing or visual impairment 0 0.2 3} 0.1 0 1.0 0.6 0.5 5} 0.6
Health, physical or other disability 6.8 13.2 155 16 8.8 114 19.3 10.6 5.5 15.0
Multiple disabilities 0.3 4.2 1.7 0 4.4 1.5 6.9 16 ] 0
Intellectual disability 3.2 3.1 4.1 2.0 19 7.0 1.8 27 2.0 0.6
Developmental delay/Preschool 9.3 0 0.7 28.1 0.6 0.5 0.6 1.6 11.6 17.4

Abbreviation: ASD = autism spectrum disorder,

* Sonie state-specific categories were recoded or combined to match current U.S. Department of Education categories.

fIncludes children residing in school districts where educational records were not reviewed [proportion of surveillance population: 31% Arkansas, 12% Tennessee).
¥ Excludes children residing in school districts where educational records were not reviewed {proportion of surveillance population: 67% Colorado, 74% Wisconsin).

I Proportion not reported because numerator is not comparable to other sites {excludes children residing in school districes where educational records woere not reviewed).
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TABLE 7. Number* and percentage of children aged 8 years, by race/ethnicity and site in the DSM-5 Surveillance Area — Autism and Developmental Disabilities Monitoring Network, 11 sites,

United States, 2014

Asian or Pacific

American Indian or

Total wl_lll.lte’ non- Bll-la_ck, non- Hispanic Islander, non- Alaska Native, nan-
Site Site institution Surveillance area 1spanic 1spanic Hispanic Hispanic
No. No. (%) No. (%) No. (%) No. (%) No. (%)
. . . e Part of 1 county in
Arizona University of Arizona metropolitan Phocnixt 9,478 5,340 (56.3) 321 (3.4) 3244 (34.2) 296 (3.1) 277 (2.9)
I University of Arkansas for Al 75 counties in . . .
Arkansas Medical Sciences Arkansas 39,992 26,103 (65.3) 7.705 (19.3] 5012 (12.5) 843 (2.1) 329 (0.8)
Colorado Department of 1 countv in metropolitan
Colorado Public Health and B ¥ P 8,022 2,603 (32.4) 1018 [12.7) 4,019 (50.1) 322 (4.0) 60 (0.7)
Environment enver
. 5 counties including
Georgia €D mctrapolican Atiants 51,161 15495 (30.3) 22,042 [43.1) 9,913 (19.4) 3,599 (7.0) 112 (0.2)
Maryland Johns Hopkins University lelf;ﬁ;‘gE'_“ metropolitan 9,955 4977 (50.0) 3399 (34.1) 829 (8.3) 719 (7.2) 31 (0.3)
. . . s Parts of 2 counties in . . . l_ . .
Minnesota University of Minnesota Minneapolis-St. Paul 9,767 3,793 (38.8) 2,719 (27.8) 1,486 (15.2) 1,576 (16.1) 193 {2.0)
Missouri Washington University ;tci‘;{‘lfg’ inmetropolitan 15505 7186 (589) 3793 (3L1) 561 (4.6) 626 (5.1) 39 (0.3)
) . ) 4 ¢ountics including . I . . - . .
New Jersey Rutgers University metropolitan Newark 32,935 13,593 (41.3) 7,166 (21.8) 10,226 (31.0) 1,874 {5.7) 76 {0.2)
e University of North 6 counties in central
North Carolina Carolina Chapel Hil North Carolina 30,283 15,241 (50.3) 7,701 [25.4) 5463 [18.0) 1,778 (5.9) 100 (0.3)
Tennessee Vanderbilt University jrfl_lf:;z;t;gq n central 24,940 15867  (63.6) 1896 (19.6) 3321 (13.3) 799 (3.2) 51 (0.2)
Wisconsin University of Wisconsin- 10 counties in south- 35,037 20,732 (59.2] 6,486 (18.5] 6,181 (17.6] 1,471 {4.2) 167 {0.5)
Madison castern Wisconsin
All sites combined 263,775 130,930 {(49.6) 67,246 {25.5) 50,258 {19.1y 13,903 (5.3) 1,438 {0.5)

Abbreviation: DSM-5 = Diagnostic and Statistical Manual of Mental Disorders, Sth Edition.

* Total numbers of children aged 8 years in each surveillance area were obtained from CDC's National Center for Health Statistics (NCHS) Vintage 2016 Bridged-Race Population Estimates for July 1, 2014.

I Denominator excludes school districts that were not included in the surveillance area, calculated from National Center for Education Statistics enrollment counts of 3rd graders during the 2014-2015 school

year.
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TABLE 8. Number and percentage of children meeting D5M-IV-TR and/or DSM-5S surveillance case definition — Autism and Developmental Disabilities Monitoring Network, 11 sites, United
States, 2014

Met DSM-IV or DSM-5 Met both DSM-1V and DSM-5 Met DSM-IV only Met DSM-5 only DSM-IV vs, DSM-5
Site No. No. (%) No. (%) No. (%) Ratio Kappa
Arizona 179 143 (79.9) 17 (9.5) 19 (10.6) 0.99 0.83
Arkansas 560 514 {91.8) 8 (1.4) 38 (6.8) 0.95 0.92
Colorado 116 92 (79.3) 19 (16.4) 5 (1.3) 114 0.79
Georgia 937 790 (84.3) 79 (8.4) 68 (7.3) 101 0.83
Maryland 207 187 (90.3) 12 (5.8) 8 (3.9) 1.02 0.89
Minnesota 254 200 (78.7) 34 (13.4) 20 (7.9) 1.06 0.79
Missouri 209 179 (85.6) 12 (5.7) 18 (8.6) 0.97 0.74
New Jersey 995 842 {81.6) 122 (12.3) 31 (3.1) 110 0.45
North Carolina 532 493 {92.7) 34 (6.4) 5 (0.9) 106 0.93
Tennessee 408 348 (85.3) 39 (9.6) 21 (5.1) 105 0.72
Wisconsin 523 143 (85.7) 46 (8.8) 29 (5.5) 1.04 0.83
All sites combined 4,920 4,236 (B6.1) 422 (B.6) 262 (5.3) 1.04 0.85

Abbreviations: DSM-5 = Diagnostic and Statistical Manual of Mental Disorders, 5th Edition; DSM-[V-TR = Diagnostic and Statistical Manual of Mental Disorders, 4th Edition, Text Revision.
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TABLE 9. Characteristics of children maeting DSM-IV-TR and/or DSM-5 surveillance case definition — Autism and Developmental Disabilities Monitoring Network, 11 sites, United States, 2014

Mct DSM-IV or DSM-5  Met both DSM-IV and DSM-5 Mct DSM-IV only Mct DSM-5 only DSM-IV vs, DSM-5
Characteristic No. No. (%) No. (%) No. (%) Ratio Kappa
Met ASD case definition under DSM-1V and/or DSM-5 4,920 4,236 (86.1) 422 (8.6) 262 (5.3) 1.04 0.85
Sex
Male 3,978 3,452  (86.8) 316 (7.9) 210 (5.3) 1.03 0.85
Female 942 784 (83.2) 106 (11.3) 52 (5.5) 1.06 0.85
Race/Ethnicity
White, non-Hispanic 2,486 2,159  (86.8) 193 (7.8) 134 (5.4) 1.03 0.85
Black, non-Hispanic 1,184 994 (84.0) 109 (9.2) 81 (6.8) 1.03 0.84
Hispanic, regardless of race 817 695 (B5.1) 91 (11.1) 31 (3.8) 1.08 0.86
Asian / Pacific Islander, non-Hispanic 207 188 (90.8) 14 (6.8) 5 (2.4) 1.05 0.98
Earliest comprehensive evaluation on record*
<36 months 1,509 1,372 (90.9) 115 (7.6) 22 (1.5) 1.07 0.89
37-48 months 723 640 (88.5) 61 (8.4) 22 (3.0) 1.06 0.86
=48 months 1,503 1,195 (79.5) 154 (10.2) 154 (10.2) 1.00 0.81
Documented ASD Classification
Autism special education eligibility 2,270 2,156 (95.0) 35 (1.5) 79 (3.5) 0.98 0.57
ASTH diagnostic statement!
Earliest ASD diagnosis €36 manths 951 936 (98.4) 0 (0) 18 (1.6) 0.98 0.71
Earliest ASD diagnosis Autistic Disorder 1,577 1,526 (96.8) 0 ()] 51 (3.2) 0.97 0.50
Earlicst ASI diagnosis PDD-NOS/ASD-NOS 1,564 1,525 (97.5) 0 (M 39 (2.5) 0.98 0.72
Earlicst ASD diagnosis Asperger Disorder 221 210 (95.0) 0 (D) 11 (5.0) 0.95 0.72
No previous ASD diagnosis or eligibility on record 950 484 (50.9) 369 (38.8) 97 (10.2) 1.47 0.62
Most recent intelligence quotient score?
Intellectual disabilicy (16 <70) 1,191 1,089  (91.4) 67 (5.6) 3s (2.9) 1.03 0.89
Borderline range (1Q 71-85) 881 778 (88.3) 74 (8.4) 29 (3.3) 1.06 0.88
Average or gbave average (10 =85) 1,620 1,391 (85.9) 143 (8.8) 86 (5.3) 1.04 0.86

Abbreviations: ASD = autism spectrum disorder; D5M-5 = Diagnostic and Statistical Manual of Mental Disorders Sth ed.; DSM-1V-TR = Diagnostic and Statistical Manual of Mental Disorders-Fourth Ldition {Text
Revision); PDD-NQOS = pervasive developmental disorder-not otherwise specified.

* Includes children identified with ASD who were linked to an in-state birth certificate.
t A DSM-1V-TR diagnosis of autistic disorder, PDD-NOS or Asperger disorder automatically qualifies a child as meeting the DSM-5 surveillance case definition for ASD.

¥ Includes data trom all 11 sites, including those with [Q data available tor <70% of confirmed cases.
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Abstract
Problem/Condition: Autism spcctrum disorder (ASD).
Period Covered: 2014,

Description of System: The Autism and Developmental Disabilitics Monitoring (ADDM) Network is an
active survcillance system that provides estimates of the prevalenee of autism spectrum disorder (ASD)
among children aged 8§ years whose parents or guardians reside within multiple ADDM sites in the United
States. The Centers for Disease Control and Prevention {CDC) has funded universities and public health
departments in 16 states since 2000, and CDC also serves as the Georgia ADDM site. The current report is
based on data from 11 sites, which completed surveillance of ASD in parts of Arizona, Arkansas, Colorado,
Georgia, Maryland, Minnesota, Missouri, New Jersey, North Carolina, Tennessee and Wisconsin. ADDM
surveillance is conducted in two phases. The first phase involves review and abstraction of comprehensive
evaluations that were completed by professional service providers in the community. Staff completing
record review and abstraction receive extensive training and supervision and are evaluated according to
strict reliability standards to certify effective initial training, identify ongoing training needs, and ensure
adherence to the prescribed methodology. Record review and abstraction occurs in a varicty of data sources
ranging from general pediatric health clinics to specialized programs serving children with developmental
disabilitics. In addition, most of the ADDM sites also review records for children who have reecived special
education services n public schools. In the second phase of the study. all abstracted mformation 1s reviewed
systematically by experienced clinicians to determine ASD case status. A child is considered to meet the
surveillance case definition for ASD if he or she displays behaviors. as described on one or more
comprehensive evaluations completed by community-based professional providers, consistent with the
Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision (DSM-IV-TR)
diagnostic criteria for Autistic Disorder; Pervasive Developmental Disorder—Not Otherwise Specified
(PDD-NOS, including Atypical Autism); or Asperger Disorder. This report provides updated ASD
prevalence estimates for children aged & years during the 2014 surveillance year, on the basis of DSM-IV-
TR criteria, and describes characteristics of the population of children with ASD. In 2013, the American
Psychiatric Association published the Diagnostic and Statistical Manual of Mental Disorders 5th ed. (DSM-
5), which made considerable changes to ASD diagnostic critcria. The change in ASD diagnostic criteria




might influence ADDM ASD prevalence cstimates; therefore, most (85%?} of the records used to determine
prevalence estimates based on DSM-IV-TR criteria underwent additional review under a newly
operationalized surveillance case definition for ASD consistent with the DSM-5 diagnostic criteria, which
include the presence of an established DSM-IV-TR diagnosis of Autistic Disorder, PDD-NOS. or Asperger
Disorder. Stratified comparisons of the number of children meeting either of these two case definitions also
are reported.

Results: For 2014, the overall prevalence of ASD among the 11 ADDM sites was 16.8 per 1,000 (one in
59} children aged 8 years. Overall ASD prevalence estimates varicd among sites, from 13.1-29.3 per 1,000
children aged 8 years. ASD prevalence cstimates also varied by sex and race/cthnicity. Males were four
times more likely than females to be identified with ASD. Prevalence estimates were higher for non-
Hispanic white (henceforth, white) children compared with non-Hispanic black (henceforth, black)
children. and both groups were more likely to be identified with ASD compared with Hispanic children.
Among the nine sites with sufficient data on intellectual ability, 31% of children with ASD were classified
in the range of intellectual disability (intelligence quotient [IQ]: <70}, 25% were in the borderline range
(1Q: 71-85), and 44% had 1Q scores in the average to above average range (i.e., 1Q: >85). The distribution
of intellectual ability varied by sex and race/ethnicity. Although mention of developmental concerns by age
36 menths was documented for 85% of children with ASD, only 42% had a comprehensive evaluation on
record by age 36 months. The median age of earliest known ASD diagnosis was 52 months and did not
differ significantly by sex or racc/cthnicity. For the targeted comparison of DSM-IV-TR and DSM-5 results,
the number and characteristics of children mecting the newly operationalized DSM-5 case definition for
ASD were similar to those mecting the DSM-IV-TR casc definition, with DSM-1V-TR casc counts
exceeding DSM-3 counts by less than 5% and approximately 86% overlap between the two case definitions
(kappa = 0.85).

Interpretation: Findings from CDC's ADDM Network, on the basis of 2014 data reported from 11 sites,
provide updated population-bascd cstimates of the prevalence of ASD among children aged & years in
multiple communities in the United States. Because the ADDM sites do not provide a representative sample
of the entirc United States, the combined prevalence estimates presented in this report cannot be generalized
to all children aged 8 vears in the United States. Consistent with reports from previous ADDM surveillance
years, findings from 2014 were marked by variation in ASD prevalence when stratified by geographic area,
sex, and level of mtellectual ability. Differences in prevalence estimates between black and white children
have diminished in most sites, but remained notable for Hispanic children. The new case definition for ASD
based on DSM-5 criteria resulted in a similar estimate of ASD prevalence, Questions remain about the
long-term impact of the revised diagnostic criteria on population-based estimates of the number and
characteristics of children with ASD, as DSM-IV-TR diagnoses such as Autistic Disorder, PDD-NOS, and
Asperger Disorder will abate while documentation of symptoms consistent with DSM-5 terminology will
increase over time.

Public Health Action: The latest findings from the ADDM Network provide evidence that the prevalence
of ASD is higher than previously reported estimates and continues to vary among certain racial/ethnic
groups and comninities. With prevalence of ASD ranging from 13.1 te 29.3 per 1,000 children aged 8
years in different communities throughout the United States. the need for behavioral, educational,
residential, and occupational services remains high, as does the need for increased research on both genetic
and nongenetic risk factors for ASD.

Introduction

Autism spectrum disorder {ASD} is a developmental disability defined by diagnostic criteria that include
deficits in social communication and social interaction, and the presence of restricted, repetitive patterns of
behavior, interests, or activitics that can persist throughout life (/). CDC began tracking the prevalence of



ASD and characteristics of children with ASD in the United States in 1998 (2,3). The first CDC study was
based on an investigation in Brick Township, New Jersey (2), which identified similar characteristics but
higher prevalence of ASD compared with other studics of that era. The second CDC study was conducted
in metropolitan Atlanta. Georgia (3). which identified a lower prevalence of ASD compared with the Brick
Township study but similar estimates compared with other prevalence studies of that era. In 2000, CDC
established the Autism and Developmental Disabilities Monitorimg (ADDM) Network to collect data that
would provide estimates of the prevalence of ASD as well as other developmental disabilities in the United
States (4,3).

Tracking the prevalence of ASD poscs unique challenges because of the hetecrogencity in symptom
presentation. lack of biologic diagnostic markers, and changing diagnostic criteria (). Initial signs and
symptoms typically are apparent in the early developmental period; however. social deficits and behavioral
patterns might not be recognized as symptoms of ASD until a child is unable to meet social, educational,
occupational, or other important life stage demands (7). Features of ASD might overlap with or be difficult
to distinguish from those ot other psychiatric disorders, as described extensively in DSM-5 (7). Although
standard diagnostic tools have been validated to inform clinicians’ impressions of ASD symiptomology,
inherent complexity of measurement appreaches and variation in clinical impressions and decision-making,
combined with policy changes that affect eligibility for health benefits and educational programs,
complicates identification of ASD as a behavioral health diagnosis or educational exceptionality. To reduce
the influence of these factors on prevalence estimates, the ADDM Network has consistently tracked ASD
by applying a survcillance case definition of ASD and using the same record-review methodology and
behaviorally defined case inclusion criteria since 2000 (5).

ADDM estimates of ASD prevalence among children aged 8 years in multiple U.8. communities have
risen from approximately one in 150 children during 2000 2002 to one in 68 during 2010-2012, more than
doubling during this period (6 /1). The observed increase in ASD prevalence substantiates a need for
continucd surveillance using consistent methods te monitor the changing prevalence of ASD and
characteristics of children with ASD in the population.

In addition to serving as a basis for ASD prevalence estimates, ADDM data have been used to describe
characteristics of children with ASD in the population, to study how these characteristics vary with ASD
prevalence estimates over time and among communities, and to monitot progress toward Healthy People
2020 objectives (12}, ADDM ASD prevalence estimates consistently estimated a ratic of approximately 4.5
male:1 female with ASD from 2006 to 2012 (9—77). Other characteristics that have remained relatively
constant over time in the population of children identified with ASD by ADDM include the median age of
carlicst known ASD diagnosis, which remained close to 53 months during 2000-2012 (range: 50 months
[2012] to 56 months [2002]). and the proportion of children receiving a comprehensive developmental
evaluation by age 3 years, which remained close to 43% during 20062012 (range: 43% [2006 and 2012]
to 46% [2008]).

ASD prevalence by race/cthnicity has been more varied over time among ADDM Network communitics
(9-11). Although ASD prevalence estimates have historically been greater among white children compared
with black or Hispanic children (73}, ADDM-reported white:black and white:1lispanic prevalence ratios
have declined over time because of larger increases in ASD prevalence among black children and, to an
even greater extent. among Hispanic children, as compared with the magnitude of increase in ASD
prevalence among white children (9). Previous reports from the ADDM Network estimated ASD
prevalence among white children to exceed that amoeng black children by approximately 30% in 2002, 2006
and 2010, and by about 20% in 2008 and 2012. Estimated prevalence among white children exceeded that
among Hispanic children by nearly 70% in 2002 and 2006, and by about 50% in 2008, 2010 and 2012.
ASD prevalence estimates from the ADDM Network also have varied by socioeconomic status (SES). A
consistent pattern cbserved in ADDM data has been higher identified ASD prevalence among residents of
neighborhecods with higher socioecenomic status (SES). Although ASD prevalence has increased over time



at all levels of SES, the absolute difference in prevalence between high, middle, and lower SES did not
change between 2002 and 2010 (/4,13). In the context of declining white:black and white:Hispanic
prevalence ratios amidst consistent SES patterns, a complex three-way interaction among time, SES, and
racefethnicity has been proposed (16).

Finally, ADDM Network data have shown a shift toward children with ASD with higher intellectual
ability (9,14, 1 1. as the proportion of children with ASD whose intelligence quotient (IQ) scores fell within
the range of intellectual disability (1D) (i.c., 1Q: <70) has decrcased gradually over time. During 2000-2002,
approximately half of children with ASD had 1Q scores in the range of [D; during 2006-2008 this
proportion was closcr to 40%, and during 2010-2012 less than one third of children with ASD had 1Q <70
(9.70,11). This trend was more pronounced for females as compared with males (9). The proportion of
males with ASD and [D declined from approximately 40% during 2000-2008 (9) to 30% during 2010-2012
(10,11). The proportion of females with ASD and 1D declined from about 60% during 2000-2002. to 45%
during 20062008, and to 35% during 2010-2012 (9,1/0,11).

All previously reported ASD prevalence estimates from the ADDM Network were based on a surveillance
casc definition aligned with the Diagnostic and Statistical Manual of Mental Disorders—Fourth Edition
(Text Revision) (DSM-IV-TR) diagnostic criteria for Autistic Disorder; Pervasive Developmental
Disorder—Not Otherwise Specified (PDD-NOS. including atypical autism); or Asperger Disorder. In the
American Psychiatric Association’s 2013 publication of its Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition (DSM-5), substantial changes were made to the taxenomy and diagnostic criteria
for autism ({/,/7). Taxonomy changed from Pervasive Developmental Disorders, which included several
diagnostic subtypes, to Autism Spectrum Disorder, which no longer comprises distinct subtypes but
represents one singular diagnostic category defined by severity levels. Diagnostic criteria were refined by
collapsing the DSM-IV-TR social and communication domains into a single, combined domain for DSM-
5. Persons who have ASD under DSM-5 diagnosed must meet all three criteria under the social
communication/intcraction domain {i.c., deficits in social-cmotional reciprocity; deficits in nonverbal
communicative behaviors and deficits in developing, understanding, and maintaining relationships) and at
lcast two of the four criteria under the restrictive/repetitive behavior domain (i.c., repetitive specch or motor
movements, insistence on sameness. restricted interests, or unusual response to sensory input). According
to the DSM-5 Workgroup on Neurodevelopmental Disorders. the need for new criteria for autism and
related disorders was identified long before the Workgroup was convened i 2007 (18).

Although the DSM-IV-TR criteria proved uscful in identifying ASD in children aged 5-8 ycars, they
performed less well when used in the diagnosis of toddlers and preschool-aged children, adolescents, and
young adults (/8). Further, the DSM-1V-TR eriteria were insufficicnt to accurately identify girls and women
with autism and lacked the cultural sensitivity needed to identify cases in ethnic or racial minorities (78).
The DSM-5 changes introduced a more focused diagnostic framework compared with that of DSM-1V-TR;
however, DSM-5 states that any person with an established DSM-IV-TR diagnosis of Autistic Disorder,
Asperger Disorder, or PDD-NOS would automatically quality for a DSM-5 diagnosis of Autism Spectrum
Disorder. Previous studies suggest that DSM-5 criteria for ASD might exclude some children who would
have qualified for a DSM-IV-TR diagnosis but had not yet received one, particularly those who are very
young and those without ID (/9 23). These findings suggest that ASD prevalence estimates will likely be
lower under DSM-5 than they have been under DSM-IV-TR diagnostic criteria.

The purpose of this report is to provide the latest available ASD prevalence estimates from the ADDM
Network based on both DSM-IV-TR and DSM-5 ¢riteria and to assert the need for future monitoring of
ASD prevalence trends and efforts to improve early identification of ASD. The intended audiences for these
findings include pediatric health care providers, school psychologists, educators, researchers, policymakers,
and program administrators working to understand and address the needs of persons with ASD and their
families. These data can be used to help plan services, guide research into risk factors and effective
interventions, and inform policies that promote improved outcomes in health and education settings.



Methods

Study Sites

The Children's Health Act (4) authorized CDC to monitor prevalence of ASD in multiple arcas of the
United States, a charge which led to the formation of the ADDM Network in 2000. Since that time, CDC
has funded grantees in 16 states (Alabama, Arizona, Arkansas, Colorado, Florida, Maryland, Minnesota,
Missouri, New Jersey, North Carolina. Pennsylvania, South Carolina, Tennessee, Utah. West Virgima, and
Wisconsin). CDC tracks ASD in metropolitan Atlanta and represents the Georga site collaborating with
competitively funded sites to form the ADDM Network. The ADDM Network uses multisite, multisource,
records-based surveillance based on a model originally implemented by CDC’s Metropolitan Atlanta
Developmental Disabilities Surveillance Program (MADDSP) (24). As feasible, the surveillance methods
have remained consistent over time. Some miner changes have been introduced to improve efficiency and
data quality. Although a different array of geographic areas was covered in each of the eight ADDM
Network surveillance years (2000, 2002, 2004, 2006, 2008, 2010, 2012 and 2014), these changes have been
documented to facilitate cvaluation of their impact.

The core surveillance activities in all ADDM Network sites focus on children aged § years because the
baseline ASD prevalence study conducted by MADDSP suggested that this is the age of peak prevalence
(3). ADDM has multiple geals: 1) to provide descriptive data on classification and functioning of the
populaticn of children with ASI); 2) to moniter the prevalence of ASD in different areas of the United
States; and 3} to understand the impact of ASDD in U.S. communities.

Funding for ADDM Network sites participating in the 204 surveillance year was awarded for a 4-year
cycle covering 2015-2018, during which time data are collected for children aged § years during the 2014
and 2016. Sites were selected through a conmipetitive objective review process on the basis of their ability
to conduct active, records-based surveillance of ASID; they were not selected to be a nationally
representative sample. A tetal of 11 sites are included in the current report (Arizona, Arkansas, Colorado,
Georgia, Maryland, Minnescta, Missouri, New Jersey, North Carolina, Tennessee, and Wisconsin). Each
ADDM site participating in the 2014 surveillance year functioned as a public health authority under the
Health Insurance Portability and Accountability Act of 1996 Privacy Rule and mct applicable local
Institutional Review Board and privacy and confidentiality requirements under 45 CER 46 (23).

Case Ascertainment

ADDM is an active surveillance system that does not depend on family or practitioner reporting of an
existing ASD diagnosis or classification to determine ASD case status. ADDM staft conduct surveillance
to determince casc status in a two-phase process. The first phase of ADDM involves review and abstraction
of children’s cvaluation records from data sources in the community. In the sceond phase, all abstracted
cvaluations for cach child are compiled in chronological order into a comprehensive record that is reviewed
by one or more expenenced clinicians to determine the child’s ASD case status. Developmental assessments
completed by a wide range of health and education providers are reviewed. Data sources are categonized as
either 1) education source type, including evaluations to determine eligibility for special education services
or 2) health source type, including diagnostic and developmental assessments from psychologists,
neurologists, develepmental pediatricians, child psychiatrists, physical therapists, occupational therapists,
and speech/langnage pathologists. Agreements te access records are made at the institutional level in the
form of contracts, memeranda, or other formal agreements.

All ADDM Network sites have agreements in place to access records at health sources; however, despite
the otherwise standardized approach, not all sites have perrmission to access education records. One ADDM
site (Missouri) has not been granted access to records at any education sources. Among the remaining sites,
sonme receive perniission from their statewide Department of Education to access children’s educational



records, whereas other sites must negotiate permission from numerous individual school districts to access
cducational records. Six sites (Arizona, Georgia, Maryland, Minncsota, New Jersey, and North Carolina)
reviewed education records for all school districts in their covered surveillance arcas. Three ADDM sites
(Colorado, Tennessee and Wisconsim) received permission to review education records in only some school
districts within the overall geographic area covered for 2014. In Tennessee, permission to access education
records was granted from 13 of 14 school districts m the 11-county surveillance area, representing 88% of
the total population of children aged 8 years. Conversely, access to education records was limited to a small
proportion of the population in the overall geographic area covered by two sites, 33% in Colorado and 26%
in Wisconsin. In the Coelerado scheol districts where access to education records is permitted for ADDM,
parents are directly notified about the ADDM system and can request that their children’s education records
be excluded. The Arkansas ADDM site received permission from their state Department of Education to
access children’s educational records statewide; however, time and travel constraints prevented
investigators from visiting all 250 school districts in the 75-county surveillance area, resulting in access to
cducation records for 69% of the statewide population of children aged 8 years. The two sites with access
to cducation records throughout most, but not all, of the surveillance arca (Arkansas and Tennessec)
received data from their state Department of Education to evaluate the potential impact on reported ASD
prevalence estimates attributed to missing records.

Within each education and health data scurce, ADDM sites identify records to review based on a child’s
year of birth and onc or more 1) scleet cligibility classifications for special education or 2) fnternationa!
Classification of Diseuses, Ninth Revision (ICD-9) billing codes for sclect childhood disabilities or
psychological conditions. Children’s records are first revicwed to confirm year of birth and residency in the
surveillance area at some time during the surveillance year. For children meeting these requirements, the
records are then reviewed for certain behavioral or diagnostic descriptions defined by ADDM as triggers
for abstraction {e.g., child does not initiate interactions with others, prefers to play alone or engage n
solitary activities, or has received a documented ASD diagnosis). If abstraction triggers are found,
evaluation informatien from birth through the current surveillance year from all available sources is
abstracted into a single composite recerd for each child.

In the second phase of surveillance, the abstracted composite evaluation files are de-identified and
reviewed systematically by experienced clinicians who have undergone standardized training to determine
ASD case status using a coding scheme based on the DSM-IV-TR guidelines. A child meets the surveillance
case definition for ASD if behaviors described in the composite record are consistent with the DSM-IV-TR
diagnostic criteria for any of the following conditions: autistic disorder, PDD-NOS (including atypical
autisni), or Asperger disorder.

Although new diagnostic criteria became available in 2013, the children under surveillance in 2014 would
have grown up primarily under the DSM-IV-TR definitions for ASD, which are prioritized m this report.
The 2014 surveillance year is the first to operationalize an ASD case definition based on DSM-5 diagnostic
criteria, in addition to that based on DSM-IV-TR. Because of delays in developing information technology
systems to manage data collected under this new case definition, the surveillance area for DSM-5 was
reduced by 19% in an effort to include complete estimates for both DSM-IV-TR and DSM-5 in this report.
Phase 1 record review and abstraction was the same for DSM-IV-TR and DSM3; however, a coding scheme
based on the DSM-5 definition of ASD was developed for Phase 2 of the ADDM methodelogy (i.e.,
systematic review by experienced clinicians) (24). The new coding scheme was developed through a
collaborative process and includes reliability measures, although no validation metrics have been published
for this new ADDM Network DSM-5 case definition. Behavioral and diagnostic components of the DSM-
1V-TR and DSM-5 ASD case definitions operationalized for ADDM surveillance are cutlined (Boxes 1 and
2). In practice. DSM-5 criteria automatically include children with an established DSM-1V-TR diagnosis
of ASD, thus, the ADDM coding scheme similarly accommodated those with a previous DSM-IV-TR
diagnosis in the DSM-5 case defimtion, regardless of whether documented symptoms independently met



cither the DSM-1V-TR or DSM-5 diagnostic criteria. The coding scheme allowed differentiation of children
who met DSM-5 criteria on the basis of behavioral characteristics from those who met DSM-5 criteria
solely through a previous DSM-IV-TR diagnosis.

Quality Assurance

All sites follow the quality assurance standards established by the ADDM Network. In the first phase, the
accuracy of record review and abstraction is checked periodically. In the second phase, interrater reliability
is monitored on an ongeing basis using a blinded, random 10% sample of abstracted records that arc scored
independently by two reviewers (3). For 2014, interrater agrecment on case status (confirmed ASD versus
not ASD) was £9.1% when comparison samples from all sites were combined (k — 0.77), which was slightly
below quality assurance standards established for the ADDM Network {90% agreement. 0.80 kappa). On
DSM-5 reviews, mterrater agreement on case status (confirmed ASD versus not ASD) was 92.3% when
comparison samples from all sites were combined (k = (1.84). Thus, for the DSM-5 surveillance definition,
reliability exceeded quality assurance standards established for the ADDM Network.

Descriptive Characteristics and Data Sources

Each ADDM site attcmpted to obtain birth certificate data for all children abstracted during Phase 1
through linkages conducted using state vital records. These data were only available for children born in
the state where the ADDM site is located. The racc/cthnicity of cach child was determined from information
contained in seurce records or, 1f not found 1 the source file, from birth certificate data on ene or both
parents. Children with race coded as “other”™ or “multiracial” were considered to be missing race
information for all analyses that were stratified by race/ethnicity. For this report, data on timing of the first
comprehensive evaluation on record were restricted to children with ASD who were born in the state where
the ADDM site is located, as confirmed by linkage to birth certificate records. Data were restricted in this
manner to reduce errors in the estimate that were intreduced by children for whom evaluation records were
incomplete because they were born out of state and migrated into the surveillance area between the time of
birth and the year when they reached age 8 years.

Information on children’s functional skills is abstracted from source records when available, including
scores on tests of adaptive behavior and intellectual ability. Because no standardized, validated measures
of functioning specific to ASD have been widely adopted in clinical practice and because adaptive behavior
rating scales are not sufficiently available in health and education records of children with ASD, scores of
intellectual ability have remained the primary source of information on children’s functional skills. Children
are classified as having 1D if they have an 1Q score of <70 on their most recent test available in the record.
Borderline intellectual ability is defined as having an 1Q score of 71 R85, and average or above-average
intellectual ability is defined as having an 1Q score of =85. [n the absence of a specific 1Q score, an
cxaminer’s statement based on a formal assessment of the child’s intellectual ability, if available, is used to
classify the child in one of these three levels.

Diagnostic conclusions from each evaluation record are summarized for each child, including notation of
any ASD diagnosis by subtype, when available. Children are considered to have a previously documented
ASD classification if they received a diagnesis of autistic disorder, PDD-NOS, Asperger disorder, or ASD
that was documented in an abstracted evaluation or by an 1CD-9 billing code at any time from birth through
the year when they rcached age 8 years, or if they were noted as mecting cligibility eriteria for special
cducation scrvices under the classification of autism or ASD.

Analytic Methods

Population denominators for calculating ASD prevalence estimates were obtained from the National
Center for Health Statistics Vintage 2016 Bridged-Race Postcensal Population Estimates (27). CDC’s
National Vital Statistics System provides estimated pepulation counts by state, county, single year of age,



race, cthnic origin, and scx. Population denominators for the 2014 surveillance year were compiled from
posteensal estimates of the number of children aged 8 years living in the countics under surveillance by
cach ADDM site (Table 1).

In two sites {Arizona and Minnesota), geographic boundaries were defined by constituent scheol districts
included in the surveillance area. The number ef children living in cutlying school districts were subtracted
from the county-level census denominators using school enrollment data from the U.8. Department of
Education's National Center for Education Statistics (28). Enrollment counts of students in third grade
during the 2014-15 school year differed from the CDC bridged-race population cstimates, attributable
primarily to children being enrolled out of the customary grade for their age or in charter schools, home
schools, or private schools. Because these differences varied by race and sex within the applicable counties,
race- and sex-specific adjustments based on enrollment counts were applied to the CDC population
estimates to derive school district-specific denominators for Arizona and Minnesota.

Race- or ethnicity-specific prevalence estimates were calculated for four groups: white, black, Hispanic
(rcgardless of race), and Asian/Pacific Islander. Prevalence results are reported as the total number of
children mecting the ASD case definition per 1,000 children aged & years in the population in cach
racefethnicity group. ASD prevalence also was estimated separately for boys and girls and within each level
of intellectual ability. Overall prevalence estimates include all children identified with ASD regardless of
sex, race/ethnicity, or level of intellectual ability and thus are not affected by the availability of data on
these characteristics.

Statistical tests were sclected and confidence intervals (Cls) for prevalence cstimates were calculated
under the assumption that the obscrved counts of children identified with ASD were obtained from an
underlying Poisson distribution. Pearson chi-square tests were performed, and prevalence ratios and
percentage differences were calculated to compare prevalence estimates from different strata. Pearson chi-
square tests were also performed for testing significance in comparisons of proportions, and Mantel-
Haenszel commen odds ratio (OR) estimates were calculated to further describe these comparisons. In an
effort to reduce the effect of outliers, distribution medians were typically presented, although one-way
ANOVA was used to test significance when comparing arithmetic means of these distributions.
Significance was set at p<0.05. Results for all sites combined were based on pooled numerator and
dencminator data from all sites, in total and stratified by race/ethnicity, sex, and level of intellectual ability.

Sensitivity Analysis Methods

Some education and health records were missing for certain children. mcluding records that could not be
located for review, those affected by the passive consent process unique to the Colorado site, and those
archived and deemed too costly to retrieve. A sensitivity analysis of the effect of these missing records on
case ascertainment was conducted, All children initially identified for record review were first stratified by
two tactors closely associated with final case status: information source (health source type only, education
scurce type only. or beth source types) and the presence or absence of either an autism special education
eligibility or an ICD-9-CM code for ASD, collectively forming six strata. The potential number of cases
not identified because of missing records was estimated under the assumption that within each of the six
strata, the proportion of children confirmed as ASD surveillance cases among those with missing records
would be similar to the proportion of cases among children with no missing records. Within cach stratum,
the proportion of children with no missing records whe were confirmed as having ASD was applicd to the
number of children with missing records to estimate the number of missed cases, and the estimates from all
six strata were added to calculate the total for each site. This sensitivity analysis was conducted solely to
investigate the potential impact of missing records on the presented estimates. The estimates presented n
this report do not reflect this adjustment or any of the other assessments of the potential effects of
assumptions underlying the approach.



All ADDM sites identified records for review from health sources by conducting record scarches that
were based on a common list of 1CD-9 billing codes. Because scveral sites were conducting surveillance
for other developmental disabilities in addition to ASD (i.c., one or more of the following: cercbral palsy.
ID, hearing loss, and vision impairment}), they reviewed records based on an expanded list of ICD-9 codes.
The Colorado site also requested code 781.3 (lack of coordination), which was identified in that community
as a commonly used billing code for children with ASD. The proportion of children meeting the ASD
surveillance case definition whose records were obtained solely on the basis of those additional codes was
calculated to evaluate the potential impact on ASD prevalence,

Results

A total of 325,483 children aged 8 years was covered by the 11 ADDM sites that provided data for the
2014 surveillance year (Table 1). This number represented 8% of the total U.S. population of children aged
g vears in 2014 (4,119,668) (/9). A total of 53,120 records for 42,644 children were reviewed from health
and education sources. Of these, the source records of 10,886 children met the criteria for abstraction, which
was 25.5% of the total number of children whose source records were revicwed and 3.3% of the population
under surveillance. Of the records reviewed by clinicians, 5,473 children met the ASD survceillance case
definition. The number of evaluations abstracted for cach child who was ultimately identificd with ASD
varied by site (median: five; range: three [ Arizona, Minnesota, Missouri, and Tennessee] to 10 [Maryland]).

Overall ASD Prevalence Estimates

Overall ASD prevalence for the ADDM 2014 surveillance year varied widely among sites (range: 13.1
[Arkansas] to 29.3 [Ncew Jersey]) (Table 2). On the basis of combined data from all 11 sites. ASD
prevalence was 16.8 per 1,000 (onc in 59) children aged 8 years. Overall estimated prevalence of ASD was
highest in New Jersey (29.3). Minncsota {24.0) and Maryland (20.0). Five sites reported prevalence
estimates in the range of 13.1 to 14.1 per 1.000 {Arizona. Arkansas, Colorado, Missouri, and Wisconsin),
and three sites reported prevalence estimates ranging from 15.5 to 17.4 per 1,000 {Georgia. North Carolina,
and Tennessee).

Prevalence by Sex and Race/Ethnicity

When data from all 11 ADDM sites are combined, ASD prevalence was 26.6 per 1,000 boys and 6.6 per
1,000 girls (prevalence ratio: 4.0). ASD prevalence was significantly (p<0.01) higher among boys than
among girls in all 11 ADDM sites (Table 2), with male-to-female prevalence ratios ranging from 3.2
(Arizona) to 4.9 {Georgia). Estimated ASD prevalence also varied by race and ethnicity (Table 3). When
data from all sites were combined. the estimated prevalence among white children (17.2 per 1,000} was 7%
greater than that among black children (16.0 per 1,000) and 22% greater than that among Hispanic children
(14.0 per 1,000). In nine sites, the estimated prevalence of ASD was higher among white children than
black children. The white-to-black ASD prevalence ratios were statistically significant in three sites
{ Arkansas, Missouri, and Wisconsin), and the white-to-Hispanic prevalence ratios were significant in seven
sites. In nine sites, the estimated prevalence of ASID) was higher among black children than that among
Hispanic children. The black-to-Hispanic prevalence ratic was significant in three of these nine sites. In
New Jerscy, there was almost no difference in ASD prevalence estimates among white, black, and Hispanic
children. Estimates for Asian/Pacific [slander children ranged from 7.9 per 1,000 {Colorado) to 19.2 per
1,000 (New Jersey} with notably wide Cls.

Intellectual Ability

Data cn intellectual ability are reperted only for nine sites {Arizona, Arkansas, Colorado, Georgia,
Marvland, Minnesota, New Jersey, North Carolina, and Tennessee) having information available for at least
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70% of children who met the ASD casc definition (range: 70.8% [Tenncessee] to 89.2% [North Carolinal).
The median age of children’s most recent [Q tests, on which the following results arc based, was 73 months
(6 years, 1 month). Data from these nine sites yiclded accompanying data on intcllectual ability for 3,714
(80.3%) of 4,623 children with ASD. This proportion did not differ by sex or race/ethnicity in any of the
nine sites or when combining data from all nine sites. Among these 3.714 children. 31% were classified in
the range of 1D (1Q: <70), 25% were m the borderline range (1Q: 71-85). and 44% had 1Q >85. The
proportion of children classified in the range of 1D ranged from 26.7% in Arizona to 39.4% in Tennessee.

Among children identified with ASD, the distribution by intellectual ability varied by sex, with girls more
likely than boys to have 1Q <70, and boys more likely than girls to have [Q =85 (Figure 1). In these nine
sites combined, 251 (36.3%) of 691 girls with ASD had I} scores or examiners” statements indicating 1D
compared with 891 (29.5%) of 3,023 males (odds ratio [OR] = [ .4, p<0.01). though among individual sites
this proportion differed significantly in only one {(Georgia, OR = 1.6, p<0.05). The proportion of children
with ASD with borderline intellectual ability (1Q: 71-85) did not differ by sex, whereas a significantly
higher proportion of males (45%) compared with females (40%) had 1Q =85 (i.e., average or above average
intellectual ability) (OR = 1.2, p<0.05).

The distribution of intellectual ability also varied by race/ethnicity. Approximately 44% of black children
with ASD were classified in the range of ID compared with 35% of Hispanic children and 22% of white
children (Figure 2). The proportion of blacks and whites with [D differed significantly in all nine sites and
when conibining their data (OR = 2.9, p<0.01). The proportion of Hispanics and whites with [D differed
significantly when combining data from all nine sites {(OR = 1.9, p<(.01}, and among individual sites it
reached significance (p<0.05) in six of the nine sites, with the three exceptions being Arkansas {OR = 1.8,
p = 0.09), North Carclina (OR = L.B, p = 0.07) and Tennessee (OR = 2.1, p = (.10}. The proportion of
children with borderline intellectual ability (IQ = 71 85) did not differ by race/ethnicity in any of these
nine sites or when combining their data; however, when combining data from these nine sites the proportion
of whitc children (56%) with 1Q >85 was significantly higher than the proportion of black {27%, OR — 3.4,
p<0.01) or Hispanic (36%, OR — 2.2, p<0.01) children with [Q=85.

First Comprehensive Evaluation

Among children with ASD who were born in the same state as the ADDM site (n = 4,147 of 5473
confirmed cases)., 42% had a comprehensive evaluation on record by age 36 months (range: 30% [Arkansas]
to 66% [North Carolina]) (Table 4). Approximately 39% of these 4.147 children did not have a
comprehensive cvaluation on record until after age 48 months; however, mention of developmental
concerns by age 36 months was documented for 85% (range: 61% [Tennessee] to 94% [Arizonal).

Previously Documented ASD Classification

Of the 5.473 children meeting the ADDM ASD surveillance case definition, 4.379 (80%) had either
eligibility for autism special education services or a DSM-IV, DSM-5 or ICD-9 autism diagnosis
documented in their records (range among 11 sites: 58% [Colorade] to 92% [Missouri]). Combining data
from all 11 sites, 81% of boys had a previcous ASD classification on record, compared with 75% of girls
(OR — 1.4; p<0.01}. When stratified by race/cthnicity, 80% of white children had a previously documented
ASD classification, compared with nearly 83% of black children (OR — 0.9; p—0.09) and 76% of Hlispanic
children (OR = 1.3; p<0.01); a sigmficant difference was also found when comparing the proportion of
black children with a previous ASD classification to that among Hispanic children (OR = 1.5; p<0.01).

The median age of earliest known ASD diagnosis documented in children’s records (Table 5) varied by
diagnostic subtype (autistic disorder: 46 months; ASD/PDD: 56 months; Asperger disorder: 67 months).
Within thesc subtypes, the median age of carliest known diagnosis did not differ by sex, nor did any
difference cxist in the proportion of boys and girls who initially received a diagnosis of autistic disorder
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(48%), ASD/PDD (46%), or Asperger disorder (6%). The median age of carlicst known diagnosis and
distribution of subtypes did vary by sitc. The median age of carliest known ASD diagnosis for all subtypes
combincd was 52 months, ranging from 40 months in North Carolina to 59 months in Arkansas.

Special Education Eligibility

Sites with access to education records collected information about the most recent eligibility categories
under which children received special education services (Table 6). Among children with ASD who were
reeciving special education services in public schools during 2014, the proportion of children with a primary
cligibility catcgory of autism ranged from 40% in Wisconsin to 74% in North Carolina. Most other sites
noted approximately half of children with ASD having autism listed as their most recent primary special
education eligibility category, the exceptions being Colorado (43%) and New Jersey (48%). Other common
special education eligibihities mcluded health or physical disability, speech and language impairment,
specific learning disability, and a general developmental delay category that 1s used until age 9 vears in
many U.S. states. All ADDM sites reported <10% of children with ASD receiving special education
services under a primary eligibility category of [D.

Sensitivity Analyses of Missing Records and Expanded ICD-9 Codes

A stratified analysis of records that could not be located for review was completed to assess the degree
to which missing data might have potentially reduced prevalence estimates as reported by individual
ADDM sites. Had all children’s records identified in Phase | been located and reviewed, prevalence
estimates would potentially have been <1% higher in four sites (Arizona, Georgia, Minnesota, and
Wisconsin), between 1% to 5% higher in five sites {Arkansas, Colorado, Missouri, New Jersey, and North
Carolina), about 8% higher in Maryland, and nearly 20% higher in Tennessee, where investigators did not
obtain permission to review children’s recoerds in one of the 14 school districts comprising the 11-county
surveillance area.

The impact on prevalence estimates of reviewing records based on an expanded list of ICD-9 codes varied
from site to site. Colorado, Georgia, and Missouri were the only three sites that identified more than 1% of
ASD surveillance cases partially or solely on the basis of the expanded code list. In Missouri, less than 2%
of children identified with ASD had seme of their records located on the basis of the expanded code list,
and none were identified exclusively from these codes. In Colorade, approximately 2% of ASD surveillance
cases had seme abstracted records identified on the basis of the expanded code list, and 4% had records
found exclusively from the expanded cedes. In Georgia, where ICD-9 codes were requested for surveillance
of five distinct conditions (autism, cerebral palsy, 1D, hearing loss, and vision impairment), approximately
10% of children identified with ASD had some of their records located on the basis of the expanded code
list, and less than 1% were identificd exclusively from these codes.

Comparison of Case Counts from DSM-IV-TR and DSM-5 Case Definitions

The DSM-5 analysis was coempleted for part of the overall ADDM 2014 surveillance area (Table 7),
representing a total population of 263,775 children aged 8 years. This was 81% of the population on which
DSM-IV-TR prevalence estimates were reported. Within this population, a total of 4,920 children were
confirmed to mcet the ADDM Network ASD case definition for cither DSM-IV-TR or DSM-5. Of these
children, 4,236 (86%) mct both case definitions, 422 (9%) met only the DSM-1V-TR criteria, and 262 (5%)
met only the DSM-5 criteria {Table 8). This yielded a DSM-IV:DSM-5 prevalence ratio of 1.04 in this
population. indicating that ASD prevalence was approximately 4% higher based on the historical DSM-1V-
TR case definition compared with the new DSM-5 case definition. In six of the |1 ADDM sites, DSM-5
case counts were within approximately 5% of DSM-IV-TR counts {range: 5% lower [Tennessee] to 5%
higher [Arkansas]), whereas DSM-5 case counts were more than 5% lower than DSM-IV-TR counts in
Minnesota and North Carolina (6%), New Jersey (10%) and Colorado (14%). Kappa statistics indicated
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strong agreement between DSM-IV-TR and DSM-5 case status among children abstracted in phase | of the
study who were revicwed in phase 2 for both DSM-1V-TR and DSM-5 (kappa for all sites combinced: 0.85,
range: .72 [Tennessee] to 0.93 [North Carolinal).

Stratitied analysis of DEM-IV:DEM-5 ratios were very similar compared with the overall sample (Table
9). DSM-5 estimates were about 3% lower than DSM-IV-TR counts for males, and about 6% lower for
females (kappa = 0.85 for both). Case counts were about 3% lower among white and black children on
DSM-5 compared with DSM-1V, 5% lower among Asian children, and 8% lower among Hispanic children.
Children who received a comprehensive cvaluation by age 36 months were 7% less likely to mect DSM-5
than DSM-IV, whercas thosc cvaluated by age 4 years were 6% less likely to mect DSM-5, and thosc
initially evaluated after age 4 vears were just as likely to meet DSM-5 as DSM-I1V. Children with
documentation of eligibility for autism special education services, and those with a documented diagnosis
of ASD by age 3 vears. were 2% more likely to meet DSM-5 than DSM-IV. Slightly over 3% of children
whose earliest ASD diagnosis was Autistic Disorder met DSM-5 criteria but not DSM-1V, compared with
slightly under 3% of those whose earliest diagnosis was PDD-NOS/ASD-NOS and 5% of those whose
earliest diagnosis was Asperger Disorder. Children with no previcus ASD classification (diagnosis or
eligibility} were 47% less likely to meet DSM-5 than DSM-IV-TR. Combining data from all 11 sites,
children with I(} scores in the range of 1D were 3% less likely to meet DSM-5 criteria compared with DSM-
IV-TR (kappa = 0.89), those with IQ scores in the borderline range were 6% less likely to meet DSM-5
than DSM-1V-TR {(kappa — 0.88), and children with average or above average intellectual ability were 4%
less likely to meet DSM-5 criteria compared with DSM-1V-TR (kappa — 0.86).

Discussion

Changes in Estimated Prevalence

The overall ASD prevalence estimate of 16.8 per 1,000 children aged 8 years in 2014 15 higher than
previously reported estimates from the ADDM Network. An ASD case defimition based on DSM-IV-TR
criteria was used during the entire period of ADDM surveillance during 2000-20314, as were comparable
study operations and procedures, although the geographic areas under surveillance have varied over tinte.
During this period, ADDM ASD prevalence estimates increased from 6.7 to 16.8 per 1,000 children aged
8§ years, an increase of approximately 150%.

Among the six ADDM sites completing both the 2012 and 2014 studies for the same geographic area. all
six showed an increase in ASD prevalence estimates during 2012-2014, with a nearly 0% prevalence
increase in Georgia and Maryland, 19% in New Jersey, 23% in Missour, 29% in Colorado and 31% in
Wisconsin, The ASD prevalence estimate from New Jersey continues to be one of the highest reported by
a population-based surveillance system. The two sites with the greatest relative increase in prevalence are
remarkable in that both gained access to children’s education records in additional geographic areas for
2014. Colorado was granted access to review children’s education records in one additional county for the
2014 surveillance year (representing nearly 20% of the population aged & vears within the overall Colorado
surveillance area), and Wisconsin was granted access to review education records in parts of two of the 10
countics comprising their 2014 surveillance arca. Although this represented only 26% of the population
aged &8 years within the overall Wisconsin surveillance arca, 2014 marked the first time Wisconsin has
included education data sources. Comparisons with carliecr ADDM Network surveillance results should be
interpreted cautiously because of changing composition of sites and geographic coverage over time. For
example, three ADDM Network sites completing both the 2012 and 2014 surveillance years (Arizona,
Arkansas, and North Carolina) covered a different geographic area each vear, and two new sites (Minnesota
and Tennessee) were awarded funding to monitor ASD in collaberation with the ADDM Network.
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Some characteristics of children with ASD were similar in 2014 compared with carlicr surveillance years.
The median age of carliest known ASD diagnosis remained close to 53 months in previcus surveillance
years and was 52 months in 2014. The proportion of children who received a comprehensive developmental
evaluation by age 3 years was unchanged: 42% in 2014 and 43% during 2006-2012. There were a number
of differences in the charactenistics of the population of children with ASD in 2014. The male:female
prevalence ratio decreased from 4.5:1 during 20022012 to 4:1 1n 2014, driven by a greater relative increase
in ASD prevalence among girls than among boys since 2012. Also, the decrease in the ratios of white:black
and white:Hispanic children with ASD continued a trend observed since 2002, Among sites covering a
population of at least 20,000 children aged 8 years, New Jersey reported no significant race- or ethnicity-
based difference in ASD prevalence, suggesting more complete ascertainment among all children regardless
of race/ethnicity. Historically, ASD prevalence estimates from combined ADDM sites have been
approximately 20% 30% higher among white children as compared with black children. For surveillance
year 2014, the difference was only 7%, the lowest difference ever observed for the ADDM Network.
Likewise, prevalence among white children was almost 70% higher than that among tlispanic children in
2002 and 2006, and about 50% higher in 2008, 2010, and 2012, whereas for 2014 the difference was only
22%. Data from a previcusly reported comparison of ADDM Network ASD prevalence estimates from
2002, 2006, and 2008 (9) suggested greater increases in ASD prevalence among black and Hispanic
children compared with those among white children. Reductions in disparities in ASD prevalence for black
and Hispanic children might be due, in part, to more effective outreach directed to minority comniunities.
Finally, the proportion of children with ASD and lower intellectual ability was similar in 2012 and 2014 at
approximately 30% of males and 35% of females. These proportions were markedly lower than those
reported in previous surveillance years.

Variation in Prevalence Among ADDM Sites

Findings from the 2014 surveillance year indicate that prevalence estimates still vary widely among
ADDM Network sites, with the highest prevalence observed in New Jersey. Although five of the 11 ADDM
sites conducting the 2014 surveillance year reported prevalence estimates within a very close range (from
13.1 to 14.1 per 1,000 children), New Jersey’s prevalence estimate of 29.4 per 1,000 children was
significantly greater than that from any other site, and four sites (Georgia, Maryland, Minnesota, and North
Carclina) reported prevalence estimates that were significantly greater than those from any of the five sites
in the 13.1 14.1 per 1.000 range. Two of the sites with prevalence estimates of 20.0 per 1,000 or higher
(Maryland and Minnesota) conducted surveillance among a total population of <10.000 children aged 8
years. Concentrating survcillance efforts in smaller geographic arcas, cspecially thosc in close proximity to
diagnostic centers and those covering school districts with advanced staff training and programs to support
children with ASD, mught yield higher prevalence estimates compared with those from sites covering
populations of more than 20,000 8-year-olds. Those sites with limited or no access to education data sources
(Colorado, Missouri, and Wisconsin) had prevalence estimates near the lower range among all sites. In
addition to variation among sites in reported ASD prevalence, wide variation among sites is noted on the
characteristics of children identified with ASD, including the proportion of children who received a
comprehensive developmental evaluation by age 3 vears, the median age of earliest known ASD diagnosis,
and the distribution by intellectual ability. Some of this variation might be attributable te regional
difterences in diagnostic practices and other decumentation of autism symptoms, although previous reports
based on ADDM data have linked much of the variation to other extrinsic factors such as regional and
sociocconomic disparitics in access to services (/3,714).

Case Definitions

Agreement in the application of the DSM-IV-TR and DSM-5 case definitions was remarkably close,
overall and when stratified by sex. race/ethnicity, DSM-IV-TR diagnostic subtype or level of intellectual
ability. Overall, ASD prevalence estimates based on the new DSM-5 case definition were very similar in
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magnitude but slightly lower than those based on the historical DSM-IV-TR case definition. Three of the
11 ADDM sites had slightly higher case counts using the DSM-5 framework compared with the DSM-1V.
Colorado, where the DSM-1V-TR:DSM-5 ratic was highest compared with all other sites, was also the site
with the lowest proportion of DSM-1V-TR cases having a previous ASD classification. This suggests that
the diagnostic component of the DSM-5 case definition, whereby children with a documented DSM-1V-TR
diagnosis of ASD automatically qualify as DSM-5 cases regardless of social interaction/communication
and restricted/repetitive behavioral criteria, might have influenced DSM-5 results to a lesser degree in that
site, as a smaller proportion of DSM-TV-TR cases would meet DSM-5 case criteria based solely on the
presence of a documented DSM-IV-TR diagnosis. This element of the DSM-5 case definition will carry
less weight moving forward, as fewer children aged 8 vears in health and education settings will have had
ASD diagnosed under the DSM-IV-TR criteria. It is also possible that persons who conduct developmental
evaluations of children in health and education settings will increasingly describe behavioral characteristics
using language morc consistent with DSM-5 terminology, yielding more ASD cases based on the behavioral
component of ADDM’s DSM-5 case definition. Prevalence estimates based on the DSM-5 case definition
that incorporates an cxisting DSM-IV-TR diagnosis reflect the actual patterns of diagnosis and scrvices for
children in 2014, because children diagnosed under DSM-IV-TR did not lose their diagnosis when the
updated DSM-3 criteria were published. Using this approach, agreement in the application of the DSM-1V-
TR and DSM-5 case defmitions was remarkably close, overall and when stratified by sex. race/ethnicity,
DSM-IV-TR diagnostic subtype, or level of intellectual ability. In the future, prevalence estimates will align
more closely with the specific DSM-5 behavioral criteria, and might exclude sonie persons who would have
met DSM-IV-TR criteria for Autistic Disorder, PDD-NOS or Asperger Disorder, while at the same time
including persons who do not meet these criteria but who do meet the specitic DSM-5 behavioral criteria.

Comparison With National Prevalence Estimates

The ADDM Network 1s the only ASD surveillance system in the United States providing robust
prevalence estimates for specific areas of the country, including those tor subgroups defined by sex and
race/ethnicity, providing information about geographical variation that can be used to evaluate policies and
diagnostic practices that may aftect ASD prevalence. Tt is also the only comprehensive surveillance system
to incorperate ASD diagnostic criteria into the case definition rather than relying entirely on parent or
caregiver report of a previous ASD diagnosis, providing a unique contribution to the knowledge of ASD
epidemiology and the impact of changes in diagnostic criteria. Two surveys of children’s health, The
National llecalth [nterview Survey (NS} and the National Survey of Children’s Health (NSCI1), report
cstimates of ASD prevalence based on caregiver report of being told by a doctor or other health carc
provider that their child has ASD, and, for the NSCH, if their child was also reported to currently have
ASD. The most recent publication from NHIS indicated that 27.6 per 1,000 children aged 3—17 vears had
ASD in 2016, which did not differ significantly from estimates for 2015 or 2014 (24.1 and 22.4,
respectively) (29). An estimate of 20.0 per 1,000 children aged 6—17 vears was reported from the 201 1—
2012 NSCH (30). The study samples for the two phone surveys are substantially smaller than the ADDM
Network; however, they were intended to be nationally representative, whereas the ADDM Network
surveillance areas were selected through a competitive process and, although large and diverse, were not
intended to be nationally representative. Geographic differences in ASD prevalence have been observed in
both the ADDM Network and national surveys, as have differences in ASD prevalence by age (6 [1,29,30).

All three prevalence estimation systems (NHIS, NSCH, and ADDM) are subject to regional and policy-
driven differences in the availability and utilization of evaluation and diagnostic services for children with
developmental concerns. Phone surveys are likely more sensitive in identifying children who received a
preliminary or cenfirmed diagnosis of ASD but are not receiving services (i.€.. special education services).
The ADDM Network method based on analysis of information contained in existing health and education
records enables the collection of detailed. case-specific information reflecting children’s behavioral,
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developmental and functional characteristics, which arc not available from the national phone surveys. This
detailed casc level information might provide insight inte temporal changes in the cxpression of ASD
phenotypes, and offers the ability to account for differences based on changing diagnostic criteria.

Limitations

The findings in this report are subject to several lirmtations. First, ADDM Network sites were not selected
to represent the United States as a whole, nor were the geographic areas within each ADDM site selected
to represent that state as a whole (with the exception of Arkansas. where ASD is monitored statewide).
Although a combined estimate is reported for the Network as a whole to inform stakeholders and interpret
the findings from individual surveillance years in a more general context, data reported by the ADDM
Network should not be interpreted to represent a national estimate of the number and characteristics of
children with ASD. Rather, it is more prudent to examine the wide variation among sites, between specific
groups within sites, and across time in the number and characteristics of children identified with ASD, and
to use these findings to inform public health strategies aimed at removing barriers to identification and
treatment, and climinating disparitics among sociocconomic and racial/cthnic groups. Data from individual
sites provide cven greater utility for developing local policies in thosc states.

Second, it is important to acknowledge limitations of information available in children’s health and
education records when considering data on the characteristics of children with ASD. Age of earliest known
ASD diagnosis was obtained frem descriptions in children’s developmental evaluations that were available
in the health and educaticen facilities where ADDM staff had access to review records. Some children might
have had carlier diagnoscs that were not recorded in these records. Likewisc, it is possible that some
descriptions of historical diagnoses (i.c., those not made by the cvaluating examiner) could be subjeet to
recall crror by a parent or provider who described the historical diagnosis to that cxaminer. Another
characteristic featured promimently m this report, intellectual ability, is subject to measurement limitations.
[Q) test results should be interpreted cautiously because of myriad factors that impact performance on these
tests, particularly language and attention deficits that are common among children with ASD, especially
when testing was conducted before age 6 years. Because children were not examined directly nor
systematically by ADDM staft as part of this study, descriptions of their characteristics should not be
interpreted to serve as the basis for evaluating policy changes, treatnients or interventions.

Third, because comparisons with the results from earlier ADDM surveillance years were not restricted to
a common geographic area, inferences about the changing number and characteristics of children with ASD
over time should be made with caution. Findings for each umque ADDM birth cohort are very informative,
and although study methods and geographic areas of coverage have remained generally consistent over
time, temporal comparisons are subject to multiple sources of bias and should not be misinterpreted as
representing precise measures that control for all sources of bias. Additional limitations to the records-based
surveillance methodology have been described extensively in previcus ADDM and MADDSP reports (3,6
1.

Future Surveillance Directions

Data collection for the 2016 surveillance vear began in early 2017 and will continue through mid-2019.
Beginning with surveillance yecar 2016, the DSM-5 casc definition for ASD will scrve as the basis for
prevalence estimates. The DSM-IV-TR case definition will be applied in a limited geographic arca to offer
additional data for comparison, although the DSM-1V-TR casc definition will eventually be phased out.

When the ADDM methodelogy was originally developed, estimating ASD prevalence among children
aged 8 vears was determined to represent the peak prevalence, based on estimates for multiple ages in
metropolitan Atlanta in 1996 (3). Estimating prevalence among children aged & years requires quality data
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from both health and cducational agencies and likely captures most children whose adaptive performance
is impacted by ASD. llowever, because prevalence estimation takes considerable time and cffort, reporting
of estimates lags behind the surveillance year by 3—4 years. Thus, opportunities for policy or programmatic
enhancements to 1impact key health indicators also lag. Focusing on younger cohorts might allow earlier
assessment of systematic changes (e.g.. policies, msurance, and programs) that impact younger children,
rather than waiting until cohorts impacted by these changes reach age 8 years. Surveillance of ASD in older
populations is also important but might require different methodelogical approaches.

CDC's “Learn the Signs. Act Early” (LTSAE) campaign, launched in October 2004, aims to change
pereeptions among parcnts, health care professionals, and carly educators regarding the importance of carly
identification and treatment of autism and other developmental disorders (37). In 2007, the American
Academy of Pediatrics {AAP) recommended developmental screening specifically focused on social
development and ASD at age 18 and 24 months {32). Both efforts are in accordance with the Healthy Peaple
2020 (HP2020) goal that children with ASD are evaluated by age 36 months and begin receiving
comimunity-based support and services by age 48 months (/2). It is concerning that progress has not been
made toward the HP2020 goal of increasing the percentage of children with ASD whoe receive a first
evaluation by age 36 menths to 47%; however, the cehort of children monitored under the ADDM 2014
surveillance year (i.e., children bern in 2006) represents the first ADDM 8-vear-old cohort impacted by the
LTSAE campaign and the 2007 AAP recemmendations. The effect of these programs in lowering age at
cvaluation might become more apparent when subsequent birth cohorts are monitored. Further cxploration
of ADDM data, including those collected on cohorts of children aged 4 years (33), might inform how policy
initiatives such as screening recommendations and other social determinants of health impact the prevalence
of ASD and characteristics of children with ASD, including the age at which most children receive an ASD
diagnosis.

Conclusion

The latest findings from the ADDM Network provide evidence that the prevalence of ASD has increased
compared with previously reported ADDM estimates and continues to vary among certain racial/ethnic
groups and communities. The overall ASD prevalence estimate of 16.8 per 1,000 children aged § years in
2014 is higher than previous estimates from the ADDM Network. With prevalence of ASD reaching nearly
3% in some cemmunities and representing an increase of 150% since 2000, ASI) is an urgent public health
concern that could benefit from enhanced strategies to help identify ASD earlier; to determine possible risk
factors; and to address the growing behavioral, educational, residential and occupational needs of this
population.

Contrary to some predictions, the redefinition of ASD provided by the DSM-5 might have had a relatively
small contribution to the overall ASD estimate provided by the ADDM Network. This might be a result of
the carryover effect of including all DSM-IV-TR-diagnosed cases in the DSM-5 count. Over time, the
estimate might be influenced (dewnward) by a diminishing number of persons who meet the DSM-5
diagnostic criteria for ASD based solely on a previous DSM-IV-TR diagnosis, and influenced (upward) by
professionals aligning their clinical descriptions with the DSM-5 criteria. Although the prevalence of ASD
and characteristics of children identified by cach casc definitien were similar in 2014, the diagnostic
features defined under DSM-1V-TR and DSM-5 appear to be quite different. The ADDM Network will
continue to evaluate these similarities and differences in much greater depth. and will examine at least one
more cohort of children aged 8 vears to expand this comparison. Over time, the ADDM Network will be
well positioned to evaluate the effects of changing ASD diagnostic parameters on prevalence.
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FIGURE 1. Most recent intelligence quotient score as of age 8 years among children with autism spectrum disorder for whom
test data were available, by sex and site — Autism and Developmental Disabilities Monitoring Network, nine sites,* United
States, 2014

Abbreviations: F = female; 1Q = intelligence quotient; M = male.

* Includes nine sites (Arizona, Arkansas, {olorado, Georgia, Maryland, Minnesota, New Jersey, North Carolina, and Tennessee) that had
intellectual ability data available for 270% of children who met the ASD case definition (n = 3,714).
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FIGURE 2. Most recent intelligence quetient score as of age 8 years among children with autism spectrum disorder for whom
test data were available, by sex and race/ethnicity — Autism and Developmental Disabilities Monitoring Network, nine sites,*
United States, 2014

Abbreviations: F = female; 1Q = intelligence quotient; M = male.

* Includes nine sites (Arizona, Arkansas, {olorado, Georgia, Maryland, Minnesota, New Jersey, North Carolina, and Tennessee) that had
intellectual ability data available for 270 of children who met the ASD case definition (n = 3,714).
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FIGURE 1. Most recent intelligence quotient score as of age 8 years among children with autism spectrum disorder (ASD} for whom test data
were available, by sex and site — Autism and Developmental Disabilities Monitoring Network, nine sites,* United States, 2014
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Abstract
Problem/Condition: Autism spcctrum disorder (ASD).
Period Covered: 2014,

Description of System: The Autism and Developmental Disabilitics Monitoring (ADDM) Network is an
active survcillance system that provides estimates of the prevalenee of autism spectrum disorder (ASD)
among children aged 8 years whose parents or guardians reside within 11 ADDM sites in the United States
(Arizona, Arkansas, Colorado, Georgia, Maryland, Minnesota. Missouri. New Jersey, North Carolina,
Tennessee, and Wisconsin). ADDM surveillance 18 conducted in two phases. The first phase mvolves
review and abstraction of comprehensive evaluations that were completed by professional service providers
in the community. Staff completing record review and abstraction receive extensive training and
supervision and are evaluated according to strict reliability standards to certify effective initial training,
identify ongoing training needs, and ensure adherence te the prescribed methodeology. Record review and
abstraction occurs in a variety of data sources ranging from general pediatric health clinics to specialized
pregrams serving children with developmental disabilities. In addition, most of the ADDM sites also review
records for children who have received special education services in public schools. In the second phase of
the study, all abstracted information is reviewed systematically by experienced clinicians to determine ASD
casc status. A child is considered to meet the surveillance case definition for ASD if he or she displays
behaviors, as described on one or more comprehensive evaluations completed by community-based
professional providers, consistent with the Diagnostic and Statistical Manual of Mental Disorders, Fourth
Edition, Text Revision (DSM-1V-TR) diagnostic criteria for Autistic Disorder; Pervasive Developmental
Disorder—Not Otherwise Specified (PDD-NOS, including Atypical Autism); or Asperger Disorder. This
report provides updated ASD prevalence estimates for children aged 8 years during the 2014 surveillance
year, on the basis of DSM-IV-TR criteria, and describes characteristics of the population of children with
ASD. In 2013, the American Psychiatric Asscciation published the Diagnostic and Statistical Manual of
Mental Disorders Sth ed. (DSM-3), which made considerable changes to ASD diagnostic criteria. The
change in ASD diagnostic criteria might influence ADDM ASD prevalence estimates; therefore. most
(85%) of the records used to determine prevalence estimates based on DSM-1V-TR criteria underwent
additional review under a newly operationalized surveillance case definition for ASD consistent with the




DSM-5 diagnostic criteria, which include the presence of an established DSM-IV-TR diagnosis of Autistic
Disorder, PDD-NOS, or Asperger Disorder. Stratified comparisons of the number of children meeting cither
of these two case definitions also are reported.

Results: For 2014, the overall prevalence of ASD among the 11 ADDM sites was 16.8 per 1,000 (one in
59} children aged 8 vears. Overall ASD prevalence estimates varied among sites, from 13.1 29.3 per 1.000
children aged 8 years. ASD prevalence estimates also varied by sex and race/ethnicity. Males were four
times morc likely than females to be identified with ASD. Prevalence estimates were higher for non-
Hispanic white (henceforth, white) children compared with non-tlispanic black (henceforth, black)
children, and both groups were morce likely to be identified with ASD compared with Hispanic children.
Among the nine sites with sufficient data on intellectual ability. 31% of children with ASD were classitied
in the range of intellectual disability (intellhgence quonent [1(}] <70). 25% were m the borderline range (1Q
71-85), and 44% had 1} scores in the average to above average range (i.e.. 1Q >85). The distribution of
intellectual ability varied by sex and race/ethnicity. Although mention of developmental concerns by age
36 months was documented for 85% of children with ASD, only 42% had a comprehensive evaluation on
recerd by age 36 months. The median age of earliest known ASD diagnosis was 52 months and did not
difter significantly by sex or race/ethnicity. For the targeted comparison of DSM-IV-TR and DSM-5 results,
the number and characteristics of children meeting the newly operationalized DSM-5 case definition for
ASD were similar to those meeting the DSM-IV-TR case definition, with DSM-IV-TR case counts
cxeeeding DSM-5 counts by less than 5% and approximately 86% overlap between the two casce definitions
(kappa — 0.85).

Interpretation: Findings from the ADDM Network, on the basis of 2014 data reported from 11 sites,
provide updated pepulation-based estimates of the prevalence of ASD among children aged 8 vears in
multiple communities in the United States. Because the ADDM sites do not provide a representative sample
of the entire United States, the combined prevalence estimates presented in this report cannot be generalized
to all children aged 8 years in the United States. Consistent with reports from previous ADDM surveillance
years, findings from 2014 were marked by variation in ASD prevalence when stratified by geographic arca,
scx, and level of intellectual ability. Differences in prevalence estimates between black and white children
have diminished in most sites. but remained notable for Hispanic children. The new case definition for ASD
based on DSM-5 critenia resulted in a similar estimate of ASD prevalence.

Public Health Action: The latest findings from the ADDM Network provide evidence that the prevalence
of ASD is higher than previously reported estimates and continues to vary among certain racial/cthnic
groups and communitics. With prevalence of ASD ranging from 13.1 to 29.3 per 1,000 children aged 8
years in different communitiecs throughout the United States, the need for behavioral, cducational,
residential, and occupational services remains high, as does the need for increased research on both genetic
and nongenetic risk factors for ASD. Beginning with surveillance year 2016, the DSM-5 case definition
will serve as the basis for ADDM estimates of ASD prevalence as reported in biennial MMWR Surveillance
Summaries. The DSM-IV-TR case definition will be applied in a limited geographic area to offer additional
data for comparisen, although the DSM-TV-TR case definition will eventually be phased out. Future
analyses will exanitine trends in the continued use of DSM-IV-TR diagnoses such as Autistic Disorder,
PDD-NOS, and Asperger Disorder in health and education records, documentation of symptoms consistent
with DSM-5 terminology, and how these trends might influence estimates of ASD prevalence over time.

Introduction

Autism spectrum disorder {(ASD) is a develepmental disability defined by diagnostic criteria that include
deficits in social communication and social interaction, and the presence of restricted, repetitive patterns of
behavior, interests, or activitics that can persist throughout life (/). CDC began tracking the prevalence of
ASD and characteristics of children with ASD in the United States in 1998 (2,3). The first CDC study.



which was based on an investigation in Brick Township, New Jersey {2), identificd similar characteristics
but higher prevalence of ASD compared with other studics of that era. The second CDC study, which was
conducted in metropolitan Atlanta, Georgia (3), identified a lower prevalence of ASD compared with the
Brick Township study but similar estimates compared with other prevalence studies of that era. In 2000,
CDC established the Autism and Developmental Disabilities Monitoring {ADDM} Network to collect data
that would provide estimates of the prevalence of ASD and other developmental disabilities in the United
States (4,3).

Tracking the prevalence of ASD poscs unique challenges because of the hetecrogencity in symptom
presentation. lack of biologic diagnostic markers, and changing diagnostic criteria (5). [nitial signs and
symptoms typically are apparent in the early developmental period; however. social deficits and behavioral
patterns might not be recognized as symptoms of ASD until a child is unable to meet social, educational,
occupational, or other important life stage demands (). Features of ASD might overlap with or be difficult
to distinguish from those ot other psychiatric disorders, as described extensively in DSM-5 (7). Although
standard diagnostic tools have been validated to inform clinicians’ impressions of ASD symiptomology,
inherent complexity of measurement appreaches and variation in ¢linical impressions and decision-making,
combined with policy changes that affect eligibility for health benefits and educational programs,
complicates identification of ASD as a behavioral health diagnosis or educational exceptionality. To reduce
the influence of these facters on prevalence estimates, the ADDM Network has consistently tracked ASD
by applying a survcillance case definition of ASD and using the same record-review methodology and
behaviorally defined case inclusion criteria since 2000 (5).

ADDM estimates of ASD prevalence among children aged 8 years in multiple U.S. communities have
increased from approximately one in 150 children during 2000 2002 to one in 68 during 2010 2012, more
than doubling during this period (6 /7). The observed increase in ASD prevalence substantiates a need for
continued surveillance using consistent metheds te monitor the changing prevalence of ASD and
characteristics of children with ASD in the population.

In addition to serving as a basis for ASD prevalence estimates, ADDM data have been used to describe
characteristics of children with ASD in the population, to study how these characteristics vary with ASD
prevalence estimates over time and among communities, and to monitot progress toward Healthy People
2020 objectives (12}, ADDM ASD prevalence estimates consistently estimated a ratic of approximately 4.5
male:]1 female with ASD from 2006 to 2012 (9 17). Other characteristics that have remained relatively
constant over time in the population of children identified with ASD by ADDM include the median age of
carlicst known ASD diagnosis, which remained close to 53 months during 2000-2012 (range: 50 months
[2012] to 56 menths [2002]), and the proportion of children receiving a comprehensive developmental
evaluation by age 3 years, which remained close to 43% during 20062012 (range: 43% [2006 and 2012]
to 46% [2008]).

ASD prevalence by race/ethnicity has been more varied over time among ADDM Network communities
(9-11). Although ASD prevalence estimates have historically been greater among white children compared
with black or Hispanic children (73}, ADDM-reported white:black and white:1lispanic prevalence ratios
have declined over time because of larger increascs in ASD prevalence among black children and, to an
even greater extent. among Hispanic children, as compared with the magnitude of increase in ASD
prevalence among white children (9). Previous reports from the ADDM Network estimated ASD
prevalence among white children to exceed that among black children by approximately 30% in 2002, 2006
and 2010, and by approximately 20% in 2008 and 2012. Estimated prevalence among white children
exceeded that among Hispanic children by nearly 70% in 2002 and 2006, and by approximately 50% in
2008, 2010, and 2012. ASD prevalence estimates from the ADDM Network also have varied by
socioeconomic status (SES). A consistent pattern observed in ADDM data has been higher identified ASD
prevalence among residents of neighberhoeds with higher socioeconomic status (SES). Although ASD
prevalence has increased over time at all levels of SES, the absolute difference in prevalence between high,



middle, and lower SES did not change between 2002 and 2010 (14,75). In the context of declining
white:black and whitc:tHispanic prevalence ratios amidst consistent SES patterns, a complex three-way
interaction among time, SES, and racc/cthnicity has been proposcd (16).

Finally, ADDM Network data have shown a shift toward children with ASD with higher intellectual
ability (9,14, 1 1. as the proportion of children with ASD whose intelligence quotient (IQ) scores fell within
the range of intellectual disability (ID) (i.e., IQ) <70} has decreased gradually over time. During 2000 2002,
approximately half of children with ASD had 1Q scores in the range of [D; during 2006-2008 this
proportion was closer to 40%, and during 2010-2012 less than one third of children with ASD had 1Q <70
(9,10,11). This trend was more pronounced for females as compared with malces (9). The proportion of
males with ASD and [D declined from approximately 40% during 2000-2008 (9) to 30% during 2010-2012
(10,11). The proportion of females with ASD and ID declined from approximately 60% during 2000-2002,
to 45% during 2006-2008, and to 35% during 2010-2012 (9,10,11).

All previously reported ASD prevalence estimates from the ADDM Network were based on a surveillance
casc definition aligned with DSM-IV-TR diagnostic criteria for Autistic Disorder; Pervasive
Developmental Disorder—Not Otherwise Specified (PDD-NOS, including atypical autism); or Asperger
Disorder. In the American Psychiatric Association’s 2013 publication of DSM-35, substantial changes were
made to the taxonomy and diagnostic criteria for autism {/,77). Taxonomy changed from Pervasive
Developmental Disorders. which included multiple diagnostic subtypes, to Autism Spectrum Disorder,
which no longer comprises distinct subtypes but represents one singular diagnostic category defined by
severity levels. Diagnostic criteria were refined by collapsing the DSM-IV-TR social and communication
domains into a single, combined demain for DSM-5. Persons who have ASD under DSM-5 diagnosed must
meet all three criteria under the social communicatien/interaction domain (i.e., deficits in social-emotional
reciprocity; deficits in nonverbal communicative behaviors and deficits in developing, understanding, and
maintaining relationships) and at least two of the four criteria under the restrictive/repetitive behavior
domain (i.c., repetitive speech or motor movements, insistenee on samencss, restricted interests, or unusual
responsc to sensory input). According to the DSM-5 Workgroup on Neurodevelopmental Disorders, the
need for new criteria for autism and related disorders was identified long before the Workgroup was
convened m 2007 (18).

Although the DSM-IV-TR criteria proved useful in identifying ASID) in children aged 5 8 vyears, they
performed less well when used in the diagnosis of toddlers and preschool-aged children, adolescents, and
young adults (/8). Further, the DSM-1V-TR eriteria were insufficicnt to accurately identify girls and women
with autism and lacked the cultural sensitivity nceded to identify cascs in cthnic or racial minoritics ({8).
The DSM-5 changes introduced a more focused framework compared with that of DSM-1V-TR; howcever,
DSM-5 states that any person with an established DSM-1V-TR diagnosis of Autistic Disorder, Asperger
Disorder, or PDD-NOS would automatically qualify for a DSM-5 diagnosis of Autism Spectrum Disorder.
Previous studies suggest that DSM-5 cniteria for ASD might exclude certain children who would have
qualified for a DSM-IV-TR diagnosis but had not yet received one, particularly those who are very young
and those without 1D (79-23). These findings suggest that ASD prevalence estimates will likely be lower
under DSM-5 than they have been under DSM-TV-TR diagnostic criteria.

This report provides the latest available ASD prevalence estimates from the ADDM Network based on
both DSM-IV-TR and DSM-5 criteria and to assert the need for future monitoring of ASD prevalence trends
and efforts to improve early identification of ASD. The intended audiences for these findings include
pediatric health care providers, school psychologists, educators, researchers, policymakers, and program
administrators working to understand and address the needs of persons with ASD and their families. These
data can be used to help plan services, guide research into risk factors and eftective interventions, and
inform policies that promote improved outcomes in health and education settings.



Methods

Study Sites

The Children's Health Act (4) authorized CDC to monitor prevalence of ASD in multiple arcas of the
United States, a charge which led to the formation of the ADDM Network in 2000. Since that time, CDC
has funded grantees in 16 states (Alabama, Arizona, Arkansas, Colorado, Florida, Maryland, Minnesota,
Missouri, New Jersey, North Carolina. Pennsylvania, South Carolina, Tennessee, Utah. West Virgima, and
Wisconsin). CDC tracks ASD in metropolitan Atlanta and represents the Georga site collaborating with
competitively funded sites to form the ADDM Network.

The ADDM Network uses multisite, multisource, records-based surveillance based on a model originally
implemented by CDC’s Metropolitan  Atlanta Developmental Disabilities Surveillance Program
(MADDSP) (24). As feasible, the surveillance methods have remained consistent over time. Certain minor
changes have been introduced to mmprove efficiency and data quality. Although a different array of
geographic areas was covered in each of the eight biennial ADDM Network surveillance years spanning
2000-2014, these changes have been documented to facilitate evaluation of their impact.

The core surveillance activities in all ADDM Network sites focus on children aged 8 years because the
bascline ASD prevalence study conducted by MADDSP suggested that this is the age of peak prevalence
(3). ADDM has multiple goals: 1) to provide descriptive data on classification and functioning of the
population of children with ASD; 2) to momtor the prevalence of ASD in different areas of the United
States; and 3) to understand the impact of ASD in U.S. communities.

Funding for ADDM Network sites participating in the 2014 surveillance year was awarded for a 4-ycar
cycle covering 2015-2018, during which time data arc collected for children aged 8 years during the 2014
and 2016. Sites were selected through a competitive objective review process on the basis of their ability
to conduct active, records-based surveillance of ASD; they were not selected to be a nationally
representative sample. A total of 11 sites are included in the current report (Arizona, Arkansas. Colorado,
Georgia, Maryland, Minnesota. Missouri, New Jersey, North Carolina, Tennessee, and Wisconsin). Lach
ADDM site participating in the 2014 surveillance year functioned as a public health authority under the
Health Tnsurance Portability and Accountability Act of 1996 Privacy Rule and met applicable local
Institutional Review Board and privacy and confidentiality requirements under 45 CFR 46 (25).

Case Ascertainment

ADDM is an active surveillance system that does not depend on family or practitioner reporting of an
existng ASD diagnosis or classification to determine ASD case status. ADDM staff conduct surveillance
to deterniine case status in a two-phase process. The first phase of ADDM involves review and abstraction
of children’s evaluation records from data sources in the community. In the second phase, all abstracted
evaluations for each child are compiled in chronological order into a comprehensive record that is reviewed
by one or more experienced clinicians te determine the child’s ASD) case status. Developmental assessments
completed by a wide range of health and education providers are reviewed. Data sources are categorized as
either 1) education source type, including evaluations to determine eligibility for special education services
or 2) hcalth source type, including diagnostic and developmental assessments from psychclogists,
neurologists. developmental pediatricians, child psychiatrists, physical therapists, occupational therapists,
and speech/language pathologists. Agreements to aceess records arc made at the institutional level in the
form of contracts, memoranda, or other formal agreements.

All ADDM Network sites have agreements in place to access records at health sources; however, despite
the otherwise standardized approach. not all sites have permission to access education records. One ADDM
site (Missouri) has not been granted access to records at any cducation sources. Among the remaining sitcs,



some receive permission from their statewide Department of Education to access children’s cducational
records, whereas other sites must negotiate permission from numerous individual school districts to access
cducational records. Six sites (Arizona, Georgia, Maryland, Minncsota, New Jersey, and North Carolina)
reviewed education records for all school districts in their covered surveillance areas. Three ADDM sites
(Colorado, Tennessee, and Wisconsin) received permission to review education records in only certain
school districts within the overall geographic area covered for 2014. In Tennessee, permission to access
education records was granted from 13 of 14 school districts in the 11-county surveillance area, representing
88% of the total population of children aged 8 years. Conversely, access to education records was limited
to a small proportion of the population in the overall geographic area covered by two sites (33% in Colorado
and 26% in Wisconsin). In the Colorade school districts where access to education recerds is permitted for
ADDM, parents are directly notified about the ADDM system and can request that their children’s
education records be excluded. The Arkansas ADDM site received permission from their state Department
of Education to access children’s educational records statewide; however, time and travel constraints
prevented investigators from visiting all 250 school districts in the 75-county surveillance area, resulting in
access to cducation records for 69% of the statewide population of children aged 8 years. The two sites with
access to education records throughout most, but not all, of the surveillance area {Arkansas and Tennessee)
received data from their state Department of Education to evaluate the potential impact on reported ASD
prevalence estimates attributed to missing records.

Within cach cducation and health data source, ADDM sites identify records to review based on a child’s
year of birth and onc or more 1) scleet cligibility classifications for special education or 2) fnternationa!
Classification of Diseuses, Ninth Revision (ICD-9) billing codes for sclect childhood disabilities or
psvchological conditions. Children’s records are first reviewed to confirm year of birth and residency n the
surveillance area at some time during the surveillance year. For children meeting these requirements, the
records are then reviewed for certain behavioral or diagnostic descriptions defined by ADDM as triggers
for abstraction {e.g., child does not initiate interactions with others, prefers to play alone or engage in
solitary activities, or has received a documented ASD diagnosis). If abstraction triggers are found,
evaluation informatien from birth through the current surveillance year from all available sources is
abstracted into a single composite record for each child.

In the second phase of surveillance. the abstracted composite evaluation files are deidentified and
reviewed systematically by experienced clinicians who have undergone standardized training to determine
ASD case status using a coding scheme based on the DSM-IV-TR guidelines. A child meets the surveillance
case definition for ASD if behaviors described in the composite record are consistent with the DSM-IV-TR
diagnostic criteria for any of the following conditions: autistic disorder, PDD-NOS (including atypical
autism}, or Asperger disorder.

Although new diagnostic criteria became available in 2013, the children under surveillance in 2014 would
have grown up primarily under the DSM-IV-TR definitions for ASD, which are prioritized m this report.
The 2014 surveillance year is the first to operationalize an ASD case definition based on DSM-5 diagnostic
criteria, in addition to that based on DSM-IV-TR. Because of delays in developing information technology
systems to manage data collected under this new case definition, the surveillance area for DSM-5 was
reduced by 19% in an effort to include complete estimates for both DSM-IV-TR and DSM-5 in this report.
Phase | record review and abstraction was the same for DSM-IV-TR and DSM-5; however, a coding
scheme based on the DSM-5 definition of ASD was developed for Phase 2 of the ADDM methodology
(i.c., systematic review by cxpericnced clinicians) (26). The new coding scheme was developed through a
collaborative process and includes reliability measures, although no validation metrics have been published
for this new ADDM Network DSM-5 case definition. Behavioral and diagnostic components of the DSM-
IV-TR and DSM-5 ASD case definitions operationalized for ADDM surveillance are outlined (Boxes 1 and
2). In practice. DSM-5 criteria automatically include children with an established DSM-1V-TR diagnosis
of ASD, thus, the ADDM coding scheme similarly accommodated those with a previous DSM-IV-TR



diagnosis in the DSM-5 case definition, regardless of whether documented symptoms independently met
cither the DSM-1V-TR or DSM-5 diagnostic criteria. The coding scheme allowed differentiation of children
whe met DSM-5 criteria on the basis of behavioral characteristics from these who met DSM-5 criteria
solely through a previous DSM-IV-TR diagnosis.

Quality Assurance

All sites follow the quality assurance standards established by the ADDM Network. In the first phase, the
accuracy of record review and abstraction is checked periodically. In the second phase, interrater reliability
is monitored on an ongeing basis using a blinded, random 10% sample of abstracted records that arc scored
independently by two reviewers (3). For 2014, interrater agrecment on case status (confirmed ASD versus
not ASD) was 89.1% when comparisen samples from all sites were combined (k = 0.77). which was slightly
below quality assurance standards established for the ADDM Network {90% agreement. 0.80 kappa). On
DSM-5 reviews, mterrater agreement on case status (confirmed ASD versus not ASD) was 92.3% when
comparison samples from all sites were combined (k = (.84). Thus, for the DSM-5 surveillance definition,
reliability exceeded quality assurance standards established for the ADDM Network.

Descriptive Characteristics and Data Sources

Each ADDM site attcmpted to obtain birth certificate data for all children abstracted during Phase 1
through linkages conducted using state vital records. These data were only available for children born in
the state where the ADDM site 1s located. The race/ethnicity of each child was determined from information
contained in seurce records or, 1f not found 1 the source file, from birth certificate data on ene or both
parents. Children with race coded as “other”™ or “multiracial” were considered to be missing race
information for all analyses that were stratified by race/ethnicity. For this report, data on timing of the first
comprehensive evaluation on record were restricted to children with ASD who were born in the state where
the ADDM site is located, as confirmed by linkage to birth certificate records. Data were restricted in this
manner to reduce errers in the estimate that were introduced by children for whom evaluation records were
incomplete because they were born out of state and migrated into the surveillance area between the time of
birth and the year when they reached age 8 years.

Information on children’s functional skills is abstracted fron1 source records when available, including
scores on tests of adaptive behavior and intellectual ability. Because no standardized, validated measures
of functioning specific to ASD have been widely adopted in clinical practice and because adaptive behavior
rating scales are not sufficiently available in health and education records of children with ASD, scores of
intellectual ability have remained the primary source of information on children’s functional skills. Children
are classified as having 1D if they have an 1Q score of <70 on their most recent test available in the record.
Borderline intellectual ability is defined as having an [Q score of 71-85, and average or above-average
intellectual ability is defined as having an 1Q score of =85. [n the absence of a specific 1Q score, an
cxaminer’s statement based on a formal assessment of the child’s intellectual ability, if available, is used to
classify the child in one of these three levels.

Diagnostic conclusions from each evaluation record are summarized for each child, including notation of
any ASD diagnosis by subtype, when available. Children are considered to have a previously documented
ASD classification if they reccived a diagnosis of autistic disorder, PDD-NOS, Asperger disorder. or ASD
that was documented in an abstracted evaluation or by an 1CD-9 billing code at any time from birth through
the year when they rcached age 8 years, or if they were noted as mecting cligibility eriteria for special
education services under the classification of autism or ASD.

Analytic Methods

Population denominators for calculating ASD prevalence estimates were obtained from the National
Center for Health Statistics Vintage 2016 Bridged-Race Postcensal Population Estimates (27). CDC’s



National Vital Statistics System provides estimated population counts by state, county, single year of age,
race, cthnic origin, and scx. Population denominators for the 2014 surveillance year were compiled from
posteensal estimates of the number of children aged 8 years living in the countics under surveillance by
each ADDM site (Table 1).

In two sites {Arizona and Minnesota), geographic boundaries were defined by constituent scheol districts
included in the surveillance area. The number ef children living in cutlying school districts were subtracted
from the county-level census denominators using school cnrollment data from the U.S. Department of
Education's National Center for Education Statistics (28). Enrollment counts of students in third grade
during the 2014-15 school year differed from the CDC bridged-race population cstimates, attributable
primarily to children being enrolled out of the customary grade for their age or in charter schools, home
schools, or private schools. Because these differences varied by race and sex within the applicable counties,
race- and sex-specific adjustments based on enrollment counts were applied to the CDC population
estimates to derive school district-specific denominators for Arizona and Minnesota.

Race- or ethnicity-specific prevalence estimates were calculated for four groups: white, black, Hispanic
(rcgardless of race), and Asian/Pacific Islander. Prevalence results are reported as the total number of
children meeting the ASD case definition per 1,000 children aged 8 years in the population in each
racefethnicity group. ASD prevalence also was estimated separately for boys and girls and within each level
of intellectual ability. Overall prevalence estimates include all children identified with ASD regardless of
sex, race/ethnicity, or level of intellectual ability and thus are not affected by the availability of data on
these characteristics.

Statistical tests were sclected and confidence intervals (Cls) for prevalence cstimates were calculated
under the assumption that the observed counts of children identified with ASD were obtained from an
underlying Poisson distribution. Pearson chi-square tests were performed, and prevalence ratios and
percentage differences were calculated to compare prevalence estimates from different strata. Pearson chi-
square tests were also performed for testing significance in comparisons of proportions, and Mantel-
Haenszel commen odds ratio (OR) estimates were calculated to further describe these comparisons. In an
effort to reduce the effect of outliers, distribution medians were typically presented, although one-way
ANOVA was used to test significance when comparing arithmetic means of these distributions.
Significance was set at p<0.05. Results for all sites combined were based on pooled numerator and
dencminator data from all sites, in total and stratified by race/ethnicity, sex, and level of intellectual ability.

Sensitivity Analysis Methods

Certamn education and health records were nussing for certain children, including records that could not
be located for review, those affected by the passive consent process unique to the Colerado site, and those
archived and deemed too costly to retrieve. A sensitivity analysis of the effect of these missing records on
case ascertainment was conducted, All children initially identified for record review were first stratified by
two factors closely asseciated with final case status: information source (health source type only. education
scurce type only. or beth source types) and the presence or absence of either an autism special education
eligibility or an ICD-9-CM code for ASD, collectively forming six strata. The potential number of cases
not identificd because of missing records was estimated under the assumption that within cach of the six
strata, the proportion of children confirmed as ASD surveillance cases among those with missing records
would be similar to the proportion of cases among children with no missing records. Within cach stratum,
the proportion of children with no missing records who were confirmed as having ASD was applied to the
number of children with missing records to estimate the number of missed cases, and the estimates from all
six strata were added to calculate the total for each site. This sensitivity analysis was conducted solely to
investigate the potential impact of missing records on the presented estimates. The estimates presented in
this report do not reflect this adjustment or any of the other assessments of the potential effects of
assumptions underlying the approach.



All ADDM sites identified records for review from health sources by conducting record scarches that
were based on a common list of 1CD-9 billing codes. Because scveral sites were conducting surveillance
for other developmental disabilities in addition to ASD (i.c., one or more of the following: cercbral palsy.
ID, hearing loss, and vision impairment}), they reviewed records based on an expanded list of ICD-9 codes.
The Colorado site also requested code 781.3 (lack of coordination), which was identified in that community
as a commonly used billing code for children with ASD. The proportion of children meeting the ASD
surveillance case definition whose records were obtained solely on the basis of those additional codes was
calculated to evaluate the potential impact on ASD prevalence,

Results

A total of 325,483 children aged 8 years was covered by the 11 ADDM sites that provided data for the
2014 surveillance year (Table 1). This number represented 8% of the total U.S. population of children aged
g vears in 2014 (4,119,668) (/9). A total of 53,120 records for 42,644 children were reviewed from health
and education sources. Of these, the source records of 10,886 children met the criteria for abstraction, which
was 25.5% of the total number of children whose source records were revicwed and 3.3% of the population
under surveillance. Of the records reviewed by clinicians, 5,473 children met the ASD survceillance case
definition. The number of evaluations abstracted for cach child who was ultimately identificd with ASD
varied by site (median: five; range: three [ Arizona, Minnesota, Missouri, and Tennessee] to 10 [Maryland]).

Overall ASD Prevalence Estimates

Overall ASD prevalence for the ADDM 2014 surveillance year varied widely among sites (range: 13.1
[Arkansas] to 29.3 [Ncew Jersey]) (Table 2). On the basis of combined data from all 11 sites. ASD
prevalence was 16.8 per 1,000 (onc in 59) children aged 8 years. Overall estimated prevalence of ASD was
highest in New Jersey (29.3), Minncsota (24.0), and Maryland {20.0). Five sites reported prevalence
estimates in the range of 13.1 to 14.1 per 1.000 {Arizona. Arkansas, Colorado, Missouri, and Wisconsin),
and three sites reported prevalence estimates ranging from 15.5 to 17.4 per 1,000 {Georgia. North Carolina,
and Tennessee).

Prevalence by Sex and Race/Ethnicity

When data from all 11 ADDM sites are combined, ASD prevalence was 26.6 per 1,000 boys and 6.6 per
1,000 girls (prevalence ratio: 4.0). ASD prevalence was significantly (p<0.01) higher among boys than
among girls in all 11 ADDM sites (Table 2), with male-to-female prevalence ratios ranging from 3.2
(Arizona) to 4.9 {Georgia). Estimated ASD prevalence also varied by race and ethnicity (Table 3). When
data from all sites were combined. the estimated prevalence among white children (17.2 per 1,000} was 7%
greater than that among black children (16.0 per 1,000) and 22% greater than that among Hispanic children
(14.0 per 1,000). In nine sites, the estimated prevalence of ASD was higher among white children than
black children. The white-to-black ASD prevalence ratios were statistically significant in three sites
{ Arkansas, Missouri, and Wisconsin), and the white-to-Hispanic prevalence ratios were significant in seven
sites. In nine sites, the estimated prevalence of ASID) was higher among black children than that among
Hispanic children. The black-to-Hispanic prevalence ratic was significant in three of these nine sites. In
New Jerscy, there was almost no difference in ASD prevalence estimates among white, black, and Hispanic
children. Estimates for Asian/Pacific [slander children ranged from 7.9 per 1,000 {Colorado) to 19.2 per
1,000 (New Jersey} with notably wide Cls.

Intellectual Ability

Data cn intellectual ability are reperted only for nine sites {Arizona, Arkansas, Colorado, Georgia,
Marvland, Minnesota, New Jersey, North Carolina, and Tennessee) having information available for at least
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70% of children who met the ASD casc definition (range: 70.8% [Tenncessee] to 89.2% [North Carolinal).
The median age of children’s most recent [Q tests, on which the following results arc based, was 73 months
(6 years, 1 month). Data from these nine sites yiclded accompanying data on intcllectual ability for 3,714
(80.3%) of 4,623 children with ASD. This proportion did not differ by sex or race/ethnicity in any of the
nine sites or when combining data from all nine sites. Among these 3.714 children. 31% were classified in
the range of 1D (1Q <70}, 25% were in the borderline range (1Q} 71-85). and 44% had Q) >85. The proportion
of children classitied in the range of [D ranged from 26.7% in Arizona to 39.4% in Tennessee.

Among children identified with ASD, the distribution by intellectual ability varied by sex, with girls more
likely than boys to have 1Q <70, and boys more likely than girls to have [Q =85 (Figure 1). In these nine
sites combined, 251 (36.3%) of 691 girls with ASD had I} scores or examiners” statements indicating 1D
compared with 891 (29.5%) of 3,023 males (odds ratio [OR] = 1.4; p<0.01), though among individual sites
this proportion differed significantly m only one (Georgia, OR = 1.6; p<0.05). The proportion of children
with ASD with borderline intellectual ability (1Q 71-85) did not differ by sex, whereas a significantly higher
proportion of males (45%) compared with females {(40%) had 1Q =85 {i.e., average or above average
intellectual ability) (OR = 1.2; p<0.05).

The distribution of intellectual ability also varied by race/ethnicity. Approximately 44% of black children
with ASD were classified in the range of ID compared with 35% of Hispanic children and 22% of white
children (Figure 2). The proportion of blacks and whites with [D differed significantly in all nine sites and
when combining their data (OR = 2.9; p<0..01). The proportion of Hispanics and whites with [D differed
significantly when combining data from all nine sites (OR = 1.9; p<0.01), and among individual sites it
reached significance (p<0.05) in six of the nine sites, with the three exceptions being Arkansas {OR = 1.8,
p = 0.09), North Carclina (OR = L.B, p = 0.07) and Tennessee (OR = 2.1, p = (.10}. The proportion of
children with borderline intellectual ability (IQ = 71 85) did not differ by race/ethnicity in any of these
nine sites or when combining their data; however, when combining data from these nine sites the proportion
of white children (56%) with [Q >85 was significantly higher than the proportion of black (27%, OR — 3.4;
p=<0.01) or Hispanic (36%, OR — 2.2; p<0.01) children with 1Q>85.

First Comprehensive Evaluation

Among children with ASD who were born in the same state as the ADDM site (n = 4,147 of 5473
confirmed cases)., 42% had a comprehensive evaluation on record by age 36 months (range: 30% [Arkansas]
to 66% [North Carolina]) (Table 4). Approximately 39% of these 4.147 children did not have a
comprehensive cvaluation on record until after age 48 months; however, mention of developmental
concerns by age 36 months was documented for 85% (range: 61% [Tennessee] to 94% [Arizonal).

Previously Documented ASD Classification

Of the 5.473 children meeting the ADDM ASD surveillance case definition, 4.379 (80%) had either
eligibility for autism special education services or a DSM-IV, DSM-5 or ICD-9 autism diagnosis
documented in their records (range among 11 sites: 58% [Colorade] to 92% [Missouri]). Combining data
from all 11 sites, 81% of boys had a previcous ASD classification on record, compared with 75% of girls
(OR — 1.4; p<0.01}. When stratified by race/cthnicity, 80% of white children had a previously documented
ASD classification, compared with nearly 83% of black children (OR — 0.9; p—0.09) and 76% of Hlispanic
children (OR = 1.3; p<0.01); a sigmficant difference was also found when comparing the proportion of
black children with a previous ASD classification to that among Hispanic children (OR = 1.5; p<0.01).

The median age of earliest known ASD diagnosis documented in children’s records (Table 5) varied by
diagnostic subtype (autistic disorder: 46 months; ASD/PDD: 56 months; Asperger disorder: 67 months).
Within thesc subtypes, the median age of carliest known diagnosis did not differ by sex, nor did any
difference cxist in the proportion of boys and girls who initially received a diagnosis of autistic disorder
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(48%), ASD/PDD (46%), or Asperger disorder (6%). The median age of carlicst known diagnosis and
distribution of subtypes did vary by sitc. The median age of carliest known ASD diagnosis for all subtypes
combincd was 52 months, ranging from 40 months in North Carolina to 59 months in Arkansas.

Special Education Eligibility

Sites with access to education recerds collected information approximately the most recent eligibility
categories under which children received special education services (Table 6). Among children with ASD
who were receiving special cducation services in public schocls during 2014, the proportion of children
with a primary cligibility category of autism ranged from 40% in Wisconsin to 74% in North Carolina.
Most other sites noted approximately half of children with ASD having autism listed as their most recent
primary special education eligibility category, the exceptions being Colorado (43%) and New Jersey (48%).
(ther common special education eligibilities included health or physical disability, speech and language
impairment, specific learning disability, and a general developmental delay category that 1s used until age
9 years in many U.S. states. All ADDM sites reported <10% of children with ASD receiving special
education services under a primary eligibility category of ID.

Sensitivity Analyses of Missing Records and Expanded ICD-9 Codes

A stratified analysis of records that could not be located for review was completed to assess the degree
to which missing data might have potentially reduced prevalence estimates as reported by individual
ADDM sites. Had all children’s records identified in Phase | been located and reviewed, prevalence
estimates would potentially have been <1% higher in four sites (Arizona, Georgia, Minnesota, and
Wisconsin), between 1% to 5% higher in five sites {Arkansas, Colorado, Missouri, New Jersey, and North
Caroclina), approximately 8% higher in Maryland, and nearly 20% higher in Tennessee, where investigators
did net obtain permission to review children’s records in one of the 14 school districts comprising the 11-
county surveillance area.

The impact on prevalence estimates of reviewing records based on an expanded list of ICD-9 codes varied
from site to site. Colorado, Georgia, and Missouri were the only three sites that identified more than 1% of
ASD surveillance cases partially or solely on the basis of the expanded code list. In Missouri, less than 2%
of children identified with ASD had seme of their records located on the basis of the expanded code list,
and none were identified exclusively from these codes. In Colorade, approximately 2% of ASD surveillance
cases had seme abstracted records identified on the basis of the expanded code list, and 4% had records
found exclusively from the expanded cedes. In Georgia, where ICD-9 codes were requested for surveillance
of five distinct conditions (autism, cerebral palsy, 1D, hearing loss, and vision impairment), approximately
10% of children identified with ASD had some of their records located on the basis of the expanded code
list, and less than 1% were identificd exclusively from these codes.

Comparison of Case Counts from DSM-IV-TR and DSM-5 Case Definitions

The DSM-5 analysis was coempleted for part of the overall ADDM 2014 surveillance area (Table 7),
representing a total population of 263,775 children aged 8 years. This was 81% of the population on which
DSM-IV-TR prevalence estimates were reported. Within this population, a total of 4,920 children were
confirmed to mcet the ADDM Network ASD case definition for cither DSM-IV-TR or DSM-5. Of these
children, 4,236 (86%) mct both case definitions, 422 (9%) met only the DSM-1V-TR criteria, and 262 (5%)
met only the DSM-5 criteria {Table 8). This yielded a DSM-IV:DSM-5 prevalence ratio of 1.04 in this
population. indicating that ASD prevalence was approximately 4% higher based on the historical DSM-1V-
TR case definition compared with the new DSM-5 case definition. In six of the |1 ADDM sites, DSM-5
case counts were within approximately 5% of DSM-IV-TR counts {range: 5% lower [Tennessee] to 5%
higher [Arkansas]), whereas DSM-5 case counts were more than 5% lower than DSM-IV-TR counts in
Minnesota and North Carolina (6%), New Jersey (10%), and Colorado (14%). Kappa statistics indicated
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strong agreement between DSM-IV-TR and DSM-5 case status among children abstracted in phase | of the
study who were revicwed in phase 2 for both DSM-1V-TR and DSM-5 (kappa for all sites combinced: 0.85,
range: .72 [Tennessee] to 0.93 [North Carolinal).

Stratitied analysis of DEM-IV:DEM-5 ratios were very similar compared with the overall sample (Table
9). DSM-5 estimates were approximately 3% lower than DSM-TV-TR counts for males, and approximately
6% lower for females (kappa = (.85 for both). Case counts were approximately 3% lower among white and
black children on DSM-5 compared with DSM-1V. 5% lowcer among Asian children, and 8% lower among
Hispanic children. Children who reeeived a comprehensive cvaluation by age 36 months were 7% less
likely to meet DSM-5 than DSM-1V, whercas thosc cvaluated by age 4 years were 6% less likely to meet
DSM-5, and those initially evaluated after age 4 vears were just as likely to meet DSM-5 as DSM-IV.
Children with documentation of eligibility for autism special education services, and those with a
documented diagnosis of ASD by age 3 vears, were 2% more likely to meet DSM-5 than DSM-IV. Slightly
over 3% of children whose earliest ASD diagnosis was Autistic Disorder met DSM-5 criteria but not DSM-
IV, compared with slightly under 3% of these whose earliest diagnosis was PDD-NOS/ASD-NOS and 5%
of those whose earliest diagnosis was Asperger Disorder. Children with no previous ASD classification
(diagnosis or eligibility) were 47% less likely to meet DSM-5 than DSM-TV-TR. Combining data from all
11 sites, children with [Q scores in the range of 1D were 3% less likely to meet DSM-5 criteria compared
with DSM-IV-TR (kappa = (.89}, those with [Q scores in the borderline range were 6% less likely to meet
DSM-5 than DSM-1V-TR (kappa — 0.88), and children with average or above average intellectual ability
were 4% less likely to meet DSM-5 criteria compared with DSM-IV-TR (kappa — 0.86).

Discussion

Changes in Estimated Prevalence

The overall ASD prevalence estimate of 16.8 per 1,000 children aged 8 years in 2014 15 higher than
previously reported estimates from the ADDM Network. An ASD case defimition based on DSM-IV-TR
criteria was used during the entire period of ADDM surveillance during 2000-20314, as were comparable
study operations and procedures, although the geographic areas under surveillance have varied over tinte.
During this period, ADDM ASD prevalence estimates increased from 6.7 to 16.8 per 1,000 children aged
8§ years, an increase of approximately 150%.

Among the six ADDM sites completing both the 2012 and 2014 studies for the same geographic area. all
six showed an increase in ASD prevalence estimates during 2012-2014, with a nearly 0% prevalence
increase m Georgia and Maryland, 19% in New Jersey. 23% in Missouri, 29% in Colorado, and 31% in
Wisconsin, The ASD prevalence estimate from New Jersey continues to be one of the highest reported by
a population-based surveillance system. The two sites with the greatest relative increase in prevalence are
remarkable in that both gained access to children’s education records in additional geographic areas for
2014. Colorado was granted access to review children’s education records in one additional county for the
2014 surveillance year (representing nearly 20% of the population aged & vears within the overall Colorado
surveillance area), and Wisconsin was granted access to review education records in parts of two of the 10
countics comprising their 2014 surveillance arca. Although this represented only 26% of the population
aged &8 years within the overall Wisconsin surveillance arca, 2014 marked the first time Wisconsin has
included education data sources. Comparisons with carliecr ADDM Network surveillance results should be
interpreted cautiously because of changing composition of sites and geographic coverage over time. For
example, three ADDM Network sites completing both the 2012 and 2014 surveillance years (Arizona,
Arkansas, and North Carolina) covered a different geographic area each vear, and two new sites (Minnesota
and Tennessee) were awarded funding to monitor ASD in collaberation with the ADDM Network.
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Certain characteristics of children with ASD were similar in 2014 compared with carlier surveillance
years. The median age of carlicst known ASD diagnosis remained close to 53 months in previous
surveillance years and was 52 months in 2014. The proportion of children who received a comprehensive
developmental evaluation by age 3 vears was unchanged: 42% in 2014 and 43% during 2006-2012. There
were a number of differences m the characteristics of the population of children with ASD in 2014. The
male:female prevalence ratio decreased from 4.5:1 duning 2002-2012 to 4:1 in 2014, driven by a greater
relative increase in ASD prevalence among girls than among boys since 2012, Also, the decrease in the
ratios of white:black and white:Hispanic children with ASD continued a trend observed since 2002, Among
sites covering a population of at least 20,000 children aged 8 years, New Jersey reported no significant
race- or ethnicity-based difference in ASD prevalence, suggesting moere complete ascertainment among all
children regardless of race/ethnicity. Historically, ASD prevalence estimates from combined ADDM sites
have been approximately 20% 30% higher among white children as compared with black children. For
surveillance year 2014, the difference was only 7%, the lowest difference ever observed for the ADDM
Network. Likewise, prevalence among white children was almost 70% higher than that among Hispanic
children in 2002 and 2006, and approximately 50% higher in 2008, 2010, and 2012, whercas for 2014 the
difference was only 22%. Data from a previously reported comparison of ADDM Network ASD prevalence
estimates from 2002, 2006, and 2008 (9) suggested greater increases in ASD prevalence among black and
Hispanic children compared with those among white children. Reductions in disparities in ASD prevalence
for black and Hispanic children might be attributable, in part, to more effective outreach directed to minority
comimunities. Finally, the proportion of children with ASD and lower intellectual ability was similar in
2012 and 2014 at approximately 30% of males and 35% of females. These proportions were markedly lower
than these reported in previous surveillance years.

Variation in Prevalence Among ADDM Sites

Findings from the 2014 surveillance year indicate that prevalence estimates still vary widely among
ADDM Network sites, with the highest prevalence observed in New Jersey. Although five of the 11 ADDM
sites conducting the 2014 surveillance year reported prevalence estimates within a very close range (from
13.1 to 14.1 per 1,000 children), New Jersey’s prevalence estimate of 29.4 per 1,000 children was
significantly greater than that from any other site, and four sites (Georgia, Maryland, Minnesota, and North
Carclina) reported prevalence estimates that were significantly greater than those from any of the five sites
in the 13.1 14.1 per 1.000 range. Two of the sites with prevalence estimates of 20.0 per 1,000 or higher
(Maryland and Minnesota) conducted surveillance among a total population of <10.000 children aged 8
years. Concentrating survcillance efforts in smaller geographic arcas, cspecially thosc in close proximity to
diagnostic centers and those covering school districts with advanced staff training and programs to support
children with ASD, mught yield higher prevalence estimates compared with those from sites covering
populations of more than 20,000 8-year-olds. Those sites with limited or no access to education data sources
(Colorado, Missouri, and Wisconsin) had prevalence estimates near the lower range among all sites. In
addition to variation among sites in reported ASD prevalence, wide variation among sites is noted on the
characteristics of children identified with ASD, including the proportion of children who received a
comprehensive developmental evaluation by age 3 vears, the median age of earliest known ASD diagnosis,
and the distribution by intellectual ability. Some of this variation might be attributable te regional
difterences in diagnostic practices and other decumentation of autism symptoms, although previous reports
based on ADDM data have linked much of the variation to other extrinsic factors such as regional and
sociocconomic disparitics in access to services (/3,714).

Case Definitions

Agreement in the application of the DSM-IV-TR and DSM-5 case definitions was remarkably close,
overall and when stratified by sex. race/ethnicity, DSM-IV-TR diagnostic subtype or level of intellectual
ability. Overall, ASD prevalence estimates based on the new DSM-5 case definition were very similar in
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magnitude but slightly lower than those based on the historical DSM-IV-TR case definition. Three of the
11 ADDM sites had slightly higher case counts using the DSM-5 framework compared with the DSM-1V.
Colorado, where the DSM-1V-TR:DSM-5 ratic was highest compared with all other sites, was also the site
with the lowest proportion of DSM-1V-TR cases having a previous ASD classification. This suggests that
the diagnostic component of the DSM-5 case definition, whereby children with a documented DSM-1V-TR
diagnosis of ASD automatically qualify as DSM-5 cases regardless of social interaction/communication
and restricted/repetitive behavioral criteria, might have influenced DSM-5 results to a lesser degree in that
site, as a smaller proportion of DSM-TV-TR cases would meet DSM-5 case criteria based solely on the
presence of a documented DSM-IV-TR diagnosis. This element of the DSM-5 case definition will carry
less weight moving forward, as fewer children aged 8 vears in health and education settings will have had
ASD diagnosed under the DSM-IV-TR criteria. It is also possible that persons who conduct developmental
evaluations of children in health and education settings will increasingly describe behavioral characteristics
using language morc consistent with DSM-5 terminology, yielding more ASD cases based on the behavioral
component of ADDM’s DSM-5 case definition. Prevalence estimates based on the DSM-5 case definition
that incorporates an cxisting DSM-IV-TR diagnosis reflect the actual patterns of diagnosis and scrvices for
children in 2014, because children diagnosed under DSM-IV-TR did not lose their diagnosis when the
updated DSM-3 criteria were published. Using this approach, agreement in the application of the DSM-1V-
TR and DSM-5 case defmitions was remarkably close, overall and when stratified by sex. race/ethnicity,
DSM-IV-TR diagnostic subtype, or level of intellectual ability. In the future, prevalence estimates will align
more closely with the specific DSM-5 behavioral criteria, and might exclude sonie persons who would have
met DSM-IV-TR criteria for Autistic Disorder, PDD-NOS or Asperger Disorder, while at the same time
including persons who do not meet these criteria but who do meet the specitic DSM-5 behavioral criteria.

Comparison With National Prevalence Estimates

The ADDM Network 1s the only ASD surveillance system in the United States providing robust
prevalence estimates for specific areas of the country, including those tor subgroups defined by sex and
race/ethnicity, providing information about geographical variation that can be used to evaluate policies and
diagnostic practices that may aftect ASD prevalence. Tt is also the only comprehensive surveillance system
to incorperate ASD diagnostic criteria into the case definition rather than relying entirely on parent or
caregiver report of a previous ASD diagnosis, providing a unique contribution to the knowledge of ASD
epidemiology and the impact of changes in diagnostic criteria. Two surveys of children’s health, The
National llecalth [nterview Survey (NS} and the National Survey of Children’s Health (NSCI1), report
cstimates of ASD prevalence based on caregiver report of being told by a doctor or other health carc
provider that their child has ASD, and, for the NSCH, if their child was also reported to currently have
ASD. The most recent publication from NHIS indicated that 27.6 per 1,000 children aged 3—17 vears had
ASD in 2016, which did not differ significantly from estimates for 2015 or 2014 (24.1 and 22.4,
respectively) (29). An estimate of 20.0 per 1,000 children aged 6—17 vears was reported from the 201 1—
2012 NSCH (30). The study samples for the two phone surveys are substantially smaller than the ADDM
Network; however, they were intended to be nationally representative, whereas the ADDM Network
surveillance areas were selected through a competitive process and, although large and diverse, were not
intended to be nationally representative. Geographic differences in ASD prevalence have been observed in
both the ADDM Network and national surveys, as have differences in ASD prevalence by age (6 [1,29,30).

All three prevalence estimation systems (NHIS, NSCH, and ADDM) are subject to regional and policy-
driven differences in the availability and utilization of evaluation and diagnostic services for children with
developmental concerns. Phone surveys are likely more sensitive in identifying children who received a
preliminary or cenfirmed diagnosis of ASD but are not receiving services (i.€.. special education services).
The ADDM Network method based on analysis of information contained in existing health and education
records enables the collection of detailed. case-specific information reflecting children’s behavioral,
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developmental and functional characteristics, which arc not available from the national phone surveys. This
detailed casc level information might provide insight inte temporal changes in the cxpression of ASD
phenotypes, and offers the ability to account for differences based on changing diagnostic criteria.

Limitations

The findings in this report are subject to several lirmtations. First, ADDM Network sites were not selected
to represent the United States as a whole, nor were the geographic areas within each ADDM site selected
to represent that state as a whole (with the exception of Arkansas. where ASD is monitored statewide).
Although a combined estimate is reported for the Network as a whole to inform stakeholders and interpret
the findings from individual surveillance years in a more general context, data reported by the ADDM
Network should not be interpreted to represent a national estimate of the number and characteristics of
children with ASD. Rather, it is more prudent to examine the wide variation among sites, between specific
groups within sites, and across time in the number and characteristics of children identified with ASD, and
to use these findings to inform public health strategies aimed at removing barriers to identification and
treatment, and climinating disparitics among sociocconomic and racial/cthnic groups. Data from individual
sites provide cven greater utility for developing local policies in thosc states.

Second, it is important to acknowledge limitations of information available in children’s health and
education records when considering data on the characteristics of children with ASD. Age of earliest known
ASD diagnosis was obtained frem descriptions in children’s developmental evaluations that were available
in the health and educaticen facilities where ADDM staff had access to review records. Some children might
have had carlier diagnoscs that were not recorded in these records. Likewisc, it is possible that some
descriptions of historical diagnoses (i.c., those not made by the cvaluating examiner) could be subjeet to
recall crror by a parent or provider who described the historical diagnosis to that cxaminer. Another
characteristic featured promimently m this report, intellectual ability, is subject to measurement limitations.
[Q) test results should be interpreted cautiously because of myriad factors that impact performance on these
tests, particularly language and attention deficits that are common among children with ASD, especially
when testing was conducted before age 6 years. Because children were not examined directly nor
systematically by ADDM staft as part of this study, descriptions of their characteristics should not be
interpreted to serve as the basis for evaluating policy changes, treatments, or interventions.

Third, because comparisons with the results from earlier ADDM surveillance years were not restricted to
a common geographic area, inferences about the changing number and characteristics of children with ASD
over time should be made with caution. Findings for each umque ADDM birth cohort are very informative,
and although study methods and geographic areas of coverage have remained generally consistent over
time, temporal comparisons are subject to multiple sources of bias and should not be misinterpreted as
representing precise measures that control for all sources of bias. Additional limitations to the records-based
surveillance methodology have been described extensively in previcus ADDM and MADDSP reports (3,6
1.

Future Surveillance Directions

Data collection for the 2016 surveillance vear began in early 2017 and will continue through mid-2019.
Beginning with surveillance yecar 2016, the DSM-5 casc definition for ASD will scrve as the basis for
prevalence estimates. The DSM-IV-TR case definition will be applied in a limited geographic arca to offer
additional data for comparison, although the DSM-1V-TR casc definition will eventually be phased out.

When the ADDM methodelogy was originally developed, estimating ASD prevalence among children
aged 8 vears was determined to represent the peak prevalence, based on estimates for multiple ages in
metropolitan Atlanta in 1996 (3). Estimating prevalence among children aged & years requires quality data



16

from both health and cducational agencies and likely captures most children whose adaptive performance
is impacted by ASD. llowever, because prevalence estimation takes considerable time and cffort, reporting
of estimates lags behind the surveillance year by 3—4 years. Thus, opportunities for policy or programmatic
enhancements to 1impact key health indicators also lag. Focusing on younger cohorts might allow earlier
assessment of systematic changes (e.g.. policies, msurance, and programs) that impact younger children,
rather than waiting until cohorts impacted by these changes reach age 8 years. Surveillance of ASD in older
populations is also important but might require different methodelogical approaches.

CDC's “Learn the Signs. Act Early” (LTSAE) campaign, launched in October 2004, aims to change
pereeptions among parcnts, health care professionals, and carly educators regarding the importance of carly
identification and treatment of autism and other developmental disorders (37). In 2007, the American
Academy of Pediatrics {AAP) recommended developmental screening specifically focused on social
development and ASD at age 18 and 24 months {32). Both efforts are in accordance with the Healthy Peaple
2020 (HP2020) goal that children with ASD are evaluated by age 36 months and begin receiving
comimunity-based support and services by age 48 months (/2). It is concerning that progress has not been
made toward the HP2020 goal of increasing the percentage of children with ASD whoe receive a first
evaluation by age 36 menths to 47%; however, the cehort of children monitored under the ADDM 2014
surveillance year (i.e., children bern in 2006) represents the first ADDM 8-vear-old cohort impacted by the
LTSAE campaign and the 2007 AAP recemmendations. The effect of these programs in lowering age at
cvaluation might become more apparent when subsequent birth cohorts are monitored. Further cxploration
of ADDM data, including those collected on cohorts of children aged 4 years (33), might inform how policy
initiatives such as screening recommendations and other social determinants of health impact the prevalence
of ASD and characteristics of children with ASD, including the age at which most children receive an ASD
diagnosis.

Conclusion

The latest findings from the ADDM Network provide evidence that the prevalence of ASD has increased
compared with previously reported ADDM estimates and continues to vary among certain racial/ethnic
groups and communities. The overall ASD prevalence estimate of 16.8 per 1,000 children aged § years in
2014 is higher than previous estimates from the ADDM Network. With prevalence of ASD reaching nearly
3% in some cemmunities and representing an increase of 150% since 2000, ASI) is an urgent public health
concern that could benefit from enhanced strategies to help identify ASD earlier; to determine possible risk
factors; and to address the growing behavioral, educational, residential and occupational needs of this
population.

Contrary to some predictions, the redefinition of ASD provided by the DSM-5 might have had a relatively
limited contribution to the overall ASD estimate provided by the ADDM Network. This might be a result
of the carryover effect of including all DSM-TIV-TR-diagnosed cases in the DSM-5 count. Over time, the
estimate might be influenced (dewnward) by a diminishing number of persons who meet the DSM-5
diagnostic criteria for ASD based solely on a previous DSM-IV-TR diagnosis, and influenced (upward) by
professionals aligning their clinical descriptions with the DSM-5 criteria. Although the prevalence of ASD
and characteristics of children identified by cach casc definitien were similar in 2014, the diagnostic
features defined under DSM-1V-TR and DSM-5 appear to be quite different. The ADDM Network will
continue to evaluate these similarities and differences in much greater depth. and will examine at least one
more cohort of children aged 8 vears to expand this comparison. Over time, the ADDM Network will be
well positioned to evaluate the effects of changing ASD diagnostic parameters on prevalence.
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FIGURE 1. Most recent intelligence quotient score as of age 8 years among children with autism spectrum disorder for whom
test data were available, by sex and site — Autism and Developmental Disabilities Monitoring Network, nine sites,* United
States, 2014

Abbreviations: F = female; 10 = intelligence quotient; M = male.

* Includes nine sites {Arizona, Arkansas, Colorado, Georgia, Maryland, Minnesota, New Jersey, Narth Caralina, and Tennessee] that had
intellectual ability data available for z70% of children who met the ASD case definition {n = 3,714).
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FIGURE 2. Most recent intelligence quetient score as of age 8 years among children with autism spectrum disorder for whom
test data were available, by sex and race/ethnicity — Autism and Developmental Disabilities Monitoring Network, nine sites,*
United States, 2014

Abbreviations: F = female; 10 = intelligence quotient; M = male.

* Includes nine sites {Arizona, Arkansas, Colorado, Georgia, Maryland, Minnesota, New Jersey, Narth Caralina, and Tennessee] that had
intellectual ability data available for 70 of children who met the ASD case definition (n = 3,714).
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Abstract
Problem/Condition: Autism spcctrum disorder (ASD).
Period Covered: 2014,

Description of System: The Autism and Developmental Disabilitics Monitoring (ADDM) Network is an
active survcillance system that provides estimates of the prevalenee of autism spectrum disorder (ASD)
among children aged 8 years whose parents or guardians reside within 11 ADDM sites in the United States
(Arizona, Arkansas, Colorado, Georgia, Maryland, Minnesota. Missouri. New Jersey, North Carolina,
Tennessee, and Wisconsin). ADDM surveillance 18 conducted in two phases. The first phase mvolves
review and abstraction of comprehensive evaluations that were completed by professional service providers
in the community. Staff completing record review and abstraction receive extensive training and
supervision and are evaluated according to strict reliability standards to certify effective initial training,
identify ongoing training needs, and ensure adherence te the prescribed methodeology. Record review and
abstraction occurs in a variety of data sources ranging from general pediatric health clinics to specialized
pregrams serving children with developmental disabilities. In addition, most of the ADDM sites also review
records for children who have received special education services in public schools. In the second phase of
the study, all abstracted information is reviewed systematically by experienced clinicians to determine ASD
casc status. A child is considered to meet the surveillance case definition for ASD if he or she displays
behaviors, as described on one or more comprehensive evaluations completed by community-based
professional providers, consistent with the Diagnostic and Statistical Manual of Mental Disorders, Fourth
Edition, Text Revision (DSM-1V-TR) diagnostic criteria for Autistic Disorder; Pervasive Developmental
Disorder—Not Otherwise Specified (PDD-NOS, including Atypical Autism); or Asperger Disorder. This
report provides updated ASD prevalence estimates for children aged 8 years during the 2014 surveillance
year, on the basis of DSM-IV-TR criteria, and describes characteristics of the population of children with
ASD. In 2013, the American Psychiatric Asscciation published the Diagnostic and Statistical Manual of
Mental Disorders Sth ed. (DSM-3), which made considerable changes to ASD diagnostic criteria. The
change in ASD diagnostic criteria might influence ADDM ASD prevalence estimates; therefore. most
(85%) of the records used to determine prevalence estimates based on DSM-1V-TR criteria underwent
additional review under a newly operationalized surveillance case definition for ASD consistent with the
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DSM-5 diagnostic criteria, which include the presence of an established DSM-IV-TR diagnosis of Autistic
Disorder, PDD-NOS, or Asperger Disorder. Stratified comparisons of the number of children meeting cither
of these two case definitions also are reported.

Results: For 2014, the overall prevalence of ASD among the 11 ADDM sites was 16.8 per 1,000 (one in
59} children aged 8 vears. Overall ASD prevalence estimates varied among sites, from 13.1 29.3 per 1.000
children aged 8 years. ASD prevalence estimates also varied by sex and race/ethnicity. Males were four
times morc likely than females to be identified with ASD. Prevalence estimates were higher for non-
Hispanic white (henceforth, white) children compared with non-tlispanic black (henceforth, black)
children, and both groups were morce likely to be identified with ASD compared with Hispanic children.
Among the nine sites with sufficient data on intellectual ability. 31% of children with ASD were classitied
in the range of intellectual disability (intellhgence quonent [1(}] <70). 25% were m the borderline range (1Q
71-85), and 44% had 1} scores in the average to above average range (i.e.. 1Q >85). The distribution of
intellectual ability varied by sex and race/ethnicity. Although mention of developmental concerns by age
36 months was documented for 85% of children with ASD, only 42% had a comprehensive evaluation on
recerd by age 36 months. The median age of earliest known ASD diagnosis was 52 months and did not
difter significantly by sex or race/ethnicity. For the targeted comparison of DSM-IV-TR and DSM-5 results,
the number and characteristics of children meeting the newly operationalized DSM-5 case definition for
ASD were similar to those meeting the DSM-IV-TR case definition, with DSM-IV-TR case counts
cxeeeding DSM-5 counts by less than 5% and approximately 86% overlap between the two casce definitions
(kappa — 0.85).

Interpretation: Findings from the ADDM Network, on the basis of 2014 data reported from 11 sites,
provide updated pepulation-based estimates of the prevalence of ASD among children aged 8 vears in
multiple communities in the United States. Because the ADDM sites do not provide a representative sample
of the entire United States, the combined prevalence estimates presented in this report cannot be generalized
to all children aged 8 years in the United States. Consistent with reports from previous ADDM surveillance
years, findings from 2014 were marked by variation in ASD prevalence when stratified by geographic arca,
scx, and level of intellectual ability. Differences in prevalence estimates between black and white children
have diminished in most sites. but remained notable for Hispanic children. The new case definition for ASD
based on DSM-5 critenia resulted in a similar estimate of ASD prevalence.

Public Health Action: The latest findings from the ADDM Network provide evidence that the prevalence
of ASD is higher than previously reported estimates and continues to vary among certain racial/cthnic
groups and communitics. With prevalence of ASD ranging from 13.1 to 29.3 per 1,000 children aged 8
years in different communitiecs throughout the United States, the need for behavioral, cducational,
residential, and occupational services remains high, as does the need for increased research on both genetic
and nongenetic risk factors for ASD. Beginning with surveillance year 2016, the DSM-5 case definition
will serve as the basis for ADDM estimates of ASD prevalence as reported in biennial MMWR Surveillance
Summaries. The DSM-IV-TR case definition will be applied in a limited geographic area to offer additional
data for comparisen, although the DSM-TV-TR case definition will eventually be phased out. Future
analyses will exanitine trends in the continued use of DSM-IV-TR diagnoses such as Autistic Disorder,
PDD-NOS, and Asperger Disorder in health and education records, documentation of symptoms consistent
with DSM-5 terminology, and how these trends might influence estimates of ASD prevalence over time.

Introduction

Autism spectrum disorder {(ASD) is a develepmental disability defined by diagnostic criteria that include
deficits in social communication and social interaction, and the presence of restricted, repetitive patterns of
behavior, interests, or activitics that can persist throughout life (/). CDC began tracking the prevalence of
ASD and characteristics of children with ASD in the United States in 1998 (2,3). The first CDC study.
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which was based on an investigation in Brick Township, New Jersey {2), identificd similar characteristics
but higher prevalence of ASD compared with other studics of that era. The second CDC study, which was
conducted in metropolitan Atlanta, Georgia (3), identified a lower prevalence of ASD compared with the
Brick Township study but similar estimates compared with other prevalence studies of that era. In 2000,
CDC established the Autism and Developmental Disabilities Monitoring {ADDM} Network to collect data
that would provide estimates of the prevalence of ASD and other developmental disabilities in the United
States (4,3).

Tracking the prevalence of ASD poscs unique challenges because of the hetecrogencity in symptom
presentation. lack of biologic diagnostic markers, and changing diagnostic criteria (5). [nitial signs and
symptoms typically are apparent in the early developmental period; however. social deficits and behavioral
patterns might not be recognized as symptoms of ASD until a child is unable to meet social, educational,
occupational, or other important life stage demands (). Features of ASD might overlap with or be difficult
to distinguish from those ot other psychiatric disorders, as described extensively in DSM-5 (7). Although
standard diagnostic tools have been validated to inform clinicians’ impressions of ASD symiptomology,
inherent complexity of measurement appreaches and variation in ¢linical impressions and decision-making,
combined with policy changes that affect eligibility for health benefits and educational programs,
complicates identification of ASD as a behavioral health diagnosis or educational exceptionality. To reduce
the influence of these facters on prevalence estimates, the ADDM Network has consistently tracked ASD
by applying a survcillance case definition of ASD and using the same record-review methodology and
behaviorally defined case inclusion criteria since 2000 (5).

ADDM estimates of ASD prevalence among children aged 8 years in multiple U.S. communities have
increased from approximately one in 150 children during 2000 2002 to one in 68 during 2010 2012, more
than doubling during this period (6 /7). The observed increase in ASD prevalence substantiates a need for
continued surveillance using consistent metheds te monitor the changing prevalence of ASD and
characteristics of children with ASD in the population.

In addition to serving as a basis for ASD prevalence estimates, ADDM data have been used to describe
characteristics of children with ASD in the population, to study how these characteristics vary with ASD
prevalence estimates over time and among communities, and to monitot progress toward Healthy People
2020 objectives (12}, ADDM ASD prevalence estimates consistently estimated a ratic of approximately 4.5
male:]1 female with ASD from 2006 to 2012 (9 17). Other characteristics that have remained relatively
constant over time in the population of children identified with ASD by ADDM include the median age of
carlicst known ASD diagnosis, which remained close to 53 months during 2000-2012 (range: 50 months
[2012] to 56 menths [2002]), and the proportion of children receiving a comprehensive developmental
evaluation by age 3 years, which remained close to 43% during 20062012 (range: 43% [2006 and 2012]
to 46% [2008]).

ASD prevalence by race/ethnicity has been more varied over time among ADDM Network communities
(9-11). Although ASD prevalence estimates have historically been greater among white children compared
with black or Hispanic children (73}, ADDM-reported white:black and white:1lispanic prevalence ratios
have declined over time because of larger increascs in ASD prevalence among black children and, to an
even greater extent. among Hispanic children, as compared with the magnitude of increase in ASD
prevalence among white children (9). Previous reports from the ADDM Network estimated ASD
prevalence among white children to exceed that among black children by approximately 30% in 2002, 2006
and 2010, and by approximately 20% in 2008 and 2012. Estimated prevalence among white children
exceeded that among Hispanic children by nearly 70% in 2002 and 2006, and by approximately 50% in
2008, 2010, and 2012. ASD prevalence estimates from the ADDM Network also have varied by
socioeconomic status (SES). A consistent pattern observed in ADDM data has been higher identified ASD
prevalence among residents of neighberhoeds with higher socioeconomic status (SES). Although ASD
prevalence has increased over time at all levels of SES, the absolute difference in prevalence between high,
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middle, and lower SES did not change between 2002 and 2010 (14,75). In the context of declining
white:black and whitc:tHispanic prevalence ratios amidst consistent SES patterns, a complex three-way
interaction among time, SES, and racc/cthnicity has been proposcd (16).

Finally, ADDM Network data have shown a shift toward children with ASD with higher intellectual
ability (9,14, 1 1. as the proportion of children with ASD whose intelligence quotient (IQ) scores fell within
the range of intellectual disability (ID) (i.e., IQ) <70} has decreased gradually over time. During 2000 2002,
approximately half of children with ASD had 1Q scores in the range of [D; during 2006-2008 this
proportion was closer to 40%, and during 2010-2012 less than one third of children with ASD had 1Q <70
(9,10,11). This trend was more pronounced for females as compared with malces (9). The proportion of
males with ASD and [D declined from approximately 40% during 2000-2008 (9) to 30% during 2010-2012
(10,11). The proportion of females with ASD and ID declined from approximately 60% during 2000-2002,
to 45% during 2006-2008, and to 35% during 2010-2012 (9,10,11).

All previously reported ASD prevalence estimates from the ADDM Network were based on a surveillance
casc definition aligned with DSM-IV-TR diagnostic criteria for Autistic Disorder; Pervasive
Developmental Disorder—Not Otherwise Specified (PDD-NOS, including atypical autism); or Asperger
Disorder. In the American Psychiatric Association’s 2013 publication of DSM-35, substantial changes were
made to the taxonomy and diagnostic criteria for autism {/,77). Taxonomy changed from Pervasive
Developmental Disorders. which included multiple diagnostic subtypes, to Autism Spectrum Disorder,
which no longer comprises distinct subtypes but represents one singular diagnostic category defined by
severity levels. Diagnostic criteria were refined by collapsing the DSM-IV-TR social and communication
domains into a single, combined demain for DSM-5. Persons who have ASD under DSM-5 diagnosed must
meet all three criteria under the social communicatien/interaction domain (i.e., deficits in social-emotional
reciprocity; deficits in nonverbal communicative behaviors and deficits in developing, understanding, and
maintaining relationships) and at least two of the four criteria under the restrictive/repetitive behavior
domain (i.c., repetitive speech or motor movements, insistenee on samencss, restricted interests, or unusual
responsc to sensory input). According to the DSM-5 Workgroup on Neurodevelopmental Disorders, the
need for new criteria for autism and related disorders was identified long before the Workgroup was
convened m 2007 (18).

Although the DSM-IV-TR criteria proved useful in identifying ASID) in children aged 5 8 vyears, they
performed less well when used in the diagnosis of toddlers and preschool-aged children, adolescents, and
young adults (/8). Further, the DSM-1V-TR eriteria were insufficicnt to accurately identify girls and women
with autism and lacked the cultural sensitivity nceded to identify cascs in cthnic or racial minoritics ({8).
The DSM-5 changes introduced a more focused framework compared with that of DSM-1V-TR; howcever,
DSM-5 states that any person with an established DSM-1V-TR diagnosis of Autistic Disorder, Asperger
Disorder, or PDD-NOS would automatically qualify for a DSM-5 diagnosis of Autism Spectrum Disorder.
Previous studies suggest that DSM-5 cniteria for ASD might exclude certain children who would have
qualified for a DSM-IV-TR diagnosis but had not yet received one, particularly those who are very young
and those without 1D (79-23). These findings suggest that ASD prevalence estimates will likely be lower
under DSM-5 than they have been under DSM-TV-TR diagnostic criteria.

This report provides the latest available ASD prevalence estimates from the ADDM Network based on
both DSM-IV-TR and DSM-5 criteria and to assert the need for future monitoring of ASD prevalence trends
and efforts to improve early identification of ASD. The intended audiences for these findings include
pediatric health care providers, school psychologists, educators, researchers, policymakers, and program
administrators working to understand and address the needs of persons with ASD and their families. These
data can be used to help plan services, guide research into risk factors and eftective interventions, and
inform policies that promote improved outcomes in health and education settings.
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Methods

Study Sites

The Children's Health Act (4) authorized CDC to monitor prevalence of ASD in multiple arcas of the
United States, a charge which led to the formation of the ADDM Network in 2000. Since that time, CDC
has funded grantees in 16 states (Alabama, Arizona, Arkansas, Colorado, Florida, Maryland, Minnesota,
Missouri, New Jersey, North Carolina. Pennsylvania, South Carolina, Tennessee, Utah. West Virgima, and
Wisconsin). CDC tracks ASD in metropolitan Atlanta and represents the Georga site collaborating with
competitively funded sites to form the ADDM Network.

The ADDM Network uses multisite, multisource, records-based surveillance based on a model originally
implemented by CDC’s Metropolitan  Atlanta Developmental Disabilities Surveillance Program
(MADDSP) (24). As feasible, the surveillance methods have remained consistent over time. Certain minor
changes have been introduced to mmprove efficiency and data quality. Although a different array of
geographic areas was covered in each of the eight biennial ADDM Network surveillance years spanning
2000-2014, these changes have been documented to facilitate evaluation of their impact.

The core surveillance activities in all ADDM Network sites focus on children aged 8 years because the
bascline ASD prevalence study conducted by MADDSP suggested that this is the age of peak prevalence
(3). ADDM has multiple goals: 1) to provide descriptive data on classification and functioning of the
population of children with ASD; 2) to momtor the prevalence of ASD in different areas of the United
States; and 3) to understand the impact of ASD in U.S. communities.

Funding for ADDM Network sites participating in the 2014 surveillance year was awarded for a 4-ycar
cycle covering 2015-2018, during which time data arc collected for children aged 8 years during the 2014
and 2016. Sites were selected through a competitive objective review process on the basis of their ability
to conduct active, records-based surveillance of ASD; they were not selected to be a nationally
representative sample. A total of 11 sites are included in the current report (Arizona, Arkansas. Colorado,
Georgia, Maryland, Minnesota. Missouri, New Jersey, North Carolina, Tennessee, and Wisconsin). Lach
ADDM site participating in the 2014 surveillance year functioned as a public health authority under the
Health Tnsurance Portability and Accountability Act of 1996 Privacy Rule and met applicable local
Institutional Review Board and privacy and confidentiality requirements under 45 CFR 46 (25).

Case Ascertainment

ADDM is an active surveillance system that does not depend on family or practitioner reporting of an
existng ASD diagnosis or classification to determine ASD case status. ADDM staff conduct surveillance
to deterniine case status in a two-phase process. The first phase of ADDM involves review and abstraction
of children’s evaluation records from data sources in the community. In the second phase, all abstracted
evaluations for each child are compiled in chronological order into a comprehensive record that is reviewed
by one or more experienced clinicians te determine the child’s ASD) case status. Developmental assessments
completed by a wide range of health and education providers are reviewed. Data sources are categorized as
either 1) education source type, including evaluations to determine eligibility for special education services
or 2) hcalth source type, including diagnostic and developmental assessments from psychclogists,
neurologists. developmental pediatricians, child psychiatrists, physical therapists, occupational therapists,
and speech/language pathologists. Agreements to aceess records arc made at the institutional level in the
form of contracts, memoranda, or other formal agreements.

All ADDM Network sites have agreements in place to access records at health sources; however, despite
the otherwise standardized approach. not all sites have permission to access education records. One ADDM
site (Missouri) has not been granted access to records at any cducation sources. Among the remaining sitcs,
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some receive permission from their statewide Department of Education to access children’s cducational
records, whereas other sites must negotiate permission from numerous individual school districts to access
cducational records. Six sites (Arizona, Georgia, Maryland, Minncsota, New Jersey, and North Carolina)
reviewed education records for all school districts in their covered surveillance areas. Three ADDM sites
(Colorado, Tennessee, and Wisconsin) received permission to review education records in only certain
school districts within the overall geographic area covered for 2014. In Tennessee, permission to access
education records was granted from 13 of 14 school districts in the 11-county surveillance area, representing
88% of the total population of children aged 8 years. Conversely, access to education records was limited
to a small proportion of the population in the overall geographic area covered by two sites (33% in Colorado
and 26% in Wisconsin). In the Colorade school districts where access to education recerds is permitted for
ADDM, parents are directly notified about the ADDM system and can request that their children’s
education records be excluded. The Arkansas ADDM site received permission from their state Department
of Education to access children’s educational records statewide; however, time and travel constraints
prevented investigators from visiting all 250 school districts in the 75-county surveillance area, resulting in
access to cducation records for 69% of the statewide population of children aged 8 years. The two sites with
access to education records throughout most, but not all, of the surveillance area {Arkansas and Tennessee)
received data from their state Department of Education to evaluate the potential impact on reported ASD
prevalence estimates attributed to missing records.

Within cach cducation and health data source, ADDM sites identify records to review based on a child’s
year of birth and onc or more 1) scleet cligibility classifications for special education or 2) fnternationa!
Classification of Diseuses, Ninth Revision (ICD-9) billing codes for sclect childhood disabilities or
psvchological conditions. Children’s records are first reviewed to confirm year of birth and residency n the
surveillance area at some time during the surveillance year. For children meeting these requirements, the
records are then reviewed for certain behavioral or diagnostic descriptions defined by ADDM as triggers
for abstraction {e.g., child does not initiate interactions with others, prefers to play alone or engage in
solitary activities, or has received a documented ASD diagnosis). If abstraction triggers are found,
evaluation informatien from birth through the current surveillance year from all available sources is
abstracted into a single composite record for each child.

In the second phase of surveillance. the abstracted composite evaluation files are deidentified and
reviewed systematically by experienced clinicians who have undergone standardized training to determine
ASD case status using a coding scheme based on the DSM-IV-TR guidelines. A child meets the surveillance
case definition for ASD if behaviors described in the composite record are consistent with the DSM-IV-TR
diagnostic criteria for any of the following conditions: autistic disorder, PDD-NOS (including atypical
autism}, or Asperger disorder.

Although new diagnostic criteria became available in 2013, the children under surveillance in 2014 would
have grown up primarily under the DSM-IV-TR definitions for ASD, which are prioritized m this report.
The 2014 surveillance year is the first to operationalize an ASD case definition based on DSM-5 diagnostic
criteria, in addition to that based on DSM-IV-TR. Because of delays in developing information technology
systems to manage data collected under this new case definition, the surveillance area for DSM-5 was
reduced by 19% in an effort to include complete estimates for both DSM-IV-TR and DSM-5 in this report.
Phase | record review and abstraction was the same for DSM-IV-TR and DSM-5; however, a coding
scheme based on the DSM-5 definition of ASD was developed for Phase 2 of the ADDM methodology
(i.c., systematic review by cxpericnced clinicians) (26). The new coding scheme was developed through a
collaborative process and includes reliability measures, although no validation metrics have been published
for this new ADDM Network DSM-5 case definition. Behavioral and diagnostic components of the DSM-
IV-TR and DSM-5 ASD case definitions operationalized for ADDM surveillance are outlined (Boxes 1 and
2). In practice. DSM-5 criteria automatically include children with an established DSM-1V-TR diagnosis
of ASD, thus, the ADDM coding scheme similarly accommodated those with a previous DSM-IV-TR

15t Proof for Co-Author Review: DO NOT DISTRIBUTE



1% Proof for Co-Author Review: DO NOT DISTRIBUTE 7

diagnosis in the DSM-5 case definition, regardless of whether documented symptoms independently met
cither the DSM-1V-TR or DSM-5 diagnostic criteria. The coding scheme allowed differentiation of children
whe met DSM-5 criteria on the basis of behavioral characteristics from these who met DSM-5 criteria
solely through a previous DSM-IV-TR diagnosis.

Quality Assurance

All sites follow the quality assurance standards established by the ADDM Network. In the first phase, the
accuracy of record review and abstraction is checked periodically. In the second phase, interrater reliability
is monitored on an ongeing basis using a blinded, random 10% sample of abstracted records that arc scored
independently by two reviewers (3). For 2014, interrater agrecment on case status (confirmed ASD versus
not ASD) was 89.1% when comparisen samples from all sites were combined (k = 0.77). which was slightly
below quality assurance standards established for the ADDM Network {90% agreement. 0.80 kappa). On
DSM-5 reviews, mterrater agreement on case status (confirmed ASD versus not ASD) was 92.3% when
comparison samples from all sites were combined (k = (.84). Thus, for the DSM-5 surveillance definition,
reliability exceeded quality assurance standards established for the ADDM Network.

Descriptive Characteristics and Data Sources

Each ADDM site attcmpted to obtain birth certificate data for all children abstracted during Phase 1
through linkages conducted using state vital records. These data were only available for children born in
the state where the ADDM site 1s located. The race/ethnicity of each child was determined from information
contained in seurce records or, 1f not found 1 the source file, from birth certificate data on ene or both
parents. Children with race coded as “other”™ or “multiracial” were considered to be missing race
information for all analyses that were stratified by race/ethnicity. For this report, data on timing of the first
comprehensive evaluation on record were restricted to children with ASD who were born in the state where
the ADDM site is located, as confirmed by linkage to birth certificate records. Data were restricted in this
manner to reduce errers in the estimate that were introduced by children for whom evaluation records were
incomplete because they were born out of state and migrated into the surveillance area between the time of
birth and the year when they reached age 8 years.

Information on children’s functional skills is abstracted fron1 source records when available, including
scores on tests of adaptive behavior and intellectual ability. Because no standardized, validated measures
of functioning specific to ASD have been widely adopted in clinical practice and because adaptive behavior
rating scales are not sufficiently available in health and education records of children with ASD, scores of
intellectual ability have remained the primary source of information on children’s functional skills. Children
are classified as having 1D if they have an 1Q score of <70 on their most recent test available in the record.
Borderline intellectual ability is defined as having an [Q score of 71-85, and average or above-average
intellectual ability is defined as having an 1Q score of =85. [n the absence of a specific 1Q score, an
cxaminer’s statement based on a formal assessment of the child’s intellectual ability, if available, is used to
classify the child in one of these three levels.

Diagnostic conclusions from each evaluation record are summarized for each child, including notation of
any ASD diagnosis by subtype, when available. Children are considered to have a previously documented
ASD classification if they reccived a diagnosis of autistic disorder, PDD-NOS, Asperger disorder. or ASD
that was documented in an abstracted evaluation or by an 1CD-9 billing code at any time from birth through
the year when they rcached age 8 years, or if they were noted as mecting cligibility eriteria for special
education services under the classification of autism or ASD.

Analytic Methods

Population denominators for calculating ASD prevalence estimates were obtained from the National
Center for Health Statistics Vintage 2016 Bridged-Race Postcensal Population Estimates (27). CDC’s
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National Vital Statistics System provides estimated population counts by state, county, single year of age,
race, cthnic origin, and scx. Population denominators for the 2014 surveillance year were compiled from
posteensal estimates of the number of children aged 8 years living in the countics under surveillance by
each ADDM site (Table 1).

In two sites {Arizona and Minnesota), geographic boundaries were defined by constituent scheol districts
included in the surveillance area. The number ef children living in cutlying school districts were subtracted
from the county-level census denominators using school cnrollment data from the U.S. Department of
Education's National Center for Education Statistics (28). Enrollment counts of students in third grade
during the 2014-15 school year differed from the CDC bridged-race population cstimates, attributable
primarily to children being enrolled out of the customary grade for their age or in charter schools, home
schools, or private schools. Because these differences varied by race and sex within the applicable counties,
race- and sex-specific adjustments based on enrollment counts were applied to the CDC population
estimates to derive school district-specific denominators for Arizona and Minnesota.

Race- or ethnicity-specific prevalence estimates were calculated for four groups: white, black, Hispanic
(rcgardless of race), and Asian/Pacific Islander. Prevalence results are reported as the total number of
children meeting the ASD case definition per 1,000 children aged 8 years in the population in each
racefethnicity group. ASD prevalence also was estimated separately for boys and girls and within each level
of intellectual ability. Overall prevalence estimates include all children identified with ASD regardless of
sex, race/ethnicity, or level of intellectual ability and thus are not affected by the availability of data on
these characteristics.

Statistical tests were sclected and confidence intervals (Cls) for prevalence cstimates were calculated
under the assumption that the observed counts of children identified with ASD were obtained from an
underlying Poisson distribution. Pearson chi-square tests were performed, and prevalence ratios and
percentage differences were calculated to compare prevalence estimates from different strata. Pearson chi-
square tests were also performed for testing significance in comparisons of proportions, and Mantel-
Haenszel commen odds ratio (OR) estimates were calculated to further describe these comparisons. In an
effort to reduce the effect of outliers, distribution medians were typically presented, although one-way
ANOVA was used to test significance when comparing arithmetic means of these distributions.
Significance was set at p<0.05. Results for all sites combined were based on pooled numerator and
dencminator data from all sites, in total and stratified by race/ethnicity, sex, and level of intellectual ability.

Sensitivity Analysis Methods

Certamn education and health records were nussing for certain children, including records that could not
be located for review, those affected by the passive consent process unique to the Colerado site, and those
archived and deemed too costly to retrieve. A sensitivity analysis of the effect of these missing records on
case ascertainment was conducted, All children initially identified for record review were first stratified by
two factors closely asseciated with final case status: information source (health source type only. education
scurce type only. or beth source types) and the presence or absence of either an autism special education
eligibility or an ICD-9-CM code for ASD, collectively forming six strata. The potential number of cases
not identificd because of missing records was estimated under the assumption that within cach of the six
strata, the proportion of children confirmed as ASD surveillance cases among those with missing records
would be similar to the proportion of cases among children with no missing records. Within cach stratum,
the proportion of children with no missing records who were confirmed as having ASD was applied to the
number of children with missing records to estimate the number of missed cases, and the estimates from all
six strata were added to calculate the total for each site. This sensitivity analysis was conducted solely to
investigate the potential impact of missing records on the presented estimates. The estimates presented in
this report do not reflect this adjustment or any of the other assessments of the potential effects of
assumptions underlying the approach.
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All ADDM sites identified records for review from health sources by conducting record scarches that
were based on a common list of 1CD-9 billing codes. Because scveral sites were conducting surveillance
for other developmental disabilities in addition to ASD (i.c., one or more of the following: cercbral palsy.
ID, hearing loss, and vision impairment}), they reviewed records based on an expanded list of ICD-9 codes.
The Colorado site also requested code 781.3 (lack of coordination), which was identified in that community
as a commonly used billing code for children with ASD. The proportion of children meeting the ASD
surveillance case definition whose records were obtained solely on the basis of those additional codes was
calculated to evaluate the potential impact on ASD prevalence,

Results

A total of 325,483 children aged 8 years was covered by the 11 ADDM sites that provided data for the
2014 surveillance year (Table 1). This number represented 8% of the total U.S. population of children aged
g vears in 2014 (4,119,668) (/9). A total of 53,120 records for 42,644 children were reviewed from health
and education sources. Of these, the source records of 10,886 children met the criteria for abstraction, which
was 25.5% of the total number of children whose source records were revicwed and 3.3% of the population
under surveillance. Of the records reviewed by clinicians, 5,473 children met the ASD survceillance case
definition. The number of evaluations abstracted for cach child who was ultimately identificd with ASD
varied by site (median: five; range: three [ Arizona, Minnesota, Missouri, and Tennessee] to 10 [Maryland]).

Overall ASD Prevalence Estimates

Overall ASD prevalence for the ADDM 2014 surveillance year varied widely among sites (range: 13.1
[Arkansas] to 29.3 [Ncew Jersey]) (Table 2). On the basis of combined data from all 11 sites. ASD
prevalence was 16.8 per 1,000 (onc in 59) children aged 8 years. Overall estimated prevalence of ASD was
highest in New Jersey (29.3), Minncsota (24.0), and Maryland {20.0). Five sites reported prevalence
estimates in the range of 13.1 to 14.1 per 1.000 {Arizona. Arkansas, Colorado, Missouri, and Wisconsin),
and three sites reported prevalence estimates ranging from 15.5 to 17.4 per 1,000 {Georgia. North Carolina,
and Tennessee).

Prevalence by Sex and Race/Ethnicity

When data from all 11 ADDM sites are combined, ASD prevalence was 26.6 per 1,000 boys and 6.6 per
1,000 girls (prevalence ratio: 4.0). ASD prevalence was significantly (p<0.01) higher among boys than
among girls in all 11 ADDM sites (Table 2), with male-to-female prevalence ratios ranging from 3.2
(Arizona) to 4.9 {Georgia). Estimated ASD prevalence also varied by race and ethnicity (Table 3). When
data from all sites were combined. the estimated prevalence among white children (17.2 per 1,000} was 7%
greater than that among black children (16.0 per 1,000) and 22% greater than that among Hispanic children
(14.0 per 1,000). In nine sites, the estimated prevalence of ASD was higher among white children than
black children. The white-to-black ASD prevalence ratios were statistically significant in three sites
{ Arkansas, Missouri, and Wisconsin), and the white-to-Hispanic prevalence ratios were significant in seven
sites. In nine sites, the estimated prevalence of ASID) was higher among black children than that among
Hispanic children. The black-to-Hispanic prevalence ratic was significant in three of these nine sites. In
New Jerscy, there was almost no difference in ASD prevalence estimates among white, black, and Hispanic
children. Estimates for Asian/Pacific [slander children ranged from 7.9 per 1,000 {Colorado) to 19.2 per
1,000 (New Jersey} with notably wide Cls.

Intellectual Ability

Data cn intellectual ability are reperted only for nine sites {Arizona, Arkansas, Colorado, Georgia,
Marvland, Minnesota, New Jersey, North Carolina, and Tennessee) having information available for at least
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70% of children who met the ASD casc definition (range: 70.8% [Tenncessee] to 89.2% [North Carolinal).
The median age of children’s most recent [Q tests, on which the following results arc based, was 73 months
(6 years, 1 month). Data from these nine sites yiclded accompanying data on intcllectual ability for 3,714
(80.3%) of 4,623 children with ASD. This proportion did not differ by sex or race/ethnicity in any of the
nine sites or when combining data from all nine sites. Among these 3.714 children. 31% were classified in
the range of 1D (1Q <70}, 25% were in the borderline range (1Q} 71-85). and 44% had Q) >85. The proportion
of children classitied in the range of [D ranged from 26.7% in Arizona to 39.4% in Tennessee.

Among children identified with ASD, the distribution by intellectual ability varied by sex, with girls more
likely than boys to have 1Q <70, and boys more likely than girls to have [Q =85 (Figure 1). In these nine
sites combined, 251 (36.3%) of 691 girls with ASD had I} scores or examiners” statements indicating 1D
compared with 891 (29.5%) of 3,023 males (odds ratio [OR] = 1.4; p<0.01), though among individual sites
this proportion differed significantly m only one (Georgia, OR = 1.6; p<0.05). The proportion of children
with ASD with borderline intellectual ability (1Q 71-85) did not differ by sex, whereas a significantly higher
proportion of males (45%) compared with females {(40%) had 1Q =85 {i.e., average or above average
intellectual ability) (OR = 1.2; p<0.05).

The distribution of intellectual ability also varied by race/ethnicity. Approximately 44% of black children
with ASD were classified in the range of ID compared with 35% of Hispanic children and 22% of white
children (Figure 2). The proportion of blacks and whites with [D differed significantly in all nine sites and
when combining their data (OR = 2.9; p<0..01). The proportion of Hispanics and whites with [D differed
significantly when combining data from all nine sites (OR = 1.9; p<0.01), and among individual sites it
reached significance (p<0.05) in six of the nine sites, with the three exceptions being Arkansas {OR = 1.8,
p = 0.09), North Carclina (OR = L.B, p = 0.07) and Tennessee (OR = 2.1, p = (.10}. The proportion of
children with borderline intellectual ability (IQ = 71 85) did not differ by race/ethnicity in any of these
nine sites or when combining their data; however, when combining data from these nine sites the proportion
of white children (56%) with [Q >85 was significantly higher than the proportion of black (27%, OR — 3.4;
p=<0.01) or Hispanic (36%, OR — 2.2; p<0.01) children with 1Q>85.

First Comprehensive Evaluation

Among children with ASD who were born in the same state as the ADDM site (n = 4,147 of 5473
confirmed cases)., 42% had a comprehensive evaluation on record by age 36 months (range: 30% [Arkansas]
to 66% [North Carolina]) (Table 4). Approximately 39% of these 4.147 children did not have a
comprehensive cvaluation on record until after age 48 months; however, mention of developmental
concerns by age 36 months was documented for 85% (range: 61% [Tennessee] to 94% [Arizonal).

Previously Documented ASD Classification

Of the 5.473 children meeting the ADDM ASD surveillance case definition, 4.379 (80%) had either
eligibility for autism special education services or a DSM-IV, DSM-5 or ICD-9 autism diagnosis
documented in their records (range among 11 sites: 58% [Colorade] to 92% [Missouri]). Combining data
from all 11 sites, 81% of boys had a previcous ASD classification on record, compared with 75% of girls
(OR — 1.4; p<0.01}. When stratified by race/cthnicity, 80% of white children had a previously documented
ASD classification, compared with nearly 83% of black children (OR — 0.9; p—0.09) and 76% of Hlispanic
children (OR = 1.3; p<0.01); a sigmficant difference was also found when comparing the proportion of
black children with a previous ASD classification to that among Hispanic children (OR = 1.5; p<0.01).

The median age of earliest known ASD diagnosis documented in children’s records (Table 5) varied by
diagnostic subtype (autistic disorder: 46 months; ASD/PDD: 56 months; Asperger disorder: 67 months).

Within thesc subtypes, the median age of carliest known diagnosis did not differ by sex, nor did any
difference cxist in the proportion of boys and girls who initially received a diagnosis of autistic disorder
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(48%), ASD/PDD (46%), or Asperger disorder (6%). The median age of carlicst known diagnosis and
distribution of subtypes did vary by sitc. The median age of carliest known ASD diagnosis for all subtypes
combincd was 52 months, ranging from 40 months in North Carolina to 59 months in Arkansas.

Special Education Eligibility

Sites with access to education recerds collected information approximately the most recent eligibility
categories under which children received special education services (Table 6). Among children with ASD
who were receiving special cducation services in public schocls during 2014, the proportion of children
with a primary cligibility category of autism ranged from 40% in Wisconsin to 74% in North Carolina.
Most other sites noted approximately half of children with ASD having autism listed as their most recent
primary special education eligibility category, the exceptions being Colorado (43%) and New Jersey (48%).
(ther common special education eligibilities included health or physical disability, speech and language
impairment, specific learning disability, and a general developmental delay category that 1s used until age
9 years in many U.S. states. All ADDM sites reported <10% of children with ASD receiving special
education services under a primary eligibility category of ID.

Sensitivity Analyses of Missing Records and Expanded ICD-9 Codes

A stratified analysis of records that could not be located for review was completed to assess the degree
to which missing data might have potentially reduced prevalence estimates as reported by individual
ADDM sites. Had all children’s records identified in Phase | been located and reviewed, prevalence
estimates would potentially have been <1% higher in four sites (Arizona, Georgia, Minnesota, and
Wisconsin), between 1% to 5% higher in five sites {Arkansas, Colorado, Missouri, New Jersey, and North
Caroclina), approximately 8% higher in Maryland, and nearly 20% higher in Tennessee, where investigators
did net obtain permission to review children’s records in one of the 14 school districts comprising the 11-
county surveillance area.

The impact on prevalence estimates of reviewing records based on an expanded list of ICD-9 codes varied
from site to site. Colorado, Georgia, and Missouri were the only three sites that identified more than 1% of
ASD surveillance cases partially or solely on the basis of the expanded code list. In Missouri, less than 2%
of children identified with ASD had seme of their records located on the basis of the expanded code list,
and none were identified exclusively from these codes. In Colorade, approximately 2% of ASD surveillance
cases had seme abstracted records identified on the basis of the expanded code list, and 4% had records
found exclusively from the expanded cedes. In Georgia, where ICD-9 codes were requested for surveillance
of five distinct conditions (autism, cerebral palsy, 1D, hearing loss, and vision impairment), approximately
10% of children identified with ASD had some of their records located on the basis of the expanded code
list, and less than 1% were identificd exclusively from these codes.

Comparison of Case Counts from DSM-IV-TR and DSM-5 Case Definitions

The DSM-5 analysis was coempleted for part of the overall ADDM 2014 surveillance area (Table 7),
representing a total population of 263,775 children aged 8 years. This was 81% of the population on which
DSM-IV-TR prevalence estimates were reported. Within this population, a total of 4,920 children were
confirmed to mcet the ADDM Network ASD case definition for cither DSM-IV-TR or DSM-5. Of these
children, 4,236 (86%) mct both case definitions, 422 (9%) met only the DSM-1V-TR criteria, and 262 (5%)
met only the DSM-5 criteria {Table 8). This yielded a DSM-IV:DSM-5 prevalence ratio of 1.04 in this
population. indicating that ASD prevalence was approximately 4% higher based on the historical DSM-1V-
TR case definition compared with the new DSM-5 case definition. In six of the |1 ADDM sites, DSM-5
case counts were within approximately 5% of DSM-IV-TR counts {range: 5% lower [Tennessee] to 5%
higher [Arkansas]), whereas DSM-5 case counts were more than 5% lower than DSM-IV-TR counts in
Minnesota and North Carolina (6%), New Jersey (10%), and Colorado (14%). Kappa statistics indicated
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strong agreement between DSM-IV-TR and DSM-5 case status among children abstracted in phase | of the
study who were revicwed in phase 2 for both DSM-1V-TR and DSM-5 (kappa for all sites combinced: 0.85,
range: .72 [Tennessee] to 0.93 [North Carolinal).

Stratitied analysis of DEM-IV:DEM-5 ratios were very similar compared with the overall sample (Table
9). DSM-5 estimates were approximately 3% lower than DSM-TV-TR counts for males, and approximately
6% lower for females (kappa = (.85 for both). Case counts were approximately 3% lower among white and
black children on DSM-5 compared with DSM-1V. 5% lowcer among Asian children, and 8% lower among
Hispanic children. Children who reeeived a comprehensive cvaluation by age 36 months were 7% less
likely to meet DSM-5 than DSM-1V, whercas thosc cvaluated by age 4 years were 6% less likely to meet
DSM-5, and those initially evaluated after age 4 vears were just as likely to meet DSM-5 as DSM-IV.
Children with documentation of eligibility for autism special education services, and those with a
documented diagnosis of ASD by age 3 vears, were 2% more likely to meet DSM-5 than DSM-IV. Slightly
over 3% of children whose earliest ASD diagnosis was Autistic Disorder met DSM-5 criteria but not DSM-
IV, compared with slightly under 3% of these whose earliest diagnosis was PDD-NOS/ASD-NOS and 5%
of those whose earliest diagnosis was Asperger Disorder. Children with no previous ASD classification
(diagnosis or eligibility) were 47% less likely to meet DSM-5 than DSM-TV-TR. Combining data from all
11 sites, children with [Q scores in the range of 1D were 3% less likely to meet DSM-5 criteria compared
with DSM-IV-TR (kappa = (.89}, those with [Q scores in the borderline range were 6% less likely to meet
DSM-5 than DSM-1V-TR (kappa — 0.88), and children with average or above average intellectual ability
were 4% less likely to meet DSM-5 criteria compared with DSM-IV-TR (kappa — 0.86).

Discussion

Changes in Estimated Prevalence

The overall ASD prevalence estimate of 16.8 per 1,000 children aged 8 years in 2014 15 higher than
previously reported estimates from the ADDM Network. An ASD case defimition based on DSM-IV-TR
criteria was used during the entire period of ADDM surveillance during 2000-20314, as were comparable
study operations and procedures, although the geographic areas under surveillance have varied over tinte.
During this period, ADDM ASD prevalence estimates increased from 6.7 to 16.8 per 1,000 children aged
8§ years, an increase of approximately 150%.

Among the six ADDM sites completing both the 2012 and 2014 studies for the same geographic area. all
six showed an increase in ASD prevalence estimates during 2012-2014, with a nearly 0% prevalence
increase m Georgia and Maryland, 19% in New Jersey. 23% in Missouri, 29% in Colorado, and 31% in
Wisconsin, The ASD prevalence estimate from New Jersey continues to be one of the highest reported by
a population-based surveillance system. The two sites with the greatest relative increase in prevalence are
remarkable in that both gained access to children’s education records in additional geographic areas for
2014. Colorado was granted access to review children’s education records in one additional county for the
2014 surveillance year (representing nearly 20% of the population aged & vears within the overall Colorado
surveillance area), and Wisconsin was granted access to review education records in parts of two of the 10
countics comprising their 2014 surveillance arca. Although this represented only 26% of the population
aged &8 years within the overall Wisconsin surveillance arca, 2014 marked the first time Wisconsin has
included education data sources. Comparisons with carliecr ADDM Network surveillance results should be
interpreted cautiously because of changing composition of sites and geographic coverage over time. For
example, three ADDM Network sites completing both the 2012 and 2014 surveillance years (Arizona,
Arkansas, and North Carolina) covered a different geographic area each vear, and two new sites (Minnesota
and Tennessee) were awarded funding to monitor ASD in collaberation with the ADDM Network.
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Certain characteristics of children with ASD were similar in 2014 compared with carlier surveillance
years. The median age of carlicst known ASD diagnosis remained close to 53 months in previous
surveillance years and was 52 months in 2014. The proportion of children who received a comprehensive
developmental evaluation by age 3 vears was unchanged: 42% in 2014 and 43% during 2006-2012. There
were a number of differences m the characteristics of the population of children with ASD in 2014. The
male:female prevalence ratio decreased from 4.5:1 duning 2002-2012 to 4:1 in 2014, driven by a greater
relative increase in ASD prevalence among girls than among boys since 2012, Also, the decrease in the
ratios of white:black and white:Hispanic children with ASD continued a trend observed since 2002, Among
sites covering a population of at least 20,000 children aged 8 years, New Jersey reported no significant
race- or ethnicity-based difference in ASD prevalence, suggesting moere complete ascertainment among all
children regardless of race/ethnicity. Historically, ASD prevalence estimates from combined ADDM sites
have been approximately 20% 30% higher among white children as compared with black children. For
surveillance year 2014, the difference was only 7%, the lowest difference ever observed for the ADDM
Network. Likewise, prevalence among white children was almost 70% higher than that among Hispanic
children in 2002 and 2006, and approximately 50% higher in 2008, 2010, and 2012, whercas for 2014 the
difference was only 22%. Data from a previously reported comparison of ADDM Network ASD prevalence
estimates from 2002, 2006, and 2008 (9) suggested greater increases in ASD prevalence among black and
Hispanic children compared with those among white children. Reductions in disparities in ASD prevalence
for black and Hispanic children might be attributable, in part, to more effective outreach directed to minority
comimunities. Finally, the proportion of children with ASD and lower intellectual ability was similar in
2012 and 2014 at approximately 30% of males and 35% of females. These proportions were markedly lower
than these reported in previous surveillance years.

Variation in Prevalence Among ADDM Sites

Findings from the 2014 surveillance year indicate that prevalence estimates still vary widely among
ADDM Network sites, with the highest prevalence observed in New Jersey. Although five of the 11 ADDM
sites conducting the 2014 surveillance year reported prevalence estimates within a very close range (from
13.1 to 14.1 per 1,000 children), New Jersey’s prevalence estimate of 29.4 per 1,000 children was
significantly greater than that from any other site, and four sites (Georgia, Maryland, Minnesota, and North
Carclina) reported prevalence estimates that were significantly greater than those from any of the five sites
in the 13.1 14.1 per 1.000 range. Two of the sites with prevalence estimates of 20.0 per 1,000 or higher
(Maryland and Minnesota) conducted surveillance among a total population of <10.000 children aged 8
years. Concentrating survcillance efforts in smaller geographic arcas, cspecially thosc in close proximity to
diagnostic centers and those covering school districts with advanced staff training and programs to support
children with ASD, mught yield higher prevalence estimates compared with those from sites covering
populations of more than 20,000 8-year-olds. Those sites with limited or no access to education data sources
(Colorado, Missouri, and Wisconsin) had prevalence estimates near the lower range among all sites. In
addition to variation among sites in reported ASD prevalence, wide variation among sites is noted on the
characteristics of children identified with ASD, including the proportion of children who received a
comprehensive developmental evaluation by age 3 vears, the median age of earliest known ASD diagnosis,
and the distribution by intellectual ability. Some of this variation might be attributable te regional
difterences in diagnostic practices and other decumentation of autism symptoms, although previous reports
based on ADDM data have linked much of the variation to other extrinsic factors such as regional and
sociocconomic disparitics in access to services (/3,714).

Case Definitions

Agreement in the application of the DSM-IV-TR and DSM-5 case definitions was remarkably close,
overall and when stratified by sex. race/ethnicity, DSM-IV-TR diagnostic subtype or level of intellectual
ability. Overall, ASD prevalence estimates based on the new DSM-5 case definition were very similar in
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magnitude but slightly lower than those based on the historical DSM-IV-TR case definition. Three of the
11 ADDM sites had slightly higher case counts using the DSM-5 framework compared with the DSM-1V.
Colorado, where the DSM-1V-TR:DSM-5 ratic was highest compared with all other sites, was also the site
with the lowest proportion of DSM-1V-TR cases having a previous ASD classification. This suggests that
the diagnostic component of the DSM-5 case definition, whereby children with a documented DSM-1V-TR
diagnosis of ASD automatically qualify as DSM-5 cases regardless of social interaction/communication
and restricted/repetitive behavioral criteria, might have influenced DSM-5 results to a lesser degree in that
site, as a smaller proportion of DSM-TV-TR cases would meet DSM-5 case criteria based solely on the
presence of a documented DSM-IV-TR diagnosis. This element of the DSM-5 case definition will carry
less weight moving forward, as fewer children aged 8 vears in health and education settings will have had
ASD diagnosed under the DSM-IV-TR criteria. It is also possible that persons who conduct developmental
evaluations of children in health and education settings will increasingly describe behavioral characteristics
using language morc consistent with DSM-5 terminology, yielding more ASD cases based on the behavioral
component of ADDM’s DSM-5 case definition. Prevalence estimates based on the DSM-5 case definition
that incorporates an cxisting DSM-IV-TR diagnosis reflect the actual patterns of diagnosis and scrvices for
children in 2014, because children diagnosed under DSM-IV-TR did not lose their diagnosis when the
updated DSM-3 criteria were published. Using this approach, agreement in the application of the DSM-1V-
TR and DSM-5 case defmitions was remarkably close, overall and when stratified by sex. race/ethnicity,
DSM-IV-TR diagnostic subtype, or level of intellectual ability. In the future, prevalence estimates will align
more closely with the specific DSM-5 behavioral criteria, and might exclude sonie persons who would have
met DSM-IV-TR criteria for Autistic Disorder, PDD-NOS or Asperger Disorder, while at the same time
including persons who do not meet these criteria but who do meet the specitic DSM-5 behavioral criteria.

Comparison With National Prevalence Estimates

The ADDM Network 1s the only ASD surveillance system in the United States providing robust
prevalence estimates for specific areas of the country, including those tor subgroups defined by sex and
race/ethnicity, providing information about geographical variation that can be used to evaluate policies and
diagnostic practices that may aftect ASD prevalence. Tt is also the only comprehensive surveillance system
to incorperate ASD diagnostic criteria into the case definition rather than relying entirely on parent or
caregiver report of a previous ASD diagnosis, providing a unique contribution to the knowledge of ASD
epidemiology and the impact of changes in diagnostic criteria. Two surveys of children’s health, The
National llecalth [nterview Survey (NS} and the National Survey of Children’s Health (NSCI1), report
cstimates of ASD prevalence based on caregiver report of being told by a doctor or other health carc
provider that their child has ASD, and, for the NSCH, if their child was also reported to currently have
ASD. The most recent publication from NHIS indicated that 27.6 per 1,000 children aged 3—17 vears had
ASD in 2016, which did not differ significantly from estimates for 2015 or 2014 (24.1 and 22.4,
respectively) (29). An estimate of 20.0 per 1,000 children aged 6—17 vears was reported from the 201 1—
2012 NSCH (30). The study samples for the two phone surveys are substantially smaller than the ADDM
Network; however, they were intended to be nationally representative, whereas the ADDM Network
surveillance areas were selected through a competitive process and, although large and diverse, were not
intended to be nationally representative. Geographic differences in ASD prevalence have been observed in
both the ADDM Network and national surveys, as have differences in ASD prevalence by age (6 [1,29,30).

All three prevalence estimation systems (NHIS, NSCH, and ADDM) are subject to regional and policy-
driven differences in the availability and utilization of evaluation and diagnostic services for children with
developmental concerns. Phone surveys are likely more sensitive in identifying children who received a
preliminary or cenfirmed diagnosis of ASD but are not receiving services (i.€.. special education services).
The ADDM Network method based on analysis of information contained in existing health and education
records enables the collection of detailed. case-specific information reflecting children’s behavioral,

15t Proof for Co-Author Review: DO NOT DISTRIBUTE



1** Proof for Co-Author Review: DO NOT DISTRIBUTE 15

developmental and functional characteristics, which arc not available from the national phone surveys. This
detailed casc level information might provide insight inte temporal changes in the cxpression of ASD
phenotypes, and offers the ability to account for differences based on changing diagnostic criteria.

Limitations

The findings in this report are subject to several lirmtations. First, ADDM Network sites were not selected
to represent the United States as a whole, nor were the geographic areas within each ADDM site selected
to represent that state as a whole (with the exception of Arkansas. where ASD is monitored statewide).
Although a combined estimate is reported for the Network as a whole to inform stakeholders and interpret
the findings from individual surveillance years in a more general context, data reported by the ADDM
Network should not be interpreted to represent a national estimate of the number and characteristics of
children with ASD. Rather, it is more prudent to examine the wide variation among sites, between specific
groups within sites, and across time in the number and characteristics of children identified with ASD, and
to use these findings to inform public health strategies aimed at removing barriers to identification and
treatment, and climinating disparitics among sociocconomic and racial/cthnic groups. Data from individual
sites provide cven greater utility for developing local policies in thosc states.

Second, it is important to acknowledge limitations of information available in children’s health and
education records when considering data on the characteristics of children with ASD. Age of earliest known
ASD diagnosis was obtained frem descriptions in children’s developmental evaluations that were available
in the health and educaticen facilities where ADDM staff had access to review records. Some children might
have had carlier diagnoscs that were not recorded in these records. Likewisc, it is possible that some
descriptions of historical diagnoses (i.c., those not made by the cvaluating examiner) could be subjeet to
recall crror by a parent or provider who described the historical diagnosis to that cxaminer. Another
characteristic featured promimently m this report, intellectual ability, is subject to measurement limitations.
[Q) test results should be interpreted cautiously because of myriad factors that impact performance on these
tests, particularly language and attention deficits that are common among children with ASD, especially
when testing was conducted before age 6 years. Because children were not examined directly nor
systematically by ADDM staft as part of this study, descriptions of their characteristics should not be
interpreted to serve as the basis for evaluating policy changes, treatments, or interventions.

Third, because comparisons with the results from earlier ADDM surveillance years were not restricted to
a common geographic area, inferences about the changing number and characteristics of children with ASD
over time should be made with caution. Findings for each umque ADDM birth cohort are very informative,
and although study methods and geographic areas of coverage have remained generally consistent over
time, temporal comparisons are subject to multiple sources of bias and should not be misinterpreted as
representing precise measures that control for all sources of bias. Additional limitations to the records-based
surveillance methodology have been described extensively in previcus ADDM and MADDSP reports (3,6
1.

Future Surveillance Directions

Data collection for the 2016 surveillance vear began in early 2017 and will continue through mid-2019.
Beginning with surveillance yecar 2016, the DSM-5 casc definition for ASD will scrve as the basis for
prevalence estimates. The DSM-IV-TR case definition will be applied in a limited geographic arca to offer
additional data for comparison, although the DSM-1V-TR casc definition will eventually be phased out.

When the ADDM methodelogy was originally developed, estimating ASD prevalence among children
aged 8 vears was determined to represent the peak prevalence, based on estimates for multiple ages in
metropolitan Atlanta in 1996 (3). Estimating prevalence among children aged & years requires quality data
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from both health and cducational agencies and likely captures most children whose adaptive performance
is impacted by ASD. llowever, because prevalence estimation takes considerable time and cffort, reporting
of estimates lags behind the surveillance year by 3—4 years. Thus, opportunities for policy or programmatic
enhancements to 1impact key health indicators also lag. Focusing on younger cohorts might allow earlier
assessment of systematic changes (e.g.. policies, msurance, and programs) that impact younger children,
rather than waiting until cohorts impacted by these changes reach age 8 years. Surveillance of ASD in older
populations is also important but might require different methodelogical approaches.

CDC's “Learn the Signs. Act Early” (LTSAE) campaign, launched in October 2004, aims to change
pereeptions among parcnts, health care professionals, and carly educators regarding the importance of carly
identification and treatment of autism and other developmental disorders (37). In 2007, the American
Academy of Pediatrics {AAP) recommended developmental screening specifically focused on social
development and ASD at age 18 and 24 months {32). Both efforts are in accordance with the Healthy Peaple
2020 (HP2020) goal that children with ASD are evaluated by age 36 months and begin receiving
comimunity-based support and services by age 48 months (/2). It is concerning that progress has not been
made toward the HP2020 goal of increasing the percentage of children with ASD whoe receive a first
evaluation by age 36 menths to 47%; however, the cehort of children monitored under the ADDM 2014
surveillance year (i.e., children bern in 2006) represents the first ADDM 8-vear-old cohort impacted by the
LTSAE campaign and the 2007 AAP recemmendations. The effect of these programs in lowering age at
cvaluation might become more apparent when subsequent birth cohorts are monitored. Further cxploration
of ADDM data, including those collected on cohorts of children aged 4 years (33), might inform how policy
initiatives such as screening recommendations and other social determinants of health impact the prevalence
of ASD and characteristics of children with ASD, including the age at which most children receive an ASD
diagnosis.

Conclusion

The latest findings from the ADDM Network provide evidence that the prevalence of ASD has increased
compared with previously reported ADDM estimates and continues to vary among certain racial/ethnic
groups and communities. The overall ASD prevalence estimate of 16.8 per 1,000 children aged § years in
2014 is higher than previous estimates from the ADDM Network. With prevalence of ASD reaching nearly
3% in some cemmunities and representing an increase of 150% since 2000, ASI) is an urgent public health
concern that could benefit from enhanced strategies to help identify ASD earlier; to determine possible risk
factors; and to address the growing behavioral, educational, residential and occupational needs of this
population.

Contrary to some predictions, the redefinition of ASD provided by the DSM-5 might have had a relatively
limited contribution to the overall ASD estimate provided by the ADDM Network. This might be a result
of the carryover effect of including all DSM-TIV-TR-diagnosed cases in the DSM-5 count. Over time, the
estimate might be influenced (dewnward) by a diminishing number of persons who meet the DSM-5
diagnostic criteria for ASD based solely on a previous DSM-IV-TR diagnosis, and influenced (upward) by
professionals aligning their clinical descriptions with the DSM-5 criteria. Although the prevalence of ASD
and characteristics of children identified by cach casc definitien were similar in 2014, the diagnostic
features defined under DSM-1V-TR and DSM-5 appear to be quite different. The ADDM Network will
continue to evaluate these similarities and differences in much greater depth. and will examine at least one
more cohort of children aged 8 vears to expand this comparison. Over time, the ADDM Network will be
well positioned to evaluate the effects of changing ASD diagnostic parameters on prevalence.

Acknowledgments

Data collection was guided by Lisa Martin, National Center on Birth Defects and Developmental Disabilities, CDC,
and coordinated at each site by Kristen Clancy Mancilla, University of Arizona, Tucson; Allison Hudson, University

15t Proof for Co-Author Review: DO NOT DISTRIBUTE



1** Proof for Co-Author Review: DO NOT DISTRIBUTE 17

ol Arkansas for Mcedical Sciences, Litlle Rock: Kelly Kast, MSPII, Leovi Madera, Colorado Department of Public
Health and Environment, Denver; Margaret Tusion, Ann Chang, Johns Ilopkins University, Ballimore, Maryland.
Libby Ilallas-Muchow, MS, Kristin [lamre, MS, Universily of Minnesota, Minneapolis: Rob Filzgerald, PhD,
Washington University in St. Louis, Missouri; Josephine Shenouda, MS, Rutgers University, Newark, New Jerscy:
Julic Rusyniak, Universily of North Carolina, Chapel I1ill; Alison Vehorn, MS, Vanderbilt University Medical Cenler,
Nashville, Tennessee; Pamela [mm, MS, University of Wisconsin, Madison; and Lisa Martin and Monica Diricnzo,
MS, Nalional Center on Birth Delects and Developmental Disabilities, CDC.

Data management/programming support was guided by Susan Williams, National Center on Birth Defects and
Developmental Disabilities, CDC; with additional oversight by Marion Jeffries, Eric Augustus, Maximus/Acentia,
Atlanta, Georgia, and was coordinated at each site by Scott Magee, University of Arkansas for Medical Sciences,
Little Rock: Marnee Dearman, University of Arizena, Tucson; Bill Verhees, Colorado Department of Public Health
and Environment, Denver; Michael Sellers, Johns Hopkins University, Baltimore, Maryland; John Westerman,
University of Minnesota, Minneapolis; Rob Fitzgerald, PhD, Washington University in St. Louis, Missouri; Paul
Zumoft. PhDD, Rutgers University, Newark, New Jersey: Deanna Caruso, University of North Carolina, Chapel Hill;
John Tapp, Vanderbilt University Medical Center, Nashville, Tennessee; Nina Boss, Chuck Goehler, University of
Wisconsin, Madison; and Marion Jeffries and Eric Augustus, Maximus/Acentia, Atlanta, Georgia.

Clinician review aclivitics were guided by Lisa Wiggins, PhD, Monica Dinenezo, MS, National Center on Birth Delects
and Developmental Disabilities, CDC. Formalive work on operationalizing clinician review coding {or the DSM-5
casc delinition was guided by Laura Carpenter, PhD, Medical University of South Carolina, Charleston; and Catherine
Rice, PhD, Emory Universily, Allanla, Georgia.

Additional assistance was provided by project staff including data abstractors, epidemiologists, and others. Ongoing
ADDM Network support was provided by Anita Washington, MPH, Bruce Heath, Tineka Yowe-Conley, National
Center on Birth Defects and Developmental Disabilities, CDC; Ann Ussery-Hall, National Center for Chronic Disease
Prevention and Health Promotion, CD}C.

References

1. American Psychiatric Association. Diagnostic and statistical manual of mental disorders. 5th ed.
Arlington, VA: American Psychiatric Association; 2013.

2, Bertrand I, Mars A, Boyle C, Bove F, Yeargin-Allsopp M, Decoutle P, Prevalence of autism in a
United States population: the Brick Township, New Jersey, investigation. Pediatrics
2001:108:1155-61. PubMed htips://doL.org/10.1542/peds.108.5.1155

3. Yeargin-Allsopp M. Rice C, Karapurkar T. Doernberg N, Boyle C. Murphy C. Prevalence of
autism in a US metropolitan area. JAMA 2003,289:49-55. PubMed
https://dei.org/10.1001/jama.289.1.49

4, Children’s Health Act of. 2000, H.R. 4365, 106th Congress (2000).
https://www.govtrack.us/congress/bill.xpd?bill=h106-4365.
5. Rice CE, Baio J, Van Naarden Braun K, Doemberg N, Mcaney FI, Kirby RS; ADDM Network.

A public health collaboration for the surveillance of autism spectrum disorders. Paediatr Perinat
Epidemiol 2007;21:179-90, PubMed https://doi.org/10.1111/1.1365-3016.2007.00801.x

6. Autism and Developmental Disabilities Monitoring Network Surveillance Year 20040 Principal
Investigators. Prevalence of autism spectrum disorders  Autism and Developmental Disabilities
Monitoring Network, six sites, United States, 2000. MMWR Surveill Summ 2007;56{No. §8-
1:1-11. PubMed

7. Autism and Developmental Disabilities Monitoring Network Surveillance Year 2002 Principal
Investigators. Prevalence of autism spectrum disorders  Autism and Developmental Disabilities
Monitoring Network, 14 sites, United States, 2002. MMWR Surveill Summ 2007;56(No. SS-
13:12-28, PubMed

15t Proof for Co-Author Review: DO NOT DISTRIBUTE



11

12.

14.

16.

17.

18.

20.

21.

1** Proof for Co-Author Review: DO NOT DISTRIBUTE 1%

Autism and Developmental Disabilities Monitoring Network Surveillance Year 2006 Principal
Investigators. Prevalence of autism spectrum disorders—Autism and Developmental Disabilitics
Monitoring Network, United States, 2006. MMWR Surveill Summ 2009;58(No. S8-10):1-20.
PubMed

Autism and Developmental Disabilities Monitoring Network Surveillance Year 2008 Principal
Investigators. Prevalence of autism spectrum disorders—Autism and Developmental Disabilitics
Monitoring Network, 14 sites. United States, 2008. MMWR Surveill Summ 2012;61(No. §§-
3):1-19. PubMed

Autism and Developmental Disabilities Monitoring Network Surveillance Year 2310 Principal
Investigators. Prevalence of autism spectrum disorder among children aged eight years Autism
and Developmental Disabilities Monitoring Network, 11 sites, United States, 2010. MMWR
Surveill Summ 2014;63(No. S§-2).

Christensen DL, Baio J, Van Naarden Braun K, et al. Prevalence and characteristics of autism
spectrum disorder among children aged eight years  Autism and Developmental Disabilities
Monitoring Network, 11 sites, United States, 2012. MMWR Surveill Summ 2016;63(No. SS-
3):1-23. PubMed https://doi.org/10.15585/mmwr.s56503al

US Department of Health and Human Services. Healthy people 2020. Washington, DC: US
Department of Health and Human Services; 2010, https://www healthypeople.gov

Jarquin VG, Wiggins LD, Schieve LA, Van Naarden-Braun K. Ragial disparities in community
identificaticn of autism spectrum disorders over time; Metropolitan Atlanta, Georgia, 2000 2006,
J Dev Behav Pediatr 2011:32:179-87. PubMed https://doi.org/10.1097/DBP.0Ob0 1 3e31820b4260

Durkin MS, Macnner MJ, Mecancy Fl, et al. Sociocconomic incquality in the prevalenee of autism
spectrum disorder: evidence from a U.S. cross-sectional study. PLoS One 2010;5:e11551.
PubMed https.//doi.org/10.1371/journal.pone.0011551

Durkin MS, Maenner MJ, Baio J, et al. Autism spectrum disorder among US children (2002—
2010): Sociocconemic, racial, and cthnic disparitics. Am J Public Health 2017:107:1818-26.
PubMed https://doi.org/10.2105/AJPH.2017.304032

Newschaffer CJ. Trends in autism spectrum disorders: The interaction of time, group-level
socipeconomic status, and individual-level race/ethnicity, Am J Public Health 2017;107:1698-9.
PubMed https://doi.org/10.2105/AJPH.2017.304085

American Psychiatric Association. Diagnostic and statistical manual of mental disorders. 4th ed.
Text revision. Washington, DC: American Psychiatric Association; 2000.

Swedo SE, Baird G, Cook ElI Jr, et al. Commentary from the DSM-5 Workgroup on
Neurodevelopmental Disorders. J Am Acad Child Adolesc Psychiatry 2012;51:347-9. PubMed
https://doi.org/10.1016/1.jaac.2012.02.013

Maenner MJ, Rice CE, Ameson CL, et al. Potential impact of DSM-5 criteria on autisim spectrum
disorder prevalence estimates. JAMA Psychiatry 2014,71:292 300. PubMed
https://doi.org/10. 1001 Jamapsychiatry.2013.3893

Mchling M1, Tass¢ MJ. Scverity of autism spectrum disorders: current conceptualization, and
trangition to DSM-5, J Autism Dev Disord 2016:46:2000-16. PubMed
https://doi.org/10.1007/s10803-016-2731-7

Mazurck MO, Lu F, Symecko H, et al. A prospective study of the concordance of DSM-IV-TR
and DSM-5 diagnostic critcria for autism spectrum disorder. J Autism Dev Disord 2017:47:2783—
94. PubMed https://doi.org/10.1007/510803-017-3200-7

15t Proof for Co-Author Review: DO NOT DISTRIBUTE



22,

23

24.

25.

1** Proof for Co-Author Review: DO NOT DISTRIBUTE 19

Yaylaci F, Miral 5. A comparison of DSM-IV-TR and DSM-5 diagnostic classificaticns in the
clinical diagnosis of autistic speetrum disorder. J Autism Dev Disord 2017:47:101-9. PubMed
https://dot.org/10.1007/510803-016-2937-8

Hartley-McAndrew M, Mertz J, Hoffman M. Crawford D. Rates of autism spectrum disorder
diagnosis under the DSM-5 criteria compared to DSM-IV-TR criteria in a hospital-based clinic.
Pediatr Neurol 2016:57:34-8. PubMcd https://doi.org/10.1016/.pediatrneurol.2016.01.012

Yeargin-Allsopp M., Murphy CC. Oakley GP, Sikes RK. A multiple-source method for studyving
the prevalence of developmental disabilitics in children: the Mcetropolitan Atlanta Developmental
Disabilities Study. Pediatrics 1992;89:624-30. PubMed

US Department of Health and Human Services. Code of Federal Regulations. Title 45. Public
Welfare CFR 46. Washington, DC: US Department of Health and Human Services; 2010.
https://www hhs.gov/chrp/humansubjects/guidance/45cfr4 6. html

26. Wiggins LD, Christensen DL, Van Naarden Braun K, Martin L, Baio J. The influence of diagnostic

27

28.

29.

32.

criteria on autism spectrumn disorder classification: findings from the Metropolitan Atlanta
Developmental Disabilities Surveillance Program, 2012. PlosOne 2018. In press.
CDC. Vintage 2016 Bridged-race posteensal population estimates for April 1, 2010, July 1, 2010

July 1. 2016, by year, county, single-year of age (0 to 85+ vears), bridged-race, Hispanic origin,
and sex. https://www.cdc.gov/nchs/nvss/bridged race.htm

US Department of Education. Common core of data: a program of the U.S. Department of
Education’s National Center for Education Statistics. Washington, DC: US Department of
Education; 2017. https://nces.ed.gov/ced/elsi/tableGenerator.aspx

Zablotsky B, Black LI, Blumberg SJ. Estimated prevalence of children with diagnosed
developmental disabilitics in the United States, 2014-2016. NCHS Data Bricf, no 291.
Hyattsville, MD: National Center for Health Statistics, 2017.

Blumberg SJ, Bramlett MD, Kogan MDD, Schicve LA, Jones IR, Lu MC. Changes in prevalence
of parent-reperted autism spectrum disorder in school-aged U.S. children: 2007 to 2011-2012.
National Health Statistics Reports; no 65. Hyattsville, MD: National Center for Health Statistics,
2013.

Daniel KL, Prue C, Taylor MK, Thomas J, Scales M. ‘Learn the signs. Act carly’: a campaign to
help every child reach his or her full potential. Public Health 2009;123(Suppl 1):el1-6. PubMed
https://dei.org/10.1016/7.puhe.2009.06.002

Johnson CP, Myers SM; American Academy of Pediatrics Council on Children With Disabilities.
Identification and cvaluation of children with autism spectrum disorders. Pediatrics
2007;120:1183-215. PubMed https://doi.org/10.1542/peds.2007-2361

Christensen DL, Bilder DA, Zahorodny W, et al. Prevalence and characteristics of autism
spectrum disorder among 4-year-old children in the Autism and Developmental Disabilities
Monitoring Network. J Dev Behav Pediatr 2016;37:1 8. PubMed
https://doLorg/10.1097/DBP.0000000000000235

FIGURE 1. Most recent intelligence quotient score as of age 8 years among children with autism spectrum disorder for whom
test data were available, by sex and site — Autism and Developmental Disabilities Monitoring Network, nine sites,* United
States, 2014

Abbreviations: F = female; 10 = intelligence quotient; M = male.

* Includes nine sites {Arizona, Arkansas, Colorado, Georgia, Maryland, Minnesota, New Jersey, Narth Caralina, and Tennessee] that had
intellectual ability data available for z70% of children who met the ASD case definition {n = 3,714).
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FIGURE 2. Most recent intelligence quetient score as of age 8 years among children with autism spectrum disorder for whom
test data were available, by sex and race/ethnicity — Autism and Developmental Disabilities Monitoring Network, nine sites,*
United States, 2014

Abbreviations: F = female; 10 = intelligence quotient; M = male.

* Includes nine sites {Arizona, Arkansas, Colorado, Georgia, Maryland, Minnesota, New Jersey, Narth Caralina, and Tennessee] that had
intellectual ability data available for 70 of children who met the ASD case definition (n = 3,714).
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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, 2014
. Asian or American Indian
Total Wl-l|1'|te, . Bll_?,Ck’ . Hispanic Pacific Islander, non-  or Alaska Native,
Site Site institution Surveillance area non-Hispanic non-Hispanic Hispanic nen-Hispanic
Mo. MNa. (%6} MNa. (%6} MNa. (%6} MNa. (%6} MNa. (%6}
. . . . Part of 1 county in
Arizona University of Arizona metropolitan thoenix‘ 24,952 12,308 {49.3) 1,336 (5-4) 9,792 (39.2 975 {3-.9] 541 {2.2)
University of Arkansas for All 75 counties in
Arkansas Medical Sciences Arkansas 39,992 26,103 {65.3) 7,705 (15.3) 5,012 {12.5) 843 {21} 329 {0.8)
Colorado Departrment of counties in metropolitan
Colorado Public Health and }I'Den\.fer P 41,128 22,410 {54.5) 2,724 (6.6) 13,735 (33-4) 2,031 {5.9) 228 {0.6)
Environment
. caunties includin
Georgia cbe ? etropolion Atlorts 51,261 15595  (383) 22,042 (431) 9,913 (194) 3,599 (7.0) 112 ©.2)
) . . county in metropaolitan
Maryland Johns Hopkins University Eahﬁngé pol 9,955 4,977 {50.0) 3,399 (34.1) 28 83 718 (7.2) 31 (03
Minnesota University of Minnesota Edai:rjeoafpilcizfgge;algl‘ g,767 3,793 {38.8) 2,715 {27.8} 1,486 {15.2} 1,576 {16.1) 193 {2.0)
: : ] : ) counties includin
Missouri Washington University ?netropolitan St Lguis 25,333 16,525 {65.2) 6,577 (26.0) 1,220 {4-8) 931 {(3.7) 76 {0.3)
N ties includi
MNew lersey Rutgers University ;Zi?;pﬁft;nncﬁel:e?rk 32,935 13,593 {41.3) 7,166 {21.8) 10,226 {31.0) 1,874 {571 76 {0.2]
. University of North 6 counties in central
North Carolina Carolina—Chapel Hill North Carolina 30,283 15,241 {50.3) 7701 {25.4) 5463 (18.0) 1,778 (5-9) 100 (0.3
Tennessee Vanderbilt University ig?::ﬁfj in central 24,940 16,867 {63.6) 4,896 [19.6) 3,324 {13.3) 795 {3.2) 54 {0.2)
. . University of Wisconsin— 10 caunties in sauth-
Wisconsin Madisen ¥ eastern Wisconsin 35,037 20,732 {5g.2) £,486 {18.5) 6,182 {17.6) 1,471 {4.2) 167 {0.5)
All sites combined 325,483 167,048 {51.3) 72,751 (22.4) 67,181 {20.6) 15,596 {5.1) 1,907 (0.6)

* Total nurnbers of children aged 8 years in each surveillance area were obtained from CDC's National Center for Health Statistics (NCHS} Vintage 2016 Bridged-Race Population Estimates for July 1, 2014.

' Denominator excludes school districts that were not included in the surveillance area, calculated from National Center for Education Statistics enrollment counts of 3rd graders during the 20142015 school year.
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TABLE 2. Estimated prevalence* of autism spectrum disorder per 1,000 children aged 8 years, by sex — Autism and Developmental Disahilities Monitoring Network, 11 sites, United States, 2014

Sex

Site po;:fltaa::lion TotaLnsoﬁwith Overall” Males Females Male-to-female

Prevalence g5% Cl Prevalence 95% CI Prevalence 95% CI prevalence ratiof
Arizona 24,952 349 14.0 (12.6-15.5) 211 (18.7-23.8) 6.6 {g.3-8.2} 3.2
Arkansas 39,992 522 131 [12.0-14.2} 20.5 {18.6-22.6) 5.4 {4.5- 0.6} 3.8
Colorado 41,128 572 13.9 {12.8-15.1} 21.8 {1g.g-23.9} £.5 (4.6-6.7) 3.9
Georgia 51,161 B6g 17.0 {15.9-18.2} 27.9 {25.9-30.0) 5.7 (4.8-6.7) 4.9
Maryland 9,955 194 .0 (17.4—23.0) 32.7 (28.21—38.2) 7.2 (5.2—10.0} 4.5
Minnesota 9,767 234 24.0 {21.1-27.2) 35.0 (33.8-44.9) 8.5 (6.3-11.6) 4.6
Missouri 25,333 356 14.1 {12.7-15.6} 22.2 {19.8-25.0} 5.6 {4.4=7.0} 4.0
New Jersey 32,935 964 29.3 (27.5-31.2) 455 {42.4-48.9) 123 {12.7-14.1) 37
North Carolina 30,283 527 17.4 {16.0—15.0} 8.0 (25.5—30.8) &.g {5.3—7.9} 4.3
Tennessee 24,940 187 16.5 {14.0-17.1} 25.3 {22.6—28.2) 5.4 {4.2-6.9) 4.7
Wisconsin 35,037 494 14.1 {12.9-15.4} 214 (19.4-23.7} 6.4 (5.3-7.7) 34
All sites cambined 325,483 5,473 16.8 (a6.4-17.3) 26.6 (25.8-27.4) 6.6 {6.2-7.0) 4.0

Abbreviation: C| = confidence interval.
* Per 1,000 children aged 8 years.
"All children are included in the total regardless of race or ethnicity.

i All sites identified significantly higher prevalence among males compared with females (p<o.01).
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TABLE 3. Estimated prevalence* of autism spectrum disorder per 1,000 children aged 8 years, by racefethnicity — Autism and Developmental Disabilities Monitoring Network, 11 sites, United
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Racefethnicity Prevalence ratio

Site White Black Hispanic AsianfPacific Islander White-to- White-to- Black-to-

Prevalence g5% I Prevalence g5% Cl Prevalence g5% Cl Prevalence g5% Cl black Hispanic Hispanic
Arizona 16.2 {14.1-18.6} 19.5 {13.3-28.6} 10.3 (8.5-12.5} 10.3 {5.5-19.1} a.8 1.6 1.9
Arkansas 11.9 {12.6-15.5} 10.4 (8.3-12.9} 8.4 (6.2—11.3} 14.2 {B.1-25.1) 1.3t 1.7 1.2
Colorado 15.0 {13.5—16.7} 11.4 (8.0—16.2} 10.6 {g.0—12.5} 7.9 (§.8-12.9} 1.3 14t 1.1
Georgia 17.9 {16.0-20.2} 17.1 (15.4-18.9} 12.6 (10.6—-15.0} 11.9 {8.916.1} 1.1 1.4% 1.4
Maryland 19.5 {16.0—23.8} 16.5 {12.7-21.4} 15.7 {g.1-27.0} 13.9 {7.5-25.8} 1.2 1.2 1.1
Minnesota 24.3 (19.8-29.8} 27.2 (21.7-34.2} 20.9 (14.7-29.7} 17.8 {12.3-25.7} 0.9 1.2 1.3
Missouri 14.1 {12 4-16.0} 10.8 {8.6-13.6} 4.9 (221009} 10.7 {5.8-20.0} 1.3 2.gt 2.2
New lersay 30.2 (27.4-33.3} 268 {23.3-30.9} 29.3 (26.2-32.9} 19.2 (13.9-26.6} 1.1 1.0 0.9
MNaorth Carolina 18.6 (16.5-20.g} 161 (13.5-19.2} 11.9 {g.3-15.2) 1.1 {13.7-26.8} 1.2 1.6 1.4
Tennessee 16.1 {14.3-18.2} 13.5 {9.7-16.0} 10.5 {7.6-14.7} 13.5 (6.7-23.3} 1.3 15 1.2
Wisconsin 15.2 (13.6-17.0} 11.3 (B.g—14.2} 12.5 (10.0-15.6} 10.2 {6.1-16.g} 1.3 1.2 0.9
All sites combined 17.2 {16.5-17.8} 16.0 {15.1-16.9) 14.0 (13.1-14.9) 13.5 {11.8-15.4} 1a 1.2} 1.af

Abbreviation: C| = confidence interval,

* Per 1,000 children aged 8 years.

* Pearson chi-sguare test of prevalence ratie significant at p<o.os.

b Pearson chi-square test of prevalence ratio significant at p<o.o1.
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TABLE 4. Number and percentage of children aged 8 years* identified with autism spectrum disorder who received a comprehensive evaluation by a qualified professional before age 536
months, 37-48 months, or 48 months, and those with a mention of general delay concern by age 36 months — Autism and Developmental Disabilities Monitoring Network, 11 sites, United

States, 2014
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Earliest age when child received a comprehensive evaluation

Menticn of general
developmental delay

Site £36 mos 3748 mos »>48 mos £36 Mos
No. (9%) Nao. (%) No. (%) Na. (%)

Arizona g7 {34.1) gh {22.0) 112 {43.9) 240 (94.1)
Arkansas 117 (30.5) 98 {25.6) 168 {#3.9) 354 {92.4)
Colorada 200 (46.4) 66 {15.3} 165 (38.3) 383 {85.9}
Georgia 240 (37.6 126 {13.7) 273 (42.7) 549 {85.9)
Maryland g6 (56.1) 19 (11.1} 43 {32.7} 158 {92.4}
Minnesota 57 {33.5) 36 {21.2} 77 {45.3) 124 (72.9)
Missauri &8 (32.13 39 {14.2} 147 (53.6 156 (71.5)
New lersey 318 {40.5) 174 {22.2) 293 (37.3) 645 {82.2)
Morth Carolina 260 (B6.2) 42 {10.7} g1 {23.2) 364 {g2.6}
Tennessea Bo {34.0} 57 {z0.0) 108 {46.0) 144 {61.3}
Wisconsin 154 [47.2] a7 {21.2} 130 {31.6] 368 {89.5)
All sites combined 1,737 (41.9) 790 {19.0) 1,620 {(39.1) 3,525 (85.0)

*Includes children identified with autism spectrum disorder who were linked to an in-state birth certificate.
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TABLE 5. Median age (in months) of earliest known autism spectrum disorder diagnosis and number and proportion within each diagnostic subtype — Autism and Developmental Disabilities
Meonitoring Network, 11 sites, United States, 2014

Autistic disorder ASD{PDD Asperger disorder Any specified ASD diagnosis

Site Median age Na. (24) Median age Na. (24) Median age Na. (24) Median age Na. (24)

Arizona 55 186 {76.2) 61 50 {20.6} 74 8 (3.3} 5b 244 {65.9)
Arkansas 13 26g {63.0) &3 129 i30.2) 75 25 (6.8} 59 527 {91.8)
Caolorado £0 192 {617} 65 104 (334} 61 15 (4.8} 51 311 (544}
Georgia FAS] 288 {48.1) &b 261 {43.6} |1 50 {8.3) 53 595 {68.9]
Maryland 43 52 (32.3} 61 104 {64.6) 65 [ (3.1} 52 161 (Bo.g)
Minnesota 51 50 (45.5} 65 54 (49.5} 62 g (4.6} 5b 109 {46.6)
Missouri 5i 81 {26.7) 55 197 (65.0} 65 25 {8.3) 56 303 {B5.1)
New Jersey 52 227 {32.7} g1 428 (61.6} +14] 40 {5.8] 58 11 (72.1}
North Caroling 32 165 {52.5) 49 130 {41.4) 67 19 {6.1) £0 314 {59.6}
Tennessee g1 157 {g7.1) &3 100 (36.4} fo 18 {6.5) &b 275 {71.1)
Wisconsin 46 143 {40.23 55 18y (53.1} &7 24 (6.7 51 356 {721}
All sites combined 46 1,810 (47.7) 56 1,746 (46.0) 67 238 (6.3} 52 3,794 (69.3)

Abbreviations: ASD = autism spectrum disarder; PDD = pervasive developmental disorder—not otherwise specified.
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TABLE 6. Number and percentage of children aged 8 years identified with autism spectrum disorder with available special education records , by primary special education eligihility category*
— Autism and Developmental Disahilities Monitoring Network, 10 sites, United States, 2014

Characteristic Arizona Arkansas Colorado Georgia Maryland Minnesota New Jersey C::Jrlii::a Tennessee Wisconsin
Tatal no. of ASD cases 340 523 572 86g 199 234 gbsy 527 387 FTA
Taotal no. (%6) of ASD cases with 311 4EL° 1488 752 159 201 851 tdydy 293" 1678
Special education records {8g9.1) (87.2) —1 (B6.5) (79.9} (B5.q] {88.3} (84.3) {757} —
Primary exceptionality (96)

Autism 65.3 65.1 43.2 57.8 66.0 65.2 477 743 68.9 39.5
Emotional disturbance 2.9 09 74 20 25 45 15 25 0.3 54
Specific learning disability 6.8 31 14.2 4.0 e 1.0 2.0 27 07 2.0
Speech or language impairment G 103 101 2.0 38 50 136 3.6 10.9 19.2
Hearing or visual impairment o 0.2 o o1 o 1.0 0.6 0.5 o 0.6
Health, physical or other disability 6.8 13.2 15.5 3.6 2.8 144 193 106 G 15.0
Multiple disabilities 0.3 42 47 o 4 15 6.9 1.6 o o
Intellectual disability 32 31 41 20 19 7.0 1.8 27 3.0 0.6
Cevelopmental delay/Preschool 9.3 o 07 281 0.6 0.5 0.6 1.6 1.6 17.4

Abbreviation: ASD = autism spectrum disorder,

* Some state-specific categories were recoded or combined to match current U.S. Department of Education categories.

*Includes children residing in school districts where educational records were not reviewed {proportion of surveillance population: 31% Arkansas, 12% Tennessee].
Excludes children residing in school districts where educational records were not reviewed (proportion of surveillance population: 67% Colorado, 74% Wisconsing.

T Proportion not reperted because numerator is not comparable to other sites (excludes children residing in school districts where educational records were not reviewed).
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TABLE 7. Number* and percentage of children aged 8 years, by race/ethnicity and site in the DSM-5 Surveillance Area — Autism and Developmental Disabilities Monitoring Network, 11 sites,

United States, 2014
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Asian or Pacific

American Indian or

27

Total White, non-Hispanic  Black, non-Hispanic Hispanic Islander, nan- Alaska Native, non-
Site Site institution Surveillance area Hispanic Hispanic
No. MNa. (%%} MNa. (%%} MNa. (%%} MNa. (%%} MNa. (%%}
. . . . Part of ty i
Arizona University of Arizona maetrzploﬁ‘?aunn;hﬁenix‘ 9,478 £,340 {c6.3) 321 {3.4) 3,244 {34.2) 256 {3.1} 277 i2.9)
University of Arkansas for All 75 counties in
Arkansas Medical Sciences Arkansas 39,992 26,103 {65.3) 7,795 (19.3) 5,012 {12.5) B43 (z1) 329 {0.8)
Colorado Department of 1 county in metropolitan
Colorade Public Health and Denvery P 8,022 2,603 (32.4) 1,018 {12.7) £,01G {50.1) 322 {4.0) 6o (a7
Environment
: caunties includin
Georgia jaie ;etropolitan Atlangta 51,261 150,405 {30.3) 22,042 {43.1) 9,013 (19.4) 3,599 (7.0} 112 {0.2]
) . . 1 county in metropolitan
Maryland Johns Hopkins University Ba|tim0yre P 9,955 4,977 {(50.0) 3,293 {34-1) Bzg 8.3 719 (7.2) 31 {0.3)
Minnesota University of Minnesota Edai::efpilcgfg;l?aljr 9,767 2,793 (38.8) 2,719 {27.8) 1,486 {15.2) 1,576 {16.1) 193 {2.0)
Missouri Washington University jE;tC,OLUonJi\;m metropolitan 12,2085 7,186 {58.q9) 3,793 {31.1) 561 {4.6) 626 {5.1) 39 {0.3)
: : counties includin
Mew Jersey Rutgers University ﬁr%et:oplolitlan I\Ule\lmz?rk 32,935 13,593 {41.3) 7,160 {21.8} 10,2260 {31.0) 1,874 {5.7) 70 {0.2)
. University of North 6 counties in central
North Carolina Carolina—Chapel Hill North Carolina 30,283 15,241 {50.3) 7701 {25.4) 5463 (18.0) 1,778 (5-9) 100 (0.3
Tennessee Vanderbilt University ig?::ﬁfj in central 26,940 15,867 {63.6) 4,896 (19.6) 3,324 {13-2) 799 {3-2) 1A {n.2)
. . ni ity of Wi in— ties| th-
Wisconsin Mr;l;zr;l‘ ¥ o iiisconsin ;:sctikrj: \:Sisslcr;f\{;ik:w 35,037 20,732 {£g.2) 6,486 {18.5) 6,181 {17.6) 1,471 {4.2) 167 {0.5)
All sites combined 263,775 130,930 {49.6) 67,246 (25.5) 50,258 (19.1) 13,903 {5.3) 1,438 {0.5)

Abbreviation: DSM-g = Diagnostic and Statistical Manual of Mental Disorders, th Edition.

* Total nurnbers of children aged 8 years in each surveillance area were obtained from CDC's National Center for Health Statistics (NCHS} Vintage 2016 Bridged-Race Population Estimates for July 1, 2014.

' Denominator excludes school districts that were not included in the surveillance area, calculated from National Center for Education Statistics enrollment counts of 3rd graders during the 2014-2015 schoaol year.
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TABLE 8. Number and percentage of children meeting DSM-IV-TR and/or DSM-5 surveillance case definition — Autism and Developmental Disabilities Monitoring Network, 11 sites, United
States, 2014

Met DSM-IV or DSM-5 Met beth DSM-IV and DSM-5 Met DSM-IV only Met DSM-5 only DSM-1V vs. DSM-5
Site Mo. Mo. {9%0) Mo. {9%0) Mo. {40} Ratio Kappa
Arizona 179 143 (79-9) 17 (9.5 19 {10.6) 0.99 e.83
Arkansas 560 514 {g91.8) g {1-4) 38 6.8 0.95 0.92
Colorado 116 92 (79.3} 19 {16.4) 5 {433 114 0.79
Georgia 937 790 {84.3) 75 (8.4) &3 (7.3 1.01 0.83
Maryland 207 187 {90.3) 12 (5.8) 8 {2.9) 1.02 0.8g
Minnesota 254 200 (78.7 34 {134} 20 (7.0} 1.06 0.79
Misseuri 209 179 (85.6) 12 (5.7) 18 (8.6) 0.97 0.74
New Jersey 955 B42 {84.6) 122 {12.3} 31 (3.1) 1.10 o.85
Narth Caralina 532 493 {52.7) 34 (6.4} 5 (0.9) 1.06 0.93
Tennessee L08 348 {853} 39 {g.6} 21 {5.1} 1.04 072
Wiscansin 523 £48 {85.7} FA:] (8.8) 2q (5.5} 1.04 0.83
All sites combined 4,920 4,236 {86.1) £22 (8.6) 262 {5.3} 1.04 o.85

Abbreviations: DSM-g = Diagnostic and Statistical Manval of Mental Disorders, sth Edition; DSM-I¥-TR = Diagnostic and Statistical Manual of Mental Disorders, 4th Edition, Text Revision.
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TABLE 9. Characteristics of children meeting DSM-IV-TR and/or DSM-5 surveillance case definition — Autism and Developmental Disabilities Monitoring Network, 11 sites, United States, 2014

Met DSM-1V or DSM-5 Met both DSM-IV and DSM-5 Met DSM-1V only Met DSM-5 only DSM-1V vs, DSM-5
Characteristic Na. Na. (04) Na. (04) Na. (04) Ratio Kappa
Met ASD case definition under RDSM-IV andfor DSM-5 4,920 4,236 (86.1) 422 (8.6} 262 (5-3} 1.04 o.85
Sex
Male 3,978 3,452 {86.8) 116 7.9} 216 (5.3} 1.03 0.8g
Fermale 42 784 {83.2) 106 {11.3) 52 {5.5) 1.06 a.Bg
Race{Ethnicity
White, non-Hispanic 2,486 2,159 {86.8) 153 {7.8) 134 {5.4] 1.03 0.8g
Black, nen-Hispanic 1,184 994 {B4.0} 109 (3.2} B (6.8} 1.03 o084
Hispanic, regardless of race 817 6yg {85.1) 91 {11.1) 31 {3.8) 1.08 0.86
Asian f Pacific Islander, non-Hispanic 207 188 {90.9} 14 (6.8} I3 (2.4} 1.05 .88
Earliest comprehensive evaluation on record*
=36 months 1,509 1,372 {90.9} 115 {7-6} 22 (1.5} 1.07 0.8g
37—48 months 723 G40 (88.5} 61 (8.4} 22 {3.2) 1.06 .86
=48 months 1,503 1,195 {79.5} 154 f1c.2) 154 f10.2) 1.00 o.81
Documented ASD Classification
Autism special education eligibility 2,270 2,166 (g5.0} 35 (1.5} 79 (3.5} 0.98 Q.57
ASD diagnestic statement’
Earliest ASD diagnosis 536 months g51 936 {08.4) o {o) 15 {1.6) 0.98 0.71
Earliest ASD diagnosis Autistic Disarder 1,577 1,520 {96 8} a {2} 51 (3.2} 0.97 0.50
Earliest ASD diagnosis PDD-NOS/ASD-NOS 1,564 1,525 {97.5} [} {0) 29 {2.5) o0.98 0.72
Earliest ASD diagnosis Asperger Disorder 221 210 {95.0} o {o) 11 {5.0) 0.95 0.72
Neo previous ASD diagnosis or eligibility on record 950 584 (50.9) 369 (38.8) g7 {10.2) 1.47 0.62
Most recent intelligence quotient scoret
Intellectual disability {10 =70) 1,191 1,089 {91.4) 67 {5.6) 35 (2.9} 1.03 0.89
Borderline range {1Q 71-85) 281 778 (88.3) 74 (8.4} 2q (3.3} 1.06 a.88
Average or above average {1Q =8g) 1,620 1,391 (85.9) 143 (8.8} 86 (5.3} 1.04 0.86

Abbreviations: ASD = autism spectrum disarder; DSM-5 = Diagnostic and Statistical Manual of Mental Disorders gth ed.; DSM-IV-TR = Diagnastic and Statistical Manual of Mental Disorders-Fourth Edition (Text
Revision); PDD-NQS = pervasive developmental disorder—not otherwise specified.

* Includes children identified with ASD who were linked to an in-state birth certificate.
* A DSM-IV-TR diagnosis of autistic disorder, PDD-NOS or Asperger disorder automatically qualifies a child as meeting the DSM-g surveillance case definition for ASD.

VIncludes data from all 11 sites, including those with |Q data available for <70% of confirmed cases.
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FIGURE 1. Most recent intelligence quotient score as of age 8 years among children with autism spectrum disorder for whom test data were
available, by sex and site — Autism and Developmental Disabilities Monitoring Network, nine sites,* United States, 2014
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O Above intellectually disabled range (1Q =70)
B within intellectually disabled range (1Q =270)

Abbreviations: ADDM = Autism and Developmental Disabilities Monitoring Netwaork: F = female; 1Q = intelligence gquotient; M = male,

*Includes nine sites (Anzona, Arkansas, Colorado, Georgia, Maryland, Minnesota, New Jersey, North Caroling, and Tennessee) that had intellectual ability data available
for =70% of children who met the ASD case definition in= 3,714).
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FIGURE 2. Most recent intelligence quotient score as of age 8 years
among children with autism spectrum disorder for whom test data
were available, by sex and race/ethnicity — Autism and Developmental
Disabilities Monitoring Netwaork, nine sites,” United States, 2014
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Abbreviations: F = female; 1Q = intelligence quotient, M = male.

* Includes nine sites {Arizona, Arkansas, Colorado, Georgia, Maryland, Minnesota,
New Jersey, North Carolina, and Tennessee) that had intellectual ability data
available for 270 of children who met the ASD case definition (n = 3,714).
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BOX 1. Autism spectrum disorder (ASD) case determination criteria under DSM-IV-TR

DSM-IV-TR behavioral criteria

Social

la. Marked impairment in the use of multiple nonverbal behaviors such as cye-to-cye gaze, facial expression,
body postures, and gestures to regulate social interaction

I'b. Failure to develop peer relationships appropriate to developmental level

lc. A lack of spontancous secking to sharc cnjoyment, intercsts, or achicvements with other people (c.g., by a
lack of showing, bringing, or pointing out objects of interest)

Id. Lack of social or emotional reciprocity

Communication

2a. Delay in, or total lack of, the development of spoken language (not accompanied by an attempt to
compensate through alternative modes of communication such as gesture or mime)

2b. In individuals with adequate speech, marked impairment in the ability to initiate or sustain a conversation
with others

2¢. Stereotyped and repetitive use of language or idiosyneratic language

2d, Lack of varied, spontaneous make-believe play or social imitative play appropriate to developmental level

Restricted behavior/Interest

3a. Encompassing preoccupation with one or more stereotyped and restricted patterns of interest that is
abnormal either in intensity or focus

3b. Apparently inflexible adherence te specific, nonfunctional routines, or rituals

3¢. Stereotyped and repetitive motor mannerisms {(€.g., hand or finger flapping or twisting, or complex whole
body movements)

3d. Persistent preoccupation with parts of objects

Developmental history

Child had identified delays or any concern with development in the following areas at or before the age of 3
years: Social, Cemmunication, Behavior, Play, Motor, Attention, Adaptive, Cognitive
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Autism discriminators

Oblivicus te children

Oblivicus to adults or others

Rarely responds to familiar social approach
Language primarily echolalia or jargon
Regression/loss of social, language, or play skills
Previous ASD diagnosis

Lack of showing, bringing, ctc.

Little or ne interest in others

Uses others as tools

Repeats extensive dialog

Absent or impaired imaginative play
Markedly restricted interests

Unusual preoccupation

[nsists on samencss

Nonfunctional routines

Excessive focus on parts

Visual inspection

Movement preoccupation

Sensory preoccupation

DSM-IV-TR case
determination

At lcast six behaviors coded with 2 minimum of two Social, one Communication, and onc Restricted
Behavior/Interest; AND evidence of developmental delay or concern at or before the age of 3 years

OR

At lcast two behaviors coded with a minimum of one Social and cither onc Communication and/or onc
Restricted Behavior/Interest; AND at least one Autism Discriminator coded

Abbreviation: DSM-1V-TR = Diagnostic and Statistical Manual of Mental Disorders-Fourth Edition (Text Revision}.

15t Proof for Co-Author Review: DO NOT DISTRIBUTE

33



1** Proof for Co-Author Review: DO NOT DISTRIBUTE

BOX 2. Autism spectrum disorder case determination criteria under DSM-5

DSM-S behavioral eriteria

A. Persistent deficits in social
communication and social
interaction

Al: Deficits in social emotional reciprocity
A2. Deficits in nonverbal communicative behaviors

A3, Deficits in developing, maintaining, and understanding relationships

B. Restricted, repetitive
patterns of behavior,
interests, or activities,
currently or by history

B1: Stereotyped or repetitive motor movements, use of objects or speech

B2. Tnsistence on sameness, inflexible adherence to routines, or ritualized patterns of verbal or nonverbal
bchavior

B3. Highly restricted interests that are abnormal in intensity or focus

B4. Hyper- or hypo-reactivity to sensory input or unusual interest in sensery aspects of the environment

Historical PDD diagnosis

A well-gstablished DSM-IV diagnosis of autistic disorder, Asperger’s disorder, or pervasive developmental
disorder—not otherwisc specified (PDD-NOS)

DSM-5 case determination

All three behavioral criteria coded under part A, and at least two behavioral criteria coded under part B
OR
A DSM-1V diagnosis of autistic disorder, Asperger’s disorder, or PDD-NOS

Abbreviation: DSM-5 = Diagnostic and Statistical Manual of Mental Disorders 5th ed.
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Abstract
Problem/Condition: Autism spectrum disorder (ASD).
Period Covered: 2014,

Description of System: The Autism and Developmental Disabilities Monitoring (ADDM) Network is an active
surveillance system that provides estimates of the prevalence of autism spectrum disorder (ASD) among children
aged 8 years whose parents or guardians reside within 11 ADDM sites in the United States (Arizona, Arkansas,
Colorado, Georgia, Maryland., Minnesota, Missouri, New Jersey, North Carolina, Tennessee, and Wisconsin}.
ADDM surveillance is conducted in two phases. The first phase invelves review and abstraction of comprehensive
evaluaticns that were completed by professional service providers in the community. Staff completing record review
and abstraction reccive extensive training and supervision and are evaluated according to strict reliability standards
to certify cffective initial training, identify ongoing training nceds, and cnsurc adherence to the prescribed
methodology. Record review and abstraction occurs in a variety of data scurces ranging from gencral pediatric
health clinics to specialized programs serving children with developmental disabilities. In addition, most of the
ADDM sites also review records for children who have received special education services i public schools. In the
second phase of the study, all abstracted information 18 reviewed systematically by experienced climcians to
determine ASD case status. A child is considered to meet the surveillance case definition for ASD if he or she
displays behaviors, as described on one or more comprehensive evaluations completed by community-based
professienal providers, consistent with the Diagrastic and Statistical Manual of Mental Disorders, Fourth Edition,
Text Revision (DSM-IV-TR} diagnostic criteria for autistic disorder; pervasive developmental disorder not
otherwise specified (PDD-NOS, including atypical autism}; or Asperger disorder. This report provides updated
ASD prevalence estimates for children aged ¥ years during the 2014 surveillance year, on the basis of DSM-IV-TR
criteria, and describes characteristics of the population of children with ASD. In 2013, the American Psychiatric
Association published the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5), which
madc considerable changes to ASD diagnostic criteria. The change in ASD diagnostic criteria might influence
ADDM ASD prevalence estimates; therefore, most (85%) of the records used to determine prevalence estimates
based on DSM-IV-TR criteria underwent additional review under a newly operationalized surveillance case
definition for ASD consistent with the DSM-5 diagnostic criteria. Children meeting this new surveillance case
definition could qualify on the basis of one or both of the following criteria, as documented in abstracted
comprehensive evaluations: 1) behaviors consistent with the DSM-5 diagnestic features; and/or 2) an ASD
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diagnosis. whether based on DSM-IV-TR or DSM-5 diagnostic criteria. Stratified comparisons of the number of
children meeting either of these two case defimtions also are reported.

Results: For 2014, the overall prevalence of ASD among the 11 ADDM sites was 16.8 per 1,000 {one in 59) children
aged 8 years. Overall ASD prevalence estimates varied among sites, from 13.1-29.3 per 1,000 children aged 8
years. ASD prevalence estimates also varied by sex and race/cthnicity. Males were four times more likely than
females to be identified with ASD. Prevalence estimates were higher for non-llispanic white {henceforth, white)
children compared with non-Hispanic black (henceforth, black) children. and both groups were more likely to be
identified with ASD compared with Hispamc children. Among the nine sites with sufficient data on intellectual
ability. 31% of children with ASD were classified in the range of intellectual disability (intelligence quotient [1Q]
<70), 25% were in the borderline range (1Q 71-85), and 44% had 1 scores in the average to above average range
(i.e., IQ =>85). The distribution of intellectual ability varied by sex and racefethnicity. Although mention of
developmental concerns by age 36 months was documented for 85% of children with ASD, only 42% had a
comprehensive evaluation on recerd by age 36 months. The median age of earliest known ASD diagnosis was 52
months and did not differ significantly by sex or race/ethnicity. For the targeted comparisen of DSM-IV-TR and
[DSM-5 results, the number and characteristics of children meeting the newly operaticnalized DSM-5 case definition
for ASD were similar to those mecting the DSM-IV-TR casc definition, with DSM-1V-TR case counts excceding
DSM-5 counts by less than 5% and approximately 86% overlap between the two case definitions (kappa — 0.85).

Interpretation: Findings from the ADDM Network, on the basis of 2014 data reported from 11 sites, provide
updated population-based estimates of the prevalence of ASD among children aged 8 yvears in multiple communities
in the United States. Because the ADDM sites do not provide a representative sample of the entire United States,
the combined prevalence estimates presented in this report cannot be generalized to all children aged 8 vears in the
United States. Consistent with reports from previous ADDM surveillance years, findings from 2014 were marked
by variation in ASD prevalence when stratified by geographic arca, sex, and level of intellectual ability. Differences
in prevalence estimates between black and white children have diminished in most sites, but remained notable for
Hispanic children. The new case definition for ASD based on DSM-5 criteria resulted in a similar estimate of ASD
prevalence.

Public Health Action: Beginning with surveillance vear 2016, the DSM-5 case definition will serve as the basis
for ADDM cstimates of ASD prevalence in future surveillance reports. The DSM-1V-TR casc definition will be
applicd in a limited geographic arca to offer additional data for comparison, although the DSM-IV-TR casc
definition will eventually be phased out. Future analyses will examine trends in the continued use of DSM-IV-TR
diagnoses, such as autistic disorder, PDD-NOS. and Asperger disorder in health and education records,
documentation of symptoms consistent with DSM-5 terminology. and how these trends might influence estimates
of ASD prevalence over time. The latest findings from the ADDM Network provide evidence that the prevalence
of ASD is higher than previously reported estimates and continues to vary among certain racial/ethnic groups and
communities. With prevalence of ASD ranging from 13.1 to 29.3 per 1,000 children aged § years in different
communities throughout the United States, the need for behavioral, educational, residential, and occupational
services remains high, as does the need for increased research on both genetic and nongenetic risk factors for ASD.

Introduction

Autism spectrum disorder {ASD) is a2 developmental disability defined by diagnostic criteria that include deficits
in social communicatien and social interaction, and the presence of restricted, repetitive patterns of behavior,
interests, or activitics that can persist throughout life (). CDC began tracking the prevalence of ASD and
characteristics of children with ASD in the United States in 1998 {2,3). The first CDC study, which was based on
an investigation in Brick Township, New Jersey (2}, identified similar characteristies but higher prevalence of ASD
compared with other studies of that era. The second CDC study, which was conducted in metropolitan Atlanta,
Georgia {3), 1dentified a lower prevalence of ASD compared with the Brick Township study but similar estimates
compared with other prevalence studies of that era. In 2000, CDC established the Autism and Developmental

Page 2 of 32



Publisher: MMWR; Journal: MMWR. Surveillance Summaries
Article Type: Surveillance Summaries; Volume: 67; Issue: 5; Year: 2018; Article ID: mmwr.ss6723al
DOI: 10.15585/mmwr.ss6723al
Disabilities Monitoring (ADDM) Network to collect data that would provide estimates of the prevalence of ASD
and other developmental disabilities in the United States (4,5).

Tracking the prevalence of ASD poses unique challenges because of the heterogeneity in symptom presentation,
lack of biologic diagnostic markers, and changing diagnostic criteria (3). Initial signs and symptoms typically arc
apparent in the carly developmental period; however, social deficits and behavioral patterns might not be recognized
as symptoms of ASD until a child is unable to mect social, educational, occupaticnal, or other important life stage
demands (7). Features of ASD nught overlap with or be difficult to distinguish from those of other psychiatric
disorders, as described extensively in DSM-5 (7). Although standard diagnostic tools have been validated to inform
clinicians” impressions of ASD symptomology, inherent complexity of measurement approaches and variation in
clinical impressions and decision-making, combined with policy changes that affect eligibility for health benefits
and educational programs, complicates identification of ASD as a behavioral health diagnosis or educational
exceptionality. To reduce the influence of these factors on prevalence estimates, the ADDM Network has
consistently tracked ASD by applying a surveillance case definition of ASD and using the same record-review
methodology and behaviorally defined case inclusion criteria since 2000 (5).

ADDM estimates of ASD prevalence among children aged 8 years in multiple U.8. communities have increased
from approximately one in 150 children during 2000-2002 to ong in 68 during 2010-2012, more than doubling
during this period (6—17). The observed increase in ASD prevalence underscores the need for continued surveillance
using consistent methods to monitor the changing prevalence of ASD and characteristics of children with ASD in
the population.

In addition to serving as a basis for ASD prevalence estimates, ADDM data have been used to describe
characteristics of children with ASD in the population, to study how these characteristics vary with ASD prevalence
estimates over time and among communities, and to monitor progress toward Healthy People 20020 objectives (12).
ADDM ASD prevalence estimates consistently estimated a ratio of approximately 4.5 male:1 female with ASD
during 2006-2012 (9-71). Other characteristics that have remained relatively constant over tinie in the population
of children identified with ASD by ADDM include the median age of earliest known ASD diagnosis, which
remained close to 53 months during 2000 2012 (range: 50 menths [2012] to 56 months [2002]), and the proportion
of children receiving a cemprehensive developmental evaluation by age 3 vears, which remained close to 43%
during 2006-2012 (rangc: 43% [2006 and 2012] to 46% [2008]).

ASD prevalence by race/ethnicity has been more varied over time among ADDM Network communities (9-717).
Although ASD prevalence estimates have historically been greater amoeng white children compared with black or
Hispanic children (/3), ADDM-reperted white:black and white:Hispanic prevalence ratios have declined over time
because of larger increases in ASD prevalence among black children and, to an even greater extent, among Hispanic
children, as compared with the magnitude of increase in ASD prevalence among white children (9). Previous reports
from the ADDM Network cstimated ASD prevalence among white children to excced that among black children
by approximately 30% in 2002, 2006 and 2010, and by approximately 20% in 2008 and 2012. Estimated prevalence
among white children cxceeded that among Hispanic children by nearly 70% in 2002 and 2006, and by
approximately 50% in 2008, 2010, and 2012. ASD prevalence estimates from the ADDM Network also have varied
by sociceconomic status (SES). A consistent pattern observed in ADDM data has been higher 1dentified ASD
prevalence among residents of neighborhoods with higher socioeconomic status (SES). Although ASD prevalence
has increased over time at all levels of SES, the absolute difference in prevalence between high, middle, and lower
SES did not change from 2002 to 2010 ({4,153} In the context of declining white:black and white:Hispanic
prevalence ratios amidst consistent SES patterns, a complex three-way interaction among time, SES, and
race/ethnicity has been proposed (/6).

Finally. ADDM Network data have shown a shift toward children with ASD with hagher intellectual ability
(9,710,111, as the proportion of children with ASD whose telligence quotient {IQ) scores fell within the range of
intellectual disability (ID) (i.e., 1Q <70) has decreased gradually over time. During 2000-2002, approximately half
of children with ASD had 1Q scores in the range of ID; during 2006-2008, this proportion was closer to 40%; and
during 2010-2012, less than one third of children with ASD had 1Q <70 (9,71, 11). This trend was more pronounced
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for females as compared with males (9). The proportion of males with ASD and ID declined from approximately
40% during 20002008 (9) to 30% during 20102012 (10, 11). The proportion of females with ASD and ID declined
from approximately 60% during 2000-2002, to 45% during 20062008, and to 35% during 2010-2012 (9,10,11).

All previously reported ASD prevalence estimates from the ADDM Network were based on a surveillance casc
definition aligned with DSM-1V-TR diagnostic criteria for autistic disorder; pervasive developmental disorder—not
otherwise specified (PDD-NOS, including atypical autism); or Asperger disorder. In the American Psychiatric
Association’s 2013 publication of DSM-5. substantial changes were made to the taxonomy and diagnostic criteria
for autism (7,77). Taxonomy changed from Pervasive Developmental Disorders, which included multiple
diagnostic subtypes, to autism spectrum disorder, which no longer comprises distinet subtypes but represents one
singular diagnostic category defined by level of support needed by the individual. Diagnostic criteria were retined
by collapsing the DSM-IV-TR social and communication demains into a single, combined domain for DSM-5.
Persons diagnosed with ASD under DSM-5 must meet all three criteria under the social communication/interaction
domain (i.e., deficits in social-emotional reciprocity; deficits in nonverbal communicative behaviors; and deficits
in developing, understanding, and maintaining relationships) and at least two of the four criteria under the
restrictive/repetitive behavior domain (i.e.. repetitive speech or moter movements, insistence con sameness,
restricted interests, or unusual response to sensory input).

Although the DSM-IV-TR criteria proved useful in identifying ASD in some children, there was a lack of ¢linical
agreement on ASD subtypes, poor diagnostic specificity in some subtypes (e.g., PDD-NOS), and strong empirical
support to the notion of two, rather than three, diagnostic domains. The DSM-5 changes introduced a framework to
address these concerns ( /8), while maintaining that any person with an established DSM-IV-TR diagnosis of autistic
disorder, Asperger disorder, or PDD-NOS would automatically qualify for a DSM-5 diagnesis of autism spectrum
disorder. Previous studics suggest that DSM-5 criteria for ASD might exclude certain children who would have
qualificd for a DSM-1V-TR diagnosis but had not yct received onc, particularly those who are very young and thosc
without [} (79-23). These findings suggest that ASD prevalence estimates will likely be lower under DSM-5 than
they have been under DSM-1V-TR diagnostic enteria.

This report provides the latest available ASD prevalence estimates from the ADDM Network based on both DSM-
IV-TR and DSM-5 criteria and asserts the need for future monitoring of ASD prevalence trends and eftforts to
improve carly identification of ASD. The intended audicnces for these findings include pediatric health care
providers. school psychologists, cducators, rescarchers, policymakers, and program administrators working to
understand and address the needs of persons with ASD and their families. These data can be used to help plan
services, guide research mto risk factors and effective interventions, and inform policies that promote improved
outcomes in health and education settings.

Methods

Study Sites

The Children’s Health Act (4) authorized CDC to monitor prevalence of ASD in multiple areas of the United
States, a charge that led to the formation of the ADDM Network in 2000. Since that time, CDC has funded grantees
in 16 states (Alabama, Arizona, Arkansas, Celorado, Florida, Maryland, Minnesota, Missouri, New Jersey, North
Carolina, Pennsylvania, South Carclina, Tennessee, Utah, West Virginia, and Wisconsin). CDC tracks ASD in
metropolitan Atlanta and represents the Georgia site collaborating with competitively funded sites to form the
ADDM Network.

The ADDM Network uses multisite, multisource, records-based surveillance based on a model originally
implemented by CDC’s Metropolitan Atlanta Developmental Disabilities Surveillance Program (MADDSP) (24).
As feasible, the surveillance methods have remained consistent over time. Certain minor changes have been
introduced to improve efficiency and data quality. Although a different array of geographic areas was covered in
each of the eight biennial ADDM Network surveillance years spanning 2000 2014, these changes have been
documented to facilitate evaluation of their impact.
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The core surveillance activities in all ADDM Network sites focus on children aged 8 vears because the baseline
ASD prevalence study conducted by MADDSP suggested that this is the age of peak prevalence (3). ADDM has
multiple goals: 1} to provide descriptive data on classification and functioning of the population of children with
ASD, 2) to monitor the prevalence of ASD in different areas of the United States, and 3) to understand the impact
of ASD in U.S. comniunities.

Funding for ADDM Network sites participating in the 2014 surveillance year was awarded for a 4-year cycle
covering 2015-2018, during which time data were collected for children aged 8 years during 2014 and 201 6. Sites
were selected through a competitive objective review process on the basis of their ability to conduct active, records-
based surveillance of ASD; they were not selected to be a nationally representative sample. A total of 11 sites are
included in the current report {Arizona, Arkansas, Colorado, Georgia, Maryland, Minnesota, Missouri, New Jersey,
North Carolina, Tennessee, and Wisconsin}. Each ADDM site participating in the 2014 surveillance year functioned
as a public health authority under the Health Insurance Portability and Accountability Act of 1996 Privacy Rule and
met applicable local Institutional Review Board and privacy and confidentiality requirements under 45 CFR 46
(25).

Case Ascertainment

ADDM is an active surveillance systen: that dees not depend on family or practitioner reporting of an existing
ASD diagnosis or classification to determine ASD case status. ADDM staff conduct surveillance to determine case
status in a two-phase process, The first phase of ADDM involves review and abstraction of children’s evaluation
records from data scurces in the community. In the second phase, all abstracted evaluations for each child are
compiled in chroneolegical order inte 2 comprehensive record that is reviewed by one or more experienced clinicians
to determine the child's ASD case status. Developmental assessments completed by a wide range of health and
cducation providers arc reviewed. Data sources arc categorized as cither 1) cducation source type, including
evaluations to determinc cligibility for special cducation services or 2) health scurce type, including diagnostic and
developmental assessments from psychologists, neurologists, developmental pediatricians, child psychiatrists,
physical therapists, occupational therapists, and speech/language pathologists. Agreements to access records are
made at the institutional level i the form of contracts, memoranda. or other formal agreements.

All ADDM Network sites have agreements in place to access records at health sources; however, despite the
otherwise standardized approach, not all sites have permission to access cducation records. One ADDM site
{Missouri) has not becn granted access to records at any education sources. Among the remaining sites, some receive
permission from their statewide Department of Education to access children’s educational records, whereas other
sites must negotiate permission from numerous mmdividual school districts 1o access educational records. Six sites
{Anizona. Georgia, Maryland, Mmnesota, New Jersey, and North Carolina) reviewed education records for all
school districts in their covered surveillance areas. Three ADDM sites {Colorado, Tennessee, and Wisconsin)
received permission to review education records in only certain school districts within the overall geographic area
covered for 2014, In Tennessee, permission to access education records was granted from 13 of 14 school districts
in the 1 1-county surveillance area, representing 88% of the total population of children aged 8 years. Conversely,
access to education records was limited to a small proportion of the pepulation in the overall geographic area
covered by twe sites (33% in Colorado and 26% in Wisconsin). In the Colorade school districts where access to
education records is permitted for ADDM, parents are directly notified about the ADDM system and can request
that their children’s education records be excluded. The Arkansas ADDM site received permission from their state
Department of Education to access children’s cducational records statewide; however, time and travel constraints
prevented investigators from visiting all 250 school districts in the 75-county survceillance area, resulting in access
to education records for 69% of the statewide population of children aged 8 years. The two sites with access to
education records throughout most. but not all, of the surveillance area (Arkansas and Tennessee) received data
from their state Department of Education to evaluate the potential impact on reported ASD prevalence estimates
attributed to missing records,

Within cach cducation and health data scurce, ADDM sites identify records to review bascd on a child’s year of
birth and one or more sclected cligibility classifications for special cducation or fnternational Classification of
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Diseases, Ninth Revision (1CD-9) billing codes for select childhood disabilities or psychological conditions.
Children’s records are first reviewed to confirm year of birth and residency in the surveillance area at some time
during the surveillance year. For children meeting these requirements, the records are then reviewed for certain
behavioral or diagnostic descriptions defined by ADDM as triggers for abstraction (e.g., child does not initiate
interactions with others, prefers to play alone or engage in solitary activities, or has received a documented ASD
diagnosis). If abstraction triggers are found, evaluation information from birth through the current surveillance year
from all available sources is abstracted inte a single composite record for each child.

In the second phase of surveillance, the abstracted composite evaluation files are deidentified and reviewed
systematically by experienced clinicians who have undergone standardized training to determine ASD case status
using a coding scheme based on the DSM-IV-TR guidelines. A child meets the surveillance case definition for ASD
it behaviors described in the composite record are consistent with the DSM-IV-TR diagnestic criteria for any of the
following conditions: autistic disorder, PDD-NOS (including atypical autism), or Asperger disorder (Box 1). A
child may be disqualified from meeting the surveillance case definition for ASD if, based on the clinical judgment
of one or more reviewers, there is insufficient or conflicting infoermation in support of ASD, sufficient information
to rule out ASD, or if one or more other diagnosed conditions better account for the child's symptoms.

Although new diagnostic criteria became available in 2013, the children under surveillance in 2014 would have
grown up primarily under the DSM-IV-TR definitions for ASD, which are prioritized in this report. The 2014
surveillance year is the first to operationalize an ASD case definition based on DSM-5 diagnestic criteria, in addition
to that based on DSM-IV-TR. Because of delays in developing information technology systems to manage data
collected under this new case definition. the surveillance area for DSM-5 was reduced by 19% in an effort te include
complete estimates for both DSM-TV-TR and DSM-35 in this report. Phase 1 record review and abstraction was the
same for DSM-IV-TR and DSM-5; however, a coding scheme based on the DSM-5 definition of ASD was
developed for Phase 2 of the ADDM mecthodology (i.c., systematic review by experienced clinicians). The new
coding scheme was developed through a collaborative process and includes reliability measures, although no
validation metrics have been published for this new ADDM Network DSM-5 case defimition. A child could meet
the DSM-5 surveillance case definition for ASD under one or both of the following criteria. as documented in
abstracted comprehensive evaluations: 1) behaviors consistent with the DSM-3 diagnostic features; and/or 2) an
ASD diagnosis, whether based on DSM-IV-TR or DSM-5 diagnostic criteria (Box 2). Children with a documented
ASD diagnosis were included as nmeeting the DSM-5 surveillance case definition for two reasons. First, published
DSM-5 diagnostic criteria include the presence of a DSM-IV-TR diagnosis of autistic disorder, PDD-NOS, or
Asperger disorder, to ensure continuity of diagnoses and services. Second, sensitivity of the DSM-5 surveillance
case definition is increased when counting children diagnosed with ASD by a qualified professional, based on either
DSM-TV-TR or DSM-5 criteria, whether or not all DSM-5 social and behavioral criteria are documented in
abstracted comprehensive cvaluations. For these reasons, a case definition that includes documented ASD diagnoses
reflects actual clinical practice more closely than a case definition based exclusively on documented scocial and
bchavioral symptoms. The ADDM Network methods allow differentiation of those mecting the surveillance case
status based on one or both criteria. Consistent with the DSM-IV-TR case definition, a child may be disqualified
from meeting the DSM-3 surveillance case definition for ASD if, based on the clinical judgment of one or more
reviewers, there 1s insufficient or conflicting information in support of ASD. sufficient information to rule out ASD,
or if one or more other diagnosed conditions better account for the child’s symptoms. In this report, prevalence
estimates are based on the DSM-IV-TR case definition, whereas case counts are presented and compared for
children meeting the DSM-IV-TR and/or DSM-3 case definitions,

Quality Assurance

All sites follow the quality assurance standards established by the ADDM Network. In the first phase, the accuracy
of record review and abstraction 1s checked periodically. In the second phase. interrater reliability is monitored on
an ongoing basis using a blinded, random 1094 sample of abstracted records that are scored independently by two
reviewers (3). For 2014, interrater agreement on DSM-IV-TR case status (confirmed ASD versus not ASD) was
89.1% when comparison samples from all sites were combined (k = 0.77), which was slightly below quality
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assurance standards established for the ADDM Network (90% agreement, (.80 kappa). On DSM-5 reviews,
mnterrater agreement on case status (confirmed ASD versus not ASD) was 92.3% when comparison samples from
all sites were combined (k = .84). Thus. for the DSM-5 surveillance defimtion, reliability exceeded quality
assurance standards established for the ADDM Network.

Descriptive Characteristics and Data Sources

Each ADDM site attempted to obtain birth certificate data for all children abstracted during Phasce | through
linkages conducted using state vital records. These data were only available for children born in the state where the
ADDM site is located. The race/cthnicity of cach child was determined from information contained in source
records or, 1f not found m the source file, from birth certificate data on one or both parents. Children with race coded
as “other” or “multiracial” were considered to be missmg race information for all analyses that were stratified by
race/ethnicity. For this report, data on timing of the first comprehensive evaluation on record were restricted 1o
children with ASD who were born in the state where the ADDM site is located, as confirmed by linkage to birth
certificate records. Data were restricted in this manner to reduce errors in the estimate that were introduced by
children for whom evaluation records were incomplete because they were born out of state and migrated into the
surveillance area between the time of birth and the year when they reached age 8 years.

Information on children’s functional skills 18 abstracted from source records when available, including scores on
tests of adaptive behavior and intellectual ability. Because no standardized, validated measures of functioning
specific to ASD have been widely adopted in clinical practice and because adaptive behavior rating scales are not
sufficiently available in health and education records of children with ASD, scores of intellectual ability have
remained the primary source of information on children’s functional skills. Children are classitied as having 1D if
they have an 1 score of <70 con their most recent test available in the record. Borderline intellectual ability is
defined as having an 1} score of 71 85, and average or above-average intellectual ahility is defined as having an
IQ score of =835, In the absence of a specific IQ score, an examiner’s statement based on a formal assessment of the
child’s intellectual ability, if available, is used to classify the child in one of these three levels.

Diagnostic conclusions from each evaluation record are sumimarized for each child, including notation of any
ASD diagnosis by subtype, when available. Children are considered to have a previously documented ASD
classification if they received a diagnesis of autistic disorder. PDD-NOS, Asperger disorder, or ASD that was
documented in an abstracted evaluation or by an ICD-9 billing code at any time from birth through the vear when
they reached age 8 vears, or if they were noted as meeting eligibility criteria for special education services under
the classification of autism or ASD.

Analytic Methods

Population denominators for calculating ASD prevalence estimates were obtained from the National Center for
Health Statistics Vintage 2016 Bridged-Race Postcensal Population Estimates (26). CDC’s National Vital Statistics
System provides estimated population counts by state, county, single year of age, race, ethnic origin, and sex.
Population denominaters for the 2014 surveillance year were compiled from postcensal estimates of the number of
children aged 8 years living in the counties under surveillance by each ADDM site (Table 1).

In two sites (Arizona and Minnesota), geographic boundaries were defined by constituent school distriets included
in the surveillance area. The number of children living in cutlying school districts were subtracted fron the county-
level census denominators using school enrollment data from the U.S. Department of Education’s National Center
for Education Statistics (27). Enrollment counts of students in third grade during the 2014-15 school year diftered
from the CDC bridged-race population estimates, attributable primarily to children being enrolled cut of the
customary grade for their age or in charter schools, home schools, or private schools. Because these differences
varied by race and sex within the applicable counties, race- and sex-specific adjustments based on enrellment counts
were applied to the CDC population estimates to derive school district-specific denominators for Arizona and
Minnesota.
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Race- or ethnmicity-specific prevalence estimates were calculated for four groups: white, black, Hispanic
{regardless of race), and Asian/Pacific Islander. Prevalence results are reported as the total number of children
meeting the ASD case definition per 1,000 children aged 8 vears in the population m each racefethnicity group.
ASD prevalence also was estimated separately for boys and girls and within each level of intellectual ability. Overall
prevalence estimates include all children identified with ASD regardless of sex, race/ethnicity, or level of
intellectual ability and thus are not affected by the availability of data on these characteristics.

Statistical tests were selected and confidence mtervals (Cls) for prevalence estimates were calculated under the
assumption that the observed counts of children 1dentified with ASD were obtained from an underlying Poisson
distnbution with an asymptotic approximation to the normal. Pearson chi-square tests were performed, and
prevalence ratios and percentage differences were calculated to compare prevalence estimates from different strata.
Kappa statistics were computed to describe concordance between the DSM-TV-TR and DSM-5 case definitions, as
well as to describe interrater agreement on either case definition for quality assurance. Pearson chi-square tests also
were performed for testing significance in comparisons of proportions, and unadjusted odds ratio (OR) estimates
were calculated to further describe these comparisens. In an effort te reduce the effect of outliers, distribution
medians were typically presented, although one-way ANOVA was used to test significance when comparing
arithmetic means of these distributions. Significance was sct at p<0.05. Results for all sites combined were based
on pooled numerator and denominator data from all sites, in total and stratified by race/cthnicity, sex, and level of
intellectual ability.

Sensitivity Analysis Methods

Certain education and health records were missing for certain children, including records that could not be located
for review, those affected by the passive consent process unique to the Colorade site, and those archived and deemed
too costly to retrieve. A sensitivity analysis of the effect of these missing records on case ascertainment was
conducted. All children initially identified for record review were first stratified by two factors closely associated
with final casc status: information source (health source type only, education source type only, or both source types)
and the presence or absence of cither an autism special education cligibility or an [CD-9-CM code for ASD,
collectively forming six strata. The potential number of cascs not identified because of missing records was
estimated under the assumption that within each of the six strata, the proportion of children confirmed as ASD
surveillance cases among those with missing records would be similar to the proportion of cases among children
with no missing records. Within each stratum, the proportion of children with no missing records who were
confirmed as having ASD was applied to the number of children with missing records to estimate the number of
missed cases, and the estimates from all six strata were added to calculate the total for each site. This sensitivity
analysis was conducted solely to investigate the potential impact of missing records on the presented estimates. The
estimates presented in this report do not reflect this adjustment or any of the other assessments of the potential
effects of assumptions underlying the approach.

All ADDM sites 1dentified records for review from health sources by conducting record searches that were based
on a common list of ICD-9 billing codes. Because several sites were conducting surveillance for other
developmental disabilities in addition to ASD (i.e., one or more of the following: cerebral palsy, 1D, hearing loss,
and vision impairment), they reviewed records based on an expanded list of ICD-9 codes. The Colorado site also
requested code 781.3 (lack of coordination), which was identified in that community as a commenly used billing
code for children with ASD. The proportion of children meeting the ASD surveillance case definition whose records
were obtained solely on the basis of those additional codes was calculated to evaluate the potential impact on ASD
prevalence.

Results

A total population of 325,483 children aged 8 years was covered by the 11 ADDM sites that provided data for
the 2014 surveillance year (Table 1). This number represented 8% of the total U.S. population of children aged 8
years in 2014 {4,119,668) {/9). A total of 53,120 records for 42.644 children were reviewed from health and
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education sources. Of these, the source records of 10,886 children met the criteria for abstraction, which was 25.5%
of the total number of children whose source records were reviewed and 3.3% of the population under surveillance.
Of the records reviewed by clinicians, 5.473 children met the ASD surveillance case definition. The number of
evaluations abstracted for each child who was ultimately identified with ASD varied by site (median: five; range:
three [Arizona, Minnesota, Missouri, and Tennessee] to 10 [Maryland]).

Overall ASD Prevalence Estimates

Overall ASD prevalence for the ADDM 2014 surveillance year varied widely among sites (range: 13.1 [Arkansas]
to 29.3 [New Jersev]) (Table 2). On the basis of combined data from all 11 sites, ASD prevalence was 16.8 per
1.000 (one mn 59} children aged 8 vears. Overall estimated prevalence of ASD was highest in New Jersey (29.3)
compared to each of the other ten sites (P<0.01).

Prevalence by Sex and Race/Ethnicity

When data from all 11 ADDM sites were combined, ASD prevalence was 26.6 per 1,000 boys and 6.6 per 1,000
girls (prevalence ratio: 4.0). ASD prevalence was significantly {p<0.01) higher among boys than among girls in all
11 ADDM sites (Table 2). with male-to-female prevalence ratios ranging from 3.2 (Arizona) to 4.9 (Georgia).
Estimated ASD prevalence also varied by race and ethnicity {Table 3). When data from all sites were combined,
the estimated prevalence among white children (17.2 per 1,000) was 7% greater than that among black children
{16.0 per 1,000 and 22% greater than that among Hispanic children (14.0 per 1,000). In nine sites, the estimated
prevalence of ASD was higher among white children than black children. The white-te-black ASD prevalence ratios
were statistically significant in three sites (Arkansas, Missouri, and Wisconsin), and the white-to-Hispanic
prevalence ratios were significant in seven sites {Arizona, Arkansas, Colorado, Georgia, Missouri, North Carolina
and Tennessee}). In nine sites {Arizona, Arkansas, Colorado, Geergia, Maryland, Minnesota, Missouri, North
Carolina and Tennessce), the estimated prevalence of ASD was higher among black children than that among
Hispanic children. The black-to-1lispanic prevalence ratic was significant in three of these nine sites (Arizona,
Georgia and North Carolina). In New Jerscy, there was almost no difference in ASD prevalence estimates among
white, black, and Hispanic children. Estimates for Asian/Pacific Islander children ranged from 7.9 per 1,000
{Colorado) to 19.2 per 1,000 (New Jersey) with notably wide Cls.

Intellectual Ability

Data on intellectual ability were reported for nine sites (Arizona, Arkansas, Colorado, Georgia, Maryland,
Minnesota, New Jersey, North Carolina, and Tennessee) having information available for at least 70% of children
who met the ASD casc definition (range: 70.8% [Tennessce] to 89.2% [North Carelinal]). The median age of
children’s most recent 1Q) tests, on which the following results are based, was 73 months (6 years, | month). Data
from these nine sites yielded accompanying data on intellectual ability for 3.714 {80.3%) of 4.623 children with
ASD. This proportion did not differ by sex or race/ethnicity in any of the nine sites or when combining data from
all nine sites. Among these 3,714 children, 31% were classified in the range of 1D (IQ <70, 25% were in the
borderline range (1Q 71-85), and 44% had 1Q >85. The proportion of children classified in the range of 1D ranged
from 26.7% in Arizona to 39.4% in Tennessee.

Among children identified with ASD, the distribution by mtellectual ability varied by sex, with girls more likely
than boys to have 1Q) <70, and boys more likely than girls to have 13 >85 {Figure 1). In these nine sites combined,
251 (36.3%) of 691 girls with ASD had I} scores or examiners’ statements indicating [D compared with 891
{29.5%) of 3,023 males (odds ratic [OR] = 1.4; p<0.01), though among individual sites this proportion differed
significantly in only one {Georgia, OR = 1.6; p<0.05). The proportion of children with ASD with borderline
intellectual ability (IQ 71-85) did not differ by sex, whereas a significantly higher proportion of males (45%)
compared with females (40%) had 1Q =85 (i.e., average or above average intellectual ability) (OR = 1.2; p<0.05).

The distribution of intellectual ability also varied by race/ethnicity. Approximately 44% of black c¢hildren with
ASD were classified in the range of 1D compared with 35% of Hispanic children and 22% of white children (Figure
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2). The proportion of blacks and whites with ID differed sigmficantly in all sites except Colorado, and when
combining their data (OR = 2.9; p<0.01). The proportion of Hispamcs and whites with ID differed significantly
when combiming data from all nine sites (OR = 1.9; p<0.01), and among individual sites it reached significance
{p=0.05) in six of the nine sites, with the three exceptions being Arkansas (OR = 1.8; p = (.10}, North Carclina (OR
=1.8; p=0.07), and Tennessee (OR = 2.1; p = 0.09}. The proportion of children with borderline intellectual ability
(IQ = 71-85) did not differ between black and Hispanic children, although a lower proportion of white children
{22%) were classified in the range of borderline intellectual ability cempared to black (28.4%; OR = 0.7; p<0.01)
or Hispanic (28.7%; OR = 0.7; p=<0.01) children. When combining data from these nine sites, the propertion of
white children (56%) with [QQ =85 was significantly higher than the proportion of black (27%, OR = 3.4; p=<0.01)
or llispanic {36%. OR — 2.2; p<0.01) children with [Q=85.

First Comprehensive Evaluation

Among children with ASD who were born in the same state as the ADDM site (n = 4,147 of 5,473 confirmed
cases), 42% had a comprehensive evaluation on record by age 36 months (range: 30% [Arkansas] to 66% [North
Carolina]} (Table 4). Approximately 39% of these 4,147 children did not have a comprehensive evaluation on record
until after age 48 months; however, mention of developmental concerns by age 36 months was documented for
85% (range: 61% [Tennessce] to 94% [Arizonal).

Previously Documented ASD Classification

Of the 5,473 children meeting the ADDM ASD surveillance case definition, 4,379 (80%) had either eligibility
for autism special education services or a DSM-IV-TR, DSM-5, or ICD-9 autism diagnosis documented in their
records (range among 11 sites: 58% [Colorado] to 92% [Missouri]). Combining data from all 11 sites, 81% of boys
had a previous ASD classification on record, compared with 75% of girls (OR = 1.4; p<0.01). When stratified by
race/cthnicity, 80% of white children had a previously documented ASD classification, compared with nearly 83%
of black children (OR — 0.9; p—0.09) and 76% of Hispanic children (OR — 1.3; p<0.01); a significant difference was
also found when comparing the proportion of black children with a previcous ASD classification to that among
Hispanic children (OR = 1.5; p<0.01).

The median age of earliest known ASD diagnosis documented in children’s records (Table 5) varied by diagnostic
subtype (autistic disorder: 46 months; ASDYPDI). 56 months; Asperger disorder: 67 months). Within these
subtypes, the median age of carliest known diagnosis did not differ by sex, nor did any difference cxist in the
proportion of boys and girls who initially received a diagnosis of autistic disorder (48%), ASD/PDD (46%), or
Asperger disorder {6%). The median age of carliest known diagnosis and distribution of subtypes did vary by site.
The median age of earliest known ASD diagnosis for all subtypes combined was 52 months, ranging from 40 months
m North Carolina to 59 months in Arkansas.

Special Education Eligibility

Sites with access to education records collected information on the most recent cligibility categories under which
children received special education scrvices {Table 6). Among children with ASD who were receiving special
cducation scrvices in public schools during 2014, the proportion of children with a primary eligibility catcgory of
autism ranged from 37% in Wisconsin to 75% in North Carolina. Most other sites noted more than half of children
with ASD having autism listed as their most recent primary special education eligibility category, the excepnions
being Colorado (44%) and New Jersey (48%). Other common special education eligibilities included health or
physical disability, speech and language impairment, specific learning disability, and a general developmental delay
category that is used until age 9 years in many U.S. states. All ADDM sites reported <10% of children with ASD
receiving special education services under a primary eligibility category of ID.
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Sensitivity Analyses of Missing Records and Expanded ICD-9 Codes

A stratified analysis of recerds that could not be lecated for review was completed to assess the degree to which
missing data might have potentially reduced prevalence estimates as reperted by individual ADDM sites. Had all
children’s records identified in Phase | been located and reviewed, prevalence cstimates would potentially have
been << 1% higher in four sites (Arizona, Georgia, Minncsota. and Wisconsin), between 1% to 5% higher in four
sites (Colorado, Missouri, New Jersey, and North Carolina). approximately 8% higher in Maryland, and ncarly 20%
higher in Arkansas and Tennessee, where investigators were able to access education records throughout most, but
not all, of the surveillance area and received data from their state Department of Education to evaluate the potential
impact on reported ASD prevalence estimates attributed to missing records.

The impact on prevalence estimates of reviewing records based on an expanded list of ICD-9 codes varied from
sitc to site. Colorado, Georgia, and Missouri were the only three sites that identified more than 1% of ASD
surveillance cascs partially or solely on the basis of the expanded code list. [n Missouri, less than 2% of children
identified with ASD had some of their records located on the basis of the expanded code list. and none were
identified exclusively from these codes. In Colorado, approximately 2% of ASD surveillance cases had some
abstracted records identified on the basis of the expanded code list, and 4% had records found exclusively from the
expanded codes. In Georgia, where [CD-9 codes were requested for surveillance of tive distinct conditions (autism,
cerebral palsy, 1D, hearing loss, and vision impairment), approximately 10% of children identified with ASD had
some of their records located on the basis of the expanded code list, and less than 1% were identified exclusively
from these codes.

Comparison of Case Counts from DSM-IV-TR and DSM-5 Case Definitions

The DSM-5 analysis was completed for part of the overall ADDM 2014 surveillance area (Table 7), representing
a total population of 263,775 children aged 8 vears. This was 81% of the population on which DSM-1V-TR
prevalence estimates were reported. Within this population, a total of 4,920 children were confirmed to meet the
ADDM Network ASD case definition for either DSM-IV-TR or DSM-3, Of these children, 4,236 (86%) met both
case definitions, 422 (9%} met only the DSM-IV-TR criteria, and 262 (5%) met only the DSM-5 criteria (Table &8).
This vielded a DSM-IV-TR:DSM-5 prevalence ratio of 1.04 in this population, indicating that ASD) prevalence was
approximately 4% higher based on the historical DSM-IV-TR case definition compared with the new DSM-5 case
definition. Among 4,498 children who met DSM-5 casc criteria, 3,817 (85%) met the DSM-5 behavioral criteria
{Box 2), whereas 681 (15%) qualified on the basis of an established ASD diagnosis but did not have sufficient
DSM-5 behavioral criteria documented in comprehensive evaluations. [n six of the 11 ADDM sites, DSM-5 case
counts were within approximately 3% of DSM-IV-TR counts (range: 5% lower [Tennessee] to 5% higher
[Arkansas]), whereas DSM-5 case counts were more than 5% lower than DSM-IV-TR counts in Minnesota and
North Carolina (6%), New Jersey (10%). and Colorado (14%). Kappa statistics indicated strong agreement between
DSM-TV-TR and DSM-5 case status among children abstracted in phase 1 of the study who were reviewed in phase
2 tor both DSM-IV-TR and DSM-5 (kappa for all sites combined: 0.85, range: .72 [Tennessee] to 0.93 [North
Carolinal).

Stratified analysis of DSM-IV-TR:DSM-5 ratios were very similar compared with the overall sample {Table 9).
DSM-5 estimates were approximately 3% lower than DSM-IV-TR counts for males, and approximately 6% lower
for females (kappa = 0.85 for both). Case counts were approximately 3% lower among white and black children on
DSM-5 compared with DSM-TV-TR, 5% lower among Asian children, and 8% lower among Hispanic children.
Children who received a comprehensive evaluation by age 36 months were 7% less likely to meet DSM-5 than
DSM-IV-TR, whereas those evaluated by age 4 years were 6% less likely to meet DSM-5, and those initially
evaluated after age 4 years were just as likely to meet DSM-5 as DSM-IV-TR. Children with decumentation of
eligibility for autism special education services, and those with a documented diagnosis of ASD by age 3 vyears,
were 2% more likely to meet DSM-5 than DSM-IV-TR. Slightly over 3% of children whose earliest ASD diagnosis
was autistic disorder met DSM-3 criteria but not DSM-IV-TR, comparcd with slightly under 3% of those whosc
carliest diagnosis was PDD-NOS/ASD-NOS and 5% of those whose carlicst diagnosis was Asperger disorder.
Children with no previous ASD classification (diagnosis or cligibility) were 47% less likely to meet DSM-5 than
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DSM-IV-TR. Combining data from all 11 sites, children with [Q scores in the range of 1D were 3% less likely to
meet DSM-5 criteria compared with DSM-1V-TR (kappa = 0.89), those with 1Q) scores in the borderline range were
6% less likely to meet DSM-5 than DSM-IV-TR (kappa = (1L.88), and children with average or above average
intellectual ability were 4% less likely to meet DSM-5 criteria conipared with DSM-TV-TR (kappa = (.86).

Discussion

Changes in Estimated Prevalence

The overall ASD prevalence estimate of 16.8 per 1,000 children aged 8 years in 2014 is higher than previously
reported estimates from the ADDM Network. An ASD case definition based on DSM-IV-TR criteria was used
during the entire period of ADDM surveillance during 2000 2014, as were comparable study operations and
procedures, although the geographic areas under surveillance have varied over time. During this period, ADDM
ASD prevalence estimates increased from 6.7 to 16.8 per 1,000 children aged 8 years, an increase of approximately
150%.

Among the six ADDM sites completing both the 2012 and 2014 studies for the same geographic area, all six
showed higher ASD prevalence estimates for 2012 compared to 2014, with a nearly 10% higher prevalence in
Georgia (p=0.006) and Maryland (p=0.35}, 19% in New Jersey (p<0.01), 22% in Missouri (p=0.01), 29% in Colorado
{p=0.01), and 31% in Wisconsin (p=<<0.01). When combining data from these six sites, ASD prevalence estimates
for 2014 were 20% higher for 2014 compared to 2012 (p<0.01). The ASD prevalence estimate from New Jersey
continucs to be one of the highest reported by a population-based surveillance system. The two sites with the greatest
relative difference in prevalence arc noteworthy in that both gained access to children’s cducation records in
additional geographic areas for 2014. Colorado was granted access to review children’s education records in one
additional county for the 2014 surveillance year {representing nearly 20% of the population aged 8 years within the
overall Colorado surveillance area). and Wisconsin was granted access to review education records for more than
a quarter of its surveillance population, and 2014 marked the first time Wisconsin has included education data
sources. Comparisons with earlier ADDM Network surveillance results should be interpreted cautiously because of
changing composition of sites and geographic coverage over time. For example, three ADDM Network sites
completing both the 2012 and 2014 surveillance years { Arizona, Arkansas, and North Carolina) covered a different
geographic area geach year, and two new sites (Minnesota and Tennessee) were awarded funding to monitor ASD
in collaboration with the ADDM Network.

Certain characteristics of children with ASD were similar in 214 compared with earlier surveillance years. The
median age of earliest known ASD diagnosis remained close to 53 nmienths in previous surveillance years and was
52 months in 2014, The propertion of children who received a comprehensive developmental evaluation by age 3
years was unchanged: 42% in 2014 and 43% during 2006 2012. There were a number of differences in the
characteristics of the population of children with ASD in 2014, The male:female prevalence ratic decreased from
4.5:1 during 2002 2012 to 4:1 in 2014, driven by a greater relative increase in ASD prevalence among girls than
among boys since 2012. Also, the decrcase in the ratios of white:black and white:1lispanic children with ASD
continucd a trend observed sinee 2002. Among sites covering a population of at least 20,000 children aged 8 years,
New Jersey reported no significant race- or cthnicity-based difference in ASD prevalence, suggesting more
complete ascertamment among all children regardless of race/ethmcity. Historically, ASD prevalence estimates
from combined ADDM sites have been approximately 20%—30% higher among white children as compared with
black children. For surveillance year 2014, the difference was only 7%, the lowest difference ever observed for the
ADDM Network. Likewise, prevalence among white children was almost 70% higher than that among Hispanic
children in 2002 and 2006, and approximately 50% higher in 2008, 2010, and 201 2, whereas for 2014 the difference
was only 22%. Data fronm a previously reported comparison of ADDM Network ASD prevalence estimates from
2002, 2006, and 2008 (9) suggested greater increases in ASD prevalence among black and Hispanic children
compared with those among white children. Reductions in disparities in ASI) prevalence for black and Hispanic
children might be attributable, in part, to more effective cutreach directed to minority communities. Finally, the
proportion of children with ASD and lower intellectual ability was similar in 2012 and 2014 at approximately 30%
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of males and 35% of females. These proportions were markedly lower than those reported in previous surveillance
years.

Variation in Prevalence Among ADDM Sites

Findings from the 2014 surveillance year indicate that prevalence cstimates still vary widely among ADDM
Network sites, with the highest prevalence observed in New Jersey. Although five of the 11 ADDM sites conducting
the 2014 surveillance year reported prevalence estimates within a very close range (from 13.1 to 14.1 per 1,000
children), New Jersey’s prevalence estimate of 29.4 per 1,000 children was significantly greater than that from any
other site, and four sites (Georgia, Maryland, Minnesota. and North Carolina) reported prevalence estimates that
were significantly greater than those from any of the five sites in the 13.1-14.1 per 1,000 range. Two of the sites
with prevalence estimates of 20.0 per 1,000 or higher (Maryland and Minnesota) conducted surveillance among a
total population of <10,000 children aged § vears. Concentrating surveillance efforts in smaller geographic areas,
especially those in ¢lose proximity to diagnostic centers and those covering school districts with advanced staft
training and pregrams to support children with ASID, might yield higher prevalence estimates compared with those
from sites covering populations of more than 20,000 8-year-olds. Of the six sites with prevalence estimates below
the 16.8 per 1,000 estimate for all sites combined, five had reduced or no access to education data sources { Arkansas,
Colorado, Missouri, Tennessce and Wisconsin}, whercas only one of the six sites will full aceess to education data
sources had a prevalence cstimate below 16.8 per 1,000 (Arizona). Such differences cannot be attributed solely to
source access, as other factors {c.g., demographic differences and service availability) also might have influenced
these findings. In addition to variation among sites in reported ASD prevalence, wide variation among sites 1s noted
in the charactenistics of children identified with ASD, ncluding the proportion of children who received a
comprehensive developmental evaluation by age 3 vears, the median age of earliest known ASD diagnosis, and the
distribution by intellectual ability. Some of this variation might be attributable to regional differences in diagnostic
practices and other documentation of autism symptoms, although previous reports based on ADDM data have linked
much of the variation to other extrinsic factors, such as regional and sociogconomic disparities in access to services
(13,14).

Case Definitions

Results from apphicanion of the DSM-1V-TR and DSM-35 case definitions were similar. overall and when stratified
by sex, race/ethnicity, DSM-IV-TR diagnostic subtype, or level of intellectual ability. Overall, ASD prevalence
estimates based on the new DSM-5 case definition were very sinilar in magnitude but slightly lower than those
based on the historical DSM-IV-TR case detinition. Three of the 11 ADDM sites had slightly higher case counts
using the DSM-5 framework compared with the DSM-IV-TR. Colorado, where the DSM-IV-TR:DSM-5 ratio was
highest compared with all other sites, was also the site with the lowest proportion of DSM-IV-TR cases having a
previous ASD classification. This suggests that the diagnostic component of the DSM-5 case definition, whereby
children with a documented diagnosis of ASD may qualify as DSM-5 cases regardless of social
interaction/communication and restricted/repetitive behavioral criteria, might have influenced DSM-5 results to a
lesser degree in that site, as a smaller proportion of DSM-1V-TR cases would meet DSM-5 case criteria based solely
on the presence of a documented ASD diagnosis. This element of the DSM-5 case definition may carry less weight
moving forward, as fewer children aged 8 vears in health and education settings will have had ASD diagnosed under
the DSM-IV-TR criteria. It is also possible that persons who conduct developmental evaluations of children in
health and education settings will increasingly describe behavioral characteristics using language miere consistent
with DSM-5 terntinology, yielding more ASD cases based on the behavioral component of ADDM’s DSM-5 case
definition. Prevalence estimates based on the DSM-5 case definition that incorporates an existing ASD diagnosis
reflect the actual patterns of diagnosis and services for children in 2014, because children diagnosed under DSM-
[V-TR did not lose their diagnosis when the updated DSM-5 criteria were published and because professionals may
diagnose children with ASD without necessarily recording every behavior supporting that diagnosis. In the future,
prevalence estimates will align more closely with the specific DSM-5 behavioral eriteria, and might exclude some
persons who would have met DSM-1V-TR criteria for autistic disorder, PDD-NOS or Asperger disorder, whilc at
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the same time including persons who do not meet those criteria but who do meet the specific DSM-3 behavioral
criteria.

Comparison of Autism Prevalence Estimates

The ADDM Network is the only ASD surveillance system in the United States providing robust prevalence
estimates for specific arcas of the country, including those for subgroups defined by sex and racc/cthnicity,
providing information about geographical variation that can be uscd to cvaluate pelicies and diagnostic practices
that might affect ASD prevalence. It 18 also the only comprehensive surveillance system to incorporate ASD
diagnostic criteria into the case definition rather than relying entirely on parent or caregiver report of a previous
ASD diagnosis, providing a unique contribution to the knowledge of ASD epidemiology and the impact of changes
in diagnostic criteria. Two surveys of children’s health, The National Health Interview Survey (NHIS) and the
Naticnal Survey of Children’s Health (NSCH), report estimates of ASD prevalence based on caregiver report of
being told by a doctor or other health care provider that their child has ASD, and, for the NSCH, if their child was
also reported to currently have ASD. The most recent publication from NHIS indicated that 27.6 per 1,000 children
aged 3 17 years had ASD in 2016, which did not differ significantly from estimates for 2015 or 2014 (24.1 and
22.4, respectively) (28). An estimate of 20.0 per 1,000 children aged 6 17 years was reported from the 2011 2012
NSCI (29). The study samples for the two phone surveys arc substantially smaller than the ADDM Network;
however, they were intended to be nationally representative, whereas the ADDM Network surveillance arcas were
selected through a competitive process and, although large and diverse, were not intended to be nationally
representative. Geographic differences in ASD prevalence have been observed in both the ADDM Network and
national surveys. as have differences in ASD prevalence by age (6-11,28.29).

All three prevalence estimation systems (NHIS, NSCH, and ADDM) are subject to regional and policy-driven
differences in the availability and utilization of evaluation and diagnostic services for children with developmental
concerns. Phone surveys are likely more sensitive in identifying children who received a preliminary or confirmed
diagnosis of ASD but arc not receiving services (i.c., special education services). The ADDM Network method
based on analysis of mformation contained in existing health and education records enables the collection of
detailed. case-specific information reflecting children’s behavioral, developmental and functional characteristics,
which are not available from the national phone surveys. This detailed case level information might provide insight
into teniporal changes in the expression of ASD phenotypes, and offers the ability to account for differences based
on changing diagnostic criteria.

Limitations

The findings in this report are subject to at least three limitations. First, ADDM Network sites were not selected
to represent the United States as a whole, nor were the geographic areas within each ADDM site selected to represent
that state as a whele (with the exception of Arkansas, where ASD is monitored statewide). Although a combined
estimate is reported for the Network as a whole to inform stakeholders and interpret the findings from individual
surveillance years in a more gencral context, data reported by the ADDM Network should not be interpreted to
represent a national estimate of the number and characteristics of children with ASD. Rather, it is more prudent to
examine the wide variation among sites, between specific groups within sites, and across time in the number and
characteristics of children identified with ASD. and 1o use these findings to inform public health strategies aimed
at removing barriers to identification and treatment, and eliminating disparities among socioeconomic and
racial/ethnic groups. Data from individual sites provide even greater utility for developing local policies m those
states.

Second, it is important to acknowledge limitations of information available in children’s health and education
records when considering data on the characteristics of children with ASD. Age of carlicst known ASD diagnosis
was obtamed from descriptions in children’s developmental evaluations that were available in the health and
education facilities where ADDM staff had access to review records. Some children might have had earlier
diagnoses that were not recorded in these records. Likewise, some descriptions of historical diagnoses (i.e., those
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not made by the evaluating examiner) could be subject to recall error by a parent or provider who described the
historical diagnosis to that examiner. Another characteristic featured prominently in this report, intellectual ability,
1s subject to measurement limitations. 1Q test results should be interpreted cautiously because of myriad factors that
impact performance on these tests, particularly language and attention deficits that are common among children
with ASD, especially when testing was conducted before age 6 years. Because children were not examined directly
nor systematically by ADDM staft as part of this study, descriptions of their characteristics should not be interpreted
to serve as the basis for policy changes. individual treatments, or interventicns.

Third, because comparisons with the results from earlier ADDM surveillance years were not restricted to a
commmon geographic area. inferences about the changing number and characteristics of children with ASD over ime
should be made with caution. Findings for each unique ADDM birth cohort are very informative, and although
study methods and geographic areas of coverage have remained generally consistent over time, temporal
comparisons are subject to multiple sources of bias and should not be misinterpreted as representing precise
measures that control for all sources of bias. Additienal limitations te the records-based surveillance methodolegy
have been described extensively in previous ADDM and MADDSP reports (3,6 /1.

Future Surveillance Directions

Data collection for the 2016 surveillance year began in early 2017 and will continue through mid-2019. Beginning
with surveillance year 2016, the DSM-5 casce definition for ASD will serve as the basis for prevalence estimates.
The DSM-1V-TR case definition will be applied in a limited geographic arca to offer additional data for comparison,
although the DSM-IV-TR casc definition will eventually be phased out.

CDC"s “Learn the Signs. Act Early” (LTSAE) campaign, launched in October 2004, aims to change perceptions
among parents, health care professienals, and early educators regarding the importance of early identification and
treatment of autism and other develepmental disorders (30). In 2007, the American Academy of Pediatrics (AAP)
recommended developmental screening specifically focused on social development and ASD at age 18 and 24
months {37). Both cfforts arc in accordance with the Healthy People 2020 (11P2020) goal that children with ASD
bc cvaluated by age 36 months and begin recciving community-based support and scrvices by age 48 months (/2).
[t is concerning that progress has not been made toward the HP2020 goal of increasing the percentage of children
with ASD who receive a first evaluation by age 36 months to 47%; however, the cohort of children monitored under
the ADDM 2014 surveillance year (1.e., children born in 2006) represents the first ADDM 8-year-old cohort
impacted by the LTSAE campaign and the 2007 AAP recommendations. The effect of these programs in lowering
age at evaluation might become more apparent when subsequent birth cohorts are monitored. Further exploration
of ADDM data, including those collected on cohorts of children aged 4 years (32), might inform how policy
initiatives, such as screening recommendations and other social determinants of health, impact the prevalence of
ASD and characteristics of children with ASD, including the age at which most children receive an ASD diagnosis.

Conclusion

The latest findings from the ADDM Network provide evidence that the prevalence of ASD is higher than
previously reported ADDM cstimates and continues to vary among certain racial/cthnic groups and communitics.
The overall ASD prevalence estimate of 16.8 per 1,000 children aged 8 years in 2014 is higher than previous
estimates from the ADDM Network. With prevalence of ASD reaching nearly 3% in some communitics and
representing an increase of 130% since 2000, ASD 1s an urgent public health concern that could benefit from
enhanced strategies to help 1dentify ASD earlier; to determine possible risk factors; and to address the growing
behavioral. educational. residential and occupational needs of this population.

[mplementation of the new DSM-5 case definition had little effect on the overall number of children identified
with ASD for the ADDM 2014 surveillance year. This might be a result of including documented ASD diagnoses
in the DSM-5 surveillance case definition. Over time, the estimate might be influenced (downward) by a
diminishing number of persons who meet the DSM-5 diagnostic criteria for ASD based solely on a previous DSM-
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IV-TR diagnosis. such as autistic disorder. PDD-NOS or Asperger disorder, and influenced {(upward) by
professionals aligning their climcal descriptions with the DSM-5 criteria. Although the prevalence of ASD and
characteristics of children identified by each case definition were similar in 2014, the diagnostic features defined
under DSM-IV-TR and DSM-5 appear to be quite different. The ADDM Network will continue to evaluate these
similarities and differences in much greater depth, and will examine at least one niore cohort of children aged §
years to expand this comparison. Over time, the ADDM Network will be well positioned to evaluate the effects of
changing ASD diagnostic parameters on prevalence.
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FIGURE 1. Most recent intelligence quotient score as of age 8 years among children with autism spectrum disorder for whom test data were available, by sex and site — Autism and Developmental
Disabhilities Monitoring Network, nine sites,* United States, 2014
Abbreviations: ADDM =Autism and Developmental Digabilities Monitoring Networl; ASD= autism spectrum disorder; F = female; 16 = intelligence quaotient; M = male.

* Includes nine sites [Arizona, Arkansas, Colorado, Georgia, Maryland, Minnesota, New Jersey, North Caroling, and Tennessee) that had intellectual ability data availalile for 270% of children who met the ASD case
definition {n = 3,714).

FIGURE 2. Most recent intelligence guotient score as of age 8 years among children with autism spectrum disorder for whom test data were available, by sex and race/ethnicity — Autism and
Developmental Disabilities Monitoring Network, nine sites,™ United States, 2014
Abbreviations: ASD = autism spectrum disorder; F = female; 1Q = intelligence quotient; M = male.

* Includes nine sites (Arizona, Arkansas, Coloradoe, Georgia, Maryland, Minnesota, New Jersey, North Carolina, and Tennessee] that had intellectual ability data available for 270 of children who met the ASD case
definition {n = 3,714).
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BOX 1. Autism spectrum disorder {(ASD) case determination criteria under DSM-IV-TR

DSM-IV-TR behavioral criteria

Social

1a. Marked impairment in the use of multiple nonverbal behaviors, such as eye-to-eye gaze, facial expression, body postures, and
gestures to regulate social interaction

1b. Failure to develop peer relationships appropriate to developmental level

1c. A lack of spontancous secking to share enjoyment, interests, or achievements with other people (e.g., by a lack of showing, bringing,
or painting out objects of interest)

1d. Lack of social or emeotional reciprocity

Communication

2a. Delay in, or total lack of, the development of spoken language {not accompanied by an attempt to compensate through alternative
meodes of communication, such as gesture or mime)

2b. In individuals with adequate speech, marked impairment in the ability to initiate or sustain a conversation with others

2c. Stereotyped and repetitive use of language or idiosyncratic language

2d. Lack of varied, spontaneous make-believe play or social imitative play appropriate to developmental level

Restricted behavior/Interest

3a. Encompassing precccupation with one or more stereotyped and restricted patterns of interest that is abnormal either in intensity
or focus

3b. Apparently inflexible adherence to specific, nonfunctional routines, or rituals

3c. Stereotyped and repetitive motor mannerisms (e.g., hand or finger flapping or twisting, or complex whole body movements)

3d. Persistent preoccupation with parts of objects

Developmental history

Child had identified delays or any concern with development in the following arcas at or before the age of 3 years: Social,
Communication, Behavior, Play, Motor, Attention, Adaptive, Cognitive

Autism discriminators

Oblivious to children

Oblivious to adults or others

Rarely responds to familiar social approach
Language primarily echolalia or jargon
Regression/loss of social, language, or play skills
Previous ASD diagnosis, whether based on DSM-1V-TR or DSM-5 diagnostic criteria
Lack of showing, bringing, ete,

Little or no interest in others

Uses others as tools

Repeats extensive dialog

Absent or impaired imaginative play

Markedly restricted interests

Unusual preoccupation

Insists on sameness

Nonfunctional routines

Excessive focus on parts

Visual inspection

Movement preoccupation

Sensory preoccupation

DSM-IV-TR case determination

At least six behaviors coded with a minimum of two Social, one Communication, and one Restricted Behavior/Interest; AND evidence of
developmental delay or concern at or before the age of 3 vears

OR

At least two behaviors coded with a minimuam of one Social and cither one Communication and/or one Restricted Behavior/Interest;
AND at least one autism discriminator coded

Note: A child may be disqualified from meeting the DSM-1V-TR surveillance case definition for ASD if, based on the clinical judgment of
one or more reviewers, there is insufficient or conflicting information in support of ASD, sufficient information to rule out ASD, or if
one or more other diagnosed conditions better account for the child’s symptoms

Abbreviation: DSM-IV-TR = Diagnostic and Statistical Manuoel of Mental Disorders, Fourth Edition {Text Rewision).
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BOX 2. Autism spectrum disorder case determination criteria under DSM-5

DSM-5 behavioral criteria

A. Persistent deficits in social
communication and social interaction

Al: Deficits in social emotional reciprocity
AZ2. Deficits in nonverbal communicative behaviors
A3, Deficits in developing, maintaining, and understanding relationships

B. Restricted, repetitive patterns of
behavior, interests, or activities,
currently or by history

B1: Stereotyped or repetitive motor movements, use of obhjects or speech

B2. Insistence on sameness, inflexible adherence to routines, or ritualized patterns of verbal or nonverbal behavior
133, Highly restricted interests that are abnormal in intensity or focus

B4. Hyper- or hypo-reactivity to sensory input or unusual interest in sensory aspects of the environment

Historical PDD diagnosis

Any ASD diagnosis documented in a comprehensive evaluation, including a DSM-1V diagnosis of autistic disorder, Asperger disorder, or pervasive
developmental disorder-not otherwise specified (PDD-NOS)

DSM-5 case determination

All three behavioral criteria coded under part A, and at least two behavioral criteria coded under part B

Ok

Any ASD diagnosis documented in a comprehensive evaluation, whether based on DSM-TV-TR or ISM-5 diagnostic criteria

Note: A child may be disqualitied from meeting the DSM-5 surveillance case definition for ASD if, based on the clinical judgment of one or more
reviewers, there is insufficient or conflicting information in support of ASD, sufficient information to rule out ASD, or if one or more other
diagnosed conditions better account for the child’s symptoms

Abbreviation: DSM-5 = Diggnostic and Statistical Muanual of Mental Disorders, Fifth Edition.
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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, 2014
Asian or
Pacific Islander,

Site

Arizona
Arkansas
Colorado

Georgia

Maryland

Minnesota

Missouri

New Jersey
Morth Carolina
Tennessee

Wisconsin

All sites combined

Site institution

University of Arizona

University of Arkansas for

Medical Sciences

Colorado Department of
Public Health and
Environment

CDC

Juhns Hopkins University

University of Minnesota

Washington University

Rutgers University
University of North
Carolina-Chapel Hill
Vanderbilt University
Medical Center
University of Wisconsin-
Madison
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Surveillance area

Part of 1 county in
metropolitan Phoenix!
All 75 counties in
Arkansas

7 counties in
motropalitan Denver

S countics including
metropolitan Atlanta

1 county in metropolitan
Baltimare

Parts of 2 counties
including Minneapolis-
St. Pault

S countics including
metropolitan St Louis
4 counties including
metropolitan Newark

6 countics in central
Narth Carolina

11 counties in middle
Tennesses:

10 counties in
southeastern Wisconsin

DOI: 10.15585/mmwr.ss6723al

Total

No.

24,952

39,992

41,128

51,161

9,955

9,767

25,333
32,935
30,283
24,940
35,037

325,483

White,
non-Hispanie
No, (W)
12,308 (49.3]
26,103 (65.3)
22,410 (54.5)
15,495 (30.3]
4,977 (50.0)
3,793 (38.8)

13.593 (41.3)
15,241 (50.3)
15,867 (63.6)
20,732 (59.2)
167,048  (51.3)

Black,
non-Hispanie
No. (%)
1,336 (5.4)
7.705 (19.3]
2,724 (6.6])
22,042 (43.1)
3,399 (34.1)
2,719 (27.8)
6,577 (26.0)
7.166 (21.8)
7,701 (25.4)
4,996 (19.6)
6,186 (18.5)

72,751 (22.4)

Hispanic

No. (%)
9,792 (39.2)
5.012 (12.5)
13,735 (33.4)
9,913 (19.4]
829 (8.3
1,486 (15.2)
1,220 {4.8]
10,226 (31.0)
5,463 (18.0)
3,324 (13.3)
6,181 (17.6)
67,181 {20.6)

non-Hispanic

No.

719

1,576

931
1.874
1,778

799

1,471

16,596

(%)

{3.9)

(2.1)

(4.9)

{7.0)

(7.2)

(16.1)

(3.7)
(5.7)
(5.9)
(3.2)
(4.2)

(5.1)

No.

541

329

228

112

31

193

76

76

100

54

167

1,207

* Total numbers of children aged B years in each surveillance arca were obtained from CDC's National Center for Health Statistics Vintage 2016 Bridged-Race Population Estimates for July 1, 2014,

American Indian
or Alaska Native,
non-Hispanic

(%)

[2.2)

(0.8)

(0.6)

[0.2)

(0.3)

(2.0)

{0.3)
(0.2)
(0.3)
(0.2)
{0.5)

(0.6)

t Denominator excludes school districts that were not included in the surveillance area, calculated from National Center for Education Statistics enrollment counts of 3rd graders during the 2014-2015 school

year.
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TABLE 2. Estimated prevalence* of autism spectrum disorder among children aged 8 years, by sex — Autism and Developmental Disahilities Monitoring Network, 11 sites, United States, 2014

Sex
Site pug:lt:tlion TotalAr;(])j with Overall Males Females Male-to-female
Prevzlenc 95% CI Prevalence 95% CI Prevalence 95% CI prevalence ratio¥
Arizona 24,952 349 14.0 {12.6-15.5] 211 {18.7-23.8) 6.6 {5.3-8.2) 32
Arkansas 39,992 522 13.1 {12.0-14.2] 20.5 {18.6-22.5] 5.4 {4.5-6.5) 38
Colorado 41,128 572 13.9 (12.8-15.1) 21.8 (19.9-23.9) 5.5 {4.6-6.7) 39
Georgia 51,161 869 17.0 (15.9-18.2) 27.9 (25.9-30.0) 5.7 (4.8-6.7) 4.9
Maryland 9,955 199 200 [17.4-23.0) 327 [28.1-38.2) 7.2 (5.2-10.0) 4.5
Minnesota 9,767 234 24.0 (21.1-27.2) 39.0 [33.8-44.9) 8.5 (6.3-11.6) 4.6
Missouri 25,333 356 14.1 (12.7-15.6) 22.2 (19.8-25.0) 5.6 (44-7.0) 40
New Jersey 32,935 964 29.3 (27.5-31.2) 45.5 (42.4-48.9) 123 (10.7-14.1) 3.7
North Carolina 30,283 527 17.4 {16.0-19.0] 28.0 {25.5-30.8) 6.5 {5.3-7.9) 4.3
Tennessee 24,940 387 15.5 {14.0-17.1] 25.3 (22.6-28.2] 5.4 {4.2-6.9) 4.7
Wisconsin 35,037 494 14.1 (12.9-154) 21.4 (19.4-23.7) 6.4 {5.3-7.7) 3.4
All sites combined 325,483 5473 16.8 {16.4-17.3) 26.6 {25.8-27.4) 6.6 (6.2-7.0) 4.0

Abbreviations: ASD = autism spectrum disorder; Cl = confidence interval,
* Por 1,000 children aged 8 years,
t All children are included in the total regardless of race or ethnicity.

* All sites identitied significantly higher prevalence among males compared with females {p<0.01).
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TABLE 3. Estimated prevalence* of autism spectrum disorder among children aged 8 years, by race/ethnicity — Autism and Developmental Disabilities Monitoring Network, 11 sites, United
States, 2014

Race/Ethnicity Prevalence ratio

Site White Black Hispanic Asian/Pacific [slander White-to- White-to- Black-to-

Prevalence 95% CI Prevalence 95% €I Prevalence 95% €I Prevalence 95% €I black Hispanic Hispanic
Arizona 16.2 (14.1-18.6) 19.5 (13.3-28.6) 10.3 (8.5-12.5) 10.3 (5.5-19.1) 0.8 1.&% 1.9¢
Arkansas 139 (12.6-15.5) 104 (8.3-12.9) 34 (6.2-11.3) 14.2 (8.1-25.1) 1.3t 1.7% 1.2
Colorado 15.0 (13.5-16.7) 114 (8.0-16.2) 10.6 (9.0-12.5) 7.5 (4.8-12.9) 1.3 1.4% 1.1
Georgia 17.9 (16.0-20.2) 17.1 (15.4-18.9) 12.6 (10.6-15.0) 11.9 (8.9-16.1) 1.1 145 1.48
Maryland 19.5 (16.0-23.8) 16.5 (12.7-21.4) 15.7 (9.1-27.0) 13.9 (7.5-25.8) 1.2 1.2 1.1
Minnesota 24.3 (19.8-29.9) 27.2 (21.7-34.2) 209 (14.7-29.7) 17.8 [12.3-25.7) 0.9 1.2 1.3
Missouri 14.1 (12.4-16.0) 10.8 [8.6-13.6) 4.9 {2.2-10.9) 10.7 {5.8-20.0) 1.3t 2.9t 2.2
New Jersey 30.2 (27.4-33.3) 26.8 (23.3-30.9) 29.3 (26.2-32.9) 19.2 (13.9-26.6) 11 1.0 0.9
North Carolina 186 (16.5-20.9) 16.1 (13.5-19.2) 11.9 {9.3-15.2) 19.1 (13.7-26.8) 1.2 1.6% 1.41
Tennessee 16.1 (14.3-18.2) 125 (9.7-16.0) 10.5 (7.6-14.7) 125 (6.7-23.3) 13 15t 12
Wisconsin 15.2 (13.6-17.0) 113 (8.9-14.2) 125 (10.0-15.6) 10.2 (6.1-16.9) 1.3t 1.2 0.9
All sites combined 17.2 (16.5-17.8) 16.0 (15.1-16.9) 14.0 (13.1-14.9) 13.5 {11.8-15.4) 1.1° 1.2% 1.15

Abbreviation: Cl = confidence interval.
* Per 1,000 children aged 8 years.
f Pearson chi-square test of prevalence ratio significant at p<0.05.

¥ Pearson chi-square test of prevalence ratio significant at p=<0.01.
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TABLE 4. Number and percentage of children aged 8 years* identified with autism spectrum diserder who received a comprehensive evaluation by a qualified professional at age £36 months,
37-48 months, or »>48 months, and those with a mention of general delay concern by age 36 months — Autism and Developmental Disakilities Monitoring Network, 11 sites, United States,
2014

Mention of general

Earliest age when child received a comprehensive evaluation developmental delay

Site =36 mos 37-48 mos >48 mos £36 mos
No. (%) No. (%) No. (%) No. (%)

Arizona 87 {34.1) 56 (22.0) 112 (43.9) 240 (94.1)
Arkansas 117 {(30.5) a8 (25.6) 168 (43.9) 354 {92.4)
Colorado 200 {46.4) 66 (15.3) 165 (38.3) 383 {88.9)
Georgia 240 (37.6) 126 (19.7) 273 (42.7) 549 {85.9)
Maryland 96 {56.1) 19 (11.1) 56 (32.7) 158 (92.4)
Minnesota 57 {(33.5) 36 (21.2) 77 (45.3) 124 {72.9)
Missouri 88 {32.1) 39 (14.2) 147 (53.8) 196 (71.5)
New Jersey 318 {40.5) 174 (22.2) 293 (37.3) 645 (82.2)
Narth Carolina 260 {66.2) 42 (10.7) a1 (23.2) 364 (92.6)
Tennessee 80 (34.0) 47 (20.0) 108 (46.0) 144 {61.3)
Wisconsin 194 {47.2) 87 (21.2) 130 (31.8) 368 (89.5)
All sites combined 1,737 (41.9) 790 (19.0) 1,620 (39.1) 3,525 (85.0)

* Includes children identified with autism spectrum disorder who were linked to an in-state birth certiticate.
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TABLE 5. Median age (in months) of earliest known autism spectrum disorder diagnosis and number and proportion within each diagnostic subtype — Autism and Developmental Disabilities
Monitoring Network, 11 sites, United States, 2014

Autistic disorder ASD/PDD Asperger disorder Any specified ASD diagnosis

Site Median age No. (%) Median age No. (%) Median age No. (%) Median age No. (%)

Arizana 55 186 (76.2) 6l 50 (20.5) 74 3 (3.3} 56 244 (69.9)
Arkansas 55 269 (63.0) 63 129 (30.2) 75 29 (6.8} 59 427 (818
Colorado 40 192 (61,7 65 104 (33.4) 61 15 {4.8) 51 211 (54,4
Georgia 16 288 (48.1) 56 261 (43.6) 65 50 [8.3) 53 599 (68.9)
Maryland 43 52 (32.3) 61 104 (64.6) 65 5 {3.1) 52 161 (80.9)
Minnesota 51 50 (45.9) 65 54 (49.5) 62 5 (4.6} 56 109 (46.6)
Missouri 54 81 (26.7) 55 197 (65.0 65 25 (8.3 56 203 (85.1
New Jersey 42 227 (32.7) 51 428 (6l.6) 66 40 {5.8) 48 695 (72.1)
Narth Carolina 32 165 (52.5) 49 130 {41.4) 67 19 (6.1) 40 314 (59.6)
Tennessee 51 157 (57.1) 63 100 (36.4) 60 18 [6.5) 56 275 (71.1)
Wisconsin 46 143 {40.2) 55 189 {53.1) 67 24 (6.7) 51 356 (72.1)
All sites combined 16 1,810 (47.7) 56 1,746 [46.0) 67 238 (6.3) 52 3,794 (69.3)

Abbreviations: ASD = autism spectrum disorder; PLD = pervasive developmental disorder-not otherwise specified.
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TABLE 6. Number and percentage of children aged 8 years identified with autism spectrum disorder with available special education records , by primary special education eligihility category*
— Autism and Developmental Disabilities Monitoring Network, 10 sites, United States, 2014

Characteristic Arizona Arkansas Colorado Georgia Maryland Minnesota  New Jersey CaN:orl';lllla Tennessee Wisconsin
Total no. of ASD cases 319 522 572 869 199 234 9641 527 367 494
Total no. (%) of ASD cases with 308 327t 1397 708 149 188 822 120 2187 156t
Special education records (88.3) —* —4 {81.5) {(74.9) {80.3) (85.3) {79.7) —4 —*
Primary exceptionality (%)

Autism 64.9 654 439 58.9 67.1 67.0 484 75.0 79.8 365
Emotional disturbance 29 0.9 72 2.0 27 37 16 26 0.5 58
Specific learning disability 6.8 3.7 13.7 490 128 11 8.2 29 0.9 26
Speech or language impairment 55 89 10.8 1.0 3.4 27 13.7 24 32 205
Hearing or visual impairment o 0.3 o 01 o 11 0.6 05 o 06
Health, physical or other disability 6.8 135 14.4 3.5 8.1 154 185 112 32 147
Multiple disabilities 03 3.4 5.0 0 4.0 1.6 67 1.7 0 0
[ntellectual disability 32 40 43 2.0 2.0 6.9 1.7 24 28 0.6
Developmental delay/Preschool 9.4 0 07 285 0 05 0.6 1.4 9.6 18.6

Abbreviation: ASD = autism spectrum digsorder.
* Some state-specific categories were recoded or combined to match current U.S. Department of Education categories.
t Excludes children residing in school districts where educational records were not reviewed [proportion of surveillance population: 31'% Arkansas, 67'% Colorado, 12% Tennesseg, 74'% Wisconsin].

* Proportion not reported because numerator is not comparable to other sites (excludes children residing in school districts where educational records were not reviewed).
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TABLE 7. Number* and percentage of children aged 8 years, by race/ethnicity and site in the DSM-5 Surveillance Area — Autism and Developmental Disabilities Monitoring Network, 11 sites,

United States, 2014

Asian or Pacific

American Indian or

Total Wl-ll‘lilstc;l:]ti:lcn- Bll-?iik'at:i)?- Hispanic Islander, non- Alaska Native, non-
Site Site institution Surveillance area p P Hispanic Hispanic
No. No. (%) No. (%) No. (%) No. (%) No. (%)
- . N Part of 1 county in - . . . . .
Arizona University of Arizona metropolitan Phocnix! 9,478 5,340 (56.3) 321 {3.4) 3,244 (34.2) 296 {3.1) 277 {2.9)
. University of Arkansas for ~ All 75 counties in
Arkansas Medical Seivnces Arkansae 39992 26,103 (65.3) 7,705 (19.3) 5012 [12.5) 843 (2.1) 329 (0.8)
Colorade Department of ] i " lit
Colorado Public Health and DC_OL”“ ¥ 1L metropoiitan 8,022 2,603 (32.4] 1,018 (12.7] 4,019 (50.1] 322 {4.0) 60 (0.7)
LEnvironment cnver
L 5 countics including = oaiar . . . - . .
Georpia €DC metropolitan Atlanta 51,161 15,495 (30.3] 22,042 [43.1) 9,913 (19.4) 3,599 (7.0 112 {0.2]
Maryland Johns Hopkins University é;ﬁ:‘l;‘g;“ metropolitan 9,955 4977 (50.0) 3,399 (34.1) 829 (8.3) 719 (7.2) 31 (0.3)
Parts of 2 counties
Minnesota University of Minnesota including Minneapolis- 9,767 3,793 (38.8) 2,719 (27.8) 1,486 (15.2) 1,576 (16.1) 193 {2.0)
St. Pault
Missouri Washingten University ét“iﬁﬂg inmetropolitan 4, 560 7,186 (58.9] 3,793 (31.1] 561 {4.6) 626 {5.1) 39 {0.3)
\ . : 4 counties including
New Jersey Rutgers University metropolitan Newask 32935 13593 [41.3) 7,166  (21.8) 10226 (310) 1,874 (5.7) 76 (0.2)
e - University of North 6 counties in central - . . . . .
North Carolina Carolina-Chapel Hill North Carolin 30,282 15241 (50.3) 7,701 (25.4) 5,463 (18.0) 1,778 (5.9 100 (0.3
N Vanderbilt University 11 counties in middle
Tennessee Medical Conter Tenmessoe 24940 15867 (63.6) 4896  (19.6) 3324 (13.3) 799 (3.2) 54 (0.2)
T University of Wisconsin- 10 counties in ] ]
Wisconsin Madison southeastern Wisconsin 35,037 20,732 (59.2] 6,486 (18.5) 6,181 (17.6] 1471 (4.2) 167 (0.5)
All sites combined 263,775 130,930  (496) 67,246  (25.5) 50,258  (19.1) 13,903 (5.3) 1,438 (0.5)

Abbreviation: DSM-5 = Diagnostic and Statistical Manual of Mental Disorders, Fitth Edition.

* Total numbers of children aged B years in each surveillance arca were obtained from CDC's National Center for Health Statistics Vintage 2016 Bridged-Race Population Estimates for July 1, 2014,

t Denominator excludes school districts that were not included in the surveillance area, calculated from National Center for Education Statistics enrollment counts of 3rd graders during the 2014-2015 school

year.
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TABLE 8. Number and percentage of children meeting DSM-IV-TR and/or DSM-5 surveillance case definition — Autism and Developmental Disabilities Monitoring Network, 11 sites, United
States, 2014

e Met both pows’ TR and Met DSM-IV-TR only Met DSM-5 only DSM-IV-TR vs. DSM-5
Site No. No. (%) No. (%) No. (%) Ratio Kappa
Arizona 179 143 (79.9) 17 (9.5) 19 (10.6) 0.99 0.83
Arkansas 560 514 (91.8) 8 (14) 38 (6.8) 0.95 0.92
Colorade 116 92 (79.3) 19 (16.4) 5 (4.3) 114 0.79
Georgia 937 790 (84.3) 79 (B.4) 68 (7.2) 1.01 0.83
Maryland 207 187 (90.3) 12 (58) 8 (3.9) 1.02 0.89
Minnesota 254 200 (78.7) 34 (13.4) 20 (7.9) 1.06 0.79
Missouri 209 179 (85.6) 12 (5.7) 18 (8.6) 0.97 0.74
New Jersey 995 842 (84.6) 122 (12.3) 31 (3.1) 110 0.85
North Carolina 532 493 (92.7) 34 (6.4) 5 (0.9) 1.06 0.93
Tennessee 408 348 (85.3) 39 (9.6) 21 (5.1) 1.08 0.72
Wisconsin 523 448 (85.7) 46 38) 29 (5.5) 1.04 0.83
All sites combined 4,920 4,236 {86.1) 422 {8.6) 262 {5.3) 1.04 0.85

Abbreviations: DSM-5 = Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition; DSM-1V-TR = Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision.
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TABLE 9. Characteristics of children meeting DSM-IV-TR and/or DSM-5 surveillance case definition — Autism and Developmental Disabilities Monitoring Network, 11 sites, United States, 2014

Met
DSM-IV- Met both DSM-IV- Met DSM-IV-TR DSM-IV-TR vs.
TR ot TR and DSM-5 only Met DSM-5 only DSM-5
3SM-5

Characteristic No. No. (%) No. (%) No. (%) Ratio  Kappa
Met ASD case definition under DSM-IV-TR and for DSM-5 4,920 4,236 (86.1) 422 (8.6) 262 (5.3) 1.04 0.85
Sex
Male 3,978 3,452 (86.8) 316 (7.9) 210 (5.3) 1.03 0.85
Female 942 784 (83.2) 106 {11.3) 52 (5.5] 1.06 0.85
Race/Ethnicity
White, non-Hispanic 2,486 2,159 (86.9) 193 (7.8) 134 (5.4) 1.03 0.85
Black, non-Hispanic 1,184 994 (84.0 109 (9.2] 81 (6.8] 1.03 0.84
Hispanic, regardless of race 817 695 (85.1) 91 (11.1) 31 (3.8) 1.08 0.86
Asian / Pacific Islander, non-Hispanic 207 183 (90.9) 14 (6.8) 5 (2.4) 1.05 0.88
Earliest comprehensive evaluation on record®
£36 months 1,509 1,372 (90.9) 115 (7.6) 22 (1.5) 1.07 0.89
37-48 months 723 6440 (88.5) 61 (8.4) 22 (3.0 1.06 0.86
=48 months 1,503 1,195  (79.5) 154 {10.2) 154 {10.2) 1.00 0.81
Documented ASD Classification
Autism special education cligibility? 2,270 2,156 (95.) 35 (1.5) 79 (3.5) 0.98 0.57
ASD diagnostic statement?®
Larliest ASD diagnosis €36 months 951 936 98.1) 0 ()] 15 (1.6) 0.98 0.71
Earlicst ASI diagnosis autistic disorder 1577 1,526 (96.9) 0 m 51 (3.2) 0.97 0.50
Earliest ASD diagnosis PDD-NOS/ASD-NOS 1,564 1,525  (97.5) 0 (0) 39 (2.5] 0.98 0.72
Larliest ASD} diagnosis Asperger disorder 221 210 (95.) 0 ()] 11 (5.0) 0.95 0.72
No previous ASD diagnosis or eligibility on record 950 484 (50.9) 369 (38.8) 97 (10.2) 1.47 0.62
Most recent intelligence quotient score’
Intellectual disability {1Q 70) 1,191 1,08¢ (914 67 (5.6) 35 (2.9] 1.03 0.89
Borderline range (1Q 71-85) 881 778 (88.3) 74 (8.4) 29 (3.3) 1.06 0.88
Average or above average [IQ »85) 1,620 1,391 (B5.9) 143 (8.8) 26 (5.3) 1.04 0.86

Abbreviations: ASD = autism spectrum disorder; DSM-5 = Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition; DSM-1V-TR = Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition,
Text Revision; PDD-NOS = pervasive developmental disorder-not otherwise specified.

* Includes children identified with A5D who were linked to an in-state birth certificate.
tIncludes children with autism as the Primary Exceptionality (Table 6) as well as children documented to mect eligibility criteria for autism special education services,

* An ASD diagnosis documented in abstracted comprehensive evaluations, including DSM-1V-TR diagnosis of autistic disorder, PDD-NOS or Asperger disorder qualifies a child as nieeting the DSM-5 surveillance
case definition for ASD.

Includes data from all 11 sites, including those with 1Q data available for <70% of confirmed cases.
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FIGURE 1. Most recent intelligence quotient score as of age 8 years among children with autism spectrum disorder for whom test data were
available, by sex and site — Autism and Developmental Disabilities Monitoring Network, nine sites,” United States, 2014
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O Above intellectually disabled range {IQ >70) ADDM site

B Within intellectually disabled range {(IQ <70)

Abbreviations: ADDM = Autism and Developmental Disabilities Monitoring Network; F = female; |1Q = intelligence quotient; M = male.
* Includes nine sites (Arizona, Arkansas, Colorade, Georgia, Maryland, Minnesota, New Jersey, North Carolina, and Tennessee) that had intellectual ability data available
for z70% of children who met the ASD case definition {n =3,714).
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FIGURE 2. Most recent intelligence quotient score as of age 8 years
among children with autism spectrum disorder for whom test data
were available, by sex and race/ethnicity — Autism and Developmental
Disabilities Monitoring Network, nine sites,” United States, 2014
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Il 'ntellectually disabled range (IQ <70}

Abbreviations: F = female; 10 = intelligence quotient; M = male.

* Includes nine sites (Arizona, Arkansas, Colorado, Geergia, Maryland, Minnesota,
New Jersey, North Carolina, and Tennessee] that had intellectual ability data
available for 270 of children who met the ASD case definition (n = 3,714).
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Abstract

Problem/Condition: Autism spectrum disorder (ASD).
Period Covered: 2014,

Description of System: The Autism and Developmental Disabilities Monitoring (ADDM) Network is an active
surveillance system that provides estimates of the prevalence of autism spectrum disorder (ASD) among children
aged 8 years whose parents or guardians reside within 11 ADDM sites in the United States (Arizona, Arkansas,
Colorado, Georgia, Maryland., Minnesota, Missouri, New Jersey, North Carolina, Tennessee, and Wisconsin}.
ADDM surveillance is conducted in two phases. The first phase invelves review and abstraction of comprehensive
evaluaticns that were completed by professional service providers in the community. Staff completing record review
and abstraction reccive extensive training and supervision and are evaluated according to strict reliability standards
to certify cffective initial training, identify ongoing training nceds, and cnsurc adherence to the prescribed
methodology. Record review and abstraction occurs in a variety of data scurces ranging from gencral pediatric
health clinics to specialized programs serving children with developmental disabilities. In addition, most of the
ADDM sites also review records for children who have received special education services i public schools. In the
second phase of the study, all abstracted information 18 reviewed systematically by experienced climcians to
determine ASD case status. A child is considered to meet the surveillance case definition for ASD if he or she
displays behaviors, as described on one or more comprehensive evaluations completed by community-based
professienal providers, consistent with the Diagrastic and Statistical Manual of Mental Disorders, Fourth Edition,
Text Revision (DSM-IV-TR) diagnostic criteria for Autistic Disorder; Pervasive Developmental Disorder Not
Otherwise Specified (PDD-NOS, including Atypical Autism); or Asperger Disorder. This report provides updated
ASD prevalence estimates for children aged ¥ years during the 2014 surveillance year, on the basis of DSM-IV-TR
criteria, and describes characteristics of the population of children with ASD. In 2013, the American Psychiatric
Association published the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5), which
madc considerable changes to ASD diagnostic criteria. The change in ASD diagnostic criteria might influence
ADDM ASD prevalence estimates; therefore, most (85%) of the records used to determine prevalence estimates
based on DSM-IV-TR criteria underwent additional review under a newly operationalized surveillance case
definition for ASD consistent with the DSM-5 diagnostic criteria, which meclude the presence of an established
DSM-TV-TR diagnosis of Autistic Disorder, PDD-NOS, or Asperger Disorder. Stratified comparisons of the
number of children meeting either of these two case definitions also are reported.
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Results: For 2014, the overall prevalence of ASD among the 11 ADDM sites was 16.8 per 1,000 (one m 59) children
aged 8 years. Overall ASD prevalence estimates varied among sites, from 13.1-29.3 per 1,000 children aged 8
years. ASD prevalence estimates also varied by sex and race/ethnicity. Males were four times more likely than
females to be identified with ASD. Prevalence estimates were higher for non-Hispanic white (henceforth, white)
children compared with non-Hispanic black (henceforth, black) children, and both groups were more likely to be
identified with ASD compared with Hispanic children. Among the nine sites with sufficient data on intellectual
ability, 31% of children with ASD were classified in the range of intellectual disability (intelligence quotient [1Q]
=70}, 25% were in the borderline range (IQ 71 &5), and 44% had [} scores in the average to above average range
(i.e.. IQ =85). The distribution of intellectual ability varied by sex and race/ethnicity. Although mention of
developmental concerns by age 36 months was documented for 85% of children with ASD, only 42% had a
comprchensive cvaluation on record by age 36 months. The median age of carliest known ASD diagnosis was 52
months and did not differ significantly by sex or race/cthnicity. For the targeted comparison of DSM-IV-TR and
DSM-5 results, the number and characteristics of children meeting the newly operationalized DSM-5 case definition
for ASD were similar to those meeting the DSM-1V-TR case definition, with DSM-I1V-TR case counts exceeding
DSM-5 counts by less than 5% and approximately 86% overlap between the two case definitions (kappa = 0.85).

Interpretation: Findings from thc ADDM Network, on the basis of 2014 data reported from 11 sites, provide
updated population-bascd estimates of the prevalence of ASD among children aged 8 years in multiple communitics
in the United States. Because the ADDM sites do not provide a representative sample of the entire United States,
the combined prevalence estimates presented in this report cannot be generalized to all children aged 8 vears in the
United States. Consistent with reports from previous ADDM surveillance years, findings from 2014 were marked
by variation in ASD prevalence when stratified by geographic area. sex, and level of intellectual ability. Differences
in prevalence estimates between black and white children have diminished in most sites, but remained notable for
Hispanic children. The new case definition for ASD based on DSM-5 criteria resulted in a similar estimate of ASD
prevalence,

Public Health Action: The latest findings trom the ADDM Network provide evidence that the prevalence of ASD
1s higher than previously reported estimates and continues to vary among certain racial/ethnic groups and
communities. With prevalence of ASD ranging from 13.1 to 29.3 per 1,000 children aged 8 years in different
communities throughout the United States, the need for behavioral, educational, residential, and occupational
services remaing high, as does the need for increased research on both genetic and nongenetic risk factors for ASD.
Beginning with surveillance year 2016, the DSM-5 case definition will serve as the basis for ADDM estimates of
ASD prevalence in future surveillance reports. The DSM-IV-TR case definition will be applied in a limited
geographic area to offer additional data for comparison, although the DSM-IV-TR case definition will eventually
be phased cut. Future analyses will examine trends in the continued use of DSM-IV-TR diagnoses such as Autistic
Disorder, PDD-NOS, and Asperger Disorder in health and cducation records, documentation of symptoms
consistent with DSM-5 terminology, and how these trends might influcnee estimates of ASD prevalence over time.

Introduction

Autism speetrum disorder {ASD} is a developmental disability defined by diagnostic eriteria that include deficits
in social communication and social interaction, and the presence of restricted, repetitive patterns of behavior,
mnterests, or activities that can persist throughout life (£). CDC began tracking the prevalence of ASD and
characteristics of children with ASD in the United States in 1998 {2,3). The first CDC study, which was based on
an investigation in Brick Township, New Jersey (2), identified similar characteristics but higher prevalence of ASD
compared with other studies of that era. The secend CDC study, which was conducted in metropolitan Atlanta,
Georgia (3), identified a lower prevalence of ASD compared with the Brick Township study but similar estimates
compared with other prevalence studies of that era. In 2000, CDC established the Autism and Developmental
Disabilities Monitoring (ADDM) Network to collect data that would provide estimates of the prevalence of ASD
and other developmental disabilities in the United States (4,5).
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Tracking the prevalence of ASD poses unique challenges because of the heterogeneity in symptom presentation,
lack of biologic diagnostic markers. and changing diagnostic criteria (5). Initial signs and symptoms typically are
apparent in the early developmental period; however, social deficits and behavioral patterns might not be recogmzed
as symptoms of ASD until a child is unable to meet social, educational, occupational, or other important life stage
demands (7). Features of ASD might overlap with or be difficult te distinguish from those ot other psychiatric
disorders, as described extensively in DSM-5 (7). Although standard diagnostic tools have been validated to inform
clinicians™ impressions of ASD symptomelogy, inherent complexity of measurement approaches and variation in
clinical impressions and decision-making. combined with policy changes that affect eligibility for health benefits
and educational programs. complicates identification of ASD as a behavioral health diagnosis or educaticnal
exceptionality. To reducce the influence of these factors on prevalence estimates, the ADDM Network has
consistently tracked ASD by applying a surveillance casc definition of ASD and using the same record-review
methodology and behaviorally defined casc inclusion criteria sinee 2000 (3).

ADDM estimates of ASD prevalence ameng children aged 8 years in multiple U.S. communities have increased
from approximately one in 150 children during 2000 2002 to one in 68 during 2010 2012, more than doubling
during this period (6 1/). The observed increase in ASD prevalence underscores the need for continued surveillance
using consistent methods to monitor the changing prevalence of ASD and characteristics of children with ASD in
the population.

In addition to serving as a basis for ASD prevalence estimates, ADDM data have been used to describe
characteristics of children with ASD in the population, to study how these characteristics vary with ASD prevalence
estimates over time and among communities, and to monitor progress toward Healthy People 2020 objectives (12).
ADDM ASD prevalence estimates consistently estimated a ratio of approximately 4.5 male:]1 female with ASD
during 20062012 (9-11). Other characteristics that have remained relatively constant over time in the population
of children identified with ASD by ADDM include the median age of carliest known ASD diagnosis, which
remained closc to 53 months during 2000-2012 (range: 50 months [2012] to 56 months [2002]), and the proportion
of children receiving a comprehensive developmental evaluation by age 3 vears, which remained close to 43%
during 20062012 (range: 43% [2006 and 2012] to 46% [2008]).

ASD prevalence by race/ethnicity has been more varied over time among ADDM Network communities (9 /1)
Although ASD) prevalence estimates have historically been greater among white children compared with black or
Hispanic children (/3). ADDM-reported white:black and white:1lispanic prevalence ratios have declined over time
because of larger increases in ASD prevalence among black children and, to an even greater extent, among lispanic
children, as compared with the magnitude of increase in ASD prevalence among white children (9). Previous reports
from the ADDM Network estimated ASD prevalence among white children to exceed that among black children
by approximately 30% in 2002, 2006 and 2010, and by approximately 20% in 2008 and 2012. Estimated prevalence
among white children exceeded that among Hispanic children by nearly 70% in 2002 and 2006, and by
approximately 50% in 2008, 2010, and 2012, ASD prevalence estimates from the ADDM Network also have varied
by sociceconomic status (SES). A consistent pattern observed in ADDM data has been higher identified ASD
prevalence among residents of neighborheods with higher socioeconomic status (SES). Although ASD prevalence
has increased cver time at all levels of SES, the absolute difference in prevalence between high, middle, and lower
SES did not change from 2002 to 2010 (/4,15). In the context of declining white:black and white:Hispanic
prevalence ratios amidst consistent SES patterns, a complex three-way interaction among time, SES. and
racc/cthnicity has been proposed (76).

Finally, ADDM Network data have shown a shift toward children with ASD with higher intellectual ability
(9.10,11}, as the propertion of children with ASIDD) whose intelligence quotient {(IQ) scores fell within the range of
intellectual disability (I}) (i.e., 1Q <70) has decreased gradually over time. During 2000 2002, approximately half
of children with ASD had I} scores in the range of ID; during 2006 2008 this proportion was closer to 40%, and
during 2010-2012 less than one third of children with ASD had [Q <70 (9,10, 71). This trend was more pronounced
for females as compared with males (9). The proportion of males with ASD and 1D declined from approximately
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40% during 20002008 (9) to 30% during 20102012 (10, 11). The proportion of females with ASD and ID declined
from approximately 60% during 2000-2002, to 45% during 20062008, and to 35% during 2010-2012 (9,10,11).

All previcusly reported ASD prevalence estimates from the ADDM Network were based on a surveillance case
definition aligned with DSM-1V-TR diagnostic criteria for Autistic Disorder; Pervasive Developmental Disorder—
Not Otherwise Specified {(PDD-NOS, including atypical autism}; or Asperger Disorder. In the American Psychiatric
Association’s 2013 publication of DSM-5. substantial changes were made to the taxonomy and diagnostic criteria
for autism (7,77). Taxonomy changed from Pervasive Developmental Disorders, which included multiple
diagnostic subtypes, 10 Autism Spectrum Disorder, which no longer comprises distinet subtypes but represents one
singular diagnostic category defined by severity levels. Diagnostic criteria were refined by collapsing the DSM-1V-
TR social and communication domains into a single, combined domain for DSM-5. Persons who have ASD under
DSM-5 diagnosed must meet all three criteria under the social communication/interaction domain (i.¢., deficits in
social-emotional reciprocity; deficits in nonverbal comnunicative behaviors; and deficits in developing,
understanding, and maintaining relationships) and at least twe of the four criteria under the restrictive/repetitive
behavior domain (i.e., repetitive speech or moter movements, insistence on sameness, restricted interests, or unusual
response to sensory input). According to the DSM-5 Workgroup on Neurodevelopmental Disorders, the need for
new criteria for autism and related disorders was identified long before the Workgroup was convencd in 2007 (78).

Although the DSM-IV-TR criteria proved useful in identifying ASD in children aged 5-8 years, they performed
less well when used in the diagnosis of toddlers and preschool-aged children, adolescents, and young adults (78).
Further, the DSM-IV-TR criteria were insufficient to accurately identify girls and women with autism and lacked
the cultural sensitivity needed to identify cases in ethnic or racial minorities (/8). The DSM-5 changes introduced
a more focused framework compared with that of DSM-IV-TR; however, DSM-5 states that any person with an
established DSM-IV-TR diagnosis of Autistic Disorder, Asperger Disorder, or PDD-NOS would automatically
qualify for a DSM-5 diagnosis of Autism Spectrum Disorder. Previous studics suggest that DSM-5 criteria for ASD
might exelude certain children who would have qualified for a DSM-IV-TR diagnosis but had not yet reccived one,
particularly those who are very young and those without ID (79-23). These findings suggest that ASD prevalence
estimates will likely be lower under DSM-5 than they have been under DSM-IV-TR diagnostic criteria.

This report provides the latest available ASD prevalence estimates from the ADDM Network based on both DSM-
[V-TR and DSM-5 criteria and underscores the need for future monitoring of ASD prevalence trends and cfforts to
improve carly identification of ASD. The intended audicnces for these findings include pediatric health care
providers. school psychologists, cducators, rescarchers, policymakers, and program administrators working to
understand and address the needs of persons with ASD and their families. These data can be used 10 help plan
services, guide research mto risk factors and effective interventions, and inform policies that promote improved
outcomes in health and education settings.

Methods

Study Sites

The Children’s Health Act (4) authorized CDC to monitor prevalence of ASD in multiple areas of the United
States, a charge which led to the formation of the ADDM Network in 2000, Since that time, CDC has funded
grantees in 16 states {Alabama, Arizena, Arkansas, Colorado, Florida, Maryland, Minnescta, Missouri, New Jersey,
Nerth Carolina, Pennsylvania, South Carolina, Tennessee, Utah, West Virginia, and Wisconsin). CDC tracks ASD
in metropolitan Atlanta and represents the Georgia site cellaborating with competitively funded sites to form the
ADDM Network.

The ADDM Network uses multisite, multisource, records-based surveillance based on a model originally
implemented by CDC’s Metropolitan Atlanta Developmental Disabilities Surveillance Program (MADDSP) (24).
As feasible, the surveillance methods have remained consistent over time. Certain minor changes have been
introduced to improve efficiency and data quality. Although a different array of geographic areas was covered in
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each of the eight bienmal ADDM Network surveillance years spanning 2000-2014, these changes have been
documented to facilitate evaluation of their impact.

The core surveillance activities in all ADDM Network sites focus on children aged 8 years because the baseline
ASD prevalence study conducted by MADDSP suggested that this is the age of peak prevalence (3). ADDM has
multiple goals: 1} to provide deseriptive data on classification and functioning of the population of children with
ASD. 2) to monitor the prevalence of ASD in different arcas of the United States, and 3) to understand the impact
of ASD in U.S. communities.

Funding for ADDM Netwoerk sites participating in the 2014 surveillance year was awarded for a 4-year cycle
covering 2015 2018, during which time data were collected for children aged 8 years during the 2014 and 2016.
Sites were sclected through a competitive objective revicw process on the basis of their ability to conduct active,
records-based surveillance of ASDy; they were not selected to be a nationally representative sample. A total of 11
sites arc included in the current report {Arizona, Arkansas, Colorado, Georgia, Maryland, Minnesota, Missouri,
New Jersey, North Carolina, Tennessee, and Wisconsin). Each ADDM site participating in the 2014 surveillance
year functioned as a public health authority under the Health Insurance Portability and Accountability Act of 1996
Privacy Rule and met applicable local Institutional Review Board and privacy and confidentiality requirements
under 45 CFR 46 (25).

Case Ascertainment

ADDM 1s an active surveillance system that does not depend on family or practitioner reporting of an cxisting
ASD diagnosis or classification to determine ASD case status. ADDM staft conduct surveillance to determine case
status in a two-phase process. The first phase of ADDM mvolves review and abstraction of children’s evaluation
records from data sources in the community. In the second phase, all abstracted evaluations for each child are
compiled in chronological order into a comprehensive record that is reviewed by one or more experienced clinicians
to determine the child’s ASD case status. Developmental assessments completed by a wide range of health and
education providers are reviewed. Data sources are categerized as either 1) education source type, including
evaluations to determine eligibility for special education services or 2) health source type, including diagnostic and
developmental assessments from psychelogists, neurologists, developmental pediatricians, child psychiatrists,
physical therapists, occupational therapists, and speech/language pathologists. Agreements to access records are
madec at the institutional level in the form of contracts, memoranda, or other formal agreements.

All ADDM Network sites have agreements in place to access records at health sources; however, despite the
otherwise standardized approach, not all sites have permission to access education records. One ADDM site
{Missouri) has not been granted access to records at any education sources. Among the remaining sites, some receive
permission frem their statewide Department of Education to access children’s educational records, whereas other
sites must negotiate permission from numerous individual school districts to access educational records. Six sites
{Arizona, Georgia, Maryland, Minnesota, New Jersey, and North Caroelina) reviewed education records for all
school districts in their covered surveillance arcas. Three ADDM sites {Colorado, Tennessee, and Wisconsin)
reccived permission to review education records in only certain school districts within the overall geographic arca
covered for 2014. In Tennessee. permission to access education records was granted from 13 of 14 school distriets
in the | l-county surveillance area, representing 88% of the total population of children aged 8 years. Conversely,
access to education records was limited to a small proportion of the population m the overall geographic area
covered by two sites (33% in Colorado and 26% in Wisconsin). In the Colorade school districts where access to
education records is permitted for ADDM, parents are directly notified about the ADDM systen: and can request
that their children’s education records be excluded. The Arkansas ADDM site received permission from their state
Department of Education to access children’s educational records statewide; however, time and travel constraints
prevented investigators from visiting all 250 scheol districts in the 75-county surveillance area, resulting in access
to education records for 69% of the statewide population of children aged & years. The two sites with access to
cducation records throughout most, but not all, of the surveillance arca (Arkansas and Tennessee) received data
from their state Department of Education to cvaluate the potential impact on reported ASD prevalence estimates
attributed to missing records.
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Within each education and health data source, ADDM sites identify records to review based on a child’s year of
birth and one or more selected eligibility classifications for special education or Internationa! Classification of
Diseases, Ninth Revision (1CD-9) billing codes for select childhood disabilities or psychological conditions.
Children’s records are first reviewed to confirm year of birth and residency in the surveillance area at some time
during the surveillance year. For children meeting these requirenients, the records are then reviewed for certain
behavioral or diagnostic descriptions defined by ADDM as triggers for abstraction (e.g., child does not initiate
interactions with others, prefers to play alone or engage in solitary activities. or has received a documented ASD
diagnosis}. [t abstraction triggers are found, evaluation information from birth through the current surveillance year
from all available sources is abstracted inte a single composite record for each child.

In the second phase of surveillance, the abstracted composite evaluation files are deidentified and reviewed
systematically by experienced clinicians who have undergone standardized training to determine ASD case status
using a coding scheme based on the DSM-IV-TR guidelines. A child meets the surveillance case definition for ASD
if behaviors described in the compesite record are consistent with the DSM-IV-TR diagnostic criteria for any of the
following conditions: autistic disorder, PDD-NOS (including atypical autism}, or Asperger disorder.

Although new diagnostic criteria became available in 2013, the children under surveillance in 2014 would have
grown up primarily under the DSM-IV-TR definitions for ASD, which are prioritized in this report. The 2014
surveillance year is the first to operationalize an ASD case definition based on DSM-5 diagnestic criteria, in addition
to that based on DSM-IV-TR. Because of delays in developing information technology systems to manage data
collected under this new case definition. the surveillance area for DSM-5 was reduced by 19% in an effort te include
complete estimates for both DSM-TV-TR and DSM-35 in this report. Phase 1 record review and abstraction was the
same for DSM-IV-TR and DSM-5; however, a coding scheme based on the DSM-5 definition of ASD was
developed for Phase 2 of the ADDM methodology (i.c., systematic review by cxperienced clinicians) (26). The new
coding scheme was developed through a collaborative process and includes reliability measures, although no
validation metrics have been published for this new ADDM Network DSM-5 casc definition. Behavioral and
diagnostic components of the DSM-IV-TR and DSM-5 ASD case definitions operationalized for ADDM
surveillance are outlined {Boxes 1 and 2). In practice, DSM-5 criteria automatically mclude children with an
established DSM-IV-TR diagnosis of ASD; thus, the ADDM coding scheme similarly accommodated those with a
previous DSM-IV-TR diagnosis in the DSM-5 case definition, regardless of whether documented symptoms
independently met either the DSM-IV-TR or DSM-5 diagnostic criteria. The coding scheme allowed differentiation
of children who met DSM-5 criteria on the basis of behavioral characteristics from those who nmiet DSM-5 criteria
solely through a previous DSM-IV-TR diagnosis.

Quality Assurance

All sites follow the quality assurance standards established by the ADDM Network. In the first phase, the accuracy
of record review and abstraction is checked periodically. In the second phase, interrater reliability is monitored on
an ongoing basis using a blinded, random 1094 sample of abstracted records that are scored independently by two
reviewers (5). For 2014, interrater agreement on case status (confirmed ASD versus not ASD) was 89.1% when
comparison samples from all sites were combined (k = 0.77), which was slightly below quality assurance standards
gstablished for the ADDM Network (90% agreement, 0.80 kappa). On DSM-5 reviews, interrater agreement on
case status (confirmed ASD versus not ASD) was 92.3% when comparison samples from all sites were combined
{k — 0.84). Thus, for the DSM-5 surveillance definition, reliability excceded quality assurance standards cstablished
for the ADDM Network.

Descriptive Characteristics and Data Sources

Each ADDM site attempted to obtain birth certificate data for all children abstracted during Phase 1 through
linkages conducted using state vital records. These data were only available for children born in the state where the
ADDM site is lecated. The race/ethnicity of each child was determined from information contained in source
records or, if not found in the source file, from birth certificate data on one or both parents. Children with race coded
as “other™ or "“multiracial™ were considered to be missing race information for all analyses that were stratified by
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race/ethnicity. For this report, data on timing of the first comprehensive evaluation on record were restricted 1o
children with ASD who were born in the state where the ADDM site is located. as confirmed by linkage to birth
certificate records. Data were restricted in this manner to reduce errors in the estimate that were introduced by
children for whom evaluation records were incomplete because they were born out of state and migrated into the
surveillance area between the time of birth and the year when they reached age 8 years.

Information on children’s functional skills is abstracted from source records when available, including scores on
tests of adaptive behavior and intellectual ability. Because no standardized, validated measures of functioning
specific to ASD have been widely adopted in climical practice and because adaptive behavior rating scales are not
sufficiently available m health and education records of children with ASD, scores of ntellectual ability have
remained the primary source of information on children’s functional skills. Children are classitied as having 1D if
they have an IQ score of <70 on their most recent test available in the record. Borderling intellectual ability is
defined as having an 1Q score of 71-85, and average or above-average intellectual ability is defined as having an
IQ score of =835, In the absence of a specific IQ score, an examiner’s statement based on a formal assessment of the
child’s intellectual ability, if available, is used to classify the child in one of these three levels.

Diagnostic conclusions from each evaluation record are summarized for each child, including notation of any
ASD diagnosis by subtype, when available. Children are considered to have a previously documented ASD
clagsification if they received a diagnosis of autistic disorder, PDD-NQOS, Asperger disorder, or ASD that was
documented in an abstracted evaluation or by an ICD-9 billing code at any time from birth through the year when
they reached age 8 vears, or if they were noted as meeting eligibility criteria for special education services under
the classification of autism or ASD.

Analytic Methods

Population denominators for caleulating ASD prevalence estimates were obtamed from the National Center for
Health Statistics Vintage 2016 Bridged-Race Postcensal Population Estimates (27). CDC’s National Vital Statistics
System provides estimated population counts by state, county, single year of age, race, ethnic origin, and sex.
Population denominators for the 2014 surveillance year were compiled from posteensal estimates of the number of
children aged 8 years living in the counties under surveillance by each ADDM site (Table 1).

In two sites (Arizona and Minnesota), geographic boundaries were defined by constituent school distriets included
in the surveillance area. The number of children living in outlying school districts were subtracted from the county-
level census denominators using school enrollment data trom the U.S. Department of Education’s National Center
for Education Statistics (28). Enrollment counts of students in third grade during the 2014-15 school year diftered
trom the CDC bridged-race population estimates, attributable primarily to children being enrolled cut of the
customary grade for their age or in charter schocels, home schools, or private schools. Because these differences
varied by race and sex within the applicable counties, race- and sex-specific adjustments based on enrellment counts
were applied to the CDC population estimates to derive school district-specific denominators for Arizona and
Minnesofta.

Race- or ethnicity-specitic prevalence estimates were calculated for four groups: white, black, Hispanic
{regardless of race), and Asian/Pacific Islander. Prevalence results are reported ag the total number of children
meeting the ASD case definition per 1,000 children aged 8 years in the population in each race/ethnicity group.
ASD prevalence also was estimated separately for boys and girls and within each level of intellectual ability. Overall
prevalence estimates include all children identitied with ASD regardless of sex, race/ethnicity, or level of
intellectual ability and thus are not affected by the availability of data on these characteristics.

Statistical tests were selected and confidence intervals (CTs) for prevalence estimates were calculated under the
assumption that the observed counts of children identified with ASD were obtained from an underlying Poisson
distribution. Pearson chi-square tests were performed, and prevalence ratios and percentage differences were
calculated to compare prevalence estimates from different strata. Pearson chi-square tests also were performed for
testing significance in comparisens of proportions, and Mantel-Haenszel common odds ratio (OR) estimates were
calculated to further describe these comparisons. In an effort to reduce the effect of outliers, distribution medians
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were typically presented. although one-way ANOVA was used to test significance when comparing arithmetic
means of these distributions. Significance was set at p<(0.03. Results for all sites combined were based on pooled
numerator and denominator data from all sites. n total and stratified by race/ethnicity, sex, and level of intellectual
ability.

Sensitivity Analysis Methods

Certain education and health records were missing for certain children, including records that could not be located
for review, those affected by the passive consent process unique to the Colorado site, and those archived and deemed
too costly to retricve. A sensitivity analysis of the cffeet of these missing records on casc ascertainment was
conducted. All ehildren mitially identified for record review were first stratified by two factors closely associated
with final case status: information source (health source type only. education source type only. or both source types)
and the presence or absence of either an autism special education elhigibility or an ICD-9-CM code for ASD,
collectively forming six strata. The potential number of cases not identified because of missing records was
estimated under the assumption that within each of the six strata, the proportion of children confirmed as ASD
surveillance cases among those with missing records would be sintilar to the proportion of cases among children
with no missing records. Within each stratum. the proportion of children with no missing records who were
confirmed as having ASD was applied te the number of children with missing recerds to estimate the number of
missed cases, and the estimates from all six strata were added to calculate the total for each site. This sensitivity
analysis was conducted solcly to investigate the potential impact of missing records on the presented cstimates. The
estimates presented in this report do not reflect this adjustment or any of the other asscssments of the potential
cffects of assumptions underlying the approach.

All ADDM sites identified records for review from health sources by conducting record searches that were based
on a common list of ICD-9 billing codes. Because several sites were conducting surveillance for other
developmental disabilities in addition to ASD (i.e., one or more of the following: cerebral palsy. 1D, hearing loss,
and vision impairment). they reviewed records based on an expanded list of 1CD-9 codes. The Colorado site also
requested code 781.3 {lack of coordination), which was identified in that community as a commonly used billing
code for children with ASD. The proportion of children meeting the ASD surveillance case definition whose records
were obtained solely on the basis of those additional codes was calculated to evaluate the potential impact on ASD
prevalence.

Results
A total of 325483 children aged 8 vears was covered by the |1 ADDM sites that provided data for the 2014

surveillance year (Table 1). This number represented 8% of the total U.S. population of children aged 8 years in
2014 (4,119,668) (79}, A total of 53,120 records for 42,644 children were reviewed from health and education
sources. Of these, the source records of 10,886 children met the criteria for abstraction, which was 25.5% of the
total number of children whose source records were reviewed and 3.3% of the population under surveillance. Of
the records reviewed by clinicians, 5,473 children met the ASD surveillance case definition. The number of
evaluaticns abstracted for each child who was ultimately identified with ASD varied by site (median: five; range:

three [Arizona, Minnesota, Missouri, and Tennessee] to 10 [Maryland]).

Overall ASD Prevalence Estimates

Overall ASD prevalence for the ADDM 2014 surveillance year varied widely among sites (range: 13.1 [Arkansas]
to 29.3 [New Jersey]) (Table 2}. On the basis of combined data from all 11 sites, ASD prevalence was 16.8 per
1.000 ¢(one in 59} children aged 8 years. Overall estimated prevalence of ASD was highest in New Jersey (29.3),
Minnesota (24.0), and Maryland (20.0). Five sites reported prevalence estimates ranging from 13.1 to 14.1 per 1.000
{Arizona, Arkansas, Colorade, Missouri, and Wisconsin), and three sites reported prevalence cstimates ranging
from 15.5 to 17.4 per 1,000 (Georgia, North Carolina, and Tennessce).
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When duta from all 11 ADDM sites were combined, ASD prevalence was 26.6 per 1.000 buys and 6.6 per 1,000 Ao
eirls (prevalence ratio: 4.0, ASD prevalence was significantly {p=(.01) higher among boys than among girls in all /i
11 ADDM sites (Table 23, with male-to-female prevalence ratios ranging from 3.2 (Arizona) to 4.9 (Georgia). J:
Estimated ASIDY prevalence also varied by race and ethnicity (Table 3). When data from all sites were combined,
the estimated prevalence amoeng white children (17.2 per 1,000} was 7% greater than that among black children
(16.0 per 1,000 and 22% greater than that among [lispanic children (14.0 per 1.000). In nine sites. the estimated
prevalence of ASTY was higher among white children than black children. The white-to-black ASD prevalence ratios /

were statistically significant in three sites {Arkansas, Missouri, and Wisconsin), and the white-to-Hispanic
prevalence ratios were significant in Eeven sited [nfine siles.] the estimaled prevalence of ASD was higher among
black children than that among Hispanic children. The black-to-Hispanic prevalence rativ was significant in three
of these nine sites. [n New Jersey, there was almost no difference in ASD prevalence estimates among white, black,
and Hispanic children. Estimates for Asian/Pacific Islander children ranged from 7.9 per 1000 (Colorado) to 19.2
per 1,000 (New Jersey) with notably wide Cls.

Intellectual Ability

Data on intellectual ability were reported for nine sites (Arizona. Arkansas. Colorado, Georgia. Maryland,
Minnesota, New Jersey, North Carolina, and Tennessee) having information available for at least 70% of children
who met the ASD case definition (range: 70.8% |Tennessee| to 89.2% [North Carolinal). The median age of
children’s most recent 1) tests. on which the following results are based, was 73 months (6 vears. 1 month). Data
from these nine sites viclded accompanying data on intellectual ability for 3,714 (80.3%) of 4.623 children with
ASD. This proportion did not differ by sex or race/ethnicity in any of the ning sites or when combining data from
all mine sites. Among these 3.714 children, 31% were classified in the range of 1D ([Q =709, 25% were in the
borderline range (IQ) 71-85). and 44% had [} =83, The proportion of children classified in the range of 1D ranged
from 26.7% in Arizona to 39.4% in Tennessee.

Amang children identified with ASD, the distribution by intellectual ability varied by sex, with girls more likely
than boys to have 1Q =70, and bovs more likely than girls to have 1Q =85 (Figure 1). In these nine sites combined,
251 (36.3%) of 691 girls with ASD had 1Q scores or examiners’ statements indicating 11 compared with 891
(29.5%) of 3,023 males {odds ratio [OR| = 1.4; p=0.01). though amony individual sites this proportion differed
significantly in only one (Georgia, OR = 1.6; p<0.05). The proportion of children with ASD with borderline
intellectual ability (IQ 71 83) did not differ by sex, whereas a significantly higher proportion of males {45%)
compared with females (40%) had 1Q =85 {i.e.. average or above average intellectual ability) (OR 1.2, p=0.015).

The distribution of intellectual ability also varied by racesethnicity. Approximately 44% of black children with
ASD were classified in the range of [D compared with 35% ol Hispanic children and 22% of white children {Figure
2). The proportion of blacks and whites with ID differed significantly in all nine sites and when combining their
data (OR — 2.9; p<i0.01). The proportion of Hispanics and whites with 1D differed sigoificantly when combining
data from all nine sites {OR 1.9; p=0.01}, and among individual sites it reached significance (p=20.03} in six of the
ming sites, with the three exceptions being Arkansas (OR = 1.8; p = 0.09}, North Carolina {OR = 1.¥; p= 0.07), and
Tennessee (OR = 2.1; p = 0.10). The proportion of children with borderline intellectual ability (1 = 71-%5) did not
ditter by race/ethnicity in any of these nine sites or when combining their data; however, when combining data from
these nine sites the proportion of white children (36%) with 1Q =85 was significantly higher than the proportion of
black (27%, OR  3.4; p=x0.01) or Hispanic {36%, OR  2.2; p=0.01) children with 185,

First Comprehensive Evaluation

Amang children with ASD who were born in the same state as the ADDM site (n — 4,147 of 53473 confirmed
cases), 42% had a comprehensive evaluation on record by age 36 months (range: 30% [Arkansas] to 86% [North
Curolina ) (Table 4). Approximately 39% ol these 4,147 children did not have a comprehensive evaluation on record
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until after age 4% months: however, mention ol developmental concerns by age 36 months was documented for

83% (range: 61% [Tennessee] to 94% [Anzona]).
Previously Documented ASD Classification
Of the 5,473 children meeting the ADDM ASD surveillance case definition, 4.379 (30%) had either eligibility
for autism special education services or a DSM-1V, DSM-5_ or [CD-9 autism diagnosis documented in their records
{range among 11 sites: 58% [Colorade] to 92% [Missouri]). Combining data fram all 11 sites, 81% of boys had a
previous AS[ classification on record, compared with 75% of girls (OR 1.4, p=0.01). When stratified by
racesethnicity, 80% of white children had a previvusly documented ASD classification, compared with nearly ¥3%
of black children (OR = 0.9; p=0.09) and 76% of Hispanic children (OR = 1.3; p=20.01}: a significant difterence was
also found when comparing the proportion of black children with a previous ASD classification to that among

Hispanic children (OR  1.5; p=0.01).
The median age of earliest known ASD diagnosis documented in children’s records {Table 5) varied by diagnostic

subtype (autistic disorder: 46 months; ASD/PDD: 56 months; Asperger disorder: 67 months). Within these
subtypes, the median age of earliest known diagnosis did not differ by sex, nor did any difference exist in the
propartion of bovs and girls who initially reccived a diagnosis of autistic disorder (48%), ASD/PIID {46%). or
Asperger disorder (6%). The median age of earliest known diagnosis and distribution of subtypes did vary by site.
The median age of earhest known ASD diagnosis for all subtvpes combined was 32 months, ranging from 40 months

in North Carolina e 59 months in Arkansas.
Special Education Eligibility
Bites with access to education records collected information approximately the most recent eligibility categories :
under which children received special education services | Table 6). Among children with ASD who were recelving |
special education services in public schools during 2014, the proportion of children with a primary eligibility
category of autism ranged from 40% in Wisconsin to 74% in North (Carolina. Most other sites noted approximately
half of children with ASLY having autism listed as their most recent primary special education eligibility category,
the exceptions being Colorado (43%) and New Jersey (4%%0). Other common special education eligibilities included
health or physical disability. speech and language impairment. specific learning disability, and a general
developmental delay category that 1s used until age 9 years in many LS. states. All ADDM sites reported =210% of
children with AS[) receiving special education services under a primary eligibility category of 10,

Sensitivity Analyses of Missing Records and Expanded ICD-9 Codes
A stratified analysis of records that could not be located for review was completed to assess the degree to which
missing data might have potentially reduced prevalence estimates as reported by individual ADDM sites. Had all
children's records identified in Phase 1 been located and reviewed, prevalence estimates would potentially have
been <1% higher in four sites {Anizona, Georgla, Minnesota, and Wisconsin), between % to 5% higher in five sites
{Arkansas. Colorado, Missour, New Jersey. and North Carolina), approximately 8% higher in Maryland, and nearly
20% higher in Tennessee, where investigators did not obtain permission to review children’s records in one of the
14 school districts comprising the 11-county surveillance area,
The impact on prevalence estimates of reviewing records based on an expanded list of 1C1-9 codes varied from
site o site. Colorado, Georgia, and Missouri were the only three sites that identified more than 1% of ASD
surveillance cases partially or solely on the basis of the expanded code list. In Missoun, less than 2% of children
identified with ASD had some of their records located on the basis of the expanded code list, and nonc were
identified exclusively from these codes. In Colorado, approximately 2% of ASD surveillance cases had some
abstracted records identified on the basis ol the expanded code list, and 4% had records found exclusively from the
expanded codes. In Georgia, where [CD-9 codes were requested for surveillance of five distinet conditions {autism,
cercbral palsy. 1D, hearing loss. and vision impairment), approximately 10% of children identified with ASTY had
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some of their records located on the basis of the expanded code list, and less than 1% were identified exclusively
from these codes.

Comparison of Case Counts from DSM-IV-TR and DSM-5 Case Definitions

The DSM-5 analysis was completed for part of the overall ADDM 2014 surveillance arca (Table 7), representing
a total population of 263,775 children aged & ycars. This was 81% of the population on which DSM-IV-TR
prevalence cstimates were reported. Within this population, a total of 4.920 children were confirmed to mect the
ADDM Network ASD case defimtion for either DSM-IV-TR or DSM-5. Of these children, 4,236 (86%) met both
case definitions, 422 (9%) met only the DSM-IV-TR criteria, and 262 {5%) met only the DSM-5 criteria {Table 8).
This yielded a DSM-1V:DSM-5 prevalence ratio of 1.04 in this population, indicating that ASD prevalence was
approximately 4% higher based on the historical DSM-IV-TR case definition compared with the new DSM-5 case
definition. In six of the 11 ADDM sites, DSM-5 case counts were within approximately 5% of DSM-IV-TR counts
(range: 5% lower [Tennessee] to 5% higher [Arkansas]), whereas DSM-5 case counts were more than 5% lower
than DSM-IV-TR counts in Minnesota and North Carolina {6%), New Jersey (10%), and Colorado (14%). Kappa
statistics indicated strong agreement between DSM-IV-TR and DSM-5 case status among children abstracted in
phase 1 of the study who were reviewed in phase 2 for both DSM-IV-TR and DSM-5 (kappa for all sites combined:
0.85, range: 0.72 [Tennessec] to 0.93 [North Carolinal).

Stratified analysis of DSM-IV:DSM-5 ratios were very similar compared with the overall sample (Table 9). DSM-
5 estimates were approximately 3% lower than DSM-IV-TR counts for males, and approximately 6% lower for
females (kappa = 0.85 for beth). Case counts were approximately 3% lower among white and black children on
DSM-5 compared with DSM-1V, 5% lower among Asian children, and 8% lower among Hispanic children.
Children who received a2 comprehensive evaluation by age 36 menths were 7% less likely to meet DSM-5 than
DSM-1V, whercas thosc cvaluated by age 4 years were 6% less likely to meet DSM-5, and those initially evaluated
after age 4 years were just as likely to mect DSM-5 as DSM-IV. Children with documentation of cligibility for
autism special education services, and those with a documented diagnosis of ASD by age 3 vyears, were 2% more
likely to meet DSM-5 than DSM-IV. Slightly over 3% of children whose earliest ASD diagnosis was Autistic
Disorder met DSM-3 c¢niteria but not DSM-IV, compared with slightly under 3% of those whose earliest diagnosis
was PDD-NOS/ASD-NOS and 5% of those whose earliest diagnosis was Asperger Disorder. Children with no
previous ASD classification (diagnosis or eligibility) were 47% less likely to meet DSM-5 than DSM-IV-TR.
Combining data from all 11 sites, children with IQ scores in the range of ID were 3% less likely to meet DSM-5
criteria compared with DSM-IV-TR (kappa = (0.89), these with 1Q scores in the boerderline range were 6% less likely
to meet DSM-5 than DSM-IV-TR (kappa = 0.88), and children with average or above average intellectual ability
were 4% less likely to meet DSM-5 criteria compared with DSM-TV-TR (kappa = 0.86).

Discussion

Changes in Estimated Prevalence

The overall ASD prevalence cstimate of 16.8 per 1,000 children aged 8 years in 2014 is higher than previously
reported estimates from the ADDM Network. An ASD case definition based on DSM-IV-TR criteria was used
during the entire period of ADDM surveillance during 2000-2014, as were comparable study operations and
procedures. although the geographic areas under surveillance have varied over time. During this period, ADDM
ASD prevalence estimates increased from 6.7 to 16.8 per 1,000 children aged 8 vears, an increase of approximately
150%.

Among the six ADDM sites completing both the 2012 and 2014 studics for the same geographic arca, all six
showed an increase in ASD prevalence estimates during 2012-2014, with a nearly 10% prevalenee increase in
Georgia and Maryland, 19% in New Jersey, 23% in Missouri, 29% in Colorado, and 31% in Wisconsin. The ASD
prevalence estimate from New Jersey continues to be one of the highest reported by a population-based surveillance
systerm. The two sites with the greatest relative increase in prevalence are remarkable in that both gained access to
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children’s education records in additional geographic areas for 2014. Colorado was granted access to review
children’s education records in one additional county for the 2014 surveillance vear (representing nearly 20% of
the population aged 8 years within the overall Colorado surveillance area). and Wisconsin was granted access 1o
review education records in parts of two of the 10 counties conmiprising their 2014 surveillance area. Although this
represented only 26% of the population aged 8 years within the overall Wisconsin surveillance area, 2014 marked
the first time Wisconsin has included education data sources., Comparisens with earlier ADDM Network
surveillance results should be interpreted cautiously because of changing composition of sites and geographic
coverage over time. For example, three ADDM Network sites completing both the 2012 and 2014 surveillance
years ( Arizona. Arkansas, and North Carolina) covered a different geographic area each year, and two new sites
{Minnesota and Tennessee) were awarded funding to monitor ASD in collaboration with the ADDM Network.

Certain characteristics of children with ASD were similar in 214 compared with earlier surveillance years. The
median age of earliest known ASD diagnosis remained close to 53 nmienths in previous surveillance years and was
52 months in 2014. The proportion of children who received a comprehensive developmental evaluation by age 3
years was unchanged: 42% in 2014 and 43% during 2006 2012. There were a number of differences in the
characteristics of the population of children with ASD in 2014, The male:female prevalence ratic decreased from
4.5:1 during 2002-2012 to 4:1 in 2014, driven by a greater relative increase in ASD prevalence among girls than
among boys since 2012. Also, the decrcase in the ratios of white:black and white:1lispanic children with ASD
continucd a trend observed sinee 2002. Among sites covering a population of at least 20,000 children aged 8 years,
New Jersey reported no significant race- or ethnicity-based difference in ASD prevalence, suggesting more
complete ascertamment among all children regardless of race/ethmcity. Historically, ASD prevalence estimates
from combined ADDM sites have been approximately 20%—30% higher among white children as compared with
black children. For surveillance year 2014, the ditference was only 7%, the lowest difference ever observed for the
ADDM Network. Likewise, prevalence among white children was almost 70% higher than that among Hispanic
children in 2002 and 2006, and approximately 50% higher in 2008, 2010, and 201 2, whereas for 2014 the difference
was only 22%. Data from a previously reported comparison of ADDM Network ASD prevalence estimates from
2002, 2006, and 2008 (9) suggested greater increases in ASD prevalence among black and Hispanic children
compared with those among white children. Reductions in disparities in ASI) prevalence for black and Hispanic
children might be attributable, in part, to more effcetive outreach directed to minority communitics. Finally, the
proportion of children with ASD and lower intellectual ability was similar in 2012 and 2014 at approximately 30%
of males and 35% of females. Thesc proportions were markedly lower than those reported in previous surveillance
years.

Variation in Prevalence Among ADDM Sites

Findings from the 2014 surveillance year indicate that prevalence estimates still vary widely among ADDM
Network sites, with the highest prevalence observed in New Jersey. Although five of the 11 ADDM sites conducting
the 2014 surveillance year reported prevalence estimates within a very close range (from 13.1 to 14.1 per 1,000
children), New Jersey’s prevalence estimate of 29.4 per 1,000 children was significantly greater than that from any
other site, and four sites (Georgia, Maryland, Minnesota. and North Carolina) reported prevalence estimates that
were significantly greater than those from any of the five sites in the 13.1-14.1 per 1,000 range. Two of the sites
with prevalence estimates of 20.0 per 1,000 or higher (Maryland and Minnesota) conducted surveillance among a
total population of <10,000 children aged § vears. Concentrating surveillance efforts in smaller geographic areas,
especially those in ¢lose proximity to diagnostic centers and those covering school districts with advanced staft
training and programs to support children with ASD, might yield higher prevalence estimates compared with those
from sites covering populations of mere than 20,000 8-year-olds. Those sites with limited or no access to education
data sources (Colorado, Missouri. and Wisconsin) had prevalence estimates near the lower range among all sites.
In addition to variation among sites in reported ASD prevalence, wide variation ameng sites is noted in the
characteristics of children identified with ASD, including the proportion of children who received a comprehensive
developmental evaluation by age 3 years, the median age of carliest known ASD diagnosis, and the distribution by
intellectual ability. Some of this variation might be attributable to regional differences in diagnostic practices and
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other documentation of autism symptoms, although previous reports based on ADDM data have linked much of the
variation to other extrinsic factors such as regional and socioeconomic disparities in access to services {/3,74).

Case Definitions

Agreement in the application of the DSM-1V-TR and DSM-5 case definitions was remarkably close, overall and
when stratificd by sex, race/cthnicity, DSM-1V-TR diagnostic subtype. or level of intellectual ability. Overall, ASD
prevalence cstimates based on the new DSM-5 case definition were very similar in magnitude but slightly lower
than those based on the historical DSM-1V-TR case defimtion. Three of the |1 ADDM sites had slightly higher
case counts using the DSM-5 framework compared with the DSM-1V. Colorado, where the DSM-IV-TR:DSM-5
ratio was highest compared with all other sites, was also the site with the lowest proportion of DSM-1V-TR cases
having a previous ASD classification. This suggests that the diagnostic component of the DSM-5 case definition,
whereby children with a documented DSM-IV-TR diagnoesis of ASD automatically qualify as DSM-5 cases
regardless of social interaction/communication and restricted/repetitive behavioral criteria, might have influenced
DSM-5 results te a lesser degree in that site, as a smaller proportion of DSM-IV-TR cases would meet DSM-5 case
criteria based solely on the presence of a documented DSM-IV-TR diagnosis. This element of the DSM-5 case
definition will carry less weight moving forward, as fewer children aged & years in health and education settings
will have had ASD diagnoscd under the DSM-1V-TR criteria. [t is also possible that persons who conduct
developmental cvaluations of children in health and education settings will increasingly describe behavioral
characteristics using language more consistent with DSM-5 terminology, yielding more ASD cases based on the
behavioral component of ADDM’s DSM-5 case definition. Prevalence estimates based on the DSM-5 case
definition that incorporates an existing DSM-IV-TR diagnosis reflect the actual patterns of diagnosis and services
for children in 2014, because children diagnosed under DSM-IV-TR did not lose their diagnosis when the updated
DSM-5 criteria were published. Using this approach, agreement in the application of the DSM-TV-TR and DSM-5
case definitions was remarkably close, overall and when stratified by sex, race/ethnicity, DSM-IV-TR diagnostic
subtype, or level of intellectual ability. In the future, prevalence estimates will align more closely with the specific
[DSM-5 behavioral criteria, and might exclude some persons who would have met DSM-IV-TR criteria for Autistic
Disorder, PDD-NOS or Asperger Disorder, while at the same time including persons who do not meet these criteria
but who do meet the specitic DSM-5 behavioral criteria.

Comparison of Autism Prevalence Estimates

The ADDM Network is the only ASD surveillance systen1 in the United States providing robust prevalence
estimates for specific areas of the country, including those for subgroups defined by sex and race/ethnicity,
providing information about geographical variation that can be used to evaluate pelicies and diagnostic practices
that might affect ASD prevalence. It is also the only comprehensive surveillance system to incorporate ASD
diagnostic criteria into the case definition rather than relying entirely on parent or caregiver report of a previous
ASD diagnosis, providing a unique contribution to the knowledge of ASD cpidemiology and the impact of changes
in diagnostic critcria. Two surveys of children’s health, The National 1lealth Interview Survey (N1ILS) and the
National Survey of Children’s 1lcalth (NSCLH, report estimates of ASD prevalence basced on caregiver report of
being told by a doctor or other health care provider that their child has ASD. and, for the NSCH, if their child was
also reported to currently have ASD. The most recent publication from NHIS indicated that 27.6 per 1.000 children
aged 3—17 years had ASD in 2016, which did not differ significantly from estimates for 2015 or 2014 {24.1 and
22.4, respectively) (29). An estimate of 20.0 per 1,000 children aged 6—17 years was reported from the 2011-2012
NSCH (3. The study samples for the two phone surveys are substantially smaller than the ADDM Network;
however, they were intended to be nationally representative, whereas the ADDM Network surveillance areas were
selected through a competitive process and. although large and diverse, were not intended to be nationally
representative. Geegraphic differences in ASD prevalence have been observed in both the ADDM Network and
national surveys, as have differences in ASD prevalence by age (6 11,29,30).

All three prevalence estimation systems (NHIS, NSCH, and ADDM) are subject to regional and policy-driven
differences in the availability and utilization of evaluation and diagnostic services for children with developmental
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concerns. Phone surveys are likely more sensitive in identifying children who received a preliminary or confirmed
diagnosis of ASD but are not receiving services (i.e., special education services). The ADDM Network method
based on analysis of mformation contained in existing health and education records enables the collection of
detailed, case-specific information reflecting children’s behavioral, developmental and functional characteristics,
which are not available from: the national phone surveys. This detailed case level information might provide insight
into teniporal changes in the expression of ASD phenotypes, and offers the ability to account for differences based
on changing diagnostic criteria.

Limitations

The findings in this report are subject to at least three limitations. First, ADDM Network sites were not selected
to represent the United States as a whole, nor were the geographic areas within each ADDM site selected to represent
that statc as a whole (with the cxception of Arkansas, where ASD is monitored statewide). Although a combined
estimate is reported for the Network as a whole to inform stakcholders and interpret the findings from individual
surveillance years in a more gencral context, data reported by the ADDM Network should not be interpreted to
represent a national estimate of the number and characteristics of children with ASD. Rather, it 18 more prudent o
exarmine the wide variation among sites, between specific groups within sites, and across time m the number and
characteristics of children identified with ASD. and 1o use these findings to inform public health strategies aimed
at removing barriers to identification and treatment, and eliminating disparities among sociogeconomic and
racial/ethnic groups. Data from individual sites provide even greater utility for developing local policies in those
states.

Second, it is important to acknowledge limitations of mformation available in children’s health and educanion
records when considering data on the charactenstics of children with ASD. Age of earliest known ASD diagnosis
was obtamed from descriptions in children’s developmental evaluations that were available in the health and
education facilities where ADDM staft had access to review records. Some children might have had earlier
diagnoses that were not recorded in these records. Likewise, some descriptions of historical diagnoses (i.e., those
not made by the evaluating examiner) could be subject to recall error by a parent or provider who described the
historical diagnosis to that examiner. Another characteristic featured prominently in this report. intellectual ability,
is subject to measurement limitations. Q) test results should be interpreted cautiously because of myriad factors that
impact performance on these tests, particularly language and attention deficits that are common among children
with ASD, especially when testing was conducted before age 6 years. Because children were not examined directly
nor systcmatically by ADDM staff as part of this study, descriptions of their characteristics should not be interpreted
to serve as the basis for cvaluating policy changes, treatments, or interventions.

Third, because comparisons with the results from earlier ADDM surveillance years were not restricted to a
common geegraphic area, inferences abeut the changing number and characteristics of children with AST) over time
should be made with caution. Findings for each unique ADDM birth cohott are very informative, and although
study methods and geographic arcas of coverage have remained generally consistent over time, temporal
comparisons arc subject to multiple sources of bias and should not be misinterpreted as representing precisc
measures that control for all sources of bias. Additional limitations to the records-based surveillance methodology
have been described extensively in previous ADDM and MADDSP reports (3,6-11).

Future Surveillance Directions

Data collection for the 2016 surveillance year began in early 2017 and will continue through mid-2019. Beginming
with surveillance year 2016, the DSM-5 case definition for ASD will serve as the basis for prevalence estimates.
The DSM-IV-TR case definition will be applied in a limited geographic area to ofter additional data for comparison,
although the DSM-IV-TR case definition will eventually be phased out.

When the ADDM methodology was originally developed, estimating ASD prevalence among children aged 8
years was determined to represent the peak prevalence, based on estimates for multiple ages m metropolitan Atlanta
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in 1996 (3). Estimating prevalence among children aged 8 vears requires quality data from both health and
educational agencies and hkely captures most children whose adaptive performance 1s impacted by ASD. However,
because prevalence estimation takes considerable time and effort, reporting of estimates lags behind the surveillance
year by 3—4 vears. Thus, opportunities for policy or programmatic enhancements to impact key health indicators
also lag. Focusing on younger cohorts might allow earlier assessmient of systematic changes (e.g., policies,
insurance, and programs) that impact younger children, rather than waiting until cohorts impacted by these changes
reach age & years. Surveillance of ASD in older populations is also important but might require different
methodological approaches.

CDC’s “Learn the Signs. Act Early” (LTSALE) campaign, launched in October 2004, aims to change perceptions
ameong parents, health care professionals, and early educators regarding the importance of early identification and
treatment of autism and other developmental disorders (37). Tn 2007, the American Academy of Pediatrics (AAT)
recommended developmental screening specifically focused on social development and ASD at age 18 and 24
months {32). Beth efforts are in accordance with the Healthy People 2020 (HP202(0) goal that children with ASD
be evaluated by age 36 months and begin receiving community-based suppert and services by age 48 months (/2).
[t is concerning that progress has not been made toward the HP2020 geal of increasing the percentage of children
with ASD who receive a first evaluation by age 36 months to 47%; however, the cohort of children moenitored under
the ADDM 2014 survcillance year (i.c., children born in 2006) represents the first ADDM 8-year-old cohort
impacted by the LTSAE campaign and the 2007 AAP recommendations. The effect of these programs in lowering
age at evaluation might become more apparent when subsequent birth cohorts are monitored. Further exploration
of ADDM data. including those collected on cohorts of children aged 4 vears (33), might inform how policy
mnitiatives such as screening recommendations and other social determinants of health impact the prevalence of
ASD and characteristics of children with ASD, including the age at which most children receive an ASD diagnosis.

Conclusion

The latest findings from the ADDM Network provide evidence that the prevalence of ASD has increased
compared with previously reported ADDM estimates and continues to vary among certain racial/ethnic groups and
communities. The overall ASD prevalence estimate of 16.8 per 1,000 children aged & years in 2014 is higher than
previous estimates from the ADDM Network. With prevalence of ASD reaching nearly 3% in some communities
and representing an increase of 150% since 2000, ASD is an urgent public health cencern that could benetit from
enhanced strategics to help identify ASD carlicr; to determine possible risk factors; and to address the growing
bchavioral, educational, residential and occupational necds of this population.

Contrary to some predictions, the redefinition of ASD provided by the DSM-5 might have had a relatively linited
contribution to the overall ASD estimate provided by the ADDM Network. This might be a result of the carrvover
effect of including all DSM-IV-TR-diagnosed cases in the DSM-5 count. Over time, the estimate might be
influenced (downward) by a diminishing number of persens who meet the DSM-5 diagnostic criteria for ASID based
solely on a previous DSM-1V-TR diagnosis, and influenced (upward) by professionals aligning their clinical
descriptions with the DSM-5 criteria. Although the prevalence of ASD and characteristics of children identified by
cach casc definition were similar in 2014, the diagnostic features defined under DSM-1V-TR and DSM-5 appear to
be quite different. The ADDM Network will continue to evaluate these similarities and differences m much greater
depth, and will examine at least one more cohort of children aged 8 vears to expand this comparison. Over time,
the ADDM Network will be well positioned to evaluate the effects of changing ASD diagnostic parameters on
prevalence,
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FIGURE 1. Most recent intelligence guotient score as of age 8 years among children with autism spectrum disorder for whom test data
were available, by sex and site — Autism and Develepmental Disabilities Monitoring Network, nine sites,* United States, 2014
Abbreviations: ADDM =Autism and Developimental Disabilities Monitoring Network; ASD= autism spectrum disorder; F = female; 10 = intelligence
quotient; M = male.

* Includes nine sites (Arizona, Arkansas, Colorado, Georgia, Maryland, Minnesota, New Jersey, North Carolina, and Tennessee) that had intellectual
ability data available for =70 of children who met the ASD case definition (n = 3,714).

FIGURE 2. Most recent intelligence guotient score as of age 8 years among children with autism spectrum disorder for whom test data
were available, by sex and race/ethnicity — Autism and Developmental Disabilities Monitoring Network, nine sites,* United States, 2014
Abbreviations: ASD = autism spectrumn disorder; F = female; IQ = intelligence quotient; M = male.

* Includes nine sites (Arizona, Arkansas, Colorado, Georgia, Maryland, Minnesota, New Jersey, Noreh Caroling, and Tennessee] that had intellectual
ability data available for 270 of children who met the ASD case definition (n = 3,714).
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BOX 1. Autism spectrum disorder (ASD} case determination criteria under DSM-IV-TR

DSM-IV-TR behavioral criteria

Social

1a. Marked impairment in the use of multiple nonverbal behaviors such as eye-to-eye gaze, facial expr
gestures to regulate social interaction

1b. Failure to develop peer relationships appropriate to developmental level

1c. A lack of spontaneous seeking to share cnhjoyment, interests, or achievements with other people (e,
or pointing out objects of interest)

1d. Lack of social or emotional reciprocity

Communication

2a. Delay in, or total lack of, the development of spoken language (not accompanied by an attempt to ci
modes of communication such as gesture or mime)

2b. In individuals with adequate speech, marked impairment in the ability to initiate or sustain a conv:

2c. Stereotyped and repetitive use of language or idiosyncratic language

2d. Lack of varied, spontaneous make-believe play or social imitative play appropriate te developmen

Restricted behavior/Interest

3a, Encompassing preoccupation with one or more stereotyped and restricted patterns of interest that
or focus

3b. Apparently inflexible adherence to specific, nonfunctional routines, or rituals

3c. Stereotyped and repetitive motor mannerisms {e.g., hand or finger flapping or twisting, or complex

3d. Persistent precoccupation with parts of objects

Developmental history

Child had identified delays or any concern with development in the following areas at or hefore the ags
Communication, Behavior, Play, Motor, Attention, Adaptive, Cognitive

Autism discriminators

Oblivious to children

Oblivious to adults or others

Rarcly responds to familiar social approach
Language primarily echolalia or jargon
Regression/loss of social, language, or play skills
Previous ASD diagnosis

Lack of showing, bringing, etc,

Little or no interest in others

Uses others as tools

Repeats extensive dialog

Absent or impaired imaginative play
Markedly restricted interests

Unusual preoccupation

Insists on sameness

Nonfunctional routines

Excessive focus on parts

Visual inspection

Movement preoccupation

Scnsory preoccupation

DSM-IV-TR case determination

At least six behaviors coded with a minimum of two Social, one Communication, and one Restricted Bel
developmental delay or concern at or before the age of 3 years

OR

At least two hehaviors coded with a minimum of one Social and either one Communication and /ot one
AND at least one Autism Discriminator coded

Abbreviation: DSM-IV-TR = Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition {Text Revision).

BOX 2. Autism spectrum disorder case determination criteria under DSM-5

DSM-5 behavioral criteria

A Persistent deficits in social Al: Deficits in social emotional reciprocity
communication and social interaction | A2, Deficits in nonverbal communicative behaviors
A3. Deficits in developing, maintaining, and understanding relationships
B. Restricted, repetitive patterns of B1: Stereotyped or repetitive motor movernents, use of objects or speech
behavior, interests, or activities, B2. Insistence on sameness, inflexible adherence to routines, or ritualized patterns of verbal or nonverbal behavior
currently or by history B3. Highly restricted interests that are abnormal in intensity or focus
B4. Hyper- or hypo-reactivity to sensory input or unusual interest in sensory aspects of the environment
Historical PDD diagnosis A well-established DSM-1IV diagnosis of autistic disorder, Asperger's disorder, or pervasive developmental disorder-not «
{PDD-NOS)
DSM-5 case determination All three behavioral criteria coded under part A, and at least two behavioral criteria coded under part B
0OR
A DSM-IV diagnosis of autistic disorder, Asperger's disorder, or PDD-NOS

Abbreviation: DSM-G = Diagnostic and Statistical Manuai of Mental Disorders, Fifth Edition.

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, 2014

Site Site institution

White, Black,

Total non-Hispanic non-Hispanic

Hispanic
Surveillance area

No. No. (%) No. (%) No. (%)
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Arizona University of Arizona metropolitan Phoenixt 24,952 12,308 (49.3) 1,336 {5.4) 9,792 (39.2)

Arkansas University of Arkansas for  All 75 counties in 30992 26103  (653) 7705  (193) 5012 (125)
Medical Sciences Arkansas
Colorade Departmaent of -

: 7 counties in

Colorado Public Health and . 41,128 22,410 (54.5) 2,724 {6.6) 13,735 (33.4)

Environment nietropolitan Denver
: 5 counties including -

Georgia cDC ctrapolitan Atlanta 51,161 15495 (30.3) 22,042 {43.1) 9,913 (19.4)
Maryland Johns Hopkins University ;:ft’:;]‘llg’: m metropolitan g gcc 4977 (50.0)  3.399  (341) 829 {8.3)
. —_— . Parts of 2 countics in -
Minnesota University of Minnesota Minneapolis-St. Paul 9,767 3,793 (38.8) 2,719 (27.8) 1,486 (15.2)

. . oy . . 5 counties including
Missouri Washington University metropolitan St. Louis 25,333 16,529 [65.2) 6,577 (26.0) 1,220 {4.8)
. . 4 counties including - R . . e .
New Jersey Rutgers University metropolitan Newark 32,935 13,593 (11.3) 7,166 (21.8) 10,226 (310
. University of North 6 counties in central
North Carolina Carolina. Chapel Hill Nocth Caralina 30,283 15,241 (50.3) 7,701 (25.4) 5463 (18.0)
Tennessce Vanderbilt University 11 countles in central 24940 15867  (636) 4896  (196) 3324  (13.3)
ennessee
: . University of Wisconsin- 10 countics in . -

Wisconsin Madicon coutheastern Wiscansin 35,037 20,732 (59.2) 6,486 (18.5) 6,181 (17.6)

All sites combined 325,483 167,048 (51.3) 72,751 (22.4) 67,181 (20.6)
= Total numbers of children aged 8 vears in each surveillance area were obtained from CDC’s National Center for llealth Statistics Vintage 2016
Bridged-Race Population Estimates for July 1, 2014,
t Denominator excludes school districts that were not included in the surveillance area, calculated from National Center for Education Statistics
enrollment counts of 3rd graders during the 2014-2015 school year.
TABLE 2. Estimated prevalence* of autism spectrum disorder among children aged 8 years, by sex — Autism and Developmental
Disabilities Monitoring Network, 11 sites, United States, 2014

Sex
Site Total Total no. with Overall! Males Females Male
population ASD
Prevglenc 95% CI Prevalence 95% CI Prevalence 95% CI preva

Arizona 24,952 349 140 {12.6-15.5) 21.1 {18.7-23.8) 6.6 {5.3-8.2)
Arlansas 39,992 522 131 {12.0-14.2) 205 (18.6-22.5) 5.4 (4.5-6.5)
Colorado 41,128 572 139 {12.8-15.1) 218 {19.9-23.9) 5.5 (4.6-6.7)
Georgia 51,161 869 17.0 (15.9-18.2) 279 (25.9-30.0) 5.7 (4.8-6.7)
Maryland 9,955 199 200 (17.4-23.0) 327 (28.1-38.2) 7.2 (5.2-10.0)
Minnesata 9,767 234 240 (211-27.2) 39,0 (33.8-44.9) 8.5 (6.3-11.6)
Missouri 25,333 156 141 {12.7-15.6) 22.2 {19.8-25.0) 5.6 (4.4-7.0)
New Jersey 32,935 964 29.3 {27.5-31.2) 45.5 {42.4-48.9) 12.3 {10.7-14.1)
North Carolina 30,283 527 174 {16.0-19.0) 28.0 {25.5-30.8) 6.5 {5.3-7.9)
Tennessee 24,940 387y 15.5 {14.0-17.1) 253 {22.6-28.2) 5.4 (4.2-6.9)
Wisconsin 35,037 494 14.1 {12.9-15.4) 214 {19.4-23.7) 6.4 {5.3-7.7)
All sites combined 325,483 5473 16.8 (16.4-17.3) 26.6 (25.8-27.4) 6.6 (6.2-7.0)

Abbreviations: ASD = autism spectrum disorder; CI = confidence interval.
= Per 1,000 children aged 8 years.
t All children are included in the total regardless of race or ethnicity.

5 All sites identified significantly higher prevalence among males compared with temales (p<0.01).

TABLE 3. Estimated prevalence* of autism spectrum disorder amng children aged & years, by race/ethnicity — Autism and
Developmental Disahilities Monitoring Network, 11 sites, United States, 2014

Site Race/Ethnicity
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White Black Hispanic Asian/Pacific Islander White:

Prevalence 95% ClI Prevalence 95% CI Prevalence 95% CI Prevalence 95% CI blac

Arizona 16.2 {14.1-18.6) 19.5 {13.3-28.6) 10.3 (8.5-12.5) 10.3 (5.5-19.1) 0.8
Arkansas 13.9 (12.6-15.5) 10.4 (8.3-12.9) 8.4 (6.2-11.3) 142 (8.1-25.1) 1.3
Colorado 15.0 (13.5-16.7) 11.4 (8.0-16.2) 106 {9.0-12.5) 7.9 (4.8-12.9) 13
Georgia 17.9 (16.0-20.2) 17.1 (15.4-18.9) 126 (10.6-15.0) 119 (8.9-16.1) 1.1
Maryland 195 {16.0-23.8) 165 {(12.7-21.4) 15.7 (9.1-27.1) 139 (7.5-25.8) 1.2
Minnesota 243 {19.8-29.8) 27.2 (21.7-34.2) 209 (14.7-29.7) 178 {12.3-25.7) 0.9
Missouri 11 {12.4-16.0) 108 (8.6-13.5) 4.9 (2.2-10.9) 10.7 (5.8-20.0) 1.3
New Jersey 302 (27.4-33.3) 268 (23.3-30.9) 293 (26.2-32.9) 192 (13.9-26.6) 1.1
North Carolina 186 (16.5-20.9] 16.1 (13.5-19.2) 119 {9.3-15.2) 19.1 (13.7-26.8) 1.2
Tennessee 16.1 (14.3-18.2) 125 {9.7-16.0} 105 {7.6-14.7) 125 {6.7-23.3) 1.3
Wiscansin 15.2 {13.6-17.0 113 (8.9-14.2) 12.5 {10.0-15.6) 10.2 (6.1-16.9) 1.3/
All sites combined 17.2 [(16.5-17.8) 160 [15.1-16.9) 14.0 [(13.1-14.9) 135 (11.8-15.4) 1.1

Abbreviation: (| = confidence interval.

#Per 1,000 children aged 8 years.

t Pearson chi-square test of prevalence ratio significant at p<0.05.

¢ Pearson chi-square test of prevalence ratio significant at p<0.01.

TABLE 4. Number and percentage of children aged 8 years* identified with autism spectrum disorder who received a comprehensive
evaluation by a qualified professional at age 36 manths, 37-48 months, or >48 months, and those with a mention of general delay
concern by age 36 months — Autism and Developmental Disahilitias Monitoring Network, 11 sites, United States, 2014

Site

Arizona

Earliest age when child received a comprehensive evaluation

Mention of general
developmental delay

Arkansas
Colorado
Georgia
Maryland
Minnesota
Missouri

New Jersey
Narth Carolina
Tennessee
Wiscansin

All sites combined

=36 mos 37-48 mos >48 mos 536 mos
No. (%) No, (%) No. (%) No, (%)
87 (34.1) 56 (22.0) 112 (43.9) 240 {94.1)
117 {30.5) 98 (25.6) 168 (43.9) 354 {92.4)
200 (46.4) 66 (15.3) 165 (38.3) 383 {88.9)
240 {37.6) 126 (19.7) 273 12.7) 549 {85.9)
96 (56.1) 19 (11.1) 56 (32.7) 158 {92.4)
57 {33.5) 36 (21.2) 77 {45.3) 124 (729
88 (32.1) 39 (14.2) 147 (53.6) 196 {71.5)
318 {40.5) 174 (22.2) 293 (37.3) 615 {82.2)
260 (66.2) 42 (10.7) 21 (23.2) 364 {92.6)
80 {31.0) A7 (20.0) 108 {(16.0) 144 {61.3)
154 (47.2) B7 (21.2) 130 (31.6) 368 {89.5)
1,737 {41.9) 790 {12.0) 1,620 {(32.1) 3,525 (85.0)

Autistic disorder

= Includes children identified with autism spectrum disorder who were linked to an in-state birth certificate.

ASD/PDD

TABLE 5. Median age {in months} of earliest known autism spectrum disorder diagnaosis and number and proportion within each
diagnostic subtype — Autism and Developmental Disabilities Monitoring Network, 11 sites, United States, 2014

Asperger disorder
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Site Median age No. (%) Median age No. (%) Median age No. (%)
Arizona 55 186 (76.2) 61 50 (20.5) 74 8 (3.3)
Arkansas 55 269 (63.0} 63 129 (30.2) 75 29 {6.8)
Colorado 40 192 (61.7) 65 104 (33.4) 61 15 (4.8
Georgia 46 288 (48.1) 56 261 (43.6) 65 50 {8.3)
Maryland 43 52 (32.3) 61 104 (64.6) 65 5 (3.1)
Minnesota 51 50 (45.9) 65 54 (49.5) 62 5 {4.6)
Missouri 54 81 (26.7) 55 197 (65.0) 65 25 (8.3)
New Jersey 42 227 (32.7) 51 428 (61.6) 66 4) {5.8)
North Carolina 32 165 (52.5) 49 130 (41.4) 67 19 (6.1
Tennessed 51 157 (57.1} 63 100 (36.4) 60 18 {6.5)
Wisconsin 46 143 (40.2) 55 189 (53.1) 67 24 (6.7
All sites combined 46 1,810 47.7) 56 1,746 (46.0) 67 238 6.3)

Abbreviations: ASD = autism spectrum disorder; PDD = pervasive developmental disorder-not otherwise specified.

TABLE 6. Number and percentage of children aged 8 years identified with autism spectrum disorder with available special education

records , by primary special education eligibility category* — Autism and Developmental Disabilities Monitoring Network, 10 sites,

United States, 2014

Characteristic Arizona Arkansas Colorado Georgia Maryland Minnesota New Jersey

Total no. of ASD cases 349 522 572 869 194 234 964

Total no. (%) of ASD cases with 31 455 1485 752 1549 201 851

Special education records (B3.1) (87.2) -1 (86.5) (79.9) {85.9) (BR.3)

Primary exceptionality (%)

Autism 65.3 65.1 13.2 57.8 66.0 65.2 47.7
Emotional disturbance 24 0o 7.4 2.0 2.5 1.5 1.5
Specific learning disability 6.8 3.1 14.2 1.0 11.9 1.0 8.0
Specch or language impairment 55 10.3 10.1 2.4 38 5.0 136
Hearing or visual impairment 0 0.2 0 0.1 0 1.0 0.6
Health, physical or other disability 6.8 13.2 15.5 3.6 8.8 114 193
Multiple disabilities 0.3 1.2 4.7 1] 4.4 1.5 5.9
Intellectual disability 3.2 3.1 a1 2.0 19 7.0 18
Developmental delay/Preschool g3 0 0.7 28,1 0.6 0.5 0.6

Abbreviation: ASD = autism spectrum disorder.
= Some state-specific categories were recoded or combined to match current U.S. Department of Education categories.

*Includes children residing in school districts where educational records were not reviewed (proportion of surveillance population: 31% Arkansas,
129 Tennessee).

8 Excludes children residing in school districts where educational records were not reviewed {proportion of surveillance population: 67% Colorado,
74% Wisconsin).

T Praportion not reported because numerator is not comparable to other sites {excludes children residing in school districts where educational

records were not reviewed).

TABLE 7. Number* and percentage of children aged 8 years, by racefethnicity and site in the DSM-5 Surveillance Area — Autism and
Developmental Disabilities Monitoring Network, 11 sites, United States, 2014

White, non- Black, non-

Site Site institution Surveillance areca Total . . . N
Hispanic Hispanic

Hispanic
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No. No. (%) No. (%) No. (%)

. . . . Part ol 1 county in ; . . . g - g -
Arizona University of Arizona metropolitan Phoenix" 9,478 5,340 (56.3) 321 (3.1 3,244 (34.2)
Arkansas University of Arkansas for  All 75 counties in 39,992 26103  (65.3) 7,705  {19.3) 5012 (12.5)

Medical Sciences Arkansas
Colorado Department of 1 county | . lite
Colorado Public Health and D;;’:é’ry i metrupoiitan 8,022 2,603 (32.4) 1,018 (12.7) 4,019 (50.1)
Environment
. . g 5 counties including it - [ . .
Georgia che metropolitan Atlanta 51,161 15495  (30.3) 22,042 (43.1) 9913 (19.4)
Maryland Johns Hopkins University 11%:12::1?;};“ metropolitan 9,955 4977 (50.0) 3399 (34.1) 829 8.3)

. o N R Parts of 2 countics in ) .

Minnesota University of Minnesota Minneapelis-St. Paul 9,767 3793 (38.8) 2719 (27.8) 1,486 (15.2)

Missouri Washington University é;‘i‘;{’l?ﬁ nmetropolitan 5 5 g 7186  (58.9) 3793 (3L1) 561 (4.6)
N T 4 counties including . . . .

New [ersey Rutgers University metropolitan Newark 32,935 13593 (413) 7166  (218) 10,226  (31.0)
. ) University of North 6 counties in central . . . . .

North Carolina Carolina-Chapel Hil North Carelin 30,283 15241 (50.3) 7,701 (25.4) 5463 (18.0)

Tennessee Vanderbilt University %i;ﬁi‘;ﬁ'is in central 24,940 15867  (63.6) 4896  (19.6) 3324 (13.3)

. . University of Wisconsin- 10 counties in - ey e .

Wisconsin Madison southenstorn Wisconsin 35037 20732 (592) 6,486  (18.5) 6181  (17.6)
All sites combined 263,775 130,930  (49.6) 67246  (255) 50,258  (19.1)

Abbreviation: DSM-5 = Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition.

= Total numbers of children aged 8 vears in each surveillance area were obtained from CDC’s National Center for llealth Statistics Vintage 2016

Bridged-Race Population Estimates for July 1, 2014,

t Denominator excludes school districts that were not included in the surveillance area, calculated from National Center for Education Statistics

enrollment counts of 3rd graders during the 2014-2015 school year.

TABLE 8. Number and percentage of children meeting DSM-IV-TR and/or D5M-5 surveillance case definition — Autism and
Developmental Disabilities Monitoring Network, 11 sites, United States, 2014

RN Met both DSIV-TR and Met DSM-IV only Met DSM-5 only
Site No, No. {%) No. {%) No. {%)
Arizona 179 143 (79.9] 17 (5.5) 19 (10.6)
Arkansas 560 514 (91.8) 8 {1.4) 38 (6.8)
Colarado 116 92 (79.3) 19 (16.4) 5 {4.3)
Georgia 937 790 (B4.3) 79 (8.4) 68 (7.3)
Maryland 207 187 (90.3) 12 (5.8) B (3.9)
Minnesota 254 200 (78.7) 34 (13.4) 20 (7.9)
Missouri 209 179 (85.6) 12 (5.7) 18 (8.6)
New Jersey 995 842 (B4.6) 122 (12.3) 31 (3.1}
North Carolina 532 493 (92.7) 34 (6.4) 5 (0.9)
Tennessee 408 348 (B5.3) 39 (9.8) 21 (5-1)
Wisconsin 523 448 (85.7) 46 (8.8) 29 {(5.5)
All sites combined 4,920 4,236 (86.1) 422 (8.6) 262 (5.3)
Abbreviations: D5SM-5 = Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition; DSM-IV-TR = Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition, Text Revision,
TABLE 9. Characteristics of children meeting DSM-IV-TR and/or D$SM-5 surveillance case definition — Autism and Developmental
Disabilities Monitoring Network, 11 sites, United States, 2014

Dfifj:;. Mf;;ba"lf: 323_’,‘:’ Met DSM-IV only Met DSM-5
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DSM-5
Characteristic No. No. (%) No. (%) No.
Met ASD case definition under DSM-IV andfor DSM-5 4,920 4,236 (B6.1) 422 (8.6) 262
Sex
Male 3,978 3,452 (86.8) 316 (7.9 210
Female 942 784 [83.2) 106 {11.3) 52
Race/Ethnicity
White, non-Hispanic 2486 2,159 (B6.8) 193 (7.8) 134
Black, non-Hispanic 1,184 994 (B4.0) 109 (9.2) 81
Hispanic, regardless of race 817 695 (B5.1) 91 (11.1) 31
Asian / Pacific Islander, non-Hispanic 207 188 (20.8) 14 (6.8) 5
Earliest comprehensive evaluation on record*
<36 months 1,509 1372 [90.9) 115 (7.6) 22
37-48 months 723 640 (88.5) al (8.4) 22
=48 months 1,503 1,195 (79.5) 154 (10.2) 154
Documented ASD Classification
Autism special education cligibility 2,270 2,156 (95.0) 35 (1.5) 74
ASD diagnostic statement’
Earliest ASD diagnosis £36 months 951 936 (98.4) 0 (0} 15
Earliest ASD diagnosis Autistic Disorder 1,577 1,526 (96.8) 0 ()] 51
Earliest ASD diagnosis PDD-NQOS/ASD-NOS 1,564 1,525 (97.5) U] ()] 39
Earliest ASD diagnosis Asperger Disorder 221 210 (95.0) 0 (0} 11
Mo previous ASD diagnosis or cligibility on record a50 484 (50.9) 369 (38.8) 97
Mostrecent intelligence quotient score?
Intellectual disability {IQ <70) 1,191 1,089 (91.4) 67 (5.6) 35
Borderline range (10 71-85) 881 778 (88.3) 74 (8.4) 29
Average or above average () »85) 1,620 1,391 (B5.9) 143 (8.8) 86

Abreviations: ASD = autism spectrum disorder; SM-5 = Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition; ISM-IV-TR =
Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision; PDD-NOS = pervasive developmental disorder-not otherwise
specitied.

* Includes children identiticd with ASD who were linked to an in-state birth certificate.

t A NSM-TV-TR diagnosis of autistic disorder, PDR-NOS or Asperger disorder automatically qualifies a child as mecting the [SM-5 surveillance case
detinition for A5D.

# Includes data from all 11 sites, including those with 1Q data available for <70% of confirmed cases.
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{Note: page numbers refer to edits in marked version of manuscript)

Changes made in response to co-author suggestions from review of 1st proof:

1.

Ny R W

10.
11.
12.

13.
14.

15.

16.

17.

18.

18.
20.

21.

22.

23.

Updated author line {(added Matt Maenner per his contributions related to statistical methods and replication of
analyses, middle initial for Maureen Durkin, and credentials for Jen Hall-Lande).

Throughout manuscript and tables, used proper case for diagnoses, e.g., autistic disorder, Asperger disorder, autism
spectrum disorder, cerebral palsy, intellectual disability, etc.

Throughout manuscript and tables, inserted “-TR” in several places where it was missing from DSM-IV.
Throughout manuscript and tables, commas were inserted as needed.

Page 1: Clarified separate components of DSM-5 case definition in Description of System section of Abstract.
Page 2: Re-crdered Public Health Action section of Abstract.

Page 4: Clarified content and grammar in third-to-last paragraph under Introduction heading, and removed the |ast
sentence.

Page 4: Revised second-to-last paragraph under Introduction heading.

Page 4: Changed "underscores’ to "asserts” in last paragraph under Introduction heading.
Page 4: Changed "which" to "that” in first sentence under Study Sites heading.

Page 5: Removed “the” from paragraph before Case Ascertainment heading.

Page 6: Added sentence about clinical judgment to fourth paragraph under Case Ascertainment heading. Also added
this to case definition criteria in Boxes 1 and 2.

Page 6: Removed citation #26 and re-numbered all subsequent citations.

Page 6: Added extensive content ta last paragraph under Case Ascertainment heading clarifying multiple companents
of DSM-5 case definition.

Page 7: Inserted “In this report, prevalence estimates are based on the DSM-IV-TR case definition, whereas case counts
are presented and compared for children meeting the DSM-IV-TR and/or DSM-5 case definitions.” as last sentence of
Case Ascertainment heading,.

Page 7: Inserted “DSM-V-TR" in first paragraph under Quality Assurance heading,

Page 9: Inserted “population” in first sentence under Results heading.

Page 9: Revised last sentence under Overall ASD Prevalence Estimates heading.

Page 9: Listed sites under Prevalence by Sex and Race/Ethnicity heading, as requested by MMWR editor.

Page 10: Replaced “approximately” in two places with “on” and “more than” under Special Education Eligibility
heading,

Page 11: Updated content under Sensitivity Analyses heading per analysis completed in December. In consultation with
AR-ADDM investigators, several records were updated from DNR to FNF, consistent with coding applied at other ADDM
sites that were unahle to access records at all schools/districts throughout the surveillance area.

Page 11: “Among 4,498 children who met DSM-5 case criteria, 3,817 (85%) met the DSM-5 behavioral criteria {Box 2),
whereas 681 {15%) qualified on the basis of an established ASD diagnosis but did not have sufficient DSM-5 behavioral
criteria documented in comprehensive evaluations.” added to first paragraph under Comparison of Case Counts
heading,

Page 12: Revised language under Changes in Estimated Prevalence heading from "increase" to "higher" or "difference"
{note: this terminology has switched back and forth based on comments from different reviewers).



24.

25.

26.

27.

28.

25.
30.
31.

32.
33.
34.

35.

36,
37.

Page 12: Added p-values and new sentence under Changes in Estimated Prevalence heading in Discussion section:
“When combining data from these six sites, ASD prevalence estimates for 2014 were 20% higher for 2014 compared to
2012 {p<0.01}.”.

Page 12: Updated description of Wiscansin access to education data sources for SY2014.

Page 13: Clarified description and added qualifying statement under Variation in Prevalence Among ADDM Sites
heading,

Page 13: Changed “D3M-1V-TR” to “ASD” in two places and removed “OSM-IV-TR” in one place to clarify that all
previous ASD diagnoses are not known to be based on DSM-IV-TR criteria.

Page 13: Changed "was remarkably close"” to "were simifar" and "wilf" to "may" in first paragraph under Case
Definitions heading. Alse remoaoved "gutomatically” from this paragraph.

Page 13: Removed redundant sentence under Case Definitions heading.
Page 15: Miner revision to last sentence of second paragraph under Limitations heading.

Page 15: Removed second paragraph under Future Surveillance Directions heading. Multiple authar comments on 1%
proof supported totally dropping this paragraph.

Page 15-16: Revised language under Canclusion heading based on suggestions from multiple authors.
Page 16: Corrected spelling of one name and removed duplicated staff under Acknowledgments heading.
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Abstract
Problem/Condition: Autism spectrum disorder (ASD).
Period Covered: 2014,

Description of System: The Autism and Developmental Disabilities Monitoring (ADDM) Network is an active
surveillance system that provides estimates of the prevalence of autism spectrum disorder (ASD) among children
aged 8 years whose parents or guardians reside within 11 ADDM sites in the United States (Arizona, Arkansas,
Colorado, Georgia, Maryland., Minnesota, Missouri, New Jersey, North Carolina, Tennessee, and Wisconsin}.
ADDM surveillance is conducted in two phases. The first phase invelves review and abstraction of comprehensive
evaluaticns that were completed by professional service providers in the community. Staff completing record review
and abstraction reccive extensive training and supervision and are evaluated according to strict reliability standards
to certify cffective initial training, identify ongoing training nceds, and cnsurc adherence to the prescribed
methodology. Record review and abstraction occurs in a variety of data scurces ranging from gencral pediatric
health clinics to specialized programs serving children with developmental disabilities. In addition, most of the
ADDM sites also review records for children who have received special education services i public schools. In the
second phase of the study, all abstracted information 18 reviewed systematically by experienced climcians to
determine ASD case status. A child is considered to meet the surveillance case definition for ASD if he or she
displays behaviors, as described on one or more comprehensive evaluations completed by community-based
professienal providers, consistent with the Diagrastic and Statistical Manual of Mental Disorders, Fourth Edition,
Text Revision (DSM-IV-TR} diagnostic criteria for autistic disorder; pervasive developmental disorder not
otherwise specified (PDD-NOS, including atypical autism}; or Asperger disorder. This report provides updated
ASD prevalence estimates for children aged ¥ years during the 2014 surveillance year, on the basis of DSM-IV-TR
criteria, and describes characteristics of the population of children with ASD. In 2013, the American Psychiatric
Association published the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5), which
madc considerable changes to ASD diagnostic criteria. The change in ASD diagnostic criteria might influence
ADDM ASD prevalence estimates; therefore, most (85%) of the records used to determine prevalence estimates
based on DSM-IV-TR criteria underwent additional review under a newly operationalized surveillance case
definition for ASD consistent with the DSM-5 diagnostic criteria. Children meeting this new surveillance case
definition could qualify on the basis of one or both of the following criteria, as documented in abstracted
comprehensive evaluations: 1) behaviors consistent with the DSM-5 diagnestic features; and/or 2) an ASD
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diagnosis. whether based on DSM-IV-TR or DSM-5 diagnostic criteria. Stratified comparisons of the number of
children meeting either of these two case defimtions also are reported.

Results: For 2014, the overall prevalence of ASD among the 11 ADDM sites was 16.8 per 1,000 {one in 59) children
aged 8 years. Overall ASD prevalence estimates varied among sites, from 13.1-29.3 per 1,000 children aged 8
years. ASD prevalence estimates also varied by sex and race/cthnicity. Males were four times more likely than
females to be identified with ASD. Prevalence estimates were higher for non-llispanic white {henceforth, white)
children compared with non-Hispanic black (henceforth, black) children. and both groups were more likely to be
identified with ASD compared with Hispamc children. Among the nine sites with sufficient data on intellectual
ability. 31% of children with ASD were classified in the range of intellectual disability (intelligence quotient [1Q]
<70), 25% were in the borderline range (1Q 71-85), and 44% had 1 scores in the average to above average range
(i.e., IQ =>85). The distribution of intellectual ability varied by sex and racefethnicity. Although mention of
developmental concerns by age 36 months was documented for 85% of children with ASD, only 42% had a
comprehensive evaluation on recerd by age 36 months. The median age of earliest known ASD diagnosis was 52
months and did not differ significantly by sex or race/ethnicity. For the targeted comparisen of DSM-IV-TR and
[DSM-5 results, the number and characteristics of children meeting the newly operaticnalized DSM-5 case definition
for ASD were similar to those mecting the DSM-IV-TR casc definition, with DSM-1V-TR case counts excceding
DSM-5 counts by less than 5% and approximately 86% overlap between the two case definitions (kappa — 0.85).

Interpretation: Findings from the ADDM Network, on the basis of 2014 data reported from 11 sites, provide
updated population-based estimates of the prevalence of ASD among children aged 8 yvears in multiple communities
in the United States. Because the ADDM sites do not provide a representative sample of the entire United States,
the combined prevalence estimates presented in this report cannot be generalized to all children aged 8 vears in the
United States. Consistent with reports from previous ADDM surveillance years, findings from 2014 were marked
by variation in ASD prevalence when stratified by geographic arca, sex, and level of intellectual ability. Differences
in prevalence estimates between black and white children have diminished in most sites, but remained notable for
Hispanic children. The new case definition for ASD based on DSM-5 criteria resulted in a similar estimate of ASD
prevalence.

Public Health Action: Beginning with surveillance vear 2016, the DSM-5 case definition will serve as the basis
for ADDM cstimates of ASD prevalence in future surveillance reports. Although the DSM-1V-TR casc definition
will eventually be phased out, it will be applied in a limited geographic arca to offer additional data for comparison.
Future analyscs will examine trends in the continued use of DSM-IV-TR diagnoscs, such as autistic disorder, PDD-
NOS, and Asperger disorder in health and education records. documentation of symptoms consistent with DSM-5
terminology, and how these trends might influence estimates of ASD prevalence over time. The latest findings from
the ADDM Network provide evidence that the prevalence of ASD 1s higher than previously reported estimates and
continues to vary among certain racial/ethnic groups and communities. With prevalence of ASD ranging trom 13.1
to 29.3 per 1,000 children aged 8 years in different communities throughout the United States, the need for
behavioral, educational, residential, and occupational services remains high, as does the need for increased research
on both genetic and nongenetic risk factors for ASD.

Introduction

Autism spectrum disorder {ASD) is a2 developmental disability defined by diagnostic criteria that include deficits
in social communicatien and social interaction, and the presence of restricted, repetitive patterns of behavior,
interests, or activitics that can persist throughout life (). CDC began tracking the prevalence of ASD and
characteristics of children with ASD in the United States in 1998 {2,3). The first CDC study, which was based on
an investigation in Brick Township, New Jersey (2}, identified similar characteristies but higher prevalence of ASD
compared with other studies of that era. The second CDC study, which was conducted in metropolitan Atlanta,
Georgia {3), 1dentified a lower prevalence of ASD compared with the Brick Township study but similar estimates
compared with other prevalence studies of that era. In 2000, CDC established the Autism and Developmental

Page 2 of 30



Publisher: MMWR; Journal: MMWR. Surveillance Summaries
Article Type: Surveillance Summaries; Volume: 67; Issue: 5; Year: 2018; Article ID: mmwr.ss6723al
DOI: 10.15585/mmwr.ss6723al
Disabilities Monitoring (ADDM) Network to collect data that would provide estimates of the prevalence of ASD
and other developmental disabilities in the United States (4,5).

Tracking the prevalence of ASD poses unique challenges because of the heterogeneity in symptom presentation,
lack of biologic diagnostic markers, and changing diagnostic criteria (3). Initial signs and symptoms typically arc
apparent in the carly developmental period; however, social deficits and behavioral patterns might not be recognized
as symptoms of ASD until a child is unable to mect social, educational, occupaticnal, or other important life stage
demands (7). Features of ASD nught overlap with or be difficult to distinguish from those of other psychiatric
disorders, as described extensively in DSM-5 (7). Although standard diagnostic tools have been validated to inform
clinicians” impressions of ASD symptomology, inherent complexity of measurement approaches and variation in
clinical impressions and decision-making, combined with policy changes that affect eligibility for health benefits
and educational programs, complicates identification of ASD as a behavioral health diagnosis or educational
exceptionality. To reduce the influence of these factors on prevalence estimates, the ADDM Network has
consistently tracked ASD by applying a surveillance case definition of ASD and using the same record-review
methodology and behaviorally defined case inclusion criteria since 2000 (5).

ADDM estimates of ASD prevalence among children aged 8 years in multiple U.8. communities have increased
from approximately one in 150 children during 2000-2002 to ong in 68 during 2010-2012, more than doubling
during this period (6—17). The observed increase in ASD prevalence underscores the need for continued surveillance
using consistent methods to monitor the changing prevalence of ASD and characteristics of children with ASD in
the population.

In addition to serving as a basis for ASD prevalence estimates, ADDM data have been used to describe
characteristics of children with ASD in the population, to study how these characteristics vary with ASD prevalence
estimates over time and among communities, and to monitor progress toward Healthy People 20020 objectives (12).
ADDM ASD prevalence estimates consistently estimated a ratio of approximately 4.5 male:1 female with ASD
during 2006-2012 (9-71). Other characteristics that have remained relatively constant over tinie in the population
of children identified with ASD by ADDM include the median age of earliest known ASD diagnosis, which
remained close to 53 months during 2000 2012 (range: 50 menths [2012] to 56 months [2002]), and the proportion
of children receiving a cemprehensive developmental evaluation by age 3 vears, which remained close to 43%
during 2006-2012 (rangc: 43% [2006 and 2012] to 46% [2008]).

ASD prevalence by race/ethnicity has been more varied over time among ADDM Network communities (9-717).
Although ASD prevalence estimates have historically been greater amoeng white children compared with black or
Hispanic children (/3), ADDM-reperted white:black and white:Hispanic prevalence ratios have declined over time
because of larger increases in ASD prevalence among black children and, to an even greater extent, among Hispanic
children, as compared with the magnitude of increase in ASD prevalence among white children (9). Previous reports
from the ADDM Network cstimated ASD prevalence among white children to excced that among black children
by approximately 30% in 2002, 2006 and 2010, and by approximately 20% in 2008 and 2012. Estimated prevalence
among white children cxceeded that among Hispanic children by nearly 70% in 2002 and 2006, and by
approximately 50% in 2008, 2010, and 2012. ASD prevalence estimates from the ADDM Network also have varied
by sociceconomic status (SES). A consistent pattern observed in ADDM data has been higher 1dentified ASD
prevalence among residents of neighborhoods with higher socioeconomic status (SES). Although ASD prevalence
has increased over time at all levels of SES, the absolute difference in prevalence between high, middle, and lower
SES did not change from 2002 to 2010 ({4,153} In the context of declining white:black and white:Hispanic
prevalence ratios amidst consistent SES patterns, a complex three-way interaction among time, SES, and
race/ethnicity has been proposed (/6).

Finally. ADDM Network data have shown a shift toward children with ASD with hagher intellectual ability
(9,710,111, as the proportion of children with ASD whose telligence quotient {IQ) scores fell within the range of
intellectual disability (ID) (i.e., 1Q <70) has decreased gradually over time. During 2000-2002, approximately half
of children with ASD had 1Q scores in the range of ID; during 2006-2008, this proportion was closer to 40%; and
during 2010-2012, less than one third of children with ASD had 1Q <70 (9,71, 11). This trend was more pronounced
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for females as compared with males (9). The proportion of males with ASD and ID declined from approximately
40% during 20002008 (9) to 30% during 20102012 (10, 11). The proportion of females with ASD and ID declined
from approximately 60% during 2000-2002, to 45% during 20062008, and to 35% during 2010-2012 (9,10,11).

All previously reported ASD prevalence estimates from the ADDM Network were based on a surveillance casc
definition aligned with DSM-1V-TR diagnostic criteria for autistic disorder; pervasive developmental disorder—not
otherwise specified (PDD-NOS, including atypical autism); or Asperger disorder. In the American Psychiatric
Association’s 2013 publication of DSM-5. substantial changes were made to the taxonomy and diagnostic criteria
for autism (7,77). Taxonomy changed from Pervasive Developmental Disorders, which included multiple
diagnostic subtypes, to autism spectrum disorder, which no longer comprises distinet subtypes but represents one
singular diagnostic category defined by level of support needed by the individual. Diagnostic criteria were retined
by collapsing the DSM-IV-TR social and communication demains into a single, combined domain for DSM-5.
Persons diagnosed with ASD under DSM-5 must meet all three criteria under the social communication/interaction
domain (i.e., deficits in social-emotional reciprocity; deficits in nonverbal communicative behaviors; and deficits
in developing, understanding, and maintaining relationships) and at least two of the four criteria under the
restrictive/repetitive behavior domain (i.e.. repetitive speech or moter movements, insistence con sameness,
restricted interests, or unusual response to sensory input).

Although the DSM-IV-TR criteria proved useful in identifving ASD in some children, clinical agreement and
diagnostic specificity in sonie subtypes (e.g., PDD-NOS) was poor, offering empirical support to the notion of two,
rather than three, diagnostic domains. The DSM-5 introduced a framework to address these concerns (/8), while
maintaining that any person with an established DSM-IV-TR diagnosis of autistic disorder, Asperger disorder, or
PDD-NOS would autematically qualify for a DSM-5 diagnosis of autism spectrum disorder. Previous studies
suggest that DSM-5 criteria for ASD might exclude certain children who would have qualified for a DSM-1V-TR
diagnosis but had not yet received one, particularly those who are very young and those without D (19-23). These
findings suggest that ASD prevalence estimates will likely be lower under DSM-5 than they have been under DSM-
[V-TR diagnostic critera.

This report provides the latest available ASD prevalence estimates from the ADDM Network based on both DSM-
IV-TR and DSM-5 criteria and asserts the need for future monitoring of ASD prevalence trends and eftforts to
improve carly identification of ASD. The intended audicnces for these findings include pediatric health care
providers. school psychologists, cducators, rescarchers, policymakers, and program administrators working to
understand and address the needs of persons with ASD and their families. These data can be used to help plan
services, guide research mto risk factors and effective interventions, and inform policies that promote improved
outcomes in health and education settings.

Methods

Study Sites

The Children’s Health Act (4) authorized CDC to monitor prevalence of ASD in multiple areas of the United
States, a charge that led to the formation of the ADDM Network in 2000. Since that time, CDC has funded grantees
in 16 states (Alabama, Arizona, Arkansas, Celorado, Florida, Maryland, Minnesota, Missouri, New Jersey, North
Carolina, Pennsylvania, South Carclina, Tennessee, Utah, West Virginia, and Wisconsin). CDC tracks ASD in
metropolitan Atlanta and represents the Georgia site collaborating with competitively funded sites to form the
ADDM Network.

The ADDM Network uses multisite, multisource, records-based surveillance based on a model originally
implemented by CDC’s Metropolitan Atlanta Developmental Disabilities Surveillance Program (MADDSP) (24).
As feasible, the surveillance methods have remained consistent over time. Certain minor changes have been
introduced to improve efficiency and data quality. Although a different array of geographic areas was covered in
each of the eight biennial ADDM Network surveillance years spanning 2000 2014, these changes have been
documented to facilitate evaluation of their impact.
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The core surveillance activities in all ADDM Network sites focus on children aged 8 vears because the baseline
ASD prevalence study conducted by MADDSP suggested that this is the age of peak prevalence (3). ADDM has
multiple goals: 1} to provide descriptive data on classification and functioning of the population of children with
ASD, 2) to monitor the prevalence of ASD in different areas of the United States, and 3) to understand the impact
of ASD in U.S. comniunities.

Funding for ADDM Network sites participating in the 2014 surveillance year was awarded for a 4-year cycle
covering 2015-2018, during which time data were collected for children aged 8 years during 2014 and 201 6. Sites
were selected through a competitive objective review process on the basis of their ability to conduct active, records-
based surveillance of ASD; they were not selected to be a nationally representative sample. A total of 11 sites are
included in the current report {Arizona, Arkansas, Colorado, Georgia, Maryland, Minnesota, Missouri, New Jersey,
North Carolina, Tennessee, and Wisconsin}. Each ADDM site participating in the 2014 surveillance year functioned
as a public health authority under the Health Insurance Portability and Accountability Act of 1996 Privacy Rule and
met applicable local Institutional Review Board and privacy and confidentiality requirements under 45 CFR 46
(25).

Case Ascertainment

ADDM is an active surveillance systen: that dees not depend on family or practitioner reporting of an existing
ASD diagnosis or classification to determine ASD case status. ADDM staff conduct surveillance to determine case
status in a two-phase process, The first phase of ADDM involves review and abstraction of children’s evaluation
records from data scurces in the community. In the second phase, all abstracted evaluations for each child are
compiled in chroneolegical order inte 2 comprehensive record that is reviewed by one or more experienced clinicians
to determine the child's ASD case status. Developmental assessments completed by a wide range of health and
cducation providers arc reviewed. Data sources arc categorized as cither 1) cducation source type, including
evaluations to determinc cligibility for special cducation services or 2) health scurce type, including diagnostic and
developmental assessments from psychologists, neurologists, developmental pediatricians, child psychiatrists,
physical therapists, occupational therapists, and speech/language pathologists. Agreements to access records are
made at the institutional level i the form of contracts, memoranda. or other formal agreements.

All ADDM Network sites have agreements in place to access records at health sources; however, despite the
otherwise standardized approach, not all sites have permission to access cducation records. One ADDM site
{Missouri) has not becn granted access to records at any education sources. Among the remaining sites, some receive
permission from their statewide Department of Education to access children’s educational records, whereas other
sites must negotiate permission from numerous mmdividual school districts 1o access educational records. Six sites
{Anizona. Georgia, Maryland, Mmnesota, New Jersey, and North Carolina) reviewed education records for all
school districts in their covered surveillance areas. Three ADDM sites {Colorado, Tennessee, and Wisconsin)
received permission to review education records in only certain school districts within the overall geographic area
covered for 2014, In Tennessee, permission to access education records was granted from 13 of 14 school districts
in the 1 1-county surveillance area, representing 88% of the total population of children aged 8 years. Conversely,
access to education records was limited to a small proportion of the pepulation in the overall geographic area
covered by twe sites (33% in Colorado and 26% in Wisconsin). In the Colorade school districts where access to
education records is permitted for ADDM, parents are directly notified about the ADDM system and can request
that their children’s education records be excluded. The Arkansas ADDM site received permission from their state
Department of Education to access children’s cducational records statewide; however, time and travel constraints
prevented investigators from visiting all 250 school districts in the 75-county survceillance area, resulting in access
to education records for 69% of the statewide population of children aged 8 years. The two sites with access to
education records throughout most. but not all, of the surveillance area (Arkansas and Tennessee) received data
from their state Department of Education to evaluate the potential impact on reported ASD prevalence estimates
attributed to missing records,

Within cach cducation and health data scurce, ADDM sites identify records to review bascd on a child’s year of
birth and one or more sclected cligibility classifications for special cducation or fnternational Classification of
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Diseases, Ninth Revision (1CD-9) billing codes for select childhood disabilities or psychological conditions.
Children’s records are first reviewed to confirm year of birth and residency in the surveillance area at some time
during the surveillance year. For children meeting these requirements, the records are then reviewed for certain
behavioral or diagnostic descriptions defined by ADDM as triggers for abstraction (e.g., child does not initiate
interactions with others, prefers to play alone or engage in solitary activities, or has received a documented ASD
diagnosis). If abstraction triggers are found, evaluation information from birth through the current surveillance year
from all available sources is abstracted inte a single composite record for each child.

In the second phase of surveillance, the abstracted composite evaluation files are deidentified and reviewed
systematically by experienced clinicians who have undergone standardized training to determine ASD case status
using a coding scheme based on the DSM-IV-TR guidelines. A child meets the surveillance case definition for ASD
it behaviors described in the composite record are consistent with the DSM-IV-TR diagnestic criteria for any of the
following conditions: autistic disorder, PDD-NOS (including atypical autism), or Asperger disorder (Box 1). A
child might be disqualified frem meeting the surveillance case definition for ASD if, based on the clinical judgment
of one or more reviewers, there is insufficient or conflicting infoermation in support of ASD, sufficient information
to rule out ASD, or if one or more other diagnosed conditions better account for the child's symptoms.

Although new diagnostic criteria became available in 2013, the children under surveillance in 2014 would have
grown up primarily under the DSM-IV-TR definitions for ASD, which are prioritized in this report. The 2014
surveillance year is the first to operationalize an ASD case definition based on DSM-5 diagnestic criteria, in addition
to that based on DSM-IV-TR. Because of delays in developing information technology systems to manage data
collected under this new case definition. the surveillance area for DSM-5 was reduced by 19% in an effort te include
complete estimates for both DSM-TV-TR and DSM-35 in this report. Phase 1 record review and abstraction was the
same for DSM-IV-TR and DSM-5; however, a coding scheme based on the DSM-5 definition of ASD was
developed for Phase 2 of the ADDM mecthodology (i.c., systematic review by experienced clinicians). The new
coding scheme was developed through a collaborative process and includes reliability measures, although no
validation metrics have been published for this new ADDM Network DSM-5 case defimition. A child could meet
the DSM-5 surveillance case definition for ASD under one or both of the following criteria. as documented in
abstracted comprehensive evaluations: 1) behaviors consistent with the DSM-3 diagnostic features; and/or 2) an
ASD diagnosis, whether based on DSM-IV-TR or DSM-5 diagnostic criteria (Box 2). Children with a documented
ASD diagnosis were included as nmeeting the DSM-5 surveillance case definition for two reasons. First, published
DSM-5 diagnostic criteria include the presence of a DSM-IV-TR diagnosis of autistic disorder, PDD-NOS, or
Asperger disorder, to ensure continuity of diagnoses and services. Second, sensitivity of the DSM-5 surveillance
case definition might be increased when counting children diagnesed with ASD by a qualified professional, based
on either DSM-IV-TR or DSM-5 criteria, whether or not all DSM-5 social and behavioral criteria are documented
in abstracted comprehensive evaluations. The ADDM Network methods allow differentiation of those meeting the
surveillance case status based on one or both criteria. Consistent with the DSM-1V-TR casc definition, a child might
be disqualified from mecting the DSM-5 surveillance case definition for ASD if, based on the clinical judgment of
one or more reviewers, there is insufficient or conflicting mformation in support of ASD, sufficient information to
rule out ASD. or if one or more other diagnosed conditions better account for the child’s symptoms. In this report,
prevalence estimates are based on the DSM-1V-TR case defimition, whereas case counts are presented and compared
for children meeting the DSM-IV-TR and/or DSM-5 case definitions.

Quality Assurance

All sites follow the quality assurance standards cstablished by the ADDM Network. [n the first phase, the accuracy
of record review and abstraction 1s checked periodically. In the second phase. interrater reliability is monitored on
an ongoing basis using a blinded, random 10% sample of abstracted records that are scored independently by two
reviewers (3). For 2014, interrater agreement on DSM-IV-TR case status (confirmed ASD versus not ASD) was
89.1% when comparison samples from all sites were combined (k = 0.77), which was slightly below quality
assurance standards established for the ADDM Network (90% agreement, (.80 kappa). On DSM-5 reviews,
interrater agreement on case status (confirmed ASD versus not ASD) was 92.3% when comparison samples from
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all sites were combined (k = .84). Thus. for the DSM-5 surveillance defimtion, reliability exceeded quality
assurance standards established for the ADDM Network.

Descriptive Characteristics and Data Sources

Each ADDM site attempted to obtain birth certificate data for all children abstracted during Phase 1 through
linkages conducted using state vital records. These data were only available for children boern in the state where the
ADDM site is located. The race/cthnicity of cach child was determined from information contained in source
records or, 1f not found in the source file, from birth certificate data on one or both parents. Children with race coded
as “other™ or “multiracial” were considered to be missing race information for all analyses that were stratified by
race/ethnicity. For this report, data on timing of the first comprehensive evaluation on record were restricted 1o
children with ASD who were born in the state where the ADDM site is located. as confirmed by linkage to birth
certificate records. Data were restricted in this manner to reduce errors in the estimate that were introduced by
children for whom evaluation records were incomplete because they were born out of state and migrated into the
surveillance area between the time of birth and the year when they reached age 8 years.

Information on children’s functional skills is abstracted from source records when available, including scores on
tests of adaptive behavior and intellectual ability. Because no standardized, validated measures of functioning
specific to ASD have been widely adopted in climical practice and because adaptive behavior rating scales are not
sufficiently available m health and education records of children with ASD, scores of ntellectual ability have
remained the primary source of information on children’s functional skills. Children are classitied as having 1D if
they have an IQ score of <70 on their most recent test available in the record. Borderling intellectual ability is
defined as having an 1Q score of 71-85, and average or above-average intellectual ability is defined as having an
IQ score of =835, In the absence of a specific IQ score, an examiner’s statement based on a formal assessment of the
child’s intellectual ability, if available, is used to classify the child in one of these three levels.

Diagnostic conclusions from each evaluation record are summarized for each child, including notation of any
ASD diagnosis by subtype, when available. Children are considered to have a previously documented ASD
clagsification if they received a diagnosis of autistic disorder, PDD-NQOS, Asperger disorder, or ASD that was
documented in an abstracted evaluation or by an ICD-9 billing code at any time from birth through the year when
they reached age 8 vears, or if they were noted as meeting eligibility criteria for special education services under
the classification of autism or ASD.

Analytic Methods

Population denominators for caleulating ASD prevalence estimates were obtamed from the National Center for
Health Statistics Vintage 2016 Bridged-Race Postcensal Population Estimates (26). CDC’s National Vital Statistics
System provides estimated population counts by state, county, single year of age, race, ethnic origin, and sex.
Population denominators for the 2014 surveillance year were compiled from posteensal estimates of the number of
children aged 8 years living in the counties under surveillance by each ADDM site (Table 1).

In two sites (Arizona and Minnesota), geographic boundaries were defined by constituent school distriets included
in the surveillance area. The number of children living in outlying school districts were subtracted from the county-
level census denominators using school enrollment data trom the U.S. Department of Education’s National Center
for Education Statistics (27). Enrollment counts of students in third grade during the 2014-15 school year diftered
trom the CDC bridged-race population estimates, attributable primarily to children being enrolled cut of the
customary grade for their age or in charter schocels, home schools, or private schools. Because these differences
varied by race and sex within the applicable counties, race- and sex-specific adjustments based on enrellment counts
were applied to the CDC population estimates to derive school district-specific denominators for Arizona and
Minnesofta.

Race- or ethnicity-specitic prevalence estimates were calculated for four groups: white, black, Hispanic
{regardless of race), and Asian/Pacific Islander. Prevalence results are reported ag the total number of children
meeting the ASD case definition per 1,000 children aged 8 years in the population in each race/ethnicity group.
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ASD prevalence also was estimated separately for boys and girls and within each level of intellectual ability. Overall
prevalence estimates include all children identified with ASD regardless of sex, racefethnicity, or level of
mtellectual ability and thus are not affected by the availability of data on these characteristics.

Statistical tests were sclected and confidence intervals (Cls) for prevalence estimates were calculated under the
assumption that the observed counts of children identified with ASD were obtained from an underlying Poisson
distribution with an asymptotic approximation to thc normal. Pearson chi-square tests were performed, and
prevalence ratios and percentage differences were calculated to compare prevalence estimates from different strata.
Kappa statistics were computed to describe concordance between the DSM-1V-TR and DSM-5 case definitions., as
well as to describe interrater agreement on either case defimtion for quality assurance. Pearson chi-square tests also
were performed for testing significance in comparisons of proportions, and unadjusted odds ratio (OR) estimates
were calculated to further describe these comparisons. In an effort to reduce the effect of outliers, distribution
medians were typically presented, although one-way ANOVA was used to test significance when comparing
arithmetic means of these distributions. Significance was set at p<0.05. Results for all sites combined were based
on peoled numerater and denominator data frem all sites, in total and stratified by race/ethnicity. sex, and level of
intellectual ability.

Sensitivity Analysis Methods

Certain education and health records were missing for certam children. including records that could not be located
for review, those affected by the passive consent process unique to the Colorado site, and those archived and deemed
too costly to retrieve. A sensitivity analysis of the effect of these missing records on case ascertainment was
conducted. All children initially identified for record review were first stratified by two factors closely associated
with final case status: information source (health source type only, education source type only, or both source types)
and the presence or absence of either an autism special education eligibility or an ICD-9-CM code for ASD,
collectively forming six strata. The potential number of cases not identified because of missing records was
estimated under the assumption that within cach of the six strata, the proportion of children confirmed as ASD
surveillance cascs among those with missing records would be similar to the proportion of cases among children
with no missing records. Within cach stratum, the proportion of children with no missing records who were
confirmed as having ASD was applied to the number of children with missing records to estimate the number of
missed cases, and the estimates from all six strata were added to calculate the total for each site. This sensitivity
analysis was conducted solely to investigate the potential impact of missing records on the presented estimates. The
estimates presented in this report do not reflect this adjustment or any of the other assessments of the potential
effects of assumptions underlying the approach.

All ADDM sites identified records for review from health sources by conducting record scarches that were based
on a common hst of ICD-9 billing codes. Because several sites were conducting surveillance for other
developmental disabilities in addition to ASD (i.e.. one or more of the following: cerebral palsy, 1D, hearing loss,
and vision impairment). they reviewed records based on an expanded list of ICD-9 codes. The Colorado site also
requested code 781.3 (lack of coordination), which was identified in that community as a commonly used billing
code for children with ASD. The proportion of children meeting the ASD surveillance case definition whose records
were obtained solely on the basis of those additional codes was calculated to evaluate the potential impact on ASD
prevalence.

Results

A total population of 325,483 children aged 8 years was covered by the 11 ADDM sites that provided data for
the 2014 surveillance year (Table 1). This number represented 8% of the total U.S. population of children aged &
years in 2014 {4,119,668) (/9). A total of 53,120 records for 42,644 children were reviewed from health and
cducation sources. Of these, the source records of 10,886 children met the criteria for abstraction, which was 25.5%
of the total number of children whose source records were revicwed and 3.3% of the population under surveillance.
Of the records reviewed by clinicians, 5.473 children met the ASD surveillance case definition. The number of
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evaluations abstracted for each child who was ultimately identified with ASD varied by site (median: five; range:
three [Arizona, Minnesota, Missouri, and Tennessee] to 10 [Maryland]).

Overall ASD Prevalence Estimates

Overall ASD prevalence for the ADDM 2014 surveillance year varied widely among sites (range: 13.1 [Arkansas]
to 29.3 [New Jerscy]) (Table 2). On the basis of combined data from all 11 sites, ASD prevalence was 16.8 per
1,000 (one in 59} children aged & years. Overall estimated prevalence of ASD was highest in New Jersey (29.3)
compared to each of the other ten sites (P<0.01).

Prevalence by Sex and Race/Ethnicity

When data from all 11 ADDM sites were combined, ASD prevalence was 26.6 per 1,000 boys and 6.6 per 1,000
girls (prevalence ratio: 4.0). ASD prevalence was significantly {p<t0.01) higher among boys than among girls in all
11 ADDM sites (Table 2), with malc-to-female prevalence ratios ranging from 3.2 (Arizona) to 4.9 (Georgia).
Estimated ASD prevalence also varied by race and cthnicity {Table 3). When data from all sites were combined,
the estimated prevalence among white children (17.2 per 1,000) was 7% greater than that among black children
(16.0 per 1,000) and 22% greater than that among Hispanic children (14.0 per 1.000). In nine sites, the estimated
prevalence of ASD was higher among white children than black children. The white-to-black ASD prevalence ratios
were statistically significant in three sites (Arkansas, Missouri, and Wisconsin), and the white-to-Hispanic
prevalence ratios were significant in seven sites (Arizona, Arkansas, Colorado, Georgia, Missouri, North Carolina
and Tennessee), In nine sites (Arizona, Arkansas, Colorado, Georgia, Maryland, Minnesota, Missouri, North
Carolina and Tennessee), the estimated prevalence of ASD was higher among black children than that amoeng
Hispanic children. The black-to-Hispanic prevalence ratic was significant in three of these nine sites (Arizona,
Georgia and North Carolina). In New Jersey. there was almost ne difference in ASD prevalence estimates among
white, black, and llispanic children. Estimates for Asian/Pacific Islander children ranged from 7.9 per 1,000
{Colorado} to 19.2 per 1,000 (New Jersey) with notably wide Cls.

Intellectual Ability

Data on intellectual ability were reported for nine sites (Arizona, Arkansas, Colorado, Georgia, Maryland,
Minnesota, New Jersey, North Carolina, and Tennessee) having information available for at least 70% of children
who met the ASD case definition (range: 70.8% [Tennessee] to 89.2% [North Carclina]). The median age of
children’s most recent [Q tests, on which the following results are based, was 73 months (6 years, | month). Data
from these nine sites yiclded accompanying data on intellectual ability for 3.714 {80.3%) of 4,623 children with
ASD. This proportion did not differ by sex or race/cthnicity in any of the nine sites or when combining data from
all mine sites. Among these 3,714 children, 31% were classified in the range of 1D (1Q <70, 25% were m the
borderline range (IQ) 71-85), and 44% had 1Q =85. The proportion of children classified in the range of ID ranged
from 26.7% in Arizona to 39.4% in Tennessee.

Among children identified with ASD, the distribution by intellectual ability varied by scx, with girls more likely
than boys to have 1 <70, and boys more likely than girls to have 1Q =85 {Figurc 1). In these nine sites combined,
251 {36.3%) of 691 girls with ASD had [Q scores or cxaminers’ statements indicating 1D compared with 891
{29.5%) of 3,023 males (odds ratic [OR] = 1.4; p<0.01}, though among individual sites this proportion differed
significantly in only one {Georgia, OR = 1.6; p<0.05). The proportion of children with ASD with borderline
mtellectual ability (IQ 71-85) did not differ by sex, whereas a significantly higher proportion of males (45%)
compared with females (40%) had 1Q =85 (i.e., average or above average intellectual ability) (OR = 1.2; p<0.05).

The distribution of intellectual ability also varied by race/cthnicity. Approximatcly 44% of black children with
ASD were classified in the range of 1D compared with 35% of Hispanic children and 22% of white children (Figure
2). The proportion of blacks and whites with ID differed sigmficantly in all sites except Colorado, and when
combining their data (OR = 2.9; p<0.01). The proportion of Hispamcs and whites with ID differed significantly
when combiming data from all nine sites (OR = 1.9; p<0.01), and among individual sites it reached significance
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{p<0.05) 1 six of the nine sites, with the three exceptions being Arkansas (OR = 1.8; p = (.10}, North Carolina (OR
= 1.8; p=0.07), and Tennessee (OR =2.1; p = 0.09). The proportion of children with borderline intellectual ability
{IQ = 71-85) did not differ between black and Hispanic children, although a lower proportion of white children
{22%) were classified in the range of borderline intellectual ability compared to black (28.4%; OR = (.7; p<0.01)
or Hispanic {28.7%; OR = 0.7; p<0.01) children. When combining data from these nine sites, the proportion of
white children {56%) with 1Q =85 was significantly higher than the proportion of black (27%, OR = 3.4; p<0.01)
or Hispanic (36%, OR = 2.2; p<0.01) children with [(Q=>85.

First Comprehensive Evaluation

Among children with ASD who were born in the same state as the ADDM site {n = 4,147 of 5.473 confirmed
cases), 42% had a comprehensive evaluation on record by age 36 months (range: 30% [Arkansas] to 66% [North
Carolina]} (Table 4). Approximately 39% of these 4,147 children did not have a comprehensive evaluation on record
until after age 48 months; however, mention of developmental concerns by age 36 months was documented for
85% (range: 61% [Tennessee] to 94% [Arizona]).

Previously Documented ASD Classification

Of the 5.473 children meeting the ADDM ASD surveillance case defimition. 4,379 {80%) had either eligibility
for autism special education services or a DSM-IV-TR, DSM-5, or ICD-9 autism diagnosis documented in their
records (range among 11 sites: 58% [Colorado] to 92% [Missouri]). Combining data from all 11 sites, 81% of boys
had a previous ASD classification on record, compared with 75% of girls (OR = 1.4; p<0.01). When stratified by
race/ethnicity, 80% of white children had a previously documented ASD classification, compared with nearly 83%
of black children (OR =0.9; p=0.09} and 76% of Hispanic children (OR = 1.3; p=<0.01); a significant difference was
also found when comparing the preportion of black children with a previous ASD classification to that among
Hispanic children (OR — 1.5; p<c0.01).

The median age of earliest known ASD diagnosis documented in children’s records (Table 5) varied by diagnostic
subtype (autistic disorder: 46 months; ASD/PDD: 56 months; Asperger disorder: 67 months). Within these
subtypes, the median age of earliest known diagnosis did not difter by sex, nor did any difference exist in the
proportion of bovs and girls who initially received a diagnesis of autistic disorder (48%). ASD/PDD (46%), or
Asperger disorder {6%). The median age of earliest known diagnosis and distribution of subtypes did vary by site.
The median age of carliest known ASD diagnosis for all subtypes combined was 52 months, ranging from 40 months
in North Carolina to 59 months in Arkansas.

Special Education Eligibility

Sites with access to education records collected informatien on the most recent eligibility categeries under which
children received special education services (Table 6). Among children with ASD who were receiving special
education services in public schools during 2014, the preportion of children with a primary eligibility category of
autism ranged from approximately 37% in Wisconsin to 80% in Tennessee. Most other sites noted approximately
60% to 75% of children with ASD having autism listed as their most recent primary special education cligibility
category, the exceptions being Colorado (44%) and New Jersey (48%). Other common special education cligibilitics
imcluded health or physical disability. speech and language impairment, specific learning disability, and a general
developmental delay category that 1s used until age 9 years m many U.S. states. All ADDM sites reported <10% of
children with ASD receiving special education services under a primary eligibility category of [D.

Sensitivity Analyses of Missing Records and Expanded ICD-9 Codes

A stratified analysis of rccords that could not be located for review was completed to asscss the degree to which
missing data might have potentially reduced prevalence cstimates as reported by individual ADDM sites. EHad all
children’s records identified in Phase | been located and reviewed. prevalence estimates would potentially have
been <1% higher in four sites (Arizona, Georgia, Minnesota, and Wisconsin)., between 1% to 5% higher in four
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sites (Colorado, Missourl, New Jersey, and North Carolina), approximately 8% higher in Maryland. and nearly 20%
higher in Arkansas and Tennessee, where investigators were able to access education records throughout most, but
not all, of the surveillance area and received data from their state Department of Education to evaluate the potential
impact on reported ASD prevalence estimates attributed to missing records.

The impact on prevalence estimates of reviewing records based on an expanded list of ICD-9 codes varied from
sitc to site. Colorado, Georgia, and Missouri were the only three sites that identified more than 1% of ASD
surveillance cases partially or solely on the basis of the expanded code list. In Missour, less than 2% of children
identified with ASD had some of their records located on the basis of the expanded code list. and none were
identified exclusively from these codes. In Colorado, approximately 2% of ASD surveillance cases had some
abstracted records identified on the basis of the expanded code list, and 4% had records found exclusively from the
expanded codes. In Georgia, where [CD-9 codes were requested for surveillance of tive distinct conditions (autism,
cerebral palsy, 1D, hearing loss, and vision impairment), approximately 10% of children identified with ASD had
some of their records located on the basis of the expanded code list, and less than 1% were identified exclusively
from these codes.

Comparison of Case Counts from DSM-IV-TR and DSM-5 Case Definitions

The DSM-5 analysis was completed for part of the overall ADDM 2014 surveillance area (Table 7), representing
a total population of 263,775 children aged 8 vears. This was 81% of the population on which DSM-1V-TR
prevalence estimates were reported. Within this population, a total of 4,920 children were confirmed to meet the
ADDM Network ASD case definition for either DSM-IV-TR or DSM-5. Of these children, 4.236 (86%) met both
case definitions, 422 (9%} met only the DSM-IV-TR criteria, and 262 (5%) met only the DSM-5 criteria (Table &8).
This vielded a DSM-IV-TR:DSM-5 prevalence ratio of 1.04 in this population, indicating that ASD) prevalence was
approximatcly 4% higher based on the historical DSM-IV-TR casc definition compared with the new DSM-5 casc
definition. Among 4,498 children who met DSM-5 casc criteria, 3,817 (85%) met the DSM-5 behavioral criteria
{Box 2), whereas 681 (15%) qualified on the basis of an established ASD diagnosis but did not have sufficient
DSM-5 behavioral criteria documented in comprehensive evaluations. In six of the 11 ADDM sites, DSM-5 case
counts were within approximately 3% of DSM-IV-TR counts (range: 5% lower [Tennessee] to 5% higher
[Arkansas]), whereas DSM-5 case counts were more than 5% lower than DSM-IV-TR counts in Minnesota and
North Carolina (6%}, New Jersey (10%), and Celorado (14%). Kappa statistics indicated strong agreement between
DSM-TV-TR and DSM-5 case status among children abstracted in phase 1 of the study who were reviewed in phase
2 tor both DSM-IV-TR and DSM-5 (kappa for all sites combined: 0.85, range: .72 [Tennessee] to 0.93 [North
Carolina]}.

Stratified analysis of DSM-IV-TR:DSM-5 ratios were very similar compared with the overall sample {Table 9).
DSM-5 estimates were approximately 3% lower than DSM-IV-TR counts for males, and approximately 6% lower
for females (kappa = 0.85 for both). Case counts were approximately 3% lower among white and black children on
DSM-5 compared with DSM-TV-TR, 5% lower among Asian children, and 8% lower among Hispanic children.
Children who received a comprehensive evaluation by age 36 months were 7% less likely to meet DSM-5 than
DSM-IV-TR, whereas those evaluated by age 4 years were 6% less likely to meet DSM-5, and those initially
evaluated after age 4 years were just as likely to meet DSM-5 as DSM-IV-TR. Children with decumentation of
eligibility for autism special education services, and those with a documented diagnosis of ASD by age 3 vyears,
were 2% more likely to meet DSM-5 than DSM-1V-TR. Slightly over 3% of children whose carliest ASD diagnosis
was autistic disorder met DSM-3 criteria but not DSM-IV-TR, comparcd with slightly under 3% of those whosc
carliest diagnosis was PDD-NOS/ASD-NOS and 5% of those whose carlicst diagnosis was Asperger disorder.
Children with no previous ASD classification (diagnosis or eligibility) were 47% less likely to meet DSM-5 than
DSM-IV-TR. Combining data from all 11 sites, children with [Q scores in the range of 1D were 3% less likely to
meet DSM-5 criteria compared with DSM-1V-TR (kappa = 0.89), those with 1Q) scores in the borderline range were
6% less likely to meet DSM-5 than DSM-IV-TR (kappa = (.88), and children with average or above average
intellectual ability were 4% less likely to meet DSM-5 criteria conipared with DSM-TV-TR (kappa = (.86).

Page 11 of 30



Publisher: MMWR; Journal: MMWR. Surveillance Summaries
Article Type: Surveillance Summaries; Volume: 67; Issue: 5; Year: 2018; Article ID: mmwr.ss6723al
DOI: 10.15585/mmwr.ss6723al

Discussion

Changes in Estimated Prevalence

The overall ASD prevalence estimate of 16.8 per 1,000 children aged 8 years in 2014 is higher than previously
reported estimates from the ADDM Network. An ASD case definition based on DSM-IV-TR criteria was used
during the entire period of ADDM surveillance during 2000-2014, as were comparable study operations and
procedures, although the geographic areas under surveillance have varied over time, During this period, ADDM
ASD prevalence estimates increased from 6.7 to 16.8 per 1,000 children aged 8 years, an increase of approximately
150%.

Among the six ADDM sites completing both the 2012 and 2014 studies for the same geographic area, all six
showed higher ASD prevalence estimates for 2012 compared to 2014, with a nearly 10% higher prevalence in
Georgia (p = .06) and Maryland (p = 0.35), 19% in New Jersey (p<0.01), 22% in Missouri (p=0.01), 29% in
Colorado (p<0.01), and 31% in Wisconsin {(p<0.01). When combining data from these six sites, ASD prevalence
estimates for 2014 were 20% higher for 2014 compared to 2012 {(p<0.01). The ASD prevalence estimate from New
Jersey continues to be one of the highest reported by a population-based surveillance system. The two sites with the
greatest relative difference in prevalence are noteworthy in that both gained access te children’s education records
in additional geographic areas for 2014, Colorado was granted access to review children’s education records in one
additional county for the 2014 survcillance year {representing necarly 20% of the population aged 8 years within the
overall Colorado surveillance arca), and Wisconsin was granted aceess to review cducation records for more than
a quarter of its surveillance population, and 2014 marked the first time Wisconsin has included cducation data
sources. Comparisons with earher ADDM Network surveillance results should be interpreted cautiously because of
changing composition of sites and geographic coverage over time. For example. three ADDM Network sites
completing both the 2012 and 2014 surveillance years { Arizona. Arkansas, and North Carolina) covered a different
geographic area gach year, and two new sites (Minnesota and Tennessee) were awarded funding to monitor ASD
in collaboration with the ADDM Network.

Certain characteristics of children with ASD were similar in 2014 compared with earlier surveillance years. The
median age of earliest known ASD diagnosis remained close to 53 months in previous surveillance years and was
52 months in 2014. The proportion of children who received a comprehensive developmental evaluation by age 3
years was unchanged: 42% in 2014 and 43% during 2006-2012. There were a number of differences in the
characteristics of the population of children with ASD in 2014. The male:female prevalence ratio decreased from
4.5:1 during 2002-2012 to 4:1 in 2014, driven by a greater relative increase in ASD prevalence among girls than
among boys since 2012, Also, the decrease in the ratios of white:black and white:Hispanic children with ASD
continued a trend observed since 2002. Among sites covering a population of at least 20,000 children aged 8 years,
New Jersey reported no significant race- or ethnicity-based difference in ASDD prevalence, suggesting more
complete ascertainment among all children regardless of race/ethnicity. Historically, ASD prevalence estimates
from combined ADDM sites have been approximately 20%-30% higher among white children as compared with
black children. For surveillance year 2014, the difference was only 7%, the lowest difference ever observed for the
ADDM Network. Likewise, prevalence among white children was almost 70% higher than that among llispanic
children in 2002 and 2006, and approximately 50% higher in 2008, 2010. and 2012, whereas for 2014 the difference
was only 22%. Data from a previously reported comparison of ADDM Network ASD prevalence estimates from
2002, 2006, and 2008 {9) suggested greater increases in ASD prevalence among black and Hispanic children
compared with those among white children. Reductions in disparities in ASD prevalence for black and Hispanic
children might be attributable, in part, to more effective cutreach directed to minority communities. Finally, the
proportion of children with ASD and lower intellectual ability was similar in 2012 and 2014 at approximately 30%
of males and 35% of females. These proportions were markedly lower than those reported in previous surveillance
years.
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Variation in Prevalence Among ADDM Sites

Findings from the 2014 surveillance year indicate that prevalence estimates still vary widely among ADDM
Network sites, with the highest prevalence observed in New Jersey. Although five of the 11 ADDM sites conducting
the 2014 surveillance year reported prevalence estimates within a very close range (from 13.1 to 14.1 per 1,000
children), New Jersey’s prevalence estimate of 29.4 per 1,000 children was significantly greater than that from any
other site, and four sites (Georgia, Maryland, Minnesota, and North Carolina) reported prevalence cstimates that
were significantly greater than those from any of the five sites in the 13.1-14.1 per 1,000 range. Two of the sites
with prevalence estimates of 20.0 per 1,000 or higher (Maryland and Minnesota) conducted surveillance among a
total population of <10.000 children aged 8 vears. Concentrating surveillance efforts in smaller geographic areas,
especially those in ¢lose proximity to diagnostic centers and those covering school districts with advanced staft
training and programs to support children with ASD, might yield higher prevalence estimates compared with those
from sites covering populations of more than 20,000 8-year-olds. Of the six sites with prevalence estimates below
the 16.8 per 1,000 estimate for all sites combined, five did not have full access to education data scurces { Arkansas,
Colorado, Missouri, Tennessee, and Wisconsin), whereas only one of the six sites will full access to education data
sources had a prevalence estimate below 16.8 per 1000 (Arizona). Such ditferences cannot be attributed solely to
source access, as other factors {c.g., demographic differences and service availability) also might have influenced
these findings. [n addition to variation among sites in reported ASD prevalence, wide variation amoeng sites is noted
in the characteristics of children identified with ASD, including the proportion of children who received a
comprehensive developmental evaluation by age 3 vears, the median age of earliest known ASD diagnosis, and the
distnbution by ntellectual ability. Some of this variation might be attributable to regional differences in diagnostic
practices and other documentation of autism symptoms, although previous reports based on ADDM data have linked
much of the variation to other extrinsic factors, such as regional and sociogconomic disparities in access to services
(13.14).

Case Definitions

Results from apphicanion of the DSM-1V-TR and DSM-35 case definitions were similar. overall and when stratified
by sex, race/ethnicity, DSM-IV-TR diagnostic subtype, or level of mtellectual ability. Overall, ASD prevalence
estimates based on the new DSM-5 case definition were very similar in magnitude but slightly lower than those
based on the historical DSM-IV-TR case detinition. Three of the 11 ADDM sites had slightly higher case counts
using the DSM-5 framework compared with the DSM-IV-TR, Colorado, where the DSM-1V-TR:DSM-5 ratio was
highest compared with all other sites, was also the site with the lowest proportion of DSM-IV-TR cases having a
previous ASD classification. This suggests that the diagnostic component of the DSM-5 case definition, whereby
children with a documented diagnosis of ASD might qualify as DSM-5 cases regardless of social
interaction/communication and restricted/repetitive behavioral criteria, might have influenced DSM-5 results to a
lesser degree in that site, as a smaller proportion of DSM-1V-TR cases would meet DSM-5 case criteria based solely
on the presence of a documented ASD diagnosis. This clement of the DSM-5 case definition might carry less weight
moving forward, as fewer children aged 8 years in health and education settings will have had ASD diagnosed under
the DSM-IV-TR criteria. It is also possible that persons who conduct developmental evaluations of children in
health and education settings will increasingly describe behavioral characteristics using language more consistent
with DSM-5 terminology. yielding more ASD cases based on the behavioral component of ADDM’s DSM-3 case
definition. Prevalence estimates based on the DSM-5 case definition that incorporates an existing ASD diagnosis
reflect the actual patterns of diagnosis and services for children in 2014, because children diagnosed under DSM-
[V-TR did not lose their diagnosis when the updated DSM-5 criteria were published and because professionals
might diagnose children with ASD without necessarily recording every behavier supporting that diagnosis. In the
future, prevalence estimates will align more closely with the specific DSM-5 behavioral criteria, and might exclude
some persons who would have met DSM-IV-TR criteria for autistic disorder, PDD-NOS or Asperger disorder,
while at the same time including persons who do not mect those criteria but who do meet the specific DSM-5
bchavioral criteria.
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Comparison of Autism Prevalence Estimates

The ADDM Network is the only ASD surveillance system in the United States providing robust prevalence
estimates for specific areas of the country, including those for subgroups defined by sex and race/ethnicity,
providing information about geographical variation that can be uscd to cvaluate pelicies and diagnostic practices
that might affect ASD prevalence. 1t is also the only comprehensive surveillance system to incorporate ASD
diagnostic criteria into the case definition rather than relying entircly on parent or carcgiver report of a previous
ASD diagnosis, providing a unique contribution to the knowledge of ASD epidemiology and the impact of changes
in diagnostic criteria. Two surveys of children’s health, The National Health Interview Survey (NHIS) and the
National Survey of Children’s Health (NSCH). report estimates of ASD prevalence based on caregiver report of
being told by a doctor or other health care provider that their child has ASD, and, for the NSCH, if their child was
also reported to currently have ASD. The most recent publication from NHIS indicated that 27.6 per 1,000 children
aged 3-17 years had ASD in 2016, which did not differ significantly from estimates for 2015 or 2014 (24.1 and
22.4, respectively) (28). An estimate of 20.0 per 1,000 children aged 6 17 years was reported from the 2011 2012
NSCH (29). The study samples for the two phone surveys are substantially smaller than the ADDM Network;
however, they were intended to be nationally representative, whereas the ADDM Network surveillance areas were
selected through a competitive process and, although large and diverse, were not intended to be nationally
representative. Geographic differences in ASD prevalence have been observed in both the ADDM Network and
national surveys, as have differcnces in ASD prevalencee by age (6-117,28,29).

All three prevalence estimation systems (NHIS, NSCH, and ADDM) are subject to regional and policy-driven
differences in the availability and utilization of evaluation and diagnostic services for children with developmental
concerns. Phone surveys are likely more sensitive in identifying children who received a preliminary or confirmed
diagnosis of ASD but arc not receiving services (i.c., special education services). The ADDM Network method
bascd on analysis of information contained in existing health and education records cnables the collection of
detailed, case-specific information reflecting children’s behavioral, developmental and functional characteristics,
which are not available from the national phone surveys. This detailed case level information might provide insight
nto temporal changes in the expression of ASD phenotypes, and offers the ability to account for differences based
on changing diagnostic criteria.

Limitations

The findings in this report are subject to at least three limitations. First, ADDM Network sites were not selected
to represent the United States as a whole, nor were the geographic areas within each ADDM site selected to represent
that state as a whole (with the exception of Arkansas, where ASD i1s monitored statewide). Although a combined
estimate is reported for the Network as a whole to inform stakeholders and interpret the findings from individual
surveillance years in a more general context, data reperted by the ADDM Network should not be interpreted to
represent a naticnal estimate of the number and characteristics of children with ASD. Rather, it is more prudent to
examine the wide variation among sites, between specific groups within sites, and across time in the number and
characteristics of children identified with ASD. and to usc these findings to inform public health strategics aimed
at removing barriers to identification and treatment, and climinating disparitics among sociocconomic and
racial/ethnic groups. Data from individual sites provide even greater utility for developing local policies m those
states.

Second, it is important to acknowledge limitations of information available in children’s health and education
records when considering data on the characteristics of children with ASD. Age of carlicst known ASD diagnosis
was obtained from descriptions in children’s developmental cvaluations that were available in the health and
cducation facilitics where ADDM staff had access to review records. Some children might have had carlier
diagnoses that were not recorded in these records. Likewise, some descriptions of historical diagnoses (i.e., those
not made by the evaluating examiner) could be subject to recall error by a parent or provider who described the
historical diagnosis to that examiner. Another characteristic featured prominently in this report, intellectual ability,
is subject to measurement limitations. 1Q test results should be interpreted cautiously because of myriad factors that
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impact performance on these tests, particularly language and attention deficits that are common among children
with ASD, especially when testing was conducted before age 6 years. Because children were not examined directly
nor systematically by ADDM staff as part of this study, descriptions of their characteristics should not be interpreted
to serve as the basis for policy changes, individual treatments, or interventions.

Third, because comparisons with the results from carlier ADDM surveillance years were not restricted to a
common geographic arca, inferenees about the changing number and characteristics of children with ASD over time
should be made with caution. Findings for each unique ADDM birth cohort are very informative, and although
study methods and geographic areas of coverage have remained generally consistent over time, temporal
comparisons are subject to multiple sources of bias and should not be msinterpreted as representing precise
measures that control for all sources of bias. Additional limitations to the records-based surveillance methodology
have been described extensively in previous ADDM and MADDSP reports (3,6-77).

Future Surveillance Directions

Data collection for the 2016 surveillance year began in early 2017 and will continue through mid-2019. Beginning
with surveillance year 2016, the DSM-5 case definition for ASD will serve as the basis for prevalence estimates.
The DSM-IV-TR case definition will be applied in a limited geographic area to ofter additional data for comparison,
although the DSM-IV-TR case definition will eventually be phased out.

CDC’s “Learn the Signs. Act Early” (LTSAE) campaign, launched in October 2004, aims to change perceptions
ameong parents, health care professionals, and early educators regarding the importance of early identification and
treatment of autism and other developmental disorders (30). Tn 2007, the American Academy of Pediatrics (AAT)
recommended developmental screening specifically focused on social development and ASD at age 18 and 24
months (3 /). Both efforts are in accordance with the Healthy People 2020 (HP202(0) goal that children with ASD
be evaluated by age 36 months and begin receiving community-based suppert and services by age 48 months (/2).
[t is concerning that progress has not been made toward the 11P2020 goal of increasing the percentage of children
with ASD who receive a first evaluation by age 36 months to 47%; however, the cohort of children moenitored under
the ADDM 2014 survcillance year (i.c., children born in 2006) represents the first ADDM 8-year-old cohort
impacted by the LTSAT campaign and the 2007 AAP recommendations. The effect of these programs i lowering
age at evaluation might become more apparent when subsequent birth cohorts are monitored. Further exploration
of ADDM data. including those collected on cohorts of children aged 4 vears (32), might inform how policy
initiatives, such as screening recommendations and other social determinants of health, impact the prevalence of
ASD and characteristics of children with ASD, including the age at which most children receive an ASD diagnosis.

Conclusion

The latest findings from the ADDM Network provide evidence that the prevalence of ASD is higher than
previously reperted ADDM estimates and continues to vary among certain racial/ethnic groups and communities.
The overall ASD prevalence estimate of 16.8 per 1,000 children aged 8 years in 2014 is higher than previous
estimates from the ADDM Network. With prevalence of ASD reaching nearly 3% in some communities and
representing an increase of 150% since 2000, ASD is an urgent public health concern that could bencfit from
enhanced strategics to help identify ASD carlicr; to determine possible risk factors; and to address the growing
bchavioral, educational, residential and occupational necds of this population.

Implementation of the new DEM-5 case definition had little eftect on the overall number of children identified
with ASD for the ADDM 2014 surveillance year. This might be a result of including documented ASD diagnoses
in the DSM-5 surveillance case definition. Over time, the estimate might be influenced (downward) by a
diminishing number of persons whe mecet the DSM-5 diagnostic criteria for ASD based solely on a previous DSM-
[V-TR diagnosis, such as autistic disorder, PDD-NOS or Asperger disorder, and influenced {(upward} by
professicnals aligning their clinical descriptions with the DSM-5 criteria. Although the prevalence of ASD and
characteristics of children identified by each case definition were similar in 2014, the diagnostic features defined
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under DSM-IV-TR and DSM-5 appear to be quite different. The ADDM Network will continue to evaluate these
similarities and differences in much greater depth, and will examine at least one more cohort of children aged 8
years to expand this comparison. Over time, the ADDM Network will be well positioned to evaluate the effects of
changing ASD diagnostic parameters on prevalence.
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FIGURE 1. Most recent intelligence quotient score as of age 8 years among children with autism spectrum disorder for whom test data were available, by sex and site — Autism and Developmental
Disabhilities Monitoring Network, nine sites,* United States, 2014
Abbreviations: ADDM =Autism and Developmental Digabilities Monitoring Networl; ASD= autism spectrum disorder; F = female; 16 = intelligence quaotient; M = male.

* Includes nine sites [Arizona, Arkansas, Colorado, Georgia, Maryland, Minnesota, New Jersey, North Caroling, and Tennessee) that had intellectual ability data availalile for 270% of children who met the ASD case
definition {n = 3,714).

FIGURE 2. Most recent intelligence guotient score as of age 8 years among children with autism spectrum disorder for whom test data were available, by sex and race/ethnicity — Autism and
Developmental Disabilities Monitoring Network, nine sites,™ United States, 2014
Abbreviations: ASD = autism spectrum disorder; F = female; 1Q = intelligence quotient; M = male.

* Includes nine sites (Arizona, Arkansas, Coloradoe, Georgia, Maryland, Minnesota, New Jersey, North Carolina, and Tennessee] that had intellectual ability data available for 270 of children who met the ASD case
definition {n = 3,714).
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BOX 1. Autism spectrum disorder (ASD) case determination criteria under DSM-IV-TR

DSM-1V-TR behavioral criteria

Social

1a. Marked impairment in the use of multiple nonverbal behaviors, such as eve-to-eye gaze, facial expression, body postures, and
gestures to regulate social interaction

1b. Failure to develop peer relationships appropriate to developmental level

1c. A lack of spontaneous seeking to share enjoyment, interests, or achievements with other people (e.g., by a lack of showing, bringing,
or pointing out objects of interest)

1d. Lack of social or emotional reciprocity

Communication

2a. Delay in, or total lack of, the development of spoken Janguage {(not accompanied by an attempt to compensate through alternative
mades of communication, such as gesture or mime)

2b. In individuals with adequate speech, marked impairment in the ability to initiate or sustain a conversation with others

2c, Stereotyped and repetitive use of language or idiosyncratic language

2d. Lack of varied, spontancous make-believe play or social imitative play appropriate to developmental level

Restricted behavior/Interest

3a. Encompassing preoccupation with one or more stereotyped and restricted patterns of interest that is abnormal either in intensity
or focus

3b. Apparently inflexible adherence to specific, nonfunctional routines, or rituals

3¢, Stereotyped and repetitive motor mannerisms (e.g., hand or finger flapping or twisting, or complex whole body movements)

3d. Persistent preoccupation with parts of objects

Developmental history

Child had identified delays or any concern with development in the following areas at or before the age of 3 years: Social,
Communication, Behavior, Play, Motor, Attention, Adaptive, Cognitive

Autism discriminators

Oblivious to children

Oblivious to adults or others

Rarely responds to familiar social approach
Language primarily echolalia or jargon
Regression/loss of social, language, or play skills
Previous ASD diagnosis, whether based on DSM-IV-TR or DSM-5 diagnostic criteria
Lack of showing, bringing, etc.

Little or no interest in others

Uses others as tools

Repeats extensive dialog

Absent or impaired imaginative play

Markedly restricted interests

Unusual preoccupation

Insists on sameness

Nonfunctional routines

Excessive focus on parts

Visual inspection

Movement preoccupation

Sensory preoccupation

DSM-IV-TR case determination

At least six behaviors coded with a minimum of two Social, one Communication, and one Restricted Behavior/Interest; AND evidence of
developmental delay or concern at or before the age of 3 years

OR

At least two behaviors coded with a minimum of one Social and either one Communication and for one Restricted Behavior/Interest;
AND at least one autism discriminator coded

Note: A child might be disgualified from meeting the DSM-IV-TR surveillance case definition for ASD if, based on the clinical judgment
of one or more reviewers, there is insufficient or conflicting information in support of ASD, sufficient information to rule out ASD, or if
one or more other diagnosed conditions better account for the child's symptoms

Abbreviation: DSM-IV-TR = Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition { Text Revision).
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BOX 2. Autism spectrum disorder case determination criteria under DSM-5

DSM-5 behavioral criteria

A Persistent deficits in social
communication and social interaction

Al: Deficits in social emotional reciprocity
A2. Deficits in nonverbal communicative behaviors
A3, Deficits in developing, niaintaining, and understanding relationships

B. Restricted, repetitive patterns of
hehavior, interests, or activities,
currently or by history

B1: Stereotyped or repetitive motor movements, use of objects or speech

B2. Insistence on sameness, intlexible adherence to routines, or vitualized patterns of verbal or nonverbal behavior
B3. Highly restricted interests that are abnormal in intensity or focus

134, Hyper- or hypo-reactivity to sensory input or unusual interest in sensory aspects of the environment

Historical PDI} diagnosis

Any ASD diagnosis documented in a comprehensive evaluation, including a DSM-TV diagnosis of autistic disorder, Asperger disorder, or pervasive
developmental disorder-not otherwise specitied (PDD-NQS)

DSM-5 case determination

All three behavioral criteria coded under part A, and at least two behavioral criteria coded under part B

OR

Any ASD diagnosis documented in a comprehensive evaluation, whether based on DSM-IV-TR or D5M-5 diagnostic criteria

Note: A child might be disqualificd from mecting the DSM-5 swiveillance case definition for ASD if, based on the clinical judgment of one or more
reviewers, there is insufficient or conflicting information in support of ASD, sutticient information to rule out ASD, or it one or more other
diagnosed conditions better account for the child’'s symptoms

Abbreviation: DSM-5 = Diagnostic and Statistical Manual of Mental Disorders, Fifth Ldition.
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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, 2014
Asian or
Pacific Islander,

Site

Arizona
Arkansas
Colorado

Georgia

Maryland

Minnesota

Missouri

New Jersey
Morth Carolina
Tennessee

Wisconsin

All sites combined

Site institution

University of Arizona

University of Arkansas for

Medical Sciences

Colorado Department of
Public Health and
Environment

CDC

Juhns Hopkins University

University of Minnesota

Washington University

Rutgers University
University of North
Carolina-Chapel Hill
Vanderbilt University
Medical Center
University of Wisconsin-
Madison
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Surveillance area

Part of 1 county in
metropolitan Phoenix!
All 75 counties in
Arkansas

7 counties in
motropalitan Denver

S countics including
metropolitan Atlanta

1 county in metropolitan
Baltimare

Parts of 2 counties
including Minneapolis-
St. Pault

S countics including
metropolitan St Louis
4 counties including
metropolitan Newark

6 countics in central
Narth Carolina

11 counties in middle
Tennesses:

10 counties in
southeastern Wisconsin

DOI: 10.15585/mmwr.ss6723al

Total

No.

24,952

39,992

41,128

51,161

9,955

9,767

25,333
32,935
30,283
24,940
35,037

325,483

White,
non-Hispanie
No, (W)
12,308 (49.3]
26,103 (65.3)
22,410 (54.5)
15,495 (30.3]
4,977 (50.0)
3,793 (38.8)

13.593 (41.3)
15,241 (50.3)
15,867 (63.6)
20,732 (59.2)
167,048  (51.3)

Black,
non-Hispanie
No. (%)
1,336 (5.4)
7.705 (19.3]
2,724 (6.6])
22,042 (43.1)
3,399 (34.1)
2,719 (27.8)
6,577 (26.0)
7.166 (21.8)
7,701 (25.4)
4,996 (19.6)
6,186 (18.5)

72,751 (22.4)

Hispanic

No. (%)
9,792 (39.2)
5.012 (12.5)
13,735 (33.4)
9,913 (19.4]
829 (8.3
1,486 (15.2)
1,220 {4.8]
10,226 (31.0)
5,463 (18.0)
3,324 (13.3)
6,181 (17.6)
67,181 {20.6)

non-Hispanic

No.

719

1,576

931
1.874
1,778

799

1,471

16,596

(%)

{3.9)

(2.1)

(4.9)

{7.0)

(7.2)

(16.1)

(3.7)
(5.7)
(5.9)
(3.2)
(4.2)

(5.1)

No.

541

329

228

112

31

193

76

76

100

54

167

1,207

* Total numbers of children aged B years in each surveillance arca were obtained from CDC's National Center for Health Statistics Vintage 2016 Bridged-Race Population Estimates for July 1, 2014,

American Indian
or Alaska Native,
non-Hispanic

(%)

[2.2)

(0.8)

(0.6)

[0.2)

(0.3)

(2.0)

{0.3)
(0.2)
(0.3)
(0.2)
{0.5)

(0.6)

t Denominator excludes school districts that were not included in the surveillance area, calculated from National Center for Education Statistics enrollment counts of 3rd graders during the 2014-2015 school

year.
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TABLE 2. Estimated prevalence* of autism spectrum disorder among children aged 8 years, by sex — Autism and Developmental Disahilities Monitoring Network, 11 sites, United States, 2014

Sex
Site pug:lt:tlion TotalAr;(])j with Overall Males Females Male-to-female
Prevzlenc 95% CI Prevalence 95% CI Prevalence 95% CI prevalence ratio¥
Arizona 24,952 349 14.0 {12.6-15.5] 211 {18.7-23.8) 6.6 {5.3-8.2) 32
Arkansas 39,992 522 13.1 {12.0-14.2] 20.5 {18.6-22.5] 5.4 {4.5-6.5) 38
Colorado 41,128 572 13.9 (12.8-15.1) 21.8 (19.9-23.9) 5.5 {4.6-6.7) 39
Georgia 51,161 869 17.0 (15.9-18.2) 27.9 (25.9-30.0) 5.7 (4.8-6.7) 4.9
Maryland 9,955 199 200 [17.4-23.0) 327 [28.1-38.2) 7.2 (5.2-10.0) 4.5
Minnesota 9,767 234 24.0 (21.1-27.2) 39.0 [33.8-44.9) 8.5 (6.3-11.6) 4.6
Missouri 25,333 356 14.1 (12.7-15.6) 22.2 (19.8-25.0) 5.6 (44-7.0) 40
New Jersey 32,935 964 29.3 (27.5-31.2) 45.5 (42.4-48.9) 123 (10.7-14.1) 3.7
North Carolina 30,283 527 17.4 {16.0-19.0] 28.0 {25.5-30.8) 6.5 {5.3-7.9) 4.3
Tennessee 24,940 387 15.5 {14.0-17.1] 25.3 (22.6-28.2] 5.4 {4.2-6.9) 4.7
Wisconsin 35,037 494 14.1 (12.9-154) 21.4 (19.4-23.7) 6.4 {5.3-7.7) 3.4
All sites combined 325,483 5473 16.8 {16.4-17.3) 26.6 {25.8-27.4) 6.6 (6.2-7.0) 4.0

Abbreviations: ASD = autism spectrum disorder; Cl = confidence interval,
* Por 1,000 children aged 8 years,
t All children are included in the total regardless of race or ethnicity.

* All sites identitied significantly higher prevalence among males compared with females {p<0.01).
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TABLE 3. Estimated prevalence* of autism spectrum disorder among children aged 8 years, by race/ethnicity — Autism and Developmental Disabilities Monitoring Network, 11 sites, United
States, 2014

Race/Ethnicity Prevalence ratio

Site White Black Hispanic Asian/Pacific [slander White-to- White-to- Black-to-

Prevalence 95% CI Prevalence 95% €I Prevalence 95% €I Prevalence 95% €I black Hispanic Hispanic
Arizona 16.2 (14.1-18.8) 19.5 (13.3-28.6) 10.3 (8.5-12.5) 10.3 (5.5-19.1) 0.8 1.&% 1.9¢
Arkansas 139 (12.6-15.5) 104 (8.3-12.9) 8.4 (6.2-11.3) 14.2 (8.1-25.1) 1.3 1.7% 1.2
Colorado 15.0 (135-16.7) 114 (8.0-16.2) 106 (9.0-12.5) 7.5 (4.8-12.9) 1.3 1.4% 1.1
Georgia 17.9 (16.0-20.2) 17.1 (15.4-18.9) 12.6 (10.6-15.0) 11.9 (8.9-16.1) 1.1 145 1.48
Maryland 19.5 (16.0-23.8) 16.5 (12.7-21.4) 15.7 (9.1-27.0) 13.9 (7.5-25.8) 1.2 1.2 1.1
Minnesota 24.3 (19.8-29.9) 27.2 (21.7-34.2) 209 (14.7-29.7) 17.8 [12.3-25.7) 0.9 1.2 1.3
Missouri 14.1 (12.4-16.0) 10.8 [8.6-13.6) 4.9 {2.2-10.9) 10.7 {5.8-20.0) 1.3t 2.9t 2.2
New Jersey 30.2 (27.4-33.3) 26.8 (23.3-30.9) 29.3 (26.2-32.9) 19.2 (13.9-26.6) 11 1.0 0.9
North Carolina 186 (16.5-20.9) 16.1 (13.5-19.2) 119 {9.3-15.2) 19.1 (13.7-26.8) 1.2 1.6 1.4
Tennessee 16.1 (14.3-18.2) 125 (9.7-16.0) 105 (7.6-14.7) 125 (6.7-23.3) 13 15t 12
Wisconsin 15.2 (13.6-17.0) 113 (8.9-14.2) 125 (10.0-15.6) 10.2 (6.1-16.9) 1.3t 1.2 0.9
All sites combined 17.2 (16.5-17.8) 16.0 (15.1-16.9) 14.0 (13.1-14.9) 13.5 {11.8-15.4) 1.1° 1.2% 1.15

Abbreviation: Cl = confidence interval.
* Per 1,000 children aged 8 years.
f Pearson chi-square test of prevalence ratio significant at p<0.05.

¥ Pearson chi-square test of prevalence ratio significant at p=<0.01.
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TABLE 4. Number and percentage of children aged 8 years* identified with autism spectrum diserder who received a comprehensive evaluation by a qualified professional at age £36 months,
37-48 months, or »>48 months, and those with a mention of general delay concern by age 36 months — Autism and Developmental Disakilities Monitoring Network, 11 sites, United States,
2014

Mention of general

Earliest age when child received a comprehensive evaluation developmental delay

Site =36 mos 37-48 mos >48 mos £36 mos
No. (%) No. (%) No. (%) No. (%)

Arizona 87 {34.1) 56 (22.0) 112 (43.9) 240 (94.1)
Arkansas 117 {(30.5) a8 (25.6) 168 (43.9) 354 {92.4)
Colorado 200 {46.4) 66 (15.3) 165 (38.3) 383 {88.9)
Georgia 240 (37.6) 126 (19.7) 273 (42.7) 549 {85.9)
Maryland 96 {56.1) 19 (11.1) 56 (32.7) 158 (92.4)
Minnesota 57 {(33.5) 36 (21.2) 77 (45.3) 124 {72.9)
Missouri 88 {32.1) 39 (14.2) 147 (53.8) 196 (71.5)
New Jersey 318 {40.5) 174 (22.2) 293 (37.3) 645 (82.2)
Narth Carolina 260 {66.2) 42 (10.7) a1 (23.2) 364 (92.6)
Tennessee 80 (34.0) 47 (20.0) 108 (46.0) 144 {61.3)
Wisconsin 194 {47.2) 87 (21.2) 130 (31.8) 368 (89.5)
All sites combined 1,737 (41.9) 790 (19.0) 1,620 (39.1) 3,525 (85.0)

* Includes children identified with autism spectrum disorder who were linked to an in-state birth certiticate.

Page 25 of 30



Publisher: MMWR; Journal: MMWR. Surveillance Summaries
Article Type: Surveillance Summaries; Volume: 67; [ssue: 5; Year: 2018; Article ID: mmwr.ss6723al
DOI: 10.15585/mmwr.ss6723al

TABLE 5. Median age (in months) of earliest known autism spectrum disorder diagnosis and number and proportion within each diagnostic subtype — Autism and Developmental Disabilities
Monitoring Network, 11 sites, United States, 2014

Autistic disorder ASD/PDD Asperger disorder Any specified ASD diagnosis

Site Median age No. (%) Median age No. (%) Median age No. (%) Median age No. (%)

Arizana 55 186 (76.2) 6l 50 (20.5) 74 3 (3.3} 56 244 (69.9)
Arkansas 55 269 (63.0) 63 129 (30.2) 75 29 (6.8} 59 427 (818
Colorado 40 192 (61,7 65 104 (33.4) 61 15 {4.8) 51 211 (54,4
Georgia 16 288 (48.1) 56 261 (43.6) 65 50 [8.3) 53 599 (68.9)
Maryland 43 52 (32.3) 61 104 (64.6) 65 5 {3.1) 52 161 (80.9)
Minnesota 51 50 (45.9) 65 54 (49.5) 62 5 (4.6} 56 109 (46.6)
Missouri 54 81 (26.7) 55 197 (65.0 65 25 (8.3 56 203 (85.1
New Jersey 42 227 (32.7) 51 428 (6l.6) 66 40 {5.8) 48 695 (72.1)
Narth Carolina 32 165 (52.5) 49 130 {41.4) 67 19 (6.1) 40 314 (59.6)
Tennessee 51 157 (57.1) 63 100 (36.4) 60 18 [6.5) 56 275 (71.1)
Wisconsin 46 143 {40.2) 55 189 {53.1) 67 24 (6.7) 51 356 (72.1)
All sites combined 16 1,810 (47.7) 56 1,746 [46.0) 67 238 (6.3) 52 3,794 (69.3)

Abbreviations: ASD = autism spectrum disorder; PLD = pervasive developmental disorder-not otherwise specified.
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TABLE 6. Number and percentage of children aged 8 years identified with autism spectrum disorder with available special education recerds , by primary special education eligibility category™
— Autism and Developmental Disabilities Monitoring Network, 10 sites, United States, 2014

Characteristic Arizona Arkansas Colorado Georgia Maryland Minnesota  New Jersey CaN:orl';lllla Tennessee Wisconsin
Total no. of ASD cases 319 522 572 869 199 234 9641 527 367 494
Total no. (%) of ASD cases with 308 327t 1397 708 149 188 822 120 2187 156t
Special education records (88.3) —* —4 {81.5) {(74.9) {80.3) (85.3) {79.7) —4 —*
Primary exceptionality (%)

Autism 64.9 654 439 58.9 67.1 67.0 484 75.0 79.8 365
Emotional disturbance 29 0.9 72 2.0 27 37 16 26 0.5 58
Specific learning disability 6.8 3.7 13.7 490 128 11 8.2 29 0.9 26
Speech or language impairment 55 89 10.8 1.0 3.4 27 13.7 24 32 205
Hearing or visual impairment o 0.3 o 01 o 11 0.6 05 o 06
Health, physical or other disability 6.8 135 14.4 3.5 8.1 154 185 112 32 147
Multiple disabilities 03 3.4 5.0 0 4.0 1.6 67 1.7 0 0
[ntellectual disability 32 40 43 2.0 2.0 6.9 1.7 24 28 0.6
Developmental delay/Preschool 9.4 0 07 285 0 05 0.6 1.4 9.6 18.6

Abbreviation: ASD = autism spectrum digsorder.
* Some state-specific categories were recoded or combined to match current U.S. Department of Education categories.
t Excludes children residing in school districts where educational records were not reviewed [proportion of surveillance population: 31'% Arkansas, 67'% Colorado, 12% Tennesseg, 74'% Wisconsin].

* Proportion not reported because numerator is not comparable to other sites (excludes children residing in school districts where educational records were not reviewed).
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TABLE 7. Number* and percentage of children aged 8 years, by race/ethnicity and site in the DSM-5 Surveillance Area — Autism and Developmental Disabilities Monitoring Network, 11 sites,

United States, 2014

Asian or Pacific

American Indian or

Total Wl-ll‘lilstc;l:]ti:lcn- Bll-?iik'at:i)?- Hispanic Islander, non- Alaska Native, non-
Site Site institution Surveillance area p P Hispanic Hispanic
No. No. (%) No. (%) No. (%) No. (%) No. (%)
- . N Part of 1 county in - . . . . .
Arizona University of Arizona metropolitan Phocnix! 9,478 5,340 (56.3) 321 {3.4) 3,244 (34.2) 296 {3.1) 277 {2.9)
. University of Arkansas for ~ All 75 counties in
Arkansas Medical Seivnces Arkansae 39992 26,103 (65.3) 7,705 (19.3) 5012 [12.5) 843 (2.1) 329 (0.8)
Colorade Department of ] i " lit
Colorado Public Health and DC_OL”“ ¥ 1L metropoiitan 8,022 2,603 (32.4] 1,018 (12.7] 4,019 (50.1] 322 {4.0) 60 (0.7)
LEnvironment cnver
L 5 countics including = oaiar . . . - . .
Georpia €DC metropolitan Atlanta 51,161 15,495 (30.3] 22,042 [43.1) 9,913 (19.4) 3,599 (7.0 112 {0.2]
Maryland Johns Hopkins University é;ﬁ:‘l;‘g;“ metropolitan 9,955 4977 (50.0) 3,399 (34.1) 829 (8.3) 719 (7.2) 31 (0.3)
Parts of 2 counties
Minnesota University of Minnesota including Minneapolis- 9,767 3,793 (38.8) 2,719 (27.8) 1,486 (15.2) 1,576 (16.1) 193 {2.0)
St. Pault
Missouri Washingten University ét“iﬁﬂg inmetropolitan 4, 560 7,186 (58.9] 3,793 (31.1] 561 {4.6) 626 {5.1) 39 {0.3)
\ . : 4 counties including
New Jersey Rutgers University metropolitan Newask 32935 13593 [41.3) 7,166  (21.8) 10226 (310) 1,874 (5.7) 76 (0.2)
e - University of North 6 counties in central - . . . . .
North Carolina Carolina-Chapel Hill North Carolin 30,282 15241 (50.3) 7,701 (25.4) 5,463 (18.0) 1,778 (5.9 100 (0.3
N Vanderbilt University 11 counties in middle
Tennessee Medical Conter Tenmessoe 24940 15867 (63.6) 4896  (19.6) 3324 (13.3) 799 (3.2) 54 (0.2)
T University of Wisconsin- 10 counties in ] ]
Wisconsin Madison southeastern Wisconsin 35,037 20,732 (59.2] 6,486 (18.5) 6,181 (17.6] 1471 (4.2) 167 (0.5)
All sites combined 263,775 130,930  (496) 67,246  (25.5) 50,258  (19.1) 13,903 (5.3) 1,438 (0.5)

Abbreviation: DSM-5 = Diagnostic and Statistical Manual of Mental Disorders, Fitth Edition.

* Total numbers of children aged B years in each surveillance arca were obtained from CDC's National Center for Health Statistics Vintage 2016 Bridged-Race Population Estimates for July 1, 2014,

t Denominator excludes school districts that were not included in the surveillance area, calculated from National Center for Education Statistics enrollment counts of 3rd graders during the 2014-2015 school

year.
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TABLE 8. Number and percentage of children meeting DSM-IV-TR and/or DSM-5 surveillance case definition — Autism and Developmental Disabilities Monitoring Network, 11 sites, United
States, 2014

e Met both pows’ TR and Met DSM-IV-TR only Met DSM-5 only DSM-IV-TR vs. DSM-5
Site No. No. (%) No. (%) No. (%) Ratio Kappa
Arizona 179 143 (79.9) 17 (9.5) 19 (10.6) 0.99 0.83
Arkansas 560 514 (91.8) 8 (14) 38 (6.8) 0.95 0.92
Colorade 116 92 (79.3) 19 (16.4) 5 (4.3) 114 0.79
Georgia 937 790 (84.3) 79 (B.4) 68 (7.2) 1.01 0.83
Maryland 207 187 (90.3) 12 (58) 8 (3.9) 1.02 0.89
Minnesota 254 200 (78.7) 34 (13.4) 20 (7.9) 1.06 0.79
Missouri 209 179 (85.6) 12 (5.7) 18 (8.6) 0.97 0.74
New Jersey 995 842 (84.6) 122 (12.3) 31 (3.1) 110 0.85
North Carolina 532 493 (92.7) 34 (6.4) 5 (0.9) 1.06 0.93
Tennessee 408 348 (85.3) 39 (9.6) 21 (5.1) 1.08 0.72
Wisconsin 523 448 (85.7) 46 38) 29 (5.5) 1.04 0.83
All sites combined 4,920 4,236 {86.1) 422 {8.6) 262 {5.3) 1.04 0.85

Abbreviations: DSM-5 = Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition; DSM-1V-TR = Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision.
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TABLE 9. Characteristics of children meeting DSM-IV-TR and/or DSM-5 surveillance case definition — Autism and Developmental Disabilities Monitoring Network, 11 sites, United States, 2014

Met
DSM-IV- Met both DSM-IV- Met DSM-IV-TR DSM-IV-TR vs.
TR ot TR and DSM-5 only Met DSM-5 only DSM-5
3SM-5

Characteristic No. No. (%) No. (%) No. (%) Ratio  Kappa
Met ASD case definition under DSM-IV-TR and for DSM-5 4,920 4,236 (86.1) 422 (8.6) 262 (5.3) 1.04 0.85
Sex
Male 3,978 3,452 (86.8) 316 (7.9) 210 (5.3) 1.03 0.85
Female 942 784 (83.2) 106 {11.3) 52 (5.5] 1.06 0.85
Race/Ethnicity
White, non-Hispanic 2,486 2,159 (86.9) 193 (7.8) 134 (5.4) 1.03 0.85
Black, non-Hispanic 1,184 994 (84.0 109 (9.2] 81 (6.8] 1.03 0.84
Hispanic, regardless of race 817 695 (85.1) 91 (11.1) 31 (3.8) 1.08 0.86
Asian / Pacific Islander, non-Hispanic 207 183 (90.9) 14 (6.8) 5 (2.4) 1.05 0.88
Earliest comprehensive evaluation on record®
£36 months 1,509 1,372 (90.9) 115 (7.6) 22 (1.5) 1.07 0.89
37-48 months 723 6440 (88.5) 61 (8.4) 22 (3.0 1.06 0.86
=48 months 1,503 1,195  (79.5) 154 {10.2) 154 {10.2) 1.00 0.81
Documented ASD Classification
Autism special education cligibility? 2,270 2,156 (95.) 35 (1.5) 79 (3.5) 0.98 0.57
ASD diagnostic statement?®
Larliest ASD diagnosis €36 months 951 936 98.1) 0 ()] 15 (1.6) 0.98 0.71
Earlicst ASI diagnosis autistic disorder 1577 1,526 (96.9) 0 m 51 (3.2) 0.97 0.50
Earliest ASD diagnosis PDD-NOS/ASD-NOS 1,564 1,525  (97.5) 0 (0) 39 (2.5] 0.98 0.72
Larliest ASD} diagnosis Asperger disorder 221 210 (95.) 0 ()] 11 (5.0) 0.95 0.72
No previous ASD diagnosis or eligibility on record 950 484 (50.9) 369 (38.8) 97 (10.2) 1.47 0.62
Most recent intelligence quotient score’
Intellectual disability {1Q 70) 1,191 1,08¢ (914 67 (5.6) 35 (2.9] 1.03 0.89
Borderline range (1Q 71-85) 881 778 (88.3) 74 (8.4) 29 (3.3) 1.06 0.88
Average or above average [IQ »85) 1,620 1,391 (B5.9) 143 (8.8) 26 (5.3) 1.04 0.86

Abbreviations: ASD = autism spectrum disorder; DSM-5 = Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition; DSM-1V-TR = Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition,
Text Revision; PDD-NOS = pervasive developmental disorder-not otherwise specified.

* Includes children identified with A5D who were linked to an in-state birth certificate.
tIncludes children with autism as the Primary Exceptionality (Table 6) as well as children documented to mect eligibility criteria for autism special education services,

* An ASD diagnosis documented in abstracted comprehensive evaluations, including DSM-1V-TR diagnosis of autistic disorder, PDD-NOS or Asperger disorder qualifies a child as nieeting the DSM-5 surveillance
case definition for ASD.

Includes data from all 11 sites, including those with 1Q data available for <70% of confirmed cases.
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Abstract

Problem/Condition: Autism spectrum disorder {ASD).
Period Covered: 2014.

Description of System: The Autism and Developmental Disabilities Monitoring (ADDM) Network is an active surveillance
system that provides estimates of the prevalence of autism spectrum disorder (ASD) among children aged 8 years whose parents
or guardians reside within 11 ADDM sites in the United States (Arizona, Arkansas, Colorado, Georgia, Maryland, Minnesota,
Missouri, New Jersey, North Carolina, Tennessee, and Wisconsin). ADDM surveillance is conducted in two phases. The first
phase involves review and abstraction of comprehensive evaluations that were completed by professional service providers in the
community. Staff completing record review and abstraction receive extensive training and supervision and are evaluated according
to strict reliabiliry standards to certify cffective inidal rraining, identify ongoing training nceds, and ensure adherence to the
prescribed methodology. Record review and abstraction occurs in a varicry of data sources ranging from general pediarric healch
clinics to specialized programs serving children wirth developmental disabilitics. In addition, mosr of the ADDM sites also review
records lor children who have received special education services in public schools. In the second phase of the study, all abstracted
information is reviewed systematically by experienced clinicians to determine ASD case status. A child is considered 10 meet
the surveillance case definition for ASD il he or she displays behaviors, as described on one or more comprehensive evaluations
completed by community-based professional providers, consistent with the Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition, Text Revision (DSM-IV-TR) diagnostic criteria for autistic disorder; pervasive developmental disorder—not otherwise
specitied (PDD-NOS, including atypical autism); or Asperger disorder. This report provides updated ASD prevalence estimates for
children aged 8 years during the 2014 surveillance year, on the basis of DSM-IV-TR criteria, and describes characteristics of the
population of children with ASD. In 2013, the American Psychiatric Association published the Diagnostic and Statistical Manual
of Mental Disorders, Fifth Ldition (DSM-5), which made considerable changes to ASD diagnostic criteria. The change in ASD
diagnostic criteria might influence ADDM ASD prevalence estimares; therefore, most (85%) of the records used to determine
prevalence estimates based on DSM-IV-TR criteria underwenr addirional review under a newly operationalized surveillance case
definition for ASD) consistent with the DSM-5 diagnostic crireria. Children meering this new surveillance case definition could
qualify on the basis of one or both of the following criteria, as documented in abstracted comprehensive evaluations; 1) behaviors
consistent with the DSM-5 diagnostic features; and/or 2) an ASD diagnosis, whether based on DSM-TV-TR or DSM-5 diagnostic
criteria, Stratified comparisons ol the number of children meeting either of these two case delinitions also are reported.

Corresponding author: Jon Baio, National Center on Birth Defeets
and Developmental Disabilities, CDC. Telephone: 404-498-3873;
E-mail: jbaiogede.gov.
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Results: For 2014, the overall prevalence of ASD among the 11 ADDM sites was 16.8 per 1,000 {(one in 59) children aged 8 years.
Overall ASD prevalence estimates varied among sites, from 13.1-29.3 per 1,000 chiklren aged 8 vears, ASD prevalence estimates
also varied by sex and race/ethnicity. Males were four times more likely than females to be identified with ASD. Prevalence estimares
were higher for non-}Hispanic white (henceforth, white) children compared with non-Hispanic black (henceforth, black) children,
and both groups were more likely to be identified with ASD compared with Hispanic children. Among the nine sites with sufficient
data on intellectual ability, 31% of children with ASD were classified in the range of intellectual disability (intelligence quotient [1Q]
<70}, 25% were in the borderline range (1Q) 71-85), and 44% had I} scores in the average to above average range (i.e., 1Q) »85). The
distriburtion of intellecrual ability varied by sex and race/cthnicity. Although mention of developmental concerns by age 36 months was
documented tor 85% of children with ASDD, only 42% had a comprchensive evaluation on record by age 36 monrhs. The median age
of carliest known ASD) diagnosis was 52 months and did nor differ significantly by sex or race/cthniciry. For the rargered comparison
of DSM-TV-TR and DSM-3 results, the number and characteristics of children meeting the newly operationalized DSM-3 case
definition for ASD) were similar to those meeting the DSM-IV-TR case definition, with DSM-TV-TR case counts exceeding DSM-5
counts by less than 5% and approximately 86% overlap between the two case deflinitions (kappa = (.85},

Interpretation: Findings from the AIZDM Network, on the basis of 2014 dara reporeed from 11 sites, provide updated population-
based estimates of the prevalence of ASI? among children aged 8 years in multiple communities in the Unired States. Because the
ADDM sites do not provide a represenrative sample of the entire United Stares, the combined prevalence estimates presented in
this report cannot be generalized to all children aged 8 vears in the United States. Consistent with reports from previous ADDM
surveillance years, findings lrom 2014 were marked by variation in ASD prevalence when stratified by geographic area, sex, and
level of intellectual ability. Differences in prevalence estimates between black and white children have diminished in most sites,
but remained notable for Hispanic children. The new case definition for ASD based on DSM-5 criteria resulted in a similar
estimate of ASD prevalence.

Public Health Action: Beginning with survcillance year 2016, the DSM-5 case definition will serve as the basis for ADDM
estimates of ASD) prevalence in future surveillance reports, Although the DSM-TV-TR case delinition will eventually be phased
out, it will be applied in a limited geographic area (0 offer additional data lor comparison, Future analyses will examine trends in
the continued use of DSM-IV-TR diagnoses, such as autistic disorder, PDD-NOS, and Asperger disorder in health and education
records, documentation of symptoms consistent with DSM-5 terminology, and how these trends might influence estimates of
ASD prevalence over time. The latest findings from the ADDM Network provide evidence that the prevalence of ASD is higher
than previously reported estimates and continues to vary among certain racial/ethnic groups and communities. With prevalence
of ASD ranging from 13.1 to 29.3 per 1,000 children aged 8 vears in different communities throughout the United States, the
need for behavioral, educational, residential, and occupational services remains high, as does the need for increased research on
both genetic and nongenetic risk factors for ASD.

Introduction In 2000, CDC established the Autism and Developmental

Autism spectrum disorder (ASD) is a developmental
disability defined by diagnostic criteria that include deficics
in social communication and social interaction, and the
presence of restricted, repetitive patterns of behavior, interests,
or activities that can persist throughour life (7). CDC began
tracking the prevalence of ASD and characteristics of children
with ASD in the United Stares in 1998 (2,3). The first
CDC study, which was based on an investigation in Brick
Township, New Jersey (2), idenrified similar characterisrics
buc higher prevalence of ASD compared with other srudics
of that era. The second CDC study, which was conducted in
metropolitan Adanta, Georgia (3), identilied a lower prevalence
of ASD compared with the Brick Township study but similar
estimates compared with other prevalence studies of that era.

2 MRMWR F April 27,2018 ¢ Vol.67 ¢ No.s

Disabilities Monitoring (ADDM) Network (o collect data that
would provide estimates of the prevalence of ASD and other
developmental disabilities in the United States (4,5).
‘Iracking the prevalence of ASD poses unique challenges
because of the heterogeneity in symptom presentation, lack of
biologic diagnostic markers, and changing diagnostic criteria
(5). Initial signs and symptroms typically are apparent in the carly
developmental period; however, social deficits and behavioral
patterns might not be recognized as symproms of ASD until
a child is unable to meet social, educarional, occupational,
or other important life stage demands (/). Features of ASD
might overlap with or be dilficult to distinguish from those of
other psychiatric disorders, as described extensively in DSM-5
(7). Although standard diagnostic tools have been validated
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to inform clinicians’ impressions of ASD sympromology,
inherent complexity of measurement approaches and variation
in clinical impressions and decision-making, combined with
policy changes that affect eligibility for health benefits and
educational programs, complicates identification of ASD as a
behavioral health diagnosis or educational exceptionality. To
reduce the influence of these factors on prevalence estimates,
the ADDM Nerwork has consiseently tracked ASD by applying
a surveillance case definition of ASD and using the same
record-review merhodology and behaviorally defined case
inclusion criteria since 2000 (5,

ADDM estimates of ASD prevalence among children aged
8 years in multiple U.S. communities have increased from
approximately one in 150 children during 2000-2002 w one in
68 during 2010-2012, more than doubling during this period
{(6—11}. The observed increase in ASD prevalence underscores
the need for continued surveillance using consistent methods
to monitor the changing prevalence of ASD and characteristics
of children with ASD in the population.

In addition to serving as a basis for AST) prevalence estimates,
ADDM dara have been used ro describe characreristics of
children with ASID in the population, to srudy how these
characteristics vary with ASD prevalence estimates over
time and among communities, and o monitor progress
toward Healthy Peaple 2020 objectives (12). ADDM ASD
prevalence estimates consistently estimated a ratio of
approximately 4.5 male: 1 female with ASD during 2006-2012
(9-11). Other characteristics that have remained relatively
constant over time in the population of children identified
with ASD by ADDM include the median age of carliest known
ASD diagnosis, which remained close to 53 months during
2000-2012 (range: 50 months [2012] to 56 months [2002]},
and the proportion of children receiving a comprehensive
developmental evaluation by age 3 vears, which remained closc
(0 43% during 2006-2012 {range: 43% [2006 and 2012] 0
46% [2008]).

ASD prevalence by race/ethnicity has been more varied over
time among ADDM Network communities (9-17}. Although
ASD prevalence estimates have historically been greater among
white children compared with black or Hispanic children (13},
ADDM-reported white:black and white:Hispanic prevalence
ratios have declined over time because of larger increases
in ASD prevalence among black children and, tw an even
ercater extent, among Hispanic children, as compared with
the magnitude of increase in ASID prevalence among white
children (9). Previous reports from the ADDM Nerwork
estimated ASD prevalence among white children (o exceed
that among black children by approximately 30% in 2002,
2006 and 2010, and by approximately 20% in 2008 and
2012. Estimated prevalence among white children exceeded
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that among Hispanic children by nearly 70% in 2002 and
20006, and by approximately 50% in 2008, 2010, and 2012.
ASD prevalence estimates from the ADDM Network also have
varied by socioeconomic status (SLS). A consistent pattern
observed in ADDM data has been higher identified ASD
prevalence among residents of neighborhoods with higher
socioeconomic status (SES). Although ASD prevalence has
increased over rime ar all levels of SES, the absolure difference
in prevalence berween high, middle, and lower SES did nort
change from 2002 to 2010 {/4,15). In the context of declining
white:black and white;Hispanic prevalence ratios amidst
consistent SES pauterns, a complex three-way interaction
among time, SES, and race/ethnicity has been proposed {76).

Finally, ADDM Nertwork data have shown a shift toward
children with ASD with higher intellectual ability (9-71),
as the proportion of children with ASD whose intelligence
quotient {IQ)) scores fell within the range of intellecrual
disability (ID)} (i.e., 1} <70) has decreased gradually over
time. During 2000-2002, approximately half of children with
ASD had IQ) scores in the range of II); during 2006-2008,
this proporrion was closer to 40%; and during 2010-2012,
less than one third of children wicth ASD had 13 <70 (9-71).
This trend was more pronounced for females as compared
with males (9). The proportion of males with ASD and TD
declined from approximately 40% during 2000-2008 (9) w0
30% during 2010-2012 (16,11). The proportion of femnales
with ASD and ID declined from approximately 60% during
2000-2002, to 15% during 2006-2008, and to 35% during
2010-2012 (9-11).

All previously reported ASD prevalence estimates from the
ADDM Nerwork were based on a surveillance case definition
aligned with DSM-IV-TR diagnostic criteria tor auristic
disorder; pervasive dcvclopmcnra] disorder—not otherwise
specified (PDD-NOS, including atypical autism); or Asperger
disorder. Tn the American Psychiatric Associations 2013
publication of DSM-35, substantial changes were made (o the
taxonomy and diagnostic criteria lor autism {7,77). Taxonomy
changed from Pervasive Developmental Disorders, which
included multiple diagnostic subtypes, to autism spectrum
disorder, which no longer comprises distinet subtypes but
represents one singular diagnostic category defined by level
of support needed by the individual. Diagnostic criteria
were refined by collapsing the DSM-IV-TR social and
communication domains into a singlc, combined domain
tor DSM-5. Persons diagnosed with ASD under DSM-5
must mect all three eriteria under che social communication/
interaction domain (i.e., deficits in social-emotional reciprocity;
deficits in nonverbal communicative behaviors; and deficits in
de\fe]oping, understanding, and maintaining relationships) and
at least two of the four criteria under the restrictive/repetitive
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behavior domain (i.e., repetitive speech Or MOoLar Movements,
insistence on sameness, Testricted interests, or unusual response
10 sensory input).

Although the DSM-IV-TR criteria proved useful in
identifying ASD in some children, clinical agreement and
diagnostic specificity in some subtypes (e.g., PDD-NOS} was
poor, offering empirical support to the notion of two, rather
than three, diagnostic domains. The DSM-5 introduced a
framework ro address these concerns (78}, while mainraining
that any person with an established DSM-IV-TR diagnosis
of autistic disorder, Asperger disorder, or PDD-NOS would
automatically qualify for a DSM-5 diagnosis of autism
spectrum disorder. Previous studies suggest that DSM-5 criteria
tor ASD might exclude certain children who would have
qualified for « DSM-IV-TR diagnosis but had not vet received
one, particularly those who are very voung and those without
ID (79-23). These findings suggest that ASD prevalence
estimates will likely be lower under DSM-5 than they have
been under DSM-1V-TR diagnostic criteria.

This report provides the latese available ASD prevalence
estimates from the ADDIIM Nerwork based on both ISM-
IV-TR and DSM-5 criteria and asserts the need for furure
monitoring of ASD prevalence trends and elforts to improve
early identification of ASD. The intended audiences for
these lindings include pediatric health care providers, school
psychologists, educators, researchers, policymakers, and
program administrators working to understand and address the
needs of persons with ASD and their families. T'hese data can
be used to help plan services, guide research into risk factors
and effective interventions, and inform policies that promote
improved outcomes in health and education settings.

Methods

Study Sites

The Children’s Health Act (<) authorized CDC 10 monitor
prevalence of ASD in multiple areas of the United States,
a charge that led to the formation of the ADDM Network
in 2000. Since that time, CDC has funded grantees in 16
states (Alabama, Arizona, Arkansas, Colorade, Florida,
Maryland, Minnesota, Missouri, New Jersey, North Carolina,
Pennsylvania, South Carolina, Tennessee, Utah, West Virginia,
and Wisconsin). CDC tracks ASD in metropolitan Atlanta and
represents the Georgia site collaborating with comperitively
funded sites 1o form the AIDM Nerwork.

The ADDM Nerwork uses mulrisire, multisource, records-
based surveillance based on a model originally implemented
by CDC’s Metropolitan Adanta Developmental Disabilites
Surveillance Program (MADDSP) (24). As feasible, (he
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surveillance methods have remained consistent over time,
Certain minor changes have been introduced to improve
efficiency and data quality. Although a different array of
geographic areas was covered in each of the eight biennial
ADDM Newwork surveillance years spanning 2000-2014,
these changes have been documented to facilitate evaluation
of their impact.

The core surveillance acriviries in all ADDM Nerwork
sites focus on children aged 8 years because the bascline ASD
prevalence study conducred by MADDSP suggested that this
is the age of peak prevalence (3). ADDM has muldiple goals:
1} to provide descriptive data on classification and functioning
ol the population of children with AS[), 2) to monitor the
prevalence of ASD in different areas of the United States, and
3} to understand the impact of ASD in U.S. communities.

Funding for ADDM Network sites participating in the
2014 surveillance year was awarded for a 4-year cycle covering
2015-2018, during which time data were collected for children
aged 8 years during 2014 and 20106. Sites were selected through
a competitive objective review process on the basis of their
ability to conducr active, records-based surveillance of ASD;
they were not selecred ro be a nationally representarive sample.
A total of 11 sites are included in the current report (Arizona,
Arkansas, Colorado, Georgia, Maryland, Minnesota, Missouri,
New Jersey, North Carolina, Tennessee, and Wisconsin),
Each ADDM site participating in the 2014 surveillance year
tunctioned as a public health authority under the Health
Insurance Portability and Accountability Act of 1996 Privacy
Rule and met applicable local Institutional Review Board and
privacy and confidentiality requirements under 45 CFR 46 (25).

Case Ascertainment

ADDM is an active surveillance system that does not
depend on family or practitioner reporting of an existing
ASD diagnosis or classification to determine ASD case status.
ADIIM statf conducr surveillance ro determine case status in
a two-phase process. The first phase of AIDDM involves review
and abstraction of children’s cvaluation records from data
sources in the community. In the second phase, all abstracted
evaluations for each child are compiled in chronological order
into a comprehensive record that is reviewed by one or more
experienced clinicians to determine the child’s ASD case
status. Developmental assessments completed by a wide range
of health and education providers are reviewed. Data sources
are categorized as either 1} education source type, including
cvaluations to determine eligibility for special education
services or 2) health source type, including diagnostic and
developmental assessments from psychologists, neurologists,
developmental pediarricians, child psychiatrists, physical
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therapists, occupational therapists, and speech/language
pathologists. Agreements to access records are made at the
institutional level in the form of contracts, memoranda, or
other formal agreements.

All ADDM Nerwork sites have agreements in place to
access records at health sources; however, despite the otherwise
standardized approach, not all sites have permission to access
educarion records. QOne ADDM sice {Missouri} has not been
eranted access to records at any education sources. Among the
remaining siees, some receive permission from their srarcwide
Department of Education to access children’s educational
records, whereas other sites must negotiate permission from
numerous individual school districts 1o access educational
records. Six sites (Arizona, Georgia, Maryland, Minnesota,
New Jersey, and North Caroling) reviewed education records
for all school districts in their covered surveillance areas. Three
ADDM sites (Colorado, Tennessee, and Wisconsin) received
permission to review education records in only certain school
districts within the overall geographic area covered for 2014. In
Tennessee, permission to access education records was granted
from 13 of 14 school districts in the 11-county surveillanee
arca, representing 88% of the toral population of children
aged 8 years, Conversely, access (o education records was
limited 1o a small proportion of the population in the overall
geographic area covered by (wo sites (33% in Colorado and
26% in Wisconsin). In the Colorado school districts where
access to education records is permitted for ADDM, parents are
directly notified about the ADDM system and can request that
their children’s education records be excluded. The Arkansas
ADDM site received permission from their state Department
of Education ro access children’s educational records statewide;
however, time and travel constraines prevented investigarors
from visiring all 250 school districts in the 75-counrty
surveillanee area, resulting in access to education records for
69% of the statewide population of children aged 8 years, The
(two sites with access to education records throughout maost,
but not all, of the surveillance area {Arkansas and Tennessee)
received data from their state Department of Education o
evaluate the potential impact on reported ASD prevalence
estimates attributed to missing records.

Within each education and health data source, ADDM
sites identify records to review based on a child’s year of
birth and one or more selected eligibility classifications for
special education or International Classification of Diseases,
Ninth Revision (ICD-9) billing codes for select childhood
disabilities or psychological conditions. Children’s records arc
lirst reviewed (o confirm year of birth and residency in the
surveillance area at some time during the surveillance year,
For children meeting these requirements, the records are then
reviewed for certain behavioral or diagnostic descriptions
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defined by ADDM as triggers for abstraction {e.g., child does
not initiate interactions with others, prefers to play alone or
engage in solitary activities, or has received a documented
ASD diagnosis). If abstraction triggers are found, evaluation
information from birth through the current surveillance year
from all available sources is abstracted into a single composite
record for each child.

In the second phasc of surveillance, the abstracred composire
cvaluation files are deidentified and reviewed systematically
by experienced clinicians who have undergone standardized
training (o determine ASD case status using a coding scheme
based on the DSM-IV-TR guidelines. A child meets the
surveillance case definition for ASD if behaviors described
in the composite record are consistent with the DSM-1V-TR
diagnostic criteria for any of the following conditions: autistic
disorder, PDD-NOS (including atypical autism), or Asperger
disorder (Box 1). A child might be disqualified from meeting
the surveillance case definition for ASD if, based on the
clinical judgment of one or more reviewers, there is insufficient
or conflicting information in support of ASI3, sufficient
informarion to rule out ASD, or if onc or more other diagnosed
conditions better account for the child’s symproms.

Although new diagnhostic criteria became available in 2013,
the children under surveillance in 2014 would have grown up
primarily under the DSM-IV-TR definitions for ASD, which
are prioritized in this report. The 2014 surveillance year is the
first to operationalize an ASD case definition based on DSM-5
diagnostic criteria, in addition to that based on DSM-IV-TR.
Because of delays in developing information technology systems
to manage data collected under this new case definition, the
surveillance area for DSM-5 was reduced by 19% in an effortto
include complete estimates for both DSM-TIV-TR and DSM-5
in this report. Phase 1 record review and abstraction was the
same tor DSM-TV-TR and DSM-5; however, a coding scheme
based on the DSM-5 deflinition of ASD was developed for
Phase 2 of the ADDM methodology (i.e., systematic review by
experienced clinicians), The new coding scheme was developed
through a collaborative process and includes reliability measures,
although no validation metrics have been published for this new
ADDM Nerwork DSM-5 case definition. A child could meet
the DSM-5 surveillance case definition for ASD under one
or both of the following criteria, as documented in abstracted
comprehensive evaluations: 1) behaviors consistent with the
DSM-5 diagnostic fearures; and/or 2} an ASD diagnosis,
whether based on DSM-TV-TR or DSM-5 diagnostic criteria
(Box 2). Children with a documented ASD diagnosis were
included as meeting the DSM-5 surveillance case definition
for two reasons, First, published DSM-5 diagnostic criteria
include the presence of a DSM-IV-TR diagnosis ol autistic
disorder, PDD-NOS, or Asperger disorder, to ensure continuity
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BOX 1. Autism spectrum disorder (ASD} case determination criteria under DSM-IV-TR

DSM-IV-TR bebavioral criteria
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Abbreviation: DSM-IV TR = Diggnosie and Statistioad Munnal of Mental Diiorders, Foureh Fefition (Text Revision).

of diagnoses and services. Second, sensitivity of the DDSM-5
surveillance case definition might be increased when counting
children diagnosed with ASTD by a qualificd professional, based
on cither DSM-TV-TR or DSM-5 criteria, whether or nor
all DSM-5 social and behavioral criteria are documenited in
abstracted comprehensive evaluations, The ADDM Nework

methods allow differentiation of those meeting the surveillance
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case status based on one or both criteria. Consistent with the
DSM-TV-TR case definition, a child mighe be disqualified
from meering the DSM-5 surveillance case definirion for ASD
it, based on rhe clinical judgment of onc or more reviewers,
there is insuflicient or conflicting information in support of
ASD, suflicient information to rule out ASD, or if one or
more other diagnosed conditions better account for the child’s
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BOX 2. Autism spectrum disorder case determination criteria under DSM-5
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symptoms. In this report, prevalence estimates are based on the
DSM-TV-TR casc definition, whereas case counts are presented
and compared for children meeting the DSM-IV-TR and/or
[3SM-5 case definitions.

Quality Assurance

All sites tollow the quality assurance standards established by
the ADDM Network. In the first phase, the accuracy of record
review and abstraction is checked periodically. In the second
phase, interrater reliability is monitored on an ongeing basis
using a blinded, random 10% sample of abstracted records
that are scored independently by two reviewers (5). For 2014,
interrater agreement on DSM-IV-TR case status (confirmed
ASD versus not ASD) was 89.1% when comparison samples
from all sites were combined (k = 0.77), which was slightly
below quality assurance standards established for the ADDM
Network {90% agreement, 0.80 kappa). On DSM-5 reviews,
interrater agreement on case starus {confirmed ASD versus
not ASD) was 92.3% when comparison samples from all sites
were combined (k = 0,84}, Thus, for the DSM-5 surveillance
definition, reliability exceeded quality assurance standards
established for the ADDM Newwaork,

Descriptive Characteristics and Data Sources

Each AIDDM site atrempred to obrain birth certificate dara
for all children abstracted during Phase 1 through linkages
conducted using state vital records, These data were only
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available for children born in the state where the ADDM sire
is located. The race/cthniciry of cach child was determined
trom information contained in source records or, if not found
in the source file, from birth certificate data on one or both
parents, Children with race coded as “other” or “multiracial”
were considered (o be missing race information (or all analyses
that were stratified by race/ethnicity. For this report, data on
timing of the first comprehensive evaluation on record were
restricted to children with ASD who were born in the state
where the ADDM site is located, as confirmed by linkage to
birth certificate records. Data were restricted in this manner to
reduce errors in the estimate that were introduced by children
tor whom cvaluarion records were incomplete because they were
born out of statc and migrared into the surveillance area berween
the rime of birth and the year when they reached age 8 years.
Informatien on children’s funciional skills is abstracted
[rom source records when available, including scores on
tests of adaptive behavior and intellectual ability. Because no
stanclardized, validated measures of functioning specific to ASD
have been widely adopred in clinical practice and because adaptive
behavior rating scales are not sufticiently available in health and
education records of children with ASD, scores of intellectual
ability have remained the primary source of information on
children’s functional skills. Children are classified as having 1D if
they have an () score of <70 on their most recent test available
in the record. Borderline inrellecrual abilicy is defined as having
an [(} scorc of 71-85, and average or above-average intellecrual
ability is defined as having an Q) score of =85, In the absence of
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a specilic 1(} score, an examiner’s statement based on a formal
assessment of the child’s intellectual ability, if available, is used
to classify the child in one of these three levels.

Diagnostic conclusions from each evaluation record are
summarized for each child, including notation of any ASD
diagnosis by subtype, when available. Children are considered
to have a previously documented ASD classification if they
reccived a diagnosis of autistic disorder, PDD-NOS, Asperger
disorder, ar ASD thar was documented in an abstracred
evaluation or by an ICDD-9 billing code ar any time from birth
through the year when they reached age 8 vears, or if they
were noted as meeting eligibility criteria for special education
services under the classilication of autism ar ASD,

Analytic Methods

Population denominarors for caleulating ASD prevalence
estimates were obtained from the National Center lor Health
Statistics Vintage 2016 Bridged-Race Posteensal Population
Estimates (26). CDC's National Viwal Statistics System provides
estimated population counts by state, county, single year of
age, race, ethnic origin, and sex. Population denominators
tor the 2014 surveillance year were compiled from posteensal
estimates of the number of children aged 8 years living in the
counties under surveillance by each ADDM site (Table 1),

In two sites {Arizona and Minnesota), geographic boundaries
were detined by constituent school districts included in the
surveillanee arca. The number of children living in outlying
school districts were subrracred from the county-level census
denominators using school enrollment dawa from the US.
Department of Education’s National Center for Education
Statistics (27). Enrollment counts of students in third grade
during the 2014-15 school year diftered from the CDC
bridged-race population estimates, atuibutable primarily o
children being enrolled out of the customary grade for their
age or in charter schools, home schools, or private schools.
Because these differences varied by race and sex within the
applicable counties, race- and sex-specific adjustments based
on enrollment counts were applied o the CDC population
cstimates to derive school disrricr—spcciﬁc denominators for
Arizona and Minncsora.

Race- or ethnicity-specific prevalence estimates were
caleulated for four groups: white, black, Hispanic {(regardless of
race}, and Asian/Pacific Islander. Prevalence results are reported
as the total number of children meeting the ASD case definition
per 1,000 children aged 8 years in the population in each race/
ethnicity group. ASD prevalence also was estimated separately
for boys and girls and within each level of intellectual ability.
Overall prevalence estimates include all children identified with
ASD regardless of sex, race/ethnicity, or level of intellectual
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ability and thus are not alfected by the availability of data on
these characteristics.

Staristical tests were selected and confidence intervals (Cls)
tor prevalence estimates were caleulated under the assumption
that the observed counts of children identified with ASD were
obtained from an underlying Poisson distribution with an
asymptotic approximation to the normal. Pearson chi-square
tests were performed, and prevalence ratios and percentage
differences were calculared to compare prevalence estimates
from different srrara. Kappa statistics were computed to
describe concordance between the DSM-IV-TR and DSM-5
case delinitions, as well as 1o describe interrater agreement
on either case delinition for quality assurance. Pearson chi-
square tests also were performed for testing significance in
compatisons of proportions, and unadjusted odds ratio (OR)
estimates were calculated to further describe these comparisons.
In an effort to reduce the effect of outliers, distribution medians
were typically presented, although one-way ANOVA was used
to test significance when comparing arithmetic means of these
diseriburions. Significance was set at p<£).035. Results for all sires
combined were based on pooled numerator and denominaror
data from all sites, in roral and strarified by race/cthnicity, sex,
and level of intellectual ability.

Sensitivity Analysis Methods

Cerrain educarion and health records were missing for
certain children, including records thar could not be locared
tor review, thosc affected by the passive consent process unique
10 the Colorado site, and those archived and deemed (100 costly
1o retrieve, A sensitivity analysis of the effect of these missing
records on case ascertainment was conducted, All children
initially identified for record review were first stratified by two
factors closely associated with final case status: information
source (health source type only, education source type only,
or both source types) and the presence or absence of either an
autism special education eligibility or an ICD-9-CM code for
ASD. collectively forming six strata. The potential number of
cascs not identified because of missing records was estimared
under the assumption thar within cach of the six strata, the
proportion of children confirmed as ASID surveillanee cases
among those with missing records would be similar (0 the
proportion ol cases among children with no missing records,
Within each stratum, the proportion of children with no
missing records who were confirmed as having ASD was
applied to the number of children with missing records to
estimate the number of missed cases, and the estimates from
all six strata were added to calculate the toral for each site.
This sensitivity analysis was conducted solely to investigate
the potential impact of missing records on the presented
estimares. The estimates prcscnrcd in this report do not reflecr
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this adjustment or any of the ather assessments ol the potential
effects of assumptions underlying the approach.

All ADDM sites identified records for review from health
sources by conducting record searches that were based on a
common list of ICID-9 billing codes. Because several sites were
conducting surveillance for other developmental disabilities in
addition to ASD (i.e., one or more of the following: cerebral
palsy, [I3, hearing loss, and vision impairment]}, they reviewed
rccords based on an expanded list of ICI3-9 codes. The
Colorado site also requested code 781.3 (lack of coordination),
which was identified in that community as a commonly used
billing code for children with ASD, The proportion of children
meeting the ASD surveillance case definition whose records
were obtained solely on the basis of those additional codes was
calculated to evaluate the potential impact on ASD prevalence.

Results

A total population of 325,483 children aged 8 years was
covered by the 11 ADDM sites that provided darta for the
2014 surveillance year (Table 1). This number represented
8% of the total U.S. population of children aged 8 years in
2014 (4,119,668) (19). A roral of 33,120 records tor 42,644
children were reviewed from health and education sources. Of
these, the source records of 10,886 children mer the crireria
for abstraction, which was 25.5% of the towal number of
children whose source records were reviewed and 3.3% of
the population under surveillance. Of the records reviewed
by clinicians, 5,473 children met the ASD surveillance case
definition. 'The number of evaluations abstracted for each
child who was ultimately identified with ASLY varied by site
{median: five; range: three [Arizona, Minnesota, Missouri, and
Tennessee] to 10 [Maryland]}.

QOverall ASD Prevalence Estimates
Overall ASD prevalence for the ADDM 2014 surveillance
year varied widely among sites (range: 13.1 [Arkansas]| to 29.3
[New Jersey]} (Table 2). On the basis of combined darta from
all 11 sites, ASID prevalence was 16.8 per 1,000 (one in 59)
children aged 8 years. Overall estimated prevalence of ASD

was highest in New Jersey (29.3) compared to cach of the other

ten sites (P<0.01).

Prevalence by Sex and Race/Ethnicity
YWhen dara from all 11 ADDM sites were combined, ASD
prevalence was 26.6 per 1,000 boys and 6.6 per 1,000 girls
(prevalence ratio: 4.0). ASD prevalence was signilicantly
(p<0.01) higher among boys than among girlsin all 11 ADDM

VS Degrartrrent of Heallh and Human Services/Centers for Disease Conlrol ard Prevention

sites (Table 2), with male-to-female prevalence ratios ranging
from 3.2 (Arizona) to 4.9 (Georgia). Lstimated ASD prevalence
also varied by race and ethnicity (lable 3). When data from all
sites were combined, the estimated prevalence among white
children (17.2 per 1,000} was 7% greater than that among
black children (16.0 per 1,000} and 22% greater than that
among Hispanic children {14.0 per 1,000). In nine sites, the
cstimated prevalence of ASD was higher among white children
than black children. The white-to-black ASD prevalence ratios
were statistically significant in three sites {Arkansas, Missourd,
and Wisconsin), and the white-1o-Hispanic prevalence ratios
were significant in seven sites (Arizona, Arkansas, Colorado,
Georgia, Missouri, North Carolina and Tennessee). In nine
sites {Arizona, Arkansas, Colorado, Georgia, Maryland,
Minnesota, Missourl, North Carolina and lennessee), the
estimated prevalence of ASD) was higher among black children
than that among Hispanic children. The black-to-Hispanic
prevalence ratio was significant in three of these nine sites
(Arizona, Georgla and North Carolina). In New Jersey, there
was almost no difference in ASD prcvalcncc cstimates among
white, black, and Hispanic children. Estimares for Asian/Pacific
Islander children ranged from 7.9 per 1,000 {Colorado) to
19.2 per 1,000 (New Jersey) with notably wide Cls.

Intellectual Ability

Data on intellecrual ability were reporred for nine
sites {Arizona, Arkansas, Colorado, Georgia, Maryland,
Minnesota, New Jersey, North Carolina, and Tennessee)
having inlormation available for at least 70% ol children who
met the ASD case definition {range: 70.8% [lennessee] to
89.2% [North Carolina]). The median age of children’s most
recent 1Q tests, on which the following results are based, was
73 months {6 years, 1 month). Data from these nine sites
yiclded accompanying data on intellectual ability for 3,714
(80.3%) of 4,623 children with ASD. This proportion did
not differ by sex or race/cthnicity in any of the ninc sires or
when combining daca from all nine sires. Among these 3,714
children, 31% were classified in the range of 1D (I} <70),
25% were in the borderline range (1Q 71-85), and 44% had
103 >85. The proportion of children classified in the range of
1D ranged from 26.7% in Arizona (0 39.4% in Tennessee,

Among children identified with ASD, the distribution by
intellectual ability varied by sex, with girls more likely than
boys to have 1Q =70, and boys more likely than gitls to
have 1Q) >85 {Figure 1). In these nine sites combined, 251
(36.3%) of 691 girls with ASD had I} scores or examiners’
statements indicating D compared with 891 (29.5%} of
3,023 males (odds ratio [OR] = 1.4; p<0.01}, though among

individual sites this proportion dittered significantly in only
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FIGURE 1. Most recent intelligence quotient score as of age 8 years among children with autism spectrum disorder for whom test data were
available, by sex and site — Autism and Developmental Disabilities Monitoring Network, nine sites,* United States, 2014
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one (Georgia, OR = 1.6; p<0.05). 'The proportion of children
with ASD with borderline intellectual abilivy (1Q 71-85) did
not differ by sex, whereas a significantly higher proportion of
males (45%) compared with females (40%}) had 1Q) »85 (i.c.,
average or above average intellectual ability} (OR = 1.2; p<0.05).

The distribution of intellectual ability also varied by race/
cthnicity. Approximately 44% of black children with ASD were
classificed in the range of 11 compared with 35% of Hispanic
children and 22% of whire children {Figure 2). The proportion
of blacks and whites with 1D differed significantly in all sites
except Colorado, and when combining their data (OR = 2.9;
p<0.01}. The proportion of Hispanics and whites with 1D
differed significantly when combining data from all nine sites
(OR = 1.9; p<0.01), and among individual sites it reached
significance (p<0.03) in six of the nine sites, with the three
exceptions being Arkansas (OR = 1.8; p = 0.13), North Carolina
(OR = 1.8; p = 0.07), and Tennessee {OR = 2.1; p = 0.09).
The proportion of children with borderline intellectual ability
(IQQ = 71-85) did ner differ berween black and Hispanic
children, although a lower proportion of white children (22%)
were classified in the range of borderline inrellecrual abilicy
compared to black {28.4%; OR = 0.7; p<0.01) or Hispanic
(28.7%; OR = 0.7; p<0.01) children. When combining daca
(rom these nine sites, the proportion ol white children {56%)
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with 1Q) >85 was significantly higher than the proportion of
black (27%, OR = 3.4; p<0.01} or Hispanic (36%, OR = 2.2;
p=<0.01) children with 1Q>85.

First Comprehensive Evaluation

Among children with ASD who were born in the same
state as the ADDM site {n = 4,147 of 5,473 confirmed
cases), 42% had a comprehensive evaluation on record by age
36 months (range: 30% [Arkansas]| to 66% [North Carolinal)
(Table 4}. Approximately 39% of these 4,147 children did
not have a comprchensive evaluarion on record until afeer
age 48 months; however, mention of developmenral concerns
by age 36 months was documented for 85% (range: 61%
[Tennessee] (0 94% [Arizonal).

Previously Documented ASD Classification

Of'the 5,473 children meering the ADDM ASD surveillanee
case definition, 4,379 (80%) had either eligibility for autism
special education services ora DSM-TV-TR, DSM-3, or ICD-9
autism diagnosis documented in their records (range among 11
sites: 58% [Colorado] o 92% [Missouri]). Combining data
fromall 11 sites, 81% of boys had a previous ASD classification
on record, compared with 75% of girls (OR = 1.4; p<0.01).
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When stratified by race/ethnicity, 80% of white children
had a previously documented ASD classification, compared
with nearly 83% ot black children (OR = 0.9; p=0.09) and
76% of Hispanic children (OR = 1.3; p<0.01); a significant
difference was also found when comparing the proportion of
black children with a previous ASD classification to that among
Hispanic children {OR = 1.5; p<0.01).

The median age of carliest known ASID diagnosis
documented in children’s records {Table 5) varied by diagnostic
subtype (autistic disorder: 46 months; ASIY/PDD: 56 months;
Asperger disorder: 67 months), Within these subtypes, the
median age of earliest known diagnosis did nou differ by sex,
nor did any difference exist in the proportion ol boys and girls
who initially received a diagnosis of autistic disorder (48%}),
ASD/PDD (46%), or Asperger disorder {6%). The median
age of carliest known diagnosis and distribution of subtypes
did vary by site. The median age of carliest known ASD
diagnosis for all subtypes combined was 52 months, ranging
from 40 months in North Carolina to 59 months in Arkansas.

Special Education Eligibility

Sites with access to education records collected information
on the most recent cligibility categories under which children
reccived special education services {Table 6). Among children
with ASD who were receiving spccial cducation scrvices
in public schools during 2014, the proportion of children
with a primary eligibility category of autism ranged from
approsimately 37% in Wisconsin 1o 80% in Tennessee. Most
other sites noted approximately 60% to 75% of children with
ASD having autism listed as their most recent primary special
education eligibility category, the exceptions being Colorado
(44%) and New Jersey (18%). Other common special
education eligibilities included health or physical disability,
speech and language impairment, specific learning disability,
and a general developmental delay category that is used until
age 9 years in many U.S. states. Al ADDM sites reported <10%
of children with ASD) recciving special education services under
a primary cligibility caregory of 11).

Sensitivity Analyses of Missing Records
and Expanded ICD-9 Codes

A stratified analysis of records that could not be located lor
review was completed to assess the degree to which missing
data might have potentially reduced prevalence estimates as
reported by individual ADDM sites. Had all children’s records
identified in Phase 1 been located and reviewed, prevalence
estimates would potentially have been <1% higher in four sites
{Arizona, Georgia, Minnesota, and Wisconsin), between 1%
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FIGURE 2. Most recent intelligence quotient score as of age 8 years
among children with autism spectrum disorder for whom test data
were available, by sex and race/ethnicity — Autism and Developmental
Disabilities Monitoring Netwark, nine sites,* United States, 2014
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to 5% higher in four sites {(Colorado, Missouri, New Jersey,
and North Carolina), approximately 8% higher in Maryland,
and nearly 20% higher in Arkansas and Tennessee, where
investigators were able to access education records throughour
maost, but not all, of the surveillance arca and reccived dara from
their stare Department of Education to evaluate the porential
impact on reported ASD prevalence estimates attributed 1o
missing records.

The impact on prevalence estimates of reviewing records
based on an expanded list of [CD-9 codes varied from site
to site. Colorado, Georgia, and Missouri were the only three
sites that identified more than 19 of ASD surveillance cases
partially or solely on the basis of the expanded code list. In
Missouri, less than 2% of children identified with ASD had
some of their records located on the basis of the expanded
code list, and nonc were identified exclusively from these
codes. In Colorado, approximately 2% of ASD surveillance
cascs had some abstracred records idenrified on the basis of
the expanded code list, and 4% had records lound exclusively
[rom the expanded codes. In Georgia, where ICD-9 codes were
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requested for surveillance of five distinct conditions {autism,
cerebral palsy, 1D, hearing loss, and vision impairment},
approximately 10% of children identified with ASD had some
of their records located on the basis of the expanded code list,
and less than 1% were identified exclusively from these codes.

Comparison of Case Counts from
DSM-IV-TR and DSM-5 Case Definitions

The [3SM-5 analysis was completed for part of the overall
ADDM 2014 surveillance area {Table 7), representing a toral
populartion of 263,775 children aged 8 years. This was 81%
ol the population on which DSM-TV-TR prevalence estimates
were reported. Within this populadion, a totwal of 4,920
children were conflirmed 10 meet the ADDM Newwork ASD
case definition for either DSM-1V-TR or DSM-5. Of these
children, 4.236 (86%) met both case definitions, 422 (9%)
met only the DSM-IV-T'R criteria, and 262 (5%} met only the
DSM-5 criteria (Table 8). This vielded a DSM-IV-TR:DSM-5
prevalence ratio of 1.04 in this population, indicating that
ASD prevalence was approximately 4% higher based on the
historical DSM-IV-TR casc definirion compared with the
new DSM-5 case definition. Among 4,498 children who met
[3SM-5 case criteria, 3,817 (853%) met the [DSM-5 behavioral
criteria {Box 2), whereas 681 (15%) qualified on the basis of an
established ASD diagnosis but did not have sufficient DSM-5
behavioral criteria documented in comprehensive evaluations.
In six of the 11 ADDM sites, DSM-5 case counts were within
approximately 5% of DSM-IV-TR counts (range: 5% lower
[Lennessee] to 5% higher [Arkansas]), whereas DSM-5 case
counts were more than 5% lower than DSM-IV-TR counts
in Minnesota and North Carolina {6%), New Jersey {10%]},
and Colorado (14%). Kappa statistics indicated strong
agreement between DSM-TV-TR and DSM-5 case srarus
among children abstracted in phase 1 of the study who were
reviewed in phase 2 for both DSM-TV-TR and DSM-5 (kappa
lor all sites combined: 0.85, range: 0.72 [Tennessee] to 0.93
[North Carolinal).

Stratified analysis of DSM-TV-TR:DDSM-5 ratios were very
similar compared with the overall sample (Table 9). DSM-5
estimates were approximately 3% lower than DSM-IV-TR
counts for mules, and approximately 6% lower for females
{(kappa = 0.85 for both). Case counts were approximately 3%
lower among white and black children on DSM-5 compared
with DSM-IV-TR, 5% lower among Asian children, and 8%
lower among Hispanic children. Children who received a

7

comprehensive evaluarion by age 36 months were 7% less likely
to meer DSM-5 than DSM-TV-TR, whercas those evaluated
by age 4 years were 6% less likely (0 meet DSM-5, and (hose
initially evaluated alter age 4 years were just as likely 1o meet
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DSM-5 as DSM-TV-TR, Children with decumentation of
eligibility for autism special education services, and those
with a documented diagnosis of ASD by age 3 years, were
2% more likely to meet DSM-5 than DSM-IV-TR. Slightly
over 3% of children whose earliest ASD diagnosis was autistic
disorder met DSM-5 criteria but not DSM-IV-TR, compared
with slightly under 3% of those whose carliest diagnosis
was PDD-NQOS/ASD-NOS and 5% of those whosc carlicst
diagnnsis was Asperger disorder. Children with no previous
ASD classificarion (diagnosis or cligibility) were 47% less likely
to meet DSM-5 than DSM-IV-TR. Combining data from all
11 sites, children with 10} scores in the range of TD were 3%
less likely (0 meet DSM-3 criteria compared with DSM-IV-TR
(kappa = 0.89), those with [Q scores in the borderline range
were 69 less likely to meet DSM-5 than DSM-IV-TR (kappa
={(1.88), and children with average or above average intellectual
ability were 4% less likely to meet DSM-5 criteria compared

with DSM-IV-TR (kappa = 0.86).

Discussion

Changes in Estimated Prevalence

The overall ASD prevalence estimate ol 16.8 per 1,000
children aged 8 years in 2014 is higher than previously
reported estimates from the ADDM Newwork., An ASD case
definition based on DSM-IV-T'R criteria was used during the
entire period of ADDM surveillance during 2000-2014, as
were comparable study operations and procedures, although
the geographic areas under surveillance have varied over
time. During this period, ADDM ASD prevalence estimates
increased from 6.7 to 16.8 per 1,000 children aged 8 years,
an increase of approximacely 150%.

Among the six ADDDM sites completing both the 2012
and 20114 studies for the same geographic arca, all six showed
higher ASD prevalence estimates for 2012 compared 10 2014,
with a nearly 10% higher prevalence in Georgia (p = 0.06)
and Maryland (p = 0.35), 19% in New Jersey (p<0.01}, 22%
in Missouri (p=0.01), 29% in Colorado {p<0.01), and 31%
in Wisconsin {p<0.01). When combining data from these six
sites, ASD prevalence estimates for 2014 were 20% higher
for 2014 compared to 2012 {p<0.01}. The ASD prevalence
estimate from New Jersey continues to be one of the highest
reported by a population-based surveillance system. The two
sites with the greatest relative difference in prevalence are
noteworthy in that both gained access to children’s educarion
records in additional geographic arcas for 2014. Colorado was
granted access Lo review children’s education records in one
additional county for the 2014 surveillance year {representing
nearly 20% of the population aged 8 years within the overall
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Colorado surveillance area), and Wisconsin was granted
access to review education records for more than a quarter of
its surveillance population, and 2014 marked the first time
Wisconsin has included education data sources. Comparisons
with earlier ADDM Nerwork surveillance results should be
interpreted cautiously because of changing composition of
sites and geographic coverage over time. For example, three
ADDM Network sites completing both the 2012 and 2014
surveillance years {Arizona, Arkansas, and North Carolina)
covered a different gcngraphic arca cach year, and two new sites
(Minnesota and Tennessee) were awarded lunding to monitor
ASD in collaboration with the ADDM Nerwaork,

Certain characteristics of children with ASD were similar in
2014 compared with earlier surveillance years. The median age
of earliest known ASD diagnosis remained close to 53 months
in previous surveillance years and was 52 months in 2014,
The proportion of children who received a comprehensive
developmental evaluation by age 3 years was unchanged:
42% in 2014 and 43% during 2006-2012. There were a
number of difterences in the characteristics of the population
of children with ASD in 2014. The male:female prevalence
ratio decreased from 4.5:1 during 2002-2012 to 4:1 in 2014,
driven by a greater relative increase in ASD prevalence among
girls than among boys since 2012, Also, the decrease in the
ratios ol white:black and white:Hispanic children with ASD
continued a trend observed since 2002, Among sites covering
a population of at least 20,000 children aged 8 years, New
Jersey reported no significant race- or ethnicity-based difference
in ASD prevalence, suggesting more complete ascertainment
among all children regardless of race/cthnicity. Historically,
ASD prevalence estimates from combined ADDM sites have
been approximately 20%—30% higher among white children
as compared with black children. For surveillance year 20114,
the difference was only 7%, the lowese difference ever abserved
lor the ADDM Network, Likewise, prevalence among white
children was almaost 70% higher than that among Hispanic
children in 2002 and 2006, and approximately 50% higher
in 2008, 2010, and 2012, whereas for 2014 the difterence
was only 22%. Data from a previously reported comparison
of ADDM Newwork ASD prevalence estimates from 2002,
20006, and 2008 (9) suggested greater increases in ASD
prevalence among black and Hispanic children compared
with those among white children. Reductions in disparities
in ASD prevalence for black and Hispanic children might
be attriburable, in part, to more cffective ourrcach direcred
to minority communitics. Finally, the proportion of children
with ASD) and lower intellectual ability was similar in 2012
and 2014 at approximately 30% of males and 35% of females.
These proportions were markedly lower than those reported
in previous surveillance years.
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Variation in Prevalence Among
ADDM Sites

Findings from the 2014 surveillance year indicate that
prevalence estimates still vary widely among ADDM Newwork
sites, with the highest prevalence observed in New Jersey.
Although five of the 11 ADDM sites conducting the 2014
surveillance year reported prevalence estimares within a very
close range (from 13.1 to 14.1 per 1,000 children), New
Jersey's prevalence cstimate of 29.4 per 1,000 children was
significantly greater than that from any other site, and four sites
(Georgia, Maryland, Minnesota, and North Carolina) reported
prevalence estimates that were significantly greater than those
rom any of the live sites in the 13.1-14,1 per 1,000 range,
‘Iwo of the sites with prevalence estimates of 20.0 per 1,000
or higher (Maryland and Minnesota) conducted surveillance
among a total population of <10,000 children aged 8 years.
Concentrating surveillance effores in smaller geographic areas,
especially those in close proximity to diagnostic centers and
those covering school districts with advanced staff training
and programs to support children with ASID, mighe yicld
higher prevalence estimares compared with those from sires
covering populations of more than 20,000 8-year-olds. Of the
six sites with prevalence estimates below the 16.8 per 1,000
estimate lor all sites combined, five did not have full access
o education data sources {Arkansas, Colorado, Missouri,
Tennessee, and Wisconsin), whereas only one of the six sites
will full access to education data sources had a prevalence
estimate below 16.8 per 1,000 {(Arizona}. Such differences
cannot be attributed solely to source access, as other factors
(e.g., demographic differences and service availability) also
might have influenced these findings. In addition to variation
ameong sites in i'cporrcd ASD prcvaicncc, widc variation among
sites is noted in the characteristics of children identified with
ASD3, including the proportion of children who received
a comprehensive developmental evaluation by age 3 years,
the median age ol earliest known ASD diagnosis, and the
distribution by intellectual ability. Some ol this variation might
be attributable to regional differences in diagnostic practices
and other documentation of autism symptoms, although
previous reports based on ADDM data have linked much of
the variation to other extrinsic factors, such as regional and
$OCIlOeCcOnomic disparities in access to services (13,74).

Case Definitions
Resules from application of the DSM-IV-TR and DSM-5

case definitions were similar, overall and when stratified by
sex, race/ethnicity, DSM-IV-TR diagnostic subtype, or level
of inrcllecrual ability. Overall, ASD prevalence estimates
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based on the new DSM-5 case delinition were very similar in
magnitude but slightly lower than those based on the historical
DSM-IV-T'R case definition. Three of the 11 ADDM sites
had slightly higher case counts using the DSM-5 framework
compared with the DSM-IV-TR. Colorado, where the DSM-
IV-TR:DSM-5 ratio was highest compared with all other sites,
was also the site with the lowest proportion of DSM-IV-TR
cascs having a previous ASID classification. This suggests that
the diagnostic component of the DSM-5 case definirion,
whereby children with a documenrted diagnosis of ASD
might qualily as DSM-5 cases regardless of social interaction/
communication and restricted/repetitive behavioral criteria,
might have influenced DSM-5 results (o a lesser degree in
that site, as a smaller proportion of DSM-IV-TR cases would
meet DSM-5 case criteria based solely on the presence of a
documented ASD diagnosis. This element of the DSM-5
case definition might carry less weight moving forward, as
fewer children aged 8 years in health and education settings
will have had ASD diagnosed under the DSM-IV-TR criteria.
It is also possible that persons who conducr developmeneal
cvaluations of children in health and cducation scerings will
increasingly describe behavioral characreristies using language
more consistent with DSM-5 (erminology, yielding more ASD
cases based on (he behavioral component of ADDM's DSM-5
case definition. Prevalence estimates based on the DSM-5 case
definition that incorporates an existing ASD diagnosis reflect
the actual patterns of diagnosis and services for children in
2014, because children diagnosed under DSM-IV-TR did not
lose their diagnosis when the updated DSM-5 criteria were
published and because professionals might diagnose children
with ASD without necessarily recording every behavior
supporting that diagnosis. In the future, prevalence estimates
will align more closcly with the specific DSM-5 behavioral
criteria, and might exclude some persons who would have
met DSM-TVETR criteria for autistic disorder, PDD-NOS or
Asperger disorder, while at the same time including persons
who do not meet those criteria but who do meet the specific
DSM-5 behavioral criteria.

Comparison of Autism Prevalence
Estimates

The ADDM Nerwork is the only ASD surveillance system
in the United States providing robust prevalence estimates for
specific areas of the country, including those for subgroups
defined by sex and racefethnicity, providing information about
ocographical variation rthar can be used to cvaluare policies and
diagnostic practices that mighr affect ASID prevalence. Tris also
the only comprehensive surveillance system to incorporate
ASD diagnostic criteria into the case definition rather (han

14 MRMWR F April 27,2018 ¢ Vol.67 ¢ No.s

relying entirely on parent or caregiver report of a previous ASD
diagnosis, providing a unique contribution to the knowledge
of ASD epidemiology and the impact of changes in diagnostic
criteria. Two surveys of children’s health, The National Health
Interview Survey (INHIS) and the National Survey of Children’s
Health {NSCH), report estimates of ASD prevalence based
on caregiver report of being told by a doctor or other health
carc provider that their child has ASID, and, for the NSCH,
it their child was also reported to currently have ASD. The
maost recent publication from NHIS indicared thar 27.6 per
1,000 children aged 3—17 vears had ASD in 2016, which did
not differ signilicantly from estimates lor 2015 or 2014 (24.1
and 22.4, respectively) (28}, An estimate of 20.0 per 1,000
children aged 6-17 vears was reported from the 2011-2012
NSCH (29). The study samples for the two phone surveys
are substantially smaller than the ADDM Nerwork; however,
they were intended to be nationally representative, whereas
the ADDM Nerwork surveillance areas were selected through
a competitive process and, although large and diverse, were
not intended to be nationally representarive. (Geographic
differences in AST) prevalence have been observed in both the
ADDM Network and national surveys, as have differences in
ASD prevalence by age (6-17,28,29).

All three prevalence estimation systems (NHIS, NSCH,
and ADDM) are subject 1o regional and policy-driven
differences in the availability and utilization of evaluation
and diagnostic services for children with developmental
concerns. Phone surveys are likely more sensitive in identitying
children who received a preliminary or confirmed diagnosis
of ASD burt are not receiving services (i.e., special education
services). The ADDM Network method based on analysis of
informarion contained in existing healch and education records
cnables the collection of derailed, case-specitic information
reflecting children’s behavioral, developmental and funcrional
characteristics, which are not available (rom the national phone
surveys, This detailed case level information might provide
insight into temporal changes in the expression of ASD
phenotypes, and offers the ability to account for differences
based on changing diagnostic criteria.

Limitations

The findings in this report are subject to at least three
limitations. First, ADDM Nerwork sites were not selected to
represent the United States as a whole, nor were the geographic
areas within each ADDM site selected to represent that state
as a wholc {with the exception of Arkansas, where ASD s
monirored statewide). Although a combined estimace is
reported for the Network as a whole o inform srakeholders
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and interpret the findings (rom individual surveillance years in
a more general context, data reported by the ADDM Newwork
should not be interpreted to represent a national estimate of
the number and characteristics of children with ASD. Rather,
it is more prudcnt to examine the wide variation among, sites,
between specific groups within sites, and across time in the
number and characteristics of children identified with ASD,
and to use these findings ro inform public health strategics
aimed ar removing barriers to identification and trearment,
and c]iminaring disparirics amang sociocconomic and racial/
ethnic groups. Data from individual sites provide even greater
utility for developing local policies in those states.

Second, it is important to acknowledge limitations of
information available in children’s health and education records
when considering data on the characteristics of children with
ASD. Age of earliest known ASD diagnosis was obtained from
descriptions in children’s developmental evaluations that were
available in the health and education facilities where ADDM
staff had access to review records. Some children might have
had carlicr diagnoses that were not recorded in these records.
Likewise, some descriptions of historical diagnoses {i.c., thosc
not made by the evaluating examiner) could be subject to
recall error by a parent or provider who described the historical
diagnosis to that examiner, Another characteristic featured
prominently in this report, intellectual ability, is subject o
measurement limitations. [QQ test results should be interpreted
cautiously because of myriad factors that impact performance
on these tests, particularly language and attention deficits that
are common among children with ASD, especially when testing
was conducted before age 6 years. Because children were not
examined directly nor systematically by ADDM staff as part
of this study, descriptions of their characteristics should not be
interpreted to serve as the basis for policy changes, individual
rrcatments, or interventions.

Third, because comparisons with the results from earlier
ADDM surveillance vears were not restricted (0 a common
geographic area, inferences about the changing number and
characteristics of children with ASD over time should be
made with caution. Findings for each unique ADDM birth
cohort are very informative, and although study methods
and geographic areas of coverage have remained generally
CONSiStent over time, tcmporal comparisons are subjcct to
multiple sources of bias and should not be misinterpreted as
representing precise measures thar control for all sources of
hias. Additional limirations to the records-based surveillance
mecthodelogy have been deseribed exrensively in previous

ADDM and MADDSP repors (3,6-77).
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Future Surveillance Directions

Data collection for the 2016 surveillance year began in carly
2017 and will continue through mid-2019. Beginning with
surveillance year 2016, the DSM-5 case definition for ASD will
serve as the basis for prevalence estimates. The DSM-IV-TR
case definition will be applied in a limited geographic area
to offer additional data for comparison, although the DSM-
IV-TR case definition will eventually be phased out.

CDC's “Learn the Signs. Acr Early” (ITSAE) campaign,
launched in Ocrober 2004, aims ro change perceptions among
parents, health care professionals, and carly educators regarding
the importance ol early identification and treatment of autism
and other developmental disorders (30). Tn 2007, (he American
Academy of Pediatrics (AAP) recommended developmental
screening specifically focused on social development and ASD
at age 18 and 24 months {31). Both efforts are in accordance
with the flealthy People 2020 (1112020} goal that children
with ASD) be evaluated by age 36 months and begin receiving
community-based support and services by age 48 months (12).
[t is concerning that progress has not been made toward the
HP2020 goal of increasing the percentage of children wich
ASD who reccive a first evaluation by age 36 months to 47%;
however, the cohort of children monitored under the ADDM
2014 surveillance year (i.e., children born in 2006} represents
the first ADDM 8-year-old cohort impacted by the ITTSAE
campaign and the 2007 AAD recommendations, The effect of
these programs in lowering age at evaluation might become
more apparent when subsequent birth cohorts are monitored.
Further exploration of ADDM data, including those collected
on cohorts of children aged 4 years {3.2), might inform how
policy initiatives, such as screening recommendations and other
social determinants of health, impact the prevalence of ASD
and characterisrics of children with ASD, including the age ar
which mast children reccive an ASD) diagnosis.

Conclusion

The latest findings trom the ADDM Nerwork provide
evidence that the prevalence ol ASD is higher than previously
reported ADDM estimates and continues (o vary among
certain racial/ethnic groups and communities. The overall
ASD prevalence estimate of 16.8 per 1,000 children aged
8 years in 2014 is higher than previous estimates from the
ADDM Network. With prevalence of ASD reaching nearly 3%
in some communities and representing an increase of 150%
since 2000, ASD is an urgent public health concern that could
benefit from enhanced strategies to help identify ASD earlier;
to derermine possible risk factors; and 1o address the growing
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behavioral, educational, residential and occupational needs of
this population.

Implementation of the new DSM-5 case definition had
little effect on the overall number of children identified with
ASD for the ADDM 2014 surveillance year. This might be a
result of including documented ASD diagnoses in the DSM-5
surveillance case definition. Over time, the estimate might be
influenced (downward) by a diminishing number of persons
who meet the DSM-5 diagnostic crireria for ASDD based
solely on a previous DSM-IV-TR diagnosis, such as auristic
disorder, PDD-NOS or Asperger disorder, and influenced
(upward) by professionals aligning their clinical descriptions
with the DSM-5 ¢riteria, Although the prevalence of ASD and
characteristics of children identified by each case definition
were similar in 2014, the diagnostic features defined under
DSM-IV-TR and DSM-5 appear to be quite different. The
ADDM Nerwork will continue to evaluate these similarities
and differences in much greater depth, and will examine at
least one more cohort of children aged 8 years to expand this
comparison. Over time, the ADDM Nerwork will be well
positioned ro evaluate the cffects of changing AST) diagnostic
paramecters on prevalence.
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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, 2014

Asian or American Indian
White, Black, Pacific Islander, or Alaska Native,
Total non-Hispanic non-Hispanic Hispanic non-Hispanic non-Hispanic
Site Site institution Surveillance area Ma. MNo. (%a) Mo. s} Ma. {9a] MNo. (%a) Mo. (%)
Arizona University of Part of 1 county in 24,952 12308 (49.3) 1,336 (5.4} 9792 (391 975 (3.9) 541 (2.2}
Arizana metropolitan
Phoenix!
Arkansas Universily of All 75 counties in 39,992 25103 (653} 7705 {193} 5012 (125) 243 (21) 329 .8
Arkansas for Arkansas
Medical Sciences
Colorado Colorado 7 oounties in 41,128 22410 (54.5; 2,724 (68} 13,735 (334 2,031 4.9 223 (0.6)
Department of metropolitan
Public Health and Denver
Environment
Georgia LD S counties 51,161 15495 [(30.3) 22,042 {43.7} 9913 (19.4] 3,599 7.0 112 (0.2}
including
metropolitan
Atlanta
Maryland Johns Hopking 1 county in 9,955 4977 (500 3399 {341} 829 8.3 719 [7.2) 3 (0.3
University metropolitan
Baltimore
tlinnesota University of Parts of 2 counties 9,767 3,793 (388) 2719 {278} 14856 (152) 1,576 (161 1493 2.0
Minnesola including
Minneapolis
St Paul®
tissouri Washington 5 counties 25,333 15,529 (65.2) 6,577 {2601 1,220 (4.8 a1 (3.7 76 .3
Universily including
metropolitan
5t Louis
MNew lersay Rulgers University 4 counties 32,935 13,593 (413 F1e6 {(218) 10226 (31.0) 1,874 5.7 76 (0.2)
including
metropolitan
Newark
Norih Carolina Universily of G counties in 30,283 15,241 [50.3) 7.7 {25.4} 5463 (18.0] 1,778 [5.9] 100 (0.3
Morth Carolina central
Chapel Hill North Carclina
Tennessee Vanderbilt 11 counties in 24,940 15867 (636 4,8% {196} 3324 (13.3) 799 (3.2 54 2
Universily Medical middle
Center Tennessee
Wisconsin University of 10 counties in 35,037 20,732 (59.2) 6486 {185} 6181 (17.8) 1,471 (4.2) 167 {0.5)
Wisconsin- southeastern
Madison Wisconsin
All sitas comhined 325,483 167,048 (51.3) 72,751 (224} 67,181 (206) 16,596 (5.1) 1,907 {0.6)

* Total numbers of children aged 8 years ineach surveillance arca were obtained from CDC's National Center for Health Statistics Vintage 2016 Bridged-Race Population
Estimates for July 1, 2014,
I Denominator excludes school districts that were not included in the surveillance area, calculated from National Center for Education Statistics enrollment counts
of third graders during the 2014-20115 school year.
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TABLE 2. Estimated prevalence* of autism spectrum discrder among children aged 8 years, by sex — Autism and Developmental Disabilities

Monitoring Network, 11 sites, United States, 2014

Sax

Total Total no. Overall’ Males Females Mala-ta-fernale
Site population  with ASD Prevalance 95% Cl Prevalance 95% ClI Prevalence 95% C| prevalence ratio®
Arizona 24,952 349 140 (126 15.5) Pl (187 238} 6.6 {53 372) 3z
Arkansas 35,992 522 131 (12.0-14.23 205 [18.6-22.5} 5.4 4.5-6.5) 35
Colorade 41,128 572 139 (12.8-15.1) 218 (19.9-23.9} 55 {4.6-6.7) 39
Grorgia 51,181 369 170 (159 18.2) 279 (259 300} 57 48 67 49
Maryland 9,455 199 200 (17.4-23.0 327 [28.1-38.2} 72 15.2-10.0) 45
flinnesota 9,767 234 240 (21.1-27.2) 39.0 (33.58-44.9} B 6.3-11.6) 46
Missouri 25,333 356 14.1 (127-15.6) 222 (19.8-25.0} 56 {4.4-7.00 4.0
Mew Jersey 32,935 o964 29.3 (27.5-31.2) 455 142.4-43.9} 123 $10.7-14.1) 37
North Carolina 30,283 527 174 (16.0-19.0y 280 {25.5-30.8} 6.5 {5.3-7.9) 43
Tennessea 24,940 387 155 (14.0-17.1) 253 (22.6-28.2} 54 {4.2-6.9) 47
Wisconsin 35,037 494 141 (129 154) 4 (194 237} 6.4 {53 77 34
All sites combined 325,483 5,473 16.8 {16.4-17.3) 26.6 (25.8-27.4) 6.6 {6.2-7.00 4.0

Abbreviations: ASD = autism spectrum disorder; C| = confidence interval.

* Per 1,000 children aged 8 years.

T All children are included in the tolal regardless of race or ethnicity.

® All sites identified significantly higher prevalence among males compared with females (p<0.011,

TABLE 3. Estimated prevalence* of autism spectrum disorder among children aged 8 years, by race/ethnicity — Autism and Developmental

Disabilities Monitoring Network, 11 sites, United States, 2014

Race/Ethnicity Prevalence ratio

White Black Hispanic Asian/Pacific Islander White-to-  White-to-  Black-to-
Site Prevalence  95% Cl Prevalence  95%Cl Prevalence 95% Cl Pravalence  95% Cl Black Hispanic Hispanic
Arizona 162 (141 188} 195 (133 2848) 103 B5 125] 103 55 1%.1) 8 1.85 1.95
Arkansas 139 12.6-15.5} 104 18.3-12.% 84 (6.2-11.3) 142 [B1-2511 1.31 1.75 1.2
Colorado 15.0 (13.5-16.7} 114 (BO-162) 10.6 (2.0-125] 79 [4.8-12.% 1.3 144 1.1
Grorgia 179 &0 202} 17.1 (154 189 126 136 15.0) 1149 89 16.1) 1.1 145 145
Maryland 195 16.0-23.8} 16.5 (12.7-21.4) 157 (9.1-27.0) 13.9 [7.5-25.8) 1.2 1.2 1.1
flinnesota 243 (19.8-29.8} 27.2 (21.7-34.2) 209 Ma.7-29.7 178 (12.3-25.7) .9 1.2 1.3
Missouri 14.1 (124-16.0} 10.8 (86-13.6) 49 (2.2-10.9) 10.7 [5.8-20.0) 1.3% 297 22
Mew Jersey 30Nz 127.4-33.3} 26.8 (23.3-30.% 293 [26.2-32.9) 192 (13.9-26.6) 1.1 1.0 3.9
North Carolina 186 (16.5-20.9} 16.1 (13.5-19.2} 11.9 (2.3-15.2) 191 (13.7-26.8) 1.2 1.6% 1.4
Tennesses 161 (143-182} 125 (37160 0.5 (7.6-147] 125 67-23.3) 1.3 1,51 1.2
Wisconsin 152 136 17.0} 113 B89 142 125 100 15.6) 102 61 163 1.3t 12 [ER]
All sites 17.2 (16.5-17.8) 16.0 {15.1-16.9) 14.0 (13.1-14.9] 13.5 {11.8-15.4) 1.1t 1.2% 1.1%

combined

Abbreviation: C| = confidence interval.

* Per 1,000 children aged & years,

T Pearson chi-square test of prevalence ratio significant at p<0.05.
5 Pearson chi-square test of prevalence ratio significant at p<0.01.
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TABLE 4. Number and percentage of children aged 8 years® identified with autism spectrum disorder who received a comprehensive evaluation
by a qualified professional at age <36 months, 37-48 months, or >48 months, and those with a mention of general delay concern by age
36 months — Autism and Developmental Disabilities Monitoring Networl, 11 sites, United States, 2014

Mention of
Earliest age when child received a comprehensive evaluation general developmental delay
<36 mos 37-48 mos »48 mos =36 mos

Site Mo. {G0) Mo, {4} Mo. {G0) Mo, {4}

Atizona a7 {34.1} 56 (22,0 112 {43.9} 240 94.1)
Arkansas 117 {30.5} S8 (25.6) 168 {43.9} 354 [92.4)
Colorado 200 {46 4} &4 {15.3) 165 {383} 383 (B89
Georgia 240 {37.6} 126 {19.7] 273 427} 549 (85.9)
Maryland 96 {56.1} 19 {(11.1) L] {32.7} 158 [92.4)
tinnesota 57 {335} 34 (21.2) 77 {453} 124 (729
Missouri 88 {321} Ej {14.2) 147 153.6} 195 [71.5)
Mew Jersey 318 {40.5} 174 (22.2) 293 {37.3} 645 82.2)
Narih Caroling 260 {66.2} 42 (10.7) a1 {23.2} 364 (926
Tennessee 80 134.0} 47 {20.0] 108 {46.0} 144 61.3)
Wisconsin 194 {47.2} 87 (21.2) 130 {31.6} 368 [89.5)
All sites combined 1,737 (41.9) 790 {19.0) 1,620 (39.1) 3,525 {85.0)

* Includes children identified with autism spectrum disorder who were linked to an in-state birth certificate.

TABLE 5. Median age (in months) of earliest known autism spectrum disorder diagnosis and number and proportion within each diagnostic
subtype — Autism and Developmental Disabilities Monitoring Network, 11 sites, United States, 2014

Autistic disorder ASD/PDD Asperger disorder Any spacifiad ASD diagnosis
Site Medianage  No. (%)  Medianage  No, (2%}  Medianage  No, {%)  Medianage  No. (%)
Artizona 55 186 {76.2} 61 50 (20.5] 74 8 (3.3} 56 244 65.9)
Arkansas 55 269 {63.0} 63 129 (30.2) 75 29 6.8} 59 427 (81.8)
Colerado 40 192 {61.7} 65 104 (33.4) 61 15 14.8) 51 m 154.4)
Georgia 46 288 {48.1} 56 261 (43.6) 65 50 8.3} 53 599 68.9)
Maryland 43 52 {32.3} &1 104 (64.6) 65 5 (3.1 52 161 (80.9)
Minnesota 51 50 {45.9} 65 54 (49.5) 62 5 (4.6} 56 109 146.6)
Missouri 54 81 {26.7} 55 197 (65.0) 65 25 8.3} 56 303 {85.1)
New Jersay 42 227 {32.7} 51 428 (61.6) 66 40 (5.8 48 695 (721
Morth Carolina 32 165 {52.5} 49 130 41.4) 67 19 6.1} 40 314 (59.6)
Tennessee 51 157 {57.1} 63 100 (36.4) 60 18 16.5) 56 275 (71.1)
Wisconsin 46 143 {40.2} 55 189 (53.1) 67 24 (6.7} 51 356 (721
All sites combined 46 1.810 (47.7} 56 1,746 (46.0) 67 238 (6.3} 52 3,794 (69.3)

Abbreviations: ASD = aulism spectrum disorder; PDD = pervasive davelopmental disorder-not olherwise specified.
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TABLE &. Number and percentage of children aged 8 years identified with autism spectrum disorder with available special education records,
by primary special education eligibility category* — Autism and Developmental Disabilities Monitoring Network, 10 sites, United States, 2014

Characteristic Arizona Arkansas Colorado Georgia Maryland Minnesota Mew Jersey North Carclina Tennessee Wisconsin
Total no. of ASD cases 349 522 572 869 199 234 964 527 387 494
Total no. (%)} of ASD cases with 308 337% 139% 708 149 188 822 420 218% 1561
Special education records [88.3) —4 —4 (81.5) (74.9} 80.3) (85.3) (79.7) — 4 4
Primary exceptichality (%)

Autism 649 654 43.9 58.9 67.1 67.0 484 75.0 79.8 36.5
Emolional disturbance 29 09 72 20 27 37 16 26 0.5 5.8
Specific learning disability 6.3 37 13.7 40 12.8 1.1 82 29 09 26
Speech or language impairment 55 59 10.8 1.0 3.4 2.7 137 24 32 20.5
Hearing or visual impairment 0 0.3 O o1 0 1.1 0.6 0.5 0 0.6
Health, physical or other disability 6.3 13.5 14.4 35 8.1 154 185 11.2 32 14.7
Multiple disabilities 0.3 3.4 5.0 0 4.0 16 6.7 17 0 0
Intellectual disability 3.2 4.0 4.3 2.0 20 6.9 17 2.4 2.8 0.6
Developmental delay/Preschool 9.4 0 .7 28.5 0 5 0.6 14 9.6 18.6

Abbreviation; ASD = autism specirum disorder.

* Some state-specific categories were recoded or combined to match current U.S. Department of Education categories.

* Excludes children residing in school districts where educational records were not reviewed (propertion of surveillance pepulation: 31% Arkansas, 67% Colorado,
12% Tennessee, 74% Wisconsin).

% Proportion not reporled because numerator is nol comparable to other sites [excludes children residing in school districts where educational records were
not reviewed).
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TABLE 7. Number* and percentage of children aged 8 years, by race/ethnicity and site in the DSM-5 Surveillance Area — Autism and
Developmental Disabilities Monitoring Network, 11 sites, United States, 2014

Asian or American Indian or
White, Black, Pacific Islander,  Alaska Mative,
Total non-Hispanic non-Hispanic Hispanic non-Hispanic non-Hispanic
Site Site institution Surveillance area Mo. Mo. s} MNo. s} MNo. (%a) MNo. (%a) MNo. {9a]
Arizona University of Part of 1 county in 9,478 5340  (563) 31 {34) 3,244 (342} 296 {31 277 (2.9
Arizona metropolitan
Phoenix!'
Arkansas University of Al 75 counties in 39,992 26,103 (653 F705 (193 502 (125} 843 {21 329 (.8
Arkansas for Arkansas
Medical Sciences
Colorado Colorado 1 couniyin 8,022 2,603 (324) 1,018 1127 409 (50.1} 322 {40) 50 0.7
Department metropolitan Denver
of Public Health
and Environment
Georgia DO 5 countiesincluding 51,161 15495 (303 22,042 (4310 9913 (194} 3599 (7.0 12 (0.2
metropolitan Atlanta
Maryland Johns Hopkins 1 county in 9,955 4977 (5000 3,399 (34.1) 829 18.3} 719 {7.2) Ell (0.3)
University metropolitan
Baltimaore
Minnhesota University of Farts of 2 counties 49,767 3,793 (388) 2719 (278 1486 (152} 1,576 (16.1) 193 (2.0
Minnesota including
Minneapolis-St., Paul!
Missouri Washinglon 1 countlyin 12,205 7186 (589) 3793 (31.1) 561 (4.6} 626 {5.1) 39 (+.3)
University metropolitan St.
Louis
New Jersay Rutgers Universily 4 counties including 32,835 13,593 (13 FIes (218 10,226 (310 1,874 {57 76 (0.2
metropolitan Mewark
MNorth Carolina  University of & counties in central 30,283 15241 50.3) 7701 (254) 5463 180y 1,778 {59 100 (0.3}
North Carolina- North Carolina
Chapel Hill
Tenhesser Yanderbilt 11 counties in middle 24940 158387 (838 4,898 (198 3,324 (133} 799 133 54 W2
University Tennessee
Medical Center
Wisconsin University of 10 counties in 35,037 20732 (592) 6486 (185 6181 (1746 1471 {42) 167 (0.5}
Wisconsin southeastern
Madison Wisconsin
All sites combined 263,775 130,930 (49.6) 67.246 (25.5) 50,258 (19.1) 13,903 (5.3) 1,438 (0.5)

Akbreviation: DSM-5 = Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition.

* Tolal numbers of children aged 8 years in each surveillance area were obtained from CDC's Nalional Center for Heallh Stalistics Vinlage 2016 Bridged Race Population
Estimates for July 1, 2014

t Denominator excludes school districts that were not included in the surveillance area, calculated from National Center for Education Statistics enrollment counts
of third graders during the 2014-20115 school year.
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TABLE 8. Number and percentage of children meeting DSM-IV-TR and/or DSM-5 surveillance case definition — Autism and Developmental
Disabilities Monitoring Networl, 11 sites, United States, 2014

Met DSM-IV-TR Met both DSM-IV-TR

ar DSM-5 and DSM-5 Met DSM-IV-TR only Met DSM-5 only DSM-IV-TR vs. DSM-5
Site Mo, Mo, (%) No. (%) No. (%) Ratio Kappa
Arizona 175 143 (79.9] 17 [9.5] 149 (10.6) 0.99 0.83
Arkansas 560 514 (91.3) g 1.4] 33 6.8 085 0az2
Colorado 114 92 (79.3) 19 (16.4 5 4.3] 1.14 079
Georgia 937 790 (84.3) 79 8.4] a8 7.3 1.01 0.83
Maryland 207 187 (a0.3) 12 5.8 3 [3.9] 1.02 083
Minnescta 254 200 178.7] 34 {13.4] 20 [7.9] 1.06 079
Missouri 209 179 (85.6) 12 [5.7] 18 8.6] 0.97 074
New Jersey 395 342 (848 122 (12.3] Xl [31) 1.1¢ 085
North Carclina 532 493 192.7] 34 6.4] 5 [0.9] 1.06 093
Tennessee 408 348 (85.3) 39 9.6) 21 51 1.05 072
Wisconsin 523 448 (85.7] 46 8.8] 24 [5.5] 1.04 0.83
All sites combined 4,920 4,236 [86.1] 422 [8.6] 262 (5.3] 1.04 0.85

Abbreviations: DSM-5 = Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition; DSM-IV-TR = Diagnostic and Statistical Manual of Mental Disorders, Fourth
Edition, Text Revision.

TABLE 9. Characteristics of children meeting DSM-IV-TR and/or D5M-5 surveillance case definition — Autism and Developmental Disabilities
Monitoring Networlk, 11 sites, United States, 2014

Met DSM-IV-TR Met both DSM-IV-TR

or DSM-5 and DSM-5 Met DSM-IV-TR only Met DSM-5 only DSM-IV-TR vs. DSM-5

Characteristic No. Na, (%) No, (%) No, (%) Ratio Kappa

Mat ASD case definition under 4,920 4,236 86.1) 422 (8.6) 262 (5.3) 1.04 .85
DSM-IV-TR and/or DSM-5

Male 3,978 3,452 (B6.58) 316 (7.9 210 (5.3} 1.03 .85

Female 942 784 83.2) 106 1.3 52 (5.5} 106 .85

White, non-Hispanic 2,484 2,159 [86.8) 193 (7.8} 134 (5.4} 1.03 .85

Black, non-Hispanic 1,184 944 [B4.0 109 (9.2} 21 (6.8} 1.03 .84

Hispanic, regardless of race 817 595 85.1) 91 1.1y 31 (3.8) 1.08 .86

Asian/Pacific Islander, 207 188 [90.8) 14 (6.8) 5 (2.4) 105 .88
non-Hispanic

<36 months 1,509 1.372 90.9) 15 (7.6) 22 (1.5 1.07 .89

37-48 months 723 &40 (88.5) 61 (B4} 22 (3.00 106 .84

=48 maonths 1,503 1,195 [72.5) 154 [10.2) 154 [10.2) 1.00 481

Autism special education 2,270 2156 95.0) 35 {1.5) 79 {3.5) 0.98 .57
eligibility’

ASD diagnostic statement®

Earliest ASD diagnosis 951 936 [98.4) o] S0 15 (1.8} 058 .71
<36 months

Earliest ASD diagnosis autistic 1,577 1,526 [96.8) o 03] 51 (3.2} 087 .50
disorder

Earliest A5SD diagnosis PDD-NOS/ 1,564 1.525 97.5) 8] [S0)] 39 (2.5 0.98 72
ASD NOS

Earliest ASD diagnosis Asperger 221 210 (95.0) ¢] {0} 11 (5.0 095 .72
disorder

No previeus ASD diagnosis or 350 484 (50.9) 369 (38.8) a7 (10.2) 1.47 062
eligibility on record

Intellectual disability (1 <70] 1,14 1,089 [91.4) a7 (5.6) 35 (2.9 1.03 .89

Borderline range {IQ 71-85) B31 778 88.3) 74 (3.4 29 (3.3 1.06 .53

Average or above average 1,620 1,391 (85.9) 143 (8.8) 86 (5.3) 1.04 136
(10 =85)

Abbreviations: ASD = aulism spectrum disorder; DSM 5 = Dipgnaostic and Statistical Manual of Mental Disorders, Fifth Edition; DSM IV TR = Diagnostic and Statistical

Manual of Mental Disorders, Fourth Edition, Text Revision; PDD-NOS = pervasive developmental disorder not otherwise specified.

* Includes children identified with ASD who were linked to an in-state birth certificate.

Includes children with autism as the Primary Exceptionality (Tahle 6} as well as children documented to meet eligibility criteria for autism special education services.

% An ASD diagnosis documented in abstracted comprehensive evaluations, including DSM IV TR diagnosis of autistic disorder, PDD NOS or Asperger disorder qualifies
a child as mecting the DSM-5 surveillance case definition for ASD.

Y Includes data from all 11 sites, including those with 1Q data available for <70% of confirmed cases.
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Abstract

Problem/Condition: Autism spectrum disorder {ASD).
Period Covered: 2014.

Description of System: The Autism and Developmental Disabilities Monitoring (ADDM) Network is an active surveillance
system that provides estimates of the prevalence of autism spectrum disorder (ASD) among children aged 8 years whose parents
or guardians reside within 11 ADDM sites in the United States (Arizona, Arkansas, Colorado, Georgia, Maryland, Minnesota,
Missouri, New Jersey, North Carolina, Tennessee, and Wisconsin). ADDM surveillance is conducted in two phases. The first
phase involves review and abstraction of comprehensive evaluations that were completed by professional service providers in the
community. Staff completing record review and abstraction receive extensive training and supervision and are evaluated according
to strict reliabiliry standards to certify cffective inidal rraining, identify ongoing training nceds, and ensure adherence to the
prescribed methodology. Record review and abstraction occurs in a varicry of data sources ranging from general pediarric healch
clinics to specialized programs serving children wirth developmental disabilitics. In addition, mosr of the ADDM sites also review
records lor children who have received special education services in public schools. In the second phase of the study, all abstracted
information is reviewed systematically by experienced clinicians to determine ASD case status. A child is considered 10 meet
the surveillance case definition for ASD il he or she displays behaviors, as described on one or more comprehensive evaluations
completed by community-based professional providers, consistent with the Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition, Text Revision (DSM-IV-TR) diagnostic criteria for autistic disorder; pervasive developmental disorder—not otherwise
specitied (PDD-NOS, including atypical autism); or Asperger disorder. This report provides updated ASD prevalence estimates for
children aged 8 years during the 2014 surveillance year, on the basis of DSM-IV-TR criteria, and describes characteristics of the
population of children with ASD. In 2013, the American Psychiatric Association published the Diagnostic and Statistical Manual
of Mental Disorders, Fifth Ldition (DSM-5), which made considerable changes to ASD diagnostic criteria. The change in ASD
diagnostic criteria might influence ADDM ASD prevalence estimares; therefore, most (85%) of the records used to determine
prevalence estimates based on DSM-IV-TR criteria underwenr addirional review under a newly operationalized surveillance case
definition for ASD) consistent with the DSM-5 diagnostic crireria. Children meering this new surveillance case definition could
qualify on the basis of one or both of the following criteria, as documented in abstracted comprehensive evaluations; 1) behaviors
consistent with the DSM-5 diagnostic features; and/or 2) an ASD diagnosis, whether based on DSM-TV-TR or DSM-5 diagnostic
criteria, Stratified comparisons ol the number of children meeting either of these two case delinitions also are reported.

Corresponding author: Jon Baio, National Center on Birth Defeets
and Developmental Disabilities, CDC. Telephone: 404-498-3873;
E-mail: jbaiogede.gov.
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Results: For 2014, the overall prevalence of ASD among the 11 ADDM sites was 16.8 per 1,000 {(one in 59) children aged 8 years.
Overall ASD prevalence estimates varied among sites, from 13.1-29.3 per 1,000 chiklren aged 8 vears, ASD prevalence estimates
also varied by sex and race/ethnicity. Males were four times more likely than females to be identified with ASD. Prevalence estimares
were higher for non-}Hispanic white (henceforth, white) children compared with non-Hispanic black (henceforth, black) children,
and both groups were more likely to be identified with ASD compared with Hispanic children. Among the nine sites with sufficient
data on intellectual ability, 31% of children with ASD were classified in the range of intellectual disability (intelligence quotient [1Q]
<70}, 25% were in the borderline range (1Q) 71-85), and 44% had I} scores in the average to above average range (i.e., 1Q) »85). The
distriburtion of intellecrual ability varied by sex and race/cthnicity. Although mention of developmental concerns by age 36 months was
documented tor 85% of children with ASDD, only 42% had a comprchensive evaluation on record by age 36 monrhs. The median age
of carliest known ASD) diagnosis was 52 months and did nor differ significantly by sex or race/cthniciry. For the rargered comparison
of DSM-TV-TR and DSM-3 results, the number and characteristics of children meeting the newly operationalized DSM-3 case
definition for ASD) were similar to those meeting the DSM-IV-TR case definition, with DSM-TV-TR case counts exceeding DSM-5
counts by less than 5% and approximately 86% overlap between the two case deflinitions (kappa = (.85},

Interpretation: Findings from the AIZDM Network, on the basis of 2014 dara reporeed from 11 sites, provide updated population-
based estimates of the prevalence of ASI? among children aged 8 years in multiple communities in the Unired States. Because the
ADDM sites do not provide a represenrative sample of the entire United Stares, the combined prevalence estimates presented in
this report cannot be generalized to all children aged 8 vears in the United States. Consistent with reports from previous ADDM
surveillance years, findings lrom 2014 were marked by variation in ASD prevalence when stratified by geographic area, sex, and
level of intellectual ability. Differences in prevalence estimates between black and white children have diminished in most sites,
but remained notable for Hispanic children. The new case definition for ASD based on DSM-5 criteria resulted in a similar
estimate of ASD prevalence.

Public Health Action: Beginning with survcillance year 2016, the DSM-5 case definition will serve as the basis for ADDM
estimates of ASD) prevalence in future surveillance reports, Although the DSM-TV-TR case delinition will eventually be phased
out, it will be applied in a limited geographic area (0 offer additional data lor comparison, Future analyses will examine trends in
the continued use of DSM-IV-TR diagnoses, such as autistic disorder, PDD-NOS, and Asperger disorder in health and education
records, documentation of symptoms consistent with DSM-5 terminology, and how these trends might influence estimates of
ASD prevalence over time. The latest findings from the ADDM Network provide evidence that the prevalence of ASD is higher
than previously reported estimates and continues to vary among certain racial/ethnic groups and communities. With prevalence
of ASD ranging from 13.1 to 29.3 per 1,000 children aged 8 vears in different communities throughout the United States, the
need for behavioral, educational, residential, and occupational services remains high, as does the need for increased research on
both genetic and nongenetic risk factors for ASD.

Introduction In 2000, CDC established the Autism and Developmental

Autism spectrum disorder (ASD) is a developmental
disability defined by diagnostic criteria that include deficics
in social communication and social interaction, and the
presence of restricted, repetitive patterns of behavior, interests,
or activities that can persist throughour life (7). CDC began
tracking the prevalence of ASD and characteristics of children
with ASD in the United Stares in 1998 (2,3). The first
CDC study, which was based on an investigation in Brick
Township, New Jersey (2), idenrified similar characterisrics
buc higher prevalence of ASD compared with other srudics
of that era. The second CDC study, which was conducted in
metropolitan Adanta, Georgia (3), identilied a lower prevalence
of ASD compared with the Brick Township study but similar
estimates compared with other prevalence studies of that era.

2 MRMWR F April 27,2018 ¢ Vol.67 ¢ No.s

Disabilities Monitoring (ADDM) Network (o collect data that
would provide estimates of the prevalence of ASD and other
developmental disabilities in the United States (4,5).
‘Iracking the prevalence of ASD poses unique challenges
because of the heterogeneity in symptom presentation, lack of
biologic diagnostic markers, and changing diagnostic criteria
(5). Initial signs and symptroms typically are apparent in the carly
developmental period; however, social deficits and behavioral
patterns might not be recognized as symproms of ASD until
a child is unable to meet social, educarional, occupational,
or other important life stage demands (/). Features of ASD
might overlap with or be dilficult to distinguish from those of
other psychiatric disorders, as described extensively in DSM-5
(7). Although standard diagnostic tools have been validated
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to inform clinicians’ impressions of ASD sympromology,
inherent complexity of measurement approaches and variation
in clinical impressions and decision-making, combined with
policy changes that affect eligibility for health benefits and
educational programs, complicates identification of ASD as a
behavioral health diagnosis or educational exceptionality. To
reduce the influence of these factors on prevalence estimates,
the ADDM Nerwork has consiseently tracked ASD by applying
a surveillance case definition of ASD and using the same
record-review merhodology and behaviorally defined case
inclusion criteria since 2000 (5,

ADDM estimates of ASD prevalence among children aged
8 years in multiple U.S. communities have increased from
approximately one in 150 children during 2000-2002 w one in
68 during 2010-2012, more than doubling during this period
{(6—11}. The observed increase in ASD prevalence underscores
the need for continued surveillance using consistent methods
to monitor the changing prevalence of ASD and characteristics
of children with ASD in the population.

In addition to serving as a basis for AST) prevalence estimates,
ADDM dara have been used ro describe characreristics of
children with ASID in the population, to srudy how these
characteristics vary with ASD prevalence estimates over
time and among communities, and o monitor progress
toward Healthy Peaple 2020 objectives (12). ADDM ASD
prevalence estimates consistently estimated a ratio of
approximately 4.5 male: 1 female with ASD during 2006-2012
(9-11). Other characteristics that have remained relatively
constant over time in the population of children identified
with ASD by ADDM include the median age of carliest known
ASD diagnosis, which remained close to 53 months during
2000-2012 (range: 50 months [2012] to 56 months [2002]},
and the proportion of children receiving a comprehensive
developmental evaluation by age 3 vears, which remained closc
(0 43% during 2006-2012 {range: 43% [2006 and 2012] 0
46% [2008]).

ASD prevalence by race/ethnicity has been more varied over
time among ADDM Network communities (9-17}. Although
ASD prevalence estimates have historically been greater among
white children compared with black or Hispanic children (13},
ADDM-reported white:black and white:Hispanic prevalence
ratios have declined over time because of larger increases
in ASD prevalence among black children and, tw an even
ercater extent, among Hispanic children, as compared with
the magnitude of increase in ASID prevalence among white
children (9). Previous reports from the ADDM Nerwork
estimated ASD prevalence among white children (o exceed
that among black children by approximately 30% in 2002,
2006 and 2010, and by approximately 20% in 2008 and
2012. Estimated prevalence among white children exceeded
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that among Hispanic children by nearly 70% in 2002 and
20006, and by approximately 50% in 2008, 2010, and 2012.
ASD prevalence estimates from the ADDM Network also have
varied by socioeconomic status (SLS). A consistent pattern
observed in ADDM data has been higher identified ASD
prevalence among residents of neighborhoods with higher
socioeconomic status (SES). Although ASD prevalence has
increased over rime ar all levels of SES, the absolure difference
in prevalence berween high, middle, and lower SES did nort
change from 2002 to 2010 {/4,15). In the context of declining
white:black and white;Hispanic prevalence ratios amidst
consistent SES pauterns, a complex three-way interaction
among time, SES, and race/ethnicity has been proposed {76).

Finally, ADDM Nertwork data have shown a shift toward
children with ASD with higher intellectual ability (9-71),
as the proportion of children with ASD whose intelligence
quotient {IQ)) scores fell within the range of intellecrual
disability (ID)} (i.e., 1} <70) has decreased gradually over
time. During 2000-2002, approximately half of children with
ASD had IQ) scores in the range of II); during 2006-2008,
this proporrion was closer to 40%; and during 2010-2012,
less than one third of children wicth ASD had 13 <70 (9-71).
This trend was more pronounced for females as compared
with males (9). The proportion of males with ASD and TD
declined from approximately 40% during 2000-2008 (9) w0
30% during 2010-2012 (16,11). The proportion of femnales
with ASD and ID declined from approximately 60% during
2000-2002, to 15% during 2006-2008, and to 35% during
2010-2012 (9-11).

All previously reported ASD prevalence estimates from the
ADDM Nerwork were based on a surveillance case definition
aligned with DSM-IV-TR diagnostic criteria tor auristic
disorder; pervasive dcvclopmcnra] disorder—not otherwise
specified (PDD-NOS, including atypical autism); or Asperger
disorder. Tn the American Psychiatric Associations 2013
publication of DSM-35, substantial changes were made (o the
taxonomy and diagnostic criteria lor autism {7,77). Taxonomy
changed from Pervasive Developmental Disorders, which
included multiple diagnostic subtypes, to autism spectrum
disorder, which no longer comprises distinet subtypes but
represents one singular diagnostic category defined by level
of support needed by the individual. Diagnostic criteria
were refined by collapsing the DSM-IV-TR social and
communication domains into a singlc, combined domain
tor DSM-5. Persons diagnosed with ASD under DSM-5
must mect all three eriteria under che social communication/
interaction domain (i.e., deficits in social-emotional reciprocity;
deficits in nonverbal communicative behaviors; and deficits in
de\fe]oping, understanding, and maintaining relationships) and
at least two of the four criteria under the restrictive/repetitive
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behavior domain (i.e., repetitive speech Or MOoLar Movements,
insistence on sameness, Testricted interests, or unusual response
10 sensory input).

Although the DSM-IV-TR criteria proved useful in
identifying ASD in some children, clinical agreement and
diagnostic specificity in some subtypes (e.g., PDD-NOS} was
poor, offering empirical support to the notion of two, rather
than three, diagnostic domains. The DSM-5 introduced a
framework ro address these concerns (78}, while mainraining
that any person with an established DSM-IV-TR diagnosis
of autistic disorder, Asperger disorder, or PDD-NOS would
automatically qualify for a DSM-5 diagnosis of autism
spectrum disorder. Previous studies suggest that DSM-5 criteria
tor ASD might exclude certain children who would have
qualified for « DSM-IV-TR diagnosis but had not vet received
one, particularly those who are very voung and those without
ID (79-23). These findings suggest that ASD prevalence
estimates will likely be lower under DSM-5 than they have
been under DSM-1V-TR diagnostic criteria.

This report provides the latese available ASD prevalence
estimates from the ADDIIM Nerwork based on both ISM-
IV-TR and DSM-5 criteria and asserts the need for furure
monitoring of ASD prevalence trends and elforts to improve
early identification of ASD. The intended audiences for
these lindings include pediatric health care providers, school
psychologists, educators, researchers, policymakers, and
program administrators working to understand and address the
needs of persons with ASD and their families. T'hese data can
be used to help plan services, guide research into risk factors
and effective interventions, and inform policies that promote
improved outcomes in health and education settings.

Methods

Study Sites

The Children’s Health Act (<) authorized CDC 10 monitor
prevalence of ASD in multiple areas of the United States,
a charge that led to the formation of the ADDM Network
in 2000. Since that time, CDC has funded grantees in 16
states (Alabama, Arizona, Arkansas, Colorade, Florida,
Maryland, Minnesota, Missouri, New Jersey, North Carolina,
Pennsylvania, South Carolina, Tennessee, Utah, West Virginia,
and Wisconsin). CDC tracks ASD in metropolitan Atlanta and
represents the Georgia site collaborating with comperitively
funded sites 1o form the AIDM Nerwork.

The ADDM Nerwork uses mulrisire, multisource, records-
based surveillance based on a model originally implemented
by CDC’s Metropolitan Adanta Developmental Disabilites
Surveillance Program (MADDSP) (24). As feasible, (he
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surveillance methods have remained consistent over time,
Certain minor changes have been introduced to improve
efficiency and data quality. Although a different array of
geographic areas was covered in each of the eight biennial
ADDM Newwork surveillance years spanning 2000-2014,
these changes have been documented to facilitate evaluation
of their impact.

The core surveillance acriviries in all ADDM Nerwork
sites focus on children aged 8 years because the bascline ASD
prevalence study conducred by MADDSP suggested that this
is the age of peak prevalence (3). ADDM has muldiple goals:
1} to provide descriptive data on classification and functioning
ol the population of children with AS[), 2) to monitor the
prevalence of ASD in different areas of the United States, and
3} to understand the impact of ASD in U.S. communities.

Funding for ADDM Network sites participating in the
2014 surveillance year was awarded for a 4-year cycle covering
2015-2018, during which time data were collected for children
aged 8 years during 2014 and 20106. Sites were selected through
a competitive objective review process on the basis of their
ability to conducr active, records-based surveillance of ASD;
they were not selecred ro be a nationally representarive sample.
A total of 11 sites are included in the current report (Arizona,
Arkansas, Colorado, Georgia, Maryland, Minnesota, Missouri,
New Jersey, North Carolina, Tennessee, and Wisconsin),
Each ADDM site participating in the 2014 surveillance year
tunctioned as a public health authority under the Health
Insurance Portability and Accountability Act of 1996 Privacy
Rule and met applicable local Institutional Review Board and
privacy and confidentiality requirements under 45 CFR 46 (25).

Case Ascertainment

ADDM is an active surveillance system that does not
depend on family or practitioner reporting of an existing
ASD diagnosis or classification to determine ASD case status.
ADIIM statf conducr surveillance ro determine case status in
a two-phase process. The first phase of AIDDM involves review
and abstraction of children’s cvaluation records from data
sources in the community. In the second phase, all abstracted
evaluations for each child are compiled in chronological order
into a comprehensive record that is reviewed by one or more
experienced clinicians to determine the child’s ASD case
status. Developmental assessments completed by a wide range
of health and education providers are reviewed. Data sources
are categorized as either 1} education source type, including
cvaluations to determine eligibility for special education
services or 2) health source type, including diagnostic and
developmental assessments from psychologists, neurologists,
developmental pediarricians, child psychiatrists, physical
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therapists, occupational therapists, and speech/language
pathologists. Agreements to access records are made at the
institutional level in the form of contracts, memoranda, or
other formal agreements.

All ADDM Nerwork sites have agreements in place to
access records at health sources; however, despite the otherwise
standardized approach, not all sites have permission to access
educarion records. QOne ADDM sice {Missouri} has not been
eranted access to records at any education sources. Among the
remaining siees, some receive permission from their srarcwide
Department of Education to access children’s educational
records, whereas other sites must negotiate permission from
numerous individual school districts 1o access educational
records. Six sites (Arizona, Georgia, Maryland, Minnesota,
New Jersey, and North Caroling) reviewed education records
for all school districts in their covered surveillance areas. Three
ADDM sites (Colorado, Tennessee, and Wisconsin) received
permission to review education records in only certain school
districts within the overall geographic area covered for 2014. In
Tennessee, permission to access education records was granted
from 13 of 14 school districts in the 11-county surveillanee
arca, representing 88% of the toral population of children
aged 8 years, Conversely, access (o education records was
limited 1o a small proportion of the population in the overall
geographic area covered by (wo sites (33% in Colorado and
26% in Wisconsin). In the Colorado school districts where
access to education records is permitted for ADDM, parents are
directly notified about the ADDM system and can request that
their children’s education records be excluded. The Arkansas
ADDM site received permission from their state Department
of Education ro access children’s educational records statewide;
however, time and travel constraines prevented investigarors
from visiring all 250 school districts in the 75-counrty
surveillanee area, resulting in access to education records for
69% of the statewide population of children aged 8 years, The
(two sites with access to education records throughout maost,
but not all, of the surveillance area {Arkansas and Tennessee)
received data from their state Department of Education o
evaluate the potential impact on reported ASD prevalence
estimates attributed to missing records.

Within each education and health data source, ADDM
sites identify records to review based on a child’s year of
birth and one or more selected eligibility classifications for
special education or International Classification of Diseases,
Ninth Revision (ICD-9) billing codes for select childhood
disabilities or psychological conditions. Children’s records arc
lirst reviewed (o confirm year of birth and residency in the
surveillance area at some time during the surveillance year,
For children meeting these requirements, the records are then
reviewed for certain behavioral or diagnostic descriptions
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defined by ADDM as triggers for abstraction {e.g., child does
not initiate interactions with others, prefers to play alone or
engage in solitary activities, or has received a documented
ASD diagnosis). If abstraction triggers are found, evaluation
information from birth through the current surveillance year
from all available sources is abstracted into a single composite
record for each child.

In the second phasc of surveillance, the abstracred composire
cvaluation files are deidentified and reviewed systematically
by experienced clinicians who have undergone standardized
training (o determine ASD case status using a coding scheme
based on the DSM-IV-TR guidelines. A child meets the
surveillance case definition for ASD if behaviors described
in the composite record are consistent with the DSM-1V-TR
diagnostic criteria for any of the following conditions: autistic
disorder, PDD-NOS (including atypical autism), or Asperger
disorder (Box 1). A child might be disqualified from meeting
the surveillance case definition for ASD if, based on the
clinical judgment of one or more reviewers, there is insufficient
or conflicting information in support of ASI3, sufficient
informarion to rule out ASD, or if onc or more other diagnosed
conditions better account for the child’s symproms.

Although new diagnhostic criteria became available in 2013,
the children under surveillance in 2014 would have grown up
primarily under the DSM-IV-TR definitions for ASD, which
are prioritized in this report. The 2014 surveillance year is the
first to operationalize an ASD case definition based on DSM-5
diagnostic criteria, in addition to that based on DSM-IV-TR.
Because of delays in developing information technology systems
to manage data collected under this new case definition, the
surveillance area for DSM-5 was reduced by 19% in an effortto
include complete estimates for both DSM-TIV-TR and DSM-5
in this report. Phase 1 record review and abstraction was the
same tor DSM-TV-TR and DSM-5; however, a coding scheme
based on the DSM-5 deflinition of ASD was developed for
Phase 2 of the ADDM methodology (i.e., systematic review by
experienced clinicians), The new coding scheme was developed
through a collaborative process and includes reliability measures,
although no validation metrics have been published for this new
ADDM Nerwork DSM-5 case definition. A child could meet
the DSM-5 surveillance case definition for ASD under one
or both of the following criteria, as documented in abstracted
comprehensive evaluations: 1) behaviors consistent with the
DSM-5 diagnostic fearures; and/or 2} an ASD diagnosis,
whether based on DSM-TV-TR or DSM-5 diagnostic criteria
(Box 2). Children with a documented ASD diagnosis were
included as meeting the DSM-5 surveillance case definition
for two reasons, First, published DSM-5 diagnostic criteria
include the presence of a DSM-IV-TR diagnosis ol autistic
disorder, PDD-NOS, or Asperger disorder, to ensure continuity
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BOX 1. Autism spectrum disorder (ASD} case determination criteria under DSM-IV-TR

DSM-IV-TR bebavioral criteria

reybiee social interaction

pointing ouc objects of incerest)
L. Lack of social or cmational reciprocity

Communication
of comumunication. such as penllle ob i)

Restricted behavior!

Ad. Persistent preoccupation with parts of objects
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Abbreviation: DSM-IV TR = Diggnosie and Statistioad Munnal of Mental Diiorders, Foureh Fefition (Text Revision).

of diagnoses and services. Second, sensitivity of the DDSM-5
surveillance case definition might be increased when counting
children diagnosed with ASTD by a qualificd professional, based
on cither DSM-TV-TR or DSM-5 criteria, whether or nor
all DSM-5 social and behavioral criteria are documenited in
abstracted comprehensive evaluations, The ADDM Nework

methods allow differentiation of those meeting the surveillance
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case status based on one or both criteria. Consistent with the
DSM-TV-TR case definition, a child mighe be disqualified
from meering the DSM-5 surveillance case definirion for ASD
it, based on rhe clinical judgment of onc or more reviewers,
there is insuflicient or conflicting information in support of
ASD, suflicient information to rule out ASD, or if one or
more other diagnosed conditions better account for the child’s
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BOX 2. Autism spectrum disorder case determination criteria under DSM-5
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symptoms. In this report, prevalence estimates are based on the
DSM-TV-TR casc definition, whereas case counts are presented
and compared for children meeting the DSM-IV-TR and/or
[3SM-5 case definitions.

Quality Assurance

All sites tollow the quality assurance standards established by
the ADDM Network. In the first phase, the accuracy of record
review and abstraction is checked periodically. In the second
phase, interrater reliability is monitored on an ongeing basis
using a blinded, random 10% sample of abstracted records
that are scored independently by two reviewers (5). For 2014,
interrater agreement on DSM-IV-TR case status (confirmed
ASD versus not ASD) was 89.1% when comparison samples
from all sites were combined (k = 0.77), which was slightly
below quality assurance standards established for the ADDM
Network {90% agreement, 0.80 kappa). On DSM-5 reviews,
interrater agreement on case starus {confirmed ASD versus
not ASD) was 92.3% when comparison samples from all sites
were combined (k = 0,84}, Thus, for the DSM-5 surveillance
definition, reliability exceeded quality assurance standards
established for the ADDM Newwaork,

Descriptive Characteristics and Data Sources

Each AIDDM site atrempred to obrain birth certificate dara
for all children abstracted during Phase 1 through linkages
conducted using state vital records, These data were only
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available for children born in the state where the ADDM sire
is located. The race/cthniciry of cach child was determined
trom information contained in source records or, if not found
in the source file, from birth certificate data on one or both
parents, Children with race coded as “other” or “multiracial”
were considered (o be missing race information (or all analyses
that were stratified by race/ethnicity. For this report, data on
timing of the first comprehensive evaluation on record were
restricted to children with ASD who were born in the state
where the ADDM site is located, as confirmed by linkage to
birth certificate records. Data were restricted in this manner to
reduce errors in the estimate that were introduced by children
tor whom cvaluarion records were incomplete because they were
born out of statc and migrared into the surveillance area berween
the rime of birth and the year when they reached age 8 years.
Informatien on children’s funciional skills is abstracted
[rom source records when available, including scores on
tests of adaptive behavior and intellectual ability. Because no
stanclardized, validated measures of functioning specific to ASD
have been widely adopred in clinical practice and because adaptive
behavior rating scales are not sufticiently available in health and
education records of children with ASD, scores of intellectual
ability have remained the primary source of information on
children’s functional skills. Children are classified as having 1D if
they have an () score of <70 on their most recent test available
in the record. Borderline inrellecrual abilicy is defined as having
an [(} scorc of 71-85, and average or above-average intellecrual
ability is defined as having an Q) score of =85, In the absence of
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a specilic 1(} score, an examiner’s statement based on a formal
assessment of the child’s intellectual ability, if available, is used
to classify the child in one of these three levels.

Diagnostic conclusions from each evaluation record are
summarized for each child, including notation of any ASD
diagnosis by subtype, when available. Children are considered
to have a previously documented ASD classification if they
reccived a diagnosis of autistic disorder, PDD-NOS, Asperger
disorder, ar ASD thar was documented in an abstracred
evaluation or by an ICDD-9 billing code ar any time from birth
through the year when they reached age 8 vears, or if they
were noted as meeting eligibility criteria for special education
services under the classilication of autism ar ASD,

Analytic Methods

Population denominarors for caleulating ASD prevalence
estimates were obtained from the National Center lor Health
Statistics Vintage 2016 Bridged-Race Posteensal Population
Estimates (26). CDC's National Viwal Statistics System provides
estimated population counts by state, county, single year of
age, race, ethnic origin, and sex. Population denominators
tor the 2014 surveillance year were compiled from posteensal
estimates of the number of children aged 8 years living in the
counties under surveillance by each ADDM site (Table 1),

In two sites {Arizona and Minnesota), geographic boundaries
were detined by constituent school districts included in the
surveillanee arca. The number of children living in outlying
school districts were subrracred from the county-level census
denominators using school enrollment dawa from the US.
Department of Education’s National Center for Education
Statistics (27). Enrollment counts of students in third grade
during the 2014-15 school year diftered from the CDC
bridged-race population estimates, atuibutable primarily o
children being enrolled out of the customary grade for their
age or in charter schools, home schools, or private schools.
Because these differences varied by race and sex within the
applicable counties, race- and sex-specific adjustments based
on enrollment counts were applied o the CDC population
cstimates to derive school disrricr—spcciﬁc denominators for
Arizona and Minncsora.

Race- or ethnicity-specific prevalence estimates were
caleulated for four groups: white, black, Hispanic {(regardless of
race}, and Asian/Pacific Islander. Prevalence results are reported
as the total number of children meeting the ASD case definition
per 1,000 children aged 8 years in the population in each race/
ethnicity group. ASD prevalence also was estimated separately
for boys and girls and within each level of intellectual ability.
Overall prevalence estimates include all children identified with
ASD regardless of sex, race/ethnicity, or level of intellectual
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ability and thus are not alfected by the availability of data on
these characteristics.

Staristical tests were selected and confidence intervals (Cls)
tor prevalence estimates were caleulated under the assumption
that the observed counts of children identified with ASD were
obtained from an underlying Poisson distribution with an
asymptotic approximation to the normal. Pearson chi-square
tests were performed, and prevalence ratios and percentage
differences were calculared to compare prevalence estimates
from different srrara. Kappa statistics were computed to
describe concordance between the DSM-IV-TR and DSM-5
case delinitions, as well as 1o describe interrater agreement
on either case delinition for quality assurance. Pearson chi-
square tests also were performed for testing significance in
compatisons of proportions, and unadjusted odds ratio (OR)
estimates were calculated to further describe these comparisons.
In an effort to reduce the effect of outliers, distribution medians
were typically presented, although one-way ANOVA was used
to test significance when comparing arithmetic means of these
diseriburions. Significance was set at p<£).035. Results for all sires
combined were based on pooled numerator and denominaror
data from all sites, in roral and strarified by race/cthnicity, sex,
and level of intellectual ability.

Sensitivity Analysis Methods

Cerrain educarion and health records were missing for
certain children, including records thar could not be locared
tor review, thosc affected by the passive consent process unique
10 the Colorado site, and those archived and deemed (100 costly
1o retrieve, A sensitivity analysis of the effect of these missing
records on case ascertainment was conducted, All children
initially identified for record review were first stratified by two
factors closely associated with final case status: information
source (health source type only, education source type only,
or both source types) and the presence or absence of either an
autism special education eligibility or an ICD-9-CM code for
ASD. collectively forming six strata. The potential number of
cascs not identified because of missing records was estimared
under the assumption thar within cach of the six strata, the
proportion of children confirmed as ASID surveillanee cases
among those with missing records would be similar (0 the
proportion ol cases among children with no missing records,
Within each stratum, the proportion of children with no
missing records who were confirmed as having ASD was
applied to the number of children with missing records to
estimate the number of missed cases, and the estimates from
all six strata were added to calculate the toral for each site.
This sensitivity analysis was conducted solely to investigate
the potential impact of missing records on the presented
estimares. The estimates prcscnrcd in this report do not reflecr
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this adjustment or any of the ather assessments ol the potential
effects of assumptions underlying the approach.

All ADDM sites identified records for review from health
sources by conducting record searches that were based on a
common list of ICID-9 billing codes. Because several sites were
conducting surveillance for other developmental disabilities in
addition to ASD (i.e., one or more of the following: cerebral
palsy, [I3, hearing loss, and vision impairment]}, they reviewed
rccords based on an expanded list of ICI3-9 codes. The
Colorado site also requested code 781.3 (lack of coordination),
which was identified in that community as a commonly used
billing code for children with ASD, The proportion of children
meeting the ASD surveillance case definition whose records
were obtained solely on the basis of those additional codes was
calculated to evaluate the potential impact on ASD prevalence.

Results

A total population of 325,483 children aged 8 years was
covered by the 11 ADDM sites that provided dara for the
2014 surveillance year (Table 1). This number represented
8% of the total U.S. population of children aged 8 years in
2014 (4,119,668) (19). A toral of 33,120 records tor 42,644
children were reviewed from health and education sources. Of
these, the source records of 10,886 children mer the crireria
for abstraction, which was 25.5% of the towal number of
children whose source records were reviewed and 3.3% of
the population under surveillance. Of the records reviewed
by clinicians, 5,473 children met the ASD surveillance case
definition. T'he number of evaluations abstracted for each
child who was ultimately identified with ASLY varied by site
{median: five; range: three [Arizona, Minnesota, Missouri, and
Tennessee] to 10 [Maryland]}.

Qverall ASD Prevalence Estimates
Overall ASD prevalence for the ADDM 2014 surveillance
year varied widely among sites (range: 13.1 [Arkansas]| to 29.3
[New Jersey]} (Table 2). On the basis of combined darta from
all 11 sites, ASID prevalence was 16.8 per 1,000 (one in 59)
children aged 8 years. Overall estimated prevalence of ASD

was highest in New Jersey (29.3) compared to cach of the other
ten sites {P<0,017.

Prevalence by Sex and Race/Ethnicity
When dara from all 11 ADDM sites were combined, ASD
prevalence was 26.6 per 1,000 boys and 6.6 per 1,000 girls
(prevalence ratio: 4.0). ASD prevalence was signilicantly
(p<0.01) higher among boys than among girlsin all 11 ADDM
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sites (Table 2), with male-to-female prevalence ratios ranging
trom 3.2 (Arizona) to 4.9 (Georgia}. Lstimared ASD prevalence
also varied by race and ethnicity (luble 3). When data from all
sites were combined, the estimated prevalence among white
children (17.2 per 1,000} was 7% greater than that among
black children (16.0 per 1,000} and 22% greater than that
among Hispanic children {14.0 per 1,000). In nine sites, the
cstimated prevalence of ASD was higher among white children
than black children. The white-to-black ASD prevalence ratios
were statistically significant in three sites {Arkansas, Missourd,
and Wisconsin), and the white-to-Hispanic prevalence ratios
were significant in seven sites (Arizona, Arkansas, Colorado,
Georgia, Missouri, North Carolina and Tennessee). In nine
sites {Arizona, Arkansas, Colorado, Georgia, Maryland,
Minnesota, Missourl, North Carolina and lennessee), the
estimated prevalence of ASD was higher among black children
than that among Hispanic children. The black-to-Hispanic
prevalence ratio was significant in three of these nine sites
(Arizona, Georgla and North Carolina). In New Jersey, there
was almeost no difference in ASI) prevalence estimates among
white, black, and Hispanic children. Estimares for Asian/Pacific
Islander children ranged from 7.9 per 1,000 {Colorado) to
19.2 per 1,000 (New Jersey) with notably wide Cls.

Intellectual Ability

Data on intellecrual ability were reporred for nine
sites {Arizona, Arkansas, Colorado, Georgia, Maryland,
Minnesota, New Jersey, North Carolina, and Tennessee)
having inlormation available for at least 70% ol children who
met the ASD case definition {range: 70.8% [lennessee] to
89.2% [North Carolina]). The median age of children’s most
recent 1Q tests, on which the following results are based, was
73 months {6 years, 1 month). Data from these nine sites
yiclded accompanying data on intellectual ability for 3,714
(80.3%) of 4,623 children with ASD. This proportion did
not differ by sex or race/cthnicity in any of the ninc sires or
when combining daca from all nine sires. Among these 3,714
children, 31% were classified in the range of 1D (I} <70),
25% were in the borderline range (1} 71-85), and 44% had
13 >85. The proportion of children classified in the range of
1D ranged from 26.7% in Arizona (0 39.4% in Tennessee,

Among children identified with ASD, the distribution by
intellectual ability varied by sex, with girls more likely than
boys to have 1Q =70, and boys more likely than girls to
have 1Q) >85 {Figure 1). In these nine sites combined, 251
(36.3%) of 691 girls with ASD had I} scores or examiners’
statements indicating 1D compared with 891 (29.5%} of
3,023 males (odds ratio [OR] = 1.4; p<0.01}, though among

individual sites this proportion dittered significantly in only
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FIGURE 1. Most recent intelligence quotient score as of age 8 years among children with autism spectrum disorder for whom test data were
available, by sex and site — Autism and Developmental Disabilities Monitoring Network, nine sites,* United States, 2014
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far =70% of children who met the ASD case definition {n = 3,714

one (Georgia, OR = 1.6; p<0.05). 'The proportion of children
with ASD with borderline intellectual abilivy (1Q 71-85) did
not differ by sex, whereas a significantly higher proportion of
males (45%) compared with females (40%}) had 1Q) »85 (i.c.,
average or above average intellectual ability} (OR = 1.2; p<0.05).

The distribution of intellectual ability also varied by race/
cthnicity. Approximately 44% of black children with ASD were
classificed in the range of 11 compared with 35% of Hispanic
children and 22% of whire children {Figure 2). The proportion
of blacks and whites with 1D differed significantly in all sites
except Colorado, and when combining their data (OR = 2.9;
p<0.01}. The proportion of Hispanics and whites with 1D
differed significantly when combining data from all nine sites
(OR = 1.9; p<0.01), and among individual sites it reached
significance (p<0.03) in six of the nine sites, with the three
exceptions being Arkansas (OR = 1.8; p = 0.13), North Carolina
(OR = 1.8; p = 0.07), and Tennessee {OR = 2.1; p = 0.09).
The proportion of children with borderline intellectual ability
(IQQ = 71-85) did ner differ berween black and Hispanic
children, although a lower proportion of white children (22%)
were classified in the range of borderline inrellecrual abilicy
compared to black {28.4%; OR = 0.7; p<0.01) or Hispanic
(28.7%; OR = 0.7; p<0.01) children. When combining daca
(rom these nine sites, the proportion ol white children {56%)
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with 1Q) >85 was significantly higher than the proportion of
black (27%, OR = 3.4; p<0.01} or Hispanic (36%, OR = 2.2;
p=<0.01) children with 1Q>85.

First Comprehensive Evaluation

Among children with ASD who were born in the same
state as the ADDM site {n = 4,147 of 5,473 confirmed
cases), 42% had a comprehensive evaluation on record by age
36 months (range: 30% [Arkansas]| to 66% [North Carolinal)
(Table 4}. Approximately 39% of these 4,147 children did
not have a comprchensive evaluarion on record until afeer
age 48 months; however, mention of developmenral concerns
by age 36 months was documented for 85% (range: 61%
[Tennessee] (0 94% [Arizonal).

Previously Documented ASD Classification

Of'the 5,473 children meering the ADDM ASD surveillanee
case definition, 4,379 (80%) had either eligibility for autism
special education services ora DSM-TV-TR, DSM-3, or ICD-9
autism diagnosis documented in their records (range among 11
sites: 58% [Colorado] o 92% [Missouri]). Combining data
fromall 11 sites, 81% of boys had a previous ASD classification
on record, compared with 75% of girls (OR = 1.4; p<0.01).
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When stratified by race/ethnicity, 80% of white children
had a previously documented ASD classification, compared
with neatly 83% of black children (OR = 0.9; p=0.09) and
76% of Hispanic children (OR = 1.3; p<0.01); a significant
difference was also found when comparing the proportion of
black children with a previous ASD classification to that among
Hispanic children {OR = 1.5; p<0.01).

The median age of carliest known ASID diagnosis
documented in children’s records {Table 5) varied by diagnostic
subtype (autistic disorder: 46 months; ASTY/PDD: 56 months;
Asperger disorder: 67 months), Within these subtypes, the
median age of earliest known diagnosis did nou dilfer by sex,
nor did any difference exist in the proportion ol boys and girls
who initially received a diagnosis of autistic disorder (48%),
ASD/PDD (46%), or Asperger disorder {6%). The median
age of earliest known diagnosis and distribution of subtypes
did vary by site. The median age of carliest known ASD
diagnosis for all subtypes combined was 52 months, ranging
from 40 months in North Carolina to 59 months in Arkansas.

Special Education Eligibility

Sites with access to education records collected information
on the most recent cligibility categories under which children
reccived special educartion services {Table 6). Among children
with ASD who were receiving spccial cducation secrvices
in public schools during 2014, the proportion of children
with a primary eligibility category of autism ranged from
approsimately 37% in Wisconsin 1o 80% in Tennessee. Most
other sites noted approximately 60% to 75% of children with
ASD having autism listed as their most recent primary special
education eligibility category, the exceptions being Colorado
{(44%) and New Jersey (18%). Other common special
education eligibilities included health or physical disability,
speech and language impairment, specific learning disabilicy,
and a general developmental delay category that is used until
age 9 years in many U.S. states. Al ADDM sites reported <10%
of children with ASD) recciving special education services under
a primary cligibility caregory of 11).

Sensitivity Analyses of Missing Records
and Expanded ICD-9 Codes

A stratified analysis of records that could not be located lor
review was completed to assess the degree to which missing
data might have potentially reduced prevalence estimates as
reported by individual ADDM sites. Had all children’s records
identified in Phase 1 been located and reviewed, prevalence
estimates would potentially have been <1% higher in four sites
{Arizona, Georgia, Minnesota, and Wisconsin), between 1%
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FIGURE 2. Most recent intelligence quotient score as of age 8 years
among children with autism spectrum disorder for whom test data
were available, by sex and race/ethnicity — Autism and Developmental
Disabilities Monitoring Netwaork, nine sites,* United States, 2014
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to 5% higher in four sites {(Colorado, Missouri, New Jersey,
and North Carolina), approximately 8% higher in Maryland,
and nearly 20% higher in Arkansas and Tennessee, where
investigators were able to access education records throughour
mast, but nor all, of the surveillance area and received dara from
their stare Department of Education to evaluate the porential
impact on reported ASD prevalence estimates attributed 1o
missing records.

The impact on prevalence estimates of reviewing records
based on an expanded list of [CD-9 codes varied from site
to site. Colorado, Georgia, and Missouri were the only three
sites that identified more than 19 of ASD surveillance cases
partially or solely on the basis of the expanded code list. In
Missouri, less than 2% of children identified with ASD had
some of their records located on the basis of the expanded
code list, and nonc were identified exclusively from these
codes. In Colorado, approximately 2% of ASD surveillance
cascs had some abstracred records idenrified on the basis of
the expanded code list, and 4% had records lound exclusively
[rom the expanded codes. In Georgia, where ICD-9 codes were
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requested lor surveillance of five distinct conditions (autism,
cerebral palsy, 1D, hearing loss, and vision impairment},
approximately 10% of children identified with ASD had some
of their records located on the basis of the expanded code list,
and less than 1% were identified exclusively from these codes.

Comparison of Case Counts from
DSM-IV-TR and DSM-5 Case Definitions

The [3SM-5 analysis was completed for part of the overall
ADDM 2014 surveillance area {Table 7), representing a toral
populartion of 263,775 children aged 8 years. This was 81%
ol the population on which DSM-TV-TR prevalence estimates
were reported. Within this populadion, a totwal of 4,920
children were conlirmed o meet the ADDM Newwork ASD
case definition for either DSM-1V-TR or DSM-5. Of these
children, 4,236 (86%) met both case definitions, 422 (9%)
met only the DSM-IV-T'R criteria, and 262 (5%} met only the
DSM-5 criteria (Table 8). This vielded a DSM-IV-TR:DSM-5
prevalence ratio of 1.04 in this population, indicating that
ASD prevalence was approximately 4% higher based on the
historical DSM-IV-TR casc definirion compared with the
new DSM-5 case definition. Among 4,498 children who met
[3SM-5 casc criteria, 3,817 (83%) mert the [DSM-5 behavioral
criteria {Box 2), whereas 681 (15%) qualified on the basis of an
established ASD) diagnosis but did not have sufficient DSM-5
behavioral criteria documented in comprehensive evaluations.
In six of the 11 ADDM sites, DSM-5 case counts were within
approximately 5% of DSM-IV-TR counts (range: 5% lower
[Lennessee] to 5% higher [Arkansas]), whereas DSM-5 case
counts were more than 5% lower than DSM-IV-TR counts
in Minnesota and North Carolina {6%), New Jersey {10%]},
and Colorado (14%). Kappa statistics indicated strong
agreement between DSM-TV-TR and DSM-5 case srarus
among children abstracted in phase 1 of the study who were
reviewed in phase 2 for both DSM-TV-TR and DSM-5 (kappa
for all sites combined: 0.85, range: 0.72 [Tennessee] to 0.93
[North Carolinal).

Stratified analysis of DSM-TV-TR:DDSM-5 ratios were very
similar compared with the overall sample (lTable 9). DSM-5
estimates were approximately 3% lower than DSM-IV-TR
counts for mules, and approximately 6% lower for females
{(kappa = 0.85 for both). Case counts were approximately 3%
lower among white and black children on DSM-5 compared
with DSM-IV-TR, 5% lower among Asian children, and 8%
lower among Hispanic children. Children who received a
comprehensive evaluarion by age 36 months were 7% less likely
to meer DSM-9 than DSM-IV-TR, whereas those evaluared
by age 4 years were 6% less likely (o meet DSM-5, and (hose
initially evaluated alter age 4 years were just as likely 1o meet

12 MRMWR F April 27,2018 ¢ Vol.67 ¢ No.s

DSM-5 as DSM-TV-TR, Children with decumentation of
eligibility for autism special education services, and those
with a documented diagnosis of ASD by age 3 years, were
2% more likely to meet DSM-5 than DSM-IV-TR. Slightly
over 3% of children whose earliest ASD diagnosis was autistic
disorder met DSM-5 criteria but not DSM-IV-TR, compared
with slightly under 3% of those whose carliest diagnosis
was PDD-NQOS/ASD-NOS and 5% of those whosc carlicst
diagnnsis was Asperger disorder. Children wirh no previous
ASD classificarion (diagnosis or cligibility) were 47% less likely
1o meet DSM-5 than DSM-IV-TR, Combining data from all
11 sites, children with 10} scores in the range of TD were 3%
less likely (0 meet DSM-3 criteria compared with DSM-IV-TR
(kappa = 0.89), those with [Q scores in the borderline range
were 69 less likely to meet DSM-5 than DSM-IV-TR (kappa
= {(1.88), and children with average or above average intellectual
ability were 4% less likely to meet DSM-5 criteria compared

with DSM-IV-TR (kappa = 0.86).

Discussion

Changes in Estimated Prevalence

The overall ASD prevalence estimate ol 16.8 per 1,000
children aged 8 years in 2014 is higher than previously
reported estimates from the ADDM Newwork. An ASD case
definition based on DSM-IV-T'R criteria was used during the
entire period of ADDM surveillance during 2000-2014, as
were comparable study operations and procedures, although
the geographic areas under surveillance have varied over
time. During this period, ADDM ASD prevalence estimates
increased from 6.7 to 16.8 per 1,000 children aged 8 years,
an increase of approximacely 150%.

Among the six ADDM sites completing both the 2012
and 20114 studies for the same geographic arca, all six showed
higher ASD prevalence estimates for 2012 compared 10 2014,
with a nearly 10% higher prevalence in Georgia (p = 0,06)
and Maryland (p = 0.35), 19% in New Jersey (p<0.01}, 22%
in Missouri (p=0.01), 29% in Colorado {p<0.01}, and 31%
in Wisconsin {p<0.01). When combining data from these six
sites, ASD) prevalence estimates for 2014 were 20% higher
for 2014 compared to 2012 {p<0.01}. The ASD prevalence
estimate from New Jersey continues to be one of the highest
reported by a population-based surveillance system. The two
sites with the greatest relative difference in prevalence are
noteworthy in that both gained access to children’s educarion
records in additional geographic arcas for 2014. Colorado was
granted access Lo review children’s education records in one
additional county for the 2014 surveillance year (representing
nearly 20% of the population aged 8 years within the overall
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Colorado surveillance area), and Wisconsin was granted
access to review education records for more than a quarter of
its surveillance population, and 2014 marked the first time
Wisconsin has included education data sources. Comparisons
with earlier ADDM Nerwork surveillance results should be
interpreted cautiously because of changing composition of
sites and geographic coverage over time. For example, three
ADDM Network sites completing both the 2012 and 2014
surveillance years {Arizona, Arkansas, and North Carolina)
covered a different gcngraphic arca cach year, and two new sites
(Minnesota and Tennessee) were awarded lunding to monitor
ASD in collaboration with the ADDM Nerwaork,

Certain characteristics of children with ASD were similar in
2014 compared with earlier surveillance years. The median age
of earliest known ASD diagnosis remained close to 53 months
in previous surveillance years and was 52 months in 2014,
The proportion of children who received a comprehensive
developmental evaluation by age 3 years was unchanged:
42% in 2014 and 43% during 2006-2012. There were a
number of difterences in the characteristics of the population
of children with ASD in 2014. The male:female prevalence
ratio decreased from 4.5:1 during 2002-2012 to 4:1 in 2014,
driven by a greater relative increase in ASD prevalence among
girls than among boys since 2012, Also, the decrease in the
ratios ol white:black and white:Hispanic children with ASD
continued a trend observed since 2002, Among sites covering
a population of at least 20,000 children aged 8 years, New
Jersey reported no significant race- or ethnicity-based difference
in ASD prevalence, suggesting more complete ascertainment
among all children regardless of race/cthnicity. Historically,
ASD prevalence estimates from combined ADDM sites have
been approximately 20%—30% higher among white children
as compared with black children. For surveillance year 20114,
the difference was only 7%, the lowese difference ever abserved
lor the ADDM Network, Likewise, prevalence among white
children was almaost 70% higher than that among Hispanic
children in 2002 and 2006, and approximately 50% higher
in 2008, 2010, and 2012, whereas for 2014 the difterence
was only 22%. Data from a previously reported comparison
of ADDM Newwork ASD prevalence estimates from 2002,
20006, and 2008 (9) suggested greater increases in ASD
prevalence among black and Hispanic children compared
with those among white children. Reductions in disparities
in ASD prevalence for black and Hispanic children might
be attriburable, in part, to more cffective ourrcach direcred
to minority communitics. Finally, the proportion of children
with ASD) and lower intellectual ability was similar in 2012
and 2014 at approximately 30% of males and 35% of females.
These proportions were markedly lower than those reported
in previous surveillance years.
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Variation in Prevalence Among
ADDM Sites

Findings from the 2014 surveillance year indicate that
prevalence estimates still vary widely among ADDM Newwork
sites, with the highest prevalence observed in New Jersey.
Although five of the 11 ADDM sites conducting the 2014
surveillance year reported prevalence estimares within a very
close range (from 13.1 to 14.1 per 1,000 children), New
Jersey's prevalence cstimate of 29.4 per 1,000 children was
significantly greater than that from any other site, and four sites
(Georgia, Maryland, Minnesota, and North Carolina) reported
prevalence estimates that were significantly greater than those
rom any of the live sites in the 13.1-14,1 per 1,000 range,
‘Iwo of the sites with prevalence estimates of 20.0 per 1,000
or higher (Maryland and Minnesota) conducted surveillance
among a total population of <10,000 children aged 8 years.
Concentrating surveillance effores in smaller geographic areas,
especially those in close proximity to diagnostic centers and
those covering school districts with advanced staff training
and programs to support children with ASID, mighe yicld
higher prevalence estimares compared with those from sires
covering populations of more than 20,000 8-year-olds. Of the
six sites with prevalence estimates below the 16.8 per 1,000
estimate lor all sites combined, five did not have full access
o education data sources {Arkansas, Colorado, Missouri,
Tennessee, and Wisconsin), whereas only one of the six sites
will full access to education data sources had a prevalence
estimate below 16.8 per 1,000 {(Arizona}. Such differences
cannot be attributed solely to source access, as other factors
(e.g., demographic differences and service availability) also
might have influenced these findings. In addition to variation
ameong sites in i'cporrcd ASD prcvaicncc, widc variation among
sites is noted in the characteristics of children identified with
ASD3, including the proportion of children who received
a comprehensive developmental evaluation by age 3 years,
the median age ol earliest known ASD diagnosis, and the
distribution by intellectual ability. Some ol this variation might
be attributable to regional differences in diagnostic practices
and other documentation of autism symptoms, although
previous reports based on ADDM data have linked much of
the variation to other extrinsic factors, such as regional and
$OCIlOeCcOnomic disparities in access to services (13,74).

Case Definitions
Resules from application of the DSM-IV-TR and DSM-5

case definitions were similar, overall and when stratified by
sex, race/ethnicity, DSM-IV-TR diagnostic subtype, or level
of inrcllecrual ability. Overall, ASD prevalence estimates
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based on the new DSM-5 case delinition were very similar in
magnitude but slightly lower than those based on the historical
DSM-IV-T'R case definition. Three of the 11 ADDM sites
had slightly higher case counts using the DSM-5 framework
compared with the DSM-IV-TR. Colorado, where the DSM-
IV-TR:DSM-5 ratio was highest compared with all other sites,
was also the site with the lowest proportion of DSM-IV-TR
cascs having a previous ASID classification. This suggests that
the diagnostic component of the DSM-5 case definirion,
whereby children with a documenrted diagnosis of ASD
might qualily as DSM-5 cases regardless of social interaction/
communication and restricted/repetitive behavioral criteria,
might have influenced DSM-5 results (o a lesser degree in
that site, as a smaller proportion of DSM-IV-TR cases would
meet DSM-5 case criteria based solely on the presence of a
documented ASD diagnosis. This element of the DSM-5
case definition might carry less weight moving forward, as
fewer children aged 8 years in health and education settings
will have had ASD diagnosed under the DSM-IV-TR criteria.
It is also possible that persons who conducr developmeneal
cvaluations of children in health and cducation scerings will
increasingly describe behavioral characreristies using language
more consistent with DSM-5 (erminology, yielding more ASD
cases based on (he behavioral component of ADDM's DSM-5
case definition. Prevalence estimates based on the DSM-5 case
definition that incorporates an existing ASD diagnosis reflect
the actual patterns of diagnosis and services for children in
2014, because children diagnosed under DSM-IV-TR did not
lose their diagnosis when the updated DSM-5 criteria were
published and because professionals might diagnose children
with ASD without necessarily recording every behavior
supporting that diagnosis. In the future, prevalence estimates
will align more closcly with the specific DSM-5 behavioral
criteria, and might exclude some persons who would have
met DSM-TVETR criteria for autistic disorder, PDD-NOS or
Asperger disorder, while at the same time including persons
who do not meet those criteria but who do meet the specific
DSM-5 behavioral criteria.

Comparison of Autism Prevalence
Estimates

The ADDM Nerwork is the only ASD surveillance system
in the United States providing robust prevalence estimates for
specific areas of the country, including those for subgroups
defined by sex and racefethnicity, providing information about
ocographical variation rthar can be used to cvaluare policies and
diagnostic practices that mighr affect ASID prevalence. Tris also
the only comprehensive surveillance system to incorporate
ASD diagnostic criteria into the case definition rather (han
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relying entirely on parent or caregiver report of a previous ASD
diagnosis, providing a unique contribution to the knowledge
of ASD epidemiology and the impact of changes in diagnostic
criteria. Two surveys of children’s health, The National Health
Interview Survey (INHIS) and the National Survey of Children’s
Health {NSCH), report estimates of ASD prevalence based
on caregiver report of being told by a doctor or other health
carc provider that their child has ASID, and, for the NSCH,
it their child was also reported to currently have ASD. The
maost recent publication from NHIS indicared thar 27.6 per
1,000 children aged 3—17 vears had ASD in 2016, which did
not differ signilicantly from estimates lor 2015 or 2014 (24.1
and 22.4, respectively) (28}, An estimate of 20.0 per 1,000
children aged 6-17 vears was reported from the 2011-2012
NSCH (29). The study samples for the two phone surveys
are substantially smaller than the ADDM Nerwork; however,
they were intended to be nationally representative, whereas
the ADDM Nerwork surveillance areas were selected through
a competitive process and, although large and diverse, were
not intended to be nationally representarive. (Geographic
differences in AST) prevalence have been observed in both the
ADDM Network and national surveys, as have differences in
ASD prevalence by age (6-17,28,29).

All three prevalence estimation systems (NHIS, NSCH,
and ADDM) are subject 1o regional and policy-driven
differences in the availability and utilization of evaluation
and diagnostic services for children with developmental
concerns. Phone surveys are likely more sensitive in identitying
children who received a preliminary or confirmed diagnosis
of ASD burt are not receiving services (i.e., special education
services). The ADDM Network method based on analysis of
informarion contained in existing healch and education records
cnables the collection of derailed, case-specitic information
reflecting children’s behavioral, developmental and funcrional
characteristics, which are not available (rom the national phone
surveys, This detailed case level information might provide
insight into temporal changes in the expression of ASD
phenotypes, and offers the ability to account for differences
based on changing diagnostic criteria.

Limitations

The findings in this report are subject to at least three
limitations. First, ADDM Nerwork sites were not selected to
represent the United States as a whole, nor were the geographic
areas within each ADDM site selected to represent that state
as a wholc {with the exception of Arkansas, where ASD s
monirored statewide). Although a combined estimace is
reported for the Network as a whole o inform srakeholders
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and interpret the findings (rom individual surveillance years in
a more general context, data reported by the ADDM Newwork
should not be interpreted to represent a national estimate of
the number and characteristics of children with ASD. Rather,
it is more prudcnt to examine the wide variation among, sites,
between specific groups within sites, and across time in the
number and characteristics of children identified with ASD,
and to use these findings ro inform public health strategics
aimed ar removing barriers to identification and trearment,
and c]iminaring disparirics amang sociocconomic and racial/
ethnic groups. Data from individual sites provide even greater
utility for developing local policies in those states.

Second, it is important to acknowledge limitations of
information available in children’s health and education records
when considering data on the characteristics of children with
ASD. Age of earliest known ASD diagnosis was obtained from
descriptions in children’s developmental evaluations that were
available in the health and education facilities where ADDM
staff had access to review records. Some children might have
had carlicr diagnoses that were not recorded in these records.
Likewise, some descriptions of historical diagnoses {i.c., thosc
not made by the evaluating examiner) could be subject to
recall error by a parent or provider who described the historical
diagnosis to that examiner, Another characteristic featured
prominently in this report, intellectual ability, is subject o
measurement limitations. [QQ test results should be interpreted
cautiously because of myriad factors that impact performance
on these tests, particularly language and attention deficits that
are common among children with ASD, especially when testing
was conducted before age 6 years. Because children were not
examined directly nor systematically by ADDM staff as part
of this study, descriptions of their characteristics should not be
interpreted to serve as the basis for policy changes, individual
rrcatments, or interventions.

Third, because comparisons with the results from earlier
ADDM surveillance vears were not restricted (0 a common
geographic area, inferences about the changing number and
characteristics of children with ASD over time should be
made with caution. Findings for each unique ADDM birth
cohort are very informative, and although study methods
and geographic areas of coverage have remained generally
CONSiStent over time, tcmporal comparisons are subjcct to
multiple sources of bias and should not be misinterpreted as
representing precise measures thar control for all sources of
hias. Additional limirations to the records-based surveillance
mecthodelogy have been deseribed exrensively in previous

ADDM and MADDSP repors (3,6-77).

VS Degrartrrent of Heallh and Human Services/Centers Tor Disease Conlrol and Prevention

Future Surveillance Directions

Data collection for the 2016 surveillance year began in carly
2017 and will continue through mid-2019. Beginning with
surveillance year 2016, the DSM-5 case definition for ASD will
serve as the basis for prevalence estimates. The DSM-IV-TR
case definition will be applied in a limited geographic area
to offer additional data for comparison, although the DSM-
IV-TR case definition will eventually be phased out.

CDC's “Learn the Signs. Acr Early” (ITSAE) campaign,
launched in Ocrober 2004, aims ro change perceptions among
parents, health care professionals, and carly educators regarding
the importance ol early identification and treatment of autism
and other developmental disorders (30). Tn 2007, (he American
Academy of Pediatrics (AAP) recommended developmental
screening specifically focused on social development and ASD
at age 18 and 24 months {31). Both efforts are in accordance
with the flealthy People 2020 (1112020} goal that children
with ASD) be evaluated by age 36 months and begin receiving
community-based support and services by age 48 months (12).
[t is concerning that progress has not been made toward the
HP2020 goal of increasing the percentage of children wich
ASD who reccive a first evaluation by age 36 months to 47%;
however, the cohort of children monitored under the ADDM
2014 surveillance year (i.e., children born in 2006} represents
the first ADDM 8-year-old cohort impacted by the ITTSAE
campaign and the 2007 AAD recommendations, The effect of
these programs in lowering age at evaluation might become
more apparent when subsequent birth cohorts are monitored.
Further exploration of ADDM data, including those collected
on cohorts of children aged 4 years {3.2), might inform how
policy initiatives, such as screening recommendations and other
social determinants of health, impact the prevalence of ASD
and characterisrics of children with ASD, including the age ar
which mast children reccive an ASD) diagnosis.

Conclusion

The latest findings trom the ADDM Nerwork provide
evidence that the prevalence ol ASD is higher than previously
reported ADDM estimates and continues (o vary among
certain racial/ethnic groups and communities. The overall
ASD prevalence estimate of 16.8 per 1,000 children aged
8 years in 2014 is higher than previous estimates from the
ADDM Network. With prevalence of ASD reaching nearly 3%
in some communities and representing an increase of 150%
since 2000, ASD is an urgent public health concern that could
benefit from enhanced strategies to help identify ASD earlier;
to derermine possible risk factors; and 1o address the growing
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behavioral, educational, residential and occupational needs of
this population.

Implementation of the new DSM-5 case definition had
little effect on the overall number of children identified with
ASD for the ADDM 2014 surveillance year. This might be a
result of including documented ASD diagnoses in the DSM-5
surveillance case definition. Over time, the estimate might be
influenced (downward) by a diminishing number of persons
who meet the DSM-5 diagnostic crireria for ASDD based
solely on a previous DSM-IV-TR diagnosis, such as auristic
disorder, PDD-NOS or Asperger disorder, and influenced
(upward) by professionals aligning their clinical descriptions
with the DSM-5 ¢riteria, Although the prevalence of ASD and
characteristics of children identified by each case definition
were similar in 2014, the diagnostic features defined under
DSM-IV-TR and DSM-5 appear to be quite different. The
ADDM Nerwork will continue to evaluate these similarities
and differences in much greater depth, and will examine at
least one more cohort of children aged 8 years to expand this
comparison. Over time, the ADDM Nerwork will be well
positioned ro evaluate the cffects of changing AST) diagnostic
paramecters on prevalence.
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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, 2014

Asian or American Indian
White, Black, Pacific Islander, or Alaska Native,
Total non-Hispanic non-Hispanic Hispanic non-Hispanic non-Hispanic
Site Site institution Surveillance area Ma. MNo. (%a) Mo. s} Ma. {9a] MNo. (%a) Mo. (%)
Arizona University of Part of 1 county in 24,952 12308 (49.3) 1,336 (5.4} 9792 (391 975 (3.9) 541 (2.2}
Arizana metropolitan
Phoenix!
Arkansas Universily of All 75 counties in 39,992 25103 (653} 7705 {193} 5012 (125) 243 (21) 329 .8
Arkansas for Arkansas
Medical Sciences
Colorado Colorado 7 oounties in 41,128 22410 (54.5; 2,724 (68} 13,735 (334 2,031 4.9 223 (0.6)
Department of metropolitan
Public Health and Denver
Environment
Georgia LD S counties 51,161 15495 [(30.3) 22,042 {43.7} 9913 (19.4] 3,599 7.0 112 (0.2}
including
metropolitan
Atlanta
Maryland Johns Hopking 1 county in 9,955 4977 (500 3399 {341} 829 8.3 719 [7.2) 3 (0.3
University metropolitan
Baltimore
tlinnesota University of Parts of 2 counties 9,767 3,793 (388) 2719 {278} 14856 (152) 1,576 (161 1493 2.0
Minnesola including
Minneapolis
St Paul®
tissouri Washington 5 counties 25,333 15,529 (65.2) 6,577 {2601 1,220 (4.8 a1 (3.7 76 .3
Universily including
metropolitan
5t Louis
MNew lersay Rulgers University 4 counties 32,935 13,593 (413 F1e6 {(218) 10226 (31.0) 1,874 5.7 76 (0.2)
including
metropolitan
Newark
Norih Carolina Universily of G counties in 30,283 15,241 [50.3) 7.7 {25.4} 5463 (18.0] 1,778 [5.9] 100 (0.3
Morth Carolina central
Chapel Hill North Carclina
Tennessee Vanderbilt 11 counties in 24,940 15867 (636 4,8% {196} 3324 (13.3) 799 (3.2 54 2
Universily Medical middle
Center Tennessee
Wisconsin University of 10 counties in 35,037 20,732 (59.2) 6486 {185} 6181 (17.8) 1,471 (4.2) 167 {0.5)
Wisconsin- southeastern
Madison Wisconsin
All sitas comhined 325,483 167,048 (51.3) 72,751 (224} 67,181 (206) 16,596 (5.1) 1,907 {0.6)

* Total numbers of children aged 8 years ineach surveillance arca were obtained from CDC's National Center for Health Statistics Vintage 2016 Bridged-Race Population
Estimates for July 1, 2014,
I Denominator excludes school districts that were not included in the surveillance area, calculated from National Center for Education Statistics enrollment counts
of third graders during the 2014-20115 school year.

MRMWR F April 27,2018 ¢ Vol.67 ¢ No.s

LIS Department of Health and Hurean Services/Cenlers for Qivease Control and Prevention



Surveillance Summaries

TABLE 2. Estimated prevalence* of autism spectrum discrder among children aged 8 years, by sex — Autism and Developmental Disabilities

Monitoring Network, 11 sites, United States, 2014

Sax

Total Total no. Overall’ Males Females Mala-ta-fernale
Site population  with ASD Prevalance 95% Cl Prevalance 95% ClI Prevalence 95% C| prevalence ratio®
Arizona 24,952 349 140 (126 15.5) Pl (187 238} 6.6 {53 372) 3z
Arkansas 35,992 522 131 (12.0-14.23 205 [18.6-22.5} 5.4 4.5-6.5) 35
Colorade 41,128 572 139 (12.8-15.1) 218 (19.9-23.9} 55 {4.6-6.7) 39
Grorgia 51,181 369 170 (159 18.2) 279 (259 300} 57 48 67 49
Maryland 9,455 199 200 (17.4-23.0 327 [28.1-38.2} 72 15.2-10.0) 45
flinnesota 9,767 234 240 (21.1-27.2) 39.0 (33.58-44.9} B 6.3-11.6) 46
Missouri 25,333 356 14.1 (127-15.6) 222 (19.8-25.0} 56 {4.4-7.00 4.0
Mew Jersey 32,935 o964 29.3 (27.5-31.2) 455 142.4-43.9} 123 $10.7-14.1) 37
North Carolina 30,283 527 174 (16.0-19.0y 280 {25.5-30.8} 6.5 {5.3-7.9) 43
Tennessea 24,940 387 155 (14.0-17.1) 253 (22.6-28.2} 54 {4.2-6.9) 47
Wisconsin 35,037 494 141 (129 154) 4 (194 237} 6.4 {53 77 34
All sites combined 325,483 5,473 16.8 {16.4-17.3) 26.6 (25.8-27.4) 6.6 {6.2-7.00 4.0

Abbreviations: ASD = autism spectrum disorder; C| = confidence interval.

* Per 1,000 children aged 8 years.

T All children are included in the tolal regardless of race or ethnicity.

® All sites identified significantly higher prevalence among males compared with females (p<0.011,

TABLE 3. Estimated prevalence* of autism spectrum disorder among children aged 8 years, by race/ethnicity — Autism and Developmental

Disabilities Monitoring Network, 11 sites, United States, 2014

Race/Ethnicity Prevalence ratio

White Black Hispanic Asian/Pacific Islander White-to-  White-to-  Black-to-
Site Prevalence  95% Cl Prevalence  95%Cl Prevalence 95% Cl Pravalence  95% Cl Black Hispanic Hispanic
Arizona 162 (141 188} 195 (133 2848) 103 B5 125] 103 55 1%.1) 8 1.85 1.95
Arkansas 139 12.6-15.5} 104 18.3-12.% 84 (6.2-11.3) 142 [B1-2511 1.31 1.75 1.2
Colorado 15.0 (13.5-16.7} 114 (BO-162) 10.6 (2.0-125] 79 [4.8-12.% 1.3 144 1.1
Grorgia 179 &0 202} 17.1 (154 189 126 136 15.0) 1149 89 16.1) 1.1 145 145
Maryland 195 16.0-23.8} 16.5 (12.7-21.4) 157 (9.1-27.0) 13.9 [7.5-25.8) 1.2 1.2 1.1
flinnesota 243 (19.8-29.8} 27.2 (21.7-34.2) 209 Ma.7-29.7 178 (12.3-25.7) .9 1.2 1.3
Missouri 14.1 (124-16.0} 10.8 (86-13.6) 49 (2.2-10.9) 10.7 [5.8-20.0) 1.3% 297 22
Mew Jersey 30Nz 127.4-33.3} 26.8 (23.3-30.% 293 [26.2-32.9) 192 (13.9-26.6) 1.1 1.0 3.9
North Carolina 186 (16.5-20.9} 16.1 (13.5-19.2} 11.9 (2.3-15.2) 191 (13.7-26.8) 1.2 1.6% 1.4
Tennesses 161 (143-182} 125 (37160 0.5 (7.6-147] 125 67-23.3) 1.3 1,51 1.2
Wisconsin 152 136 17.0} 113 B89 142 125 100 15.6) 102 61 163 1.3t 12 [ER]
All sites 17.2 (16.5-17.8) 16.0 {15.1-16.9) 14.0 (13.1-14.9] 13.5 {11.8-15.4) 1.1t 1.2% 1.1%

combined

Abbreviation: C| = confidence interval.

* Per 1,000 children aged & years,

T Pearson chi-square test of prevalence ratio significant at p<0.05.
5 Pearson chi-square test of prevalence ratio significant at p<0.01.
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TABLE 4. Number and percentage of children aged 8 years® identified with autism spectrum disorder who received a comprehensive evaluation
by a qualified professional at age <36 months, 37-48 months, or >48 months, and those with a mention of general delay concern by age
36 months — Autism and Developmental Disabilities Monitoring Networl, 11 sites, United States, 2014

Mention of
Earliest age when child received a comprehensive evaluation general developmental delay
<36 mos 37-48 mos »48 mos =36 mos

Site Mo. {G0) Mo, {4} Mo. {G0) Mo, {4}

Atizona a7 {34.1} 56 (22,0 112 {43.9} 240 94.1)
Arkansas 117 {30.5} S8 (25.6) 168 {43.9} 354 [92.4)
Colorado 200 {46 4} &4 {15.3) 165 {383} 383 (B89
Georgia 240 {37.6} 126 {19.7] 273 427} 549 (85.9)
Maryland 96 {56.1} 19 {(11.1) L] {32.7} 158 [92.4)
tinnesota 57 {335} 34 (21.2) 77 {453} 124 (729
Missouri 88 {321} Ej {14.2) 147 153.6} 195 [71.5)
Mew Jersey 318 {40.5} 174 (22.2) 293 {37.3} 645 82.2)
Narih Caroling 260 {66.2} 42 (10.7) a1 {23.2} 364 (926
Tennessee 80 134.0} 47 {20.0] 108 {46.0} 144 61.3)
Wisconsin 194 {47.2} 87 (21.2) 130 {31.6} 368 [89.5)
All sites combined 1,737 (41.9) 790 {19.0) 1,620 (39.1) 3,525 {85.0)

* Includes children identified with autism spectrum disorder who were linked to an in-state birth certificate.

TABLE 5. Median age (in months) of earliest known autism spectrum disorder diagnosis and number and proportion within each diagnostic
subtype — Autism and Developmental Disabilities Monitoring Network, 11 sites, United States, 2014

Autistic disorder ASD/PDD Asperger disorder Any spacifiad ASD diagnosis
Site Medianage  No. (%)  Medianage  No, (2%}  Medianage  No, {%)  Medianage  No. (%)
Artizona 55 186 {76.2} 61 50 (20.5] 74 8 (3.3} 56 244 65.9)
Arkansas 55 269 {63.0} 63 129 (30.2) 75 29 6.8} 59 427 (81.8)
Colerado 40 192 {61.7} 65 104 (33.4) 61 15 14.8) 51 m 154.4)
Georgia 46 288 {48.1} 56 261 (43.6) 65 50 8.3} 53 599 68.9)
Maryland 43 52 {32.3} &1 104 (64.6) 65 5 (3.1 52 161 (80.9)
Minnesota 51 50 {45.9} 65 54 (49.5) 62 5 (4.6} 56 109 146.6)
Missouri 54 81 {26.7} 55 197 (65.0) 65 25 8.3} 56 303 {85.1)
New Jersay 42 227 {32.7} 51 428 (61.6) 66 40 (5.8 48 695 (721
Morth Carolina 32 165 {52.5} 49 130 41.4) 67 19 6.1} 40 314 (59.6)
Tennessee 51 157 {57.1} 63 100 (36.4) 60 18 16.5) 56 275 (71.1)
Wisconsin 46 143 {40.2} 55 189 (53.1) 67 24 (6.7} 51 356 (721
All sites combined 46 1.810 (47.7} 56 1,746 (46.0) 67 238 (6.3} 52 3,794 (69.3)

Abbreviations: ASD = aulism spectrum disorder; PDD = pervasive davelopmental disorder-not olherwise specified.
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TABLE &. Number and percentage of children aged 8 years identified with autism spectrum disorder with available special education records,
by primary special education eligibility category* — Autism and Developmental Disabilities Monitoring Network, 10 sites, United States, 2014

Characteristic Arizona Arkansas Colorado Georgia Maryland Minnesota Mew Jersey North Carclina Tennessee Wisconsin
Total no. of ASD cases 349 522 572 869 199 234 964 527 387 494
Total no. (%)} of ASD cases with 308 3377 139% 708 149 188 822 420 2187 1561
Special education records i88.3) — —4 (81.5) (74.9) i80.3) (85.3) (79.7) —* —*
Primary exceptichality (%)

Autism 649 654 43.9 58.9 67.1 67.0 484 75.0 79.8 36.5
Emolional disturbance 29 09 72 20 27 37 16 26 0.5 5.8
Specific learning disability 6.8 37 13.7 40 12.8 1.1 82 29 09 26
Speech or language impairment 55 59 10.8 1.0 3.4 2.7 137 2.4 32 20.5
Hearing or visual impairment 0 0.3 O o1 0 1.1 0.6 0.5 0 0.6
Health, physical or other disability 6.8 13.5 14.4 35 8.1 154 185 11.2 32 14.7
Multiple disabilities 0.3 3.4 5.0 0 4.0 16 6.7 17 0 0
Intellectual disability 3.2 4.0 4.3 2.0 20 6.9 17 2.4 2.8 0.6
Developmental delay/Preschool 9.4 0 .7 28.5 0 5 0.6 14 9.6 18.6

Abbreviation; ASD = autism specirum disorder.

* Some state-specific categories were recoded or combined to match current U.S. Department of Education categories.

* Excludes children residing in school districts where educational records were not reviewed (prepertion of surveillance pepulation: 31% Arkansas, 67% Colorade,

12% Tennessee, 74% Wisconsin).

% Proportion not reporled because numerator is nol comparable to other sites (excludes children residing in school districts where educational records were
not reviewed).
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TABLE 7. Number* and percentage of children aged 8 years, by race/ethnicity and site in the DSM-5 Surveillance Area — Autism and
Developmental Disabilities Monitoring Network, 11 sites, United States, 2014

Asian or American Indian or
White, Black, Pacific Islander,  Alaska Mative,
Total non-Hispanic non-Hispanic Hispanic non-Hispanic non-Hispanic
Site Site institution Surveillance area Mo. Mo. s} MNo. s} MNo. (%a) MNo. (%a) MNo. {9a]
Arizona University of Part of 1 county in 9,478 5340  (563) 31 {34) 3,244 (342} 296 {31 277 (2.9
Arizona metropolitan
Phoenix!'
Arkansas University of Al 75 counties in 39,992 26,103 (653 F705 (193 502 (125} 843 {21 329 (.8
Arkansas for Arkansas
Medical Sciences
Colorado Colorado 1 couniyin 8,022 2,603 (324) 1,018 1127 409 (50.1} 322 {40) 50 0.7
Department metropolitan Denver
of Public Health
and Environment
Georgia DO 5 countiesincluding 51,161 15495 (303 22,042 (4310 9913 (194} 3599 (7.0 12 (0.2
metropolitan Atlanta
Maryland Johns Hopkins 1 county in 9,955 4977 (5000 3,399 (34.1) 829 18.3} 719 {7.2) Ell (0.3)
University metropolitan
Baltimaore
Minnhesota University of Farts of 2 counties 49,767 3,793 (388) 2719 (278 1486 (152} 1,576 (16.1) 193 (2.0
Minnesota including
Minneapolis-St., Paul!
Missouri Washinglon 1 countlyin 12,205 7186 (589) 3793 (31.1) 561 (4.6} 626 {5.1) 39 (+.3)
University metropolitan St.
Louis
New Jersay Rutgers Universily 4 counties including 32,835 13,593 (13 FIes (218 10,226 (310 1,874 {57 76 (0.2
metropolitan Mewark
MNorth Carolina  University of & counties in central 30,283 15241 50.3) 7701 (254) 5463 180y 1,778 {59 100 (0.3}
North Carolina- North Carolina
Chapel Hill
Tenhesser Yanderbilt 11 counties in middle 24940 158387 (838 4,898 (198 3,324 (133} 799 133 54 W2
University Tennessee
Medical Center
Wisconsin University of 10 counties in 35,037 20732 (592) 6486 (185 6181 (1746 1471 {42) 167 (0.5}
Wisconsin southeastern
Madison Wisconsin
All sites combined 263,775 130,930 (49.6) 67.246 (25.5) 50,258 (19.1) 13,903 (5.3) 1,438 (0.5)

Akbreviation: DSM-5 = Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition.

* Tolal numbers of children aged 8 years in each surveillance area were obtained from CDC's Nalional Center for Heallh Stalistics Vinlage 2016 Bridged Race Population
Estimates for July 1, 2014

t Denominator excludes school districts that were not included in the surveillance area, calculated from National Center for Education Statistics enrollment counts
of third graders during the 2014-20115 school year.

22 MBIWER S April 27,2018 ¢ Val.67 f No.o LIS Department of Health and Hurean Services/Cenlers for Qivease Control and Prevention



Surveillance Summaries

TABLE 8. Number and percentage of children meeting DSM-IV-TR and/or DSM-5 surveillance case definition — Autism and Developmental
Disabilities Monitoring Networl, 11 sites, United States, 2014

Met DSM-IV-TR Met both DSM-IV-TR

ar DSM-5 and DSM-5 Met DSM-IV-TR only Met DSM-5 only DSM-IV-TR vs. DSM-5
Site Mo, Mo, (%) No. (%) No. (%) Ratio Kappa
Arizona 175 143 (79.9] 17 [9.5] 149 (10.6) 0.99 0.83
Arkansas 560 514 (91.3) g 1.4] 33 6.8 085 0az2
Colorado 114 92 (79.3) 19 (16.4 5 4.3] 1.14 079
Georgia 937 790 (84.3) 79 8.4] a8 7.3 1.01 0.83
Maryland 207 187 (a0.3) 12 5.8 3 [3.9] 1.02 083
Minnescta 254 200 178.7] 34 {13.4] 20 [7.9] 1.06 079
Missouri 209 179 (85.6) 12 [5.7] 18 8.6] 0.97 074
New Jersey 395 342 (848 122 (12.3] Xl [31) 1.1¢ 085
North Carclina 532 493 192.7] 34 6.4] 5 [0.9] 1.06 093
Tennessee 408 348 (85.3) 39 9.6) 21 51 1.05 072
Wisconsin 523 448 (85.7] 46 8.8] 24 [5.5] 1.04 0.83
All sites combined 4,920 4,236 [86.1] 422 [8.6] 262 (5.3] 1.04 0.85

Abbreviations: DSM-5 = Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition; DSM-IV-TR = Diagnostic and Statistical Manual of Mental Disorders, Fourth
Edition, Text Revision.

TABLE 9. Characteristics of children meeting DSM-IV-TR and/or D5M-5 surveillance case definition — Autism and Developmental Disabilities
Monitoring Networlk, 11 sites, United States, 2014

Met DSM-IV-TR Met both DSM-IV-TR

or DSM-5 and DSM-5 Met DSM-IV-TR only Met DSM-5 only DSM-IV-TR vs. DSM-5

Characteristic No. Na, (%) No, (%) No, (%) Ratio Kappa

Mat ASD case definition under 4,920 4,236 86.1) 422 (8.6) 262 (5.3) 1.04 .85
DSM-IV-TR and/or DSM-5

Male 3,978 3,452 (B6.58) 316 (7.9 210 (5.3} 1.03 .85

Female 942 784 83.2) 106 1.3 52 (5.5} 106 .85

White, non-Hispanic 2,484 2,159 [86.8) 193 (7.8} 134 (5.4} 1.03 .85

Black, non-Hispanic 1,184 944 [B4.0 109 (9.2} 21 (6.8} 1.03 .84

Hispanic, regardless of race 817 595 85.1) 91 1.1y 31 (3.8) 1.08 .86

Asian/Pacific Islander, 207 188 [90.8) 14 (6.8) 5 (2.4) 105 .88
non-Hispanic

<36 months 1,509 1.372 90.9) 15 (7.6) 22 (1.5 1.07 .89

37-48 months 723 &40 (88.5) 61 (B4} 22 (3.00 106 .84

=48 maonths 1,503 1,195 [72.5) 154 [10.2) 154 [10.2) 1.00 481

Autism special education 2,270 2156 95.0) 35 {1.5) 79 {3.5) 0.98 .57
eligibility’

ASD diagnostic statement®

Earliest ASD diagnosis 951 936 [98.4) o] S0 15 (1.8} 058 .71
<36 months

Earliest ASD diagnosis autistic 1,577 1,526 [96.8) o 03] 51 (3.2} 087 .50
disorder

Earliest A5SD diagnosis PDD-NOS/ 1,564 1.525 97.5) 8] [S0)] 39 (2.5 0.98 72
ASD NOS

Earliest ASD diagnosis Asperger 221 210 (95.0) ¢] {0} 11 (5.0 095 .72
disorder

No previeus ASD diagnosis or 350 484 (50.9) 369 (38.8) a7 (10.2) 1.47 062
eligibility on record

Intellectual disability (1 <70] 1,14 1,089 [91.4) a7 (5.6) 35 (2.9 1.03 .89

Borderline range {IQ 71-85) B31 778 88.3) 74 (3.4 29 (3.3 1.06 .53

Average or above average 1,620 1,391 (85.9) 143 (8.8) 86 (5.3) 1.04 136
(10 =85)

Abbreviations: ASD = aulism spectrum disorder; DSM 5 = Dipgnaostic and Statistical Manual of Mental Disorders, Fifth Edition; DSM IV TR = Diagnostic and Statistical

Manual of Mental Disorders, Fourth Edition, Text Revision; PDD-NOS = pervasive developmental disorder not otherwise specified.

* Includes children identified with ASD who were linked to an in-state birth certificate.

Includes children with autism as the Primary Exceptionality (Tahle 6} as well as children documented to meet eligibility criteria for autism special education services.

% An ASD diagnosis documented in abstracted comprehensive evaluations, including DSM IV TR diagnosis of autistic disorder, PDD NOS or Asperger disorder qualifies
a child as mecting the DSM-5 surveillance case definition for ASD.

Y Includes data from all 11 sites, including those with 1Q data available for <70% of confirmed cases.
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Abstract

Problem/Condition: Autism spectrum disorder {ASD).
Period Covered: 2014.

Description of System: The Autism and Developmental Disabilities Monitoring (ADDM) Network is an active surveillance
system that provides estimates of the prevalence of autism spectrum disorder (ASD) among children aged 8 years whose parents
or guardians reside within 11 ADDM sites in the United States (Arizona, Arkansas, Colorado, Georgia, Maryland, Minnesota,
Missouri, New Jersey, North Carolina, Tennessee, and Wisconsin). ADDM surveillance is conducted in two phases. The first
phase involves review and abstraction of comprehensive evaluations that were completed by professional service providers in the
community. Staff completing record review and abstraction receive extensive training and supervision and are evaluated according
to strict reliabiliry standards to certify cffective inidal rraining, identify ongoing training nceds, and ensure adherence to the
prescribed methodology. Record review and abstraction occurs in a varicry of data sources ranging from general pediarric healch
clinics to specialized programs serving children wirth developmental disabilitics. In addition, mosr of the ADDM sites also review
records lor children who have received special education services in public schools. In the second phase of the study, all abstracted
information is reviewed systematically by experienced clinicians to determine ASD case status. A child is considered 10 meet
the surveillance case definition for ASD if he or she displays behaviors, as described on one or more comprehensive evaluations
completed by community-based professional providers, consistent with the Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition, Text Revision (DSM-IV-TR) diagnostic criteria for autistic disorder; pervasive developmental disorder—not otherwise
specified (PDD-NQOS, including atypical autism); or Asperger disorder. This report provides updated ASD prevalence estimates for
children aged 8 years during the 2014 surveillance year, on the basis of DSM-IV-TR criteria, and describes characteristics of the
population of children with ASD. In 2013, the American Psychiatric Association published the Diagnostic and Statistical Manual
of Mental Disorders, Fifth Edition (DSM-5), which madc considerable changes to ASD diagnostic crireria. The change in ASD
diagnostic criteria might influence ADDM ASD prevalence estimares; therefore, most (85%) of the records used to determine
prevalence estimates based on DSM-IV-TR criteria underwenr addirional review under a newly operationalized surveillance case
deflinition for ASD consistent with the DSM-5 diagnostic criteria. Children meeting this new surveillance case definition could
qualify on the basis of one or both of the following criteria, as documented in abstracted comprehensive evaluations; 1) behaviors
consistent with the DSM-5 diagnostic features; and/or 2) an ASD diagnosis, whether based on DSM-TV-TR or DSM-5 diagnostic
criteria, Stratified comparisons of the number of children meeting either of these two case definitions also are reported.

Corresponding author: Jon Balo, National Center on Birth Defeets
and Developmental Disabilities, CDC. Telephone: 404-498-3873;
E-mail: jbaiogede.gov.
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Results: For 2014, the overall prevalence of ASD among the 11 ADDM sites was 16.8 per 1,000 {(one in 59) children aged 8 years.
Overall ASD prevalence estimates varied among sites, from 13.1-29.3 per 1,000 chiklren aged 8 vears, ASD prevalence estimates
also varied by sex and race/ethnicity. Males were four times more likely than females to be identified with ASD. Prevalence estimares
were higher for non-Hispanic white (henceforth, white) children compared with non-Hispanic black (henceforth, black) children,
and both groups were more likely to be identified with ASD compared with Hispanic children. Among the nine sites with sufficient
data on intellectual ability, 31% of children with ASD were classified in the range of intellectual disability (intelligence quotient [1Q]
<7{)), 25% werc in the borderline range (13 71-85), and 44% had 1(} scorces in the average to above average range (i.c., 1} >85). The
distriburtion of intellecrual ability varied by sex and race/cthnicity. Although mention of developmental concerns by age 36 months was
documented tor 85% of children with ASDD, only 42% had a comprchensive evaluation on record by age 36 monrhs. The median age
ol earliest known ASD diagnosis was 52 months and did not differ significantly by sex or race/ethnicity. For the targeted comparison
of DSM-TV-TR and DSM-3 results, the number and characteristics of children meeting the newly operationalized DSM-3 case
definition for ASD) were similar to those meeting the DSM-IV-TR case definition, with DSM-TV-TR case counts exceeding DSM-5
counts by less than 5% and approximately 86% overlap between the two case definitions (kappa = 0.85}.

Interpretation: Findings from the AIDDM Network, on the basis of 2014 dara reporeed from 11 sites, provide updated population-
based estimates of the prevalence of ASD among children aged 8 years in multiple communities in the United Srates. The overall
ASD prevalence estimate of 16.8 per 1,000 children aged 8 years in 2014 is higher than previously reported estimates from (he
ADDM Newwork, Because the ADDM sites do not provide a representative sample of the entire United States, the combined
prevalence estimates presented in this report cannot be generalized to all children aged 8 years in the United States, Consistent
with reports from previous ADDM surveillance years, findings from 2014 were marked by variation in ASD prevalence when
stratified by geographic area, sex, and level of intellectual ability. Differences in prevalence estimates between black and white
children have diminished in most sites, but remained notable for Hispanic children. For 2014, results from application of the
DSM-IV-TR and DSM-5 case definitions were similar, overall and when stratified by sex, race/ethnicity, DSM-IV-TR diagnostic
subtype, or level of intellectual ability.

Public Health Action: Beginning with surveillance year 2016, the DSM-5 case delinition will serve as the basis for ADDM
estimates of ASD prevalence in future surveillance reports. Although the DSM-IV-TR case definition will eventually be phased
out, it will be applied in a limited geographic area 1o offer additional data for comparison. Iuture analyses will examine trends in
the continued use of DSM-IV-TR diagnoses, such as autistic disorder, PDD-NQOS, and Asperger disorder in health and education
records, documentation of symptoms consistent with DSM-5 terminology. and how these tends might influence estimates of
ASD prevalence over time. The latest findings from the ADDM Nerwork provide evidence that the prevalence of ASD is higher
than prcvimlsly rcpm'rcd cstimares and continucs to vary ameng cerrain racial/ethnic groups and communitics. With prcva]cncc
of ASD ranging from 13.1 to 29.3 per 1,000 children aged 8 years in different communities throughour the United Srates, the
need for behavioral, educational, residential, and occupational services remains high, as does the need for increased research on
both genetic and nongenetic risk factors for ASD.

Introduction estimates compared with other prevalence studies of that era.
In 2000, CDC estblished the Autism and Developmental
Disabilities Monitoring (ADDM) Network to collect data that
would provide estimates of the prevalence of ASIY and other
developmental disabilities in the Unired States (4,5).
Tracking the prevalence of ASD poses unique challenges

Autism spectrum disorder (ASD) is a developmental
disability defined by diagnostic criteria that include deficics
in social communication and social interaction, and the
presence of restricted, repetitive patterns of behavior, interests,

or activities that can persist throughout life (7). CDC began because of the heterogencity in symptom presentartion, lack of

biologic diagnostic markers, and changing diagnostic criteria
& & k) *

(5), Tnitial signs and symptoms typically are apparent in the early
developmental period; however, sacial deficits and behavioral

tracking the prevalence of ASD) and characreristics of children
with ASD) in the United Stares in 1998 (2.3). The firse
CDC srudy, which was based on an investigation in Brick
Township, New Jersey (2), identilied similar characteristics
but higher prevalence of ASD compared with other studies
of that era. The second CDC study, which was conducted in

patterns might not be recognized as symproms of ASD until
a child is unable to meet social, educational, occupational,

; N R L or other important life stage demands (1), Features of ASD
metropolitan Atlanta, Georgia (3}, identified a lower prevalence

T ' e ) __ might overlap with or be difficult to distinguish from those of
of ASD compared with the Brick Township study but similar

other psychiatric disorders, as described extensively in DSM-5
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(1. Although standard diagnostic tools have been validated
to inform clinicians’ impressions of ASD symptomology,
inherent complexity of measurement approaches and variation
in clinical impressions and decision-making, combined with
policy changes that affect eligibility for health benefits and
educational programs, complicates identification of ASD as a
behavioral health diagnesis or educational exceptionality. To
reduce the influence of these factors on prevalence estimares,
the ADDM Nerwork has consiseently tracked ASD by applying
a surveillance case delinition of ASD and using the same
record-review methodology and behaviorally defined case
inclusion criteria since 2000 (5,

ADDM estimates of ASD prevalence among children aged
8 years in multiple U.S. communities have increased from
approximately one in 150 children during 2000-2002 w one in
68 during 2010-2012, more than doubling during this period
(6—11}. The observed increase in ASD prevalence underscores
the need for continued surveillance using consistent methods
to monitor the changing prevalence of ASD and characreristics
of children with ASI3 in the popularion.

In addition to serving as a basis for AST) prevalence estimates,
ADDM data have been used 10 describe characteristics of
children with ASD in the population, to study how these
characteristics vary with ASD prevalence estimates over
time and among communities, and to monitor progress
woward ffealthy People 2020 objectives (1.2). ADDM ASD
prevalence estimates consistently estimated a ratio of
approximately 4.5 male:1 female with ASD during 2006-2012
(9-11). Other characteristics that have remained relatively
constant over time in the population of children idenrified
with ASD by ADDM include the median age of carliest known
ASD diagnosis, which remained close to 53 months during
2000-2012 (range: 50 months [2012] to 56 months [2002]),
and the proportion of children receiving a comprehensive
developmental evaluation by age 3 vears, which remained close
10 43% during 2006-2012 (range: 413% [2006 and 2012] w0
46% [20087]).

ASD prevalence by race/ethnicity has been more varied over
time among ADDM Network communities (9-1 7). Although
ASD prevalence estimates have historically been greater among
white children compared with black or Hispanic children (13},
ADDM-reported white:black and white:Hispanic prevalence
ratios have declined over time because of larger inereases
in ASD prevalence among black children and, (o an even
greater extent, among Hispanic children, as compared with
the magnitude of increase in ASD prevalence among white
children (9}, Previous reports from the ADDM Newwork
estimated ASD prevalence among white children to exceed
that among black children by approximately 30% in 2002,
2006, and 2010, and by approximately 20% in 2008 and
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2012, Estimated prevalence among white children exceeded
that among Hispanic children by nearly 70% in 2002 and
20006, and by approximately 50% in 2008, 2010, and 2012.
ASD prevalence estimates from the ADDM Network also have
varied by socioeconomic status (SES). A consistent pattern
observed in ADDM data has been higher identified ASD
prevalence among residents of ncighborhoods with higher
sociocconomic status (SES). Although ASD prevalence has
increased over rime ar all levels of SES, the absolure difference
in prevalence between high, middle, and lower SES did not
change from 2002 10 2010 (74,15). In the context of declining
white:black and white;Hispanic prevalence ratios amidst
consistent SES patterns, a complex three-way interaction
among time, SES, and race/ethnicity has been proposed {16).

Finally, ADDM Nertwork data have shown a shift toward
children with ASD with higher intellectual abiliey (9-71),
as the proportion of children with ASD whose intelligence
quotient {IQ)) scores fell within the range of intellecrual
disabilicy (ID) (i.c., IQQ <70) has dcercased gradually over
time. During 2000-2002, approximatcly half of children with
ASD had IQ) scores in the range of II); during 2006-2008,
this proportion was closer 1o 40%; and during 2010-2012,
less than one third of children with ASD had 1Q <70 (9-7 1),
‘This trend was more pronounced for females as compared
with males (9). The proportion of males with ASD and ID
declined from approximately 40% during 2000-2008 (9} w0
30% during 2010-2012 (160,11). The proportion of females
with ASD and 1D declined from approximartely 60% during
2000-2002, to 45% during 2006-2008, and to 35% during
20002012 {9-1 1.

All previously reported AST) prevalence estimates from the
ADIM Nerwark were based on a surveillance case definition
aligned with DSM-IV-TR diagnostic criteria lor autistic
disorder; pervasive developmental disorder—not otherwise
specified (PDD-NOS, including atypical autism); or Asperger
disorder. In the American Psychiatric Association’s 2013
publication of DSM-3, substantial changes were made to the
taxonomy and diagnostic criteria for autism (7,77). laxonomy
changed from Pervasive Developmental Disorders, which
included muldple diagnostic subtypes, to autism spectrum
disorder, which no longer comprises distinct subtypes but
represents onc singular diagnosric category defined by level
of support nceded by the individual. Diagnostic crireria
were relined by collapsing the DSM-TV-TR social and
communication domains into a single, combined domain
lor DSM-5. Persons diagnosed with ASD under DSM-5
must meet all three criteria under the social communication/
interaction domain (i.¢., deficits in social-emotional reciprocity;
deficits in nonverbal communicative behaviors; and deficits in
developing, understanding, and maintaining relationships) and
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at least two of the four criteria under the restrictive/repetitive
behavior domain (i.¢., repetitive speech or motor movements,
insistence on sameness, Testricted interests, or unusual response
to sensory input).

Although the DSM-IV-TR criteria proved useful in
identifying ASD in some children, clinical agreement and
diagnostic specificity in some subrypes (e.g., PDDI-NOS) was
poor, oftering empirical support to the notion of two, rather
than three, diagnostic domains. The DSM-5 introduced a
[ramework (o address these concerns (78}, while maintaining
that any person with an established DSM-TV-TR diagnosis
of autistic disorder, Asperger disorder, or PDD-NOS would
automatically qualify for a DSM-5 diagnosis of autism
spectrum disorder. Previous studies suggest that DSM-5 criteria
tor ASD might exclude certain children who would have
qualified for 2 DSM-IV-TR diagnosis but had not yet received
one, particularly those who are very young and those without
ID (79-23). These findings suggest that ASD prevalence
estimates will likely be lower under DSM-5 than they have
been under DSM-IV-TR diagnostic criteria.

This report provides the latese available ASD prevalence
estimates from the ADDM Newwork based on both [DSM-
TV-TR and [DSM-5 criteria and asserts the need for future
monitoring of ASD prevalence trends and efforts to improve
early identification of ASD. The intended audiences for
these findings include pediatric health care providers, school
psychologists, educators, researchers, policymakers, and
program administrators working to understand and address the
needs of persons with ASD and their families. These data can
be used to help plan services, guide research inro risk facrors
and cffecrive interventions, and inform policies that promorte
improved ourcomes in health and education seerings.

Methods

Study Sites

The Children’s Health Act (<) authorized CDC 10 monitor
prevalence of ASD in multiple areas of the United States,
a charge that led to the formation of the ADDM Network
in 2000. Since that time, CDC has funded grantees in 16
states (Alabama, Arizona. Arkansas, Colorado. Florida,
Maryland, Minnesota, Missouri, New Jersey, North Carolina,
Pennsylvania, South Carolina, Tennessee, Urah, Wesr Virginia,
and Wisconsin). CDC tracks ASD in metropolitan Atlanta and
represents the Georgia site collaborating with comperitively
funded sites 1o form the ADDM Newwork.

The ADDM Netwark uses multisite, multisource, records-
based surveillance based on a model originally implemented
by CDC’s Meuopolitan Atlanta Developmental Disabilities
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Surveillance Program (MADDSP} (24). As feasible, the
surveillance methods have remained consistent over time.
Certain minor changes have been introduced to improve
cfficiency and data quality. Although a different array of
geographic areas was covered in each of the eight biennial
ADDM Newwork surveillance years spanning 2000-2014,
these changes have been documented to facilirare evaluation
of their impacr.

The core surveillance acriviries in all ADDM Nerwork
sites locus on children aged 8 years because the baseline ASD
prevalence study conducted by MADDSP suggested that this
is the age of peak prevalence (3). ADDM has multiple goals:
1} to provide descriptive data on classification and funcrioning
of the population of children with ASD, 2) to monitor the
prevalence of ASD in different areas of the United States, and
3} to understand the impact of ASD in U.S. communities.

Funding for ADDM Nerwork sites participating in the
2014 survcillance year was awarded for a 4-year cycle covering
2015-2018, during which rime dara were collected for children
aged 8 years during 2014 and 201 6. Sites were scleeted through
a compelilive objective review process on the basis of their
ability 1o conduct active, records-based surveillance of ASD;
they were not selected (o be a nationally representative sample.
A total of 11 sites are included in the current report (Arizona,
Arkansas, Colorado, Georgia, Maryland, Minnesota, Missourd,
New Jersey, North Carolina, ‘lennessee, and Wisconsin).
Each ADDM site participating in the 2014 surveillance year
functioned as a public health authority under the Health
Insurance Portability and Accountability Act of 1996 Privacy
Rule and mer applicable local Institutional Review Board and
privacy and confidentiality requirements under 45 CFR 46 {25).

Case Ascertainment

ADDM is an active surveillance system that does not
depend on family or practitioner reporting of an existing
ASD diagnosis or classification ro derermine ASDD casce sratus.
ADIIM statf conducr surveillance ro determine case status in
a two-phase process. The [irst phase of ADDM involves review
and abstraction of children's evaluation records from data
sources in the community. In the second phase, all abstracted
evaluations for cach child are compiled in chronological order
into a comprehensive record that is reviewed by one or more
experienced clinicians to determine the child’s ASD case
status. Developmental assessments completed by a wide range
of health and education providers are reviewed. Darta sources
are categorized as either 1} education source type, including
cvaluations to derermine cligibility for special educarion
services or 2) health source type, including diagnostic and
developmental assessments from psychologists, neurologists,

LIS Department of Health and Hurean Services/Cenlers for Qivease Control and Prevention



Surveillance Summaries

developmenual pediatricians, child psychiatrists, physical
therapists, occupational therapists, and speech/language
pathologists. Agreements to access records are made at the
institutional level in the form of contracts, memoranda, or
other formal agreements.

All ADDM Nerwork sites have agreements in place to
access records at health sources: however, despite the otherwise
standardized approach, not all sites have permission to access
educarion records. QOne ADDM sice {Missouri} has not been
granted access (o records at any education sources, Among the
remaining sites, some receive permission from their statewide
Department of Education to access children’s educational
records, whereas other sites must negotiate permission from
numerous individual school districts to access educational
records. Six sites (Arizona, Georgia, Maryland, Minnesota,
New Jersey, and North Carolina) reviewed education records
for all school districts in their covered surveillance areas. Three
ADDM sites (Colorado, Tennessee, and Wisconsin) received
permission o review cducation records in only cerrain school
districts within the overall geographic arca covered for 2014. In
Tennessee, permission to access education records was granted
(rom 13 of 14 school districts in the 11-county surveillance
area, representing 88% of the total population of children
aged 8 years. Conversely, access to education records was
limited to a small proportion of the population in the overall
geographic area covered by two sites (33% in Colorado and
26% in Wisconsin). In the Colorado school districrs where
access to education records is permitted for ADIDYM, parents are
directly notified about the ADIIM system and can request that
their children’s education records be excluded. The Arkansas
ADDM site received permission from their state Deparrment
of Educarion ro access children’s educational records srarewide;
however, time and (ravel constraints prevented investigators
lrom visiting all 230 school districts in the 75-county
surveillance area, resulting in access to education records for
(9% of the statewide population of children aged 8 vears. The
two sites with access to education records throughout most,
but not all, of the surveillance area (Arkansas and 'lennessee)
received data from their state Department of Education to
evaluate the potential impact on reported ASD prevalence
estimates attributed to missing records.

Within each cducation and health dara seurce, AIDDIM
sites identify records to review based on a child’s year of
birth and one or more selected eligibilivy classilications for
special education or Tnternational Classification of Diseases,
Ninth Revision (1CD-9) billing codes for select childhood
disabilities or psvchological conditions. Children’s records are
first reviewed to confirm year of birth and residency in the
surveillance area at some time during the surveillance year.
For children meeting these requirements, the records are then
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reviewed for certuin behavioral or diagnostic descriptions
defined by ADDM as triggers for abstraction {e.g., child does
not initiate interactions with others, prefers to play alone or
engage in solitary activides, or has received a documented
ASD diagnosis). If abstraction triggers arc found, cvaluation
information from birth through rthe current surveillance year
from all available sources is abstracred into a single composite
record for each child.

In the second phase of surveillance, the abstracted compaosite
evaluation files are deidentified and reviewed systematically
by experienced clinicians who have undergone standardized
training to determine ASD case status using a cuding scheme
based on the DSM-IV-TR guidelines. A child meets the
surveillance case definition for ASD if behaviors described
in the composite record are consistent with the DSM-IV-TR
diagnostic criteria for any of the following conditions: aurisric
disorder, PDD-NOS (including atypical aurism), or Asperger
disorder (Box 1). A child might be disqualificd from mecting
the surveillance case deflinition for ASD if, based on the
clinical judgment of one or more reviewers, there is insuflicient
or conllicting information in support of ASD, sufficient
information to rule out ASD, or if one or more other diagnosed
conditions better account for the child’s symptoms.

Although new diagnostic criteria became available in 2013,
the children under surveillance in 2014 would have grown up
primarily under the DSM-IV-TR definitions for ASD, which
are prioritized in this report. The 2014 surveillance year is the
first ro operationalize an ASD casc definition based on DSM-5
diagnostic criteria, in addition to that based on DSM-IV-TR.
Because of delays in developing information rechnology systems
1o manage data collected under this new case definition, the
surveillance area for DSM-5 was reduced by 19% inan elforc o
include complete estimates for both DSM-TV-TR and DSM-5
in this report. ’hase 1 record review and abstraction was the
same for DSM-IV-TR and DSM-5; however, a coding scheme
based on the DSM-5 definition of ASD was developed for
Phase 2 of the ADDDM methodology (i.e., systematic review by
experienced clinicians). The new coding scheme was developed
through a collaborative process and includes reliability measures,
although no validarion metries have been published for this new
ADDM Nerwork ISM-5 case definition. A child could meer
the DSM-5 surveillance case definition for ASD under one
or both ol the following criteria, as documented in abstracted
comprehensive evaluations: 1) behaviors consistent with the
DSM-5 diagnostic features; and/or 2} an ASD diagnosis,
whether based on DSM-IV-TR or DSM-5 diagnostic criteria
(Box 2). Children with a documented ASD diagnosis were
included as meeting the DSM-5 surveillance case definition
for two reasons. First, published IDSM-5 diagnostic criteria
include the presence of a DSM-IV-TR diagnosis of autistic
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BOX 1. Autism spectrum disorder (ASD} case determination criteria under DSM-IV-TR

DSM-IV-TR bebavioral criteria

Sovial

Commouandcition

Restricted behavior!
Interest

Lrevelapmental
history

Autisin discriminators

DSK-IV-TR case
determination

la. Marked impairment in the use of multiple nonverbal behaviors, such as oye-to-vve gaze. facial expression. body pesturcs, and gestures to
reslace socil interaction

]]?. F;Jil”r{.‘ Ly (](‘\'L‘.ll]l) F]L‘.(‘r ]'(‘.l;l[i(]“.\']li].‘.\ '.il)pr“‘pri;]l(‘ 14 {](‘.\"{.‘l‘lp]”(‘.”l;]l l{.‘\"(‘]

Te. A lack of spontaneens seeking to share enjovment. incerests, or achievements with other peeple {e.p., by a lack of showing, bringing, o
pointing ouc objects of incerest)

L. Lack of social or cmational reciprocity

ILI. l‘_)l‘.li]}' i“. (k] 1“[.'1] |iJi.'k “[\. 1hl.‘. {]l‘.\"l.‘.ll]p”'ll‘.]'l[ (]1 .‘\'F](]kt‘.l'l |iJ[]‘:’l|ilgl‘. \r_[](“ .'l(.(:“l'llp'.i]'lit‘.([ ]?_\ it l(‘”'l].‘[ 10 i.'(]”'l].‘{.‘“.‘\'.'”l‘. 1][r“1[g]l ill]L‘.r“illi\'L‘. ]T](](](‘H
of comumunication. such as penllle ob i)

2b. In individuals with adequate speech, marked impairment in che abilicy to initiate or sustain a conversation wich others

e Stercorvped and repetitive use of language or idinseneratic language

2l Lack of varied, spontaneous make-believe play o social imiiative pluy appropriote o developmental Level

Ja. Lrcompassing, preeceupacion with one or mare scereotyped and resoicted parterns of ineerese that is abnormal cither in intensity or tocus
3, r\pp,{n‘nt]_\-‘ mtlexible awdherenee o Npt‘(‘.if‘l(‘.: monfungtional reutines, or ritwals

i( HH‘.TL‘.“[}-'].‘(‘(I iJ[](l ]'lfl‘(‘]ili\-'tf NWILOT NELOERIsITE rtg l]'.i]'l{] 0r [i[lg(‘]' ”i]pl‘i[]‘:’ oar [\\-'ih'li]'lg. o (.(J]T]].‘l{.‘}i \\-'l]ﬂ](‘ ])il{]}" I'Ill]\"{.‘[['l(‘]'l[.\]

Ad. Persistent preoccupation with parts of objects

Child had dentified delavs or any concern with developmencin the tollowing areas at or hefore the age of 3 years: Sacial, Communication,
Behavian Play, Motac, Aveotion. Adaptive, Cognitive

Oblivious o children

Oblivious ro adules or athers

Rarely responds to familiar social approach

I,:mgu:;gr prinurily colwolilia or JiLrgan

Repression/loss of social, language, or plav skills

Previous ASLD diagnoesis, whether based on DEM-IVSTR or 1YSM-5 diagnoestic eriteria
Lk nf's]mwing‘ bringing: [

Litule oo roo interest i others

Lises others as wols

Repeacs extensive dialog

Absent ar impuired imaginative play

Marckudly resricred Inmerests

Unosual prevceuparion

[nsists on samcness

Nonfungtional routines

Ex

Visual inspection

sive B oo nirts

Movement preaccupartion
St‘nxnr_\_f' Prl.‘o('.[.'u}),lri[.]'l'l

Al least six bebaviors coded witl a minimom of twe Social, one Commuonication, and voe Restricted Behavior/Imerest ANT evidence of
developmental delay or coneern at or before the age of 3 years

OR

At least b bebaviors codued with a mininmm of one Social and either one Conanunication andfor one Restricted Beluvior! Interest: AN
at least ane autism discrintinator coded

Note: A child might be disqualitied from mecting che DSM-IV-TR surveillance case detinition for ASD IE based on the dinical judgment
of one or mare reviewers, there is insutticient or contlicting informacian in support of ASLY, sufficient information to rule out ASD, or it
4011 0 Teery “[l](‘]' {]iﬂg”“ﬁt‘.([ (.l]]l{]ilil]]l.\ ]?(‘11(‘]' g [\“‘r 1][{.‘ (.']li](l:.\' N)'[“F][U]T]H

Abbreviation: DSM-IV TR = Diggnosie and Statistioad Munnal of Mental Diiorders, Foureh Fefition (Text Revision).

disorder, PDD-NOS, or Asperger disorder, to ensure continuity
of diagnoscs and services. Second, sensitiviry of the [DSM-5
surveillance case definition might be increased when counting
children diagnosed with ASTD by a qualificd professional, based
on either DSM-IV-TR or DSM-5 criteria, whether or not
all DSM-5 social and behavioral criteria are documenited in

abstracted comprehensive evaluations, The ADDM Nework
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methods allow differentiation of those meeting the surveillance
casc status based on onc or borh crireria. Consistent wich che
DSM-TV-TR case definition, a child mighe be disqualified
from meering the DSM-5 surveillance case definirion for ASD
if, based on (he clinical judgment ol one or more reviewers,
there is insuflicient or conflicting information in support of
ASD, suflicient information to rule out ASD, or if one or
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BOX 2. Autism spectrum disorder case determination criteria under DSM-5

[38M-5 behavioral criteria

A Persistene
deticits in soial

Al Deficies in social emotional reciprocicy

A2, DeHcits in nonverbal commumicative behaviers
comnunicition and
sucial inleraction

=

. Restricted. repetitive
patterns ot behavier,
mluresis, or
activities. correnily
or by hiscory

Historical P13
diagno:is

LISM. 3 case
detenmination OR

A% Defici o Llr\-‘(‘]n].\ing. unintaining, anud um[ursl:mtling relationships

B1: Stereatyped or repetitive motor movemaents. use of abjeces or speech

B2, Insistence on sameness, inflexible adberenge o roatines, or ritwalized LTI afverbal or nonverbal elavior
B3, High]}-‘ rustrictocd interests that are aboornal inotensity or fiscus

B4. Hyper- or hvpo-reactivity (o sensory input or nnusaal interest in sensory aspects of the environmem

Any ASD? Lli:lgnn.\'i.\ docimuented inn comprelwnsive svaluation, int:lm[ing a [TV Lli:lgnn.\'i.\ ol antistic disorder, .’\xpr.rgrr clisorder. or
pervasive developmemal disvrder—nor mherwise specified (PID-NOS]

All chree behavioral eriteria coded under parc ALand ac ease two behavioral eriteria coded under part B

Any ASTY diagnosis docomented in a comprehensive evaluation, whether based on DSM-IV-TR or IDSM-S diagnosic critetia

Note: A child might be disqualitied from mecting che DSM-5 surveillanee vase definidon for ASL it based on che clinical judgmenc of one
or more reviewers, there is insufficient or conflicting imtarmation in support of ASD, sufficient information w rale ouc ASLY ar ifone or
more o hl.‘.r (li;lg“(].\'(‘(] t:“[](li] i“[]h' l](‘.[]l.‘.r HIRNEIN NS 1(]]' [l](‘ (.l]‘ll{]‘.\ H}']T]I‘l“”l.\

Abbreviation: DSM-5 = [apnestic wnd Statistical Meanaal of Menl Disorders, Fifih Edision.

morc other diagnosed conditions better account for the child's
symptoms. In this report, prevalence estimates are based on the
DSM-TV-TR casc definition, whereas case counts are presented
and compared flor children meeting the DSM-TV-TR and/or
[3SM-5 case definitions.

Quality Assurance

All sites lollow the quality assurance standards established by
the ADDM Network. In the first phase, the accuracy of record
review and abstraction is checked periodically. In the second
phase, interrater reliability is monitored on an ongoing basis
using a blinded, random 10% sample of abstracted records
that are scored independently by two reviewers (5). For 2014,
interrater agreement on DSM-IV-TR case status (confirmed
ASD versus not ASD) was 89.1% when comparison samples
from all sites were combined (k = 0.77), which was slightly
below quality assurance standards cstablished for the ADDM
Network {90% agreement, 0.80 kappa). On DSM-5 reviews,
interrater agreement on case status {confirmed ASD versus
not ASD) was 92.3% when comparison samples from all sites
were combined (k = 0,84}, Thus, for the DSM-5 surveillance
definition, reliability exceeded quality assurance standards
estublished for the ADDM Network.

Descriptive Characteristics and Data Sources

Fach ADDM site auempted o obrain birth certificate data
for all children abstracted during Phase 1 through linkages
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conducred using stare viral records. These data were only
available for children born in the state where the ADDM sire
is located. The race/cthniciry of cach child was determined
from infarmation contained in source records or, il not found
in the source file, from birth certificate data on one or both
parents, Children with race coded as “other” or “multiracial”
were considered to be missing race information for all analyses
that were stratified by race/ethnicity. For this report, data on
timing of the first comprehensive evaluation on record were
restricted to children with ASD who were born in the state
where the ADDM site is located, as confirmed by linkage to
birth certificate records. Iara were restricred in this manner o
reduce crrors in the estimate thar were introduced by children
tor whom cvaluarion records were incomplete because they were
born out of state and migrated into the surveillance area between
the time of birth and the year when (hey reached age 8 years.
Informatien on childrens funciional skills is abstracted
from source records when available, including scores on
tests of adaptive behavior and intellectual ability. Because no
standlardized, validated measures of functioning specific to ASD
have been widely adopted in clinical practice and because adaprive
behavior rating scales are not sufficiently available in health and
education records of children with ASD, scores of intellectual
ability have remained the primary source of information on
children’s tuncrional skills. Children are classitied as having 1T if
they have an [QQ score of <70 on their most recent test available
in the record, Borderline intellectual ability is defined as having
an [Q score of 71-83, and average or above-average intellectual
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ability is defined as having an 1Q) score of >85. In the absence of
a specitic 1QQ score, an examiner’s statement based on a formal
assessment of the child’s intellectual ability, if available, is used
to classify the child in one of these three levels.

Diagnostic conclusions from cach evaluation record are
summarized for each child, including notation of any ASD
diagnosis by subtype, when available. Children are considered
to have a previously documented ASD classificarion it chey
reccived a diagnosis of autistic disorder, PDD-NOS, Asperger
disorder, or ASD that was documented in an absiracted
evaluation or by an ICD-9 billing code at any time from birth
through the year when they reached age 8 vears, or if they
were noted as meeting eligibility criteria for special education
services under the classification of autism or ASD.

Analytic Methods

Population denominators lor calculating ASD prevalence
estimates were obtained from the National Center lor Health
Statistics Vintage 2016 Bridged-Race Posteensal Population
Lstimates (26). CDC's National Vital Statistics System provides
estimated population counts by state, county, single year of
age, race, cthnic origin, and sex. Population denominators
for the 2014 surveillance year were compiled from posteensal
estimates of the number of children aged 8 years living in the
counties under surveillance by cach AIDDM site (Table 1),

In two sites {Arizona and Minnesora), geographic boundaries
were detined by constituent school districts included in the
surveillance area. The number of children living in outlying
school districts was subtracted from the county-level census
denominators using school enrollment daa from the US.
Department of Education’s National Center for Education
Satistics (27). Lnrollment counts of students in third grade
during the 2014-15 school year diftered from the CDC
bridged-race population estimates, atuibutable primarily to
children being enrolled out of the customary grade for their
age or in charter schools, home schools, or private schools.
Because these ditferences varied by race and sex within the
applicable countics, race- and sex-specific adjustments based
on enrollment counts were applied ro the CDC population
estimates (o derive school district-specific denominators lor
Arizona and Minnesola,

Race- or ethnicity-specific prevalence estimates were
calculated for four groups: white, black, Hispanic {regardless of
race), and Asian/Pacific Islander. Prevalence results are reported
as the total number of children meeting the ASD case definition
per 1,000 children aged & years in the population in each race/
cthnicity group. ASD prevalence also was estimated separately
for boys and girls and within cach level of intellecrual abilicy.
Overall prevalence estimares include all children identified with
ASD regardless of sex, race/ethnicity, or level of intellecrual
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ability and thus are not atfected by the availability of data on
these characteristics.

Statistical tests were selecred and confidence intervals (Cls)
for prevalence estimates were caleulated under the assumption
that the observed counts of children identified with ASD were
obrained from an underlying Poisson distribution with an
asymptaftic approximarion ro the normal. Pearson chi—squarc
tests were performed, and prevalence ratios and percentage
differences were calculated (0 compare prevalence estimates
rom different strata. Kappa statistics were computed to
describe concordance between the DSM-IV-TR and DSM-5
case definitions, as well as to describe interrater agreement
on cither case definition for quality assurance. Pearson chi-
square tests also were performed for testing significance in
comparisons of proportions, and unadjusted odds ratio (OR})
estimates were caleulated to further describe these comparisons.
In an effort 1o reduce the effecr of ourliers, distriburion medians
were typically presented, although one-way ANOVA was used
to test significance when comparing arithmetic means of these
distributions, Significance was set at p<0.05. Results lor all sites
combined were based on pooled numerator and denominator
data from all sites, in total and stradified by race/ethnicity, sex,
and level of intellectual ability.

Sensitivity Analysis Methods

Cerrain educarion and health records were missing for
certain children, including records thar could not be locared
tor review, thosc affected by the passive consent process unique
10 the Colorado site, and those archived and deemed (100 costly
1o retrieve, A sensitivity analysis of the effect of (hese missing
records on case ascertainment was conducted. All children
initially identified for record review were first stratified by two
factors closely associated with final case status: information
source (health source type only, education source type only,
or both source types) and the presence or absence of either an
autism special education eligibility or an ICD-9-CM code for
ASD, collectively forming six strata. The potential number of
cascs not identified because of missing records was estimared
under the assumption thar within cach of the six strata, the
proportion of children conlirmed as ASD surveillance cases
among those with missing records would be similar (o0 the
proportion ol cases among children with no missing records,
Within each sturatum, the proportion of children with no
missing records who were confirmed as having ASD was
applied to the number of children with missing records to
estimate the number of missed cases, and the estimates from
all six strata were added to calculate the toral for each site.
This sensitivity analysis was conducted solely to investigate
the potential impact of missing records on the presented
estimares. The estimates prcscnrcd in this report do not reflecr
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this adjustment or any of the ather assessments ol the potential
effects of assumptions underlying the approach.

All ADDM sites identified records for review from health
sources by conducting record searches that were based on a
common list of ICID-9 billing codes. Because several sites were
conducting surveillance for other developmental disabilities in
addirion to ASD (i.c., onc or more of the following: ccrebral
palsy, [I3, hearing loss, and vision impairment]}, they reviewed
rccords based on an expanded list of ICI3-9 codes. The
Colorado site also requested code 781.3 (lack of coordination),
which was identified in that community as a commonly used
billing code for children with ASD, The proportion of children
meeting the ASD surveillance case definition whose records
were obtained solely on the basis of those additional codes was
calculated to evaluate the potential impact on ASD prevalence.

Results

A total population of 325,483 children aged 8 years was
covered by the 11 ADDM sites that provided dara for the
2014 surveillance year (Table 1). This number represented
8% of the roral U.S. population of children aged 8 years in
2014 (4,119,668) (19). A toral of 53,120 records tor 42,644
children were reviewed from health and education sources. Of
these, the source recards of 10,886 children met the criteria
for abstraction, which was 25.5% of the towal number of
children whose source records were reviewed and 3.3% of
the population under surveillance. Of the records reviewed
by clinicians, 5,473 children met the ASD surveillance case
definition. T'he number of evaluations abstracted for each
child who was ultimately identified with ASD varied by site
{median: five; range: three [Arizona, Minnesota, Missouri, and
Tennessee] to 10 [Maryland)).

Qverall ASD Prevalence Estimates

Overall ASD prevalence for the ADDM 2014 surveillance
year varied widely among sites (range: 13.1 [Arkansas]| to 29.3
[New Jersey]} (Table 2). On the basis of combined darta from
all 11 sites, ASID prevalence was 16.8 per 1,000 (one in 59)
children aged 8 years. Overall estimated prevalence of ASD
was highest in New Jersey (29.3) compared to each of the other
ten sites {p<0.017,

Prevalence by Sex and Race/Ethnicity
When dara from all 11 ADDM sites were combined, ASD
prevalence was 26.6 per 1,000 boys and 6.6 per 1,000 girls
(prevalence ratio: 4.0). ASD prevalence was signilicantly
{p=0.01) higher among boys than among gitls in all 11 ADDM
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sites (Table 2), with male-to-female prevalence ratios ranging
trom 3.2 (Arizona) to 4.9 (Georgia}. Lstimared ASD prevalence
also varied by race and ethnicity ('lable 3). When data from all
sites were combined, the estimated prevalence among white
children (17.2 per 1,000} was 7% greater than that among
black children (16.0 per 1,000} and 22% greater than that
among Hispanic children {14.0 per 1.000). In nine sites, the
cstimated prevalence of ASD was higher among white children
than black children. The white-to-black ASD prevalence ratios
were statistically significantin three sites (Arkansas, Missouri,
and Wisconsin), and the white-to-Hispanic prevalence ratios
were significant in seven sites (Arizona, Arkansas, Colorado,
Georgia, Missouri, North Carolina, and Tennessee). In nine
sites {Arizona, Arkansas, Colorado, Georgia, Maryland,
Minnesota, Missouri, North Carolina, and ‘lennessee}, the
estimated prevalence of ASD was higher among black children
than that among Hispanic children. The black-to-Hispanic
prevalence ratio was significant in three of these nine sites
(Arizona, Georgia, and Norrh Carolina). In New Jersey, there
was almeost no difference in ASI) prevalence estimates among
white, black, and Hispanic children. Estimares for Asian/Pacific
Islander children ranged from 7.9 per 1,000 {Colorado} o
19.2 per 1,000 (New Jersey) with notably wide Cls.

Intellectual Ability

Data on intellecrual ability were reporred for nine
sites {Arizona, Arkansas, Colorado, Georgia, Maryland,
Minnesota, New Jersey, North Carolina, and Tennessee)
having information available for at least 70% of children who
met the ASD case definition {range: 70.8% [lennessee] to
89.2% [North Carolinal]}. The median age of children’s most
recent 1QQ tests, on which the following results are based, was
73 months {6 years, 1 month). Data from these nine sites
yiclded accompanying data on intellectual ability for 3,714
(80.3%) of 4,623 children with ASD. This proportion did
not differ by sex or race/cthnicity in any of the ninc sires or
when combining data from all nine sires. Among these 3,714
children, 31% were classified in the range of 1D {IQ} <70),
25% were in the borderline range (1} 71-85), and 44% had
13 >85. The proportion of children classified in the range of
ID ranged from 26.7% in Arizona to 39.4% in lennessee.

Among children identified with ASD, the distribution by
intellectual ability varied by sex, with girls more likely than
boys to have 1Q} =70, and boys more likely than girls to
have 1Q) >85 (Figure 1). In these nine sites combined, 251
(36.3%) of 691 girls with ASD had I} scores or examiners’
statements indicating 11D compared with 891 (29.5%} of
3,023 males (odds ratio [OR] = 1.4; p<0.01}, though among
individual sites this proportion differed significantly in only
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FIGURE 1. Most recent intelligence quotient score as of age 8 years among children with autism spectrum disorder for whom test data were
available, by sex and site — Autism and Developmental Disabilities Monitoring Network, nine sites,* United States, 2014
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one (Georgia, OR = 1.6; p<0.05). 'The proportion of children
with ASD with borderline intellectual abilivy (1Q 71-85) did
not differ by sex, whereas a significantly higher proportion of
males (45%) compared with females (40%}) had 1Q) »85 (i.c.,
average or above average intellectual ability} (OR = 1.2; p<0.05).

The distribution of intellectual ability also varied by race/
cthnicity. Approximately 44% of black children with ASD were
classificed in the range of 11 compared with 35% of Hispanic
children and 22% of whire children (Figure 2). The proportion
of blacks and whites with 1D differed significantly in all sites
except Colorado, and when combining their data (OR = 2.9;
p<0.01}. The proportion of Hispanics and whites with 1D
differed significantly when combining data from all nine sites
(OR = 1.9; p<0.01), and among individual sites it reached
significance (p<0.03) in six of the nine sites, with the three
exceptions being Arkansas (OR = 1.8; p = 0.13), North Carolina
(OR = 1.8; p = 0.07), and Tennessee {OR = 2.1; p = 0.09).
The proportion of children with borderline intellecrual abiliry
(IQQ = 71-85) did ner differ berween black and Hispanic
children, although a lower proportion of white children (22%)
were classilied in (he range of borderline intellectual ability
compared to black {28.4%; OR = 0.7; p<0.01) or Hispanic
(28.7%; OR = 0.7; p<0.01) children. When combining daca

tfrom these nine sites, the proportion of white children {56%)
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with 1Q >85 was significantly higher than the proportion of
black (27%, OR = 3.4; p<0.01) or Hispanic (36%, OR = 2.2;
p<0.01) children with 1QQ=85.

First Comprehensive Evaluation

Among children with ASD who were born in the same
state as the ADDM site {n = 4,147 of 5,473 confirmed
cases), 42% had a comprehensive evaluation on record by age
36 months (range: 30% [Arkansas]| to 66% [North Carolinal)
(Table 4}. Approximately 39% of these 4,147 children did
not have a comprchensive evaluarion on record until afeer
age 48 months; however, mention of developmenral concerns
by age 36 months was documented for 85% (range: 61%
[Tennessee] (0 94% [Arizonal).

Previously Documented ASD Classification

Of'the 5,473 children meering the ADDM ASD surveillanee
case definition, 4,379 (80%) had either eligibility for autism
special education services ora DSM-TV-TR, DSM-3, or ICD-9
autism diagnosis documented in their records (range among 11
sites: 58% [Colorado] o 92% [Missouri]). Combining data
fromall 11 sites, 81% of boys had a previous ASD classification
on record, compared with 75% of girls (OR = 1.4; p<0.01).
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When stratified by race/ethnicity, 80% of white children
had a previously documented ASD classification, compared
with nearly 83% of black children (OR = 0.9; p = 0.09) and
76% of Hispanic children (OR = 1.3; p<0.01); a significant
difference was also found when comparing the proportion of
black children with a previous ASD classification to that among
Hispanic children {OR = 1.5; p<0.01).

The median age of carliest known ASID diagnosis
documented in children’s records {Table 5) varied by diagnostic
subtype {autistic disorder; 46 months; ASD/PDD: 56 months;
Asperger disorder: 67 months), Within these subtypes, the
median age of earliest known diagnosis did nou dilfer by sex,
nor did any difference exist in the proportion of boys and gitls
who initially received a diagnosis of autistic disorder (48%),
ASD/PDD (46%), or Asperger disorder {6%). The median
age of earliest known diagnosis and distribution of subtypes
did vary by site. The median age of carliest known ASD
diagnosis for all subtypes combined was 52 months, ranging
from 40 monrhs in North Carolina to 59 months in Arkansas.

Special Education Eligibility

Sites with access to education records collected information
on the most recent cligibility categories under which children
reccived special educartion services {Table 6). Among children
with ASD who were receiving spccial cducation services
in public schools during 2014, the proportion of children
with a primary eligibility category of autism ranged from
approsimately 37% in Wisconsin 1o 80% in Tennessee. Most
other sites noted approximately 60% to 75% of children with
ASD having autism listed as their most recent primary special
education eligibility category, the exceptions being Colorado
(44%) and New Jersey (48%)}. Other common special
education eligibilities included health or physical disability,
speech and language impairment, specific learning disabilicy,
and a general developmental delay carcgory thar is used until
age 9 years in many U.S. states. Al ADDM sites reported <10%
of children with ASD) recciving special educarion services under
a primary eligibility category of 10,

Sensitivity Analyses of Missing Records
and Expanded ICD-9 Codes

A stratified analysis of records that could not be located lor
review was completed to assess the degree to which missing
data might have potentially reduced prevalence estimates as
reported by individual ADDM sites. Had all children’s records
identified in Phase 1 been located and reviewed, prevalence
estimates would potentially have been <1% higher in four sites
{Arizona, (Georgia, Minnesora, and Wisconsin), between 1%
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FIGURE 2. Most recent intelligence quotient score as of age 8 years
among children with autism spectrum disorder for whom test data
were available, by sex and race/ethnicity — Autism and Developmental
Disabilities Monitoring Netwaork, nine sites,* United States, 2014
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1o 5% higher in four sites (Colorado, Missouri, New Jersey,
and Norrh Carolina), approximately 8% higher in Maryland,
and nearly 20% higher in Arkansas and Tennessee, where
investigators were able (0 access education records throughout
maost, but notall, of the surveillance area and received data from
their state Department of Education to evaluate the potential
impact on reported ASD prevalence estimates attributed to
missing records.

The impact on prevalence estimates of reviewing records
based on an expanded list of ICD-Y codes varied from site
to site. Colorade, (eorgia, and Missouri were the only three
sites thar identified more than 1% of ASD surveillance cascs
partially or solcly on the basis of the expanded code list. In
Missouri, less than 2% of children identified with ASD had
some ol their records located on the basis of the expanded
code list, and none were identified exclusively from these
codes. In Colorado, approximately 2% of ASD surveillance
cases had some abstracted records identified on the basis of
the expanded code list, and 4% had records found exclusively
from the expanded codes. In Georgla, where [CD-9 codes were
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requested lor surveillance of five distinct conditions (autism,
cerebral palsy, 1D, hearing loss, and vision impairment},
approximately 10% of children identified with ASD had some
of their records located on the basis of the expanded code list,
and less than 1% were identified exclusively from these codes.

Comparison of Case Counts from
DSM-IV-TR and DSM-5 Case Definitions

The [3SM-5 analysis was completed for part of the overall
ADDM 2014 surveillance area {Table 7), representing a toral
population of 263,775 children aged 8 years. This was 81%
ol the population on which DSM-TV-TR prevalence estimates
were reported. Within this population, 4,920 children were
confirmed to meet the ADDM Nerwork ASD case detinition
tor either DSM-1V-TR or DSM-5. Of these children, 4,236
{86%) met both case definitions, 422 (9%) mert only the
DSM-IV-TR eriteria, and 262 (5%} met only the DSM-5
criteria {Table 8). This yielded a DSM-IV-TR:DSM-5
prevalence ratio of 1.04 in this population, indicating that
ASD prevalence was approximately 4% higher based on the
historical DSM-IV-TR casc definirion compared with the
new DSM-5 case definition. Among 4,498 children who met
[3SM-3 case criteria, 3,817 {85%) met the DSM-5 behavioral
criteria {Box 2), whereas 681 (15%) qualified on the basis of an
established ASD diagnosis but did not have sufficient DSM-5
behavioral criteria documented in comprehensive evaluations.
In six of the 11 ADDM sites, DSM-5 case counts were within
approximately 5% of DSM-IV-TR counts (range: 5% lower
[Tennessee] to 5% higher [Arkansas]), whereas DSM-5 case
counts were more than 5% lower than DSM-IV-TR counts
in Minnesota and North Carolina {6%), New Jersey {10%]},
and Colorado (14%). Kappa sratistics indicated strong
agreement between DSM-TV-TR and DSM-5 case srarus
among children abstracted in Phase 1 of the study who were
reviewed in Phase 2 for both DSM-TV-TR and DSM-5 (kappa
lor all sites combined: 0.85, range: 0.72 [Tennessee] to 0.93
[INorth Carolinal).

Stratified analysis of DSM-IV-TR:DSM-5 ratios were very
similar compared with the overall sample (lable 9). DSM-5
estimates were approximately 3% lower than DSM-IV-TR
counts for males, and approximately 6% lower for females
{(kappa = 0.85 for both). Case counts were approximately 3%
lower among white and black children on DSM-5 compared
with DSM-IV-TR, 5% lower among Asian children, and 8%
lower among Hispanic children. Children who received a
comprehensive evaluation by age 36 months were 7% less likely
to meet DSM-5 than DSM-IV-TR, whereas those evaluated
by age 4 years were 6% less likely (o meet DSM-5, and (hose
initially evaluated after age 4 years were just as likely to meet
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DSM-5 as DSM-1V-TR. Children with documentation of
cligibility for autism special education services, and those
with a documented diagnosis of ASD by age 3 years, were
2% more likely to meet DSM-5 than DSM-IV-TR. Slightly
over 3% of children whaosc carliest ASD diagnosis was aurisric
disorder mer DSM-5 criteria but not DSM-IV-TR, compared
with slightly under 3% of those whosc carliest diagnosis
was PDD-NOS/ASD-NOS and 5% ol those whose earliest
diagnosis was Asperger disorder. Children with no previous
ASD classification {diagnosis or eligibility) were 47% less likely
to meet DSM-5 than DSM-IV-T'R. Combining data from all
11 sites, children with 1QQ scores in the range of 11 were 3%
less likely to meet DSM-5 criteria compared with DSM-IV-TR
(kappa = 0.89), those with 1() scores in the borderline range
were 6% less likely to meet DSM-5 than DSM-IV-TR (kappa
= {1.88), and children with average or above average intellectual
abiliry were 4% less likely ro meer DSM-5 crireria compared

with DSM-IV-TR {kappa = 0.86).

Discussion

Changes in Estimated Prevalence

The overall ASD prevalence estimate ol 16.8 per 1,000
children aged 8 years in 2014 is higher than previously
reported estimates from the ADDM Newwork. An ASD case
definition based on DSM-IV-T'R criteria was used during the
entire period of ADDM surveillance during 2000-2014, as
were comparable study operations and procedures, although
the geographic areas under surveillance have varied over
time. During this period, ADDM ASD prevalence estimates
increased from 6.7 to 16.8 per 1,000 children agcd & years,
an increase of approximacely 150%.

Among the six ADDM sites completing both the 2012
and 2014 studies for the same geographic area, all six showed
higher ASD prevalence estimates for 2012 compared 10 2014,
with a nearly 10% higher prevalence in Georgia (p = 0,06)
and Maryland (p = 0.35), 199 in New Jersey (p<0.01}, 22%
in Missouri (p = 0.01), 29% in Colorado (p<0.01), and 31%
in Wisconsin {p<0.01). When combining data from these six
sites, ASD prevalence estimates for 2014 were 20% higher
for 2014 compared to 2012 {p<0.01}. The ASD prevalence
estimate from New Jersey continues to be one of the highest
reported by a popularion-based surveillance system. The two
sites with the greatest relative difference in prevalence are
noteworthy in that both gained access to children’s educarion
records in additional geographic areas for 2014, Colorado was
granted access Lo review children’s education records in one
additional county for the 2014 surveillance year {representing
nearly 20% of the population aged 8 years within the overall
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Colorado surveillance area), and Wisconsin was granted
access to review education records for more than a quarter of
its surveillance population, and 2014 marked the first time
Wisconsin has included education data sources. Comparisons
with earlier ADDM Nerwork surveillance results should be
interpreted cautiously because of changing composition of
sites and geographic coverage over time. For example, three
ADDM Network sites completing both the 2012 and 2014
surveillance years {Arizona, Arkansas, and North Carolina)
covered a dilferent geographic area each year, and two new sites
(Minnesota and Tennessee) were awarded lunding to monitor
ASD in collaboration with the ADDM Nerwaork,

Certain characteristics of children with ASD were similar in
2014 compared with earlier surveillance years. The median age
of earliest known ASD diagnosis remained close to 53 months
in previous surveillance years and was 52 months in 2014.
The proportion of children who received a comprehensive
developmental evaluation by age 3 years was unchanged:
42% in 2014 and 43% during 2006-2012. There were a
number of difterences in the characteristics of the population
of children with ASD in 2014. The male:female prevalence
ratio decreased from 4,5:1 during 2002-2012 (0 4:1 in 2014,
driven by a greater relative increase in ASD prevalence among
girls than among boys since 2012, Also, the decrease in the
ratios of white:black and white:Hispanic children with ASD
continued a trend observed since 2002, Among sites covering
a population of at least 20,000 children aged 8 years, New
Jersey reported no significant race- or ethnicity-based difference
in ASD prevalence, suggesting more complete ascertainment
among all children regardless of race/cthnicity. Historically,
ASD prevalence estimares from combined ADIDM sires have
been approximately 20%—30% higher among white children
as compared with black children, For surveillance year 2014,
the difference was only 7%, (he lowest dilference ever observed
lor the ADDM Network, Likewise, prevalence among white
children was almost 70% higher than that among Hispanic
children in 2002 and 2006, and approximately 50% higher
in 2008, 2010, and 2012, whereas for 2014 the difterence
was only 22%. Data from a previously reported comparison
of ADDM Network ASD prevalence estimates from 2002,
20006, and 2008 (9 suggested greater increases in ASD
prevalence among black and Hispanic children compared
wirth those among white children. Reductions in disparitics
in ASD) prevalence for black and Hispanic children might
be atributable, in part, 1o more eflective outreach directed
(o minority communities. Finally, the proportion of children
with ASD and lower intellectual ability was similar in 2012
and 2014 at approximately 30% of males and 35% of females.
These proportions were markedly lower than those reported
in previous surveillance years.
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Variation in Prevalence Among
ADDM Sites

Findings from the 2014 surveillance year indicate that
prevalence estimates still vary widely among ADDM Nerwork
sites, with the highest prevalence observed in New Jersey.
Although five of the 11 ADDM sites conducting the 2014
surveillance year reported prevalence estimares within a very
close range (from 13.1 to 14.1 per 1,000 children), New
Jersey's prevalence cstimate of 29.4 per 1,000 children was
significantly greater than that from any other site, and four sites
(Georgia, Maryland, Minnesota, and North Carolina) reported
prevalence estimates that were significantly greater than those
from any of the five sites in the 13.1-14.1 per 1,000 range.
‘Iwo of the sites with prevalence estimates of 20.0 per 1,000
or higher (Maryland and Minnesota) conducted surveillance
among a total population of <10,000 children aged 8 years.
Concentrating surveillance effores in smaller geographic areas,
especially those in close proximity to diagnostic centers and
thosc covering school districts with advanced staft rraining and
programs to support children with ASD, mighrt yield higher
prevalence estimates compared with those from sites covering
populations ol more than 20,000 children aged 8 years, Of the
six sites with prevalence estimates below the 16.8 per 1,000
estimate for all sites combined, five did not have full access
to education data sources (Arkansas, Colorade, Missouri,
Tennessee, and Wisconsin), whereas only one of the six sites
will full access to education data sources had a prevalence
estimate below 16.8 per 1,000 {(Arizona}. Such differences
cannot be attributed solely to source access, as other factors
(c.g., demographic differences and service availability) also
might have influenced these findings. In addition ro variation
ameong sites in r'cporrcd ASD prcvalcncc, widc variation among
sites is noted in the characteristics of children identified with
ASD, including the proportion of children who received
a comprehensive developmenial evaluation by age 3 years,
the median age of earliest known ASD diagnosis, and the
distribution by intellectual ability. Some of this variation might
be attributable to regional differences in diagnostic practices
and other documentation of autism symptoms, although
previous reports based on ADDM data have linked much of
the variation to other extrinsic factors, such as regional and
sociocconomic disparitics in access to services (13, /4).

Case Definitions
Resules from application of the DSM-IV-TR and DSM-5

case definitions were similar, overall and when stratified by
sex, race/cthnicity, DSM-TV-TR diagnostic subtype, or level
of inrcllecrual ability. Overall, ASD prevalence estimates
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based on the new DSM-5 case delinition were very similar in
magnitude but slightly lower than those based on the historical
DSM-IV-T'R case definition. Three of the 11 ADDM sites
had slightly higher case counts using the DSM-5 framework
compared with the DSM-IV-TR. Colorado, where the DSM-
IV-TR:DSM-5 ratio was highest compared with all other sites,
was also the site with the lowest proportion of DSM-TV-TR
cascs having a previous ASID classification. This suggests that
the diagnostic component of the DSM-5 case definirion,
whereby children with a documented diagnosis of ASD
might qualily as DSM-5 cases regardless of social interaction/
communication and restricted/repetitive behavioral criteria,
might have influenced DSM-5 results to a lesser degree in
that site, as a smaller proportion of DSM-IV-TR cases would
meet DSM-5 case criteria based solely on the presence of a
documented ASD diagnosis. This element of the DSM-5
case definition might carry less weight moving forward, as
fewer children aged 8 years in health and education settings
will have had ASID diagnosed under the DSM-TV-TR criteria.
It is also possible that persons who conducr developmeneal
cvaluations of children in health and cducation scerings will
increasingly describe behavioral characteristics using language
more consistent with DSM-5 (erminology, yielding more ASD
cases based on the behavioral component of ADDM's DSM-5
case definition. Prevalence estimates based on the DSM-5 case
definition that incorporates an existing ASD diagnosis reflect
the actual patterns of diagnosis and services for children in
2014, because children diagnosed under DSM-1V-TR did not
lose their diagnosis when the updated DSM-5 criteria were
published and because professionals mighr diagnose children
with ASD) withour necessarily recording every behavior
supporting that diagnosis. In the future, prevalence estimates
will align more closely with the specific DSM-5 behavioral
criteria, and might exclude some persons who would have
met DSM-TV-TR criteria lor autistic disorder, PDD-NOS, or
Asperger disorder, while at the same time including persons
who de not meert those criteria but who do meet the specific
DSM-5 behavioral criteria.

Comparison of Autism Prevalence
Estimates

The ADDM Nerwork is the only ASD surveillance system
in the United States providing robust prevalence estimates for
specific areas of the country, including those for subgroups
defined by sex and racefethnicity, providing information about
gcographical variarion that can be used to cvaluare policics
and diagnostic practices that mighc affect ASD prevalence.
Tt is also the only comprehensive surveillance system o
incorporate ASD diagnostic criteria into the case delinition
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rather than relving entirely on parent or caregiver report of a
previous ASD diagnosis, providing a unique contribution to
the knowledge of ASD epidemiology and the impact of changes
in diagnostic criteria. Two surveys of children’s health, The
National Health Interview Survey (NHIS) and the National
Survey of Children’s Health (NSCH), report estimates of ASD
prevalence based on caregiver report of being rold by a docror
or other health care provider that their child has ASD, and, for
the NSCH, if their child was also reported to currently have
ASD. The most recent publication from NHIS indicated that
27.6 per 1,000 children aged 3-17 years had ASD in 2016,
which did not differ significantly from estimates for 2015 or
2014 (24.1 and 22.4, respectively) (28}, An estimate of 20.0
per 1,000 children aged 6-17 years was reported from the
2011-2012 NSCH (29). The study samples for both surveys
are substandally smaller than the ADDM Network; however,
they were intended to be nationally representative, whereas
the ADDM Nerwork surveillance areas were sclecred through
a competitive process and, although large and diverse, were
not intended to be nationally representarive. GGeographic
differences in ASD prevalence have been observed in both the
ADDM Network and national surveys, as have dilferences in
ASD prevalence by age (6-17,28,29).

All three prevalence estimation systems (NHIS, NSCEH,
and ADDM) are subject to regional and policy-driven
differences in the availability and utilization of evaluation
and diagnostic services for children with developmental
concerns. Phone surveys are likely more sensitive in identifying
children who received a preliminary or confirmed diagnosis
of ASD) bur arc not recciving services (i.c., special education
services). The ADDM Network method based on analysis of
informarion contained in existing healch and education records
enables the collection of detailed, case-speciflic information
reflecting children’s behavioral, developmental and functional
characteristics, which are notavailable from the national phone
surveys. This detailed case level information might provide
insight into temporal changes in the expression of ASD
phenotypes, and offers the ability to account for differences
based on changing diagnostic criteria.

Limitations

The findings in this report are subject to at least three
limitations. First, ADDM Nerwork sites were not selected to
represent the United States as a whole, nor were the geographic
arcas within cach ADDM sire selected to represent thar state
as a wholc {with the exception of Arkansas, where ASD s
monirored statewide). Although a combined estimace is
reported for the Network as a whole (o inform stakeholders
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and interpret the findings (rom individual surveillance years in
a more general context, data reported by the ADDM Newwork
should not be interpreted to represent a national estimate of
the number and characteristics of children with ASD. Rather,
it is more prudcnt to examine the wide variation among, sites,
between specific groups within sites, and across time in the
number and characreristics of children identitied with AST),
and to use these findings ro inform public health strategics
aimed ar removing barriers to identification and trearment,
and eliminating disparities among socioeconomic and racial/
ethnic groups. Data from individual sites provide even greater
utility for developing local policies in those states.

Second, it is important to acknowledge limitations of
information available in children’s health and education records
when considering data on the characteristics of children with
ASD. Age of earliest known ASD diagnosis was obtained from
descriptions in children’s developmental evaluations that were
available in the health and education facilities where ADDM
statf had access ro review records. Some children mighr have
had carlicr diagnoses that were not recorded in these records.
Likewise, some descriptions of historical diagnoses {i.c., thosc
not made by the evaluating examiner) could be subject o
recall error by a parent or provider who described the historical
diagnosis to that examiner. Another characteristic featured
prominently in this report, intellectual ability, is subject w0
measurement limitations. [QQ test results should be interpreted
cautiously because of myriad factors that impact performance
on these tests, particularly language and attention deficits that
are common among children with ASD, especially when testing
was conducted before age 6 years. Because children were not
examined dircetly nor sysrematically by ADDM seaff as part
of this study, descriptions of their characteristics should not be
interpreted to serve as the basis lor policy changes, individual
(reatments, or interventions.

Third, because comparisons with the results from earlier
ADDM surveillance years were not restricted to a common
geographic area, inferences about the changing number and
characteristics of children with ASD over time should be
made with caution. Findings for cach unique ADDM birth
cohort are very informative, and although study methods
and geographic areas of coverage have remained generally
consisrent over time, rcmpoml comparisans arc subject to
multiple sources of bias and should nor be misinterpreted as
representing precise measures that control for all sources of
bias, Additional limitations 1o the records-based surveillance
methodelogy have been described extensively in previous
ADDM and MADDSP reports (3,6-11}.

VS Degrartrrent of Heallh and Human Services/Centers Tor Disease Conlrol and Prevention

Future Surveillance Directions

Data collection for the 2016 surveillance year began in carly
2017 and will continue through mid-2019. Beginning with
surveillance year 2016, the DSM-5 case definition for ASD will
serve as the basis for prevalence estimates. The DSM-IV-TR
case definition will be applied in a limited geographic area
to offer additional data for comparison, although the DSM-
IV-TR case definition will eventually be phased out.

CDC's “Learn the Signs. Acr Early” (ITSAE) campaign,
launched in Ocrober 2004, aims ro change perceptions among
parents, health care professionals, and carly educators regarding
the importance of early identification and treatment of autism
and other developmental disorders (30). Tn 2007, the American
Academy of Pediatrics (AAP) recommended developmental
screening specifically focused on social development and ASD
at age 18 and 24 months {37). Both efforts are in accordance
with the Healthy People 2020 (HP2020} goal that children
with ASD) be evaluated by age 36 months and begin receiving
community-based support and services by age 48 months (12).
It is concerning rhat progress has not been made toward the
HP2020 goal of increasing the percentage of children wich
ASD who reccive a first evaluation by age 36 months to 47%;
however, the cohort of children monitored under the ADDNM
2014 surveillance year (i.e., children born in 2006} represents
the first ADDM 8-year-old cohort impacted by the ITTSAE
campaign and the 2007 AAP recommendations. The effect of
these programs in lowering age at evaluation might become
more apparent when subsequent birth cohorts are monitored.
Further exploration of ADDM data, including those collected
on cohorts of children aged 4 years {3.2), might inform how
policy initiatives, such as screening recommendations and other
social determinants of health, impace the prevalence of ASD
and characterisrics of children with ASD, including the age ar
which most children receive an ASD diagnosis,

Conclusion

The latest findings trom the ADDM Nerwork provide
evidence that the prevalence ol ASD is higher than previously
reported ADDM estimates and continues (o vary among
certain racial/ethnic groups and communities. The overall
ASD prevalence estimate of 16.8 per 1,000 children aged
8 years in 2014 is higher than previous estimates from the
ADDM Network. With prevalence of ASD reaching nearly 3%
in some communities and representing an increase of 150%
since 2000, ASD is an urgent public health concern that could
benefit from enhanced strategies to help identify ASD earlier;
to derermine possible risk factors; and 1o address the growing
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behavioral, educational, residential and occupational needs of
this population.

Implementation of the new DSM-5 case definition had
little effect on the overall number of children identified with
ASD for the ADDM 2014 surveillance year. This might be a
result of including documented ASD diagnoses in the DSM-5
surveillanee case definition. Over time, the estimate might be
influenced (downward) by a diminishing number of persons
who meet the DSM-5 diagnostic crireria for ASDD based
solely on a previous DSM-IV-TR diagnosis, such as autistic
disorder, PDD-NOS or Asperger disorder, and influenced
(upward) by professionals aligning their clinical descriptions
with the DSM-5 criteria. Although the prevalence of ASD and
characteristics of children identified by each case definition
were similar in 2014, the diagnostic features defined under
DSM-IV-TR and DSM-5 appear to be quite different. The
ADDM Nerwork will continue to evaluate these similarities
and differences in much greater depth, and will examine at
least one more cohorr of children aged 8 years to expand chis
comparison. Over time, the ADDM Nerwork will be well
positioned ro evaluate the cffects of changing AST) diagnostic
parameters on prevalence,
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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, 2014

Asian or American Indian
White, Black, Pacific Islander, or Alaska Native,
Total non-Hispanic non-Hispanic Hispanic non-Hispanic non-Hispanic
Site Site institution Surveillance area Ma. MNo. (%a) Mo. s} Ma. {9a] MNo. (%a) Mo. (%)
Arizona University of Part of 1 county in 24,952 12308 (49.3) 1,336 (5.4} 9792 (391 975 (3.9) 541 (2.2}
Arizana metropolitan
Phoenix!
Arkansas Universily of All 75 countiesin 39,992 25103 (653) 7705 {193} 5012 (125) a43 2.1 329 (0.8
Arkansas for Arkansas
Medical Sciences
Colorado Colorado 7 counties in 41,128 22410 (54.5) 2,724 (68} 13,735 (334 203 4.9 223 0.6
Department of metropolitan
Public Health and Denver
Environment
Georgia LD 3 counties 51,161 15495 (303 22,042 {43.7} 9913 (19.4] 3,599 7.0 112 {02
including
metropolitan
Atlanta
Maryland Johns Hepking 1 countyin 9,955 4977 (5000 3399 {349} 829 8.3 719 [7.2] 31 {0.3)
University metropolitan
Baltimore
tlinnesota University of Parts of 2 counties 9,767 3,793 (388) 2719 {278} 14856 (152) 1,576 (161 193 2.0
Minnesola including
Minneapolis
St. Paul®
tissouri Washington 5 counties 25,333 15,529 (652) 6577 {2601 1,220 (4.8 a1 (3.7 76 .3
Universily including
metropolitan
5t Louis
MNew lersay Rulgers University 4 counties 32,935 13593 1.3 Fles {(218) 10226 (31.0) 1,874 5.7 76 (0.2)
including
metropolitan
Newark
Norih Carolina Universily of a countias in 30,283 15241 [503) 7.7 {25.4} 5463 (18.0] 1,778 [5.9] 104 {0.3)
North Carolina central
Chapel Hill North Carclina
Tennessee Vanderbilt 11 countiesin 24940 15867 (636) 489 {196} 3324 (13.3) 799 (3.2 54 {0.2)
Universily Medical middle
Center Tennessee
Wisconsin University of 10 countiesin 35037 20,732 (592) 6486 {185} &181 {17.8) 1471 4.2 167 i0.5)
Wiscansin- southeastern
Madison Wisconsin
All sitas combined 325,483 167,048 (51.3) 72,751 (224} 67,181 (306 1659 (5.1] 1,507 {0.8]

* Total numbers of children aged 8 years in cach surveillance arca were obtained from CDC's National Center for Health Statistics Vintage 2016 Bridged-Race Population
Estimates for July 1, 2014,
I Denominator excludes school districts that were not included in the surveillance area, calculated from National Center for Education Statistics enrollment counts
of third graders during the 2014-20115 school year.
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TABLE 2. Estimated prevalence* of autism spectrum discrder among children aged 8 years, by sex — Autism and Developmental Disabilities

Monitoring Network, 11 sites, United States, 2014

Sax

Total Total no. Overall’ Males Females Mala-ta-farnale
Site population  with ASD Prevalance 95% Cl Prevalance 95% ClI Prevalence 95% C| prevalence ratio®
Arizona 24,952 349 140 (126 15.5) 211 (187 238} 6.6 {53 372) 3z
Arkansas 35,992 522 131 (12.0-14.23 205 [18.6-22.5} 5.4 4.5-6.5) 35
Colorade 41,128 572 139 (12.8-15.1) 21.8 (19.9-23.9} 55 {4.6-6.7) 39
Grorgia 51,181 369 17.0 (159 18.2) 275 (259 300} 57 48 67 49
Maryland 9,455 199 200 (17.4-23.0 327 [28.1-38.2} 72 15.2-10.0) 45
flinnesota 9,767 234 240 (21.1-27.2) 39.0 (33.58-44.9} B 6.3-11.6) 46
Missouri 25,333 356 14,1 (127-15.6) 222 (19.8-25.0} 56 {4.4-7.00 4.0
Mew Jersey 32,935 o964 29.3 (27.5-31.2) 455 142.4-43.9} 123 $10.7-14.1) 37
North Carolina 30,283 527 17.4 (16.0-19.0y 28.0 {25.5-30.8} 6.5 {5.3-7.9) 43
Tennessea 24,940 387 15.5 (14.0-17.1) 253 (22.6-28.2} 54 {4.2-6.9) 47
Wisconsin 35,037 494 141 (129 154) 214 (194 237} 6.4 {53 77 34
All sites combined 325,483 5,473 16.8 {16.4-17.3) 26.6 (25.8-27.4) 6.6 {6.2-7.00 4.0

Abbreviations: ASD = autism spectrum disorder; Cl = confidence interval.

* Per 1,000 children aged 8 years.

T All children are included in the tolal regardless of race or ethnicity.

® All sites identified significantly higher prevalence among males compared with females (p<0.011,

TABLE 3. Estimated prevalence* of autism spectrum disorder among children aged 8 years, by race/ethnicity — Autism and Developmental

Disabilities Monitoring Network, 11 sites, United States, 2014

Race/Ethnicity Prevalence ratio

White Black Hispanic Asian/Pacific Islander White-to- White-to-  Black-to-
Site Prevalence  95% Cl Prevalence  95%Cl Prevalence 95% Cl Pravalence  95%Cl Black Hispanic Hispanic
Arizona 16.2 141 18.8) 195 (133 2848) 103 (B35 125] 103 55 1%.1) 08 165 1.95
Arkansas 139 12.6-15.5} 104 18.3-12.% 84 (6.2-11.3) 142 [B1-2511 1.31 1.75 1.2
Colorado 15.0 (13.5-16.7} 114 (B.0-162) 10.6 (2.0-125] 79 [4.8-12.% 1.3 144 1.1
Grorgia 179 &0 202} 17.1 (154 189 126 136 15.0) 1149 89 16.1) 1.1 145 145
Maryland 195 16.0-23.8} 16.5 (12.7-21.4) 157 (9.1-27.0) 13.9 [7.5-25.8) 1.2 1.2 1.1
flinnesota 243 (19.8-29.8} 27.2 {21.7-34.2) 209 14.7-29.7] 178 (12.3-25.7) .9 1.2 1.3
Missouri 14.1 {(12.4-16.0} 10.8 (8.6-13.6) 49 {2.2-10.9} 10.7 (5.8-20.0) 1.3% 297 22
Mew Jersey 30Nz 127.4-33.3} 26.8 (23.3-30.% 293 [26.2-32.9) 192 (13.9-26.6) 1.1 1.0 09
North Carolina 186 (16.5-20.9} 16.1 {13.5-19.2) 11.9 {9.3-15.2) 191 (13.7-26.8) 1.2 1.6% 1.4
Tennesses 161 (143-182} 125 (9.7-16.0 0.5 (7.6-147] 125 [67-23.3) 1.3 1,51 1.2
Wisconsin 152 136 17.0} 113 (B9 142 125 100 15.6) 102 61 163 1.3t 12 [ER]
All sites 17.2 (16.5-17.8) 16.0 {15.1-16.9) 14.0 (13.1-14.9] 13.5 {11.8-15.4) 1.1t 1.2% 1.1%

combined

Abbreviation: C| = confidence interval.

* Per 1,000 children aged & years,

T Pearson chi-square test of prevalence ratio significant at p<0.05.
5 Pearson chi-square test of prevalence ratio significant at p<0.01.
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TABLE 4. Number and percentage of children aged 8 years® identified with autism spectrum disorder who received a comprehensive evaluation
by a qualified professional at age <36 months, 37-48 months, or >48 months, and those with a mention of general delay concern by age
36 months — Autism and Developmental Disabilities Monitoring Networl, 11 sites, United States, 2014

Mention of
Earliest age when child received a comprehensive evaluation general developmental delay
<36 mos 37-48 mos »48 mos =36 mos

Site Mo. {20y Mo, ] Mo. {20y Mo, ]

Atizona a7 {34.1} 56 (22,0 112 {43.9} 240 94.1)
Arkansas 17 {30.5} 38 (25.6) 168 {43.9} 354 [92.4)
Colorado 200 {46.4} %] {15.3) 165 {383} 383 (B89
Georgia 240 {37.6} 126 119.7] 273 (427} 549 (859
Maryland il (56.1} 19 11.1) 56 (32.7} 158 [92.4)
tinnesota 57 (335} 36 (21.32) 77 (453} 124 (729
Mlissouri 23] {32.1} EL] 114.2) 147 {53.6} 196 [71.5)
Mew Jersey 318 (40.5} 174 (22.2) 293 (37.3} 545 82.2)
Narth Caroling 261 (66.2) 42 (10,7 21 (23.2) 364 [92.6)
Tennessee 0 {34.0] 47 120.0) 108 {46.0] 144 B1.3)
Wiscansin 194 (47.2) g7 (21.2) 130 (31.6) 368 {89.5)
All sites combined 1,737 {41.9] 799 (19.0) 1,620 {39.1) 3,525 {85.0)

* Includes children identified with autism spectrum discrder who were linked to an in-state birth certificate,

TABLE 5. Median age (in months) of earliest known autism spectrum disorder diagnosis and number and proportion within each diagnostic
subtype — Autism and Developmental Disabilities Monitoring Network, 11 sites, United States, 2014

Autistic disorder ASD/PDD Asperger disorder Any spacifiad ASD diagnosis
Site Medianage  No. (3)  Medianage  No, (%%) Medianage  No, {%)  Medianage  No. {36)
Arizona 55 186 {76.2} 61 50 (20.5] 74 8 (3.3} 56 244 65.9)
Arkansas 55 269 {63.0} 63 129 (30.2) 75 25 6.8} 59 427 (81.8)
Colerado 43 192 {61.7} 65 104 (33.4) 61 15 (4.8} 51 m 154.4)
Georgia 46 288 {48.1} 56 261 (43.6) 65 50 (8.3} 53 599 68.9)
Maryland 43 52 {32.3} &1 104 (64.6) 65 5 (3.1} 52 161 (80.9)
Minnesota 51 50 {45.9} 65 54 (49.5) 62 5 (4.6} 56 109 146.6)
Missouri 54 81 {26.7} 55 197 (65.0) 65 25 (8.3} 56 303 {85.1)
New Jersay 42 227 {32.7} 51 428 (61.6) 66 40 (5.8} 48 695 (721
Morth Carolina 32 165 {52.5} 49 130 41.4) 67 19 6.1} 40 314 (59.6)
Tennessee 51 157 {57.1} 63 100 (36.4) 60 18 16.5} 56 275 (71.1)
Wisconsin 46 143 {40.2} 55 189 (53.1) 67 24 (6.7} 51 356 (721
All sites combined 46 1.810 (47.7} 56 1,746 (46.0) 67 238 (6.3} 52 3,794 (69.3)

Abbreviations: ASD = aulism spectrum disorder; PDD = pervasive davelopmental disorder-not olherwise specified.

20 MBIWER S April 27,2018 ¢ Val.67 f No.o LIS Department of Health and Hurean Services/Cenlers for Qivease Control and Prevention



Surveillance Summaries

TABLE &. Number and percentage of children aged 8 years identified with autism spectrum disorder with available special education records,
by primary special education eligibility category* — Autism and Developmental Disabilities Monitoring Network, 10 sites, United States, 2014

Characteristic Arizona Arkansas Colorado Georgia Maryland Minnesota Mew Jersey North Carclina Tennessee Wisconsin
Total no. of ASD cases 349 532 572 869 199 234 964 527 387 494
Total no. (%) of ASD cases with 308{88.3} 3277{—% 1307 (—%) 708{81.5) 1491(749) 188(80.3} 822 (85.3) 420 (79.7 2187 {5 1561 (—%)

special education records
Primary excaptionality (%)

Autism 64,9 654 439 589 67.1 67.0 484 75.0 798 6.5
Emotional disiurbance 29 0.9 7.2 2.0 27 3.7 1.6 26 0.5 5.8
Specific [carning disability 8.8 37 13.7 4.0 12.8 1.1 3.2 29 0.9 26
Speech or language impairment 5.5 59 10.8 1.0 34 2.7 137 24 32 20.5
Hearing or visual impairment 0 0.3 a 1 0 1.1 0.6 0.5 8] 06
Health, physical or other disability 8.8 13.5 14.4 35 81 15.4 135 112 32 14.7
Multiple disahilities 0.3 34 5.0 0 4.0 1.6 6.7 1.7 0 0

Intellectual disability 3.2 4.0 4.3 2.0 2.0 69 1.7 2.4 2.8 [£X5]
Developmental delay/Preschool 9.4 O 0.7 285 0 0.5 0.6 1.4 9.6 18.6

Abbkreviation: ASD = autism spectrum disorder,

" Some stale specilic categories were recoded or combined to match current US. Depariment of Education categories,

* Excludes children residing in school districts where educational records were not reviewed (proportion of surveillance population: 31% Arkansas, 67% Colorado,
12% Tennessee, 74% Wisconsin.

% Proportion not reported because numerator is not comparable to other sites (excludes children residing in school districts where educational records were
net reviewead).
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TABLE 7. Number* and percentage of children aged 8 years, by race/ethnicity and site in the DSM-5 Surveillance Area — Autism and
Developmental Disabilities Monitoring Network, 11 sites, United States, 2014

Asian or American Indian or
White, Black, Pacific Islander,  Alaska Mative,
Total non-Hispanic non-Hispanic Hispanic non-Hispanic non-Hispanic
Site Site institution Surveillance area Mo. Mo. s} MNo. s} MNo. (%a) MNo. (%a) MNo. {9a]
Arizona University of Part of 1 county in 9,478 5340  (563) 31 {34) 3,244 {342} 296 {3.1) 277 (2.9
Arizona metropolitan
Phoenix!'
Arkansas University of Al 75 counties in 39,992 26,103 (653 F705 (193 5012 {125} 843 {21 329 (.8
Arkansas for Arkansas
tedical Sciences
Colorado Colorado 1 couniyin 8,022 2,603 (324) 1,018 1127 409 {50.1} 322 {40 60 0.7
Department metropolitan Denver
of Public Health
and Environment
Georgia chDC 5 counties including 51,161 15495 (303 22,042 (4310 9913 {194} 3599 (7.0 12 (0.2
metropolitan Atlanta
Maryland Johns Hopkins 1 county in 9,955 4977 (5000 3,399 (34.1) 829 18.3} 719 {7.2) 31 (0.3)
University metropolitan
Baltimaore
Minhesata University of Farts of 2 counties 49,767 3,793 (388) 2719 (278 1486 {152} 1,576 (16.1) 193 (2.0
Minnesota including
Minneapolis-St, Paul!
Missouri Washinglon 1 countlyin 12,205 7186 (589) 3793 (31.1) 561 (4.6} 626 {5.1) 39 (+.3)
University metropolitan St.
Louis
New lersay Rutgers Universily 4 counties including 32,835 13,593 (13 76 (218 10,226 {310 1,874 {57 76 (0.2
metropolitan Mewark
MNorth Carolina  University of & counties in central 30,283 15241 50.3) 7701 (254) 5463 {180y 1,778 {59 100 (0.3}
North Carolina- North Carolina
Chapel Hill
Tenhesseo Wanderbilt 11 counties in middle 24940 158387 (838 4,898 (198 3,324 {133} 799 133 54 W2
University Tennessee
tMedical Center
Wisconsin Universily of 10 counties in 35,037 20732 (592) 6486 (185 6181 {1748 1471 {42) 167 (0.5}
Wisconsin southeastern
tMadison Wisconsin
All sites combined 263,775 130,930 (49.6) 67.246 (25.5) 50,258 (19.1) 13,903 (5.3) 1,438 {0.5)

Akbreviation: DSM-5 = Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition.

* Tolal numbers of children aged 8 years in each surveillance area were obtained from CDC's National Center for Heallh Stalistics Vinlage 2016 Bridged Race Population
Estimates for July 1, 2014

t Denominator excludes school districts that were not included in the surveillance area, calculated from National Center for Education Statistics enrollment counts
of third graders during the 2014-20115 school year.
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TABLE 8. Number and percentage of children meeting DSM-IV-TR and/or DSM-5 surveillance case definition — Autism and Developmental
Disabilities Monitoring Networl, 11 sites, United States, 2014

Met DSM-IV-TR Met both DSM-IV-TR

ar DSM-5 and DSM-5 Met DSM-IV-TR only Met DSM-5 only DSM-IV-TR vs. DSM-5
Site Mo, Mo, {%0) No. (%) No. (%) Ratio Kappa
Arizona 175 143 (79.9] 17 [9.5] 149 (10.6) 0.99 0.83
Arkansas 560 514 (91.8) g 1.4] 33 &3] 085 0az2
Colorado 114 92 (79.3) 19 (16.4 5 {4.3) 1.14 079
Georgia 937 790 (84.3) 79 8.4] 68 {7.3 1.01 0.83
Maryland 207 187 a0.3) 12 5.8 B 3.9 1.02 083
Minnescta 254 200 178.7) 34 113.4) 20 7.9 1.06 079
Missouri 209 179 (85.6) 12 [5.7] 15 {8.6) 0.97 0.74
New Jersey 955 342 (846 122 (12.3) EX 3.3 1.1¢ 035
North Carclina 532 493 192.7) 34 i6.4] 5 0.9 1.06 .93
Tennessee 408 348 (85.3) 39 {9.5) 21 {5.1) 1.05 0.72
Wisconsin 523 448 85.7) 46 {8.8 29 {5.5] 1.04 0.83
All sites combined 4,920 4,236 [86.1) 433 [8.6) 262 (5.3) 1.04 0.85

Abbreviations: DSM-5 = Diagnosiic and Statistical Manuaf of Mental Disorders, Fifth Edition; DSM-IV-TR = Diagnostic and Statistical Manual of Mental Disorders, Fourth
Edition, Text Revision.

TABLE 9. Characteristics of children meeting DSM-IV-TR and/or D5M-5 surveillance case definition — Autism and Developmental Disabilities
Monitoring Networlk, 11 sites, United States, 2014

Met DSM-IV-TR Met both DSM-IV-TR

or DSM-5 and DSM-5 Met DSM-IV-TR only Met DSM-5 only DSM-IV-TR vs. DSM-5

Characteristic No. Na, (%) No, (%) No, (%) Ratio Kappa

Mat ASD case definition under 4,920 4,236 86.1) 422 (8.6) 262 (5.3) 1.04 .85
DSM-IV-TR and/or DSM-5

Male 3,978 3,452 (B6.58) 316 (7.9 210 (5.3} 1.03 .85

Female 942 784 83.2) 106 1.3 52 (5.5} 106 .85

White, non-Hispanic 2,484 2,159 [86.8) 193 (7.8} 134 (5.4} 1.03 .85

Black, non-Hispanic 1,184 944 [B4.0 109 (9.2} 21 (6.8} 1.03 .84

Hispanic, regardless of race 817 595 85.1) 91 1.1y 31 (3.8) 1.08 .86

Asian/Pacific Islander, 207 188 [90.8) 14 (6.8) 5 (2.4) 105 .88
non-Hispanic

<36 months 1,509 1.372 90.9) 15 (7.6) 22 (1.5 1.07 .89

37-48 months 723 &40 (88.5) 61 (B4} 22 (3.00 106 .84

=48 maonths 1,503 1,195 [72.5) 154 [10.2) 154 [10.2) 1.00 481

Autism special education 2,270 2156 95.0) 35 {1.5) 79 {3.5) 0.98 .57
eligibility’

ASD diagnostic statement®

Earliest ASD diagnosis 951 936 [98.4) o] S0 15 (1.8} 058 .71
<36 months

Earliest ASD diagnosis autistic 1,577 1,526 [96.8) o 03] 51 (3.2} 087 .50
disorder

Earliest A5SD diagnosis PDD-NOS/ 1,564 1.525 97.5) 8] [S0)] 39 (2.5 0.98 72
ASD NOS

Earliest ASD diagnosis Asperger 221 210 (95.0) ¢] {0} 11 (5.0 095 .72
disorder

No previeus ASD diagnosis or 350 484 (50.9) 369 (38.8) a7 (10.2) 1.47 062
eligibility on record

Intellectual disability (1 <70] 1,14 1,089 [91.4) a7 (5.6) 35 (2.9 1.03 .89

Borderline range {IQ 71-85) B31 778 88.3) 74 (3.4 29 (3.3 1.06 .53

Average or above average 1,620 1,391 (85.9) 143 (8.8) 86 (5.3) 1.04 136
(10 =85)

Abbreviations: ASD = aulism spectrum disorder; DSM 5 = Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition; DSM 1Y TR = Diagnostic and Stalistical

Manual of Mental Disorders, Fourth Edition, Text Revision; PDD-NOS = pervasive developmental disorder not otherwise specified.

* Includes children identified with ASD who were linked to an in-state birth certificate.

Includes children with autism as the Primary Exceptionality (Tahle 6} as well as children documented to meet eligibility criteria for autism special education services.

% An ASD diagnosis documented in abstracted comprehensive evaluations, including DSM IV TR diagnosis of autistic disorder, PDD NOS or Asperger disorder qualifies
a child as mecting the DSM-5 surveillance case definition for ASD.

Y Includes data from all 11 sites, including those with 1Q data available for <70% of confirmed cases.
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Abstract

Problem/Condition: Autism spectrum disorder {ASD).
Period Covered: 2014.

Description of System: The Autism and Developmental Disabilities Monitoring (ADDM) Network is an active surveillance
system that provides estimates of the prevalence of autism spectrum disorder (ASD) among children aged 8 years whose parents
or guardians reside within 11 ADDM sites in the United States (Arizona, Arkansas, Colorado, Georgia, Maryland, Minnesota,
Missouri, New Jersey, North Carolina, Tennessee, and Wisconsin). ADDM surveillance is conducted in two phases. The first
phase involves review and abstraction of comprehensive evaluations that were completed by professional service providers in the
community. Staff completing record review and abstraction receive extensive training and supervision and are evaluated according
to strict reliabiliry standards to certify cffective inidal rraining, identify ongoing training nceds, and ensure adherence to the
prescribed methodology. Record review and abstraction occurs in a varicry of data sources ranging from general pediarric healch
clinics to specialized programs serving children wirth developmental disabilitics. In addition, mosr of the ADDM sites also review
records lor children who have received special education services in public schools. In the second phase of the study, all abstracted
information is reviewed systematically by experienced clinicians to determine ASD case status. A child is considered 10 meet
the surveillance case definition for ASD if he or she displays behaviors, as described on one or more comprehensive evaluations
completed by community-based professional providers, consistent with the Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition, Text Revision (DSM-IV-TR) diagnostic criteria for autistic disorder; pervasive developmental disorder—not otherwise
specified (PDD-NQOS, including atypical autism); or Asperger disorder. This report provides updated ASD prevalence estimates for
children aged 8 years during the 2014 surveillance year, on the basis of DSM-IV-TR criteria, and describes characteristics of the
population of children with ASD. In 2013, the American Psychiatric Association published the Diagnostic and Statistical Manual
of Mental Disorders, Fifth Edition (DSM-5), which madc considerable changes to ASD diagnostic crireria. The change in ASD
diagnostic criteria might influence ADDM ASD prevalence estimares; therefore, most (85%) of the records used to determine
prevalence estimates based on DSM-IV-TR criteria underwenr addirional review under a newly operationalized surveillance case
deflinition for ASD consistent with the DSM-5 diagnostic criteria. Children meeting this new surveillance case definition could
qualify on the basis of one or both of the following criteria, as documented in abstracted comprehensive evaluations; 1) behaviors
consistent with the DSM-5 diagnostic features; and/or 2) an ASD diagnosis, whether based on DSM-TV-TR or DSM-5 diagnostic
criteria, Stratified comparisons of the number of children meeting either of these two case definitions also are reported.

Corresponding author: Jon Balo, National Center on Birth Defeets
and Developmental Disabilities, CDC. Telephone: 404-498-3873;
E-mail: jbaiogede.gov.
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Results: For 2014, the overall prevalence of ASD among the 11 ADDM sites was 16.8 per 1,000 {(one in 59) children aged 8 years.
Overall ASD prevalence estimates varied among sites, from 13.1-29.3 per 1,000 chiklren aged 8 vears, ASD prevalence estimates
also varied by sex and race/ethnicity. Males were four times more likely than females to be identified with ASD. Prevalence estimares
were higher for non-Hispanic white (henceforth, white) children compared with non-Hispanic black (henceforth, black) children,
and both groups were more likely to be identified with ASD compared with Hispanic children. Among the nine sites with sufficient
data on intellectual ability, 31% of children with ASD were classified in the range of intellectual disability (intelligence quotient [1Q]
<7{)), 25% werc in the borderline range (13 71-85), and 44% had 1(} scorces in the average to above average range (i.c., 1} >85). The
distriburtion of intellecrual ability varied by sex and race/cthnicity. Although mention of developmental concerns by age 36 months was
documented tor 85% of children with ASDD, only 42% had a comprchensive evaluation on record by age 36 monrhs. The median age
ol earliest known ASD diagnosis was 52 months and did not differ significantly by sex or race/ethnicity. For the targeted comparison
of DSM-TV-TR and DSM-3 results, the number and characteristics of children meeting the newly operationalized DSM-3 case
definition for ASD) were similar to those meeting the DSM-IV-TR case definition, with DSM-TV-TR case counts exceeding DSM-5
counts by less than 5% and approximately 86% overlap between the two case definitions (kappa = 0.85}.

Interpretation: Findings from the AIDDM Network, on the basis of 2014 dara reporeed from 11 sites, provide updated population-
based estimates of the prevalence of ASD among children aged 8 years in multiple communities in the United Srates. The overall
ASD prevalence estimate of 16.8 per 1,000 children aged 8 years in 2014 is higher than previously reported estimates from (he
ADDM Newwork, Because the ADDM sites do not provide a representative sample of the entire United States, the combined
prevalence estimates presented in this report cannot be generalized to all children aged 8 years in the United States, Consistent
with reports from previous ADDM surveillance years, findings from 2014 were marked by variation in ASD prevalence when
stratified by geographic area, sex, and level of intellectual ability. Differences in prevalence estimates between black and white
children have diminished in most sites, but remained notable for Hispanic children. For 2014, results from application of the
DSM-IV-TR and DSM-5 case definitions were similar, overall and when stratified by sex, race/ethnicity, DSM-IV-TR diagnostic
subtype, or level of intellectual ability.

Public Health Action: Beginning with surveillance year 2016, the DSM-5 case delinition will serve as the basis for ADDM
estimates of ASD prevalence in future surveillance reports. Although the DSM-IV-TR case definition will eventually be phased
out, it will be applied in a limited geographic area 1o offer additional data for comparison. Iuture analyses will examine trends in
the continued use of DSM-IV-TR diagnoses, such as autistic disorder, PDD-NQOS, and Asperger disorder in health and education
records, documentation of symptoms consistent with DSM-5 terminology. and how these tends might influence estimates of
ASD prevalence over time. The latest findings from the ADDM Nerwork provide evidence that the prevalence of ASD is higher
than prcvimlsly rcpm'rcd cstimares and continucs to vary ameng cerrain racial/ethnic groups and communitics. With prcva]cncc
of ASD ranging from 13.1 to 29.3 per 1,000 children aged 8 years in different communities throughour the United Srates, the
need for behavioral, educational, residential, and occupational services remains high, as does the need for increased research on
both genetic and nongenetic risk factors for ASD.

Introduction estimates compared with other prevalence studies of that era.
In 2000, CDC estblished the Autism and Developmental
Disabilities Monitoring {ADDM) Network to collect data that
would provide estimates of the prevalence of ASD and other
developmental disabilities in the Unired States (4,5).
Tracking the prevalence of ASD poses unique challenges

Autism spectrum disorder (ASD) is a developmental
disability defined by diagnostic criteria that include deficics
in social communication and social interaction, and the
presence of restricted, repetitive patterns of behavior, interests,

or activities that can persist throughout life (7). CDC began because of the heterogencity in symptom presentarion, lack of

biologic diagnoslic markers, and changing diagnostic criteria
& & k) *

(5). Tnitial signs and symptoms typically are apparent in the early
developmental period; however, social deficits and behavioral

tracking the prevalence of ASD) and characreristics of children
with ASD in the United Stares in 1998 (2.3). The firse
CDC srudy, which was based on an investigation in Brick
Township, New Jersey (2), identilied similar characteristics
but higher prevalence of ASD compared with other studies
of that era. The second CDC study, which was conducted in

patterns might not be recognized as symptoms of ASD until
a child is unable to meet social, educational, occupational,

; N R L or other important life stage demands (7}, Features of ASD
metropolitan Atlanta, Georgia (3), identified a lower prevalence

o ' o ) __ might overlap with or be difficult to distinguish from those of
of ASD compared with the Brick Township study but similar

other psychiatric disorders, as described extensively in DSM-5
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(1. Although standard diagnostic tools have been validated
to inform clinicians’ impressions of ASD symptomology,
inherent complexity of measurement approaches and variation
in clinical impressions and decision-making, combined with
policy changes that affect eligibility for health benefits and
educational programs, complicates identification of ASD as a
behavioral health diagnesis or educational exceptionality. To
reduce the influence of these factors on prevalence estimares,
the ADDM Nerwork has consiseently tracked ASD by applying
a surveillance case delinition of ASD and using the same
record-review methodology and behaviorally defined case
inclusion criteria since 2000 (5,

ADDM estimates of ASD prevalence among children aged
8 years in multiple U.S. communities have increased from
approximately one in 150 children during 2000-2002 w one in
68 during 2010-2012, more than doubling during this period
(6—11}. The observed increase in ASD prevalence underscores
the need for continued surveillance using consistent methods
to monitor the changing prevalence of ASD and characreristics
of children with ASI3 in the popularion.

In addition to serving as a basis for AST) prevalence estimates,
ADDM data have been used 10 describe characteristics of
children with ASD in the population, to study how these
characteristics vary with ASD prevalence estimates over
time and among communities, and to monitor progress
woward ffealthy People 2020 objectives (1.2). ADDM ASD
prevalence estimates consistently estimated a ratio of
approximately 4.5 male:1 female with ASD during 2006-2012
(9—11). Other characteristics that have remained relatively
constant over time in the population of children idenrified
with ASD by ADDM include the median age of carliest known
ASD diagnosis, which remained close to 53 months during
2000-2012 (range: 50 months [2012] to 56 months [2002]),
and the proportion of children receiving a comprehensive
developmental evaluation by age 3 vears, which remained close
10 43% during 2006-2012 (range: 413% [2006 and 2012] w0
46% [20087]).

ASD prevalence by race/ethnicity has been more varied over
time among ADDM Nerwork communities (9-1 7). Although
ASD prevalence estimates have historically been greater among
white children compared with black or Hispanic children (13},
ADDM-reported white:black and white:Hispanic prevalence
ratios have declined over time because of larger inereases
in ASD prevalence among black children and, (o an even
greater extent, among Hispanic children, as compared with
the magnitude of increase in ASD prevalence among white
children (9}, Previous reports from the ADDM Newwork
estimated ASD prevalence among white children to exceed
that among black children by approximately 30% in 2002,
2006, and 2010, and by approximately 20% in 2008 and

VS Degrartrrent of Heallh and Human Services/Centers Tor Disease Conlrol and Prevention

2012, Estimated prevalence among white children exceeded
that among Hispanic children by nearly 70% in 2002 and
20006, and by approximately 50% in 2008, 2010, and 2012.
ASD prevalence estimates from the ADDM Network also have
varied by socioeconomic status (SES). A consistent pattern
observed in ADDM data has been higher identified ASD
prevalence among residents of ncighborhoods with higher
sociocconomic status (SES). Although ASD prevalence has
increased over rime ar all levels of SES, the absolure difference
in prevalence between high, middle, and lower SES did not
change from 2002 10 2010 (74,15). In the context of declining
white:black and white;Hispanic prevalence ratios amidst
consistent SES patterns, a complex three-way interaction
among time, SES, and race/ethnicity has been proposed {16).

Finally, ADDM Nertwork data have shown a shift toward
children with ASD with higher intellectual abiliey (9-71),
as the proportion of children with ASD whose intelligence
quotient {IQ)) scores fell within the range of intellecrual
disabilicy (ID) (i.c., IQQ <70) has dcercased gradually over
time. During 2000-2002, approximatcly half of children with
ASD had IQ) scores in the range of II); during 2006-2008,
this proportion was closer 1o 40%; and during 2010-2012,
less than one third of children with ASD had 1Q <70 (9-71).
‘This trend was more pronounced for females as compared
with males (9). The proportion of males with ASD and ID
declined from approximately 40% during 2000-2008 (9} wo
30% during 2010-2012 (160,11). The proportion of females
with ASD and 1D declined from approximately 60% during
2000-2002, to 45% during 2006-2008, and to 35% during
20002012 {9-1 1.

All previously reported AST) prevalence estimates from the
ADIM Nerwark were based on a surveillance case definition
aligned with DSM-IV-TR diagnostic criteria lor autistic
disorder; pervasive developmental disorder—not otherwise
specified (PDD-NOS, including atypical autism); or Asperger
disorder. In the American Psychiatric Association’s 2013
publication of DSM-3, substantial changes were made to the
taxonomy and diagnostic criteria for autism (7,77). laxonomy
changed from Pervasive Developmental Disorders, which
included muldple diagnostic subtypes, to autism spectrum
disorder, which no longer comprises distinct subtypes but
represents onc singular diagnosric category defined by level
of support nceded by the individual. Diagnostic crireria
were relined by collapsing the DSM-TV-TR social and
communication domains into a single, combined domain
lor DSM-5. Persons diagnosed with ASD under DSM-5
must meet all three criteria under the social communication/
interaction domain (i.¢., deficits in social-emotional reciprocity;
deficits in nonverbal communicative behaviors; and deficits in
developing, understanding, and maintaining relationships) and
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at least two of the four criteria under the restrictive/repetitive
behavior domain (i.¢., repetitive speech or motor movements,
insistence on sameness, Testricted interests, or unusual response
to sensory input).

Although the DSM-IV-TR criteria proved useful in
identifying ASD in some children, clinical agreement and
diagnostic specificity in some subrypes (e.g., PDDI-NOS) was
poor, oftering empirical support to the notion of two, rather
than three, diagnostic domains. The DSM-5 introduced a
[ramework (o address these concerns (78}, while maintaining
that any person with an established DSM-TV-TR diagnosis
of autistic disorder, Asperger disorder, or PDD-NOS would
automatically qualify for a DSM-5 diagnosis of autism
spectrum disorder. Previous studies suggest that DSM-5 criteria
tor ASD might exclude certain children who would have
qualified for 2 DSM-IV-TR diagnosis but had not yet received
one, particularly those who are very young and those without
ID (79-23). These findings suggest that ASD prevalence
estimates will likely be lower under DSM-5 than they have
been under DSM-IV-TR diagnostic criteria.

This report provides the latese available ASD prevalence
estimates from the ADDM Newwork based on both [DSM-
TV-TR and [DSM-5 criteria and asserts the need for future
monitoring of ASD prevalence trends and efforts to improve
early identification of ASD. The intended audiences for
these findings include pediatric health care providers, school
psychologists, educators, researchers, policymakers, and
program administrators working to understand and address the
needs of persons with ASD and their families. These data can
be used to help plan services, guide research inro risk facrors
and cffecrive interventions, and inform policies that promorte
improved ourcomes in health and education seerings.

Methods

Study Sites

The Children’s Health Act (<) authorized CDC 10 monitor
prevalence of ASD in multiple areas of the United States,
a charge that led to the formation of the ADDM Network
in 2000. Since that time, CDC has funded grantees in 16
states (Alabama, Arizona. Arkansas, Colorado. Florida,
Maryland, Minnesota, Missouri, New Jersey, North Carolina,
Pennsylvania, South Carolina, Tennessee, Urah, Wesr Virginia,
and Wisconsin). CDC tracks ASD in metropolitan Atlanta and
represents the (Georgia site collaborating with comperitively
funded sites 1o form the ADDM Newwork.

The ADDM Newwork uses multisite, multisource, records-
based surveillance based on a model originally implemented
by CDCs Meuopolitan Atlanta Developmental Disabilities
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Surveillance Program (MADDSP} (24). As feasible, the
surveillance methods have remained consistent over time.
Certain minor changes have been introduced to improve
cfficiency and data quality. Although a different array of
geographic areas was covered in each of the eight biennial
ADDM Nerwork surveillance years spanning 2000-2014,
these changes have been documented to facilirate evaluation
ot their impace.

The core surveillance acriviries in all ADDM Nerwork
sites locus on children aged 8 years because the baseline ASD
prevalence study conducted by MADDSP suggested that this
is the age of peak prevalence (3}, ADDM has multiple goals:
1) to provide descriptive data on classification and functioning
of the population of children with ASD, 2) to monitor the
prevalence of ASD in different areas of the United States, and
3} to understand the impact of ASD in U.S. communities.

Funding for ADDM Nerwork sites participating in the
2014 survcillance year was awarded for a 4-ycar cycle covering
2015-2018, during which rime dara were collected tor children
aged 8 years during 2014 and 201 6. Sites were sclected through
a compelitive objective review process on the basis of their
ability to conduct active, records-based surveillance of AS[);
they were not selected (o be a nationally representative sample.
A total of 11 sites are included in the current report (Arizona,
Arkansas, Colorado, Georgia, Maryland, Minnesota, Missourd,
New Jersey, North Carolina, ‘lennessee, and Wisconsin).
Each ADDM site participating in the 2014 surveillance year
functioned as a public health authority under the Health
Insurance Portability and Accountability Act of 1996 Privacy
Rule and mer applicable local Institutional Review Board and
privacy and confidentiality requirements under 45 CFR 46 (25).

Case Ascertainment

ADDM is an active surveillance system that does not
depend on family or practitioner reporting of an existing
ASD diagnosis or classification ro derermine ASDD casce sratus.
ADIIM statf conducr surveillance ro determine case status in
a two-phase process. The [irst phase of ADDM involves review
and abstraction of children's evaluation records from data
sources in the community. In the second phase, all abstracted
evaluations for cach child are compiled in chronological order
into a comprehensive record that is reviewed by one or more
experienced clinicians to determine the child’s ASD case
status. Developmental assessments completed by a wide range
of health and education providers are reviewed. Darta sources
are categorized as either 1} education source type, including
cvaluations to derermine cligibility for special educarion
services or 2) health source type, including diagnostic and
developmental assessments from psychologists, neurologists,
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developmenual pediatricians, child psychiatrists, physical
therapists, occupational therapists, and speech/language
pathologists. Agreements to access records are made at the
institutional level in the form of contracts, memoranda, or
other formal agreements.

All ADDM Nerwork sites have agreements in place to
access records at health sources: however, despite the otherwise
standardized approach, not all sites have permission to access
educarion records. QOne ADDM sice {Missouri} has not been
granted access (o records at any education sources, Among the
remaining sites, some receive permission from their statewide
Department of Education to access children’s educational
records, whereas other sites must negotiate permission from
numerous individual school districts to access educational
records. Six sites (Arizona, Georgia, Maryland, Minnesota,
New Jersey, and North Carolina) reviewed education records
for all school districts in their covered surveillance areas. Three
ADDM sites (Colorado, Tennessee, and Wisconsin) received
permission o review cducation records in only cerrain school
districts within the overall geographic arca covered for 2014. In
Tennessee, permission to access education records was granted
(rom 13 of 14 school districts in the 11-county surveillance
area, representing 88% of the total population of children
aged 8 years. Conversely, access to education records was
limited to a small proportion of the population in the overall
geographic area covered by two sites (33% in Colorado and
26% in Wisconsin). In the Colorado school districrs where
access to education records is permitted for ADIDYM, parents are
directly notified about the ADIIM system and can request that
their children’s education records be excluded. The Arkansas
ADDM site received permission from their state Deparrment
of Educarion ro access children’s educational records srarewide;
however, time and (ravel constraints prevented investigators
lrom visiting all 230 school districts in the 75-county
surveillance area, resulting in access to education records for
(9% of the statewide population of children aged 8 vears. The
two sites with access to education records throughout most,
but not all, of the surveillance area (Arkansas and 'lennessee)
received data from their state Department of Education to
evaluate the potential impact on reported ASD prevalence
estimates attributed to missing records.

Within each cducation and health dara seurce, AIDDIM
sites identify records to review based on a child’s year of
birth and one or more selected eligibilivy classilications for
special education or Tnternational Clavsiftcation of Diseases,
Ninth Revision (1CD-9) billing codes for select childhood
disabilities or psvchological conditions. Children’s records are
first reviewed to confirm year of birth and residency in the
surveillance area at some time during the surveillance year.
For children meeting these requirements, the records are then
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reviewed for certuin behavioral or diagnostic descriptions
defined by ADDM as triggers for abstraction {e.g., child does
not initiate interactions with others, prefers to play alone or
engage in solitary activides, or has received a documented
ASD diagnosis). If abstraction triggers arc found, cvaluation
information from birth through rthe current surveillance year
from all available sources is abstracred into a single composite
record for each child.

In the second phase of surveillance, the abstracted compaosite
evaluation files are deidentified and reviewed systematically
by experienced clinicians who have undergone standardized
training to determine ASD case status using a cuding scheme
based on the DSM-IV-TR guidelines. A child meets the
surveillance case definition for ASD if behaviors described
in the composite record are consistent with the DSM-IV-TR
diagnostic criteria for any of the following conditions: aurisric
disorder, PDD-NOS (including atypical aurism), or Asperger
disorder (Box 1). A child might be disqualificd from mecting
the surveillance case deflinition for ASD if, based on the
clinical judgment of one or more reviewers, there is insuflicient
or conllicting information in support of ASD, sufficient
information to rule out ASD, or if one or more other diagnosed
conditions better account for the child’s symptoms.

Although new diagnostic criteria became available in 2013,
the children under surveillance in 2014 would have grown up
primarily under the DSM-IV-TR definitions for ASD, which
are prioritized in this report. The 2014 surveillance year is the
first ro operationalize an ASD casc definition based on DSM-5
diagnostic criteria, in addition to that based on DSM-IV-TR.
Because of delays in developing information rechnology systems
1o manage data collected under this new case definition, the
surveillance area for DSM-5 was reduced by 19% inan elforc o
include complete estimates for both DSM-TV-TR and DSM-5
in this report. ’hase 1 record review and abstraction was the
same for DSM-IV-TR and DSM-5; however, a coding scheme
based on the DSM-5 definition of ASD was developed for
Phase 2 of the ADDDM methodology (i.e., systematic review by
experienced clinicians). The new coding scheme was developed
through a collaborative process and includes reliability measures,
although no validarion metries have been published for this new
ADDM Nerwork ISM-5 case definition. A child could meer
the DSM-5 surveillance case definition for ASD under one
or both ol the following criteria, as documented in abstracted
comprehensive evaluations: 1) behaviors consistent with the
DSM-5 diagnostic features; and/or 2} an ASD diagnosis,
whether based on DSM-IV-TR or DSM-5 diagnostic criteria
(Box 2). Children with a documented ASD diagnosis were
included as meeting the DSM-5 surveillance case definition
for two reasons. First, published IDSM-5 diagnostic criteria
include the presence of a DSM-IV-TR diagnosis of autistic
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BOX 1. Autism spectrum disorder (ASD} case determination criteria under DSM-IV-TR

DSM-IV-TR bebavioral criteria

Sovial

Commouandcition

Restricted behavior!
Interest

Lrevelapmental
history

Autisin discriminators

DSK-IV-TR case
determination

la. Marked impairment in the use of multiple nonverbal behaviors, such as oye-to-vve gaze. facial expression. body pesturcs, and gestures to
reslace socil interaction

]]?. F;Jil”r{.‘ Ly (](‘\'L‘.ll]l) F]L‘.(‘r ]'(‘.l;l[i(]“.\']li].‘.\ '.il)pr“‘pri;]l(‘ 14 {](‘.\"{.‘l‘lp]”(‘.”l;]l l{.‘\"(‘]

Te. A lack of spontaneens seeking to share enjovment. incerests, or achievements with other peeple {e.p., by a lack of showing, bringing, o
pointing ouc objects of incerest)

L. Lack of social or cmational reciprocity

ILI. l‘_)l‘.li]}' i“. (k] 1“[.'1] |iJi.'k “[\. 1hl.‘. {]l‘.\"l.‘.ll]p”'ll‘.]'l[ (]1 .‘\'F](]kt‘.l'l |iJ[]‘:’l|ilgl‘. \r_[](“ .'l(.(:“l'llp'.i]'lit‘.([ ]?_\ it l(‘”'l].‘[ 10 i.'(]”'l].‘{.‘“.‘\'.'”l‘. 1][r“1[g]l ill]L‘.r“illi\'L‘. ]T](](](‘H
of comumunication. such as penllle ob i)

2b. In individuals with adequate speech, marked impairment in che abilicy to initiate or sustain a conversation wich others

e Stercorvped and repetitive use of language or idinseneratic language

2l Lack of varied, spontaneous make-believe play o social imiiative pluy appropriote o developmental Level

Ja. Lrcompassing, preeceupacion with one or mare scereotyped and resoicted parterns of ineerese that is abnormal cither in intensity or tocus
3, r\pp,{n‘nt]_\-‘ mtlexible awdherenee o Npt‘(‘.if‘l(‘.: monfungtional reutines, or ritwals

i( HH‘.TL‘.“[}-'].‘(‘(I iJ[](l ]'lfl‘(‘]ili\-'tf NWILOT NELOERIsITE rtg l]'.i]'l{] 0r [i[lg(‘]' ”i]pl‘i[]‘:’ oar [\\-'ih'li]'lg. o (.(J]T]].‘l{.‘}i \\-'l]ﬂ](‘ ])il{]}" I'Ill]\"{.‘[['l(‘]'l[.\]

Ad. Persistent preoccupation with parts of objects

Child had dentified delavs or any concern with developmencin the tollowing areas at or hefore the age of 3 years: Sacial, Communication,
Behavian Play, Motac, Aveotion. Adaptive, Cognitive

Oblivious o children

Oblivious ro adules or athers

Rarely responds to familiar social approach

I,:mgu:;gr prinurily colwolilia or JiLrgan

Repression/loss of social, language, or plav skills

Previous ASLD diagnoesis, whether based on DEM-IVSTR or 1YSM-5 diagnoestic eriteria
Lk nf's]mwing‘ bringing: [

Litule oo roo interest i others

Lises others as wols

Repeacs extensive dialog

Absent ar impuired imaginative play

Marckudly resricred Inmerests

Unosual prevceuparion

[nsists on samcness

Nonfungtional routines

Ex

Visual inspection

sive B oo nirts

Movement preaccupartion
St‘nxnr_\_f' Prl.‘o('.[.'u}),lri[.]'l'l

Al least six bebaviors coded witl a minimom of twe Social, one Commuonication, and voe Restricted Behavior/Imerest ANT evidence of
developmental delay or coneern at or before the age of 3 years

OR

At least b bebaviors codued with a mininmm of one Social and either one Conanunication andfor one Restricted Beluvior! Interest: AN
at least ane autism discrintinator coded

Note: A child might be disqualitied from mecting che DSM-IV-TR surveillance case detinition for ASD IE based on the dinical judgment
of one or mare reviewers, there is insutticient or contlicting informacian in supporc of ASLY, sufticient infermation to rule out ASD, or it
4011 0 Teery “[l](‘]' {]i:!g”“ﬁt‘.([ (.l]]l{]ilil]]l.\ ]?(‘11(‘]' g [\“‘r 1][{.‘ (.']li](l:.‘\' N)'[“F][U]T]H

Abbreviation: DSM-IV TR = Diggnosie and Statistioad Munnal of Mental Diiorders, Foureh Fefition (Text Revision).

disorder, PDD-NOS, or Asperger disorder, to ensure continuity
of diagnoscs and services. Second, sensitiviry of the [DSM-5
surveillance case definition might be increased when counting
children diagnosed with ASTD by a qualificd professional, based
on either DSM-IV-TR or DSM-5 criteria, whether or not
all DSM-5 social and behavioral criteria are documenited in

abstracted comprehensive evaluations, The ADDM Nework
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methods allow differentiation of those meeting the surveillance
casc status based on onc or borh crireria. Consistent wich che
DSM-TV-TR case definition, a child mighe be disqualified
from meering the DSM-5 surveillance case definirion for ASD
if, based on (he clinical judgment ol one or more reviewers,
there is insuflicient or conflicting information in support of
ASD, suflicient information to rule out ASD, or if one or

LIS Department of Health and Hurean Services/Cenlers for Qivease Control and Prevention



Surveillance Summaries

BOX 2. Autism spectrum disorder case determination criteria under DSM-5

[38M-5 behavioral criteria

A Persistene
deticits in soial

Al Deficies in social emotional reciprocicy

A2, DeHcits in nonverbal commumicative behaviers
comnunicition and
sucial inleraction

=

. Restricted. repetitive
patterns ot behavier,
mluresis, or
activities. correnily
or by hiscory

Historical P13
diagno:is

LISM. 3 case
detenmination OR

A% Defici o Llr\-‘(‘]n].\ing. unintaining, anud um[ursl:mtling relationships

B1: Stereatyped or repetitive motor movemaents. use of abjeces or speech

B2, Insistence on sameness, inflexible adberenge o roatines, or ritwalized LTI afverbal or nonverbal elavior
B3, High]}-‘ rustrictocd interests that are aboornal inotensity or fiscus

B4. Hyper- or hvpo-reactivity (o sensory input or nnusaal interest in sensory aspects of the environmem

Any ASD? Lli:lgnn.\'i.\ docimuented inn comprelwnsive svaluation, int:lm[ing a [TV Lli:lgnn.\'i.\ ol antistic disorder, .’\xpr.rgrr clisorder. or
pervasive developmemal disvrder—nor mherwise specified (PID-NOS]

All chree behavioral eriteria coded under parc ALand ac ease two behavioral eriteria coded under part B

Any ASTY diagnosis docomented in a comprehensive evaluation, whether based on DSM-IV-TR or IDSM-S diagnosic critetia

Note: A child might be disqualitied from mecting che DSM-5 surveillanee vase definidon for ASL it based on che clinical judgmenc of one
or more reviewers, there is insufficient or conflicting imtarmation in support of ASD, sufficient information w rale ouc ASLY ar ifone or
more o hl.‘.r (li;lg“(].\'(‘(] t:“[](li] i“[]h' l](‘.[]l.‘.r HIRNEIN NS 1(]]' [l](‘ (.l]‘ll{]‘.\ H}']T]I‘l“”l.\

Abbreviation: DSM-5 = [apnestic wnd Statistical Meanaal of Menl Disorders, Fifih Edision.

morc other diagnosed conditions better account for the child's
symptoms. In this report, prevalence estimates are based on the
DSM-TV-TR casc definition, whereas case counts are presented
and compared flor children meeting the DSM-TV-TR and/or
[3SM-5 case definitions.

Quality Assurance

All sites lollow the quality assurance standards established by
the ADDM Network. In the first phase, the accuracy of record
review and abstraction is checked periodically. In the second
phase, interrater reliability is monitored on an ongoing basis
using a blinded, random 10% sample of abstracted records
that are scored independently by two reviewers (5). For 2014,
interrater agreement on DSM-IV-TR case status (confirmed
ASD versus not ASD) was 89.1% when comparison samples
from all sites were combined (k = 0.77), which was slightly
below quality assurance standards cstablished for the ADDM
Network {90% agreement, 0.80 kappa). On DSM-5 reviews,
interrater agreement on case status {confirmed ASD versus
not ASD) was 92.3% when comparison samples from all sites
were combined (k = 0,84}, Thus, for the DSM-5 surveillance
definition, reliability exceeded quality assurance standards
estublished for the ADDM Network.

Descriptive Characteristics and Data Sources

Fach ADDM site auempted o obrain birth certificate data
for all children abstracted during Phase 1 through linkages
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conducred using stare viral records. These data were only
available for children born in the state where the ADDM sire
is located. The race/cthniciry of cach child was determined
from infarmation contained in source records or, il not found
in the source file, from birth certificate data on one or both
parents, Children with race coded as “other” or “multiracial”
were considered to be missing race information for all analyses
that were stratified by race/ethnicity. For this report, data on
timing of the first comprehensive evaluation on record were
restricted to children with ASD who were born in the state
where the ADDM site is located, as confirmed by linkage to
birth certificate records. Iara were restricred in this manner o
reduce crrors in the estimate thar were introduced by children
tor whom cvaluarion records were incomplete because they were
born out of state and migrated into the surveillance area between
the time of birth and the year when (hey reached age 8 years.
Informatien on childrens funciional skills is abstracted
from source records when available, including scores on
tests of adaptive behavior and intellectual ability. Because no
standardized, validated measures of functioning specific to ASD
have been widely adopted in clinical practice and because adaprive
behavior rating scales are not sufficiently available in health and
education records of children with ASD, scores of intellectual
ability have remained the primary source of information on
children’s tuncrional skills. Children are classitied as having 1T if
they have an [QQ score of <70 on their most recent test available
in the record, Borderline intellectual ability is defined as having
an [Q score of 71-83, and average or above-average intellectual
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ability is defined as having an 1Q) score of >85. In the absence of
a specitic 1QQ score, an examiner’s statement based on a formal
assessment of the child’s intellectual ability, if available, is used
to classify the child in one of these three levels.

Diagnostic conclusions from cach evaluation record are
summarized for each child, including notation of any ASD
diagnosis by subtype, when available. Children are considered
to have a previously documented ASD classificarion it chey
reccived a diagnosis of autistic disorder, PDD-NOS, Asperger
disorder, or ASD that was documented in an absiracted
evaluation or by an ICD-9 billing code at any time from birth
through the year when they reached age 8 vears, or if they
were noted as meeting eligibility criteria for special education
services under the classification of autism or ASD.

Analytic Methods

Population denominators lor calculating ASD prevalence
estimates were obtained from the National Center lor Health
Statistics Vintage 2016 Bridged-Race Posteensal Population
Lstimates (26). CDC's National Vital Statistics System provides
estimated population counts by state, county, single year of
age, race, cthnic origin, and sex. Population denominators
for the 2014 surveillance year were compiled from posteensal
estimates of the number of children aged 8 years living in the
counties under surveillance by cach AIDDM site (Table 1),

In two sites {Arizona and Minnesora), geographic boundaries
were detined by constituent school districts included in the
surveillance area. The number of children living in outlying
school districts was subtracted from the county-level census
denominators using school enrollment daa from the US.
Department of Education’s National Center for Education
Satistics (27). Lnrollment counts of students in third grade
during the 2014-15 school year diftered from the CDC
bridged-race population estimates, atuibutable primarily to
children being enrolled out of the customary grade for their
age or in charter schools, home schools, or private schools.
Because these ditferences varied by race and sex within the
applicable countics, race- and sex-specific adjustments based
on enrollment counts were applied ro the CDC population
estimates (o derive school district-specific denominators lor
Arizona and Minnesola,

Race- or ethnicity-specific prevalence estimates were
calculated for four groups: white, black, Hispanic {regardless of
race), and Asian/Pacific Islander. Prevalence results are reported
as the total number of children meeting the ASD case definition
per 1,000 children aged & years in the population in each race/
cthnicity group. ASD prevalence also was estimated separately
for boys and girls and within cach level of intellecrual abilicy.
Overall prevalence estimares include all children identified with
ASD regardless of sex, race/ethnicity, or level of intellecrual
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ability and thus are not atfected by the availability of data on
these characteristics.

Statistical tests were selecred and confidence intervals (Cls)
for prevalence estimates were caleulated under the assumption
that the observed counts of children identified with ASD were
obrained from an underlying Poisson distribution with an
asymptaftic approximarion ro the normal. Pearson chi—squarc
tests were performed, and prevalence ratios and percentage
differences were calculated (0 compare prevalence estimates
rom different strata. Kappa statistics were computed to
describe concordance between the DSM-IV-TR and DSM-5
case definitions, as well as to describe interrater agreement
on cither case definition for quality assurance. Pearson chi-
square tests also were performed for testing significance in
comparisons of proportions, and unadjusted odds ratio (OR})
estimates were caleulated to further describe these comparisons.
In an effort 1o reduce the effecr of ourliers, distriburion medians
were typically presented, although one-way ANOVA was used
to test significance when comparing arithmetic means of these
distributions, Significance was set at p<0.05. Results lor all sites
combined were based on pooled numerator and denominator
data from all sites, in total and stradified by race/ethnicity, sex,
and level of intellectual ability.

Sensitivity Analysis Methods

Cerrain educarion and health records were missing for
certain children, including records thar could not be locared
tor review, thosc affected by the passive consent process unique
10 the Colorado site, and those archived and deemed (100 costly
1o retrieve, A sensitivity analysis of the effect of (hese missing
records on case ascertainment was conducted. All children
initially identified for record review were first stratified by two
factors closely associated with final case status: information
source (health source type only, education source type only,
or both source types) and the presence or absence of either an
autism special education eligibility or an ICD-9-CM code for
ASD, collectively forming six strata. The potential number of
cascs not identified because of missing records was estimared
under the assumption thar within cach of the six strata, the
proportion of children conlirmed as ASD surveillance cases
among those with missing records would be similar (o0 the
proportion ol cases among children with no missing records,
Within each sturatum, the proportion of children with no
missing records who were confirmed as having ASD was
applied to the number of children with missing records to
estimate the number of missed cases, and the estimates from
all six strata were added to calculate the toral for each site.
This sensitivity analysis was conducted solely to investigate
the potential impact of missing records on the presented
estimares. The estimates prcscnrcd in this report do not reflecr
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this adjustment or any of the ather assessments ol the potential
effects of assumptions underlying the approach.

All ADDM sites identified records for review from health
sources by conducting record searches that were based on a
common list of ICID-9 billing codes. Because several sites were
conducting surveillance for other developmental disabilities in
addirion to ASD (i.c., onc or more of the following: ccrebral
palsy, [I3, hearing loss, and vision impairment]}, they reviewed
rccords based on an expanded list of ICI3-9 codes. The
Colorado site also requested code 781.3 (lack of coordination),
which was identified in that community as a commonly used
billing code for children with ASD, The proportion of children
meeting the ASD surveillance case definition whose records
were obtained solely on the basis of those additional codes was
calculated to evaluate the potential impact on ASD prevalence.

Results

A total population of 325,483 children aged 8 years was
covered by the 11 ADDM sites that provided dara for the
2014 surveillance year (Table 1). This number represented
8% of the roral U.S. population of children aged 8 years in
2014 (4,119,668) (19). A toral of 53,120 records tor 42,644
children were reviewed from health and education sources. Of
these, the source recards of 10,886 children met the criteria
for abstraction, which was 25.5% of the towal number of
children whose source records were reviewed and 3.3% of
the population under surveillance. Of the records reviewed
by clinicians, 5,473 children met the ASD surveillance case
definition. T'he number of evaluations abstracted for each
child who was ultimately identified with ASD varied by site
{median: five; range: three [Arizona, Minnesota, Missouri, and
Tennessee] to 10 [Maryland)).

Qverall ASD Prevalence Estimates

Overall ASD prevalence for the ADDM 2014 surveillance
year varied widely among sites (range: 13.1 [Arkansas]| to 29.3
[New Jersey]} (Table 2). On the basis of combined darta from
all 11 sites, ASID prevalence was 16.8 per 1,000 (one in 59)
children aged 8 years. Overall estimated prevalence of ASD
was highest in New Jersey (29.3) compared to each of the other
ten sites {p<0.017,

Prevalence by Sex and Race/Ethnicity
When dara from all 11 ADDM sites were combined, ASD
prevalence was 26.6 per 1,000 boys and 6.6 per 1,000 girls
(prevalence ratio: 4.0). ASD prevalence was signilicantly
{p=0.01) higher among boys than among gitls in all 11 ADDM
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sites (Table 2), with male-to-female prevalence ratios ranging
trom 3.2 (Arizona) to 4.9 (Georgia}. Lstimared ASD prevalence
also varied by race and ethnicity ('lable 3). When data from all
sites were combined, the estimated prevalence among white
children (17.2 per 1,000} was 7% greater than that among
black children (16.0 per 1,000} and 22% greater than that
among Hispanic children {14.0 per 1.000). In nine sites, the
cstimated prevalence of ASD was higher among white children
than black children. The white-to-black ASD prevalence ratios
were statistically significantin three sites (Arkansas, Missouri,
and Wisconsin), and the white-to-Hispanic prevalence ratios
were significant in seven sites (Arizona, Arkansas, Colorado,
Georgia, Missouri, North Carolina, and Tennessee). In nine
sites {Arizona, Arkansas, Colorado, Georgia, Maryland,
Minnesota, Missouri, North Carolina, and ‘lennessee}, the
estimated prevalence of ASD was higher among black children
than that among Hispanic children. The black-to-Hispanic
prevalence ratio was significant in three of these nine sites
(Arizona, Georgia, and Norrh Carolina). In New Jersey, there
was almeost no difference in ASI) prevalence estimates among
white, black, and Hispanic children. Estimares for Asian/Pacific
Islander children ranged from 7.9 per 1,000 {Colorado} o
19.2 per 1,000 (New Jersey) with notably wide Cls.

Intellectual Ability

Data on intellecrual ability were reporred for nine
sites {Arizona, Arkansas, Colorado, Georgia, Maryland,
Minnesota, New Jersey, North Carolina, and Tennessee)
having information available for at least 70% of children who
met the ASD case definition {range: 70.8% [lennessee] to
89.2% [North Carolinal]}. The median age of children’s most
recent 1QQ tests, on which the following results are based, was
73 months {6 years, 1 month). Data from these nine sites
yiclded accompanying data on intellectual ability for 3,714
(80.3%) of 4,623 children with ASD. This proportion did
not differ by sex or race/cthnicity in any of the ninc sires or
when combining data from all nine sires. Among these 3,714
children, 31% were classified in the range of 1D {IQ} <70),
25% were in the borderline range (1} 71-85), and 44% had
13 >85. The proportion of children classified in the range of
ID ranged from 26.7% in Arizona to 39.4% in lennessee.

Among children identified with ASD, the distribution by
intellectual ability varied by sex, with girls more likely than
boys to have 1Q} =70, and boys more likely than girls to
have 1Q) >85 (Figure 1). In these nine sites combined, 251
(36.3%) of 691 girls with ASD had I} scores or examiners’
statements indicating 11D compared with 891 (29.5%} of
3,023 males (odds ratio [OR] = 1.4; p<0.01}, though among
individual sites this proportion differed significantly in only
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FIGURE 1. Most recent intelligence quotient score as of age 8 years among children with autism spectrum disorder for whom test data were
available, by sex and site — Autism and Developmental Disabilities Monitoring Network, nine sites,* United States, 2014
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one (Georgia, OR = 1.6; p<0.05). 'The proportion of children
with ASD with borderline intellectual abilivy (1Q 71-85) did
not differ by sex, whereas a significantly higher proportion of
males (45%) compared with females (40%}) had 1Q) »85 (i.c.,
average or above average intellectual ability} (OR = 1.2; p<0.05).

The distribution of intellectual ability also varied by race/
cthnicity. Approximately 44% of black children with ASD were
classificed in the range of 11 compared with 35% of Hispanic
children and 22% of whire children (Figure 2). The proportion
of blacks and whites with 1D differed significantly in all sites
except Colorado, and when combining their data (OR = 2.9;
p<0.01}. The proportion of Hispanics and whites with 1D
differed significantly when combining data from all nine sites
(OR = 1.9; p<0.01), and among individual sites it reached
significance (p<0.03) in six of the nine sites, with the three
exceptions being Arkansas (OR = 1.8; p = 0.13), North Carolina
(OR = 1.8; p = 0.07), and Tennessee {OR = 2.1; p = 0.09).
The proportion of children with borderline intellecrual abiliry
(IQQ = 71-85) did ner differ berween black and Hispanic
children, although a lower proportion of white children (22%)
were classilied in (he range of borderline intellectual ability
compared to black {28.4%; OR = 0.7; p<0.01) or Hispanic
(28.7%; OR = 0.7; p<0.01) children. When combining daca

tfrom these nine sites, the proportion of white children {56%)
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with 1Q >85 was significantly higher than the proportion of
black (27%, OR = 3.4; p<0.01) or Hispanic (36%, OR = 2.2;
p<0.01) children with 1QQ=85.

First Comprehensive Evaluation

Among children with ASD who were born in the same
state as the ADDM site {n = 4,147 of 5,473 confirmed
cases), 42% had a comprehensive evaluation on record by age
36 months (range: 30% [Arkansas]| to 66% [North Carolinal)
(Table 4}. Approximately 39% of these 4,147 children did
not have a comprchensive evaluarion on record until afeer
age 48 months; however, mention of developmenral concerns
by age 36 months was documented for 85% (range: 61%
[Tennessee] (0 94% [Arizonal).

Previously Documented ASD Classification

Of'the 5,473 children meering the ADDM ASD surveillanee
case definition, 4,379 (80%) had either eligibility for autism
special education services ora DSM-TV-TR, DSM-3, or ICD-9
autism diagnosis documented in their records (range among 11
sites: 58% [Colorado] o 92% [Missouri]). Combining data
fromall 11 sites, 81% of boys had a previous ASD classification
on record, compared with 75% of girls (OR = 1.4; p<0.01).
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When stratified by race/ethnicity, 80% of white children
had a previously documented ASD classification, compared
with nearly 83% of black children (OR = 0.9; p = 0.09) and
76% of Hispanic children (OR = 1.3; p<0.01); a significant
difference was also found when comparing the proportion of
black children with a previous ASD classification to that among
Hispanic children {OR = 1.5; p<0.01).

The median age of carliest known ASID diagnosis
documented in children’s records {Table 5) varied by diagnostic
subtype {autistic disorder; 46 months; ASD/PDD: 56 months;
Asperger disorder: 67 months), Within these subtypes, the
median age of earliest known diagnosis did nou dilfer by sex,
nor did any difference exist in the proportion of boys and gitls
who initially received a diagnosis of autistic disorder (48%),
ASD/PDD (46%), or Asperger disorder {6%). The median
age of earliest known diagnosis and distribution of subtypes
did vary by site. The median age of carliest known ASD
diagnosis for all subtypes combined was 52 months, ranging
from 40 monrhs in North Carolina to 59 months in Arkansas.

Special Education Eligibility

Sites with access to education records collected information
on the most recent cligibility categories under which children
reccived special educartion services {Table 6). Among children
with ASD who were receiving spccial cducation services
in public schools during 2014, the proportion of children
with a primary eligibility category of autism ranged from
approsimately 37% in Wisconsin 1o 80% in Tennessee. Most
other sites noted approximately 60% to 75% of children with
ASD having autism listed as their most recent primary special
education eligibility category, the exceptions being Colorado
(44%) and New Jersey (48%)}. Other common special
education eligibilities included health or physical disability,
speech and language impairment, specific learning disabilicy,
and a general developmental delay carcgory thar is used until
age 9 years in many U.S. states. Al ADDM sites reported <10%
of children with ASD) recciving special educarion services under
a primary eligibility category of 10,

Sensitivity Analyses of Missing Records
and Expanded ICD-9 Codes

A stratified analysis of records that could not be located lor
review was completed to assess the degree to which missing
data might have potentially reduced prevalence estimates as
reported by individual ADDM sites. Had all children’s records
identified in Phase 1 been located and reviewed, prevalence
estimates would potentially have been <1% higher in four sites
{Arizona, (Georgia, Minnesora, and Wisconsin), between 1%
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FIGURE 2. Most recent intelligence quotient score as of age 8 years
among children with autism spectrum disorder for whom test data
were available, by sex and race/ethnicity — Autism and Developmental
Disabilities Monitoring Netwaork, nine sites,* United States, 2014
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1o 5% higher in four sites (Colorado, Missouri, New Jersey,
and Norrh Carolina), approximately 8% higher in Maryland,
and nearly 20% higher in Arkansas and Tennessee, where
investigators were able (0 access education records throughout
maost, but notall, of the surveillance area and received data from
their state Department of Education to evaluate the potential
impact on reported ASD prevalence estimates attributed to
missing records.

The impact on prevalence estimates of reviewing records
based on an expanded list of ICD-Y codes varied from site
to site. Colorade, (eorgia, and Missouri were the only three
sites thar identified more than 1% of ASD surveillance cascs
partially or solcly on the basis of the expanded code list. In
Missouri, less than 2% of children identified with ASD had
some ol their records located on the basis of the expanded
code list, and none were identified exclusively from these
codes. In Colorado, approximately 2% of ASD surveillance
cases had some abstracted records identified on the basis of
the expanded code list, and 4% had records found exclusively
from the expanded codes. In Georgla, where [CD-9 codes were
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requested lor surveillance of five distinct conditions (autism,
cerebral palsy, 1D, hearing loss, and vision impairment},
approximately 10% of children identified with ASD had some
of their records located on the basis of the expanded code list,
and less than 1% were identified exclusively from these codes.

Comparison of Case Counts from
DSM-IV-TR and DSM-5 Case Definitions

The [3SM-5 analysis was completed for part of the overall
ADDM 2014 surveillance area {Table 7), representing a toral
population of 263,775 children aged 8 years. This was 81%
ol the population on which DSM-TV-TR prevalence estimates
were reported. Within this population, 4,920 children were
confirmed to meet the ADDM Nerwork ASD case detinition
tor either DSM-1V-TR or DSM-5. Of these children, 4,236
{86%) met both case definitions, 422 (9%) mert only the
DSM-IV-TR eriteria, and 262 (5%} met only the DSM-5
criteria {Table 8). This yielded a DSM-IV-TR:DSM-5
prevalence ratio of 1.04 in this population, indicating that
ASD prevalence was approximately 4% higher based on the
historical DSM-IV-TR casc definirion compared with the
new DSM-5 case definition. Among 4,498 children who met
[3SM-3 case criteria, 3,817 {85%) met the DSM-5 behavioral
criteria {Box 2), whereas 681 (15%) qualified on the basis of an
established ASD diagnosis but did not have sufficient DSM-5
behavioral criteria documented in comprehensive evaluations.
In six of the 11 ADDM sites, DSM-5 case counts were within
approximately 5% of DSM-IV-TR counts (range: 5% lower
[Tennessee] to 5% higher [Arkansas]), whereas DSM-5 case
counts were more than 5% lower than DSM-IV-TR counts
in Minnesota and North Carolina {6%), New Jersey {10%]},
and Colorado (14%). Kappa sratistics indicated strong
agreement between DSM-TV-TR and DSM-5 case srarus
among children abstracted in Phase 1 of the study who were
reviewed in Phase 2 for both DSM-TV-TR and DSM-5 (kappa
lor all sites combined: 0.85, range: 0.72 [Tennessee] to 0.93
[INorth Carolinal).

Stratified analysis of DSM-IV-TR:DSM-5 ratios were very
similar compared with the overall sample (lable 9). DSM-5
estimates were approximately 3% lower than DSM-IV-TR
counts for males, and approximately 6% lower for females
{(kappa = 0.85 for both). Case counts were approximately 3%
lower among white and black children on DSM-5 compared
with DSM-IV-TR, 5% lower among Asian children, and 8%
lower among Hispanic children. Children who received a
comprehensive evaluation by age 36 months were 7% less likely
to meet DSM-5 than DSM-IV-TR, whereas those evaluated
by age 4 years were 6% less likely (o meet DSM-5, and (hose
initially evaluated after age 4 years were just as likely to meet
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DSM-5 as DSM-1V-TR. Children with documentation of
cligibility for autism special education services, and those
with a documented diagnosis of ASD by age 3 years, were
2% more likely to meet DSM-5 than DSM-IV-TR. Slightly
over 3% of children whaosc carliest ASD diagnosis was aurisric
disorder mer DSM-5 criteria but not DSM-IV-TR, compared
with slightly under 3% of those whosc carliest diagnosis
was PDD-NOS/ASD-NOS and 5% ol those whose earliest
diagnosis was Asperger disorder. Children with no previous
ASD classification {diagnosis or eligibility) were 47% less likely
to meet DSM-5 than DSM-IV-TR. Combining data from all
11 sites, children with 1QQ scores in the range of 11 were 3%
less likely to meet DSM-5 criteria compared with DSM-IV-TR
(kappa = 0.89), those with 1() scores in the borderline range
were 6% less likely to meet DSM-5 than DSM-IV-TR (kappa
= {1.88), and children with average or above average intellectual
abiliry were 4% less likely ro meer DSM-5 crireria compared

with DSM-IV-TR {kappa = 0.86).

Discussion

Changes in Estimated Prevalence

The overall ASD prevalence estimate ol 16.8 per 1,000
children aged 8 years in 2014 is higher than previously
reported estimates from the ADDM Newwork. An ASD case
definition based on DSM-IV-T'R criteria was used during the
entire period of ADDM surveillance during 2000-2014, as
were comparable study operations and procedures, although
the geographic areas under surveillance have varied over
time. During this period, ADDM ASD prevalence estimates
increased from 6.7 to 16.8 per 1,000 children agcd & years,
an increase of approximacely 150%.

Among the six ADDM sites completing both the 2012
and 2014 studies for the same geographic area, all six showed
higher ASD prevalence estimates for 2012 compared 10 2014,
with a nearly 10% higher prevalence in Georgia (p = 0,06)
and Maryland (p = 0.35), 199 in New Jersey (p<0.01}, 22%
in Missouri (p = 0.01), 29% in Colorado (p<0.01), and 31%
in Wisconsin {p<0.01). When combining data from these six
sites, ASD prevalence estimates for 2014 were 20% higher
for 2014 compared to 2012 {p<0.01}. The ASD prevalence
estimate from New Jersey continues to be one of the highest
reported by a popularion-based surveillance system. The two
sites with the greatest relative difference in prevalence are
noteworthy in that both gained access to children’s educarion
records in additional geographic areas for 2014, Colorado was
granted access Lo review children’s education records in one
additional county for the 2014 surveillance year {representing
nearly 20% of the population aged 8 years within the overall
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Colorado surveillance area), and Wisconsin was granted
access to review education records for more than a quarter of
its surveillance population, and 2014 marked the first time
Wisconsin has included education data sources. Comparisons
with earlier ADDM Nerwork surveillance results should be
interpreted cautiously because of changing composition of
sites and geographic coverage over time. For example, three
ADDM Network sites completing both the 2012 and 2014
surveillance years {Arizona, Arkansas, and North Carolina)
covered a dilferent geographic area each year, and two new sites
(Minnesota and Tennessee) were awarded lunding to monitor
ASD in collaboration with the ADDM Nerwaork,

Certain characteristics of children with ASD were similar in
2014 compared with earlier surveillance years. The median age
of earliest known ASD diagnosis remained close to 53 months
in previous surveillance years and was 52 months in 2014.
The proportion of children who received a comprehensive
developmental evaluation by age 3 years was unchanged:
42% in 2014 and 43% during 2006-2012. There were a
number of difterences in the characteristics of the population
of children with ASD in 2014. The male:female prevalence
ratio decreased from 4,5:1 during 2002-2012 (0 4:1 in 2014,
driven by a greater relative increase in ASD prevalence among
girls than among boys since 2012, Also, the decrease in the
ratios of white:black and white:Hispanic children with ASD
continued a trend observed since 2002, Among sites covering
a population of at least 20,000 children aged 8 years, New
Jersey reported no significant race- or ethnicity-based difference
in ASD prevalence, suggesting more complete ascertainment
among all children regardless of race/cthnicity. Historically,
ASD prevalence estimares from combined ADIDM sires have
been approximately 20%—30% higher among white children
as compared with black children, For surveillance year 2014,
the difference was only 7%, (he lowest dilference ever observed
lor the ADDM Network, Likewise, prevalence among white
children was almost 70% higher than that among Hispanic
children in 2002 and 2006, and approximately 50% higher
in 2008, 2010, and 2012, whereas for 2014 the difterence
was only 22%. Data from a previously reported comparison
of ADDM Network ASD prevalence estimates from 2002,
20006, and 2008 (9) suggested greater increases in ASD
prevalence among black and Hispanic children compared
wirth those among white children. Reductions in disparitics
in ASD) prevalence for black and Hispanic children might
be atributable, in part, 1o more eflective outreach directed
(o minority communities. Finally, the proportion of children
with ASD and lower intellectual ability was similar in 2012
and 2014 at approximately 30% of males and 35% of females.
These proportions were markedly lower than those reported
in previous surveillance years.
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Variation in Prevalence Among
ADDM Sites

Findings from the 2014 surveillance year indicate that
prevalence estimates still vary widely among ADDM Nerwork
sites, with the highest prevalence observed in New Jersey.
Although five of the 11 ADDM sites conducting the 2014
surveillance year reported prevalence estimares within a very
close range (from 13.1 to 14.1 per 1,000 children), New
Jersey's prevalence cstimate of 29.4 per 1,000 children was
significantly greater than that from any other site, and four sites
(Georgia, Maryland, Minnesota, and North Carolina) reported
prevalence estimates that were significantly greater than those
from any of the five sites in the 13.1-14.1 per 1,000 range.
‘Iwo of the sites with prevalence estimates of 20.0 per 1,000
or higher (Maryland and Minnesota) conducted surveillance
among a total population of <10,000 children aged 8 years.
Concentrating surveillance effores in smaller geographic areas,
especially those in close proximity to diagnostic centers and
thosc covering school districts with advanced staft rraining and
programs to support children with ASD, mighrt yield higher
prevalence estimates compared with those from sites covering
populations ol more than 20,000 children aged 8 years, Of the
six sites with prevalence estimates below the 16.8 per 1,000
estimate for all sites combined, five did not have full access
to education data sources (Arkansas, Colorade, Missouri,
Tennessee, and Wisconsin), whereas only one of the six sites
will full access to education data sources had a prevalence
estimate below 16.8 per 1,000 {(Arizona}. Such differences
cannot be attributed solely to source access, as other factors
(c.g., demographic differences and service availability) also
might have influenced these findings. In addition ro variation
ameong sites in r'cporrcd ASD prcvalcncc, widc variation among
sites is noted in the characteristics of children identified with
ASD, including the proportion of children who received
a comprehensive developmenial evaluation by age 3 years,
the median age of earliest known ASD diagnosis, and the
distribution by intellectual ability. Some of this variation might
be attributable to regional differences in diagnostic practices
and other documentation of autism symptoms, although
previous reports based on ADDM data have linked much of
the variation to other extrinsic factors, such as regional and
sociocconomic disparitics in access to services (13, /4).

Case Definitions
Resules from application of the DSM-IV-TR and DSM-5

case definitions were similar, overall and when stratified by
sex, race/cthnicity, DSM-TV-TR diagnostic subtype, or level
of inrcllecrual ability. Overall, ASD prevalence estimates
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based on the new DSM-5 case delinition were very similar in
magnitude but slightly lower than those based on the historical
DSM-IV-T'R case definition. Three of the 11 ADDM sites
had slightly higher case counts using the DSM-5 framework
compared with the DSM-IV-TR. Colorado, where the DSM-
IV-TR:DSM-5 ratio was highest compared with all other sites,
was also the site with the lowest proportion of DSM-TV-TR
cascs having a previous ASID classification. This suggests that
the diagnostic component of the DSM-5 case definirion,
whereby children with a documented diagnosis of ASD
might qualily as DSM-5 cases regardless of social interaction/
communication and restricted/repetitive behavioral criteria,
might have influenced DSM-5 results to a lesser degree in
that site, as a smaller proportion of DSM-IV-TR cases would
meet DSM-5 case criteria based solely on the presence of a
documented ASD diagnosis. This element of the DSM-5
case definition might carry less weight moving forward, as
fewer children aged 8 years in health and education settings
will have had ASID diagnosed under the DSM-TV-TR criteria.
It is also possible that persons who conducr developmeneal
cvaluations of children in health and cducation scerings will
increasingly describe behavioral characteristics using language
more consistent with DSM-5 (erminology, yielding more ASD
cases based on the behavioral component of ADDM's DSM-5
case definition. Prevalence estimates based on the DSM-5 case
definition that incorporates an existing ASD diagnosis reflect
the actual patterns of diagnosis and services for children in
2014, because children diagnosed under DSM-1V-TR did not
lose their diagnosis when the updated DSM-5 criteria were
published and because professionals mighr diagnose children
with ASD) withour necessarily recording every behavior
supporting that diagnosis. In the future, prevalence estimates
will align more closely with the specific DSM-5 behavioral
criteria, and might exclude some persons who would have
met DSM-TV-TR criteria lor autistic disorder, PDD-NOS, or
Asperger disorder, while at the same time including persons
who de not meert those criteria but who do meet the specific
DSM-5 behavioral criteria.

Comparison of Autism Prevalence
Estimates

The ADDM Nerwork is the only ASD surveillance system
in the United States providing robust prevalence estimates for
specific areas of the country, including those for subgroups
defined by sex and racefethnicity, providing information about
gcographical variarion that can be used to cvaluare policics
and diagnostic practices that mighc affect ASD prevalence.
Tt is also the only comprehensive surveillance system o
incorporate ASD diagnostic criteria into the case delinition
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rather than relving entirely on parent or caregiver report of a
previous ASD diagnosis, providing a unique contribution to
the knowledge of ASD epidemiology and the impact of changes
in diagnostic criteria. Two surveys of children’s health, The
National Health Interview Survey (NHIS) and the National
Survey of Children’s Health (NSCH), report estimates of ASD
prevalence based on caregiver report of being rold by a docror
or other health care provider that their child has ASD, and, for
the NSCH, if their child was also reported to currently have
ASD. The most recent publication from NHIS indicated that
27.6 per 1,000 children aged 3-17 years had ASD in 2016,
which did not differ significantly from estimates for 2015 or
2014 (24.1 and 22.4, respectively) (28}, An estimate of 20.0
per 1,000 children aged 6-17 years was reported from the
2011-2012 NSCH (29). The study samples for both surveys
are substandally smaller than the ADDM Network; however,
they were intended to be nationally representative, whereas
the ADDM Nerwork surveillance areas were sclecred through
a competitive process and, although large and diverse, were
not intended to be nationally representarive. GGeographic
differences in ASD prevalence have been observed in both the
ADDM Network and national surveys, as have dilferences in
ASD prevalence by age (6-17,28,29).

All three prevalence estimation systems (NHIS, NSCEH,
and ADDM) are subject to regional and policy-driven
differences in the availability and utilization of evaluation
and diagnostic services for children with developmental
concerns. Phone surveys are likely more sensitive in identifying
children who received a preliminary or confirmed diagnosis
of ASD) bur arc not recciving services (i.c., special education
services). The ADDM Network method based on analysis of
informarion contained in existing healch and education records
enables the collection of detailed, case-speciflic information
reflecting children’s behavioral, developmental and functional
characteristics, which are notavailable from the national phone
surveys. This detailed case level information might provide
insight into temporal changes in the expression of ASD
phenotypes, and offers the ability to account for differences
based on changing diagnostic criteria.

Limitations

The findings in this report are subject to at least three
limitations. First, ADDM Nerwork sites were not selected to
represent the United States as a whole, nor were the geographic
arcas within cach ADDM sire selected to represent thar state
as a wholc {with the exception of Arkansas, where ASD s
monirored statewide). Although a combined estimace is
reported for the Network as a whole (o inform stakeholders
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and interpret the findings (rom individual surveillance years in
a more general context, data reported by the ADDM Newwork
should not be interpreted to represent a national estimate of
the number and characteristics of children with ASD. Rather,
it is more prudcnt to examine the wide variation among, sites,
between specific groups within sites, and across time in the
number and characreristics of children identitied with AST),
and to use these findings ro inform public health strategics
aimed ar removing barriers to identification and trearment,
and eliminating disparities among socioeconomic and racial/
ethnic groups. Data from individual sites provide even greater
utility for developing local policies in those states.

Second, it is important to acknowledge limitations of
information available in children’s health and education records
when considering data on the characteristics of children with
ASD. Age of earliest known ASD diagnosis was obtained from
descriptions in children’s developmental evaluations that were
available in the health and education facilities where ADDM
statf had access ro review records. Some children mighr have
had carlicr diagnoses that were not recorded in these records.
Likewise, some descriptions of historical diagnoses {i.c., thosc
not made by the evaluating examiner) could be subject o
recall error by a parent or provider who described the historical
diagnosis to that examiner. Another characteristic featured
prominently in this report, intellectual ability, is subject w0
measurement limitations. [QQ test results should be interpreted
cautiously because of myriad factors that impact performance
on these tests, particularly language and attention deficits that
are common among children with ASD, especially when testing
was conducted before age 6 years. Because children were not
examined dircetly nor sysrematically by ADDM seaff as part
of this study, descriptions of their characteristics should not be
interpreted to serve as the basis lor policy changes, individual
(reatments, or interventions.

Third, because comparisons with the results from earlier
ADDM surveillance years were not restricted to a common
geographic area, inferences about the changing number and
characteristics of children with ASD over time should be
made with caution. Findings for cach unique ADDM birth
cohort are very informative, and although study methods
and geographic areas of coverage have remained generally
consisrent over time, rcmpoml comparisans arc subject to
multiple sources of bias and should nor be misinterpreted as
representing precise measures that control for all sources of
bias, Additional limitations 1o the records-based surveillance
methodelogy have been described extensively in previous
ADDM and MADDSP reports (3,6-11}.

VS Degrartrrent of Heallh and Human Services/Centers Tor Disease Conlrol and Prevention

Future Surveillance Directions

Data collection for the 2016 surveillance year began in carly
2017 and will continue through mid-2019. Beginning with
surveillance year 2016, the DSM-5 case definition for ASD will
serve as the basis for prevalence estimates. The DSM-IV-TR
case definition will be applied in a limited geographic area
to offer additional data for comparison, although the DSM-
IV-TR case definition will eventually be phased out.

CDC's “Learn the Signs. Acr Early” (ITSAE) campaign,
launched in Ocrober 2004, aims ro change perceptions among
parents, health care professionals, and carly educators regarding
the importance of early identification and treatment of autism
and other developmental disorders (30). Tn 2007, (he American
Academy of Pediatrics (AAP) recommended developmental
screening specifically focused on social development and ASD
at age 18 and 24 months {31). Both efforts are in accordance
with the Healthy People 2020 (HP2020} goal that children
with ASD) be evaluated by age 36 months and begin receiving
community-based support and services by age 48 months (12).
It is concerning rhat progress has not been made toward the
HP2020 goal of increasing the percentage of children wich
ASD who reccive a first evaluation by age 36 months to 47%;
however, the cohort of children monitored under the ADDNM
2014 surveillance year (i.e., children born in 2006} represents
the first ADDM 8-year-old cohort impacted by the ITTSAE
campaign and the 2007 AAP recommendations. The effect of
these programs in lowering age at evaluation might become
more apparent when subsequent birth cohorts are monitored.
Further exploration of ADDM data, including those collected
on cohorts of children aged 4 years {3.2), might inform how
policy initiatives, such as screening recommendations and other
social determinants of health, impace the prevalence of ASD
and characterisrics of children with ASD, including the age ar
which most children receive an ASD diagnosis,

Conclusion

The latest findings trom the ADDM Nerwork provide
evidence that the prevalence ol ASD is higher than previously
reported ADDM estimates and continues (o vary among
certain racial/ethnic groups and communities. The overall
ASD prevalence estimate of 16.8 per 1,000 children aged
8 years in 2014 is higher than previous estimates from the
ADDM Network. With prevalence of ASD reaching nearly 3%
in some communities and representing an increase of 150%
since 2000, ASD is an urgent public health concern that could
benefit from enhanced strategies to help identify ASD earlier;
to derermine possible risk factors; and 1o address the growing
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behavioral, educational, residential and occupational needs of
this population.

Implementation of the new DSM-5 case definition had
little effect on the overall number of children identified with
ASD for the ADDM 2014 surveillance year. This might be a
result of including documented ASD diagnoses in the DSM-5
surveillanee case definition. Over time, the estimate might be
influenced (downward) by a diminishing number of persons
who meet the DSM-5 diagnostic crireria for ASDD based
solely on a previous DSM-IV-TR diagnosis, such as autistic
disorder, PDD-NOS or Asperger disorder, and influenced
(upward) by professionals aligning their clinical descriptions
with the DSM-5 criteria. Although the prevalence of ASD and
characteristics of children identified by each case definition
were similar in 2014, the diagnostic features defined under
DSM-IV-TR and DSM-5 appear to be quite different. The
ADDM Nerwork will continue to evaluate these similarities
and differences in much greater depth, and will examine at
least one more cohorr of children aged 8 years to expand chis
comparison. Over time, the ADDM Nerwork will be well
positioned ro evaluate the cffects of changing AST) diagnostic
parameters on prevalence,
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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, 2014

Asian or American Indian
White, Black, Pacific Islander, or Alaska Native,
Total non-Hispanic non-Hispanic Hispanic non-Hispanic non-Hispanic
Site Site institution Surveillance area Ma. MNo. (%a) Mo. s} Ma. {9a] MNo. (%a) Mo. (%)
Arizona University of Part of 1 county in 24,952 12308 (49.3) 1,336 (5.4} 9792 (391 975 (3.9) 541 (2.2}
Arizana metropolitan
Phoenix!
Arkansas Universily of All 75 countiesin 39,992 25103 (653) 7705 {193} 5012 (125) a43 2.1 329 (0.8
Arkansas for Arkansas
Medical Sciences
Colorado Colorado 7 counties in 41,128 22410 (54.5) 2,724 (68} 13,735 (334 203 4.9 223 0.6
Department of metropolitan
Public Health and Denver
Environment
Georgia LD 3 counties 51,161 15495 (303 22,042 {43.7} 9913 (19.4] 3,599 7.0 112 {02
including
metropolitan
Atlanta
Maryland Johns Hepking 1 countyin 9,955 4977 (5000 3399 {349} 829 8.3 719 [7.2] 31 {0.3)
University metropolitan
Baltimore
tlinnesota University of Parts of 2 counties 9,767 3,793 (388) 2719 {278} 14856 (152) 1,576 (161 193 2.0
Minnesola including
Minneapolis
St. Paul®
tissouri Washington 5 counties 25,333 15,529 (652) 6577 {2601 1,220 (4.8 a1 (3.7 76 .3
Universily including
metropolitan
5t Louis
MNew lersay Rulgers University 4 counties 32,935 13,593 (413 F1e6 {(218) 10226 (31.0) 1,874 5.7 76 (0.2)
including
metropolitan
Newark
Norih Caroling Universily of a countias in 30,283 15241 (503 7,701 {25.4} 5463 (18.0] 1,778 [5.9] 104 (.3
Morth Carolina central
Chapel Hill North Carclina
Tennessee Vanderbilt 11 counties in 24940 15867 (63.6) 4,8% {196} 3324 (13.3) 799 (3.2 54 .2
Universily Medical middle
Center Tennessee
Wisconsin University of 10 counties in 35037 20,732 (592) 6486 {185} &181 {17.8) 1471 4.2 167 i0.5)
Wiscansin- southeastern
Madison Wisconsin
All sitas combined 325,483 167,048 (51.3) 72,751 (224} 67,181 (306) 1659 (5.1] 1,507 {G.8]

* Total numbers of children aged 8 years ineach surveillance arca were obtained from CDC's National Center for Health Statistics Vintage 2016 Bridged-Race Population
Estimates for July 1, 2014,
I Denominator excludes school districts that were not included in the surveillance area, calculated from National Center for Education Statistics enrollment counts
of third graders during the 2014-20115 school year.

MRMWR F April 27,2018 ¢ Vol.67 ¢ No.s

LIS Department of Health and Hurean Services/Cenlers for Qivease Control and Prevention



Surveillance Summaries

TABLE 2. Estimated prevalence* of autism spectrum discrder among children aged 8 years, by sex — Autism and Developmental Disabilities

Monitoring Network, 11 sites, United States, 2014

Sax

Total Total no. Overall’ Males Females Mala-ta-farnale
Site population  with ASD Prevalance 95% Cl Prevalance 95% ClI Prevalence 95% C| prevalence ratio®
Arizona 24,952 349 140 (126 15.5) 211 (187 238} 6.6 {53 372) 3z
Arkansas 35,992 522 131 (12.0-14.23 205 [18.6-22.5} 5.4 4.5-6.5) 35
Colorade 41,128 572 139 (12.8-15.1) 21.8 (19.9-23.9} 55 {4.6-6.7) 39
Grorgia 51,181 369 17.0 (159 18.2) 275 (259 300} 57 48 67 49
Maryland 9,455 199 200 (17.4-23.0 327 [28.1-38.2} 72 15.2-10.0) 45
flinnesota 9,767 234 240 (21.1-27.2) 39.0 (33.58-44.9} B 6.3-11.6) 46
Missouri 25,333 356 14,1 (127-15.6) 222 (19.8-25.0} 56 {4.4-7.00 4.0
Mew Jersey 32,935 o964 29.3 (27.5-31.2) 455 142.4-43.9} 123 $10.7-14.1) 37
North Carolina 30,283 527 17.4 (16.0-19.0y 28.0 {25.5-30.8} 6.5 {5.3-7.9) 43
Tennessea 24,940 387 15.5 (14.0-17.1) 253 (22.6-28.2} 54 {4.2-6.9) 47
Wisconsin 35,037 494 141 (129 154) 214 (194 237} 6.4 {53 77 34
All sites combined 325,483 5,473 16.8 {16.4-17.3) 26.6 (25.8-27.4) 6.6 {6.2-7.00 4.0

Abbreviations: ASD = autism spectrum disorder; C| = confidence interval.

* Per 1,000 children aged 8 years.

T All children are included in the tolal regardless of race or ethnicity.

® All sites identified significantly higher prevalence among males compared with females (p<0.011,

TABLE 3. Estimated prevalence* of autism spectrum disorder among children aged 8 years, by race/ethnicity — Autism and Developmental

Disabilities Monitoring Network, 11 sites, United States, 2014

Race/Ethnicity Prevalence ratio

White Black Hispanic Asian/Pacific Islander White-to- White-to-  Black-to-
Site Prevalence  95% Cl Prevalence  95%Cl Prevalence 95% Cl Pravalence  95%Cl Black Hispanic Hispanic
Arizona 16.2 141 18.8) 195 (133 2848) 103 (B35 125] 103 55 1%.1) 08 165 1.95
Arkansas 139 12.6-15.5} 104 18.3-12.% 84 (6.2-11.3) 142 [B1-2511 1.31 1.75 1.2
Colorado 15.0 (13.5-16.7} 114 (B.0-162) 10.6 (2.0-125] 79 [4.8-12.% 1.3 144 1.1
Grorgia 179 &0 202} 17.1 (154 189 126 136 15.0) 1149 89 16.1) 1.1 145 145
Maryland 195 16.0-23.8} 16.5 (12.7-21.4) 157 (9.1-27.0) 13.9 [7.5-25.8) 1.2 1.2 1.1
flinnesota 243 (19.8-29.8} 27.2 {21.7-34.2) 209 14.7-29.7] 178 (12.3-25.7) .9 1.2 1.3
Missouri 14.1 {(12.4-16.0} 10.8 (8.6-13.6) 49 {2.2-10.9} 10.7 (5.8-20.0) 1.3% 297 22
Mew Jersey 30Nz 127.4-33.3} 26.8 (23.3-30.% 293 [26.2-32.9) 192 (13.9-26.6) 1.1 1.0 09
North Carolina 186 (16.5-20.9} 16.1 {13.5-19.2) 11.9 {9.3-15.2) 191 (13.7-26.8) 1.2 1.6% 1.4
Tennesses 161 (143-182} 125 (9.7-16.0 0.5 (7.6-147] 125 [67-23.3) 1.3 1,51 1.2
Wisconsin 152 136 17.0} 113 (B9 142 125 100 15.6) 102 61 163 1.3t 12 [ER]
All sites 17.2 (16.5-17.8) 16.0 {15.1-16.9) 14.0 (13.1-14.9] 13.5 {11.8-15.4) 1.1t 1.2% 1.1%

combined

Abbreviation: C| = confidence interval.

* Per 1,000 children aged & years,

T Pearson chi-square test of prevalence ratio significant at p<0.05.
5 Pearson chi-square test of prevalence ratio significant at p<0.01.
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TABLE 4. Number and percentage of children aged 8 years® identified with autism spectrum disorder who received a comprehensive evaluation
by a qualified professional at age <36 months, 37-48 months, or >48 months, and those with a mention of general delay concern by age
36 months — Autism and Developmental Disabilities Monitoring Networl, 11 sites, United States, 2014

Mention of
Earliest age when child received a comprehensive evaluation general developmental delay
<36 mos 37-48 mos »48 mos =36 mos

Site Mo. {20y Mo, ] Mo. {20y Mo, ]

Atizona a7 {34.1} 56 (22,0 112 {43.9} 240 94.1)
Arkansas 17 {30.5} 38 (25.6) 168 {43.9} 354 [92.4)
Colorado 200 {46.4} %] {15.3) 165 {383} 383 (B89
Georgia 240 {37.6} 126 119.7] 273 (427} 549 (859
Maryland il (56.1} 19 11.1) 56 (32.7} 158 [92.4)
tinnesota 57 (335} 36 (21.32) 77 (453} 124 (729
Mlissouri 23] {32.1} EL] 114.2) 147 {53.6} 196 [71.5)
Mew Jersey 318 (40.5} 174 (22.2) 293 (37.3} 545 82.2)
Narth Caroling 261 (66.2) 42 (10,7 21 (23.2) 364 [92.6)
Tennessee 0 {34.0] 47 120.0) 108 {46.0] 144 B1.3)
Wiscansin 194 (47.2) g7 (21.2) 130 (31.6) 368 {89.5)
All sites combined 1,737 {41.9] 799 (19.0) 1,620 {39.1) 3,525 {85.0)

* Includes children identified with autism spectrum disorder who were linked to an in-state birth certificate.

TABLE 5. Median age (in months) of earliest known autism spectrum disorder diagnosis and number and proportion within each diagnostic
subtype — Autism and Developmental Disabilities Monitoring Network, 11 sites, United States, 2014

Autistic disorder ASD/PDD Asperger disorder Any spacifiad ASD diagnosis
Site Medianage  No. (3)  Medianage  No, (%%) Medianage  No, {%)  Medianage  No. {36)
Arizona 55 186 {76.2} 61 50 (20.5] 74 8 (3.3} 56 244 65.9)
Arkansas 55 269 {63.0} 63 129 (30.2) 75 25 6.8} 59 427 (81.8)
Colerado 43 192 {61.7} 65 104 (33.4) 61 15 (4.8} 51 m 154.4)
Georgia 46 288 {48.1} 56 261 (43.6) 65 50 (8.3} 53 599 68.9)
Maryland 43 52 {32.3} &1 104 (64.6) 65 5 (3.1} 52 161 (80.9)
Minnesota 51 50 {45.9} 65 54 (49.5) 62 5 (4.6} 56 109 146.6)
Missouri 54 81 {26.7} 55 197 (65.0) 65 25 (8.3} 56 303 {85.1)
New Jersay 42 227 {32.7} 51 428 (61.6) 66 40 (5.8} 48 695 (721
Morth Carolina 32 165 {52.5} 49 130 41.4) 67 19 6.1} 40 314 (59.6)
Tennessee 51 157 {57.1} 63 100 (36.4) 60 18 16.5) 56 275 (71.1)
Wisconsin 46 143 {40.2} 55 189 (53.1) 67 24 (6.7} 51 356 (721
All sites combined 46 1.810 (47.7} 56 1,746 (46.0) 67 238 (6.3} 52 3,794 (69.3)

Abbreviations: ASD = aulism spectrum disorder; PDD = pervasive davelopmental disorder-not olherwise specified.
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TABLE &. Number and percentage of children aged 8 years identified with autism spectrum disorder with available special education records,
by primary special education eligibility category* — Autism and Developmental Disabilities Monitoring Network, 10 sites, United States, 2014

Characteristic Arizona Arkansas Colorado Georgia Maryland Minnesota Mew Jersey North Carclina Tennessee Wisconsin
Total no. of ASD cases 349 532 572 869 199 234 964 527 387 494
Total no. (%) of ASD cases with 308{88.3} 3277{—% 1307 (—%) 708{81.5) 1491(749) 188(80.3} 822 (85.3) 420 (79.7 2187 {5 1561 (—%)

special education records
Primary excaptionality (%)

Autism 64,9 654 439 589 67.1 67.0 484 75.0 798 6.5
Emotional disiurbance 29 0.9 7.2 2.0 27 3.7 1.6 26 0.5 5.8
Specific [carning disability 8.8 37 13.7 4.0 12.8 1.1 3.2 29 0.9 26
Speech or language impairment 5.5 59 10.8 1.0 34 2.7 137 24 32 20.5
Hearing or visual impairment 0 0.3 a 1 0 1.1 0.6 0.5 8] 06
Health, physical or other disability 8.8 13.5 14.4 35 81 15.4 135 112 32 14.7
Multiple disahilities 0.3 34 5.0 0 4.0 1.6 6.7 1.7 0 0

Intellectual disability 3.2 4.0 4.3 2.0 2.0 6.2 1.7 24 28 0.6
Developmental delay/Preschool 9.4 0 .7 28.5 0 .5 0.6 1.4 9.6 18.6

Abbreviation: ASD = autism spectrum disorder.

¥ Some state specific calegories were recoded or combined {o match current US, Department of Education calegories.

* Excludes children residing in school districts where educational records were not reviewed (proportion of surveillance population: 31% Arkansas, 67% Colorado,
12% Tennessee, 74% Wisconsin.

% Proportion not reported because numerator is not comparable to other sites (excludes children residing in school districts where educational records were
net reviewead).
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TABLE 7. Number* and percentage of children aged 8 years, by race/ethnicity and site in the DSM-5 Surveillance Area — Autism and
Developmental Disabilities Monitoring Network, 11 sites, United States, 2014

Asian or American Indian or
White, Black, Pacific Islander,  Alaska Mative,
Total non-Hispanic non-Hispanic Hispanic non-Hispanic non-Hispanic
Site Site institution Surveillance area Mo. Mo. s} MNo. s} MNo. (%a) MNo. (%a) MNo. {9a]
Arizona University of Part of 1 county in 9,478 5340  (563) 31 {34) 3,244 {342} 296 {3.1) 277 (2.9
Arizona metropolitan
Phoenix!'
Arkansas University of Al 75 counties in 39,992 26,103 (653 F705 (193 5012 {125} 843 {21 329 (.8
Arkansas for Arkansas
tedical Sciences
Colorado Colorado 1 couniyin 8,022 2,603 (324) 1,018 1127 409 {50.1} 322 {40 60 0.7
Department metropolitan Denver
of Public Health
and Environment
Georgia chDC 5 counties including 51,161 15495 (303 22,042 (4310 9913 {194} 3599 (7.0 12 (0.2
metropolitan Atlanta
Maryland Johns Hopkins 1 county in 9,955 4977 (5000 3,399 (34.1) 829 18.3} 719 {7.2) 31 (0.3)
University metropolitan
Baltimaore
Minhesata University of Farts of 2 counties 49,767 3,793 (388) 2719 (278 1486 {152} 1,576 (16.1) 193 (2.0
Minnesota including
Minneapolis-St, Paul!
Missouri Washinglon 1 countlyin 12,205 7186 (589) 3793 (31.1) 561 (4.6} 626 {5.1) 39 (+.3)
University metropolitan St.
Louis
New Jersay Rutgers Universily 4 counties including 32,835 13,593 (13 Fes (218 10,226 {310 1,874 {57 76 (0.2
metropolitan Mewark
MNorth Carolina University of & counties in central 30,283 15241 50.3) 7701 (254) 5463 {180y 1,778 {59 100 (0.3}
North Carolina- North Carolina
Chapel Hill
Tenhesser Wanderbilt 11 counties in middle 24940 158387 (838 4,898 (198 3,324 1133} 799 133 54 W2
University Tennessee
tMedical Center
Wisconsin Universily of 10 counties in 35,037 20732 (592) 6486 (185 6181 {1748 1471 {42) 167 (0.5}
Wisconsin southeastern
tMadison Wisconsin
All sites combined 263,775 130,930 (49.6) 67.246 (25.5) 50,258 (19.1) 13,903 (5.3) 1,438 {0.5)

Akbreviation: DSM-5 = Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition.

* Tolal numbers of children aged 8 years in each surveillance area were obtained from CDC's Nalional Center for Heallh Stalistics Vinlage 2016 Bridged Race Population
Estimates for July 1, 2014

t Denominator excludes school districts that were not included in the surveillance area, calculated from National Center for Education Statistics enrollment counts
of third graders during the 2014-20115 school year.
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TABLE 8. Number and percentage of children meeting DSM-IV-TR and/or DSM-5 surveillance case definition — Autism and Developmental
Disabilities Monitoring Networl, 11 sites, United States, 2014

Met DSM-IV-TR Met both DSM-IV-TR

ar DSM-5 and DSM-5 Met DSM-IV-TR only Met DSM-5 only DSM-IV-TR vs. DSM-5
Site Mo, Mo, {%0) No. (%) No. (%) Ratio Kappa
Arizona 175 143 (79.9] 17 [9.5] 149 (10.6) 0.99 0.83
Arkansas 560 514 (91.8) g 1.4] 33 &3] 085 0az2
Colorado 114 92 (79.3) 19 (16.4 5 {4.3) 1.14 079
Georgia 937 790 (84.3) 79 8.4] 68 {7.3 1.01 0.83
Maryland 207 187 a0.3) 12 5.8 B 3.9 1.02 083
Minnescta 254 200 178.7) 34 113.4) 20 7.9 1.06 079
Missouri 209 179 (85.6) 12 [5.7] 15 {8.6) 0.97 0.74
New Jersey 955 342 (846 122 (12.3) EX 3.3 1.1¢ 035
North Carclina 532 493 192.7) 34 i6.4] 5 0.9 1.06 .93
Tennessee 408 348 (85.3) 39 {9.5) 21 {5.1) 1.05 0.72
Wisconsin 523 448 85.7) 46 {8.8 29 {5.5] 1.04 0.83
All sites combined 4,920 4,236 [86.1) 433 [8.6) 262 (5.3) 1.04 0.85

Abbreviations: DSM-5 = Diagnosiic and Statistical Manuaf of Mental Disorders, Fifth Edition; DSM-IV-TR = Diagnostic and Statistical Manuaf of Mental Disorders, Fourth
Edition, Text Revision.

TABLE 9. Characteristics of children meeting DSM-IV-TR and/or D5M-5 surveillance case definition — Autism and Developmental Disabilities
Monitoring Networlk, 11 sites, United States, 2014

Met DSM-IV-TR Met both DSM-IV-TR

or DSM-5 and DSM-5 Met DSM-IV-TR only Met DSM-5 only DSM-IV-TR vs. DSM-5

Characteristic No. Na, (%) No, (%) No, (%) Ratio Kappa

Mat ASD case definition under 4,920 4,236 86.1) 422 (8.6) 262 (5.3) 1.04 .85
DSM-IV-TR and/or DSM-5

Male 3,978 3,452 (B6.58) 316 (7.9 210 (5.3} 1.03 .85

Female 942 784 83.2) 106 1.3 52 (5.5} 106 .85

White, non-Hispanic 2,484 2,159 [86.8) 193 (7.8} 134 (5.4} 1.03 .85

Black, non-Hispanic 1,184 944 [B4.0 109 (9.2} 21 (6.8} 1.03 .84

Hispanic, regardless of race 817 595 85.1) 91 1.1y 31 (3.8) 1.08 .86

Asian/Pacific Islander, 207 188 [90.8) 14 (6.8) 5 (2.4) 105 .88
non-Hispanic

<36 months 1,509 1.372 90.9) 15 (7.6) 22 (1.5 1.07 .89

37-48 months 723 &40 (88.5) 61 (B4} 22 (3.00 106 .84

=48 maonths 1,503 1,195 [72.5) 154 [10.2) 154 [10.2) 1.00 481

Autism special education 2,270 2156 95.0) 35 {1.5) 79 {3.5) 0.98 .57
eligibility’

ASD diagnostic statement®

Earliest ASD diagnosis 951 936 [98.4) o] S0 15 (1.8} 058 .71
<36 months

Earliest ASD diagnosis autistic 1,577 1,526 [96.8) o 03] 51 (3.2} 087 .50
disorder

Earliest A5SD diagnosis PDD-NOS/ 1,564 1.525 97.5) 8] [S0)] 39 (2.5 0.98 72
ASD NOS

Earliest ASD diagnosis Asperger 221 210 (95.0) ¢] {0} 11 (5.0 095 .72
disorder

No previeus ASD diagnosis or 350 484 (50.9) 369 (38.8) a7 (10.2) 1.47 062
eligibility on record

Intellectual disability (1 <70] 1,14 1,089 [91.4) a7 (5.6) 35 (2.9 1.03 .89

Borderline range {IQ 71-85) B31 778 88.3) 74 (3.4 29 (3.3 1.06 .53

Average or above average 1,620 1,391 (85.9) 143 (8.8) 86 (5.3) 1.04 136
(10 =85)

Abbreviations: ASD = aulism spectrum disorder; DSM 5 = Dipgnaostic and Statistical Manual of Mental Disorders, Fifth Edition; DSM IV TR = Diagnostic and Statistical

Manual of Mental Disorders, Fourth Edition, Text Revision; PDD-NOS = pervasive developmental disorder not otherwise specified.

* Includes children identified with ASD who were linked to an in-state birth certificate.

Includes children with autism as the Primary Exceptionality (Tahle 6} as well as children documented to meet eligibility criteria for autism special education services.

% An ASD diagnosis documented in abstracted comprehensive evaluations, including DSM IV TR diagnosis of autistic disorder, PDD NOS or Asperger disorder qualifies
a child as mecting the DSM-5 surveillance case definition for ASD.

Y Includes data from all 11 sites, including those with 1Q data available for <70% of confirmed cases.
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