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I ORIGINAL CONTRIBUTION
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in a US Metropolitan Area
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Catherine Rice, PhD

Tanya Karapurkar, MPH
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Catherine Murphy, MPH

NDIVIDUALS WITH AUTISM HAVE UN-
usual social, communicative, and
behavioral development and may
have abnormalities in cognitive
functioning, learning, attention, and sen-
sory processing. Given the complex na-
ture of autism and the spectrum of re-
lated disorders, current prevalence rates
and whether rates have increased are
highly debated topics." Much of the de-
scriptive epidemiology of autism comes
from studies outside the United States
(a summary of autism prevalence rates
from epidemiologic studies is available
from the authors). Autism prevalence
rates from studies published before 1985
are 4 to 5 per 10000 children for the
broader autism spectrum and approxi-
mately 2 per 10000 for the more nar-
rowly defined condition termed classic
autism.**? Since 1985, non-US studies
have reported higher rates of autism,
ranging from a prevalence of 7 to 10 per
10000 children for autistic disorder and
an estimated prevalence for autism spec-
trum disorders 1.5 to 2.5 times higher.”
Arecent study conducted in the United
Kingdom reported a prevalence rate of
16.8 per 10000 children for autistic dis-
order and 62.6 per 10000 for the entire
autism spectrum.'*
These reports raise concerns about
possible increases in autism preva-

For editorial comment see p 87.
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Context Concern has been raised about possible increases in the prevalence of au-
tism. However, few population-based studies have been conducted in the United States.

Objectives To determine the prevalence of autism among children in a major US
metropolitan area and to describe characteristics of the study population.

Design, Setting, and Population Study of the prevalence of autism among chil-
dren aged 3 to 10 years in the 5 counties of metropolitan Atlanta, Ga, in 1996. Cases
were identified through screening and abstracting records at multiple medical and edu-
cational sources, with case status determined by expert review.

Main Outcome Measures Autism prevalence by demographic factors, levels of
cognitive functioning, previous autism diagnoses, special education eligibility catego-
ries, and sources of identification.

Results A total of 987 children displayed behaviors consistent with Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition criteria for autistic disorder,
pervasive developmental disorder-not otherwise specified, or Asperger disorder. The
prevalence for autism was 3.4 per 1000 (95% confidence interval [Cl], 3.2-3.6) (male-
female ratio, 4:1). Overall, the prevalence was comparable for black and white chil-
dren (black, 3.4 per 1000 [95% ClI, 3.0-3.7] and white, 3.4 per 1000 [95% ClI, 3.2-3.7]).
Sixty-eight percent of children with IQ or developmental test results (N=880) had cog-
nitive impairment. As severity of cognitive impairment increased from mild to pro-
found, the male-female ratio decreased from 4.4 to 1.3. Forty percent of children with
autism were identified only at educational sources. Schools were the most important
source for information on black children, children of younger mothers, and children of
mothers with less than 12 years of education.

Conclusion The rate of autism found in this study was higher than the rates from
studies conducted in the United States during the 1980s and early 1990s, but it was
consistent with those of more recent studies.

JAMA. 2003,289:49-55
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lence. However, little is known about the
prevalence rate of autism in US popu-
lations because only 4 US population-
based studies of autism have been con-
ducted.'!® Three of these studies,
conducted in the 1980s or early 1990s,
found very low prevalence rates, ie, ap-
proximately 4 per 10000 children.'>""
The fourth, a recent study of autism
prevalence in 1998 in Brick Township,
New Jersey, reported a higher rate than
any previous US study'®: 40 per 10000
3- to 10-year-old children had autistic
disorder and 67 per 10000 children were
within the entire autism spectrum. The
ability to generalize these results to the
broader US population is uncertain be-

cause the study comprised a small popu-
lation of children in a community where
increased autism prevalence was sus-
pected. However, these rates are sup-
ported by findings from several recent
non-US studies.'*!*?! In addition, data
from US service providers (hereafter, ser-
vice provider is defined as an agency or
program or an individual providing
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PREVALENCE OF AUTISM

health, educational, or social services to
children with developmental disabili-
ties) indicate large increases in the num-
ber of individuals receiving services for
autism in the last decade, but these num-
bers do not represent population-
based rates.”**

This article describes the prevalence
of autism in metropolitan Atlanta in 1996
as determined by a multiple-source,
population-based developmental dis-
abilities (DDs) surveillance program. Au-
tism prevalence is reported by child de-
mographic factors, including race and
sex. Other measures include level of cog-
nitive functioning, previous autism spec-
trum diagnosis, special education eligi-
bility category, and identification source
(ie, school or nonschool). Throughout
this article, the terms autism and autism
spectrum disorders (ASDs) refer to autis-
tic disorder, Asperger disorder, and per-
vasive developmental disorder-not oth-
erwise specified (PDD-NOS).

METHODS

Children with autism were identified in
2 phases. In phase 1, all children sus-
pected of having autism who met the
age, study year, and parental residence
requirements were identified through
screening and abstraction of source files
at multiple medical, clinical, and edu-
cational sources. In phase 2, abstracted
data from phase 1 were systematically
scored by expert reviewers to deter-
mine whether the identified children met
the autism surveillance case definition.
Expert reviewers included 3 clinical or
developmental psychologists and 1 di-
agnostician, each with specialized train-
ing and experience in autism assess-
ment and diagnosis.

An autism case was defined as a child
who was 3 tol0 years old during the
1996 study year, whose parent(s) or le-
gal guardian(s) resided in the 5-county
(ie, Clayton, Cobb, DeKalb, Fulton, and
Gwinnett) metropolitan Atlanta area at
any time during the 1996 study year, and
who displayed behaviors (as described
by a qualified professional) consistent
with the Diagnostic and Statistical Manual
of Mental Disorders, 4th edition (DSM-
IV)* criteria for autistic disorder, PDD-

50 JAMA, January 1, 2003—Vol 289, No. 1 (Reprinted)

NOS (including atypical autism), or As-
perger disorder on evaluations conducted
through 1996. A qualified professional was
defined as a clinical or educational pro-
fessional with specialized training in the
observation of children with DDs (eg, de-
velopmental pediatrician, child psychia-
trist, pediatric neurologist, clinical or de-
velopmental psychologist, special
education teacher). Children with child-
hood disintegrative disorder and Rett dis-
order were not included because of the
rarity of childhood disintegrative disor-
der and the debate regarding whether
Rett disorder is an ASD.

Phase 1: Case Ascertainment

Children with autism were identified as
part of the Centers for Disease Control
and Prevention’s (CDC) Metropolitan
Atlanta Developmental Disabilities Sur-
veillance Program (MADDSP), an on-
going, active population-based surveil-
lance program to monitor the occurrence
of 5 DDs (autism, cerebral palsy, hear-
ing loss, mental retardation [MR], and
vision impairment) among 3- to 10-
year-old children in the 5-county met-
ropolitan Atlanta area.”* The total num-
ber of 3- to 10-year-old children residing
in metropolitan Atlanta in 1996 was
289456 (51% male; 58% white, 38%
black, and 4% other racial group).”
Public schools were a primary source
for case identification. As a conse-
quence of the Individuals with Disabili-
ties Education Act (Public Law 94-142
as amended),”® many children identi-
fied by MADDSP were enrolled in a pub-
lic school special education program or
other Department of Education pro-
gram for children with DDs (eg, state
schools for children with hearing loss or
vision impairment, regional psycho-
educational centers). Potential non—
school sources were identified through
input from public school administra-
tors, a local Parent-to-Parent organiza-
tion, the state health department, pro-
grams that serve children with special
needs, diagnostic clinics, and area cli-
nicians. Non-school case identifica-
tion sources included State Depart-
ment of Human Resources facilities for
children with DDs, pediatric hospitals

and associated clinics, comprehensive di-
agnostic and evaluation centers for in-
dividuals with DDs, and private physi-
cians and clinicians who provide
diagnostic services for children with
DDs, particularly autism. This study was
approved by the CDC institutional re-
view board. Because this activity was
considered public health surveillance,
parental consent was not required. In-
stead, permission to access records was
obtained from each data source.

At the school sources, we screened the
most recent psychoeducational assess-
ments of all children evaluated for place-
ment in a special education program. We
also screened the special education pro-
gram files of all children receiving spe-
cial education services with select eligi-
bility categories (eg, autism, intellectual
disabilities). At the non—school sources,
we screened the source files of all chil-
dren with an ASD as the discharge diag-
nosis, billing code, or reason for refer-
ral. No clinical examinations of children
were performed. Children were identi-
fied as possible cases if their source files
included a confirmed ASD diagnosis, an
indication that the child might have ASD,
or descriptions of behaviors associated
with autism diagnostic criteria.

From the source files of each child
identified as a possible case, we ab-
stracted demographic variables, school
service data, verbatim descriptions of
behaviors associated with autism, psy-
chometric test results (eg, intelli-
gence, developmental, adaptive, autism-
specific assessments), developmental
history, evaluation diagnostic summa-
ries, hearing and vision test results, as-
sociated medical conditions, family his-
tory, laboratory and genetic test results,
and, for children with cerebral palsy,
physical and neurological findings. Fol-
low-up abstraction was conducted at
other MADDSP data sources where the
child had been evaluated.

MADDSP records are linked to Geor-
gia birth certificate files and to the Met-
ropolitan Atlanta Congenital Defects
Program, a CDC birth defects surveil-
lance program covering the same geo-
graphic area as MADDSP.? These link-
ages provide additional demographic

©2003 American Medical Association. All rights reserved.
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information and verification of struc-
tural malformations.

Phase 2: Expert Review

A coding guide was developed to clas-
sify behavioral indicators of the DSM-IV
criteria for autism based on behavioral
descriptions from the DSM-IV guide-
lines for autistic disorder, Asperger dis-
order, and PDD-NOS, and from a sample
of abstracted evaluations. All ab-
stracted evaluations for each child were
reviewed and scored by an expert in au-
tism. Any statement of developmental de-
lays in the areas of social skills, lan-
guage, or symbolic play at age 3 was
scored, as were any notes indicating be-
havioral regression or a plateau in skill
development. We also scored descrip-
tions of associated features (eg, abnor-
malities in cognitive development, odd
responses to sensory stimuli, self-
injurious behaviors). We did not code es-
timates of severity level of impairment
for each behavior. A child was defined
as having a previous autism diagnosis if
the evaluation diagnostic summary for
1 or more evaluations contained a diag-
nosis or diagnostic impression of an ASD.

Based on systematic review of behav-
iors in the abstracted evaluations, each
child was classified as a case, suspected
case, or nota case. Autism cases (N=987)
included children who clearly had at least
1 social and either 1 communication or
1 behavioral criterion for autism, ie,
DSM-1V behavioral criteria for PDD-
NOS. However, 91% of the children who
qualified as a case had at least 6 total cri-
teria with at least 2 in social, at least 1 in
the communication, and at least 1 in the
behavioral domains, ie, DSM-IV behav-
ioral criteria for autistic disorder. Since
the differential diagnosis between autism
subtypes requires a qualitative assess-
ment of behaviors difficult to obtain
through record review, our results were
not reported by subtype. Seventy-
seven percent of children with autism
had developmental delays and behav-
ioral symptoms before age 3. Children
were classified as suspected cases (n=52)
if they had behaviors associated with
autism, but sufficient behavioral infor-
mation was not available to confirm case

©2003 American Medical Association. All rights reserved.

status. If a child met the criteria for
autism but the primary reviewer ques-
tioned the applicability of this diagno-
sis, asecond and independent review of
the case was initiated. If case status was
still questionable, a third party review
was undertaken.

A random sample of abstracted evalu-
ations (20%) was independently scored
by a second reviewer to determine re-
liability of the autism classification sys-
tem. Reliability was evaluated using per-
centage of agreement and a simple k
coefficient. A k of 0.47 and 96% agree-
ment was achieved for a case meeting
the MADDSP autism case definition.
The paradox between a low k and a high
percentage agreement was due to the
high prevalence of autism in the sample
because abstracted source files were pre-
screened for autism symptoms. The
higher random chance of a child meet-
ing the case definition for autism led to
alarger correction of chance than would
be expected if there were more non—
suspect cases or controls in the sample.
This larger correction of chance will
push the k into the moderate (0.40-
0.60) range, even when apparent agree-
ment is high.*

Psychometric data were available for
880 (89%) of the 987 children with au-
tism. Of these, 676 (77%) had been ad-
ministered a standardized intelligence
test, and the others had received a de-
velopmental test (a list of psychomet-
ric tests is available from the authors).
Children with a full-scale 1Q of 70 or
less or a score of 2 or more standard de-
viations below the mean on the cogni-
tive domain of a developmental test
were classified as having a cognitive im-
pairment.

For children who were adminis-
tered IQ tests, severity of cognitive im-
pairment was defined according to the
International Classification of Diseases,
Ninth Edition (ICD-9),’' MR catego-
ries: mild (50-70), moderate (35-49),
severe (20-34), and profound (<20).
Children whose 1Q scores could not be
assigned to a discrete category were des-
ignated as having MR—not otherwise
specified (MR-NOS). Precise level of
cognitive impairment could not

PREVALENCE OF AUTISM

be established for children who were
administered a developmental test.

Analytic Methods

Period prevalence estimates were calcu-
lated using, as the denominator, the
number of 3- to 10-year-old children who
resided in the 5-county metropolitan At-
lanta area in 1996 according to the Bu-
reau of Census post—censal estimates for
that year (N=289456). We used the
Poisson distribution to calculate 95%
confidence intervals (CIs) for preva-
lence rates.*? Race-specific rates used the
categories white, black, and other. Chil-
dren of Hispanic origin were included in
either the white or black category ac-
cording to self-identification. The other
race category included racial groups such
as Asian Pacific Islander and American
Indian. A P value of .05 was used to de-
termine statistical significance.

RESULTS
Prevalence Estimates
and Demographics

Nine-hundred eighty-seven of the
289456 children aged 3 to 10 years in
metropolitan Atlanta in 1996 were de-
termined to have autism, a rate of 3.4 per
1000 (95% CI=3.2-3.6). Prevalence
ranged from 1.9 per 1000 in 3-year-old
children to 4.7 per 1000 in 8-year-old
children. Additional x* tests showed sig-
nificant differences in the prevalence
rates between 3- and 4-year-olds
(P=.001), between 4- and 5-year-olds
(P<.02), and between 8- and 9-year-
olds (P<<.001). Autism prevalence rates
for 5- to 8-year-olds were not signifi-
cantly different from each other (P=.50)
(FIGURE).

Autism prevalence rates were re-
markably similar when examined by
race (TABLE 1). Furthermore, in each
racial category, a predominance of
males was found, yielding a sex ratio
of 3.8 among whites, 4.3 among blacks,
and 3.5 among the other racial group.

Among the children with autism
(N=987), 62% had at least 1 coexisting
MADDSP-defined disability or epi-
lepsy. Of the children with an IQ or de-
velopmental test result (N=880), 68%
had cognitive impairment (64% based on

(Reprinted) JAMA, January 1, 2003—Vol 289, No. 1 51
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1Q data alone). Among children with
psychometric test data (N=880), 20%
had mild MR, 11% moderate MR, 7% se-

]
Figure. Prevalence of Autism Among 3-

to 10-Year-Old Children Identified by
MADDSP, Metropolitan Atlanta, 1996

Prevalence per 1000 Population
w
—o—i
—@—1

0 T T T T T
3 4 5 6 7 8 9 10

Age,y

MADDSP indicates Metropolitan Atlanta Develop-
mental Disabilities Surveillance Program; circles, preva-
lence rates; and error bars, 95% confidence inter-
vals.

vere MR, 3% profound MR, and 28%
with an unspecified level of cognitive im-
pairment that included 9% classified as
MR-NOS using IQ data and 19% classi-
fied using developmental scores
(TABLE 2). In addition, of the children
with autism, 8% had epilepsy, 5% had
cerebral palsy, 1% had vision impair-
ment, and 1% had hearing loss. We
found that as the severity of MR in-
creased the sex ratio decreased (4.4 to
1.3), indicating a greater proportion of
females in the severe and profound lev-
els of impairment (Table 2).

Autism-specific test results were
available for 479 children (49%) with
autism. Of these, 414 (86%) had been
administered the Childhood Autism
Rating Scale.” Eighty-four percent of
the 414 children for whom a Child-
hood Autism Rating Scale score or di-
agnostic category was reported had
scores in the autistic range.

]
Table 1. Prevalence of Autism Among 3- to 10-Year-Old Children by Race and Sex,*

Metropolitan Atlanta, 1996

Race
T 1
White Black Other
I 1 I 1 I 1
Rate per Rate per Rate per
Sex No. 1000 (95% ClI) No. 1000 (95% Cl) No. 1000 (95% ClI)
Male 457 5.3 (4.8-5.8) 305 5.4 (4.8-6.1) 25 4.3 (2.8-6.4)
Female 120 1.5(1.2-1.8) 70 1.3(1.0-1.6) 7 1.4 (0.5-2.8)
Total 577 3.4 (3.2-3.7) 375 3.4 (3.0-3.7) 32 2.9(2.0-4.1)

Abbreviation: Cl, confidence interval.

*The total number of children studied was N = 987, but 3 were excluded because of unknown racial origin. The de-
nominator was obtained from the 1996 post-censal estimates.

]
Table 2. Level of Cognitive Functioning Among 3- to 10-Year-Old Children With Autism,

Metropolitan Atlanta, 1996

Male-Female

Total (N = 880)
With Psychometric

Level of Cognitive Functioning Ratio Test Data, No. (%)*
No cognitive impairmentt 6.7 280 (32)
1Q test 7.3 243 (28)
Developmental test 4.3 37 (4)
Cognitive impairmentt 3.3 600 (68)
IQ test score 3.3 432 (49)
Mild MR (IQ 50-70) 4.4 174 (20)
Moderate MR (IQ 35-49) 3.5 99 (11)
Severe MR (IQ 20-34) 2.1 59 (7)
Profound MR (IQ <20) 1.3 23 (3)
MR-NOS 4.5 779
Developmental test 3.2 168 (19)

Abbreviations: MR, mental retardation; MR-NOS, mental retardation-not otherwise specified.

*Percentages were rounded to the nearest whole number.

tCognitive impairment is the full-scale 1Q score =70 or an IQ score =2 SDs below the mean on the cognitive domain

of a developmental test.

52
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Agreement between previous ASD
classifications and designation as a
MADDSP autism case through expert
review was high: 98% of children with
a previous ASD diagnosis, 99% of chil-
dren with a previous autism eligibility
for special education services, and 100%
of children with both a previous ASD
diagnosis and an autism eligibility were
classified as autism cases.

Data Sources and Previous
Classifications

Fifty-seven percent of the children with
autism were identified at both school
and non-school sources. Importantly,
40% of the children with autism were
identified at school sources only and 3%
of the children were identified at non—
school sources only, indicating a ma-
jor contribution of unique cases from
school sources.

Among children uniquely identified
either at school or non—school sources,
we found that most children, regard-
less of age, were identified at school
sources only; however, 3- and 4-year-
old children were more likely than older
children to be identified at non—school
sources only (27% vs 5%). Black chil-
dren, children of younger mothers (<30
years), and children of mothers with less
education (< 12 years) were primarily
identified at school sources. As mater-
nal education and maternal age in-
creased, there was a greater likelihood
that children were identified only at
non-school sources. A Fisher exact test
was performed to measure the signifi-
cance of certain demographic factors
across source type; age, race, maternal
education, and maternal age were sig-
nificantly associated (P<<.001) with the
type of identification source (TABLE 3).

Most (91%) of the children received
special education services at some time
during the 1996 study year. Autism was
the primary eligibility category for 41%
of these children, while 59% had other
special education eligibility catego-
ries, such as significant developmen-
tal delay, intellectual disabilities, or
speech and language impairment.

Of the children who met the surveil-
lance case definition for autism, 62%

©2003 American Medical Association. All rights reserved.
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had been previously diagnosed with an
ASD by a qualified professional; 19%
had indications of suspected ASD; 16%
had non-ASD diagnoses, such as atten-
tion deficit hyperactivity disorder, com-
municative disorder, psychiatric ill-
ness, or MR; and 2% did not have a
previous diagnosis of any disability
stated in their evaluation files. Chil-
dren aged 6 tol0 were more likely to
have had a previous ASD diagnosis than
those children aged 3 to 5.

Mean age at first ASD diagnosis on an
abstracted evaluation was 3.9 years. Boys
had a significantly (P=.03) lower mean
age of diagnosis than girls (3.6 years and
4.1 years, respectively). Although we
found no differences by race or mater-
nal age in the proportion of children who
had had a previous diagnosis, children
of mothers with higher education lev-
els (=16 years) were more likely to have
had a previous ASD diagnosis.

COMMENT

The prevalence of autism in metropoli-
tan Atlanta in 1996 for children aged 3
to 10 was 3.4 per 1000. This overall rate
is 10 times higher than rates from 3 other
US studies that used DSM-IIP** or ICD-
9! criteria to identify children with au-
tism and pervasive developmental dis-
orders in the 1980s and early 1990s.">*"
Our rate is closer to that found in a re-
cent prevalence study in Brick Town-
ship, New Jersey,'® that used DSM-IV*
criteria (4.0 per 1000 for autistic disor-
der and 6.7 per 1000 for the entire au-
tism spectrum). Our findings also are
similar to rates from several recent Eu-
ropean studies'***! that used ICD-10%
or DSM-IV criteria (2-6 per 1000 for
autism). Our study demonstrated that
prevalence rates vary by age, ranging
from 1.9 in 3-year-olds to 4.7 in 8-year-
olds. Not surprisingly, younger chil-
dren have lower prevalence rates than
older children since many young chil-
dren may not yet have come to the at-
tention of professionals.** However, rea-
sons for lower prevalence rates at ages
9 and 10 (ie, 2.7 and 2.0 per 1000, re-
spectively) are not readily apparent.
Lower rates in 9- and 10-year-olds may
reflect the use of narrower diagnostic cri-

©2003 American Medical Association. All rights reserved.

teria for autism before the publication of
DSM-1V in 1994 and the increased avail-
ability of educational, health, and so-
cial services for children with autism in
the early 1990s.!

Debate continues about whether the
overall prevalence of autism has increased
orwhether past rates underestimated true
prevalence."** This debate is difficult to
resolve retrospectively. In the United
States, the increase in the number of indi-
viduals receiving services for autism*>*
may be attributed to several factors.
Changes in diagnostic criteria have
expanded the concept of autism to a spec-
trum of disorders.'*"** Heightened pub-
lic awareness of autism also has had an
effect, due in large part to efforts of par-
ent and advocacy groups, availability of
more medical and educational resources,
increased media coverage of affected chil-
dren and families, and more training and
information for physicians, psycholo-
gists, and other service providers.>>3*%
Also,in 1991, the US Department of Edu-
cation added autism as a category for spe-
cial education services, possibly leading
to increases in the number of children
classified with autism because of the avail-
ability of these services. The mandate for
early intervention services for children
with DDs, including autism, also has con-
tributed to greater attention being placed
on autism. At the same time, studies are
suggesting that some children with
autism respond well to early, intense edu-
cational intervention.” The combined
influence of these factors has probably
contributed to the identification of more
individuals with autism. However, it
remains unclear whether specific envi-
ronmental,”* immunologic,* genetic,*
or unidentified factors also have con-
tributed to these higher reported preva-
lence rates.

Because the diagnosis of autism is
based on the presence of unusual behav-
ioral patterns, determining prevalence is
challenging. There is no medical or ge-
netic screening or diagnostic laboratory
test for autism, and clinicians may ap-
ply clinical criteria differently to arrive
at a diagnosis of autism and related sub-
types.***"* Our surveillance system was
designed to address these challenges by

PREVALENCE OF AUTISM

]
Table 3. Race, Age, and Maternal
Characteristics of 3- to 10-Year-Old Children
With Autism, by Identification Source,*
Metropolitan Atlanta, 1996t

School Non-school
Sources Sources
Characteristics  Only, No. (%) Only, No. (%)

Age of child, y
3-4

41 (73) 15 (27)

5-10 350 (95) 17 ()
Racet

White 168 (88) 24 (13)

Black 206 (98) 5(2)

Other 16 (89) 2(11)
Maternal

education, y§

<12 35(92) 38

12 102 (97) 31

13-15 64 (97) 29

=16 49 (73) 18 (27)
Maternal age, y§

<20 20 (95) 1)

20-29 145 (94) 9(6)

30-34 58 (87) 9(13)

=35 27 (79) 7 (21)

*Information obtained from birth certificate files of chil-
dren born in Georgia.

TFisher exact test was used to measure statistical signifi-
cance; P<.001 for within group comparisons. Percent-
ages may not add up to 100% due to rounding.

FOne child in the school source and 1 child in the non—
school source group had missing race information.

§Children identified at both school and non—school sources
were excluded from the table.

collecting information from a wide range
of sources on a large number of chil-
dren with behaviors that might meet our
surveillance criteria for autism. We did
not rely solely on a child’s previous di-
agnoses or eligibility category to clas-
sify a child as a case or suspected case
of autism. Instead, case status was de-
termined by a panel of clinicians with ex-
pertise in identification and assessment
of autism who systematically reviewed
the abstracted information based on the
DSM-1V autism criteria.

Few studies have examined the preva-
lence of autism by race because of the
racial homogeneity of many of the popu-
lations studied. Atlanta, however, has a
large black community and provides an
excellent source of racial heterogene-
ity. We found that the prevalence of au-
tism did not vary by race, even within
race and sex subgroups. Two recent US
studies, both using developmental dis-
abilities service data, however, found a
higher prevalence in black children than
in white children.*# Such findings may
be due to the use of a single public pro-
vider of services for identification of chil-
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dren with autism compared with our
multiple source system that also in-
cludes private service providers. Our
findings that more boys than girls had
autism (4:1) and that the sex ratio de-
clined as MR severity increased are con-
sistent with previous studies that exam-
ined trends and prevalence estimates
among children with autism and MR.">*

Of the 987 children identified with au-
tism, 18% did not have a previous ASD
diagnosis or indications of suspected
ASD. This could be due to many rea-
sons, such as developmental difficulties
becoming more apparent as the child en-
ters school or the tendency to classify pre-
schoolers with general developmental de-
lays rather than specific classifications.
This information suggests that limiting
identification of children with autism to
those who already have a diagnosis will
underestimate the true prevalence.

Our multiple—source-ascertainment
method is likely to underestimate the
number of children with PDD-NOS, high
functioning autism, and Asperger disor-
der, since many children with these con-
ditions may not receive special educa-
tion services, may attend regular
education classes or private schools, may
be home-schooled, or may not have
come to the attention of a professional
early in childhood. Future plans to ad-
dress underascertainment of children
with milder subtypes include expand-
ing the range of diagnostic codes re-
viewed at clinical sources to include con-
ditions such as developmental delay,
attention deficit hyperactivity disorder,
speech and language delay, and emo-
tional disturbance.

While we recognize that there are
limitations in using a record review
methodology, including possible over-
or underestimation of the prevalence,
other methods of case confirmation
have limitations that also must be rec-
ognized. For example, a study that uses
clinical examinations for case confir-
mation will have challenges of attri-
tion because of the inability to find the
current location of the child and from
incomplete participation of families in
the study. A methodology using mul-
tiple-source record review is less costly
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and more time-efficient and may pro-
vide more complete coverage of a large
population. We plan to conduct a clini-
cal validation study of children with au-
tism identified by MADDSP and to
evaluate the completeness of MADDSP
case ascertainment sources.

Itis not surprising that 64% of the chil-
dren with autism had MR (based on IQ
test data) and 68% had cognitive impair-
ment (based on IQ or developmental test
scores). While older studies report that
as many as 75% to 80% of children with
autism have MR, more recent studies
have found lower proportions (a re-
view of the data can be obtained from the
authors). For example, a study by
Chakrabarti and Fombonne'* found that
only 25.8% of the 97 children with ASD
had MR. Data from the California De-
partment of Developmental Services also
indicate that a greater percentage of chil-
dren referred for autism services in 1987
(76%) had MR than children referred in
1998 (48.5%).* The percentage of chil-
dren with autism and cognitive impair-
ment or MR identified in our study might
suggest that our sample largely reflects
children with the profile of autistic dis-
order.

Many children (70%) we identified
with autism had more than 1 diagnos-
tic evaluation, and 61% (data not shown)
were seen at more than 1 educational or
medical program in the community, thus
providing independent information on
the behaviors used to determine case sta-
tus. Use of this surveillance method
showed excellent agreement with chil-
dren who were previously diagnosed
with an ASD, had autism eligibility for
special education services, or both.

School records were a major source of
information on children with autism in
metropolitan Atlanta and were a unique
source for 40% of the children with au-
tism. Because the Individuals with Dis-
abilities Education Act mandates edu-
cational services for children as young
as 3, most children with autism receive
evaluations or services through local
public school systems at some time dur-
ing their school years, usually during el-
ementary school. In addition, since pub-
lic school services are free, school sources

are more likely to reach children with a
range of sociodemographic characteris-
tics. In this study, more black children
with autism and children with autism
whose mothers had less education were
identified from school records than from
non-school records.

Although diagnostic criteria include
the onset of symptoms before age 3, mean
age at first ASD diagnosis in the abstracted
source files was 3.9 years. While earlier
identification is still needed, there appears
to be a trend toward slightly earlier ASD
diagnosis than previous estimates of 4.5
years.’® Only screening of all children
during routine well-child visits, as is done
in the United Kingdom, would allow chil-
dren with autism to be consistently iden-
tified earlier.'>*° Autism screening
instruments have only recently become
available and their usefulness in terms
of sensitivity and specificity is still being
debated.'**°1>* Reliable, valid diagnos-
tic tools for clinicians also have only
recently become available.”" Current
use of these instruments is not wide-
spread in the United States.

Population-based data are essential for
the ongoing monitoring of this impor-
tant and complex condition. However,
challenges of monitoring autism in the
United States cannot be overstated. Data
must be obtained from multiple diag-
nosticians and service providers within
the community. Challenges in gaining
access to case ascertainment sources re-
main. Schools were the most complete
source of this information in our popu-
lation, but education records usually are
not available to epidemiologists con-
ducting research on health and devel-
opmental outcomes in children. Fur-
thermore, the quality of information
contained in service provider records
varies greatly and such records may not
contain needed information.

In summary, we have developed an
ongoing surveillance system for deter-
mining the autism prevalence in metro-
politan Atlanta. We hope that the re-
cent formation of an autism surveillance
network across several states will pro-
vide valuable information on autism
prevalence in the future. Using a simi-
lar methodology in geographically and
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demographically varied populations,
these programs should provide a more
complete picture of autism prevalence in
the United States and serve as a basis for
conducting epidemiologic studies.
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