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Executive Summary

Autism is a neurological or brain disorder that profoundly affects a person’s ability to
communicate, form relationships with others, and respond appropriately to the
environment. Those affected by autism fall along a spectrum of “high-functioning”
individuals to individuals who lack any means of communicating with others. The
prevalence of autism in the population is not well described. It was once thought that
autism was relatively rare, occurring in 4-5 per 10,000 persons. More recent estima-
tions put the prevalence of autism at 10-12 per 10,000 persons. A clear cause has not
been identified, although there is evidence for genetic predisposition. Autism is more
common in males and is more common in certain medical conditions. Families with
one autistic child are more likely have
another child with autism. However, a
purely genetic basis for autism does not
fully explain the increasing autism
prevalence. Other theories that attempt
to better explain the observed increase in
autism cases include environmental
exposures to substances such as mercury;
viral exposures; autoimmune disorders;
and childhood vaccinations.

In California, persons diagnosed with
full syndrome autism and other develop-
mental disabilities qualify for services
coordinated by a system of local Regional
Centers. Established by the Lanterman
Act in 1969, the Regional Centers are
unique as a service mechanism through which the needs of developmentally disabled
citizens are addressed.

In March 1999, the Department of Developmental Services issued a report titled
“Changes in the Population of Persons with Autism and Pervasive Developmental
Disorders in California’s Developmental Services System: 1987 through 1998.” The
report documented an increase of 273% in reported cases of autism in California over
this time period. Because of the concern over this apparent increase in autism, the
State Legislature requested that the University of California’s Medical Investigation of
Neurodevelopmental Disorders (M.I.N.D.) Institute conduct a comprehensive pilot
study to examine factors that may be associated with this increase.

The study methods are presented in detail in the full report to the Legislature. A
California-wide sample of 684 children from English- or Spanish-speaking families
enrolled to participate in this study. Information regarding children from two different
birth year cohorts (1983-1985 and 1993-1995) was systematically collected from
families of 375 children with a diagnosis of full syndrome autism and 309 children
with a diagnosis of mental retardation without full syndrome autism. Data for the
study came from four main sources:
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There is no evidence that

loosening in diagnostic criteria

contributed to an increase in the

number of children with autism.

1) Data from the Department of Developmental Services Client Development
Evaluation Report (CDER form);

2) Regional Center records;
3) The Autism Diagnostic Interview — Revised (ADI-R); and
4) a detailed study questionnaire.

The primary findings of the study are summarized in the following list of
principal aims:

■ Study Aim 1: To investigate whether changes over time in the criteria used
to diagnosis CDER status 1 autism account for a significant proportion of the
increased number of cases of autism.

The Regional Center designation of full syndrome autism, CDER status 1
autism, closely matched DSM-IV criteria for autism, and this did not change
over time. (88% of the 1983-
85 cohort met DSM-IV
criteria compared to 89% of
the 1993-95 cohort.) In
addition, no differences over
time were found in compari-
sons of the number of criteria
met within specific compo-
nents of the ADI-R. There is
no evidence that a loosening
in the diagnostic criteria has
contributed to increased
number of autism clients served by the Regional Centers.

■ Study Aim 2: To investigate whether the misclassification of some cases
of autism as mental retardation in the past has contributed to an apparent
increase in the number of children with autism.

A portion of children reported by the Regional Centers as having mental
retardation without full syndrome autism did meet DSM-IV criteria for autism.
Of the 1983-85 cohort, 18% met criteria for autism, compared to 19% of
children in the 1993-95 cohort. However, these numbers cannot be used to
make reliable estimates of the number of children with autism not being
counted (and not being treated), because 1) we had a relatively low response
rate by families with mentally retarded children, and 2) families were more
likely to agree to enroll if their mentally retarded child also had an autism
spectrum disorder.

■ Study Aim 3: To investigate whether temporal changes in children with
autism moving into California for services accounts for a significant propor-
tion of the increased cases of autism reported to DDS.

The proportion of the study children with autism who are California-born
is 87% of the 1983-85 group and 93% of the 1993-95 group. Thus, autistic
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children in the Regional Center System are largely native to the State and are
not coming disproportionately from outside California.

■ Study Aim 4: To describe how characteristics of
children with autism have changed over time.

Comparisons between the two age groups show many similarities and
some differences. There are no significant differences in sex, race, and mater-
nal and paternal education. Hispanic children are more likely to be included in
the younger autistic group (28% in the 1983-85 group and 39% in the 1993-95
group). Parents of the older group were more likely to report that their autistic
child also had mental retardation (41% vs. 21%). This is consistent with the
review of Regional Center records that found a decrease in diagnosed mental
retardation in the younger group
(50% in the 1983-85 group vs.
22% in the 1993-95 group).
Regression of developmental
milestones, as determined from
the ADI-R interview, did not
significantly change over time
(28% vs. 34%). Compared to the
older group, parents of the
younger group were more likely
to report improvement in their
child’s condition over time (81% vs. 93%). Older children with autism were
more likely to be reported as having tic disorders, obsessive-compulsive
disorders, depression, and bipolar disorder, but this may be due to an age
effect rather than a cohort effect. There were few differences over time in
factors associated with the pregnancy. Gastrointestinal symptoms were more
commonly reported during the first 15 months of life for the 1993-95 cohort
than the older cohort. Wheat allergy was significantly more frequent (12%) for
the younger group than the older group (4%). None of these differences fully
explain the increase in autism cases in California.

■ Study Aim 5: To ascertain what parents of children with autism believe
caused their child’s autism, and to determine if this has changed over time.

The most common parental response in both groups was no response or
“Don’t know” (46% and 48%). Genetics was the second most common re-
sponse for both groups (31% and 27%). Immunizations were reported as a
contributing factor by 18% of the older cohort and 33% of the younger cohort.
Birth events were cited by about 15% of parents in both groups. Autism was
attributed to environmental exposures by about 11% of the study families.

Parent-reported regression of

developmental milestones

did not change over time.



TH
E 

EP
ID

EM
IO

LO
G

Y 
O

F 
A
U
TI

S
M

 I
N

 C
A

LIF
O

RN
IA

T H E  E P I D E M I O L O G Y  O F  A U T I S M  I N  C A L I F O R N I A  ■  P A G E  5

■ Study Aim 6: To determine if vaccination with MMR vaccine is associated
with an increase in the recurrence rate of autism in subsequent siblings.

Avoidance or delay of at least one vaccine for the autistic child enrolled in
this study was reported by 8% of older cohort parents and 22% of younger
cohort parents. Similar patterns were reported with regard to avoiding/delay-
ing vaccination of any younger siblings (10% vs. 21%). Anecdotal information
prior to this study suggested that 50% of families with autistic children were
avoiding immunization in their younger children, but our results show that
vaccine avoidance is less common than had been suggested. As a result, the
number of children necessary to answer this study aim question is far in
excess of the size of this study (approximately 7,000). Until a study of that
size can be done, this study aim will remain unanswered.

Major Findings

The major findings of this study are that:

■ The observed increase in autism cases cannot be explained by a loosening in
the criteria used to make the diagnosis.

■ Some children reported by the Regional Centers with mental retardation and
not autism did meet criteria for autism, but this misclassification does not
appear to have changed over time.

■ Children served by the State's Regional Centers are largely native born and
there has been no major migration of children into California that would
explain the increase in autism.␣

■ A diagnosis of mental retardation associated with autism had declined signifi-
cantly between the two age groups.

■ The percentage of parent-reported regression (loss of developmental mile-
stones) did not differ between the two age groups.

■ Gastrointestinal symptoms in the first 15 months of life were more commonly
reported by parents in the younger group.

Without evidence for an artificial increase in autism cases, we conclude that some,
if not all, of the observed increase represents a true increase in cases of autism in
California, and the number of cases presenting to the Regional Center system is not an
overestimation of the number of children with autism in California.
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Background

What is autism?

Autism is a neurological or
brain disorder that profoundly
affects a person’s ability to
communicate, form relation-
ships with others, and respond
appropriately to the environ-
ment. Most autistic children
look perfectly normal, but they
may have behaviors, such as
hand flapping, finger flicker-
ing, body rocking or spinning,
which attract notice and cause
concern. They may also be more
sensitive to certain sights,
sounds, textures, smells, and
tastes. Autism has an onset
before the age of 3 and ranges in
its effect on development. Along
the spectrum, some persons
with autism are considered
“high-functioning”; many can be
mainstreamed into regular
school classrooms, some attend
college, and some find and
maintain employment. At the
other end of the spectrum are severely affected persons who may not have any means
of communicating with others, or communicate only by repeating words or phrases.
They may lack eye contact or regard for faces. They can have additional developmental
problems, such as mental retardation. Aggressive and/or self-injurious behavior may
be present in some cases.

The diagnostic criteria for autism are listed in the Diagnostic and Statistical
Manual-IV (DSM-IV) of the American Psychiatric Association. For a detailed defini-
tion, please see Appendix 1. The diagnosis can be difficult to make, but usually results
after a parent or another caretaker raises concerns about the child’s development. The
process of getting a diagnosis may start with a primary care doctor, then often involves
developmental specialists (such as developmental pediatricians or developmental
psychologists), neurologists, or specially trained social workers or registered nurses.
In California, the diagnosis is often made following an evaluation of the child at the
local Regional Center (described below). Treatment successes for some children
diagnosed early and treated intensively have increased attention toward making the
diagnosis of autism as early as possible.

Treatment successes for

some children diagnosed early

and treated intensively have

increased attention toward

making the diagnosis of autism

as early as possible.
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History of the Regional Center System in California

In 1969, the Lanterman Mental Retardation Services Act established regional coordi-
nation of care for persons with mental retardation. This care was overseen and
managed through an association of Regional Centers located throughout California.
In 1973, this act was extended to serve persons with cerebral palsy, epilepsy, autism
and other conditions similar in severity to mental retardation. In 1976, the Lanterman
Developmental Disabilities Services Act was amended to establish the right to treat-
ment and habilitation services for person with developmental disabilities. Children
and adults are referred to their local Regional Center by health-care providers or other
health or service organizations, or families may self-refer their children. An assessment
is undertaken to determine if the person qualifies for services as outlined in the
Lanterman Act. Typical services that are coordinated through the Regional Center
include therapies such as physical therapy, occupational therapy, and speech therapy;
planning for educational goals; provision of necessary medical devices, such as wheel-
chairs; and the provision of respite care for the family or guardians. Twenty-one
Regional Centers located throughout California coordinate these services through a
array of case managers, community service providers, and professional staff (i.e.
psychologists, social workers, and nurses). (See Appendix 2 for locations of Regional
Centers.) The Regional Center system in California is unique as a service mechanism
through which the needs of developmentally disabled citizens are addressed.

Collection of Information in the Regional Center System

California’s Regional Center System has compiled over 20 years of data from annual
assessments of individuals who qualify for service. The Client Development Evalua-
tion Report (CDER) is the assessment instrument that is administered to each client
at intake, and yearly thereafter, to determine developmental and functional status.
The types of information collected on the CDER form include reporting date, who
prepared the form, developmental diagnostic information (documentation of mental
retardation, cerebral palsy, autism, seizure disorder, and/or other), mental disorders,
chronic major medical conditions, medications, and categorization of deficits in use
of muscles, independent living, social, emotional, cognitive, and communication
skills. A copy of the CDER form is included in Appendix 3.

The CDER database, a potentially rich source of statewide data regarding autism,
has been primarily used for administrative purposes. Many potential problems exist
in using these data for more than their primary purpose. The major drawback of these
data for tracking changes in autism over time is the lack of specific and uniform
criteria in establishing a diagnosis of autism across the State’s Regional Centers and
across time. The written guidelines for determining whether a child has autism are
that “the diagnosis in this section must be provided by a person qualified to diagnose
autism.” The presence or absence of autism is recorded on page 3 of the CDER with
one of four different codes — CDER Status 0, CDER Status 1, CDER Status 2 and
CDER Status 9. CDER Status 0 is None (no evidence of autism). CDER Status 1 is
labeled “Full Syndrome” autism and is believed to be roughly equivalent to meeting
DSM-IV criteria for autism, but this assumption has not been validated prior to this
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study. CDER Status 2 is labeled
“Autism, residual state,” but this
designation lacks a DSM-IV equiva-
lent. CDER Status 9 is labeled “Au-
tism suspected, not diagnosed.” An
additional category for autism was
coded in the data, CDER Status 4,
based on diagnostic coding made on
the CDER that captures other condi-
tions along the autism spectrum,
such as Pervasive Developmental
Disorders (PDD), including PDD, not
otherwise specified (PDD-NOS);
Asperger’s Disorder; Rett’s Disorder;
and Childhood Disintegrative Disor-
der. These data were used in the DDS
Report discussed below. There are
additional potential problems with
using CDER data to track changes
over time in autism. The CDER
database tracks children who qualify
for developmental services, but has
no record of children who were
assessed but did not qualify for
services. By anecdotal report, the database is not always updated, even when evalua-
tions change over time, but the extent of this problem is unknown.

The March 1999 DDS Report to the State Legislature

In March 1999, the California Department of Developmental Services issued a report
entitled “Changes in the Population of Persons with Autism and Pervasive Develop-
mental Disorders in California’s Developmental Services System: 1987 through 1998”
(this report will be referenced as “the DDS Report”).1 During the 12-year period
covered in the report there was a substantial (273%) increase in reported cases of
autism (CDER status 1 and 2) from 2,778 to 10,360. This is far in excess of the
population increase of approximately 20% for the State during this period. The report
also documented a 69% increase in the total Regional Center consumer population of
80,483 to 136,383 during the same period. The number of Regional Center consumers
with any designation of autism (CDER status 1, 2, 4, and 9) increased from 3,864 to
11,995, an increase of 210%. In comparison, the number of consumers with cerebral
palsy increased from 19,972 to 28,529 (43%), consumers with epilepsy increased from
22,683 to 29,645 (31%), and consumers with mental retardation increased from
72,987 to 108,563 (49%). In 1988, consumers with autism in all forms accounted for
4.9% of all consumers of Regional Center services in the state. In 1997, this propor-
tion had increased to 9.4%. These numbers pointed to increases in the total number of

A 273% increase in reported

cases of autism from 1987

through 1998 is far in excess

of population changes of

approximately 20% for the

State during the same time.
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children with autism and increases in the proportion of developmental disorders that
are due to autism in California.

The number of cases of autism per birth year is shown in Figure 1. This figure
shows relatively stable numbers of Regional Center consumers with autism until 1981,
after which time the number of consumers with autism steadily increased.

Figure 1. Distribution of birth dates of regional center eligible persons with autism
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(from “Changes in the Population of Persons with Autism and Pervasive Developmental Disorders in
California’s Developmental Services System: 1987 through 1998”)

Legislation Authorizing This Study

The findings from the DDS Report generated much concern and controversy. In order
to answer many of the questions that were raised by that report, as well as indepen-
dent observations of increases in autism, the State Legislature allocated $1,000,000 for
the Department of Developmental Services to “enter into an interagency agreement
with the University of California’s Medical Investigation of Neurodevelopmental
Disorders (M.I.N.D.) Institute to prepare a comprehensive pilot study to examine all
factors surrounding the increased number of persons with autism and autism spec-
trum disorders in California from 1977 to 1999.” (SB 160) This document reports the
findings from the statewide comprehensive pilot study conducted by researchers at the
University of California, Davis, and their colleagues at the University of California, Los
Angeles.
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Autism produces profound effects

in neurodevelopment in multiple

ways, yet much remains to be

learned about what causes autism

or even how common autism is.

Review of research on the causes
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of autism and other current issues

Epidemiology of Autism

Autism affects neurodevelopment in multiple and profound ways, yet much remains
to be learned about what causes autism or even how common autism is. Estimates of
the prevalence of autism vary, with higher rates reported in more recent studies. Prior
to 1985, autism was believed to be a rare condition with an estimated prevalence of
4-5 per 10,000.2 Since that time,
prevalence estimates have been in
the range of 10-12 per 10,000, but
prevalence studies done in the
United States have shown lower
rates.3 It is suggested that the
changes in rates are due in part to
changes in how autism is diagnosed.
The lower prevalence estimates in
the past were based on Kanner’s
description of the classic autism
prototype, where autism usually
affects children with an IQ range of
50 to 70. Most recent prevalence
studies are based on DSM III-R,
DSM-IV, or ICD-9 criteria, which
define autism more broadly.† The
prevalence of other autism spectrum
disorders is much higher than that
of autism, with estimates ranging
from 1.8 per 1,000 to 5 per 1,000.3,4

An investigation of children aged 5 to 11 years in Cambridgeshire (UK) provided an
estimate of 1 in 175 for the prevalence of autism spectrum disorders, including
Asperger’s Disorder.5

Epidemiological studies demonstrate a strong genetic component. The relative
sibling recurrence risk is 45-90 times that of the general population.6 (Recurrence risk
to young siblings of children with autism is 4.5% compared to the occurrence in the
general population of 0.05-0.1%.) Autism occurs in males 3 to 4 times more frequently
than females.2-4 Studies of families with multiply affected members have identified
many chromosomes that are highly associated with autism, but not universally found
in children with autism. Twin studies have found a concordance of 36% to 91% in
identical twins compared to a less than 1% concordance rate in fraternal twins.7,8

Many children with autism also have other medical and developmental conditions.
According to previous data, the majority of children with autism (about 75%) have

† It should be noted that the change in diagnostic criteria from the Kanner definition to DSM or ICD criteria predates the increases noted in the DDS Report, which
spans 1987 to 1998.
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The question as to when

autism begins in any child

remains to be answered.

mental retardation.9 (Whereas, the majority of children with autism spectrum disor-
ders without “full” autism do not.2) Other conditions associated with autism include
epilepsy, visual and auditory sensory impairments, neurofibromatosis, tuberous
sclerosis, Angelman's syndrome,10 untreated phenylketonuria, and fragile-X syndrome.
However, most children with autism do not have a recognizable genetic syndrome.

The question as to when autism
begins in any child remains to be
answered. Some studies provide
support for a prenatal or perinatal
origin for autism. Data from analy-
ses of neonatal blood spots taken
from children later diagnosed with
autism showed that 95% of a small
sample of children with autism have
elevated levels of four neuropeptides
and neurotrophins.11 However, these
findings were not specific to autism
and were also found in children
with mental retardation, but not in
children with cerebral palsy.11 A
study of morphologic changes noted
at birth found that 42% of children
with autism had posteriorly rotated
ears, which would suggest changes
that occur at least by the first month of gestation for a large number of children with
autism.12 While most children with autism display delayed development from birth,
regression of development (i.e. a period of normal development then an apparent loss
of developmental milestones) is reported in 30% to 35% of cases,13-16 leading some to
suspect postnatal factors contribute to the development of autism for at least some
children.

Many other associations have been suggested by prior studies of autism, including
viral exposures, vaccinations,17 immunologic factors,18 autoimmune disorders,19,20

gastrointestinal disorders,21 prenatal exposure to thalidomide,22 anticonvulsants,23 and
food allergies.24,25 The interaction between a genetic predisposition and early environ-
mental insults has also been suggested.26

Viral causes have been suggested due to early findings that suggested an associa-
tion between month of birth and autism,27-29 but other studies have failed to confirm
this association.30,31 One study found that prenatal or neonatal exposure to
chickenpox, measles, mumps or rubella was associated with autism, but further
concluded that the attributable risk associated with these exposures is small.32

The possible association of autism with vaccinations has received increased
scrutiny following the case series presented by Wakefield, et al describing regression in
previously normal children, development of autism and enterocolitis, and temporal
association of the MMR vaccination.21 Vaccine strain measles in peripheral mono-
nuclear cells was detected in three of nine children with autism in one study.33 How-
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Only a small portion of the

apparent increase in autism cases

can be explained by the increase

in the State’s population.

ever, population studies have not found a causal association between MMR vaccina-
tion and autism.13, 34 The issue is far from resolved for parents of children with autism,
especially for those considering immunizations for their later-born children.

Implications of Current Understanding About Autism
in the Context of the Current Study

One of the most controversial aspects of the DDS Report is whether the significant
increase in numbers of Regional Center individuals with autism is due to increased
rates of autism or to some
other factor (or combination
of factors) that artificially
increases the number of
children with autism present-
ing for services. These factors
include increases in the
overall population of children,
loosening the criteria used to
establish the diagnosis of
autism, prior misclassification
of autism as mental retarda-
tion, increases in the number
of children with autism
moving in from out-of-state,
and improved case finding.

The DDS Report did not
address population growth
over the time of the study.
California’s population in-
creased by approximately 20%
from 1985 to 1995, which is
an order of magnitude less than the two- to three-fold increase in persons with autism
served by the State’s Regional Center system. Thus, only a small portion of the appar-
ent increase in autism cases can be explained by the increase in the State’s population.

Changes in the diagnostic criteria for a spectrum disorder can change the number
of cases identified. If the criteria loosen to include more children who are less severely
affected, the number of cases will be artificially increased. Following this line of
reasoning, children with autistic features that do not have “full syndrome autism”
(meeting DSM-IV criteria) may be given the classification of CDER status 1 autism in
order to qualify them for services that would not be available to those classified as
CDER Status 9 autism. This process would artificially inflate the number of cases of
autism. Furthermore, the Regional Center threshold for establishing a diagnosis of
CDER status 1 autism has been assumed to match the criteria from the recognized
standard at the time of diagnosis. The current standard is DSM-IV, but the standard
was DSM-III and DSM-IIIR during the study period for the DDS Report. Prior to this
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study, the extent to which misclassification contributed to the observed increase in
autism cases in California was unknown.

Recent data suggest that the increase in cases of autism matches a decrease in cases
of mental retardation.35 Changes in how both autism and mental retardation are
classified could cause an artificial increase in autism cases. It is possible that children
with both mental retardation and autism could be classified as having mental retarda-
tion with autistic features. This might have been recorded as something other than
CDER Status 1 in the past, but now similarly affected children may be entered into the
data as autistic (CDER status 1 autism) with mental retardation. Presumably, this
misclassification occurred more in the
past, when the imperative for early
diagnosis of autism to allow for early
intensive therapies was not as great.

In-migration could contribute to a
real increase in the number of cases of
autism, but not be due to increased
incidence rates of autism among children
in California. One might postulate that
children with autism from another state
may move to California if their home
state provides fewer services than Califor-
nia. The extent to which the observed
increase in autism can be explained by in-
migration was not known prior to this
study.

Improved case finding could result in
an apparent increase in the number of
cases of autism in California. CDER data
only describe children included in the
State’s Regional Center System. Children
outside the Regional Center system are
not counted in CDER data. Some assume that the Regional Center system captures
virtually every case of autism, because the Regional Centers are pivotal in coordinating
and financing services for children with autism. Still, improved recognition of autism
by both parents and professionals may result in more children with autism being
directed to the Regional Centers for services. Autism case finding in California could
have been further increased by the implementation of early intervention programs that
have increased the diagnosis and treatment of developmental disorders in infants and
young children. This study does not examine the extent to which differences in case
finding over time have resulted in any changes in the number of autistic children who
present to the Regional Centers.

One of the reasons that the DDS Report generated so much concern is that 1) the
etiology of autism is unknown and 2) the increase in reported cases of autism could be
the result of a new exposure. While genetic factors are strongly associated with autism,
the uncertainty about the increasing prevalence rates of autism raises doubts that
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genetic factors alone are responsible. The increase in children with autism presenting
for care to the Regional Center system is far in excess of what would be expected for a
typical genetic condition. This uncertainty, along with parental concerns about other
potential causes, has implications beyond the children with autism and their families.
Some of the concern is focused on a potential association of autism with vaccinations,
especially MMR. This has led to concerns among public health officials that parents
will cease to follow recommended vaccination schedules, placing children at risk of
contracting vaccine preventable illnesses.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Aims of the Study

The principal aims of this study are listed below:

■ Study Aim 1: To investigate whether changes over time in the criteria used
to diagnosis CDER status 1 autism account for a significant proportion of the
increased numbers of cases of autism.

■ Study Aim 2: To investigate whether the misclassification of some cases of
autism as mental retardation in the past has contributed to an apparent
increase in the number of children with autism.

■ Study Aim 3: To investigate whether temporal changes in children with
autism moving into California for services account for a significant proportion
of the increased cases of autism reported to DDS.

■ Study Aim 4: To describe how characteristics of children with autism have
changed over time.

■ Study Aim 5: To ascertain what parents of children with autism believe
caused their child’s autism, and to determine if this has changed over time.

■ Study Aim 6: To determine if vaccination with MMR vaccine is associated
with an increase in the recurrence rate of autism in subsequent siblings.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Scientific Advisory Panel

The M.I.N.D. Institute convened a Scientific Advisory Panel to review and advise the
draft research proposal for the Autism Epidemiology Study.

The panel met November 11-12, 2000, in Sacramento, California. Following the
recommendations that came out of that meeting, the Principal Investigator and study
staff made adjustments to the focus and methodology for the study. A final proposal
was sent to the Scientific Advisory Panel for review in April 2001, and some changes
were made following the receipt of their comments. The names and affiliations of the
Scientific Advisory Panel members are listed in Appendix 4.
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○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Methods

Data for the study came from four main sources: 1) CDER data; 2) Regional Center
charts; 3) The Autism Diagnostic Interview — Revised (ADI-R)*; and 4) a detailed
study questionnaire. Additional sources of information were the Social Communica-
tion Questionnaire (SCQ)*, the Checklist for Autism in Toddlers (CHAT), the Regres-
sion Validation Interview (adapted from a questionnaire from the Autism Regression/
Vaccination Study), and immunization records provided by either the participating
family or a health-care provider. Details of the research methods are presented by each
study aim below, followed by a description of recruitment and enrollment procedures.

Methods for Study Aim 1: Change in diagnostic criteria
associated with CDER status 1 autism.

One possible explanation for the observed increase in number of cases of CDER
status 1 autism is that the criteria for determining if a child has full syndrome autism
may have changed. To study temporal changes in diagnostic criteria associated with
CDER status 1 autism, DSM-IV criteria
for autism were assessed in two birth
cohorts of children with a diagnosis of
full syndrome autism in the Regional
Center system. The two birth cohorts
were children born between 1983-1985
(Cohort 1) and children born between
1993-1995 (Cohort 2). A random sample
of children from these two groups was
systematically selected to represent each
Regional Center in California. DSM-IV
criteria were assessed by 1) reviewing the
Regional Center record to determine
documentation of diagnostic criteria applied at the time the child received the autism
diagnosis; and 2) conducting an ADI-R interview with the parents or guardians of the
child with autism. The ADI-R is an instrument that provides a semi-structured inter-
view of parents or care providers of children or adults with suspected pervasive
developmental disorders including autism.36 The ADI-R can be scored to determine
whether the child meets DSM-IV criteria for autism. This study instrument also probes
for features of autism that may not currently apply to the child, but did occur in the
past, allowing for one standard to be applied to children of different ages.

Methods for Study Aim 2: Proportion of children with DSM-IV autism
classified as having mental retardation.

Another potential explanation for the observed increase in the number of cases of
autism is that some children with autism may have been misclassified as having

* Autism Diagnostic Interview-Revised (ADI-R) and Social Communication Questionnaire (SCQ), copyright 2001, Western Psychological Services, Los Angeles,
CA.  The U.C. Davis M.I.N.D. Institute was provided license and authorization to reprint these instruments for specific research use.
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mental retardation, and that more of these
misclassifications occurred in the past.
The number of children with mental
retardation served by the Regional Centers
is significantly greater than the number of
children with CDER status 1 autism, and
a small change in the rate of
misclassification of children reported as
having mental retardation could effec-
tively double the autism rate.

We investigated whether or not more
children who meet autism criteria were
misclassified as having mental retardation
(without autism) in the past compared to
the present.

Two birth cohorts of children deter-
mined to have mental retardation without
CDER status 1 autism were studied to
determine the proportion of these chil-
dren who meet or have met DSM-IV
criteria for autism. As with Study Aim 1,
Cohort 1 is comprised of children born
between 1983-1985 and Cohort 2 is comprised of children born between 1993-1995.
For each participating child, parents or guardians completed a Social Communication
Questionnaire (SCQ). The short SCQ (previously named the Autism Screening Ques-
tionnaire) can be used to screen for autistic-like behaviors. A positive score indicates
that a child may have an autism spectrum disorder, but does not confirm an autism
diagnosis. Positive SCQ scores were followed up with a confirmatory ADI-R. As with
Study Aim 1, results of the ADI-R have been equated with DSM-IV criteria. It is
recognized that DSM-IV criteria is a standard that was not established at the time that
many of the children in Cohort 1 were diagnosed with mental retardation, but these
criteria are the standard for comparison in this study.

Methods for Study Aim 3: Change in in-migration of children with autism
that accounts for increased number of cases of CDER status 1 autism.

A third possible explanation for an observed increase in cases of CDER status 1
autism is that children with autism from other states move to California for care. If
there has been a temporal increase in the proportion of children with autism who were
born out-of-state and moved to California for developmental or educational services,
then there could be an increase in the number of children with autism served by the
Regional Center system that is not due to increased autism rates among the children of
California. It is not expected that in-migration will account for 100% of the observed
increase in cases of autism, but it could account for some portion of the observed
increase.

A possible explanation for an

observed increase in cases of

autism is that children with

autism from other states move

to California for care.
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Methods for Study Aim 4: Change in characteristics
of children with CDER status 1 autism over time.

Some have suggested that the profile of children with autism has changed such
that those autistic children who were more recently diagnosed are more likely to have
higher cognitive function and to have experienced regression and gastrointestinal
symptoms than children diag-
nosed in the more distant past.
The DDS Report suggests that
children more recently reported
with CDER status 1 autism are
less likely to have mental retarda-
tion. This finding has not been
previously verified. For Study
Aim 4, we evaluated the sample
of children with CDER status 1
autism constructed for Study Aim
1 to assess any overall changes in
demographic and other charac-
teristics over time. Families
completed a detailed study
questionnaire or were inter-
viewed to determine demo-
graphic information, presence of
mental retardation, seizures,
associated medical conditions,
and problems or environmental
exposures during the pregnancy.
A history of gastrointestinal symptoms or loss of developmental milestones (regres-
sion) in the child was also ascertained. A list of questions is provided in Appendix 5.

Methods for Study Aim 5: Determination of what
families believe to be the cause of autism in their child and
whether this has changed in two age cohorts.

We asked the question, “What do you think caused your child’s autism or other
developmental problem?” to parents of children with autism. This question was
included as part of the detailed study questionnaire or interview that was used for
Study Aim 4. Responses to this question were compared between the two birth co-
horts.

Some have suggested that the

profile of children with autism

has changed.
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Methods for Study Aim 6: Determination if vaccination with MMR
increases the recurrence rate of autism in subsequent (younger) siblings.

Based on discussions with the California Birth Defects Monitoring Program and
the Centers for Disease Control in Atlanta, Georgia, anecdotal reports suggest that
many — up to half — of families with one child affected with autism or PDD are
opting out of vaccinating subsequent siblings with MMR. The recurrence rate of
autism among families with at least one affected sibling is relatively high (approxi-
mately 5%), allowing for a “natural
experiment” to investigate whether or
not the rate of autism in subsequent
siblings is higher among those families
who elect to have siblings vaccinated
with MMR, compared to families with
autistic children who choose not to have
subsequent siblings vaccinated with
MMR.

This study aim was investigated by
including questions about siblings and
vaccination choices made by parents with
subsequent siblings. These questions
were asked of the entire sample selected
to answer Study Aims 1, 3, 4 and 5. For
the sub-sample of children with autism
who have younger siblings, we investi-
gated the association of vaccination
choices, specifically MMR and Hepatitis
B vaccines, and the development of
autism in these siblings. The incidence of
autism and PDD among subsequent
siblings was ascertained by asking the
family to complete either the SCQ for siblings 24 months of age and older, or the
CHAT for siblings 18 months of age through 23 months of age. Vaccine exposures
(e.g. vaccination with MMR) were gathered by requesting a copy of the siblings’
immunization records from the family or health-care provider (if the family did not
have a copy). Among families with at least one child affected with autism, assuming
an adequate sample, we would compare the rate of autism and/or PDD among vacci-
nated siblings to the rate among unvaccinated siblings (and to partially vaccinated
siblings).

The recurrence rate of

autism among families with

at least one affected sibling

is relatively high allowing

for a “natural experiment”

to investigate whether or

not the rate of autism in

subsequent siblings is

higher among those families

who elect to have siblings
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Recruitment and
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Enrollment Procedures

The CDER records formed the basis for identifying study subjects for this study. In the
1983-85 cohort, the number of children with mental retardation (without CDER
status 1 autism) was 12 times greater than that of children with CDER status 1 autism.
In the 1993-95 cohort, the MR numbers were only 3-fold that of the autism numbers.
These changes reflect a tripling of the number of children with autism between these
birth cohorts that are separated by 10 years and reduction by approximately 25% the
number of children with mental retardation over this same period.

The target sample was approximately 250 children in each group (AD1, AD2, MR1
and MR2). The sampling frame was constructed to include 6 times the target number,
or approximately 1500, in each group, except for the older autism group (AD1) for
which there were only 991 children. Within the 4 study groups, target enrollment
numbers were determined for each Regional Center based on the proportion of chil-
dren with each condition (AD and MR) within each age group (Cohort 1 and Cohort
2). Further details of the selection of target sample by Regional Center and sample size
calculations can be found in Appendix 6.

The study population was limited to those children whose CDER reports were
included in the Regional Centers’ administrative data. Families were asked to partici-
pate in this study based on a random sample of children who received Regional Center
services. Thus, each family that was selected for the study received at least one unso-
licited invitation to participate. It was our intention for this study to recruit and enroll
families in the least invasive manner possible. “Low Impact” was the term we used to
describe our approach to initial and follow-up contact and other study procedures.
The specific procedures that we employed to contact and inform families about the
study, as well as what families did if they agreed to enroll, are described below.

How we contacted families and
obtained informed consent to participate.

As described previously, we had four study groups based on the child’s diagnosis in
CDER (full syndrome autism or mental retardation without full syndrome autism) and
the year of birth (1983-85 and 1993-95). Potential study subjects were separated by
cohort and by the Regional Center where they were first assessed and determined to
have full syndrome autism (in the case of autism cohorts 1 and 2) or mental retarda-
tion (MR cohorts 1 and 2). These groups were then randomly sorted by Regional
Center, year of birth, and diagnosis to produce a sampling frame. Recruitment pro-
ceeded by mailing a recruitment packet to families according to their position on the
randomly ordered list. The packet included a letter from DDS describing the study, a
one-page description of the study procedures, informed consent documents, and an
anonymous response form and postage paid envelope. All items were printed in both
English and Spanish. These packets served as an “introduction” of the UC Davis study
staff to the potential study subjects. We conducted one follow-up mailing if we had no
response within three weeks of the first mailing.
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Participation in the study was voluntary. Families who declined to participate, or
who didn’t respond, were replaced by the next child on the random list of study
subjects based on the age group, diagnosis, and the Regional Center. Families could
contact us using a toll-free number or return a response form in a postage-paid enve-
lope. Upon hearing from a family that they were interested in participating we re-
viewed with them the study procedures.

Chart abstraction

We requested a photocopy of the Regional Center record after receiving the written
informed consent (which authorized the release of these records). Photocopies were
made either by a contracted company (after the chart was pulled by Regional Center
staff) or by Regional Center staff themselves.

Specific procedures for families of children with autism

Scheduling the ADI-R interview
After agreeing to participate in the study, families were scheduled for an ADI-R

interview. In most instances, these interviews were conducted at the Regional Center
branch office that was closest to the family. A trained, certified staff person adminis-
tered the ADI-R. The instrument was translated into Spanish for use with Spanish-
speaking families. Parents/guardians were paid $35 at the conclusion of the interview
to compensate them for their time.

If the family reported a history of regression during the ADI-R interview, a more
detailed assessment was conducted by administering the Regression Validation Inter-
view over the telephone with a parent or guardian. The Regression Validation Inter-
view was adapted from a questionnaire developed for the Collaborative Programs of
Excellence in Autism (CPEA) Autism Regression/Vaccination Study.

Completing the study questionnaire
A copy of the study questionnaire was mailed to the family for completion upon

receipt of the signed consent document. We provided a pre-addressed, postage-paid
envelope in which to return the completed questionnaire. If the family requested a
telephone interview to complete the study questionnaire this was set up when we
received the consent document.

Evaluation of younger siblings
If there were younger half- or full siblings of the autistic subject, we requested that

the parent/guardian complete one of two autism-screening tests for each younger
sibling, based on the age of the sibling. For younger siblings who were younger than
18 months, we requested permission to contact the family when the child turns 24
months old to assess vaccination status and developmental outcomes.

For siblings at least 18 months of age but less than 24 months of age:
The parents/guardians were asked to complete a Checklist for Autism in
Toddlers (CHAT) form for any sibling within this age group. Results were
scored using standard documentation and entered into a sibling database.
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For siblings at least 24 months of age:
The parents/guardians were asked to complete a SCQ for each sibling 24
months of age or older. Results were scored using standard documentation and
entered into a sibling database.

Completion of enrollment
Study staff reviewed the returned questionnaires and contacted families by tele-

phone to clarify inconsistencies or to complete responses that appeared inadvertently
omitted. We sent a check in the amount of $30 to the family to thank them for com-
pleting the questionnaires.

Specific procedures for families
with children with mental retardation

Completing the SCQ and study questionnaire
A copy of the study questionnaire and SCQ were mailed to the family for comple-

tion upon receipt of the signed consent document. We provided a pre-addressed,
postage-paid envelope in which to return the completed questionnaire. If the family
requested a telephone interview to complete these instruments this was set up when
we received the consent document. Study staff reviewed returned questionnaires and
contacted families by telephone to clarify inconsistencies or to complete responses
that appeared inadvertently omitted.

Assessment for autism using the ADI-R
An ADI-R interview was scheduled at the local Regional Center for families of

study subjects with mental retardation whose SCQ scores were positive (score ≥ 22).

Completion of enrollment
We sent a check in the amount of $35 to the family to thank them for completing

the two questionnaires. If the family participated in an ADI-R interview they were also
compensated $35 for their time at the interview.

Validating Study
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Methods and Procedures

A small study was conducted to test all aspects of the study (identification of children
in two age cohorts with autism and children with mental retardation, performance of
the ADI-R and SCQ, Regional Center chart abstraction, and conduct of the interview.).
This study involved two Regional Centers, Alta California and Valley Mountain, due to
their proximity to the M.I.N.D. Institute. The year of birth for subjects selected in the
pilot differed from the statewide study, with children born in either 1986 or 1987
(Cohort A) compared to children born in 1991 or 1992 (Cohort B). Letters inviting
participation in the study were sent to 100 families of children with autism (50 in each
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age cohort) and 100 families of children with mental retardation (50 in each age
cohort). Response rates were higher among the autism group, 38% for Cohort A and
44% for Cohort B. Fewer families whose children had mental retardation participated
in the pilot, 16% of those in Cohort A and 10% of those in Cohort B. As a result of the
low response rate in the MR group, incentives were increased in the statewide study.
The test study suggested that there was some degree of discrepancy between the CDER
record for autism and ADI-R results. Also, cases of autism were found in the MR
group. The sample in the test study was too small to draw any definitive conclusions,
but pilot testing demonstrated that five of six of the study aims would likely be
answered by the statewide study. The test study sample size was insufficient to answer
the last study aim. This study aim was included in the statewide study to provide
additional data on vaccination practices in families with children with autism.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Statistical Analysis

Potential research subjects based on diagnostic group, Regional Center, and age
cohort as drawn from CDER records were randomly ordered within a “cell.” Recruit-
ment proceeded in each cell until the target number was achieved or the random list
was exhausted. Analysis with SUDAAN software accounted for this complex sampling
strategy by nesting the analysis by Regional Center, age cohort, and condition (AD vs
MR).37 Posthoc analyses used some of the CDER data to adjust for differing response
rates within cells.38 The probability of enrollment by Regional Center, age cohort, and
condition, as well as factors recorded in the CDER data that might influence the
likelihood of response or enrollment were determined in these enhanced models. For
both groups, these models included (1) a dichotomous variable for whether or not an
individual had multiple CDER records (assuming that children with longer contact
with the Regional Centers might be more inclined to participate), (2) sex, (3) a
dichotomous variable for whether or not a child was living at home with their
parent(s), (4) a dichotomous variable for a primary language of English, and (5) a
dichotomous variable for a primary language of Spanish. For the autism groups, an
additional dichotomous variable was included for whether or not a child with a CDER
status 1 autism diagnosis subsequently loses that autism designation. For the MR
group, an additional variable was included that specified whether or not a child had
any CDER record with the designation of an autism spectrum disorder (CDER Status
2, 4, or 9). Weighting factors were determined using the calculated probability of
enrollment for each subject who was sent a mailing requesting participation and
factoring in the likelihood of mailing within a given cell. P-values were considered
statistically significant if they were ≤ 0.05.
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Recruitment and Enrollment

Table 1 summarizes the recruitment and enrollment for the study. There were differ-
ences in response rates based on the condition and the age group (response rate:
AD1=18%, MR1=10%, AD2=24%, MR2 = 15%). There were also differences in re-
sponse rate by Regional Center (not shown). A small number of respondents were
willing to participate, but either failed to return a signed consent form or did so too
late to complete the components of the study. About 5% of recruited families re-
sponded that they did not want to participate, mostly citing reasons that they were too
busy, or they did not want to subject their child to any more tests. Some were already
in other studies, some were dealing with acute medical problems, and some cited
privacy concerns. One parent noted that her daughter had Rett’s Disorder, one re-
sponded that seizures were her child’s main problem, and two reported that their child
did not have autism. About 15% of our mailings were returned marked “bad address.”
No response was obtained for 63% of those recruited despite two mailings. The
proportion of the enrolled to the target enrollment was highest for the younger group
with autism (93%) and lowest for the older group with MR (50%).

Table 1. Status of recruitment and enrollment efforts as of September 30, 2002
for the Autism Epidemiology Study.

Total CDER records 991 12139 3209 9275
Sampling frame 991 1572 1554 1548
Total mailed (recruited): 892 1388 1161 1384
Enrolled 143 124 232 185
Willing, but didn’t return consent 3 5 10 8
Willing but returned consent too late 4 7 10 3
Wait listed (willing but Regional Center group full) 0 0 20 7
Willing, but not English- or Spanish-speaking 1 2 3 1
Initially enrolled but later withdrew from study 13 4 9 9
Responded — not willing to enroll 44 76 48 48
Never responded 540 859 717 920
Other 

Deceased, in file, not mailed 11 71 1 46
Deceased, responded or returned 0 2 0 0
Unmatched ID Number, not mailed 4 12 1 2
Residing in another state, in file, not mailed 23 36 23 18
Residing in another state, responded or returned 3 8 8 8
Bad address in file, not mailed 38 64 15 29
Bad address, returned, undeliverable 138 292 101 193
Recruitment packets not mailed 23 1 353 69

Birth Year
1983-85

Birth Year
1993-95

CDER
Autism
(AD1)

CDER
MR

(MR1)

CDER
Autism
(AD2)

CDER
MR

(MR2)
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Study Aim 1 Results

Autism Diagnostic Interviews were conducted on the majority (94% and 93%) of
children in the autism groups. The results of the ADI-R were considered positive if
scores in each of three domains (Qualitative Impairments in Reciprocal Social Interac-
tion, Communication Impairments, and Repetitive Behaviors and Stereotyped Pat-
terns) met criteria matching DSM-IV criteria for autism, and the age of onset of
symptoms (age < 36 months) was consistent with a diagnosis of autism. The results of
comparison between the two age cohorts of children with CDER status 1 autism are
presented in Table 2.

Table 2. Comparison of ADI-R results for children with CDER status 1 autism,
by age group, Autism Epidemiology Study.

The main finding is that the vast majority of children with CDER status 1 autism
met DSM-IV criteria for autism and that this close correlation differs little between the
two age cohorts. Using unadjusted numbers, 88.9% of children in the 1983-85 group
met DSM-IV criteria, compared to 89.4% in the 1993-95 group. The results change
very little when applying a weighting factor and accounting for differences in sampling
and response by Regional Center and by age cohort (88.2% and 88.7%). The design
effect of nearly 1 shows that the complex sampling employed in the analysis approxi-
mates a simple random sample. This means that simple comparisons of the results
closely match results from a more precise weighted and adjusted analysis. Results from
both simple comparisons and the more complex, but more accurate, analyses are
presented for the first three study aims to assure readers that the results presented in
this report are real and not just a fabrication based on complex statistical modeling.

Thirty-eight children (15 from Cohort 1 and 23 from Cohort 2) had a negative
ADI-R despite having a CDER status 1 autism designation. For Cohort 1, study
questionnaires were returned for 13 of these 15 children; nine parents reported that
their child had autism, two reported PDD, one reported Asperger’s Disorder, and one
reported Rett’s Disorder. In the two remaining children whose ADI-R scores did not
meet DSM-IV criteria for autism, parents had reported autism in one and PDD in the
other based on answers given during the ADI-R. For Cohort 2, study questionnaires
were returned for 20 of the 23 children with a negative ADI-R; 18 parents reported
their child as having autism, one reported PDD, and one reported Childhood Disinte-

Enrolled 143 232
ADI-R Completed 135 216
Proportion ADI-R Completed 94.4% 93.1% 0.78
Positive ADI-R 120 193
Proportion Positive ADI-R 88.9% 89.4% 0.97
(Unweighted and unadjusted)
Proportion Positive ADI-R (Weighted, adjusted 88.2% 88.7% 0.90
for the staged sampling design)
Standard Error 0.0289 0.0215
Design Effect 1.08 0.99

p-valueBirth Year
1983-85

Birth Year
1993-95
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grative Disorder. For the remaining three children in this cohort without questionnaire
responses, two parents reported their child’s diagnosis as autism; the remaining parent
reported attention deficit disorder, but did not specifically refute their child’s diagnosis
of autism. Thus, most of the children in the autism groups whose ADI-R score did not
meet DSM-IV criteria for autism were somewhere on the autism spectrum.

Scores on the three main components and the age criteria were compared for the
two age cohorts to test whether or not the number of criteria used to determine the
diagnosis of autism differs by age cohort. Differences in mean scores would suggest
that the threshold for making a designation of CDER status 1 autism had changed
between the two age cohorts. The results (shown in Table 3) indicate that the thresh-
old for making the diagnosis of autism changed little between the two age cohorts.
There was a statistically significant difference in the score for age criteria with the
younger cohort, but this difference of a quarter point is of little clinical significance
and not likely to result in major changes in the diagnosis of autism. Likewise, the
three-quarter point difference between scores for the Repetitive/Stereotypic Behaviors
Section is not likely to be associated with significant changes in the diagnosis of
autism. Furthermore, these two differences would exert an opposing influence on any
overall change in autism diagnostic thresholds.

Table 3. Comparisons of component scores on ADI-R for children with CDER status 1
autism who were ADI-R positive, by age group, Autism Epidemiology Study.
(Results of weighted and adjusted analyses)

Age criteria

AD1 (1983-85) 120 3.26 0.11 1.27
0.03

AD2 (1993-95) 193 3.50 0.07 0.98

Social Impairments

AD1 (1983-85) 120 22.86 0.34 1.03
0.31

AD2 (1993-95) 193 23.33 0.31 0.87

Repetitive/Stereotypic Behaviors

AD1 (1983-85) 120 6.84 0.23 1.23
0.01

AD2 (1993-95) 193 6.07 0.16 0.98

Communication Impairment — Overall

AD1 (1983-85) 120 16.66 0.32 1.05
0.12

AD2 (1993-95) 193 16.02 0.26 0.94

Communication Impairment — Verbal Children

AD1 (1983-85) 93 17.88 0.32 1.03
0.20

AD2 (1993-95) 144 17.33 0.28 0.97

Communication Impairment — Non-Verbal Children

AD1 (1983-85) 27 13.07 0.25 0.84
0.053

AD2 (1993-95) 49 12.41 0.22 0.88

p-valueDesign
Effect

Standard
Error

Mean
Score

# ADI-R
Positive
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Study Aim 2 Results

A portion of children categorized as having mental retardation by the Regional Center
system met DSM-IV criteria for autism, representing an undercounting of cases of
autism. Of the 1983-85 cohort, 17% met criteria for autism, compared to 21% of
children in the 1993-95 cohort. When the results were weighted and the analyses
adjusted for the complex sampling design, these proportions are approximately 18%
for both groups. These results, shown in Table 4, demonstrate that there is not a
significant difference in misclassification between the two age cohorts. For this type of
misclassification to contribute to an apparent increase in autism cases, the misclassi-
fication rate would have to be greater for the older cohort. We found similar rates of
misclassification in both age cohorts.

Table 4. Autism screening and ADI-R results among children determined to have mental
retardation without CDER status 1 autism, by age group, Autism Epidemiology Study.

Enrolled 124 185
SCQ’s Completed 106 153
Completion Rate 85.5% 82.7% 0.62
SCQ Positive (score ≥ 22) 34 54
Proportion of Positive SCQ’s
(unweighted and unadjusted) 32.1% 35.3% 0.71
Proportion of Positive SCQ’s
(Analysis weighted, adjusted) 32.9% 33.5% 0.93
Number of Follow-up ADI-R’s
(among the positive SCQ’s) 24 37
Number of Positive ADI-R’s 16 28
Rate of Positive ADI-R’s
(among the positive SCQ’s) 66.7% 75.7% 0.64
Rate of Positive ADI-R’s
(excluding positive SCQ without a follow-up ADI-R) 16.7% 20.6% 0.56
Rate of Positive ADI-R’s
(excluding positive SCQ without a follow-up ADI-R)
(Analysis weighted, adjusted) 18.4% 18.7% 0.96

p-valueBirth Year
1983-85

Birth Year
1993-95

Our estimate that 18% of children with mental retardation meet DSM-IV criteria
for autism is likely to be an overestimation of the actual percentage. Parents of chil-
dren in the MR groups might have been more likely to respond and enroll if they
believed their child had autistic features. The low response rate in this group also
increased the likelihood of a differential response (“bias”) among the parental respon-
dents. We tested whether parents of children in the MR group were more likely to
respond if the CDER record indicated the child may have an autism spectrum disorder
(ASD). If the CDER record was marked for Autism Status 2, 4, or 9 (defined previ-
ously) we considered this evidence for ASD. The odds ratio for enrollment given a
listing of an ASD condition was 1.50, but this was not significantly different from an
odds ration of 1.0 (95% confidence interval 0.82-2.75). This slight bias of enrollment
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for children with ASD conditions was similar in both cohorts (odds ratios of 1.42 and
1.44).

There was a high rate of positive ADI-R’s among the children whose SCQ was
positive. Unfortunately, not all of these families completed an ADI-R interview.  We
tested for potential bias in the completion of the ADI-R’s by comparing the average
total SCQ score for those who
completed an ADI-R with those who
did not. There were 88 children with
MR who scored positively on the
SCQ; an ADI-R was completed on
61 and not on 27. The mean SCQ
score for ADI-R completers was
25.48 ±3.01, and for those lacking
ADI-R follow-up, the
mean score was 25.30 ±2.80 (p=.79).

If all of the positive SCQ results
were followed up with an ADI-R
interview, it is likely that more
children in the MR group would
have been found to meet DSM-IV
criteria for autism. However, there
are many potential problems with
these data which limit our ability to
produce an accurate estimate of the
misclassification of autism among
children reported with mental
retardation. Misclassification would
have to occur more frequently in the
past and less frequently currently to
produce an apparent rise in autism.
We found no evidence that such a difference exists.

Among the 44 children in the MR group who met DSM-IV criteria for autism
based on the ADI-R, some parents reported an autism diagnosis while most did not.
In Cohort 1, study questionnaires were completed on 14 of the 16 children with a
positive ADI-R. Autism was reported by three parents and was not reported by 11. Of
these 11, one child was reported to have Childhood Disintegrative Disorder, two were
reported to have PDD, one was reported to have Prader-Willi syndrome, six had no
autism spectrum disorder, and one had an unknown condition. Families for two
children in Cohort 1 did not complete the questionnaire, but did report fragile X
syndrome with autistic tendencies (1) and a duplication on the X chromosome (1)
during the ADI-R interview. In Cohort 2, questionnaire data were available for 27 of
28 study subjects. Autism was noted on the study questionnaire by eight parents and
PDD by seven parents. The other 12 parents did not report an autism spectrum
disorder diagnosis. The one remaining study subject was reported to have cerebral
palsy and microcephaly.

Among the 44 children in the

MR group who met DSM-IV

criteria for autism based on

the ADI-R, some parents

reported an autism diagnosis

while most did not.
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Study Aim 3 Results

Place of birth was compared for each age cohort among children with CDER status 1
autism to determine whether the apparent increase in autism numbers can be attrib-
uted in part to large numbers of children with autism moving into California. Table 5
shows the results of these place-of-birth analyses. The vast majority of children with
autism were born in California. The trend for a greater proportion of California births
among the younger children with autism is the opposite that would be necessary for
increased numbers of autism cases to be due to children with autism moving into
California. The finding that a greater proportion of older children are born out-of-state
would be expected with the older group having more time to be comprised of children
born elsewhere and then move into the State.

Table 5. Place of birth comparisons for children with CDER status 1 autism,
by age group and ADI-R status, Autism Epidemiology Study.

Enrolled 143 232
Study Surveys completed 117 189
California birth 105 178
Proportion of CA Births
(unweighted and unadjusted) 89.7% 94.2% 0.23
Proportion of CA Births
(Analysis weighted, adjusted) 88.5% 93.0% 0.25

CDER Status 1 Autism and +ADI-R p-value

Positive ADI-R 100 161
California birth among +ADI-R 89 152
Proportion of CA Births
(unweighted and unadjusted) 89.0% 94.4% 0.17
Proportion of CA Births
(Analysis weighted, adjusted) 87.3% 92.9% 0.22

Birth Year
1983-85

p-valueCDER Status 1 Autism Birth Year
1993-95

Birth Year
1983-85

Birth Year
1993-95

In summary, mobility of children with autism does not account for any of the
observed increase in autism in the Regional Center System.
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Study Aim 4 Results

We analyzed demographic characteristics of children with CDER status 1 autism. We
limited the study sample to those children who met DSM-IV criteria for autism based
on the results of the ADI-R interview. Characteristics were compared between the two
age groups as in previous analyses. We postulated that significant differences in certain
demographic characteristics may help explain the observed increase in autism in
California. Basic demographic characteristics for children with autism are shown in
Table 6. There were no significant differences between the age groups for sex, race,
and maternal or paternal education. Patterns of dominant handedness (i.e. right-
handed, left-handed, both) were not significantly different between the two age groups
(data not shown). About 75% of parents reported their children were right-handed.
Just over 7% of the older cohort and nearly 13% of the younger cohort were reported
to be ambidextrous.

Table 6. Demographic characteristics of children with full syndrome autism, by older and
younger birth cohorts, Autism Epidemiology Study.

Characteristic Percentage Percentage p-value

Male sex 90.4% 83.7% 0.08
Race/Ethnicity*:

White 68.3% 78.3% 0.12
African-American 8.9% 7.4% 0.68
Asian/Pacific Islander 19.5% 14.5% 0.40
Native American 3.5% 3.0% 0.82
Hispanic 27.6% 39.0% 0.06

Parent educational level:
Father with high school
diploma or higher 87.0% 77.6% 0.06
Father with college associate’s
degree or higher 40.3% 38.7% 0.81
Mother with high school
diploma or higher 86.5% 89.1% 0.54
Mother with college associate’s
degree or higher 35.5% 33.3% 0.70

Birth Year
1983-85
(N=100)

Birth Year
1993-95
(N=161)

Study sample was limited to those children who met DSM-IV criteria for autism based on the ADI-R interview.
All percentages are weighted and adjusted for the study’s sampling design.
*Parents could select multiple responses for the race/ethnicity question.

Parents of autistic children did not universally report the diagnosis of “full syn-
drome” autism. Table 7 shows the diagnoses that the parents reported. A greater
proportion of older children were reported to have a diagnosis of Asperger’s Disorder.
This finding may be due to a shift over time in how high functioning children have
been labeled. While most parents reported that their child’s autism improved over
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time, parents of children in the younger cohort were more likely to do so (results
shown in Table 8).

Table 7. Percentage of children with a diagnosis of autism or other autistic disorders as
reported by parents, by older and younger birth cohorts, children with full syndrome
autism, Autism Epidemiology Study.

Study sample was limited to those children who met DSM-IV criteria for autism based on the ADI-R interview.
All percentages are weighted and adjusted for the study’s sampling design.
*Pervasive developmental disorder, not otherwise specified

Table 8. Improvement in child’s autism as reported by parents, by older and younger
birth cohorts, children with full syndrome autism, Autism Epidemiology Study.

Autism Spectrum Diagnosis Percentage Percentage p-value
(multiple responses allowed)

Autism or autistic disorder 84.2% 88.6% 0.34
Asperger’s disorder 15.4% 1.7% <0.001
Childhood disintegrative disorder 0.0% 1.1% 0.13
PDD-NOS* 20.9% 14.5% 0.21
Rett’s syndrome 0.0% 0.0% -
Unknown 2.0% 2.9% 0.72

Birth Year
1983-85
(N=100)

Birth Year
1993-95
(N=161)

Parent report of improvement Percentage Percentage p-value
in child’s autism

Child’s autism has improved 80.8% 93.3% 0.01
Those who answered “yes, autism improved” noted improvements in these areas:
Social interactions 83.3% 82.6% 0.90
Language/communication 87.7% 90.9% 0.43
Behavior/interests/activities 75.0% 81.0% 0.30

Birth Year
1983-85
(N=100)

Birth Year
1993-95
(N=161)

Study sample was limited to those children who met DSM-IV criteria for autism based on the ADI-R interview.
All percentages are weighted and adjusted for the study’s sampling design.

We found that a diagnosis of mental retardation associated with autism had
declined significantly between the two birth cohorts. This decline was consistent in
the CDER data, in Regional Center documentation, and with what parents reported to
us on the study questionnaire. The definition of mental retardation as used in CDER
and Regional Center record documentation is the presence of mild mental retardation
or below (IQ ≤ 70). For the study questionnaire, parents were asked “Has your child
been diagnosed with mental retardation?,” and a Yes or No response was required.
Table 9 shows these results.
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Study sample was limited to those children who met DSM-IV criteria for autism based on the ADI-R interview.
All percentages are weighted and adjusted for the study’s sampling design.

Most children with autism did not have a family history of autism. Table 11
presents family histories as reported by parents, and compares these histories by birth
cohort. The younger group of children with autism was less likely to have a family
history of mental retardation.

Parents of the younger group of autistic children were less likely to report that
their child was diagnosed with a tic disorder, depression, or obsessive-compulsive
disorder. These differences may be age-related, and over time these disorders may
develop in the younger group.

Table 10. Parent-reported conditions associated with autism diagnoses, by older and
younger birth cohorts, children with full syndrome autism, Autism Epidemiology Study.

Table 9. Presence of mental retardation as documented by CDER, Regional Center
record, and parental report, by older and younger birth cohorts, children with full
syndrome autism, Autism Epidemiology Study.

Study sample was limited to those children who met DSM-IV criteria for autism based on the ADI-R interview.
All percentages are weighted and adjusted for the study’s sampling design.

MR documented in CDER record 120 60.5% 193 26.7% <0.001
MR documented in Regional
Center record 119 49.7% 185 22.3% <0.001
MR reported by parents 100 41.3% 161 20.8% <0.001

Birth Year
1983-85

Birth Year
1993-95

Sample
size

%
Associated mental retardation Sample

size
% p-value

Associated Conditions Percentage Percentage p-value
(multiple responses allowed)

Epilepsy 14.8% 9.8% 0.27
Cerebral palsy 2.6% 1.4% 0.41
Tic disorder 7.4% 0.6% 0.02
Obsessive-compulsive disorder 20.5% 5.1% <0.001
Depressive disorder 15.7% 1.1% <0.001
Bipolar disorder 0.7% 0.6% 0.95

Birth Year
1983-85
(N=100)

Birth Year
1993-95
(N=161)
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Reported Family History Percentage Percentage p-value

Autism 12.9% 16.3% 0.47
Asperger’s disorder 5.7% 4.7% 0.73
PDD-NOS 2.9% 7.3% 0.07
Mental retardation 30.5% 16.2% 0.01
Tic disorder 3.8% 3.3% 0.82
Obsessive-compulsive disorder 9.2% 8.7% 0.89
Depressive disorder 31.3% 27.4% 0.49
Bipolar disorder 10.5% 8.2% 0.53

Birth Year
1983-85
(N=100)

Birth Year
1993-95
(N=161)

Study sample was limited to those children who met DSM-IV criteria for autism based on the ADI-R interview.
All percentages are weighted and adjusted for the study’s sampling design.

We asked the family to complete questions about the pregnancy if the biological
mother was available to answer the questions. The use of medications or other thera-
pies to become pregnant was reported more frequently by the parents of the younger
autism cohort. Overall this involved less than 10% of this group. Additional details of
these comparisons are shown in Table 12. Serious viral illnesses were reported in 10%
to 13% of pregnancies; most were attributed to flu, and they differed little by age
group (Table 13). About 15% of mothers reported receiving a vaccination or shot
during pregnancy. Again, there were few age group differences. A health-care provider
prescribing bed rest during the pregnancy, due to complications such as vaginal
bleeding, elevated blood pressure, or pre-term labor, was reported by about 15% of
mothers of autistic children in both cohorts (data not shown).

Table 11. Family history of autism or other conditions/disorders as reported by parents,
by older and younger birth cohorts, children with full syndrome autism,
Autism Epidemiology Study.
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Pregnancy event Percentage Percentage p-value

Flu (respiratory illness with fever,
body aches) 8.8% 8.3% 0.89
Any shot or vaccination
during the pregnancy 15.6% 13.4% 0.11
Any pre-term labor 14.8% 8.6% 0.17
Took medicine to stop the pre-term labor 8.4% 2.5% 0.06
Received medicine to induce
or augment uterine contractions 32.7% 34.9% 0.73

Birth Year
1983-85
(N=100)

Birth Year
1993-95
(N=161)

Study sample was limited to those children who met DSM-IV criteria for autism based on the ADI-R interview.
All percentages are weighted and adjusted for the study’s sampling design.

Table 13. Percentage of mothers reporting events during pregnancy, by older and
younger birth cohorts, children with full syndrome autism, Autism Epidemiology Study.

Percentage Percentage p-value

Mother used any medical treatment
to help become pregnant 3.6% 9.7% 0.08
Medical treatments that were used:
Took medicine to stimulate ovulation 3.6% 7.9% 0.19
Received hormone shots 1.8% 2.7% 0.57
Treatment/surgery for blocked
fallopian tubes 0.9% 0.7% 0.87
Artificial insemination 0.0% 2.9% 0.07
In-vitro fertilization 0.0% 4.4% 0.08

Birth Year
1983-85
(N=100)

Birth Year
1993-95
(N=161)

Study sample was limited to those children who met DSM-IV criteria for autism based on the ADI-R interview.
All percentages are weighted and adjusted for the study’s sampling design.

Table 12. Percentage of mothers reporting use of medical treatments to become
pregnant, by older and younger birth cohorts, children with full syndrome autism,
Autism Epidemiology Study.
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Questions about maternal substance use before and during pregnancy were asked
and the results are summarized in Table 14. Most respondents answered the questions
about alcohol and cigarette use. Due to the sensitive nature of drug use questions, they
were omitted from early questionnaires until an NIH Certificate of Confidentiality was
obtained. Maternal alcohol use prior to pregnancy was about 30% for both birth
cohorts. A decline in alcohol use after the mother became aware of her pregnancy was
reported for both birth cohorts. There were no significant differences in maternal
cigarette smoking or drug use between birth cohorts. For drug use, we queried about
the use of marijuana, cocaine, methamphetamines, heroin, methanol, PCP/“angel dust,”
barbiturates, or LSD immediately preceding or during the pregnancy. There were not
enough positive responses on any individual item to support additional analyses.

Table 14. Prenatal exposure to alcohol, cigarettes, and street drugs by older and
younger birth cohorts, children with full syndrome autism, Autism Epidemiology Study.

Percentage Percentage p-value
Had any alcoholic beverages
≤ 12 months before child was born 34.7% 29.2% 0.39

Ave # drinks/mo. Ave # drinks/mo.
Average number of drinks per month
before learned of pregnancy 2.74 2.45 0.79

Percentage Percentage
Had any alcoholic beverages after
learned of pregnancy and before child
was born 3.0% 5.4% 0.28%

Ave # drinks/mo. Ave # drinks/mo.
Average number of drinks per month
after learned of pregnancy and
before child was born 0.18 0.37 0.39

Percentage Percentage
Had any cigarettes ≤ 12 months
before child was born 14.5% 9.7% 0.26
Had any cigarettes after learning of
pregnancy and before child born 10.3% 6.4% 0.28
Used any street drugs ≤ 12 months
before child was born 10.2% 6.3% 0.37
Used any street drugs after learning
of pregnancy and before child born 7.4% 6.5% 0.83

Birth Year
1983-85
(N=100)

Birth Year
1993-95
(N=161)

Study sample was limited to those children who met DSM-IV criteria for autism based on the ADI-R interview.
All percentages are weighted and adjusted for the study’s sampling design.

Virtually all children with autism received at least one vaccination and this did not
differ across birth cohorts (98.4% vs. 99.4%, p=.49). There was, however, a substantial
difference in families’ decisions to avoid or delay at least one vaccination among the
older cohort as compared with the younger cohort (7.9% vs. 21.5%, p<.001). As
expected, the older group was more likely to have any younger siblings (56.7% vs.
44.8%, p=.07). For families with younger siblings, parents of children in the younger
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cohort were more likely to avoid or delay at least one vaccination for a younger sibling
(9.5% vs. 20.7%, p=.06).

We asked questions about the presence of specific gastrointestinal (GI) symptoms
at various ages. Results of birth cohort comparisons are shown in Table 15. Reported
GI symptoms were more common among the younger cohort, especially constipation
in the first year, when solid foods were introduced, and when the child was making
the transition to table foods. Vomiting was also more commonly reported in the
younger cohort during this time period. No differences between age cohorts were
noted beyond 15 months of age.

Table 15. Percentage of children with a history of gastrointestinal symptoms as reported
by parents, by older and younger birth cohorts, children with full syndrome autism, Autism
Epidemiology Study.

Percentage Percentage p-value

No gastrointestinal problems in the
newborn period 59.7% 52.1% 0.24
Percentage of specific gastrointestinal problems during the newborn period:
Constipation 13.5% 21.8% 0.08
Diarrhea 14.0% 12.5% 0.73
Vomiting or reflux 10.9% 20.1% 0.03
Other* 7.1% 5.5% 0.67
No gastrointestinal problems when
introduced solid foods 71.2% 59.5% 0.047
Percentage of specific gastrointestinal problems when introduced solid foods:
Constipation 8.1% 17.9% 0.01
Diarrhea 7.0% 11.8% 0.12
Vomiting or reflux 4.0% 9.5% 0.06
Other* 3.3% 2.3% 0.72
No gastrointestinal problems when
transitioned to table foods 73.7% 59.3% 0.01
Percentage of specific gastrointestinal problems when transitioned to table foods:
Constipation 6.4% 19.1% <0.001
Diarrhea 10.4% 15.5% 0.21
Vomiting or reflux 1.6% 5.6% 0.05
Other* 3.4% 5.2% 0.47
No gastrointestinal problems from
age 15 months to the present 59.6% 58.0% 0.81
Percentage of specific gastrointestinal problems at or after age 15 months:
Constipation 19.3% 24.0% 0.36
Diarrhea 10.7% 14.0% 0.42
Vomiting or reflux 5.5% 6.7% 0.70
Abdominal pain or cramping 6.8% 7.9% 0.72

Birth Year
1983-85
(N=100)

Birth Year
1993-95
(N=161)

Study sample was limited to those children who met DSM-IV criteria for autism based on the ADI-R interview.
All percentages are weighted and adjusted for the study’s sampling design.
*Includes gas, bloody diarrhea, problems swallowing, colic.
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We asked the parents if their child had any food allergies, and if yes, to what food
is the child allergic. Results are shown in Table 16. Overall, about a quarter of the
parents in both cohorts reported food allergies. Allergies to milk or dairy products
were most common, although not significantly different between the two age groups.
Reported wheat allergies had increased significantly in the younger age group (3.8%
vs. 11.5%).

Table 16. Percentage of children with a history of food allergies as reported by parents,
by older and younger birth cohorts, children with full syndrome autism, Autism
Epidemiology Study.

Study sample was limited to those children who met DSM-IV criteria for autism based on the ADI-R interview.
All percentages are weighted and adjusted for the study’s sampling design.

Regression on developmental milestones was assessed by several methods: the
inclusion of a series of questions on the study questionnaire, evaluating regression
questions from the ADI-R, and administering a follow-up questionnaire for children
whose ADI-R indicated regression. More than half of the parents from each birth
cohort reported on the study questionnaire that their child had undergone regression.
We clarified some of these statements through follow-up phone calls or the additional
questionnaire. Many parents were confusing delay in the acquisition of a milestone
with regression of a milestone that had been achieved. The distinction between these
two developmental issues was made clear during the ADI-R interview, thus the reports
of regression from the ADI-R were consistently less frequent (approximately 30%).
Nonetheless, both results from the study questionnaire and ADI-R interview show that
there were no differences based on birth cohort on the proportion of parents reporting
a history of regression in their autistic child.

We followed up reports of regression from the ADI-R by administering a more
detailed interview with the parent. These interviews were conducted over the tele-
phone and lasted about thirty minutes. The results of these interviews are summarized
in Table 16. Most parents reported that the onset of regression occurred before 36
months of age (75% vs. 80%, p=.86) For those children with regression prior to 36
months, most parents (>75%) reported that their child stopped using words for at least
one month. We asked the parents to report the number of words the child was using
before this loss of words. The average number of words used prior to regression was

Reported Food Allergies Percentage Percentage p-value

Any food allergies 23.8% 25.1% 0.81
Milk or dairy 15.6% 19.3% 0.45
Wheat 3.8% 11.5% 0.01
Eggs 0.9% 3.5% 0.09
Nuts (peanuts, walnuts, etc.) 4.0% 3.3% 0.76
Fruit or berries 1.9% 2.8% 0.60
Vegetables (including tomatoes) 0.0% 1.8% 0.07
Shellfish (shrimp, crab, etc.) 2.2% 1.1% 0.44

Birth Year
1983-85
(N=100)

Birth Year
1993-95
(N=161)
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higher for the younger cohort (7.8 vs. 10.9). In summary, the rate of regression of
developmental milestones observed in this study is similar to previous published
reports (approximately 30% using the ADI-R) and this rate differed little between the
two birth cohorts.

Table 17. Regression of developmental milestones as reported by parents, by older and
younger birth cohorts, children with full syndrome autism, Autism Epidemiology Study.

Evaluation of Regression Percentage Percentage p-value

Regression reported on
study questionnaire 60.2% 53.7% 0.31
Regression reported on ADI-R 27.8% 33.6% 0.28
Total number with regression on ADI-R 33 63
Total number with follow-up
questionnaire results 20 45

Percentage with reported
regression by 36 months of age 71.0% 81.9% 0.35
Stopped using words for at least
one month 69.1% 70.2% 0.93
Mean total number of words prior
to regression (mean +/– SE) 7.8±0.75 10.9±0.93 0.01

Birth Year
1983-85
(N=103)

Birth Year
1993-95
(N=174)

Study sample was limited to those children who met DSM-IV criteria for autism based on the ADI-R interview.
All percentages are weighted and adjusted for the study’s sampling design.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Study Aim 5 Results

We asked the parents, “What do you think caused your child’s autism and/or other
developmental problem?” We provided a large blank area for parents to write in their
response. These were then reviewed and categorized. The responses from parents of
children with CDER status 1 autism who met DSM-IV criteria are shown in Table 17.
We included those that represented at least 1% of parental responses within either
birth cohort and we compared responses between birth cohorts. The most frequent
response was “don’t know” or leaving that part of the questionnaire blank. The fre-
quency of this response did not differ between birth cohorts. The next most frequent
response category was immunizations, with 18.3% of older cohort parents and 33.0%
of the younger cohort parents attributing their child’s autism to immunizations.
Analysis of data from the ADI-R interview showed that parents who reported regres-
sion of developmental milestones were much more likely to attribute their child’s
autism to immunizations (30.5% vs. 49.8% in cohorts 1 and 2 respectively). Genetics
was next most frequently cited by parents of children with autism (30.6% vs. 26.6%).
Pregnancy related events, birth trauma, and environmental exposures were also
mentioned as causes for autism.
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Parent Responses Percentage Percentage p-value

“Don’t know” or no response 45.7% 47.9% 0.74
Genetics 30.6% 26.6% 0.49
Pregnancy Related 24.1% 16.3% 0.16
Immunizations (all responses): 18.3% 33.0% 0.005

Immunizations in general 14.9% 26.5% 0.02
DTaP or DTP 4.7% 1.1% 0.10
MMR 1.1% 6.5% 0.005

Birth Events (Adverse) 13.5% 14.6% 0.80
Environmental Exposure 10.0% 12.1% 0.59
Drug Use – Illegal 5.9% 2.7% 0.31
Emotional Trauma 3.5% 3.0% 0.81
Mercury Poisoning 3.3% 3.9% 0.86
Brain Abnormalities 2.7% 1.2% 0.48
Head Trauma 2.7% 1.3% 0.60
Allergies 2.3% 5.4% 0.14
Syndromes (e.g. Fragile X) 2.3% 1.1% 0.41
Virus 2.0% 1.1% 0.57
Ear Infections 1.8% 2.9% 0.49
Drug Use – Over the counter
or prescription 1.4% 2.4% 0.51
Antibiotics 1.3% 3.5% 0.18
Gastrointestinal Disorders 0.6% 2.4% 0.16
Nutrition 0.0% 2.9% 0.02
Traumatic Surgery 0.0% 1.8% 0.06
High Fever 0.0% 1.1% 0.13

Birth Year
1983-85
(N=100)

Birth Year
1993-95
(N=161)

Study sample was limited to those children who met DSM-IV criteria for autism based on the ADI-R interview.
All percentages are weighted and adjusted for the study’s sampling design.

Table 18. Parent responses to question, “What do you think caused your
child’s autism and/or other developmental problem?” by older and younger
birth cohorts, children with full syndrome autism, Autism Epidemiology Study.
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Study Aim 6 Results

To assess the association between immunizations and the development of autism, we
designed part of this study to make use of potential “natural experiment.” It has been
anecdotally reported that a significant number of families with autistic children is
avoiding or delaying some
or all vaccinations in
younger siblings. Recur-
rence of autism within
families is more common
than in the general popula-
tion, but still is relatively
low (2%-10%). Assuming a
recurrence rate of 5%, about
1 in 20 younger siblings
would be diagnosed with
autism. We postulated that if
vaccinations contribute to
the development of autism,
there should be an observ-
able difference in the pro-
portion of siblings with
autism when comparing
vaccinated siblings with
unvaccinated siblings.

In this study, about half
of the children with autism
had any younger siblings at
the time they were enrolled
to participate. Avoidance of at least one vaccine in younger siblings was reported by
10% of the older cohort and 21% of the younger cohort. However, the total number of
vaccine-avoidant younger siblings in both birth cohorts was only 19, which is insuffi-
cient to answer the question posed in this study aim. Based on our findings of 1) the
proportion of families with an autistic child that have subsequent children, and 2) the
proportion of families who are avoiding or delaying vaccination in younger siblings,
we calculated that we would need a sample size of 7,000 families to properly answer
this question.

Avoidance of at least one vaccine in

younger siblings was reported by 10%

of the older cohort and 21% of the

younger cohort.
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Conclusion

The rise in the number of autism cases in California has been a cause for much con-
cern. How to respond to these increasing numbers has been a point of major debate.
Increases of the magnitude that have been reported challenge our limited understand-
ing of the cause or causes of autism. It is natural to discount that which we do not
understand or force it to fit a paradigm with which we are comfortable. This study has
been an attempt to determine whether or not the increased numbers are due to a real
epidemic, or if the rise in autism cases can be explained by factors that have artificially
created that increase.

Has there been a loosening in the criteria used to diagnose autism, qualifying more
children for Regional Center services and increasing the number of autism cases? We
did not find this to be the case.

These results show that approximately 90% of children reported by the Regional
Center System as having CDER status 1 autism met DSM-IV criteria for autism. More
importantly, this close correspondence did not differ between the two birth cohorts.
Our results, based on ADI-R interviews with families, are similar to the findings of a
recently published study that evaluated Regional Center records35. This study by
Croen and colleagues, using the birth cohorts 1983-85 and 1993-95, found that 85%
of children with CDER status 1 autism in the older cohort and 84% of the younger
cohort met DSM-IV criteria for autism. Using the same birth cohorts, our study found
that 88% and 89% met DSM-IV criteria for autism. Although Croen and colleagues did
not conduct independent confirmation of the autism diagnosis (as was performed in
this study with the ADI-R), nonetheless both studies concluded that the diagnosis of
autism was reliable for most children in the Regional Center system.

The Autism Epidemiology Study required that families consent to participate, and
our response rate was low (18% and 24% in the two age cohorts). One must consider
the effects of unmeasurable biases that may have influenced a family’s willingness to
respond to our letter and participate in the study. This influence on participation
would have to affect one birth cohort differently than the other to alter the overall
results. Our findings on the percentage of autism cases meeting DSM-IV criteria were
comparable in both birth cohorts. The Croen study, which was not subject to partici-
pation biases, had results similar to our own. This replication of findings gives added
weight to our results.

Has the increase in cases of autism been created artificially by having “missed” the
diagnosis in the past, and instead reporting autistic children as “mentally retarded?”
This explanation was not supported by our data.

In our sample of children with mental retardation (MR) we did find that 18%-19%
met DSM-IV criteria for autism. However, this percentage was consistent in the two
birth cohorts. So, while misclassification occurs, children were not disproportionately
misclassified in the past compared with the present. We might have attributed some
percentage of the rise in autism cases to misclassification if we had found a difference
between the two age groups, but we did not find a difference. In the aforementioned
Regional Center record review study, the researchers found misclassification in 10% of
the older MR cohort but in only 3.9% of the younger MR cohort. They interpreted
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these results to mean that the reliability of the CDER diagnosis of MR for children
qualifying for Regional Center services had changed during the study period. How-
ever, the Regional Center record would have documentation of autism only when an
autism diagnosis is considered. In our study, there were some cases of children in the
MR group who met DSM-IV criteria for autism even though their CDER records did
not record a CDER status 1 autism diagnosis. There were other children in this study
group who met DSM-IV criteria for autism whose Regional Center record would not
have supported this diagnosis. Thus, a record review alone may result in an
undercount of misclassification compared with active screening. Our findings, based
on screening for autistic spectrum disorders with the SCQ and verifying an autism
diagnosis with the ADI-R, are in contrast to their results.

In the Autism Epidemiology Study, the response rate was especially low for fami-
lies whose children had a primary diagnosis of MR and not autism (10% for the older
cohort and 15% for the younger cohort). As with Study Aim 1, we must assess this low
participation rate and how it may have affected our results and conclusions. Examin-
ing our enrolled subjects with the CDER data, we found that parents of children with
MR were more likely to enroll if their child had been reported with an autism spec-
trum disorder (CDER status 2, 4, or 9). However the odds of enrollment for an MR
subject with an autism spectrum disorder were consistent in the two birth cohorts
(odds ratio 1.42 in the older cohort and 1.44 in the younger cohort), so this enroll-
ment bias did not differentially affect the MR group. The overall effect of this bias,
where families whose child may have an autism spectrum disorder were somewhat
more willing to participate, is to assume that the rate of misclassification for the whole
group of children with MR in the Regional Center system is lower than the 18%
estimate that we calculated.

It is worth considering what these misclassification numbers mean. Because the
number of children in the MR group has historically been much larger than the autism
group, even a modest rate of misclassification significantly increases the number of
children who meet criteria for autism. For example, if the rate were 10% in the older
cohort as reported by Croen et al, that translates to an additional 1,214 children with
autism in the 1983-85 birth cohort (0.10 * 12,139). That would raise the total for that
birth cohort from 991 to 2,205, more than doubling the number of children identified
with full syndrome autism. There were fewer children reported with MR and not
autism in the younger cohort, so the increase in autism cases would be less dramatic.
The low enrollment rate in the MR groups and the bias in enrollment do limit our
ability to state what the exact amount of misclassification appears to be. We can
assume it is no higher than 18% and similar in the two birth cohorts. Universal autism
screening of children with mental retardation by the California Regional Center
System would definitively answer this important question. Such systematic screening
could be done as part of the annual reassessment of children receiving Regional Center
services and would likely further increase the number of autism cases reported.

Can the observed increase be accounted for an increase in the overall State popula-
tion during the time period or by children with autism moving into California? No,
increases in the State population account for less than 10% of the rise in case reports,
and most children with autism served by the Regional Center System were born in
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California. Based on parental report, 93% of children in the younger cohort and 87%
of children in the older cohort were born in the State. To attribute some of the increase
in autism cases to children with autism moving into California, we would have ex-
pected to see a greater proportion of out-of-California births among the younger
children with autism. The finding that a greater proportion of older children are born
out-of-state is not unexpected, given that the older group has had more time to move
into California.

One additional issue regarding mobility should be mentioned. We found 57
instances where a child reported with autism in California and counted in the CDER
database was no longer residing in the State. The cumulative total of cases in Califor-
nia probably represents an overestimation of known Regional Center clients, although
not significantly so, based on our observations. Out-migration would be more likely to
decrease prevalent cases in the older age cohort, as the greater period of time would
increase the likelihood of a change in residence. Adjusting for out-migration then
would decrease the number of cases in the older cohort and create a steeper increase
in cases than has been reported.

In this study we asked many questions of parents. We compared the responses
between the two birth cohorts, searching for differences in the hope of explaining
what changing factors might have caused this increase in autism. No single factor
investigated could explain the tripling in cases. Differences that were noted between
the two groups include reports of more gastrointestinal symptoms during infancy in
the younger group; and less mental retardation in the younger group. Regression of
developmental milestones, as reported during the ADI-R, had not significantly in-
creased in the younger group. On a more hopeful note, most parents reported im-
provements in their child’s autism. Improvements were noted especially by parents of
the younger children with autism.

What do parents think caused their child’s autism? The data showed that partici-
pants in the study have a range of beliefs as to what causes autism. Most parents said
that they “don’t know” or they did not respond. Genetics and pregnancy- or birth-
related events were frequently reported by parents. Immunization concerns ranked
among the top responses. There is a high level of concern about immunizations and
their association with autism. Unfortunately, this report was unable to evaluate the
association of immunizations with autism recurrence in families due to our low
number of unvaccinated younger siblings (Study Aim 6).

The Autism Epidemiology Study did not find evidence that the rise in autism cases
can be attributed to artificial factors, such as loosening of the diagnostic criteria for
autism; more misclassification of autism cases as mentally retarded in the past; or an
increase in in-migration of children with autism to California. Without evidence for an
artificial increase in autism cases, we conclude that some, if not all, of the observed
increase represents a true increase in cases of autism in California, and the number of
cases presenting to the Regional Center system is not an overestimation of the number
of children with autism in California.
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Appendix 1

DSM-IV Diagnostic Criteria for 299.0 Autistic Disorder

(I) A total of six (or more) items from (A), (B), and (C), with at least two
from (A), and one each from (B) and (C)
(A) Qualitative impairment in social interaction, as manifested by at least two of

the following:
1. Marked impairments in the use of multiple nonverbal behaviors such as

eye-to-eye gaze, facial expression, body posture, and gestures to regulate
social interaction.

2. Failure to develop peer relationships appropriate to developmental level.
3. 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 to other people).

4. Lack of social or emotional reciprocity (Examples: Not actively
participating in simple social play or games, preferring solitary activities,
or involving others in activities only as tools or “mechanical” aids).

(B) Qualitative impairments in communication as manifested by at least one
of the following:
1. 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).

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

3. Stereotyped and repetitive use of language or idiosyncratic language.
4. Lack of varied, spontaneous make-believe play or social imitative play

appropriate to developmental level.
(C) Restricted repetitive and stereotyped patterns of behavior, interests and

activities, as manifested by at least one of the following:
1. Encompassing preoccupation with one or more stereotyped and restricted

patterns of interest that is abnormal either in intensity or focus.
2. 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).
4. Persistent preoccupation with parts of objects.

(II) Delays or abnormal functioning in at least one of the following areas, with
onset prior to age 3 years:
(A) Social interaction
(B) Language as used in social communication
(C) Symbolic or imaginative play

(III) The disturbance is not better accounted for by Rett’s Disorder or
Childhood Disintegrative Disorder.

Source: The American Psychiatric Association: Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Washington D.C., American Psychiatric
Association, 1994.
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REDWOOD COAST FAR NORTHERN

ALTA CALIFORNIA
NORTH BAY

GOLDEN
GATE

RC OF THE
EAST BAY

SAN ANDREAS

VALLEY MOUNTAIN

CENTRAL VALLEY

KERN

INLAND

TRI-COUNTIES

RC OF ORANGE
COUNTY

SAN DIEGO

SEE MAP
ABOVE

Regional Center Locations
Within Los Angeles County

HARBOR

SOUTH CENTRAL
LOS ANGELES

EASTERN
LOS ANGELES

SAN GABRIEL/
POMONA

NORTH
LOS ANGELES
COUNTY

LANTERMAN

WESTSIDE
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Appendix 2

Regional Center Locations
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Appendix 4

Scientific Advisory Panel

We gratefully acknowledge the members of the Scientific Advisory Panel, and
thank them for their valuable contributions to the research design of the Autism
Epidemiology Study.
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Appendix 5

List of questions asked on the Autism Epidemiology Study
Questionnaire

Families of all children participating in the study were asked to complete a question-
naire (either by self-completing a written questionnaire or by phone interview). The
content of the questionnaire included:

■ Demographic information
Race/ethnicity
Place of birth
Handedness (right/left/both)
Parental education
Birth order

■ Mobility, including place of birth, movement into or within California up to
the age of five

■ Diagnostic information
Determination of diagnosis of autism
Presence or absence of mental retardation, including a

question about IQ scores
Presence or absence of seizure history
Presence or absence of cerebral palsy
Presence or absence of other potential co-morbid conditions

■ Family history (grouped under first degree, second degree, or greater than
second degree relatives):

Autism or related disorders
Tic disorder, obsessive-compulsive disorder, depressive

disorder, bipolar disorder
Mental retardation

■ Perinatal complications
Infertility treatments
Viral infections while pregnant
Vaccinations while pregnant
Augmentation or induction of labor
Exposure to alcohol, cigarettes, or street drugs during the pregnancy

■ Immunization/vaccination history of the child and younger siblings
■ History of significant gastrointestinal symptoms
■ History of regression of developmental milestones
■ What does the family think caused their child’s autism or other developmental

problem?
■ Interest in participating in future follow-up studies.
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Appendix 6

Sample Size Calculations for each Study Aim

Study Aim 1

CDER Data – Identification of Study Subjects
CDER data from all 21 Regional Centers in California were used to identify two

groups of children with CDER status 1 autism based on age criteria.  The California
Department of Developmental Services provided CDER data grouped by Regional
Centers for the years 1986 to 1999.

We constructed a sampling frame using all records for children with CDER status
1 autism born in 1983-1985 and 1993-1995.  We created an unduplicated list of
individual children with autism. The CDER record that first reported the diagnosis of
CDER status 1 autism determined the Regional Center and county for that case.

The target study sample was 250 children in each age cohort (year of birth 1983-
1985 vs. 1993-1995). With this sample size, we could determine whether or not 20%
(or more) of the observed increase in cases of autism was due to changes in diagnostic
criteria.

Table A1: Cases of CDER status 1 autism by Regional Center and the Corresponding
Sample for Study Aim 1, Autism Epidemiology Study.

Alta California Regional Center 51 90 1.8 13 7
Central Valley Regional Center 16 61 3.8 4 5
Eastern Los Angeles Regional Center 46 263 5.7 12 21
Far Northern Regional Center 15 37 2.5 4 3
Golden Gate Regional Center 41 86 2.1 11 7
Harbor Regional Center 51 298 5.8 13 24
Inland Regional Center 40 199 5.0 11 16
Kern Regional Center 16 37 2.3 4 3
Lanterman Regional Center 45 206 4.6 12 17
North Bay Regional Center 26 70 2.7 7 6
North Los Angeles County Regional Center 99 283 2.9 25 23
Redwood Coast Regional Center 12 18 1.5 3 2
Regional Center of Orange County 75 267 3.6 19 21
Regional Center of the East Bay 64 191 3.0 17 15
San Andreas Regional Center 26 101 3.9 7 8
San Diego Regional Center 81 256 3.2 21 20
San Gabriel/Pomona Regional Center 74 169 2.3 19 14
South Central Los Angeles Regional Center 96 142 1.5 25 12
Tri-Counties Regional Center 28 163 5.8 8 13
Valley Mountain Regional Center 13 63 4.8 4 5
Westside Regional Center 75 208 2.8 19 17

TOTALS 991 3,209 258 259

CDER Cases,
by year of birth

Sample size,
by year of birth

1993-95 Ratio 1983-85 1993-95

CDER status 1 autism by
Regional Center

1983-85
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Two-stage sampling was done to obtain a study sample that was representative of
the entire State. Table A1 shows these stratifications by Regional Center. The target
number of children sampled from each Regional Center was proportional to the
number of children with CDER status 1 autism in each Regional Center for each age
cohort. A randomly ordered list was created for each Regional Center. Recruitment
packets were mailed based on these randomly order lists. Bad addresses and refusals
were replaced by the next child on the randomized list from the same center as the
non-participating family. Similarly, non-responders were replaced if they failed to
respond to the second mailing.

Sample size considerations:
■ Number of cases of CDER status 1 autism in the 1983-85 cohort = 991
■ Number of cases of CDER status 1 autism in the 1993-95 cohort = 3209
■ Observed increase in number of cases between the cohorts = 2218

Assumptions
We made several assumptions to estimate the sample size needed for this study.

We did not have data a priori on changes in the threshold for meeting a diagnosis of
CDER status 1 autism. We chose to use DSM-IV criteria as the standard for full syn-
drome autism across both age cohorts, and to assess how closely the diagnosis of
CDER status 1 autism matched this criteria. We assumed that 85% of cases of CDER
Status 1 would meet DSM-IV criteria for autism for Cohort 1. With this assumption,
the 991 CDER status 1 cases would represent 842 “true cases” and 149 cases of
something other than full syndrome autism. If there is no difference between the two
cohorts then 85% of Cohort 2 would meet DSM-IV criteria, representing 2728 “true
cases” and 481 cases that are not full syndrome autism (out of 3,209 CDER status 1
cases).

Estimation of cohort size necessary to detect a change in the diagnostic criteria used for
CDER status 1 autism

A change in the diagnostic threshold for the cases of CDER status 1 autism could
account for some of the observed increase between the two cohorts. There are 2,218
more cases of CDER status 1 autism in Cohort 2 than Cohort 1. For a change in
diagnostic threshold to account for all of the observed increase in autism cases, only
842 of the 3,209 CDER status 1 autism cases would meet DSM-IV criteria for autism.
At this extreme, only 18 study subjects (9 from each cohort) would be necessary to
show a change in the diagnostic threshold of this magnitude (assuming power = 80%
and p≤ 0.05).

While hypothetically possible, it was highly unlikely that only 1 out of 4 CDER
status 1 autism cases would meet DSM-IV criteria. If loosening of the diagnostic
criteria were to contribute to an artificial increase in the reported cases of autism, it
was more likely that it would only be responsible for a portion of the increase. A total
sample of 500 (250 from each cohort) would be large enough to detect the difference
in correspondence rates of 85% and 75%. If diagnostic criteria changed by this
amount, then it would account for 20% of the observed increase in cases.
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Study Aim 2

CDER Data – Identification of Study Subjects
CDER data from all 21 Regional Centers in California were used to identify two

groups of children with mental retardation without CDER status 1 autism. The Cali-
fornia Department of Developmental Services provided CDER data grouped by Re-
gional Centers for the years 1986 to 1999. To be comparable with other aspects of this
study, we limited the study population to two birth cohorts of children, year of birth
1983-85 and 1993-95. Sampling was based on an unduplicated list of children with
mental retardation without CDER status 1 autism.

The target study sample was 250 in each age group. This would permit determina-
tion of whether or not 50% (or more) of the observed increase in cases of autism is
due to a change in the rate of misclassification of autism among children listed as
having mental retardation.

Table A2. Cases of Mental Retardation without status 1 autism by
regional center and the corresponding sample for Study Aim 2.

Alta California Regional Center 736 265 0.36 16 8
Central Valley Regional Center 795 512 0.64 17 14
Eastern Los Angeles Regional Center 461 335 0.73 10 9
Far Northern Regional Center 315 229 0.73 7 7
Golden Gate Regional Center 407 235 0.58 9 7
Harbor Regional Center 612 478 0.78 13 13
Inland Regional Center 1,146 961 0.84 24 26
Kern Regional Center 358 232 0.65 8 7
Lanterman Regional Center 526 306 0.58 11 9
North Bay Regional Center 318 286 0.90 7 8
North Los Angeles County Regional Center 653 517 0.79 14 14
Redwood Coast Regional Center 201 97 0.48 5 3
Regional Center of Orange County 780 705 0.90 17 19
Regional Center of the East Bay 668 387 0.58 14 11
San Andreas Regional Center 542 478 0.88 12 13
San Diego Regional Center 1,078 1,036 0.96 23 28
San Gabriel/Pomona Regional Center 572 489 0.85 12 14
South Central Los Angeles Regional Center 616 510 0.83 13 14
Tri-Counties Regional Center 452 340 0.75 10 10
Valley Mountain Regional Center 558 554 0.99 12 15
Westside Regional Center 345 323 0.94 8 9

Total 12,139 9,275 0.76 262 258

CDER Cases,
by year of birth

Sample size,
by year of birth

1993-95 Ratio 1983-85 1993-95

Mental Retardation (without
status 1 autism) by Regional Center

1983-85

Assumptions
The rate of misclassification (cases of MR without CDER status 1 autism that meet

DSM-IV criteria) was unknown at the outset of this study. For the purposes of sample
size calculation, the rate of misclassification was assumed to decrease from 1983 to
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1995. Assuming a 5% misclassification rate among 1993-1995 cohort, then all of the
observed increase in autism cases could be explained if the misclassification rate
among children with MR in 1983-1985 is 22% (22% * 12139 – 5% * 9275 = 3209-
991). The sample size necessary to detect a difference between 5% and 22% is 124
(62 in each group). Such an extreme change in misclassification was unlikely.
Misclassification, if it were a factor, would more likely contribute to a portion of the
observed increase in autism cases.

A sample size of 500 (250 in each age group) would provide 80% power to detect
a difference between 5% and 12% with a p-value of 0.05. Misclassification among
children determined to have mental retardation without CDER status 1 autism has the
potential to account for a large number of “missing” cases of autism. A 5%
misclassification rate among the 12,139 children in the 1983-1985 cohort could
account for 607 missing cases of autism compared to the 991 children identified with
CDER status 1 autism in this same age cohort. If as many as 12% of children classified
as having mental retardation were found to meet DSM-IV criteria for autism, then
1,457 such children would have been missed in the older cohort, representing 147%
more than the 991 children identified.

Study Aim 3
The sample size considerations for this study aim were similar to that for Study

Aim 1. The target study sample was 250 for each birth cohort.

Sample size considerations
To estimate sample size the following assumptions and considerations were made:

The sample size would be sufficient to detect whether or not an increase in in-migra-
tion accounts for 20% of the increased number of children with autism. The assump-
tions for this study aim were based on verbal reports by Dr. Croen in advance of her
recently published study35 that showed 85% of CDER status 1 autism cases match to a
California birth certificate. Sample size estimates were based on a power of 80% and a
p-value of 0.05.

If 20% of the increased number of cases were due to increases in in-migration
among children with autism, then 25% of the younger age cohort with CDER status 1
autism would need to have been born out-of-state, as compared to 15% of the older
cohort. A comparison of two proportions, 15% and 25%, requires 249 children with
CDER status 1 autism in each age group, or approximately 500 study participants.

Study Aim 4
Study Aims 1 and 2 determined the sample size for this study aim. A target sample

of 500 children with CDER status 1 autism and 500 children with mental retardation
was attempted. If the full sample were enrolled then comparisons between age cohorts
would allow for detection of a 12% difference between groups.

Study Aim 5
Study Aim 1 determines the sample size for this study aim. Families of 500 chil-

dren with CDER status 1 autism will be queried. Comparisons will be made between
age cohorts, allowing detection of differences of 12% or more.
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Study Aim 6
The sample size requirements for this study aim are as follows: with the assump-

tion of an approximate 5% autism or PDD recurrence risk within families with at least
one affected child, using an alpha of 0.05, with 474 families in each study arm
(exposed/unexposed) we would have 90% power to find a two-fold increased risk for
autism/PDD secondary to vaccination. With 159 families in each study arm, we would
have 90% power to find a three-fold increased risk secondary to vaccination. It was
unknown how many children with autism selected for the study would have younger
siblings who are at least 18 months of age. We aimed to have 159 families in each
study arm but realized that we might need to expand the number of families to
include additional eligible families. Based on the proportion of study children with
younger siblings and the proportion of families choosing to refuse or avoid vaccina-
tions for younger siblings, sample size calculations would be done to determine the
number of additional families that would need to be recruited to accomplish this study
aim. If feasible, it would be attempted.
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