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Workshop Summary
PURPOSE
Autism  spectrum  disorders (ASDs) are estim ated to  occur among about 1% o f children in the  U.S. This is 
in line w ith  estim ates from  o the r industria lized countries. However, the  identified  prevalence o f ASDs has 
increased significantly in a short tim e  period based on data from  m ultip le  studies including th e  Centers 
fo r Disease Control and Prevention's (CDC) Autism  and Developmental D isabilities M on ito ring  (ADDM) 
N etw ork (h ttp ://w w w .cd c .g o v /n cb d d d /a u tism /a d d m .h tm l). W hether increases in ASD prevalence are 
partly  a ttr ib u tab le  to  a tru e  increase in th e  risk o f developing ASD sym ptom s or solely to  changes in com ­
m un ity  awareness and iden tifica tion  patterns is no t known. It is clear th a t m ore children are identified  
w ith  an ASD now  than in the  past and the  im pact on individuals, fam ilies, and com m unities is significant. 
However, d isentangling the  many potentia l reasons fo r  ASD prevalence increases has been challenging. 
Understanding th e  re lative con tribu tion  o f m u ltip le  factors such as varia tion  in study m ethods, changes in 
d iagnostic and com m un ity  iden tifica tion , and potentia l changes in risk factors is an im p orta n t p rio rity  fo r 
th e  ADDM N etw ork and fo r CDC. This w orkshop was co-sponsored by CDC and Autism  Speaks as a fo rum  
fo r sharing knowledge and opinions o f a diverse range o f stakeholders about changes in ASD prevalence. 
This sum m ary report reflects statem ents made by individuals at the  fo rum  and discussions th a t w ere  held 
among the  attendees, and does no t constitu te  form al consensus recom m endations to  CDC. The in fo rm a­
tion , research, and opinions shared during th is  w orkshop add to  the  know ledge base about ASD preva­
lence in an e ffo rt to  stim ulate  fu rth e r w o rk  to  understand th e  m u ltip le  reasons behind increasing ASD 
prevalence in the  U.S.

FRAMEWORK
The w orkshop brought to ge th er epidem iologic prevalence and surveillance experts in ASDs and o the r 
conditions as w ell as representatives from  autism  organizations, parents o f children w ith  ASDs, adults 
w ith  an ASD, and o th e r stakeholders. A to ta l o f 342 people registered to  a ttend the  w orkshop (143 in 
person and 199 via w ebinar).

Prior to  th e  m eeting, the  panel m em bers m et via te leconference and were asked to  subm it at least tw o  
publications th a t th ey  viewed as im p orta n t background reading fo r understanding ASD prevalence trends. 
Panel m em bers were provided w ith  th e  com piled reference list (Appendix C) and articles and w ere asked 
to  review, at a m in im um , th e  p rio rity  readings p rio r to  the  w orkshop.

Presentations during the  m orning o f th e  w orkshop summ arized cu rren t know ledge and issues related 
to  ASD prevalence and provided perspectives from  subject m atte r experts in cancer, Parkinson disease, 
asthma, schizophrenia, and analytic m odeling o f prevalence changes.

Following the  m orning's presentations, th e  public was invited to  provide statem ents, and there  was an 
open inv ita tion  to  provide w ritte n  com m ents before and a fte r the  w orkshop. W orkshop organizers, panel­
ists, and stakeholders w ere asked to  consider these com m ents w hen expressing th e ir  opinions on p rio ri­
ties fo r evaluating changes in ASD prevalence.

A fte r hearing open com m ents from  th e  com m unity, the  w orkshop was divided in to  fo u r panels:

• Panel 1 -  U tility  o f ASD Prevalence Data

• Panel 2 -  U.S.-Based ASD Service Data

• Panel 3 -  Autism  and Developmental Disabilities M onitoring (ADDM) Network Data

• Panel 4 -  What Else Is Needed To Understand ASD Trends?
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For the  w orkshop panel sessions, m em bers o f each panel w ere  asked to  reflect on questions along the  
fo llow ing  them es to  b e tte r understand ASD prevalence trends:

• What can we do now w ith  existing data?

• What should we do next to  build on existing data systems?

• What else is needed in terms o f new analyses, data collection, or o ther efforts?

SUMMARY POINTS
Panel m em bers and attendees com m ented th a t the  e ffo rt to  increase transparency and expand the  dia­
logue related to  ASD prevalence change was appreciated and necessary to  move the  com m un ity  fo rw ard  
around the  issue o f understanding ASD prevalence changes. Additiona l key points made during the  w ork ­
shop included:

• The identified  prevalence o f ASD has increased significantly in a short tim e period across m ultip le  stud­

ies, including data from  the CDC's U.S.-based Autism and Developmental Disabilities M onitoring  (ADDM) 
Network.

• CDC is the source fo r ASD prevalence estimates in the U.S., but o ther data systems exist or could be devel­

oped to  better understand trends in ASDs.

• ASDs are conditions estimated to  occur among about 1% o f children in the U.S. There is an urgent de­

mand to address the  many needs associated w ith  ASDs. Prevalence estimates have, fo r example, fueled 

action by advocacy groups and the Interagency Autism Coordinating Com m ittee (IACC) and driven the 

creation o f legislation and presidential priority. However, individuals, families, and com m unities continue 

to  struggle to address unm et needs across the lifespan o f people w ith  ASDs. ASD prevalence estimates 
are im portan t to stakeholders fo r program planning and making policy changes, in add ition  to h ig h ligh t­
ing the need fo r research in to  causes and interventions.

• In terms o f reasons fo r increased ASD prevalence, the debate has been d ichotom ized by researchers, 
advocacy groups, and the media to indicate tha t increases must be explained either by identifica tion  fac­
tors or by increased risk among the population. In reality, a more com plex understanding is needed. It is 

clear th a t some o f the increase has been related to  intrinsic and extrinsic identifica tion  factors. However, 

although a true increase in ASD symptoms cannot be ruled out, such an increase has been d ifficu lt to 

prove. Panels discussed needing to  identify  and use methods to better understand the role o f potential 

identifica tion  and risk factors in the changing prevalence o f ASD.

• Some people expressed hope tha t understanding why ASD prevalence has increased may help identify  

m odifiab le  risk factors. There was debate about the roles o f prevalence and surveillance in answering 

questions about risk and causes o f ASDs. Prevalence studies provide descriptive data on the  number 

o f people w ith  a condition  in a defined population. These types o f studies are not suffic ient to identify 
w hat causes ASDs. However, prevalence studies can be used as tools to  examine variation in occurrence 

o f ASDs across place, groups, time, and exposures, which may provide clues about groups who are at 
increased risk fo r ASDs. O ther study designs w ould then be necessary to fu lly  investigate the reasons 

behind observed variation in prevalence.

• There are likely m u ltip le  forms o f ASDs w ith  m u ltip le  causes tha t are poorly understood. It was noted that 
suffic ient evidence exists tha t bio logic and environm ental factors, alone and in interaction, need to be 

considered as causes. It is not necessary to  have confirm ation tha t a portion  o f the increase in ASD preva­

lence is due to  increased risk in the population to m otivate the active pursuit o f causes o f ASDs. By better 

understanding w hat causes ASDs, maybe we can understand the increases in measured prevalence.

4



• A risk factor m ight be strongly associated w ith  ASD and m ight be modifiable, but it m igh t not have 

increased suffic iently in the population during the tim e fram e o f interest. Therefore, this risk factor m ight 

be related to an individual's risk fo r ASD but not related to the increase in population prevalence o f ASD. 
The model dem onstrated tha t fo r any factor to have made a notew orthy contribu tion  to population 

changes in ASD prevalence during a short tim e period, three conditions must be met: the factor has to be 
fa irly  prevalent in the population, it has to have increased substantially, and it has to be strongly associ­

ated w ith  diagnosed ASD.

• There was a shared recognition o f the im portance of, and com m itm ent to, obta in ing and using preva­

lence and epidem iologic inform ation  to  im prove the lives o f people w ith  ASDs.

PANEL DISCUSSION SUMMARIES
The fo u r panel chairs com piled main discussion points brought fo rth  by th e ir m em bers fo r building on 
existing in frastructu re  and fo r developing new in itia tives to  b e tte r understand ASD trends. These discus­
sion points are summarized below.

Collaboration
The panels indicated th a t co llaboration  among professionals and stakeholders is im portan t, and the  fo l­
low ing points were made to  assist co llaborative e ffo rts  among those interested in understanding ASDs 
and supporting  the  ASD com m un ity  th rough  science:

» Continue efforts o f this workshop to  develop and enhance com m unication among families, individals 
affected, researchers, service providers, advocates, and governm ent entities about ASD prevalence, 
research, and service needs.

» Seek pub lic -p riva te  partnerships to support data collection, analyses, and usage.

» Seek inpu t from  and collaboration w ith  those in o ther fields, such as cancer epidem iology, to  identify  
and utilize m ethodologies fo r evaluating changes in the prevalence o f complex conditions.

» Collaborate w ith  o ther data systems, such as the Environmental Public Health Tracking Network, to 
im prove access to population-level environm ental data.

Analytic Activities
Points were made on b e tte r u tiliz ing existing data to  understand ASD prevalence trends:

» Provide fund ing  opportun ities to encourage analyses and dissemination o f find ings from  existing 
datasets.

» Link existing datasets identify ing  children w ith  ASDs to o ther health, service, and research databases.

» Conduct analyses tha t w ill help explain variations in ASD prevalence across subgroups (e.g., race and 
ethnicity, sex, d iagnostic subtype, and geographic groups) and if variation persists over time.

» Use complex m odeling and m ultifactoria l analyses to  better understand variation in ASD preva­
lence such as by possible etio logic subgroups (e.g., specific genetic conditions and fam ily history), 
geogrphy, and sex, and by potentia lly  harmful exposures among cohorts.

» Conduct sim ulation studies to predict the anticipated course o f ASD prevalence.

Data Enhancements to Inform Practice
The panels discussed th e  im portance o f using data on th e  prevalence and characteristics o f people w ith  
an ASD to  b e tte r in form  service and support e fforts:
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» In add ition  to prevalence estimates, provide more in-depth inform ation on population character­
istics o f people w ith  an ASD (such as functiona l level and im pact o f functiona l lim itations, subtype, 
developm ental characteristics, and associated conditions) to im prove program  planning and support 
needs.

» Examine data to  better understand lags and disparities in ASD identifica tion  to, in turn, inform  
screening, identifica tion, and program planning.

» Conduct analyses to provide better estimates o f current and fu tu re  needs o f adults w ith  an ASD.

Additional Studies
Beyond enhancem ents to  existing data systems and uses, the  panels discussed new types o f data collec­
tio n  and studies including:

» Expand ASD prevalence efforts to include very young children and adults.

» Examine prevalence over tim e among older children by fo llow ing  up w ith  those identified  in previous 
studies

» Conduct additional validation studies at various ADDM Network sites and use the results to enhance 
estimates o f ASD 
prevalence.

» Conduct fu rthe r studies to better understand who is identified  and w ho is not identified  in national 
parent report surveys and in service-based data such as special education child counts.

» Develop ways o f better capturing the heterogeneity o f ASD phenotypes including the com plexity o f 
core and associated features tha t may present in d iffe ren t com binations fo r people w ith  an ASD.

» Improve tools fo r cu lturally  sensitive screening and case confirm ation among large populations.

» Identify ways to  measure and m on itor the traits associated w ith  ASDs among the general population 
to  reflect various degrees (dimensional) rather than categorical (having an ASD or not having an ASD) 
case vs. not case) levels. This includes characterizing how these traits overlap w ith  o ther conditions 
and typical developm ent.

» Conduct cross-sectional and longitudinal studies fo llow ing  cohorts over time. This could include 
exam ining trends in characteristics o f the population, such as ASDs among specific subgroups (based 
on, fo r example, race and ethnicity, im m igrant status, and socioeconomic status), age o f identifica­
tion, diagnoses, com orbidities, services use, and fam ily characteristics.

» M on itor trends in ASD prevalence prospectively to rule o u t identifica tion  factors by consistently con­
ducting developm ental and ASD screening at a given age w ith  diagnostic fo llow -up  and docum enta­
tion  o f each step and outcome.

» Conduct prospective studies th a t examine biology, phenotype, identifica tion  patterns, and service 
needs and use o f people w ith  an ASD.

» Examine trends in o ther behaviorally defined conditions (e.g., a tten tion-de fic it/hyperactiv ity  disor­
der, depression, and anxiety).

NEXT STEPS
The w orkshop sum m ary w ill be made free ly  available to  th e  com m un ity  th rough  posting on the  CDC's 
and Autism  Speaks' websites. It is hoped th a t th e  in form ation , research, and opinions shared during th is 
w orkshop w ill add to  th e  knowledge base about ASD prevalence and stim ulate  fu rth e r w ork  among public 
and private groups to  understand th e  m ultip le  reasons behind changes in identified  ASD prevalence in the  
U.S.
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Background and Purpose
WELCOME 
C. Boyle and G. Dawson
Dr. Boyle w elcom ed everyone, thanked th e  organizing com m ittee  and co-sponsor Autism  Speaks, and 
indicated th a t she looked fo rw ard  to  the  discussions and sharing o f in fo rm ation  and ideas on understand­
ing autism spectrum  d isorder (ASD) prevalence trends. Dr. Dawson stated th a t w e all have concerns about 
the  increase in ASD prevalence. She expressed her hope th a t everyone w ou ld  come away from  the  w ork ­
shop w ith  a path fo rw ard  in understanding ASD prevalence changes and stated th a t we are much be tte r 
prepared to  address problem s than ever before because o f b e tte r data and analytic tools. These data and 
too ls  are from  the  Centers fo r Disease Control and Prevention's (CDC) Autism  and Developm ental Disabili­
ties M on ito ring  (ADDM) N etwork, as well as o th e r in form ative  datasets from  California and Europe. She 
rem arked th a t many published papers cite several reasons fo r th e  possible increase in ASD prevalence 
including b e tte r analytic too ls and broader awareness and diagnosis. However, these papers all have 
included the  sta tem ent "a tru e  increase in prevalence cannot be ruled out." She ventured th a t she looked 
fo rw ard  to  lively and productive  discussion and concrete actions th a t can im prove the  understanding o f 
w hy ASD prevalence has been increasing, w ith  th e  u ltim ate  goal o f addressing the  needs o f people w ith  
autism.

Background: What Do We Know About ASD Prevalence? 
M. Yeargin-Allsopp
Autism  once was th o u g h t to  be a rare condition, a ffecting about 1 in 2,000 individuals. It was th ou gh t o f 
as m ental illness, specifically schizophrenia o f ch ildhood, and was believed to  be due to  poor parenting. 
The "re frige ra to r m o th e r" perception was p rom inen t until th e  1970s, continu ing even in to  th e  1980s. To­
day, autism  is recognized as having a biologic basis and a range or spectrum  o f presentations. The autism 
spectrum  disorders have been shown to  occur among about 1% o f children in several d iffe ren t countries. 
In add ition  to  the  core areas o f im pa irm en t in social, com m unication, and behavioral domains, people 
w ith  ASDs can have associated challenges in o th e r areas such as sleeping, eating, a tten tion , m ood regula­
tion , and gastrointestinal issues. It is recognized w ide ly  th a t ASDs have a strong genetic basis, b u t th is  is 
no t a simple association and th e re  is increasing recognition o f the  role o f environm enta l factors. ASDs are 
now  recognized as a com plex disorder, m ost likely due to  interactions betw een genes and th e  environ­
m ent.

Beginning in th e  m id-1990s, concerns arose about increases in th e  num bers o f individuals w ith  autism 
identified  in service systems. For example, starting in th e  early 1990s, the  California D epartm ent o f 
Developmental Services and the  U.S. D epartm ent o f Education's Office o f Special Education docum ented 
increases in the  need fo r autism  services. Not all people w ith  an ASD are identified  by these service 
systems, so m ethods are needed to  ide n tify  w ho else m ight have an ASD among th e  general population. 
CDC's ADDM N etw ork conducts surveillance to  estim ate ASD prevalence in m u ltip le  areas o f th e  U.S. and 
provides data to  describe variations and changes over tim e. The ADDM N etw ork reports ASD prevalence, 
or the  to ta l num ber o f children w ith  an ASD at a specified age in a specified year per 1,000 children in the  
population. The ADDM N etw ork does no t use incidence because incidence is based on new cases w here 
a clear onset tim e  can be docum ented. Typically, th e  onset o f an ASD is no t known, a lthough it usually 
manifests by the  tim e  a child is 3 years o f age. However, th e re  is a great deal o f variab ility  in w hen a child 
actually m anifests sym ptom s and then  is diagnosed w ith  an ASD.

There are several potentia l explanations th a t can account fo r an increase in the  num ber o f individuals d i­
agnosed w ith  ASDs, including b e tte r iden tifica tion  and screening m ethods, changes in d iagnostic criteria, 
increased awareness among parents and clinicians, and changes in the  availability o f services. There also 
have been some studies th a t have examined how much o f an increase is accounted fo r by o the r factors, 
such as increasing parental age. However, a fu ll explanation m ust consider m u ltip le  factors th a t are not 
independent o f each other. Prevalence estimates are im p orta n t fo r planning policy and service needs and 
identify ing  prom ising clues about w ho is at risk fo r an ASD.



Framework For This Workshop 
C. Rice
The identified  prevalence o f ASDs has increased significantly in a short tim e  period across m u ltip le  stud­
ies, including th e  CDC's ADDM N etwork. ASDs are conditions estim ated to  occur among about 1% o f 
all children. There is an urgent dem and to  address the  many needs associated w ith  ASDs, and concerns 
about ASD prevalence num bers have fueled local, state, and national action in te rm s o f advocacy, policies, 
research, and creation o f the  Interagency Autism  C oordinating C om m ittee (IACC) among o the r activ i­
ties. However, individuals and fam ilies continue to  struggle to  address and m eet the  needs associated 
w ith  ASDs across th e ir  lifespan. A lthough prevalence estim ates can help w ith  service and policy e fforts, 
increases in ASD prevalence beg th e  questions "W hy?" and "Is the  increase an actual increase in risk fo r 
ASDs?" The im plica tion  is tha t, if  th e re  is an increase in actual ASD risk, th e re  m ight be m odifiab le  risk 
factors to  prevent ASDs from  occurring. These questions get to  th e  heart o f w ha t causes ASDs. A lthough 
m ultip le , com plex genetic and environm enta l interactions are likely, w e still have very lim ited  in fo rm ation  
on w ha t predisposes a fe tus or child to  have an ASD, w ha t m ight increase risk, and w hich risks lead to  the  
deve lopm ent o f an ASD.

A prevalence study is an epidem iologic too l th a t describes the  occurrence o f a cond ition  in a defined 
population  in a defined tim e  period. Surveillance is th e  ongoing m on ito ring  o f prevalence in a defined 
population  over tim e . These studies provide descriptive data on th e  num ber o f people w ith  a condition 
in a defined population. These types o f studies are n o t su ffic ien t to  iden tify  w ha t causes ASDs. How­
ever, prevalence studies can be used as too ls  to  examine varia tion  in occurrence o f ASDs across place, 
groups, tim e, and exposures, and th is  may provide clues about groups w ho are at increased risk fo r ASDs. 
Prevalence studies can provide observations th a t m ight need fu rth e r causal exam ination. For example, 
prevalence studies have shown th a t th e re  are about 4 to  5 boys fo r every girl w ith  an ASD. However, basic 
studies o f the  b io logy o f individuals w ith  an ASD are necessary to  explain the  mechanism th a t results in 
boys being at greater risk than  girls.

Debates about reasons fo r ASD prevalence increases o ften  have been d ichotom ized to  p o in t to  explana­
tions o f b e tte r iden tifica tion  or evidence o f increased risk im plicating specific environm ental factors.
At th is  point, a lthough we do know  th a t some o f th e  increase is related to  identifica tion  factors, a true  
increase cannot be ruled o u t— but, it is hard to  prove. We also know enough about potentia l causal 
mechanisms o f ASDs to  n o t p igeonhole the  search fo r  ASD causes to  only genetic factors; complex b io ­
logic and environm enta l factors m ust be pursued as w ell. In order to  evaluate ASD prevalence changes, 
scientists tend  to  use a systematic approach based on tra in ing  in scientific m ethods w here the  firs t step 
is to  rule o u t a lterna tive  explanations. This approach begins by exam ining factors th a t could explain a d if­
ference over tim e  th a t are a ttribu tab le  to  artifacts, ra ther than  " tru e "  increases. This approach tends to  
examine identifica tion  and m ethodologica l factors, as these variables are o ften  m ore observable than  the  
many potentia l and unknow n risk factors th a t m ight con tribu te  to  ASD prevalence changes. As m ore data 
are collected and analyzed and d iffe ren t hypotheses evaluated over tim e  and across studies, add itiona l 
conclusions can be drawn. Understandably, th is  m ethodical approach is frustra ting , especially when most 
people w an t to  know  the de fin itive  reason fo r changes in ASD prevalence and w he th er it is som ething 
in the  env ironm ent w e can do som ething about. The fact th a t, despite many e fforts, we have no t found 
a single, simple explanation indicates th a t th e re  are likely m ultip le , overlapping factors con tribu ting  to  
increases in ASD prevalence.

The purpose o f the  w orkshop was to  bring to ge th er experts in epidem iologic prevalence and surveillance 
o f ASDs and o the r conditions as w ell as stakeholders to : summ arize w here w e are; learn from  effo rts  to  
docum ent prevalence changes among o the r conditions; and im prove th e  specific ity in quantify ing  and 
qua lify ing the  m u ltip le  factors th a t m ight be influencing trends in ASD prevalence, including:

1. Intrinsic Identification— Internal m ethodology or measurement factors involved in docum enting ASD 

prevalence trends (e.g., differences in study methods may lead to d ifferent individuals being counted or
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not counted as having an ASD such as using a registry o f children identified  w ith  an ASD or active screen­

ing).

2. Extrinsic Identification— External classification and awareness factors involved in identify ing  people 
w ith  ASDs in the population (e.g., changes in diagnostic criteria or access to  services based on an ASD 

label may influence w ho is identified fo r ASD prevalence studies).

3. Risk— Possible etio logic or true  change in ASD symptoms among the population in relation to single or 
com bined genetic, biologic, or environm ental factors, or a com bination thereo f (e.g., specific biologic 

vulnerabilities or exposures in the environm ent th a t increase the risk o f developing an ASD).

Four panels were fo rm ed fo r th is  w orkshop:

• Panel 1 -  U tility  o f ASD Prevalence Data

• Panel 2 -  U.S.-Based ASD Service Data

• Panel 3 -  Autism  and Developmental Disabilities M onitoring (ADDM) Network Data

• Panel 4 -  What Else Is Needed To Understand ASD Trends?

A fte r hearing the  m orning's presentations, m em bers o f th e  fo u r panels w ere  asked to  discuss th e  fo llo w ­
ing questions to  provide a b e tte r understand o f ASD prevalence trends:

1. What can we do now w ith  existing data?

2. What should we do next to build on existing data systems?

3. What else is needed in terms o f new analyses, data collection, or o ther efforts?

The goal o f th is  w orkshop was to  learn from  d iffe ren t perspectives to  in form  the  com m un ity  and s tim u­
late fu rth e r w ork  to  understand the  m u ltip le  reasons behind increasing ASD prevalence in the  U.S.

A Model for Assessing the Contribution of Various Risk Factors to Recent 
ASD Prevalence Increase in the U.S. 
L. Schieve
This presentation reviewed p re lim inary results o f a study to  fo rm u la te  a m athem atical m odel to  assess 
th e  likely effects th a t given risk factors had on recent ASD prevalence increase and to  apply the  m odel to  
specific prenatal and perinatal risk factors previously found  to  be associated w ith  ASDs. According to  the  
ADDM N etw ork report from  2009, th e re  was a 57% increase in th e  prevalence o f autism  spectrum  disor­
ders (ASDs) from  2002 to  2006. The e ffect o f a given risk fac to r on prevalence depends on the  baseline 
prevalence o f the  risk fac to r (RFP), the  change in RFP over tim e  (cRFP), and th e  m agnitude o f the  relative 
risk (RR). A num ber o f previous studies consistently have indicated th a t pre term  b irth  and low  b irthw e igh t 
are risk factors fo r ASDs, and some o the r studies have im plicated m u ltip le  b irth , cesarean delivery, breech 
presentation, and assisted reproductive  technology (ART) as possible risk factors. However, none have 
had suffic ien t values fo r  RFP, cRFP, and RR to  have contribu ted  substantive ly to  th e  recently observed ASD 
increase. W hile  at an individual level, having one o r m ore perinatal risk factors m ight convey a m oderate 
or strong risk fo r  having an ASD, these factors are unlikely to  explain a large p ropo rtion  o f th e  population  
increase in ASD prevalence. A lthough examples w ere  given using selected prenatal and perinatal risk fac­
tors, th is  m odel could be extended to  assess various o the r risk factors.

A risk fac to r m ight be strongly associated w ith  ASD and m ight be m odifiab le, bu t it m ight no t have in­
creased su ffic ien tly  in th e  population  during th e  tim e  fram e o f interest. Therefore, th is  risk fac to r m ight 
be related to  an individual's risk fo r ASD but no t related to  th e  increase in popula tion  prevalence o f ASD. 
The m odel dem onstrated th a t fo r any fac to r to  have made a no te w orth y  co n tribu tion  to  population  
changes in ASD prevalence during  a short tim e  period, th re e  conditions m ust be m et: the  fa c to r has to  be 
fa irly  prevalent in the  population, it has to  have increased substantially, and it has to  be strongly associ­
ated w ith  diagnosed ASD.
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Panel member discussion:
A panel m em ber asked if broad social changes, as opposed to  individual risk factors, also w ere  consid­
ered. The panel m em ber was concerned tha t, by no t fu lly  exam ining population-level changes, the  model 
m ight be underestim ating the  co n tribu tion  o f th e  change in th a t risk fa c to r in the  population  on ASD 
prevalence. Dr. Schieve indicated th a t a large increase still w ou ld  need to  have an ind ividual effect, and 
the  m odel is accurate fo r  shorter tim e  intervals such as a few  years. As the  tim e  period gets longer, then  a 
d iffe ren t analytic m odel m ight be needed.

ASD Genetic Variation and Gene-Environment Interaction 
K. Crider
This presentation summarized how genetic variations and gene-environm ent interactions could play a 
role in ASDs and provided background on how these factors may or may no t change in a way th a t w ould  
affect ASD prevalence over a short period o f tim e. Typically, to  examine h e ritab ility  o f a cond ition, tw in  
studies are used. M ore than  30 studies to  date consistently have shown higher concordance between 
m onozygotic than  dizygotic tw ins, suggesting th e re  is a strong genetic com ponent associated w ith  ASDs. 
ASDs have been associated w ith  th e  fo llow ing  genetic variations: m uta tion  o f a gene, deletion  o f a large 
or small region o f a gene, m uta tion  o f ano ther gene, m ethyla tion  o f a gene, or creation o f ano ther copy 
o f the  gene o r the  region o r chrom osom e. It is estim ated th a t all genetic variants discovered to  date are 
present in 10% to  15% o f people w ith  an ASD and many are im plicated in o the r conditions (e.g., a tten tion  
de fic it hyperactiv ity  d isorder and schizophrenia). In general, th e re  w ou ld  no t be an epidem ic o f a purely 
genetic cond ition  because genes change over evo lu tionary tim e. However, shorter te rm  changes can be 
seen if th e re  are increases in m utations or breaks, or both, in chrom osom es, changes occur in epigenetic 
pattern ing  (e.g., DNA m ethyla tion) or in selective m ating patterns.

G ene-env ironm ent interactions such as infection, stress, obesity, and traum a all can create the  same type 
o f cell damage. Specific causes may or may no t have the  statistical pow er to  show the  tru e  association 
ind iv idua lly because m ultip le  genetic and environm enta l factors can lead to  th e  same d isorder therefor, 
studies should be designed to  take th is  in to  consideration. In some conditions, th e  m agnitude o f gene­
environm ent in teraction  varies. Exposures associated w ith  an increased risk fo r  autism  also are associated 
w ith  o the r conditions, such as b irth  defects and cerebral palsy. Single exposures (genetic or environm en­
ta l) are unlikely (bu t possible) to  show a dram atic increased risk among th e  general population. Not every 
individual w ho carries these form s o f genetic varia tion  w ill have an ASD, w hich suggests th e  im portance 
o f interactions among m ultip le  genes or gene-env ironm ent interaction, or both, in the  occurrence o f 
ASDs.

Panel member discussion:
A panel m em ber questioned the  accuracy o f th e  statistic th a t about 10% to  15% o f children w ith  an ASD 
have an identifiab le  genetic condition. Dr. Crider stated th a t the  statistic is used by others in the  fie ld  and 
is a best estim ate, bu t noted th e  statistic needs b e tte r evaluation.

Autism and Developmental Disabilities Monitoring (ADDM) Network 
C. Rice
ADDM Network Overview
The ADDM N etw ork is a co llaboration  o f m u ltip le  sites in the  U.S. to  dete rm ine  and m on ito r the  preva­
lence o f ASDs among 8-year-old children and to  track peak prevalence over tim e . Children are identified  
th rough  m u ltip le  education or health evaluation records if there  is an ASD diagnosis, a special education 
classification, a suspicion o f an ASD, or a social behavior associated w ith  an ASD, even when an ASD has 
no t been diagnosed. Clinician reviewers apply the  cu rren t d iagnostic standard criteria  o f the  Am erican 
Psychiatric Association's Diagnostic and Statistical Manual, 4th edition, text revision (DSM-IVTR). The
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strengths and lim ita tions o f th e  ADDM N etw ork were discussed. The m ost recent ADDM N etw ork es­
tim ates indicated th a t an average o f 1 in 110 children (range from  1 in 80 to  1 in 240) had an ASD and 
th a t ASD prevalence had increased 57% over a 4-year period from  2002 to  2006. According to  th e  ADDM 
N etw ork data, th e  overall tren d  in ASD prevalence showed consistent increases, bu t varia tion  existed 
among sites and among subgroups. W hile  th e  increase in observed ASD prevalence at ADDM N etw ork 
sites could be partly  explained by iden tifica tion  facto rs— such as b e tte r in fo rm ation  available in records, 
a m ore stable population  at some sites, and im proved identifica tion  o f specific subgroups such as His­
panic children and children w ith o u t cognitive im p a irm e n t— these iden tifica tion  factors did no t explain the  
to ta l increase in prevalence. A neat explanation o f all factors th a t could explain com plete ly the  observed 
increase is unlikely, and fu rth e r w o rk  is needed to  evaluate m u ltip le  iden tifica tion  and risk factors.

Changes in ASD Diagnostic Criteria
This presentation reported on a p re lim inary analysis o f how an identifica tion  fa c to r could be evaluated 
using the  ADDM N etw ork data. A lthough it o ften  has been stated th a t th e  changes in diagnostic criteria  
th a t occurred in th e  DSM  in 1980 (DSM III), 1987 (DSM III-R), and 1994 (DSM-IV  and m inor changes fo r 
DSM-IV-TR in 2000) have affected reported ASD prevalence, no known studies have quantified  th is  effect 
directly. Recoding th e  ADDM N etw ork  data based on th e  th ree  diagnostic standards (DSM III, III-R, and 
IV-TR), it was found th a t autism  and ASD prevalence were sim ilar using DSM III and III-R standards, but 
increased significantly using DSM-IV-TR standards. A portion  o f the  prevalence increase over tim e  m ight 
have been a ttr ib u ted  to  d ifferences in th e  defin itions o f ASD used fo r  iden tifica tion  o f ASDs by com m un ity  
professionals and service systems. This recoding analysis represents one example o f an e ffo rt to  provide 
m ore concrete estimates regarding the  effects o f a single facto r on ASD prevalence.

Panel member discussion:
Panel m em bers raised several questions regarding reasons or theories to  explain the  w ide range o f ASD 
prevalence observed among ADDM N etw ork sites, including the  qua lity  o f data sources or records and 
the  e ffect it m ight have had on prevalence and the  inclusion or exclusion criteria  used by th e  ADDM 
N etw ork sites. Dr. Rice indicated th e re  w ere  some identifiab le  reasons explaining w hy th e  ASD prevalence 
estim ates w ere low er at some ADDM N etw ork sites (e.g., lim ited  availability o f education records) and 
higher at o thers (e.g., b e tte r qua lity  o f docum entation  in th e  records). Also, it is easier to  ide n tify  reasons 
fo r low er prevalence estimates than fo r higher estimates. However, if a site had a low  prevalence not 
due to  a m ethodologic issue, it w ou ld  be im p orta n t to  consider w he th er p ro tective  factors w ere at w ork  
at th a t particu la r site. A question was raised about the  reason w hy th e  num ber o f sites varied over the  
surveillance years. Dr. Rice explained th a t th e  num ber o f ADDM N etw ork sites depends on available fu n d ­
ing and th a t sites go th rough a com petitive  application process in w hich the  applicant m ust dem onstrate 
a m in im um  population, partnerships w ith  health departm ents, and o th e r criteria  based on independent 
peer review. A panel m em ber also questioned w hen CDC was going to  take the  issue o f rising ASD preva­
lence seriously. Dr. Rice indicated th a t CDC has been provid ing data actively to  docum ent these concerns 
and has been calling a tten tion  to  the  urgency o f addressing the  needs o f the  ASD com m un ity  fo r years. 
She continued by stating th a t the  w orkshop was an e ffo rt to  broaden the  conversation and share ideas on 
how  CDC and others can all learn from  o the r fie lds and im prove co llaboration  to  b e tte r understand ASD 
trends.

Analyses of ADDM Network Data Related to: Parental Age, Age at Autism 
Identification, and Socioeconomic Inequalities in the Prevalence of ASD in 
the U.S. 
M. Durkin
This presentation summarized some analyses o f data from  CDC's Autism  and Developmental Disabilities 
M on ito ring  (ADDM) N etw ork related to  parental age, age o f autism  identifica tion , and socioeconom ic
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status. A m ajor strength o f ADDM N etw ork data on ASD prevalence is th a t a sizeable p ropo rtion  (27%) o f 
children identified  w ith  ASDs fo r  surveillance did no t have a docum ented ASD classification. This allows 
us to  investigate factors associated w ith  having a previous ASD diagnosis and receiving services fo r ASD 
as d is tinc t from  having ASD, and to  evaluate w he th e r associations are due to  differences in ASD risk o r to  
d isparities in identifica tion . A consistent find ing  in recent epidem iologic studies is a positive association 
betw een both m aternal and paternal age and risk o f ASD in offspring. Despite th is  association and the  
increasing trend  in mean parental age in recent decades, only a very small (less than  .5%) p ropo rtion  o f 
the  recent increase in ASD prevalence can be a ttr ib u ted  to  the  increasing age o f parents. ASD differs from  
developm enta l d isabilities overall in its positive association w ith  higher socioeconom ic status (SES). Ex­
am ining SES among Wisconsin ADDM N etw ork data, it was found th a t th e  ASD prevalence increased w ith  
increasing SES. However, is th is  due to  increased risk or iden tifica tion  disparities? For example, do edu­
cated parents have a d isp roportionate  influence on autism  awareness or does the  risk o f autism increase 
w ith  a higher socioeconom ic status? Is a know ledgeable and determ ined  parent o f a child w ith  autism 
m ore likely to  obta in  an in form ed diagnosis? This is likely to  be the  case, and there  is also th e  potentia l 
role o f clinician bias and the  possible evidence o f d isparity in access to  care. ASD prevalence estimates 
likely underestim ate prevalence in low er SES groups, which implies th a t we are still underestim ating ASD 
prevalence and can expect some increases if d isparity gaps are closed over tim e. But th e  fact th a t we saw 
a positive association betw een socioeconom ic status and ASD risk in both  those w ith  and those w ith o u t a 
previous ASD diagnosis suggests th a t the  association m ight n o t be en tire ly  due to  under-ascerta inm ent o f 
ASD in econom ically disadvantaged groups.

Panel member discussion:
Panel m em bers raised the  question o f w he th e r b irth  order and the  effects o f stoppage (a fam ily  deciding 
no t to  have ano ther child a fte r having a child w ith  a d isability) have been studied, and if plans are under 
way to  study miscarriages and autism  risk. Dr. Durkin indicated th a t th e  e ffect o f b irth  o rder com bined 
w ith  parental age and sex appear to  be additive. The role o f stoppage and pregnancy loss cannot be 
d irectly  or adequately investigated using ADDM data bu t require  longitudinal, b irth  coho rt studies. CDC's 
Study to  Explore Early D evelopm ent (SEED) w ill examine prenatal and perinatal risk factors, such as m is­
carriages. Studying these factors is im p orta n t because past adverse pregnancy outcom es are understud­
ied. The im portance o f exam ining characteristics (such as parental age, and SES) across cohorts to  look 
at changes among subgroups w ill be im p orta n t in understanding potentia l iden tifica tion  and risk factors 
con tribu ting  to  ASD prevalence increases.



ASD Trends: U.S. Service-Based Datasets
U.S. Special Education Data 
P. Shattuck
This presentation provided an overview  o f U.S. D epartm ent o f Education data related to  docum enting  the  
presence o f ASDs among special education students. U.S. D epartm ent o f Education's Special Education 
Child Count data is an annual count o f children enrolled in special education services. It is an account­
a b ility  measure required by the  Individuals w ith  Disabilities Education Act (IDEA) to  show nonexclusion 
o f children w ith  a d isability  based on select e lig ib ility  categories fo r each state. Autism  was no t in itia lly  
a category w ith in  the  child count dataset, bu t was added in 1990 w ith  sta tesreporting  to  th e  U.S. De­
partm en t o f Education in 1991. The num ber o f children classified as having autism  and receiving special 
education services has increased since the  early 1990s. However, the  num ber is still few er than  w ould  be 
expected given cu rren t prevalence estimates. A special education label is only m ild ly  sensitive, b u t highly 
specific, and enro llm ent counts m ight no t have provided a tru e  prevalence o f ASD. Child Count data vary 
by area and race or e thnicity. The special education system never was intended to  serve a public health 
surveillance role. Thus, several im p orta n t questions have been raised th a t focus on (1) understanding 
how  state-level special education criteria  fo r ASDs vary, (2) exploring referral pathways th a t lead to  iden­
tifica tion , (3) exam ining barriers to  tim e ly  iden tifica tion , and (4) developing m ore effective partnerships 
w ith  th e  education sector to  maximize data sharing. This w ill lead to  a b e tte r understanding o f the  social, 
econom ic, and political factors th a t influence ASD identifica tion  in the  com m un ity  and th a t m ight co n trib ­
ute to  the  rise in iden tifica tion  ASDs in prevalence estimates.

Panel member discussion:
Panel m em bers asked how  to  integrate ASD screening in schools. Dr. Shattuck indicated th a t a school 
equ iva lent o f CDC's Learn th e  Signs. Act Early. program  is needed to  increase awareness among educators 
o f the  signs o f ASDs, and should be fo llow ed  up w ith  a systematic screening pro toco l to  ide n tify  children 
w ith  an ASD. This is im p orta n t because, until everyone in the  schools uses th e  same criteria , it w ill be 
d ifficu lt to  rely on th e  va lid ity  o f th e  Child Count data fo r m on ito ring  changes in the  actual prevalence o f 
ASDs. Dr. Shattuck also indicated th e  need fo r legislative support to  a llow  education and public health 
to  fo rm  effective partnerships; o ften, school systems do no t see th e  value in the  Child Count data from  a 
public health perspective. Especially now, schools are w ork ing  to  m eet th e  service needs o f th e  students 
ra ther than  addressing broader public health issues such as identify ing  all children w ith  an ASD in the  
population.

California Department of Developmental Services Data I 
I. Hertz-Picciotto
This presentation provided an overview  o f some ways the  California D epartm ent o f Developm ental Ser­
vices (CA DDS) adm in istrative  data have been used to  evaluate trends among children receiving services 
fo r ASD. W he the r due to  an a rtifa c t o r a tru e  increase, ASD prevalence has been high and th e re  is a need 
to  ide n tify  the  causes. In add ition , th e re  already is enough evidence to  suggest the  im portance o f envi­
ronm ental causes. There are th re e  main measures o f occurrence o f a cond ition: prevalence (the num ber 
o f cases divided by the  num ber o f people in th e  population  at a given tim e), incidence (the num ber o f 
new cases among a given population  in a defined tim e  divided by the  am oun t o f person-tim e observed 
during the  same period), and cum ulative incidence (the num ber o f new cases identified  in an extended 
tim e  period [e.g., from  b irth ] d ivided by th e  size o f th e  population  w ith o u t th e  d isorder at the  sta rt o f 
the  tim e  period). All measures are affected by changes in identifica tion  patterns and diagnostic practices. 
Prevalence data are m ost useful fo r service planning and incidence data are useful fo r etiology. However, 
a cond ition  w here the  diagnosis tends to  be stable (low  m o rta lity  rate and it is rare fo r th e  diagnosis to  
change), can result in prevalence and cum ulative  incidence measures th a t w ill be v irtua lly  identical over a 
defined tim e  or age period. For th is  reason, examining existing data may help us understand ASD trends.
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The CA DDS has a statew ide database w ith  data from  21 regional centers in th e  state. The DDS database 
tracks 5 conditions (autism, epilepsy, cerebral palsy, in te llectual disability, and inte llectual d isab ility-re la t­
ed conditions). Data co llection is passive in th a t a child m ust be brought to  a CA DDS center and a parent 
o r guardian m ust request an evaluation to  dete rm ine  if th ey  m eet th e  service provision e lig ib ility  criteria. 
Comparing b irths in 1990 w ith  those in 2001 (fo llow ed to  age ten), the  cum ulative incidence in autism 
in the  CA DDS rose 600%. A bou t 200% o f th is  increase in autism from  1990 th rough 2001 in th e  CA DDS 
database could be explained by trends tow ard  younger age at diagnosis, inclusion o f m ore m ild cases, 
changes in diagnostic criteria, and o lder ages o f m others. Thus, a rtifacts related to  criteria  and m ethods 
fo r ascerta inm ent m ight explain part bu t n o t all o f the  increase in ASD cum ulative incidence in the  CA 
DDS system. To date, th e re  appears to  be no leveling o ff o f autism  diagnoses, ind icating there  is consider­
able likelihood th a t th e re  has been a tru e  increase in incidence (or risk).

Panel m ember discussion:
Panel m em bers questioned how  th e  identifica tion  a rtifacts played o u t across regions. Dr. Hertz-Picciotto 
indicated th a t th e re  was substantial va riab ility  among the  centers (Los Angeles trad itio n a lly  has had h igh­
er ASD rates than  o the r regions o f th e  state). .Each DDS center is run by independent contractors and are 
managed slightly d iffe ren tly  from  each other. There also are clusters o f ASDs near places w here there  are 
w e ll-know n tre a tm e n t centers. A panel m em ber pointed o u t th a t it is im p orta n t to  study these identifica ­
tio n  factors at m u ltip le  locations beyond California service data to  areas o f the  U.S. and to  also consider 
in terna tiona l patterns o f occurrence.

California Department of Developmental Services Data II 
P. Bearman
This presentation summ arized add itiona l analyses o f data from  th e  CA DDS related to  trends in ASD 
prevalence conducted by Dr. Bearman and colleagues. During th e  past 30 years, the  prevalence o f autism 
has increased dramatically. Examining California b irth  data from  th e  period 1992 th rough 2007, there  
were 8 m illion  b irths (about 500,000 b irths per year). Using a sophisticated m apping program  o f all b irths 
and addresses and linking to  CA DDS autism  data, researchers w ere able to  ascertain parental character­
istics, prenatal conditions, and residence during the  in u tero  period and link to  data on neighborhoods, 
socioeconom ic status, local toxicants, and o the r conditions. Examining these data was useful in examining 
the  co n tribu tion  o f d iagnostic change to  increased prevalence, gaining insight in to  genetic mechanisms, 
understanding the  spatial s tructuring  or geographic patterns o f autism  at b irth  and age o f diagnosis, con­
sidering diverse ind ividual and com m un ity  level risk factors, and m easuring th e  potentia l role o f sharing 
in fo rm ation  on autism .

Analysis o f th e  data showed th a t changes in ASD diagnoses in re lation to  those fo r in te llectual d isability 
(mental re ta rda tion) explained 24% o f the  increase in autism prevalence in th e  CA DDS data during the  
tim e  period analyzed. An analysis was also done to  see how  adm in istrative  data m ight provide insight into  
genetic mechanisms. There was a high ASD concordance betw een identical tw ins and low  concordance 
betw een fra terna l tw ins. Over tim e, th e re  was an increase in ASD among same sex tw ins and a decrease 
among opposite  sex tw ins. A nother analysis examined the  spatial s tructu re  (geographic m apping) o f the  
b irth  residence o f children la ter identified  w ith  ASD by DDS. The researchers concluded th a t ASD b irth  
clusters have been robust over tim e  and do no t appear to  be due to  factors such as education o r socio­
econom ic status. Examining the  DDS adm in istrative  data has provided insight in to  risk factors fo r autism . 
For example, findings indicated m aternal age m ight be m ore critical than  paternal age; com m un ity  level 
characteristics such as geographic spacing are increasingly less salient as ascerta inm ent increases, bu t still 
significant; and shorter interpregnancy intervals m ight confer excess risk. A bou t 50% o f ASD prevalence 
increases in the  CA DDS data could be explained by several factors, such as diagnostic change, advanc­
ing parental age, social influence o f people sharing in fo rm ation  on ASDs, and spatial structure. W ork is 
needed to  understand w ha t accounts fo r the  o th e r 50%. A pro ject cu rren tly  is under way to  investigate
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w he th e r assistive reproductive  technology (ART) is related to  increased risk o f having a child w ith  ASD as 
identified  in CA DDS data by linking w ith  CDC data on b irths involving ART.

Panel member discussion:
Questions were raised about the  autism  clusters th a t were identified  using CA DDS data. There was a 
question as to  w he th er these were tru e  etio logic clusters or if th e re  appeared to  be shared identifica ­
tio n  patterns. Dr. Bearman discussed the  idea th a t clusters m ight have been due to  a shared exposure, 
such as toxicant, o r to  a social risk factor. For example, people w ith  children the  same age w ho shared a 
w orkplace o r social ac tiv ity  m ight have been m ore likely to  discuss th e ir  children and share in form ation  
about autism , thus leading to  increased identifica tion . Or, th e re  m ight have been reluctance among some 
groups to  reach o u t to  the  health care or services system, resulting in decreased identifica tion . A panel 
m em ber expressed caution about the  conclusion o f being able to  explain about 50% o f th e  increase in 
DDS ASD prevalence as th e  approach used to  arrive at th is  estim ate was to o  sim plistic and did no t take 
the  overlapping relationships betw een d iffe ren t factors in to  account. Dr. Bearman relayed his belie f th a t 
some o f th e  factors operate on d iffe ren t aspects o f the  spectrum  and th a t th e  50% figure  was a way o f 
sum m arizing w ha t is known to  date. For example, iden tifica tion  factors, such as shifts in the  use o f the  in­
te llectua l d isability  diagnosis to  add autism as another diagnosis o r an a lterna tive  diagnosis, may operate 
on the  low er end o f the  spectrum  and social influence may operate on the  higher end o f the  spectrum . 
Factors such as parental age and shorter pregnancy intervals are m ore likely to  be risk factors con tribu ting  
to  ASD increases.



Lessons Learned From Other Conditions and Analytic Methodologies
Cancer 
R. Etzioni
Changes in cancer trends can be seen from  changes in (1) exposures (e.g., smoking, d iet, and obesity),
(2) diagnosis or detection  (e.g., screening and biopsy techniques), and (3) classification (e.g., staging and 
grading techniques). Dr. Etzioni presented th re e  examples o f changes in d iffe ren t types o f cancer:

• Lung Cancer— The greatest m odifiab le  risk factor fo r lung cancer is smoking. The trend line fo r lung 

cancer incidence plots has sloped sim ilarly w ith  the trend line fo r smoking prevalence, meaning the inci­

dence rates o f lung cancer have decreased over tim e (Surveillance, Epidemiology and End Results registry 
data) as smoking behavior has decreased over tim e (National Health and N utrition  Examination Survey).

• Colorectal Cancer— Screening rates fo r colorectal cancer have been increasing over tim e and the con­

sum ption o f tw o  or more servings o f red meat per week has been decreasing over time. As screening has 

increased and red meat consum ption has decreased, the incidence o f colorectal cancer has decreased.

• Prostate Cancer— Prostate-specific antigen (PSA) screening was firs t introduced in the 1990s, which cor­

related w ith  the firs t peak o f prostate prevalence. The second prevalence peak occurred when fo llow -up 

biopsies became more routine. Researchers a ttribu ted  the prevalence changes to differences in recording 

techniques and improvem ents in grading o f cancer (from poorly to  m oderately to  w ell-d ifferentiated).

Examining patterns o f change among a population  m ight explain disease trends due to  changes in factors 
such as the  annual frequencies o f exposures, availab ility o f screenings, use o f new diagnostic te chn o lo ­
gies, and changes in disease coding. It is im p orta n t to  have data on the  occurrence o f a cond ition  before 
and a fte r the  change fa c to r being evaluated. It is also helpful if there  is a clear change fa c to r th a t has 
occurred.

M odeling change is an integral part o f cancer surveillance. There are several im p orta n t lessons learned 
from  th is  m odeling th a t can be useful when exam ining changes in ASD prevalence. The basic steps o f 
m odeling change are:

• Characterizing changes in disease trends;

• Q uantifying changes in the population tha t m ight explain trends;

• Identify ing a mechanism fo r the effect o f the population trend;

• Estimating the size o f the effect on the risk o f disease diagnosis; and

• M odeling or simulating experience among the population.

All o f these steps are equally necessary and applicable in explaining changes in ASD prevalence. However, 
m odeling techniques m ight be useful if the  potentia l effects o f a fa c to r on prevalence are no t known. 
There is a group called th e  Cancer In te rvention  and Surveillance M odeling  N etw ork (w w w.cisnet.cancer. 
gov) th a t is w ork ing  to  develop techniques fo r m odeling changes in cancer based on m ultip le  factors. 
W orking w ith  th is  group m ight be helpful in understanding ASD prevalence changes.

Parkinson Disease 
C. Tanner
Parkinson's disease is a re lative ly rare disorder th a t does no t have a diagnostic tes t or defin itive  marker. 
Symptoms occur later in life and share some features, such as cognitive decline, w ith  o the r conditions 
such as Alzheim er's. The best diagnosis is a face-to-face exam. As w ith  ASDs, population-based surve il­
lance is challenging and th e re  have been changes in diagnostic criteria  over tim e. Also sim ilar to  autism , 
there  are questions about the  higher prevalence in males and differences by race. One example o f exam­
ining diagnostic incidence trends o f Parkinson's is a study conducted in the  Kaiser Permanente Medical 
Care Program o f N orthern  California (KPMCP). Researchers used active surveillance to  examine e lectronic

16

http://www.cisnet.cancer


medical records, physician referrals, and com puterized databases to  iden tify  patients receiving services 
in com m un ity  settings. Researchers have identified  increased incidence o f Parkinson's disease among 
men and w ith  increasing age, a pattern  th a t has been seen in m ost populations w orld -w ide . Patterns th a t 
w ere suggested, bu t n o t supported by evidence, were higher incidence among Hispanics and the  lowest 
incidence among Blacks. Environm ental and genetic risk factors have been associated w ith  Parkinson's 
disease. At th is  point, there  are few  sources o f data to  examine population  trends in Parkinson's disease. 
The CA Parkinson's Disease Registry is a p ilo t e ffo rt to  create a population-based database w ith  active 
ascerta inm ent and case validation, bu t is active in only a few  counties and no state funds are designated 
to  support th e  e ffo rt. O ther e ffo rts  at population-based registries have been tried , bu t in these th e re  is no 
active mechanism fo r reporting. Advocacy groups support a national surveillance system fo r Parkinson's 
disease, bu t th is has ye t to  be realized. Researchers are also exam ining conditions w ith  sim ilar sym ptom s 
a nd /o r risk factors to  ide n tify  com m on biologic mechanisms. It may be useful to  study prevalence chang­
es in o the r disorders w ith  sym ptom s th a t overlap w ith  ASDs and among adults.

Panel member discussion:
A panel m em ber asked if th e re  is a spectrum  o f cond itions sim ilar to  ASDs. Dr. Tanner indicated th a t there  
are sim ilar clinical syndromes including Parkinsonism. D iffe rent disorders have d iffe ren t clinical features 
and prognoses, bu t de fin itive  diagnosis is post-m ortem .

Asthma 
M. King
Asthma is a highly prevalent chronic disease. Studies have shown persistent dem ographic d ifferences in 
prevalence, as well as health care use. Asthma surveillance relies on several national datasets to  de­
te rm ine  prevalence and severity. One o f these is the  National Health In terview  Survey (NHIS). Before 
1997, the  NHIS measured 12-m onth prevalence based on self-reports o f "having asthm a." A fte r 1997, 
the  NHIS measured prevalence by se lf-report o f a "doctor's  diagnosis" o f asthma and included life tim e, 
past 12-m onths, and w he th er an attack occurred in past 12-m onths. The cu rren t measure o f prevalence 
is sim ilar to  the  projected 12-m onth rate, and the  prevalence is higher among children than  adults w ith  
racial d ifferences observed as well. The Behavioral Risk Factor Surveillance System (BRFSS) allows state- 
specific estim ates o f asthma and enables CDC to  conduct an asthma call-back survey. The BRFSS allows 
CDC to  determ ine  a population-based prevalence, as w ell as an at-risk-based rate. An at-risk-based rate 
is the  num ber o f affected people w ith in  the  population  having certain risk factors. W hile  asthma preva­
lence has increased over tim e, actual asthma attack rates have been relative ly stable. The reasons fo r 
overall prevalence increases are no t known, b u t th e re  are sociodem ographic d isparities in identifica tion  
and service use. Changes in survey m easurem ent have affected asthma estimates.

Panel member discussion:
There was a question about th e  content o f th e  call-back survey. Dr. King indicated th is  th a t th is  survey 
provides a chance to  find  o u t m ore about health care needs and use, effects on qua lity  o f life, and o the r 
in fo rm ation  on the  functiona l e ffect o f asthma and service use related to  asthma. A nother question was 
about the  availab ility  o f linking asthma data w ith  environm enta l factors such as air po llu tion. Dr. King 
stated th a t data are no t available to  look at d irect measures among individuals in the  popula tion  over 
tim e, bu t d iffe ren t datasets could be linked to  conduct ecologic analysis o f asthma survey data based on 
residence and a ir quality, fo r example.

Schizophrenia 
E. Susser
There are many parallels betw een schizophrenia and ASDs in the  a ttem pts to  estim ate incidence and 
historical changes in incidence. W ith  respect to  schizophrenia and related psychoses, tw o  landm ark
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W orld  Health Organization (WHO) studies can be used to  m ark shifts in th ink ing  about schizophrenia, as 
w ell as about how studies o f schizophrenia should be conducted. First, th e  In ternationa l Pilot Study o f 
Schizophrenia (IPSS), conducted in the  1960s, was designed to  dete rm ine  if schizophrenia was a cu ltu r­
ally bound d isorder and if it was a "rea l" d isorder (some people hypothesized th a t schizophrenia was a 
social construction). The study used standardized criteria  in a m u ltina tiona l study and many regions o f the  
w orld  w ere included. Researchers found schizophrenia in all settings; th a t find ing  is still questioned, but 
is supported by the  findings o f o the r types o f studies. Second, the  WHO "Ten C ountry S tudy" examined 
w he th e r th e  incidence and course o f schizophrenia varied across sociocultural settings. The study also 
had a novel design fo r determ in ing  incidence. It inaugurated th e  "firs t con tact" design, now w ide ly  used 
and considered a "gold standard", in w hich researchers ascertain all people seeking help fo r a possible 
psychosis fo r the  firs t tim e, w ith in  a defined population.

Based on m is in te rp re ta tion  o f th e  results o f these (and o ther) studies, th e  prevailing sum m ary o f schizo­
phrenia from  1980 to  about 2005 was th a t th e re  was a life tim e  risk o f schizophrenia o f 1%, and th a t th is 
figure  rem ained constant over tim e  and place. The cu rren t v iew  on schizophrenia is d iffe ren t; it is clear 
th a t th e  occurrence varies across populations and population  subgroups, the  clearest example being the  
very high rates among some im m igrants w ho  are e thnic m inorities (m ainly docum ented among im m i­
grant groups in the  United Kingdom and Netherlands). This varia tion  is no t inconsistent w ith  the  results 
o f the  WHO studies, bu t is inconsistent w ith  the  way these results were in terpre ted  by m ost schizophre­
nia researchers and clinicians as showing constant rates overtim e (no t by th e  authors them selves, w ho 
w ere cautious in th e ir  conclusions). The WHO studies were no t designed to  examine change over tim e. 
A lthough o th e r studies have a ttem pted  to  examine change over tim e  (e.g. registry studies), the  results 
have been inconsistent, and the  data weak (e.g. due to  changes in d iagnostic practices and systems). As a 
result, w ith  th e  exception o f one or tw o  particu la r locations, w e cannot at present draw conclusions as to  
w he th e r schizophrenia incidence has changed over tim e. The discrepancy betw een studies o f th e  course 
o f schizophrenia, and in te rp re ta tion  o f those results (again, n o t by th e  authors) is even m ore striking, but 
I do no t have tim e  to  e laborate on th is  during th is  presentation.

There are several im p orta n t lessons learned from  studies o f schizophrenia th a t could be useful w hen ex­
am ining changes in ASD prevalence. For example, w ith  regard to  the  notion  o f "constan t" incidence over 
place and tim e, fixed th ink ing  about schizophrenia was allowed to  override the  available data. The idea 
th a t schizophrenia occurred w orldw ide  and th a t th e re  was at m ost a very m odest varia tion  in incidence 
was accepted as tru e  fo r a long tim e, and still taugh t in many psychiatry and o th e r m ental health profes­
sional tra in ing  programs. This lesson is relevant to  ASDs to  help understand how  to  in te rp re t ASD data. 
There have been d iffe ren t waves o f ideology which have influenced the  way in w hich the  data on inci­
dence o f ASDs have been in terpre ted , and in particular, on w he th e r th ey  dem onstrate a " tru e " increase 
o r no t (" tru e " means over and above an increase due to  changes in ascertainm ent and help-seeking). The 
schizophrenia story helps one to  recognize the  pow er o f ideology in th e  in te rp re ta tion  o f such data, and 
th e  need to  be cognizant o f it. He noted his personal v iew  is th a t the  data on w he th er there  has been a 
" tru e "  increase in autism are sim ply inconclusive, bu t th a t th e  overall evidence favors the  position th a t a 
part o f the  increase is "true".

Panel member discussion:
Panel m em bers asked if there  was a specific way in which those in th e  ASD fie ld  could learn from  the  
schizophrenia example? Dr. Susser responded th a t there  have been d iffe ren t waves o f ideology in how 
autism  and related conditions have been in terpre ted  and people tend  to  look at data as either, "yes, there  
has been an increase", or "no, there  has no t been an increase". It w ould  be really helpful fo r  those w ork ­
ing w ith  ASDs to  no t look th rough the  data using those lenses, bu t to  ask questions openly. Dr. Susser 
fu rth e r stated th a t we do no t need to  be com m itted  to  e ithe r position to  use data to  advocate and to  
im prove services. There was another question on subtypes o f schizophrenia. Dr. Susser indicated th a t 
subtypes typ ically  have no t been reliable over tim e. Dr. Susser also com m ented th a t if a d isorder persists
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over generations, we also should be consider examining if th e re  are selective m utations occurring or 
refram ing to  consider a selective advantage associated w ith  the  condition.

Simulation Studies 
S. Galea
This presentation provided a b rie f overview  o f sim ulation studies as a m ethod to  understand prevalence 
changes. Changes in ASD prevalence have been and continue to  be an observed phenom enon, yet the  
problem  lies in identify ing  th e  causes fo r the  changes. Causal models, including suffic ien t-com ponent 
cause models, can shed some light on th e  jo in t effects o f m u ltip le  exposures. However, these models are 
unable to  consider tim in g  in a dynam ic way or connections betw een individuals. A possible so lu tion  is 
to  use complex systems models. Complex systems approaches are com putationa l approaches th a t use 
com puter-based a lgorithm s to  model dynam ic interactions betw een individuals w ith in  and across levels 
o f influence (such as social netw orks and neighborhoods) using sim ulated populations. Complex systems 
models can incorporate  m ultileve l determ inants o f population  health, connections betw een individuals, 
and patterns o f feedback between exposures and outcom es over tim e.

An example o f try ing  to  understand health problem s seen a fte r disasters was presented using a type  o f 
analytic strategy called "agent-based m odeling" to  p redict changes among heterogeneous populations. 
The goal was to  model outcom es observed by varying th e  variables th a t m ight have contribu ted  to  the  
observed pattern. There could have been several d iffe ren t sets o f variables th a t produced the  same o u t­
come. A lesson th a t m ight be im p orta n t when exam ining reasons fo r ASD trends is th a t com plex systems 
models p o in t to  d iffe ren t possible explanations fo r observed phenom enon. However, th ey  can be used 
in conjunction w ith  em pirical data to  narrow  dow n possible explanations and can play a central role in 
epidem iological analyses.



The w orkshop included presentations and discussions among panel m embers. However, the  m eeting was 
open to  anyone to  register and a ttend in person o r via webinar. Nonpanel m em bers w ere able to  provide 
w ritte n  com m ents before and a fte r th e  w orkshop, as w ell oral statem ents during an open period o f the  
w orkshop. Com m ents included concern about increases in ASDs, the  need to  find  o u t w ha t has changed 
in our environm ent, the  larger than expected num ber o f children and young adults w ith  an ASD, and the  
cost to  society. M any o f th e  public com m ents focused on concern about the  role o f vaccines in autism , 
w ith  d isappoin tm ent expressed about the  lack o f research on vaccine safety. In particular, studies o f vac­
cinated and unvaccinated children and m itochondria l disease w ere requested. In add ition, concerns were 
raised about the  cum ula tive  e ffect o f the  vaccine schedule and vaccine ingredients, as w ell as the  need 
to  consider a child's im m une status p rio r to  giving vaccinations. Suggestions w ere  made fo r o the r studies 
such as o f young children's deve lopm ent from  b irth  to  2 years o f age and to  dete rm ine  if there  are spe­
cific subgroups o f children w ith  ASDs, such as those w ith  gastrointestinal sensitivities. A man w ith  an ASD 
expressed th e  belie f th a t it is possible to  be successful w ith  an ASD and o ffered h im self as an example o f 
someone w ho once relied on public assistance, bu t is now  successfully em ployed and lives independently. 
He also expressed g ra titude  fo r CDC's w o rk  in vaccine safety and satisfaction w ith  receiving vaccines to  
p ro tec t from  known diseases. O ther com m ents included frus tra tion  w ith  the  delays parents face in get­
ting  a diagnosis o f autism , despite bringing concerns to  the  a tten tion  o f professionals. O ther com m ents 
included concern about non-scientific expertise among panelists and interest in the  latest research fin d ­
ings and plans fo r fu tu re  research related to  ASDs. W orkshop organizers, panelists, and stakeholders were 
asked to  consider these com m ents when discussing p rio rities  fo r  evaluating changes in ASD prevalence.



Panel Session Summaries
The w orkshop featured  fo u r breakout panel discussions, w ith  each panel asked to  discuss questions 
related to  ASD prevalence. The panelists' discussion, ideas, and suggestions w ere  com piled by the  panel 
chairs. Panel m em bers consisted o f epidem iologists and scientists w ith  experience in epidem io logy and 
surveillance o f autism  or o th e r com plex conditions and com m un ity  stakeholders (representatives from  
autism  organizations, parents o f children w ith  an ASD, and adults w ith  an ASD). Following is a sum m ary o f 
the  panel discussions and th e ir ideas fo r  addressing questions related to  ASD prevalence trends.

Panel 1: Utility of ASD Prevalence Data
Panel Chair: A. Singer
Panelists: C. Cunniff, W. Zahorodny, R. Kirby, M . Lopez, R. Grinker, D. M andell*, L. Grossman*,
W. Dunaway, M . Rosanoff, J. Zimmerman, B. Mulvihill, J. Charles

*Invited participant unable to attend remotely or in-person a t last minute due to unforeseen circumstances.

The discussion and questions addressed by Panel 1 focused on how ASD prevalence data are used in the  
com m un ity  by d iffe ren t stakeholders and sought to  iden tify  ways in w hich data co llection and reporting  
on the  popula tion  prevalence and characteristics o f people w ith  an ASD could be fu rth e r developed.

Q1. What does having ASD prevalence information do for stakeholders (parents, professionals, people 
with an ASD, researchers, scientists, policy makers, service providers)?

The panelists indicated th a t ASD prevalence data are used to :

• Empower the com m unity, confirm ing w hat parents and educators experience

• Drive public policy

• Support the need fo r service provisions and developm ent

• Support the need fo r professional developm ent and systems planning

• Support the need fo r additional research

At the  com m un ity  level, prevalence data have in form ed stakeholders about needed im provem ents in 
identify ing  people w ith  an ASD and helped d irect research w hich may u ltim a te ly  lead to  in fo rm ation  
about etiology. Similarly, th e  resulting increase in ASD awareness and knowledge among parents, care­
givers, and com m unities has increased th e  qua lity  o f social and behavioral descriptions by clinicians and 
service providers when a child has been referred fo r an evaluation. This has resulted in parents being 
m ore equipped to  discuss concerns w ith  professionals. Clinicians have found th a t having ASD prevalence 
in fo rm ation  increases awareness o f the  need to  iden tify  children and facilita tes having a conversation 
w ith  parents about concerns. It also has provided in fo rm ation  to  help clinicians advocate fo r needed 
resources fo r identifica tion , referral, and in te rvention . Researchers have used prevalence data as jus tifica ­
tio n  fo r  e tio log ic and in te rven tion  research, and the  increased awareness o f ASD has increased th e ir  own 
career choices to  be engaged in m eaningful w ork. Individuals w ith  an ASD have also benefitted  from  ASD 
prevalence data. Increased ASD awareness has resulted in positive com m un ity  connections and increased 
in fo rm ation  has allowed them  to  help them selves and others understand th e ir  experience.

Prevalence data also have em pow ered com m unities by confirm ing  w ha t parents and educators have been 
experiencing and provid ing evidence fo r robust advocacy. ASD prevalence estimates have provided a 
starting po in t to  assess service and support needs fo r individuals, fam ilies, and com m unities. On a policy 
level, awareness o f th e  Autism  and Developm ental D isabilities M on ito ring  (ADDM) N etw ork has allowed 
scientists and researchers, in some states, easier access to  data sources and records fo r surveillance pur­
poses, thus increasing the  accuracy o f ASD estimates. Prevalence estim ates also have in form ed policy ef­
fo rts  to  create an in frastructu re  to  support children w ith  an ASD (e.g., child care, in te rvention , education, 
trans ition  services); understand and address lifespan issues (e.g, housing tra in ing , em ploym ent, health
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and wellness); drive public policy and programs (e.g., insurance coverage and health care legislation); and 
support th e  need fo r service dep loym ent, systems planning, and additional research funding.

Q2. How are stakeholders actually using ASD prevalence information?

ASD prevalence data are included at the  beginning o f many, if n o t m ost, research publications and grant 
applications related to  ASDs because th ey  provide an estim ate o f the  population-level e ffect o f th e  condi­
tions. In particular, recent estim ates indicating th a t ASDs are m ore com m on than previously th o u g h t have 
m otiva ted th e  need to  b e tte r understand the  course, causes, and supports related to  ASDs. In add ition  to  
pu tting  the  scope o f need in to  perspective, recent ASD prevalence estimates have prom pted some states 
to  pass m andatory reporting  laws, establish autism  task force groups o r autism  councils, pass legislation 
affecting service provision, or o ffe r grants to  school d istricts fo r supplem ental fund ing  related to  autism . 
Examples o f how states have used ASD prevalence data fo llow :

• South Carolina used prevalence data to show the need fo r im proving access to services when drafting 

and passing insurance reform.

• New Jersey passed laws related to ASDs and m andatory reporting, com pelling insurance companies to 
provide services and provid ing additional grants to  schools.

• Alabama appointed an autism coordinator fo r the state based on the effects o f the prevalence data.

Q3. What types of ASD prevalence information and descriptions of the population are useful to stake­
holders?

For individuals, fam ilies, and com m unities, having ASD prevalence data th a t are applicable to  m ore spe­
cific local areas and states can b e tte r in form  advocacy and service planning e fforts. ASD prevalence data 
are population-based and are n o t easily applicable at th e  individual level. In add ition  to  understanding 
th e  population  effects o f ASDs, fam ilies and com m unities continue to  seek ways o f making the  in fo rm a­
tio n  m ore relevant fo r th e ir  individual circumstances. Specific recom m endations included:

• Im proving com m unication w ith  the com m unity (e.g., families, individuals w ith  an ASD, professionals, 
policy makers, and researchers) to  help put the prevalence data in to  context.

• Providing more in-depth inform ation on w hat an ASD diagnosis means fo r an individual across his or her 

lifespan, and w hat support systems such an ind ividual needs or w ill need.

• Collecting and reporting data on functiona l level and effects o f ASD, subtypes, developm ental character­

istics, and associated conditions (in add ition  to  overall ASD prevalence estimates).

Q4. What questions do stakeholders expect epidemiology and prevalence studies, in particular, to an­
swer?

The panel noted th a t com m un ity  stakeholders w an t th e  data to  be useful at the  com m un ity  and ind i­
vidual levels. At the  com m un ity  level, ASD prevalence estim ates can in form  larger needs (iden tifica tion , 
supports, policy, and research). For th e  individual person, as suggested in Q3's discussion, m ore detailed 
data on func tion ing  and characteristics w ould  be helpful. Prevalence num bers should in form  preparation 
fo r the  needs o f a grow ing population. In add ition  to  describing the  population, prevalence studies could 
provide a baseline fo r evaluating in terventions and gauging service needs. Some panel m em bers called 
fo r m ore data on th e  link betw een prevalence and etiology. For example, w ould  low er prevalence in some 
areas or subgroups indicate potentia l p ro tective  mechanisms? Prevalence studies should be accom pa­
nied by data co llection on specific sym ptom s o r biological measures, in terventions, and tra jectories over 
tim e.
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Panel 2: U.S.-Based ASD Service Data
Panel Chair: L. Croen
Panelists: P. Shattuck, P. Bearman, M . Kogan, S. Visser, I. Hertz-Piciotto, L. Miller, A. Bakian, K. Van 
Naarden Braun, L. Lee, T. Baroud, P. Bell, R. Etzioni, Y. Kim

Panel 2 discussed databases th a t exist to  serve the  adm in istrative  functions o f tracking service use, or 
w ere  developed fo r  specific studies. A lthough no t designed to  ide n tify  all children w ith  an ASD among 
the  population, these databases m ight serve as useful too ls  fo r looking at trends in identifica tion , char­
acteristics, and service use th a t w ill help explain population-based ASD prevalence trends. Some o f the  
databases o r datasets noted th a t could be explored fo r exam ining adm in istrative  or reported prevalence 
issues include:

All-Payer Claims Database (APCD; combines o u tp a tie n t data from  all claims databases)

California D epartm ent o f Developm ental Services (CA DDS) database

D epartm ent o f Education/Individuals w ith  Disabilities Education Act (IDEA) Child Count (also, Special Edu­
cation Longitudinal Study)

Hospital Discharge Data 

Interactive Autism  N etw ork (IAN) survey 

Kaiser Permanente® m em bership databases 

Centers fo r M edicaid and M edicare Services (CMS)

National Health In te rview  Survey (NHIS)

National Survey o f Children's Health (NSCH)

National Survey o f Children w ith  Special Health Care Needs (NSCSHCN)

State registries (New Jersey, Utah, W est Virginia)

Vaccine Adverse Event Reporting System (VAERS)

Q1. What are the top three immediate (within 1 to 2 years) priority analyses needed to understand ASD 
trends using existing U.S.-based datasets?

Panelists discussed several analyses th a t could be pursued, including:

• Conducting a life-course study o f ASD identifica tion, service use, and characteristics. Tracking life history 
can help determ ine if  the ways people come into  the  system are changing. Researchers could examine 

firs t concerns and average age at firs t diagnosis, and w hat happens before and after an ASD diagnosis 

occurs among those in successive b irth  cohorts. Kaiser Permanente® m embership data could be used to 

explore this.

• Examining trends in com orbidities among children w ith  ASDs over tim e and trends in the use o f trea t­

ments among parents over time. For example, a potentia l research question m ight include "Does survi­
vorship o f a mental or physical illness by parents (e.g., b ipolar disorder) affect the trend in ASD preva­

lence among children? Kaiser Permanente® m embership data or perhaps Medicaid data could be used to 

explore this type o f question.

• Examining behavioral screening data to  investigate trends in ASD diagnosis over tim e. Potential data 
sources could include the ADDM Network, as well as research programs, insurer databases, and primary 

care practices tha t have adm inistered developm ental screening tests over time.

• Examining trends in o ther behaviorally defined conditions (e.g., a tten tion-de fic it/hyperactiv ity  disorder, 

depression, and anxiety) in U.S. population-based datasets (e.g., the National Survey o f Children's Health). 
This could be addressed by ADDM Network data (among children w ith  an ASD).
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• Looking at ASD prevalence trends over tim e among d iffe ren t im m igran t groups. This m ight inform  trends 

and prevalence rates in terms o f e lim inating certain risk factors. However, it is d ifficu lt to  disentangle if 

observed rates are lower among im m igrants e ither because o f im m igrants' lack o f fam ilia rity  w ith  the U.S. 
health care system U.S. (including how it operates), or because o f reluctance on the part o f im m igrants to 

seek medical a ttention  fo r developm ental disorders, or both.

• Further examining the respondents to national surveys w ho had at least one child ever diagnosed w ith  
an ASD and who reported the child no longer had an ASD diagnosis at the  tim e o f the survey There is a 
need to understand why some children may have been reported to have an ASD at one time, but not at 

the tim e o f the survey.

Q2. What are the top three next (within 3 to 5 year) priority analyses needed to understand ASD trends 
using existing U.S.-based datasets?

Panelists discussed several po tentia l analyses, including:

• Conducting m ultilevel m odeling w ith  Special Education Child Count or o ther datasets. Enhanced analysis 

m ight help answer questions regarding adm inistrative prevalence trends in schools and comm unities.

• Using Special Education Child Count data from  both IDEA Part C Early Intervention fo r 0-3 year-olds and 

IDEA Part B fo r 3-21 year-olds to track identifica tion, services, and developm ental trajectories at the ind i­

vidual level.

• Linking all-payer claims databases w ith  state autism registries to  track ASD diagnostic or b illing codes, 
along w ith  additional b illing and pharmaceutical claims, to  provide inform ation concerning com orbid 
conditions.

• Taking simulation-based approaches to data analysis, and evaluating the models using real data from  
epidem iologic studies.

• Using Medicaid data to examine trends over tim e in ASD and related diagnoses among those receiving
Medicaid services. Also, evaluate children long itud ina lly  to examine changes in diagnoses and services.

• Collaborating w ith  the National Institu te  o f Mental Health (NIMH) to better understand the factors as­

sociated w ith  the persistence o f parent-reported ASD diagnosis. (NIMH has partnered w ith  the Health 
Resources and Services Adm inistration and the Centers fo r Disease Control and Prevention, and currently 

is conducting a fo llow -up  study o f the NSCSHCN fo r families o f children who were reported ever to have 

had a diagnosis o f an ASD.)

Q3. Can the existing data systems be enhanced (e.g., adding analyses, data collection) to better answer 
questions about the changing ASD prevalence? If not, why not and what else is needed?

Panelists discussed several enhancem ents, including:

• Enhancing use o f Child Count Special Education Data by

» Docum enting state differences in identify ing  children as e lig ib le  fo r autism special education services
and docum enting the m ethodology fo r obta in ing and reporting these data to  make better sense o f 
special education data.

» Conducting studies to evaluate how children w ith  autism are identified  at schools.

» Enabling individual-level child data to  be accessed fo r study purposes and pooled together.
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• Enhancing use o f surveys by

» Conducting needed validation studies o f parent-reported data.

» Exploring w hether national surveys (e.g., National Im m unization Survey, NHIS, NSCH, VAERS) could be 
used to  examine ASDs among vaccinated versus unvaccinated groups.

» Using national surveys to  examine service use and needs.

» Adding questions to  the IAN Survey to assess beliefs about causes o f ASDs.

• Enhancing data access and coordination by

» Partnering w ith  analytic powerhouses (e.g., Google) to develop new strategies to take advantage o f 
the huge amounts o f data tha t w ill become available in upcoming years (e.g., data enhancements 
from  health care reform and electronic health records). This w ill require public and private partner­
ships.

» Making ASDs reportable conditions in more states. However, it was noted tha t making a condition 
reportable does not improve the ab ility  to understand trends, bu t it is a useful m ethod to establish 
public health authority  to  collect additional data to  track trends.

» Collaborating w ith  the National Environmental Public Health Tracking Network (EPHTN) to potentia lly  
access environm ental risk factor and o ther environm ental public health tracking data at the popula­
tion-level.

• Creating new data collections for

» Using qualita tive methods to understand pathways to  screening and diagnosis.

» M onitoring  trends in ASD prevalence prospectively to rule o u t "artific ia l" factors. Consistently con­
duct developm ental and ASD screening at given ages w ith  d iagnostic fo llow -up  and docum entation 
o f each step and outcomes.

» Developing methods to track the effects o f inform ation dissemination across parent networks via the 
In ternet or o ther social media.

Panel 3: Autism and Developmental Disabilities (ADDM) Network Data 
Panel Chair: G. Dawson
Panelists: S. Galea, G. McGwin, O. Devine, A. Correa, M . Zack, P. Yoon, M . Maenner, J. Daniels, L. Schieve, 
S. Pettygrove, M . Wingate, J. E. Robison, P. C. Marvin

The questions and discussion o f Panel 3 focused on identify ing  im m ediate, next, and fu tu re  p riorities 
fo r enhancing th e  data collection, analysis, and reporting  o f ASD prevalence and descriptive data by the  
ADDM N etw ork to  betterunderstand  trends.

Q1. What are the top three immediate (next 1 to 2 years) priority analyses needed to understand ASD 
trends using existing ADDM Network data?

Panelists discussed the  fo llow ing  priorities:

• Conducting simulation studies to  predict the anticipated course o f ASD prevalence, inform ed by existing 

ADDM Network data, by

» Identify ing and using more complex, nuanced m odeling approaches to  simultaneously examine 
m ultip le  identifica tion  (intrinsic and extrinsic) and risk factors across cohorts (this w ill be challenging 
because several factors are confounded).

» Using ADDM Network data to inform  assumptions in simulation models o f ASD prevalence trends.
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• Conducting analyses tha t w ill help explain variations in ASD prevalence across geography and subgroups 

by

» Providing inform ation about risk factors related to parental age.

» Examining data on ASD prevalence fo r disparities in identifica tion  to inform  diagnostic and access to 
service needs.

» Comparing changes in ASD prevalence among children w ith  more a narrowly defined autistic dis­
order diagnosis to w ith  those w ith  a broader ASD diagnosis, as autistic disorder m igh t be less in flu ­
enced by increased public awareness.

• Using methods to maximize the num ber o f children w ith  an ASD in the population identified  by the 

ADDM Network by

» Performing additional validation studies including d irect screening and assessment at o ther ADDM 
Network sites and using the results to enhance estimates o f ASD prevalence. [Note tha t a valida­
tion  study in the Atlanta site (Avchen et al., 2010) found tha t the records-based approach had good 
specificity bu t low sensitivity ind icating tha t ADDM Network ASD case classifications are consistent 
w ith  clinical exam ination, but tha t some children w ith  ASDs are not identified  using current methods. 
Therefore, ADDM Network prevalence estimates likely underestimate ASD prevalence.]

Q2. What are the top three (within 3 to 5 years) priority analyses needed to understand ASD trends us­
ing existing ADDM Network data?

Panelists discussed th e  fo llow ing  potentia l next priorities:

• Conducting analyses to better understand ASD prevalence trends and current and fu tu re  needs o f ado­
lescents and adults w ith  an ASD by

» Examining an o lder cohort to  better understand the changes in prevalence over time. This could be 
done by

* Surveying a previously-characterized co h o rt o f 8-year-olds when they are o lder to  dete rm ine  
i f  prevalence estim ates are the  same in th is  co h o rt at o lde r ages.

» Identify ing methods fo r estim ating lifetim e prevalence and characterizing developm ental trajectories 
by

* Examining how ASD sym ptom  presenta tion  may change across cohorts  and ind iv idua ls  across 
the  lifespan.

* Id en tify ing  m ethods to  exam ine the  effects o f early in te rven tion  and w he th er changing sym p­
tom  profiles may have on ASD prevalence estimates.

» Conducting studies o f ASD prevalence among adults by

* Id en tify ing  app ropria te  m ethods fo r characteriz ing  ASD prevalence at d iffe re n t ages.

* Addressing the  ethica l concerns o f id e n tify in g  adu lts w ith  an ASD w ho may n o t w an t tha t 
classification.

* Characterizing outcom es and service and su pp ort needs.

» Using ADDM Network data to  better understand risk factors fo r ASDs by
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* Recognizing th a t ADDM N etw ork data m ig h t n o t be w ell-designed to  exam ine risk factors 
at the  ind iv id ua l level; however, use the  data to  characterize w he ther some risk factors have 
changed am ong the  popu la tion  and correlate to  ASD prevalence changes.

Q3. Can the ADDM Network be enhanced to better answer questions about changing ASD prevalence? 
If  yes, how? If  no, why not and what else is needed?

Panelists discussed building on the  existing ADDM N etw ork in frastructu re  by

• Developing ways o f better capturing the heterogeneity and com plexity o f ASD phenotypes.

• Expanding ADDM Network dataset linkages to o ther datasets (e.g., health, education, service, environ­
mental data) to  enrich data completeness and use fo r exam ining risk factors.

• Collecting fo llow -up  data on cohorts studied previously at later ages to better understand trends over 

tim e and outcomes.

• Collecting more extensive data as part o f ongoing surveillance using additional methods such as direct 
screening and diagnostic confirm ation to obtain the most com plete estimates o f ASD prevalence in the 

U.S.

Panel 4 -What Else Is Needed To Understand ASD Trends?
Panel Chair: M. Durkin
Panelists: K. Crider, E. Susser, C. Lawler, C. Tanner, M . King, S. Shapira, D. Schendel, J. Nicholas,
W. M cM ahon, J. Constantino, C. Newschaffer, L. Perner, M . Blaxill, E. London, G. Windham,
K. Merikangas

Panel 4 engaged in an open discussion on some o f the  "b ig  p ic tu re" issues related to  understanding ASD 
trends, including w he th er it is possible to  fu lly  understand reasons fo r ASD prevalence increases, ways to  
move fo rw ard  w ith  collaborations and new m ethods, and w ha t else could be done to  im prove th e  under­
standing o f ASD trends.

Q1. Can the question of the relative contribution of identification or risk factors, or both, on ASD preva­
lence during the last 20 years be answered? If  not, why not? If yes, what are the three primary ques­
tions that need to be addressed by epidemiology?

Panel m em bers offered a range o f perspectives on w he th e r it w ill ever be possible to  understand the  rela­
tive  con tribu tions o f iden tifica tion  and risk in increasing ASD prevalence. There was agreem ent th a t the  
ASD prevalence is a huge public health problem  and th a t many individuals and fam ilies are affected g lob­
ally. Panel m em bers did no t agree about w he th e r it was possible ever to  understand fu lly  all th e  reasons 
behind increasing ASD prevalence. One panelist asserted th a t th e  question already has been answered:
Of course th e re  has been an increase because th e re  has an increase in the  num ber o f cases and autism  is 
an epidem ic and needs to  be trea ted  as a public health emergency. Others noted th a t autism  is a d isor­
der o f social behavior and th a t trends over tim e  in its frequency are affected by corresponding changes 
in social context, perceptions, awareness, knowledge, d iagnostic practices, and availability o f services. 
However, th e re  was a general sense th a t it is possible to  move fo rw ard  and to  be m ore specific in docu­
m enting  potentia l reasons fo r ASD prevalence trends. Several challenges w ere m entioned, such as insur­
m ountab le  m easurem ent error, overlap and confounding o f m u ltip le  iden tifica tion  and risk factors, and 
poorly  defined subtypes w ith  lim ited  in fo rm ation  on biological underpinnings to  explain phenotypes. It is 
unlikely th a t prevalence trend  data w ill explain the  e tio logy o f a complex set o f conditions, such as ASDs, 
bu t these data can ide n tify  clues fo r fu rth e r m echanistic studies (e.g., increased risk by sex, geography, 
and b irth  characteristics). By b e tte r understanding w ha t causes autism , maybe w e can understand the
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increases in measured prevalence. In add ition, panelists noted th a t we need m ore c larity  on phenotypes, 
expression across the  lifespan, and trends in o th e r conditions. Others th o u g h t tha t, a lthough we m ight 
no t be able to  use prevalence data to  make discoveries about how  to  prevent or cure ASDs, we can use 
prevalence data to  assess needs and im prove the  lives o f those affected by ASDs. This could lead to  a 
focus on services and figuring  o u t how  to  im prove iden tifica tion  and access to  such services.

Q2. How can efforts to understand ASD trends be informed by other fields or conditions (e.g., com­
parison with other conditions, sharing methodology, analytic techniques, etc.)? How can that best be 
accomplished?

Panelists discussed several potentia l collaborations, including:

• Comparing ASD prevalence trends to trends in o ther neurodevelopm ental disorders.

• Collaborating w ith  scientists investigating epigenetic effects in cancer and o ther fie lds to better under­

stand gene-environm ent interactions in neurodevelopm ent.

• Examining subgroups o f children w ith  an ASD (e.g., children w ith  fragile X syndrome and ASD) to deter­

m ine if  there are specific risk factors th a t can be identified  among these children w ith  increased risk for 

developing ASD.

• Analyzing new bioinform atics and com putational tools and approaches to better understand com pli­
cated systems and interactions.

• Conducting translational research because existing ASD criteria are not mapped to b io logy and etiology. 

Translational investigators could help bridge the gap between diagnostic criteria and biology.

Q3. What else is needed to understand reasons for trends?

During th e  discussions fo r Questions 1 and 2, several propositions w ere made fo r b e tte r understanding 
ASD prevalence trends, including:

• Seeking pub lic -p riva te  partnerships to support data collection, analyses, and usage o f data.

• Providing fund ing opportun ities to encourage use o f existing datasets.

• Expanding use o f analytic techniques fo r examining population trend data by

» Using m odeling approaches to  supplem ent observed data.

» Comparing m ultip le  identifica tion  and risk factors tha t m ight contribu te  to prevalence changes.

• Expanding ASD prevalence efforts to  include very young children and adults.

• Understanding patterns in ASD prevalence among subgroups (e.g., subtypes, males and females, geo­
graphic variation, com orbidities) to  evaluate w hether changes likely are due to identifica tion  or risk fac­
tors:

• Expanding the m ethodology fo r looking at ASD prevalence by

» Developing methods to conduct cross-sectional studies across successive b irth  cohorts tha t sim ulta­
neously ascertain parent-reported descriptions o f developm ental characteristics, intellectual func­
tion ing , ASD and com orbid symptoms, research diagnosis (categorical or observational), com m unity 
diagnoses, and fam ily characteristics (sibling recurrence).

• Understanding and im proving ASD identifica tion  by

» Measuring ASDs dim ensionally and quantify ing the traits th a t make up the ASDs.
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» Measuring any overlap w ith  o ther conditions and typical developm ent, determ ining if  is there a con­
tinuum  o f symptoms.

» Im proving tools fo r cu lturally  sensitive screening and case confirm ation among large populations.

» Developing methods fo r measuring d isability  and m onitoring functiona l lim itations in individuals 
w ith  ASD.

» Using data on identifica tion  o f ASDs to identify  gaps and improve com m unity practice.

• Im proving com m unity  engagem ent and com m unication between individuals and families affected by 

autism, professionals providing services fo r people w ith  autism, researchers, and policy makers by

» Fostering broader understanding o f the strengths and challenges associated w ith  ASDs so people 
w ith  ASDs have access to the com m unity.

» Utilizing ASD prevalence estimates to develop programs and practices tha t support the positive 
developm ent o f people w ith  ASDs.

» Realizing tha t autism is not an academic issue fo r the many individuals and families affected by ASD, 
and listening to the concerns o f parents o f children and individuals w ith  an ASD.

» Sharing inform ation  w ith  leadership and policy makers to respond to this health crisis.

• Making sure public health is part o f the Interagency Autism Coordinating Com m ittee (IACC) Strategic 

Plan and inpu t is sought from  a range o f stakeholders via annual research plan updates.

• Noting that, w hile  trends are im portant, understanding them  m ight require a better understanding o f the 

e tio logy and heterogeneity o f autism, as well as changes over tim e in d iagnostic practices. These goals 

can be achieved by

» Advancing basic science on bio logic and environm ental mechanisms.

» Increasing the types o f study methods used in research and service studies such as

* C onducting  prospective  studies th a t exam ine b io logy, phenotypes, id e n tifica tio n  patterns, 
and service needs and use.
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Appendix A: Workshop Agenda
Workshop on U.S. Data to Evaluate Changes in the Prevalence 
of the Autism Spectrum Disorders (ASDs)
Co-Sponsored by th e  N ationa l Center on B irth  Defects and D eve lopm enta l D isabilities,
Centers fo r  Disease C ontrol and Prevention  (CDC) and A utism  Speaks

Tuesday, February 1, 2011 
Location: Centers for Disease Control and Prevention,
Tom H arkin  G lobal C o m m u n ica tio n s  Center, 1600 C lifto n  Road, N.E., A tla n ta , G eorgia 

B u ild ing  19, A u d ito r iu m  B1/B2

7 :3 0 -8 :0 0 ............................. Check-in

8 :0 0 -8 :0 5 ............................. W elcom e —  C. Boyle and G. Dawson

8 :0 5 -1 0 :0 0 ...........................Background and purpose

• W hat do  w e kn o w  a b o u t ASD prevalence? —  M. Yeargin-Allsopp 

» G eneral su m m a ry  o f ASD preva lence

• Fram ew ork fo r th is  m eeting  —  C. Rice

» W h a t m ig h t be in flu e n c in g  te m p o ra l p a tte rn s  in p reva lence?

* In trin s ic  Id e n tif ic a tio n  -  m e th o d o lo g y /m e a s u re m e n t

* Extrinsic Id e n tif ic a tio n  - (aw areness and c lass ifica tion )

* Risk -  (m u ltip le  b io lo g ic  and e n v iro n m e n ta l)

» Q uestions to  address (For U.S. serv ice  da ta , A D D M , and th e  fie ld , m o re  genera lly )

* W h a t w e  can do  now ? (analysis w ith  ex is ting  da ta)

* W h a t shou ld  w e  do  next?  (b u ild in g  on ex is ting  da ta  system s)

* W h a t else is needed? (analyses, data  c o lle c tio n , o the rs )

• 8 :3 0 -8 :4 5 .............A m ode fo r assessing th e  c o n tr ib u tio n  o f  various risk fac to rs  to  recent ASD prevalence
increase in th e  U.S. —  L. Schieve

» Examples using se lected  p rena ta l and p e rin a ta l risk fac to rs .

• 8 :4 5 -9 :0 0 .............ASD gene tic  va ria tion  and g e n e -e n v iro n m e n t in te ra c tio n  —  K. C rider

• 9 :0 0 -9 :4 5 .............Examples o f analyses in progress fro m  th e  A u tism  and D eve lopm enta l D isabilities
M o n ito rin g  (ADDM) N e tw ork

» A D D M  N e tw o rk  O ve rv ie w  —  C. Rice

» Changes in ASD d iagnostic  c rite ria

» Parental age, dx age, SES —  M . D urk in

* H ypothesis

* M e th o d s

* F indings

* W h a t else cou ld  be don e  to  u n ders tand  ASD tre n d s  using th is  da tase t?

* W h a t else cou ld  be don e  to  u n ders tand  ASD trends?
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1 0 :0 0 -1 0 :5 0 ............................. ASD Trends: U.S. single source datasets (ED and CA DDS data)

• U.S. Special Education Data —  P. Shattuck

• CA DDS Data —  I. Hertz-Picciotto, P. Bearman

» Brief overview  o f evidence o f prevalence changes.

» W hat factors con tribu te  to  the  change in prevalence over tim e? (is it possible to  distinguish the  
relative co n tribu tion  o f various intrinsic iden tifica tion , extrinsic iden tifica tion , a nd /o r risk factors 
influencing prevalence change?)

» W hat are th e  strengths/lim ita tions o f these approaches?

» W hat else could be done to  understand ASD trends using th is  dataset?

» W hat else is needed to  understand ASD trends?

1 0 :5 0 -1 1 :0 5 ...........................Break

1 1 :0 5 -1 2 :3 0 ...........................Lessons fro m  o th e r cond itions  and ana ly tic  m ethodo log ies

• Cancer —  R. Etzioni

• Parkinson's —  C. Tanner

• Asthma —  M. King

• Schizophrenia —  E. Susser

• Simulation Studies —  S. Galea

Given a change in prevalence/ incidence, w ha t has been done to  understand the  reason(s)?

• Brief overview o f evidence o f prevalence changes.

• What factors con tribu te  to the change in prevalence over time? (is it possible to distinguish the relative 
con tribu tion  o f various intrinsic identifica tion, extrinsic identifica tion, and/or risk factors influencing 
prevalence change?)

• What are the strengths/ lim ita tions o f these approaches?

• What lessons may be im portan t when looking at reasons fo r ASD trends?

1 2 :3 0 -1 :0 0 .............................. Open C om m ent

1 :0 0 -1 :2 0 .................................Pick up lunch and tra n s itio n  to  Panel Breakouts

1 :2 0 -2 :4 5 .................................Panel Discussion Breakouts

Panel 1 -  Utility of ASD Prevalence Information (Room 117)
Panel Chair: A. Singer 
Recorder: C. Arneson
Panelists: C. Cunniff, W. Zahorodny, R. Kirby, M . Lopez, R. Grinker, D. M andell*, L. Grossman*,
W. Dunaway, M . Rosanoff, J. Zimmerman, B. Mulvihill, J  Charles

• What does having ASD prevalence inform ation do fo r stakeholders (parents, professionals, people w ith
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ASD, policy makers, service providers)?

• How are stakeholders actually using ASD prevalence information?

• What types o f ASD prevalence inform ation and descriptions o f the population are useful to stakehold­
ers?

• What questions do stakeholders expect epidem iology and prevalence reports, in particular, to answer?

Panel 2 -  Other US-Based ASD Data (Room 255)
Panel Chair: L. Croen 
Recorder: L. King
Panelists: P. Shattuck, P. Bearman, M . Kogan, S. Visser, I. Hertz-Piciotto, L. Miller, A. Bakian, K. Van 
Naarden Braun, L. Lee, T. Baroud, P. Bell, R. Etzioni, Y. Kim

• What are the top  3 im m ediate (1-2 year) p rio rity  analyses needed to understand ASD trends using exist­
ing US-based datasets?

• What are the top  3 next (3-5 year) p rio rity  analyses needed to understand ASD trends using existing US- 
based datasets?

• Can these data systems be enhanced (analyses, data collection, others) to  better answer questions about 
changing prevalence o f ASDs? If yes, how? If no, why not and w hat else is needed?

Panel 3 -  ADDM Network Data (Room 257)
Panel Chair: G. Dawson 
Recorder: K. Phillips
Panelists: S. Galea, G. McGwin, O. Devine, A. Correa, M . Zack, P. Yoon, M . Maenner, J. Daniels, L. Schieve,
S. Pettygrove, M . Wingate, J. E. Robison, P. C. Marvin

• What are the top  3 im m ediate (1 -2 year) p rio rity  analyses needed to understand ASD trends using exist­
ing ADDM data?

• What are the top  3 next (3-5 year) p rio rity  analyses needed to understand ASD trends using existing 
ADDM data?

• Can the ADDM Network be enhanced (analyses, data collection, others) to  better answer questions 
about changing prevalence o f ASDs? If yes, how? If no, why not and w hat else is needed?

Panel 4 -What else could be done to understand ASD Trends? 
(Room B1/B2)
Panel Chair: M. Durkin 
Recorder: R. Fitzgerald
Panelists: K. Crider, E. Susser, C. Lawler, C. Tanner, M . King, S. Shapira, D. Schendel, J. Nicholas,
W. M cM ahon, J. Constantino, C. Newschaffer, L. Perner, M . Blaxill, E. London, G. Windham, K. Merikangas

• Can the question o f the  relative con tribu tion  o f identifica tion  and/or risk factors on ASD prevalence in 
the  last 20 years be answered?

» If not, why?

» If yes, w ha t are the  3 prim ary questions w hich need to  be addressed by epidem iology?

• How can the ASD fie ld  w ork w ith  o ther fie lds /  conditions to  evaluate trends (comparison to o ther condi­
tions, sharing m ethodology, analytic techniques, etc.)? How best can tha t be accomplished (give specific
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conditions w ith  possible analyses/activities)?

• What else is needed fo r the ASD larger fie ld  to understand reasons fo r trends?

2 :4 5 -3 :0 0 ............................. Break

3 :0 0 -5 :0 0 ............................. R eport fro m  Each Panel (Aud A)

Facilitator: P. Yoon

• 3 :00-4 :45  For Panel 1, 2, 3, and 4

» 10 m inu te  sum m ary rep o rt fo r each panel 

» 15 m inu te  Larger Panel Discussion

• 4 :45 -5 :00  Meeting adjournm ent



Appendix B: Panelist Biographies
Am anda V. Bakian, MS, PhD, is the  epidem io log ist and data m anager fo r th e  Utah Registry o f Autism  and 

Developm ental Disabilities (URADD) and th e  Utah ADDM N etw ork site. She has collaborated on a variety 

o f research studies investigating th e  prenatal, perinatal, neonatal, socio-dem ographic, and environm enta l 
risk factors associated w ith  ASDs and intellectual disabilities.

Thaer Baroud, BSN, M A , M H S A , is a senior epidem io log ist w ith  the  Arkansas com prehensive tobacco 

contro l program  and he is the  epidem io log ist fo r  the  Arkansas ADDM N etw ork site. He has w orked as an 

epidem io log ist at the  Arkansas Center fo r Health Statistics.

Peter Bearman, PhD, is the  D irector o f the  Lazarsfeld Center fo r th e  Social Sciences, the  Cole Professor 
o f Social Science, and Co-D irector o f the  Health &  Society Scholars Program at Columbia University. He is 
cu rren tly  investigating the  social dete rm inants o f th e  autism  epidem ic. He has researched topics includ­

ing adolescent sexual networks, netw orks o f disease transm ission, genetic influences on same-sex p re fer­
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