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Abstract

An independent validation was conducted of the Utah Autism and Developmental Disabilities
Monitoring Network’s (UT-ADDM) classification of children with autism spectrum disorder
(ASD). UT-ADDM final case status (n = 90) was compared with final case status as determined
by independent external expert reviewers (EERS). Inter-rater reliability (ICC = 0.84), specificity
[0.83 (95 % CI 0.74-0.90)], and sensitivity [0.99 (95 % CI 0.96-1.00)] were high for ASD case
versus non-case classification between UT-ADDM and EER. At least one EER disagreed with
UT-ADDM on ASD final case status on nine out of 30 records; however, all three EERs disagreed
with UT-ADDM for only one record. Findings based on limited data suggest that children with
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ASD as identified by UT-ADDM are consistently classified as ASD cases by independent autism

experts.
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Introduction

The identified prevalence of autism spectrum disorders (ASD) has increased significantly
over the last decade according to the Centers for Disease Control and Prevention’s Autism
and Developmental Disabilities Monitoring (ADDM) Network (Centers for Disease Control
and Prevention 20074, b, 2009, 2012, 2014). The ADDM Network’s most recent estimate
identified 1.47 % of 8-yearold children (one in 68) with an ASD in 2010 (Centers for
Disease Control and Prevention 2014). A strength of the ADDM Network surveillance
approach is that prevalence estimates are derived from a common methodology which is
applied across study years by participating sites (Van Naarden Braun et al. 2007), thereby
minimizing comparison errors based on variations in methodology. The approach uses a
multisource, retrospective records review of existing health records (e.g. diagnostic and
developmental assessments from psychologists, child psychiatrists, neurologists,
developmental pediatricians, physical therapists, occupational therapists, speech/language
pathologists) and, when available, education records. The Diagnostic and Statistical Manual
of Mental Disorders, 4th Edition, text revision (DSM-IV-TR) (American Psychiatric
Association 2000) is used to define ASD case status. Children with ASD are identified
according to DSM-IV-TR criteria through an independent clinician review of the
developmental information in the records. An evaluation of the approach suggests that it is a
cost-effective alternative to conducting a complete population screening and diagnostic
clinical assessment of ASD (Van Naarden Braun et al. 2007). In a validation study, Avchen
et al. (2011) reported fairly high specificity [0.96 (95 % CI 0.94-0.99)], positive predictive
value [0.79 (95 % CI 0.66-0.93)], and negative predictive value [0.91 (95 % CI 0.87-0.96)]
of the ADDM surveillance methodology compared to direct clinical assessment. The low
sensitivity measured in the study [0.60 (95 % CI 0.45-0.75)] suggests that prevalence
estimates derived from the ADDM-based ASD surveillance approach are conservative.

Despite the effort to maintain consistent methodology over time within and across ADDM
sites, significant variation has been measured in ASD prevalence estimates between sites. In
2008, the Utah ADDM site (UT-ADDM) reported the highest estimated ASD prevalence
(21.2 per 1,000 or 1 in 47) among all 14 participating sites (Centers for Disease Control and
Prevention 2012), significantly exceeding prevalence estimates at all but two other sites
(Arizona and New Jersey).

The complex nature of ASD, the absence of a biological marker, changes in diagnostic
practices over time, and variation in the availability of diagnostic services complicates the
pursuit of finding accurate ASD prevalence rates (Liptak et al. 2008). However, it is
paramount that community diagnosticians, stakeholders and the general public have trust in
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the accuracy of the prevalence estimated by public health entities. In light of these
challenges and UT-ADDM'’s comparatively-high estimated ASD prevalence, a small
validation study was conducted to compare ASD final case status as determined by UT-
ADDM with ASD case status as determined by community provider, independent external
expert reviewers (EERS). This study’s objectives were: (1) to measure agreement between
UT-ADDM and EERs on final case status, ASD subtype classification (autism vs. ASD-
NOS), degree of case certainty, and degree of case impairment; and (2) to examine
characteristics of the records on which there was disagreement in ASD final case status
between UT-ADDM and EERs.

ADDM Network Surveillance Approach

In study year 2008 (SY2008), the UT-ADDM site implemented a surveillance methodology
common to the ADDM network that is based on the CDC’s Metropolitan Atlanta
Developmental Disabilities Surveillance Program (MADDSP) model to identify children
aged 8 years with ASD. The MADDSP and ADDM surveillance methods have been
described in detail elsewhere (Centers for Disease Control and Prevention 2007a, b, 2009;
Rice et al. 2007; VVan Naarden Braun et al. 2007; Yeargin-Allsopp et al. 2003). ASD case
determination was conducted in two phases: (1) screening and abstraction of records at
multiple data sources in the community; and (2) de-identified abstracted composite
evaluation files were reviewed by trained clinicians to determine ASD final case status.

Phase I: Screening and Abstraction

In the first phase, evaluation records from a population of 8-year-old children residing in a
continuous geographical region of Utah (n = 2,123) were screened to identify a subset of
children previously identified with ASD, suspected of having ASD, or exhibiting social
symptoms of ASD. Multiple types of data records were screened including (1) educational
records that described eligibility for special education services, and (2) health records that
might have included diagnostic and developmental assessments from a variety of providers
(e.g., psychologists, child psychiatrists, developmental pediatricians, educational
specialists). Children’s records were screened to confirm that the children belonged to the
2000 birth cohort and were residents of the surveillance area at age eight in 2008. Next,
eligible records were screened for ASD “triggers” which included any mention of a
community diagnosis of autism or social behaviors associated with ASD (e.qg., prefers to
play alone, does not make eye contact). Following the identification of an ASD trigger,
developmental information from birth through age eight was abstracted (n = 613 health
evaluations, n = 458 educational evaluations) and merged into a single composite record for
each child (n = 151). Ten evaluations were abstracted on average per child.

Phase II: Clinician Review

In the second phase, the composite record was reviewed by two UT-ADDM CDC-trained
clinician reviewers to determine ASD final case status. ASD final case status was
operationalized into three categories: Confirmed Case, Suspected Case, or Does Not Qualify
(DNQ). A child met the ADDM case definition of Confirmed Case if he or she displayed
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behaviors documented in the composite evaluation that were consistent with the DSM-IV-TR
criteria for Autistic Disorder, Pervasive Developmental Disorder-Not Otherwise Specified
(PDD-NOS) including Atypical Autism, or Asperger’s Disorder. For children meeting the
surveillance case definition of Confirmed Case, two subtype classifications were
operationalized: Autistic Disorder or Autism Spectrum Disorder-Not Otherwise Specified
(ASD-NOS). Children meeting the definition of the Autistic Disorder subtype exhibited at
least six DSM-IV-TR criteria distributed across at least two social, one communication, and
one behavior criteria. Evidence was also required of a developmental delay preceding 3
years of age. Children meeting the definition of the ASD-NOS subtype exhibited at least one
social criterion and one communication or behavior criterion. For ASD-NOS, an additional
feature considered indicative of ASD was required beyond the DSM-IV-TR criteria, such as
loss of social or language skills, seeming oblivious to adults or others in the presence of a
clear social opportunity, or experiencing a consistent preoccupation with a narrow and
unusual interest.

In addition to coding the number and pattern of DSM-IV-TR criteria present in the composite
records, UT-ADDM clinician reviewers rated the record’s overall quality (scale of 1-5 from
poor to excellent). Record quality was judged on the amount and detail of information in the
record that could be used to confirm or rule out ASD. For Confirmed or Suspected cases,
UT-ADDM clinician reviewers also recorded their impression of the child’s level of
impairment (scale of 1-5 from mild to severe), and their degree of certainty (scale of 1-5
from not sure to very sure). A degree of certainty score of at least “4” was required from the
primary reviewer for a child to be included as an ASD case without further review. If a child
met the ADDM ASD case definition but the clinician reviewer’s degree of certainty was
between “1” (“not sure”) and “3” (“somewhat sure”), then a second review was conducted
by a UT-ADDM clinician reviewer. Following the completion of both reviews, the first and
second reviewers discussed the record and established consensus on the record’s final case
status and additional measures including degree of certainty, level of impairment, and
overall record quality.

Selection of Records and External Expert Review

Thirty records with a final case status of ASD (subtype classification: n = 26 Autistic
Disorder: n =4 ASD-NOS), 30 records with a final case status of suspected ASD, and 30
records with a final case status of DNQ were randomly selected for EERs from the 151 total
composite records reviewed by UT-ADDM clinicians in SY2008. The EERs did not directly
assess in person the children from whom these records were derived. External expert
reviewers included a child psychiatrist (EER1), a child psychiatrist/pediatrician (EER2), and
a pediatrician (EER3), who all had long-term clinical experience in the field of autism and
are considered experts in diagnosing ASD. The EERSs, blinded to ADDM final case status,
evaluated the 90 randomly selected UT-ADDM composite records and reported their clinical
impressions on a coding form developed for this study (see “Appendix”). They were
requested to determine final case status (Confirmed Case, Suspected Case, or DNQ), and
ASD subtype (Autistic Disorder or ASD-NOS). EERs also recorded quality of the composite
record using a rating scale similar to the ADDM scale (1-5 from poor to excellent). For final
case status of suspected or DNQ, EERs were asked to specify the most applicable reason for
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their decision from the following: insufficient information, conflicting information, could be
or clearly could be accounted for by another disorder, sufficient information to rule out an
ASD, or other reason. If the reported behaviors could be explained by an alternative
disorder(s), the EERs were asked to specify. No secondary or consensus review process was
implemented among EERs.

Statistical Analysis

Results

UT-ADDM versus EER final case status inter-rater reliability was measured using intraclass
correlations (ICC). Agreement was reached on final case status between UT-ADDM and
EER when the final case status of all three EERs matched UT-ADDM’s final case status.
When the final case status of at least one EER differed from UT-ADDM’s final case status,
the case was considered to be discordant. ASD final case status was also collapsed into two
categories: case (Confirmed case) versus non-case (Suspected and DNQ). Inter-rater
reliability was measured for three-level final case status (Confirmed case vs. Suspected case
vs. DNQ), two-level final case status (case vs. non-case), non-case final case status
(Suspected case vs. DNQ), and ASD subtype (Autistic Disorder vs. ASDNOS). The clinical
sensitivity, specificity, positive predictive value (PPV), and negative predicative value
(NPV) of EER review using UT-ADDM as the gold standard were estimated for two-level
final case status (case vs. non-case) from a 2 x 2 table. These values are referred to as
clinical estimates of sensitivity, specificity, and predicted value because the comparison is
between two clinician review approaches and not, as is traditional, two tests. Differences in
characteristics between Confirmed cases with discordant agreement between EER and UT-
ADDM were compared using Fisher’s Exact test for categorical variables and t tests for
continuous variables. Analyses were conducted in the R system for statistical computing (R
Core Team 2011) or in SAS version 9.3 (SAS Institute, Cary NC). An alpha level of 0.05
was selected to indicate significance for all statistical tests.

Table 1 reports the inter-rater reliability calculations between the external expert reviewers
and UT-ADDM. Inter-rater reliability was high between UT-ADDM and EER for two-level
final case status (case vs. non-case): F (89, 270) = 21.6, ICC = 0.84 (95 % CI1 0.79-0.88), p
< 0.001. Whereas, poor agreement was measured for three-level final case status (Confirmed
case vs. Suspected case vs. DNQ): F (89, 270) = 6.19, ICC =0.57 (95 % CI1 0.47-0.66), p <
0.001. Poor agreement was measured for ASD subtype classification (Autistic Disorder vs.
ASDNOS): F (20, 63) = 2.64, ICC =0.29 (95 % CI 0.08-0.55), p = 0.002, and agreement
was null for noncase classification (Suspected Case vs. DNQ) between UT-ADDM and
EER: F (57, 174) = 0.89, ICC = -0.03 (95 % CI —-0.11-0.09), p = 0.69. Overall, measures of
clinical sensitivity [0.70 (95 % CI 0.51-0.85)], specificity [0.97 (95 % CI 0.88-1.00)],
positive predicted value [0.91 (95 % CI 0.72-0.99)], and negative predicted value [0.87 (95
% CI 0.76-94)] were fairly high.

At least one of the EERs disagreed with UT-ADDM on ASD final case status in nine out of
30 records that UT-ADDM classified as a Confirmed case. This represents a fair bit of
disagreement across individual EERs. However, for only one Confirmed case did all three of
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the EERs disagree with UT-ADDM. For this child, all EERs classified the child’s status as
“Suspected ASD” with multiple other disorders (i.e., intellectual disability, mood disorder,
language delays) creating a complicated diagnostic picture. Table 2 presents composite
record-level characteristics of the 21 records with a UT-ADDM final case status of
Confirmed case for which there was perfect agreement between UT-ADDM and all three
EERs, and the nine records with a UT-ADDM final case status of Confirmed case for which
there was disagreement between UT-ADDM and at least one EER. Twenty-five out of the
30 children that were Confirmed ADDM ASD cases were male. Nineteen out of 21 (90 %)
of the Confirmed cases for which there was agreement between UT-ADDM were male and
six out of nine (67 %) of the Confirmed cases for which there was disagreement were male.
Of the 21 Confirmed cases for which there was agreement between UT-ADDM and EERSs,
62 % had a previous diagnosis of ASD on record and 43 % had an autism special education
eligibility on record. Only 22 % of the nine Confirmed cases for which there was
disagreement between UT-ADDM and EER had a previous ASD diagnosis on record and
only 11 % had an autism special education eligibility. However, no statistically significant
differences in characteristics were found between Confirmed cases for which there was
agreement versus disagreement between EER and UT-ADDM (Table 2). In addition, there
were no differences in mean 1Q score between the Confirmed cases on which there was UT-
ADDM and EER agreement (mean 1Q = 75.4, SD = 17.4) versus the Confirmed cases on
which there was UT-ADDM and EER disagreement (mean 1Q = 64.5, SD =22.14; p=
0.23). “Other disorder(s)” was indicated by at least one of the EERs on eight out of nine
discordant records as a reason for not confirming the child as an ASD case. Alternative
health conditions suggested by the EERs to explain the child’s observed behavior included
intellectual/cognitive disability (5/9), anxiety (3/9), or language impairment (2/9).
Insufficient information was also indicated as a reason for not confirming the child as an
ASD case on eight out of nine discordant records. The average record quality was 4.16 for
the 21 UT-ADDM Confirmed cases for which there was agreement between UT-ADDM
and EER while the average record quality was 2.89 for the nine UT-ADDM Confirmed
cases on which UT-ADDM and EER disagreed. Finally, EERs and UT-ADDM agreed on
final case status for 58/60 non-cases (includes Suspected and DNQ). The two children
confirmed as ASD cases by EER but not UT-ADDM were both classified as an ASD case
by only one out of three EERs.

Discussion

Two-level final case status (case vs. non-case) inter-rater agreement and corresponding
clinical specificity, sensitivity, positive predictive value, and negative predictive value were
fairly high between UT-ADDM and the three EERSs providing convergent validation of the
ADDM method for identifying children with ASD. In our study, among UT-ADDM
Confirmed cases, at least one EER agreed with UT-ADDM clinician review on ASD final
case status in 29 out of 30 records. Disagreement among EERs on final case status
determination in nine out of 30 ADDM identified children with ASD indicates a somewhat
high level of variation across individual EERs. Reasons cited by the EERs for not
confirming the nine discordant cases as ASD included insufficient information and the
presence of other disorders. Discordant records were also of low average quality compared
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to the 21 Confirmed cases on which there was agreement between UT-ADDM and the three
EERs.

While two-level final case status inter-rater reliability between UT-ADDM and EER was
excellent, characteristics of Utah’s ASD cases could make it difficult for EERs to confirm
ASD case status through a retrospective record review process alone. Several key
characteristics of UT-ADDM ASD cases differ from ASD cases identified at other SY2008
ADDM sites (Centers for Disease Control and Prevention 2012) and from cases described in
previously published ASD studies (e.g. Fombonne 2009). Utah, along with the New Jersey
ADDM site, identified a higher proportion of children with intellectual quotients (1Q) above
70 compared with any of the other sites participating in the ADDM network in SYY2008.
Eighty-seven percent of the UT-ADDM cases had an 1Q >70 compared with 62 % of cases
across all ADDM sites combined. Although ASD prevalence estimates were significantly
higher for boys than girls among all ADDM sites combined (p < 0.01), the male-to-female
prevalence ratio was lower in Utah (2.7) compared with all ADDM sites combined (4.6).
Despite some differences in the characteristics of Utah’s ASD cases compared with other
ADDM sites, no statistically significant differences in sex and average 1Q were detected
between Confirmed cases for which there was agreement and Confirmed cases for which
there was disagreement between UT-ADDM and EER. This, as well as the high two-level
final case status agreement measured between UT-ADDM and EER, suggests that the
ADDM method is robust to variation in underlying case characteristics for ascertaining
ASD.

We were not surprised to measure poor inter-rater reliability for ASD subtype (Autistic
Disorder vs. ASD-NOS) between UT-ADDM and EER. The ADDM record review
methodology is not intended to classify clinically-meaningful ASD subtypes, although the
diagnostic subtypes indicated by community providers on comprehensive evaluations were
reported in publications of prevalence findings (Centers for Disease Control and Prevention
2009, 2012, 2014). Even among research and clinical practices involving highly trained
ASD diagnosticians distinguishing among ASD subtypes (Autistic Disorder, PDD-NOS, and
Asperger’s Disorder) is known to be inconsistent (Lord et al. 2012; Risi et al. 2006).
Changes to ASD classification in the newest iteration of the American Psychiatric
Association’s ASD diagnostic criteria reflect this finding (American Psychiatric Association
2013).

An evaluation of differences in characteristics between records from UT-ADDM Confirmed
cases for which there was agreement versus disagreement between UT-ADDM and EER
found that a larger proportion of records on which there was agreement had previous
indications of an ASD diagnosis and/or an autism special education classification, although
these differences did not reach statistical significant. Discordant records were of lower
average quality than records on which there was agreement. In addition, EERs cited
insufficient information and the presence of another disorder as reasons for not classifying a
child as a case. Overall, each individual EER identified fewer ASD cases than UT-ADDM.
The reasons, cited above, that EERs provided for not confirming a child as an ASD case
suggest that expert clinician review of retrospective records was conservative relative to UT-
ADDM.
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The measured prevalence of ASD varied widely across ADDM sites in 2008 (Centers for
Disease Control and Prevention 2012). Although this study focuses on a single site that
participated in the ADDM network in 2008, our findings concerning disagreement between
EER and ADDM clinician reviewers may shed light on potential reasons for this
phenomenon. Our study found that insufficient information and record quality influenced
the EER’s determination of final case status. The amount and quality of the information
contained in a child’s composite record is known to vary across ADDM sites (Van Naarden
Braun et al. 2007) and has been suggested as an important factor driving variation and
change in the measured prevalence of ASD in the ADDM network (Rice et al. 2010). In
addition, disagreement in final case status determination among individual EERs and
between EER and UT-ADDM may reflect the variability that exists, even among clinical
experts practicing within the same community, in ASD diagnostic threshold based on a
records review process. As such, this study’s findings highlight the importance of having a
clear and consistent records review process shared across ADDM sites, the fidelity of which
is maintained by regular reliability exercises.

A number of researchers have suggested that increases in ASD prevalence estimates are a
result, in part, of diagnostic substitution and accretion (i.e., increasingly diagnosing autism
in addition to other conditions previously diagnosed) (Bishop et al. 2008; King and Bearman
2009; Shattuck 20063, b). Although not the focus of this study, several of the discordant
cases involved children for which co-morbid intellectual disability, language impairment,
sensory and/or psychiatric disorders were noted by the EERs as alternative health
conditions. This indicates that clinical complexity may have impacted the EER’s case
determination.

This study has several strengths including the evaluation of data collected in Utah as part of
a population-based assessment of ASD prevalence. The strong agreement measured between
UT-ADDM and EER on ASD final case status provides validation of the ADDM method to
identify ASD cases which serve as the basis for estimating ASD prevalence in Utah. As
ongoing clinician review quality control procedures are conducted among ADDM sites to
enable comparisons of final case status across the ADDM Network, our Utah validation
findings could have network-wide implications toward providing confidence in clinician
review determination of ASD final case status at other ADDM sites. At the same time, some
weaknesses are noted, including this study’s relatively small sample size. Also, validation
was conducted using retrospective review of pre-existing records instead of via an
independent clinical exam as was conducted in a previous ADDM Network validation study
(Avchen et al. 2011).

Obtaining accurate estimates of ASD prevalence is imperative for determining the overall
public health impact of ASD and planning for future diagnostic and treatment services to
assist individuals with this increasingly identified condition. The approach used in this study
was a means to validate UT-ADDM ASD final case status as identified using ADDM
methodology. Overall, our findings suggest that children classified as ASD cases in the
ADDM Network are also likely to be classified as ASD cases by independent experts, and
provides support for UT-ADDM ASD prevalence estimates derived using the ADDM
methodology.

J Autism Dev Disord. Author manuscript; available in PMC 2015 September 28.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Bakian et al. Page 9

Acknowledgments

Surveillance data used for this study were collected under the Grant/Cooperative Agreement UR3DD000685 from
the Centers for Disease Control and Prevention. The findings and conclusions in this report are those of the authors
and do not necessarily represent the official position of the Centers for Disease Control and Prevention.

Appendix
ASD Independent External Expert Review Summary Coding Form

ASD INDEPENDENT REVIEW SUMMARY CODING FORM

STUDYID: Review Date: Time to Review:

Reviewer:

Reviewer rating of quality of record: 1 2 3 4 5
Poor Adequate Excellent

Final ASD Case Definition:
________ Confirmed ASD Case+: ASD Review Classification: _____ Autism ____ ASD-NOS
+Reviewer Degree of Certainty that child is an ASD case:
1* 2% 3* 4 5
Not sure Somewhat Sure Very Sure

+Reviewer Degree of Impairment Associated with ASD:

1 2 3 4 5
Mild Moderate Severe
Suspected Case+: Probable ASD case”* Possible ASD case*

+Reviewer Degree of Certainty that child is an ASD case:
1* 2% 3* 4AN* A%
Not sure Somewhat Sure Very Sure

DNQ After Review *

* Specify most applicable reason if a confirmed case with Certainty (1-3); Suspected Case; or DNQ
After Review

Insufficient information

Conflicting Information

Could be accounted for by another disorder (s) (specify):
Clearly accounted f or by other disorders (s) (specify):
Sufficient Information to rule out an ASD (specify):
Other (specify):
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Intraclass correlations (ICC) and 95 % confidence intervals (95 % CI) between independent external expert
reviewers (EERS) and Utah Autism and Developmental Disabilities Monitoring (UT-ADDM) clinician review

Test ICC 95% ClI pvalue
Case versus non-case@ 0.84  0.79-0.88 <.001
Case versus Suspected case versus DNQP 057  0.47-0.66 <.001
Suspected case versus DNQP -0.03 -0.11-0.09 0.69
Degree of certainty (ordinal scale 1-5)¢ 0.55  034-0.76 <.001
Degree of impairment (ordinal scale 1-5)C 0.08 -0.08-0.33 0.18
0.29 0.08-0.55 0.002

ASD subtype (Autistic Disorder vs. ASD-NOS)C

aIncludes Suspected and DNQ
bDNQ Does Not Qualify

c
Cases only
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Characteristics of records from 30 UT-ADDM Confirmed cases as a function of two-level UT-ADDM versus

EER final case status agreement

Measure Agreement n (%)2 p value®
Yes(n=21) (%) No (n=9) (%)
Previous ASD diagnosis® 13(62) 2(22) 0.11
Special educationd 15(71) 7(78) 0.99
Autism special education® 9(43) 111 0.11
Male 19 (90) 6 (67) 0.14
Reason for EER non-case decision’
Insufficient information - 8 (89) -
Conflicting information - 4 (45) -
Other disorder - 8 (89) -
ASD ruled out - 1(11) -

a
Case versus non-case

b . )
Chi-square goodness-of-fit test p values

[« . h . .
Documentation of a previous ASD diagnosis

d. ... .. . : .
Child eligible for special education services

e . . . . .
Child eligible for autism special education services

f . . )
EERs were requested to explain reason for selecting Suspected case or DNQ as final case status
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