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Abstract

Purpose—The objectives of this study were to describe child characteristics associated with later
autism spectrum disorder (ASD) identification and the health status and educational transition
plans of adolescents with ASD.

Methods—Longitudinal population-based surveillance cohort from the Autism Developmental
Disabilities Monitoring Network during 2002—2018 in 5 catchment areas in the United States.
Participants included 3,148 children born in 2002 whose records were first reviewed for ASD
surveillance in 2010.

Results—Of the 1,846 children identified in the community as an ASD case; 11.6% were first
identified after age 8 years. Children were more likely to have ASD identified at older ages who
were Hispanic; were born low birth weight; were verbal; had high intelligence quotient or adaptive
scores; or had certain co-occurring neuropsychological conditions by age 8 years. By age 16 years,
neuropsychological conditions were common with more than half of children with ASD having

a diagnosis of attention-deficit/hyperactivity disorder or anxiety. Intellectual disability (1D) status
was unchanged for the majority (>80%) of children from ages 8 to 16 years. A transition plan was
completed for over 94% of children, but disparities were observed in planning by ID status.

Conclusion—A high percentage of adolescents with ASD have co-occurring neuropsychological
conditions, markedly higher than at age 8. While most adolescents had transition planning, this
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occurred less often for those with ID. Ensuring access to services for all people with ASD during
adolescence and transition to adulthood may help to promote overall health and quality of life.

Keywords

Autism spectrum disorder; public health surveillance; health care transition; adolescence;
intellectual disability; educational transition planning

Improvements over time in community identification of autism spectrum disorder (ASD)
during childhood have led to an increase in the ASD population that may seek services
and supports.1=3 People continue to be newly identified with ASD into adolescence and
adulthood although there are disparities associated with timing of identification.#> Despite
impairments associated with ASD persisting through the life course, many adolescents
and young adults experience a decrease in supports and services, sometimes called a
“service cliff,” that starts during high school® and continues when they age out of the
school system or no longer can access pediatric health care providers.”:8 Data from the
National Longitudinal Transition Survey-2 (NLTS2) among young adults in 2009 who
received special education under an ASD eligibility found that 37% had never worked nor
attended post-secondary education (e.g., college or vocational training) and few (19%) had
lived independently.® Even with this demonstrated need for planning, the NLTS2 found
that only 58% of children with ASD had an educational transition plan by the federally
required age.®10 Moreover, recent data show children with ASD are more likely to have
co-occurring mental health or other conditions than children without ASD.11: 12 Just 1 in
10 adolescents with ASD had completed health care transition planning recommended by
the American Academy of Pediatrics for all children.3 Beginning planning for transition to
adulthood early in health and education settings may help ensure adolescents are linked to
the necessary supports and services they will need as adults.

Historically, proportionally few federally-funded ASD activities specifically focused on
lifespan issues, including the transition of youth with ASD to adulthood.1#15 Increasing
ASD transition-age research, services, and supports were identified as priority areas in the
2019 Autism Collaboration, Accountability, Research, Education and Support Act, including
calls for surveillance of adolescents and adults with ASD.16:17 The existing data on the
transition period among youth with ASD primarily rely on self-reported survey data limited
to children with an autism special education eligibility, or longitudinal or clinical studies
with small sample sizes; further, the seminal findings from the NLTS2 are based on children
who were adolescents over 2 decades ago.13:18-22

This report marks an expansion of the Centers for Disease Control and Prevention’s ASD
surveillance to capture the adolescence period to help communities identify health care
needs and gaps in transition planning for youth with ASD.23 The aims of this report are to
understand child characteristics associated with later ASD identification (after age 8 years)
and to describe the health status and educational transition plans of adolescents with ASD.
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Methods

Population and Data Collection

Children born in 2002 whose health and education records were reviewed for ASD
surveillance in the 2010 Autism and Developmental Disabilities Monitoring (ADDM)
Network surveillance year (SY2010) were followed-up during the 2018 ADDM Network
surveillance year (SY2018) at age 16 years at five sites (Arkansas, Georgia, Maryland, Utah,
and Wisconsin).23:24 Prior selection for review in SY2010 was based on the presence of
ASD-specific information from special education exceptionalities or health provider billing
codes.24 For SY2018, we reviewed education and health records from 20112018 for these
children and linked these follow-up data to SY2010 data. See sample selection details in
Figure 1. The surveillance activity was determined to be exempt by the CDC Institutional
Review Board (Human Subjects Research 31806).

Case Ascertainment

Children were determined to be ASD cases if they lived in the study area in

2010 and ever had a written statement from a qualified professional diagnosing

ASD on a comprehensive evaluation (e.g., developmental assessment, neurological
evaluation, psychological evaluation, individualized education program), a special education
classification of autism in public school, or an ASD International Classification of Diseases
(ICD) code obtained from administrative or billing information.23

Variable Definitions

Data collected in 2010.—Demographic data from 2002-2010 included sex, race/
ethnicity, and birth characteristics (preterm, low birthweight, and maternal age at birth)
for children with linked birth certificate data.

ADDM Network staff clinicians reviewed evaluations and documented whether children
had ever been diagnosed with attention-deficit/hyperactivity disorder (ADHD), anxiety,
depression, epilepsy, or obsessive-compulsive disorder or had documentation of self-
injurious or aggressive behavior. Whether an ASD diagnosis or special education
classification was ever ruled out in an evaluation was also documented. Scores from most
recent intelligence quotient (1Q) and adaptive composite tests were used to classify children
into cognitive (<70, 71-85, >85) and adaptive functioning (<70 and >70) categories.
Children were considered nonverbal or minimally verbal if any of the following were
identified in the records during clinician review: 1) most recent evaluation at =248 months of
age describing a child as nonverbal; 2) language classified as primarily echolalia or jargon;
or 3) being administered an Autism Diagnostic Observation Scale Module 1 (an assessment
appropriate for nonverbal or minimally verbal children) at age =48 months.

Data collected in 2018.—As some children may have moved from the study area after
2010, limiting the amount of information available during 2011-2018, we documented the
last known period a child resided in the study area as a proxy for available information using
the most recent year of 1) known study area address (from service or other records), 2) a
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comprehensive evaluation, or 3) an Individualized Education Program (IEP). Children with
none of these items were categorized as having an unknown residence location after 2010.

Similar to SY2010, historical and current diagnoses of selected co-occurring
neuropsychological conditions, documented rule-outs of ASD, and most recent 1Q
composite tests were collected from records. Children were considered nonverbal/minimally
verbal or having suicidal behavior/ideation if any evaluation included these descriptions.

The Individuals with Disabilities Education Act (Part B)Z® requires a transition plan by age
16 years that includes an IEP. Select data from IEPs from ages 9-16 years were collected,
including whether a child ever had a transition plan, an assessment of transition needs,

a course of study to meet post-secondary goal(s), and post-secondary goals for education/
training, career/employment, and independent living skills/daily living skills/community
participation.

Analytic Methods

Results

Children with ASD were categorized into younger (< 8 years) and older (9-16 years) age of
identification based on their earliest ASD diagnosis, eligibility, or ICD code. Known child
characteristics at age 8 years were compared for those identified < 8 years versus 9-16
years using Pearson’s chi-square tests or Fisher’s exact tests when cell sizes were <5 for
categorical variables and t-tests for continuous variables.

Among children with = 1 comprehensive evaluation from a health source reviewed during
2011-2018, lifetime occurrence of co-occurring neuropsychological conditions or an ASD
rule out by age 8 years and by age 16 years was estimated. Sex comparisons were made
during both ASD identification time periods using two-sample tests of proportions.

Ninety-five percent confidence intervals (Cls) using the Wilson method were calculated
around percentages for being non-verbal or exhibiting suicidal behavior/ideation by age 16
years. The estimate of children with intellectual disability (ID) (statement from a qualified
professional that a child has an intellectual disability or an 1Q <7026) by age 8 years and the
change in status by age 16 years was calculated among those with an ID assessment before
and after 8 years.

Among children who lived in the study area at age 16 years with = 1 IEP between ages 15—
16 years, the percentage who ever had a transition plan completed was estimated (transition
plan data were unavailable in Wisconsin due to limitations in accessing educational records).
Among the subset of children with = 1 transition plan at age = 15 years, the percentages who
ever had selected components in their transition plan completed were estimated. For all IEP
measures, 95% Cls using the Wilson method were calculated and differences by sex and ID
status were assessed using two-sample tests of proportions. P values <0.05 were considered
statistically significant. Stata SE/17.0 and R were used for data management and analyses.

Of 3,148 8-year-old children whose records were reviewed in 2010 for ASD, by age
16 years, 1,846 were ever identified in the community as an ASD case (Table Al and
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Table A2). While the vast majority were identified by age 8 years, 11.6% (214) were first
identified during ages 9-16 years. Among ASD cases, 87.6% had a clinical diagnosis of
ASD (Table A3).

Children who were non-Hispanic, born with appropriate birth weight, were nonverbal/
minimally verbal, or who had lower 1Q or adaptive scores were more likely to be identified
< 8 years compared to ages 9-16 years (Table 1). A diagnosis of anxiety, depression, or
ADHD, or having = 1 instance of ASD ruled out by age 8 years was associated with later
age of identification.

The percentage of children with ASD with a lifetime occurrence of specific co-occurring
neuropsychological conditions statistically significantly increased from age 8 to 16 years
(Figure 2, Table A4). By age 16, anxiety, depression, and epilepsy, were all more common in
females compared to males. There was a larger increase in the percentage with anxiety from
age 8 to 16 years for females compared to males. By age 16, the most common co-occurring
neuropsychological conditions were ADHD and anxiety. Among all children with ASD,
14.7% had ASD ruled out before ASD was eventually identified with the majority of all
ASD rule outs by age 8 years; there were no sex differences in lifetime occurrence of ASD
ruled out by age 8 or age 16 years (data not shown).

Among children with an 1Q score before and after age 8 years, 32.0% had ID by age 8 years
compared to 36.6% by age 16 years (increase of 4.6%, 95% Cl: 2.1-9.0) (Figure 3). The
same ID status was maintained for 80.2% while 12.2% changed from no ID to having ID
and 7.6% changed from 1D to no ID.

Among children with ASD by age 16 years, suicidal behavior/ideation was noted for 16.8%
(95% ClI: 14.7-19.2) and 14.8% (95% Cl: 12.7-17.1) were nonverbal/minimally verbal (data
not shown).

Of the 332 children who lived in the study area at age 16 years with = 1 IEP at ages 15-16
years, 94.3% (95% ClI: 91.2-96.3) had a least one transition plan associated with an IEP
(data not shown). While no differences in presence of a transition plan were found by sex,
those with ID were less likely to have a transition plan than those without ID (90.0%, 95%
Cl: 84.5-94.9 versus 96.5%, 95% Cl: 93.0-98.3; p = 0.034).

Among children with a transition plan (n=313), over 95% had at least 1 assessment of their
transition needs, course of study to meet their post-secondary goals, and education/training
and career/employment post-secondary goals (Table A5). Only 65.5% (95% CI: 60.1-70.5)
had at least 1 independent living skills/daily living skills/community participation goal.
There were no sex differences in any of these transition planning components (data not
shown). Those with ID were more likely to have an independent living skills/daily living
skills/lcommunity participation goal compared to those without ID (80.9%, 95% CI: 72.6—
87.2 versus 56.2%, 95% CI: 49.2-63.0; p <0.001) (Figure 4).
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Discussion

Early identification of ASD can ensure that children receive evidence-based interventions
to improve developmental outcomes.2” While the majority of children with ASD were
identified by age 8 years, more than 1 in 10 were first identified between ages 9-16 years.
The estimated percentage of children with ASD identified later is lower than reported by
U.S. survey data* (15-19%) or Canadian surveillance (28%); this lower percentage of later-
identified ASD is likely due to the selective follow-up of children living in the surveillance
area at age 8 years who had documented symptoms that could potentially indicate ASD.>
In the U.S. survey, children with mild ASD (as described by parents) were more likely

to be identified later than children whose ASD was described as severe. Similarly, in the
ADDM Network, children who were identified with ASD at older ages were more likely to
be verbal and have higher 1Q and adaptive functioning scores. Delayed ASD identification
may be partly due to less impairment resulting in fewer needs for educational and health
services supports. Diagnostic uncertainty may also contribute to later diagnoses. Children
with ADHD, anxiety, depression, or at least one instance of ASD being ruled out, by age 8
years, were more likely to be identified at older ages than children without these histories.
These neuropsychiatric conditions are common in children with ASD and several of their
diagnostic criteria overlap with ASD:28 the presence of these co-occurring conditions may
impede the ability to distinguish ASD symptoms as manifestations of ASD. Among all
children identified with ASD by age 16 years, approximately 1 in 7 had ASD ruled out
before ASD identification. Lastly, given the lower prevalence of ASD in Hispanic children
in 2010 compared to non-Hispanic children,24 disparities in access to screening, diagnoses,
or educational services may have contributed to Hispanic children being more likely to be
identified after age 8 years.29

Neuropsychological conditions were common in children with ASD and substantially
increased from age 8 to 16 years. Over half of children had a diagnosis of ADHD or
anxiety by age 16 years. These estimates of co-occurring conditions were higher than
those observed in a recent follow-up survey of adolescents with ASD! or in representative
national surveys of all children.30:31 Sex differences were more pronounced by age 16
years with females with ASD being more likely to have anxiety, depression, and epilepsy
compared to males, similar to previous findings.32:33 Further, almost 17% of children with
ASD had indications of suicidal behavior/ideation by age 16 years, likely putting them at
risk for early mortality.3* The frequency of co-occurring neuropsychological conditions in
this population of 16-year-old children with ASD is substantially higher than reported for
the general population of children in this age range, and we observed increased prevalence
during adolescence in this population. Therefore, screening for and management of these
conditions can help clinicians support overall health care transition planning for youth with
ASD:;35 caring for the potentially complex needs of adults with ASD may require providers
to receive additional training. Despite this need, recent evidence suggests there is a lack of
health care transition guidance, especially for adolescents with ASD.11.13

Beyond neuropsychological conditions, many adolescents with ASD will likely need
services and supports across their lifespans given that 15% were non-verbal and 37% had
ID, among other impairments. While some children’s ID statuses changed, overall, ID status
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remained relatively stable through age 16 years with 80% of children maintaining their ID
status during this period. This finding is in contrast to another study showing 1Q gains
during adolescence,38 but indicates that challenges associated with 1D will likely remain in
adulthood.

The vast majority (94%) of children with ASD who were served under a special education
exceptionality had at least one transition plan associated with an IEP, which is substantially
higher than a previous estimate of 58% from an older cohort.? Those without a transition
plan were more likely to have ID, which may be due to less urgency by educators to

meet the deadline of 16 years for children who are more likely to stay in secondary
education beyond age 18 years. Previous research found improved post-secondary outcomes
for students who begin transition planning by age 14 years, giving two additional years

for planning.1% While it was encouraging that most students with ASD received transition
planning by age 16 years, additional attention may be needed to ensure students with
co-occurring ID also complete transition plans by age 16. Schools may also consider starting
the transition planning process earlier; over half of states require an IEP transition plan to be
completed earlier than age 16 years.?

Among those who had at least one transition plan, there was high completion (>95%) across
all the required transition components. However, the post-secondary goal of independent
living skills/daily living skills/community participation, which was non-required, was
completed for only 66% of children. Children with ID were more likely to have this goal
completed compared to children without ID. While optional, this post-secondary goal is
relevant for all children with ASD, and previous surveys show fewer than 1 in 5 children
with ASD will live independently as young adults.® Future analyses to evaluate the content
and quality of post-secondary transition goals could better describe planned trajectories for
children with ASD.

Limitations

Children who had not yet had contact with health or educational developmental specialists
by age 8 years were not included and thus we may have missed children whose first
suspicion of ASD occurred after 8 years of age, and our sample may not be representative
of all children identified with ASD by age 16 years. Next, lack of data in SY2018 could

be because the child no longer lived in the study area or no longer received services where
records were reviewed or was able to function without the need for services and thus
potentially biasing the population to those with higher needs among those with ASD; some
data elements had higher levels of missingness due to variable completion in records. Thus,
there may be selection bias in the sample where follow-up data were limited or unavailable
through age 16 years. Next, the percentage of adolescents with ASD with co-occurring
conditions may be underestimated if these conditions were only documented in a source not
included in ADDM surveillance (e.g., primary care practices or billing data). Lastly, site
populations may not be representative or generalizable to the state or the United States.

Future surveillance could expand to include the entire population of 16-year-old children in
the community with ASD, which was not possible in our study that was only able to include
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16-year-old children who had an indication of possible ASD by age 8; this expansion could
increase generalizability and population size to better measure potential disparities in health
and transition planning. Further, high school records could also be linked to post-secondary
employment, education, and independent living outcomes to understand how plans made in
high school for the future relate to what occurs after graduation.

In this first ADDM Network report on children aged 16 years with ASD, we identified
factors associated with ASD identification after age 8 years that may be useful to providers
when screening and diagnosing ASD to ensure that children are identified and receive
services as early as possible. A substantial percentage of adolescents with ASD had co-
occurring neuropsychiatric conditions, suicidal behavior/ideation, ID, or were non-verbal,
indicating the need for screening, management, and transition planning for these conditions.
While most children with ASD had at least one educational transition plan created by age 16
years, disparities existed by 1D status in timeliness and completeness of transition planning.
As impairments associated with ASD generally persist through adulthood, supports and
services may be needed during the transition period and through adulthood to promote
overall health and quality of life of people with ASD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Implications and Contribution

This CDC autism surveillance report is the first to include children through adolescence
and provides details on the complex educational and health needs among adolescents
with autism who likely would benefit from transition to adulthood planning and access to
services and supports across their lifespans.
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3,148 children aged 8-years reviewed for having ASD in 2010* and follow-up attempted in 2018

|

|

1,632 children identified in the community with

ASD** by age 8

214 children newly identified in the community with

ASD** by age 16

Total sample: 1,846 children ever identified in the community with ASD** from ages 0-16 years (2002-2018)

ASD-specific analytic samples

Analyses: Change in co-occurring
neuropsychological conditions,
suicidal behavior/ideation status
and nonverbal/minimally verbal
status:

1,081 with > 1 comprehensive
health evaluation from 2011-
2018.

Analysis: Change in intellectual
disability (ID) status:

434 with >1 ID assessment from
2002-2010 and 21 ID assessment
from 2011-2018

Analysis: Individualized
education programs (IEPs):

332 with > 1 IEP completed > 15
years

4

Figure 1.

Analysis: IEP transition planning:

313 with > 1 associated transition
plan

Analysis: IEP transition planning
by intellectual disability status:

304 with 21 ID assessment from
2002-2018

Study Population and Analytic Samples — Autism and Developmental Disabilities
Monitoring Network, 5 sites, United States, 2018
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ADHD

Anxiety

Depression

Epilepsy

. by age 8 years
ocD by age 16 years

50 75
Percent

Differences in lifetime occurrence of specific co-occurring neuropsychological conditions,
by age 8 years and age 16 years, and by sex (n=1081)2 — Autism and Developmental
Disabilities Monitoring Network, 5 sites, United States, 2018
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Figure 3.
Change in the percentage of children with ASD with intellectual disability® from age 8 to

16 years (n=434)P — Autism and Developmental Disabilities Monitoring Network, 5 sites,
United States, 2018
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Assessment of transition needs

Course of study to reach post-secondary goal

Post-secondary goal: career/employment

Post-secondary goal: education/training

Post-secondary goal: independent living/daily living/community participation

——
|—®—«

25% 50% 75%

Figure 4.
Ever documentation of educational transition planning components by intellectual disability

status?, by age 16 years (n = 304) — Autism and Developmental Disabilities Monitoring
Network, 4 sites, United States, 2018
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Table 1.

Comparison of characteristics of children at age 8 years by period when ASD was first identified (n = 1846)
— Autism and Developmental Disabilities Monitoring Network, 5 sites, United States, 2018

First Identification Period

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Overall <8years  9-l6years p\j| ed
(n=1632) (n=214)
Missing (%)  No. (%b) No. (%) No. (%)
Total 1632 (88) 214 (12)
Demographic information
Sex 0 0.10
Female 339 (18) 291 (18) 48 (22)
Male 1507 (82) 1341 (82) 166 (78)
Race (non-Hispanic) 12 0.81
White 1245 (76) 1105 (76) 140 (79)
Black 273 (17) 247 (17) 26 (15)
American Indian or Alaska 6 (<1) 5(<1) 1(1)
Native
Asian or Pacific Islander 47 (3) 43 (3) 4(2)
Other Race or Multiple 58 (4) 52 (4) 6 (3)
Races
Ethnicity 2 0.003
Non-Hispanic 1629 (90) 1452 (91) 177 (84)
Hispanic 179 (10) 146 (9) 33(16)
Birth characteristics
Preterm 44 0.85
No 870 (84) 772 (84) 98 (83)
Yes 170 (16) 150 (16) 20 (17)
Low Birthweight 23 0.05
No 1258 (88) 1109 (89) 149 (84)
Yes 168 (12) 139 (11) 29 (16)
Maternal Age at Birth, mean (SD), years 23 28.4 (6.1) 27.6 (6.0) 0.13
Clinical/behavioral characteristics
1Q Score 24 0.002
<70 424 (30) 394 (32) 30 (19)
71-85 327 (23) 287 (23) 40 (25)
>85 652 (47) 560 (45) 92 (57)
Adaptive Score 50 0.04
<70 507 (55) 471 (56) 36 (44)
>70 412 (45) 367 (44) 45 (56)
Verbal Status® 0 <0.001
Verbal 1547 (84) 1350 (83) 197 (92)
Nonverbal/Minimally 299 (16) 282 (17) 17 (8)

Verbal

J Adolesc Health. Author manuscript; available in PMC 2024 August 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Hughes et al.

First Identification Period

Overall <8years  9-l6years p\j|ued
(n=1632) (n=214)
Missing (%)  No. (%b) No. (%) No. (%)
Total 1632 (88) 214 (12)
Self-Injury 0 0.40
No 1265 (69) 1113 (68) 152 (71)
Yes 581 (32) 519 (32) 62 (29)
Aggression 0 0.93
No 737 (40) 651 (40) 86 (40)
Yes 1109 (60) 981 (60) 128 (60)
ADHD 0 0.001
No 1335(72) 1200 (74) 135 (63)
Yes 511 (28) 432 (26) 79 (37)
Anxiety 0 0.05
No 1545 (84) 1376 (84) 169 (79)
Yes 301 (16) 256 (16) 45 (21)
Depression 0 <0.001
No 1814 (98) 1610 (99) 204 (95)
Yes 32(2) 22 (1) 10 (5)
Epilepsy 0 0.46
No 1753(95) 1552 (95) 201 (94)
Yes 93 (5) 80 (5) 13 (6)
OCD 0 0.30
No 1824 (99) 1611 (99) 213 (>99)
Yes 22(1) 21(1) 1(<1)
ASD Ruled Out 0 <0.001
No 1574 (85) 1419 (87) 155 (72)
Yes 272 (15) 213 (13) 59 (28)

Abbreviations: ASD, autism spectrum disorder; ClI, confidence interval; SD, standard deviation; 1Q, intelligence quotient; OCD, obsessive

compulsive disorder; ADHD, attention-deficit/hyperactivity disorder.

Footnotes:

Page 18

a " . . . . . .
Pvalues for categorical variables were Pearson’s chi-square or Fisher’s exact test when cell sizes were <5; for continuous variables were t-tests.

b .
Due to rounding not all columns may sum to 100%

Classified as nonverbal in 2010 based on the presence of any of 3 criteria: (1) most recent autism evaluation noted as “nonverbal” at age >48
months, (2) most recent Autism Diagnostic Observation Scale administered at age >48 months was a module 1, or (3) language noted as primarily

echolalia or jargon.
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