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Abstract

Background—The range of outcomes for young adults with Autism Spectrum Disorders (ASD)
and the early childhood factors associated with this diversity have implications for clinicians and
scientists.

Methods—This prospective study provided a unique opportunity to predict outcome 17 years
later for a relatively large sample of children diagnosed with ASD at 2-years-old. Diagnostic and
psychometric instruments were administered between 2 and 19 with data from 2, 3, and 19
included in this paper. Clinicians administered tests without knowledge of previous assessments
whenever possible. Caregivers provided additional information through questionnaires.

Results—Significant intellectual disabilities at 19 were predicted by age 2 about 85% of the time
from VIQ and NVIQ scores together, though prediction of young adult outcome for youths with
average or higher intelligence was more complex. By 19, 9% of participants had largely overcome
core difficulties associated with ASD and no longer retained a diagnosis. These youths with Very
Positive Outcomes were more likely to have participated in treatment and had a greater reduction
in repetitive behaviors between age 2 and 3 compared to other Cognitively Able youths (VIQ =70)
with ASD. Very Positive Outcome youths did not differ phenotypically from Cognitively Able
ASD individuals at 2 but both groups differed from Cognitively Less Able individuals (VIQ < 70).

Conclusion—Those most at risk for intellectual disabilities and ASD can be reliably identified at
an early age to receive comprehensive treatment. Findings also suggest that some cognitively able
children with ASD who participate in early intervention have very positive outcomes, although
replication with randomized, larger samples is needed. In order to improve understanding of very
positive outcomes in ASD, future research will need to identify how variations in child
characteristics and environmental factors contribute to the nature and timing of growth across
individuals and areas of development.
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Introduction

Methods

Participants

While autism spectrum disorder (ASD) is generally considered a lifelong condition, recent
attention has focused on diverse outcomes from severe disability to near normal functioning.
Various investigations have reported 1%-16% of ASD individuals improve enough by
adolescence or adulthood to no longer meet diagnostic thresholds (Billstedt, Gillberg, &
Gillberg, 2005; Farley et al., 2009; McGovern & Sigman, 2005). However, the extent to
which residual impairments persist and the validity of the original diagnosis have not been
specifically addressed, with one exception. A landmark, retrospective study recently
described children and adults with a history of ASD who no longer met diagnostic criteria
and whose social and cognitive functioning across various measures was comparable to age-
matched, typically-developing subjects (Fein et al., 2013). Yet prospective longitudinal data
are necessary to shed light on: 1) the extent to which adult outcome can be identified in early
childhood; 2) the proportion of children who eventually attain very positive outcomes; and
3) when attainment of typical- or near typical-functioning occurs across areas of
development such as cognition, social competence, adaptive skills, and core symptoms.

Because intellectual disabilities in adults with autism are strongly associated with limited
independence (Billstedt et al., 2005; Howlin, Goode, Hutton, & Rutter, 2004), studies of
prognosis in ASD often begin with 1Q as a measure of later outcome. It is encouraging that
some follow-up and treatment studies have documented striking improvements between the
preschool and school years in cognitive and language skills for a significant minority of
children with ASD (Eaves & Ho, 2004; Sallows & Graupner, 2005; Sutera et al., 2007).
Nevertheless, a higher 1Q and more complex language in adulthood are not sufficient for
independence or the remediation of marked social deficits in ASD (Farley et al., 2009;
Howlin, Goode, Hutton, & Rutter, 2004; Fountain, Winter, & Bearman, 2005; Gillberg &
Steffenburg, 1987; Mawhood, Howlin, & Rutter, 2000; Seltzer, Shattuck, Abbeduto, &
Greenberg, 2004). Recent retrospective and short-term longitudinal studies suggest that
children and adolescents with a history of ASD who have extremely positive outcomes had
milder symptoms and received more treatment as young children (Fein et al., 2013;
Pelicano, 2012); however, long-term prospective studies beginning in early childhood can
provide unique information about the course of changes in intellectual and social
functioning.

Participants were consecutive referrals of children under 37-months-old: 192 referred for
possible autism and 21 with nonASD developmental delays, recruited from sources that
referred to autism clinics. The autism referral group was composed of children from four
North Carolina-based, state-funded autism centers (n=113) and an autism clinic in Chicago
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within a university hospital (n=79). Three-quarters of the 213 original participants received
ASD diagnoses at age 2 (Anderson, Lord, Risi, DiLavore, Shulman, & Thurm, 2007).

Of the original 213 participants, five were lost to follow up after the initial assessment and
the remainder was lost due to geographical relocation, unreachable status, or refusal to
participate at later ages. By age 19 years, 142 youths from the original sample and their
families continued to participate at least in part. At that time, 120 of the 142 families were
revisited in person. Although African American families with less education were lost to the
study at a higher rate than Caucasian families and families with more education, attrition
was not related to diagnosis, gender, or 1Q at the initial assessment.

The current study includes all 85 youths who were diagnosed with an ASD in early
childhood and seen at age 19. The average ages at the first and last assessments were 2-
years, 5-months (S.D.=0-43) and 19-years, 1-month (S.D.=1-08) respectively. Ethnic
minorities, most of whom were African American, accounted for 24% of the largely male
sample (92%), with a mix of children from rural and urban areas (North Carolina=49%;
Chicago=51%). Nineteen percent of the sample had ever had a seizure. Over half had
mothers who were married (67%) or had college degrees (62%). Excluded from the current
analyses were participants with nonspectrum childhood diagnoses and profound cognitive
delays (nonverbal 1Q < 25).

Procedures

A battery of diagnostic and psychometric instruments was administered in person when the
children were ages 2-, 3-, 5- (only North Carolina participants at age 5), 9- and 19-years,
free of charge. The focus here is on data from age 2, 3, and 19. Clinicians administered the
test batteries without knowledge of previous assessments whenever possible. Across the
course of the study, logs of educational and intervention treatments, including medication
usage and seizures were obtained through regular telephone interviews, mailed
questionnaires, and diaries completed by caregivers. Informed consent was attained for all
participating families. This research was approved by the appropriate IRBs.

At each assessment, with the exception of age 3, an overall best estimate consensus
diagnosis of autism spectrum disorder, other nonspectrum disability or psychiatric disorder,
or typical development was based on all available information, including psychometric and
diagnostic and algorithm scores (ADI-R, ADOS, Vineland Adaptive Behavior Scales,
various cognitive ability tests), behavioral measures of irritability, hyperactivity, and
depression (Aberrant Behavior Checklist, Child Depression Rating Scale), videotapes of the
direct observation of the child, and group consensus among the clinicians and principal
investigator. At the age 19 assessment, a ‘typical’ diagnosis required overall global
functioning in the normal range in terms of: 1) social adjustment; 2) restricted and repetitive
behaviors; 3) independence (e.g., no extra support in the classroom; if not in school, then
working); 4) psychometric measures; and 5) no comorbid conditions. The measures are
described below.
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Diagnostic Instruments—The Autism Diagnostic Instrument-Revised (ADI-R) is a
comprehensive, standardized parent interview designed to distinguish children with ASD
from non-ASD and other developmentally delayed populations (Lord, Rutter, & LeCouter,
1994). A toddler version of the ADI-R, which includes a number of additional items specific
to the first two years of life, was administered when the children were 2 and 3 years-old.
ADI-R algorithm scores are totaled for each of three domains: social behaviors,
communication, and repetitive interests. In addition to the algorithm totals, current scores for
the “‘Overactivity at home and elsewhere’ item on the Toddler ADI-R at age 3 (scores at age
2 were not reliable) were used as a measure of early childhood hyperactivity (coded as
0=none and 1 to 3=some).

The Autism Diagnostic Observation Schedule (ADOS; Lord, Risi, Lambrecht et al., 2000)
and one of its predecessors, the Pre-Linguistic Autism Diagnostic Observation Schedule
(PL-ADOS; DilLavore, Lord, & Rutter, 1995), acquire diagnostic information through direct
observation of the child by a trained clinician. A revised algorithm calculates ADOS
summary scores for the social and repetitive domains (Gotham, Risi, Pickles, & Lord, 2007;
Gotham et al., 2008). For the purposes of this paper, the algorithm scores were slightly
modified to include the same items across modules for comparability. Children in the current
study were given the PL-ADOS at ages 2 and 3, which was scored using the algorithm for
the Module 1 ADOS (for children without phrase speech).

Psychometric Instruments—Age 2 and 3 1Q scores were obtained from the Mullen
Scales of Early Learning (MSEL; Mullen, 1985; Mullen, 1989). The most recent verbal 1Q
(VIQ) and nonverbal 1Q (NVIQ) were taken from the assessment at age 19. Cognitive test
selection followed a standard hierarchy designed for use when the youths could not achieve
a basal score or achieved ceiling scores: Wechsler Abbreviated Scale of Intelligence (WASI;
Wechsler, 1999); Differential Abilities Scale (DAS; Elliot, 1990); Mullen Scales of Early
Learning (Mullen, 1995). Ratio 1Qs were calculated when raw scores fell outside the ranges
for deviation scores. For those who were cognitively able, academic achievement, including
reading, sentence comprehension, and arithmetic, was assessed at age 19 with the Wide
Range Achievement Test IV (WRAT IV; Wilkinson & Robertson, 2006).

Adaptive daily living skills were assessed using the Vineland Adaptive Behavior Scales Il
(Sparrow, Balla, & Cicchetti, 1984; Sparrow, Cicchetti, & Balla, 2005), a standardized,
semi-structured, parent interview which yields domain scores in the areas of communication,
daily living skills, and social skills, as well as an adaptive behavior composite score.

Mood and Behavior Instruments—The Aberrant Behavior Checklist (ABC; Aman,
1994) is a 58-item checklist designed for use with children and adults with developmental
delays. Beginning when the youths were 13 years-old, caregivers were asked every four
months to rate their children's maladaptive behaviors in the past 4 weeks on a 4-point scale,
ranging from not at all a problem (0) to the problem is severe in degree (3). The current
study used totals from the Irritability (15 items) and Hyperactivity (16 items) subscales. For
cases missing up to two items on a subscale, the individual items were weighted accordingly
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to allow for comparability in scores across subjects (i.e., the number of total items divided
by the number of non-missing items). In addition to the standard ABC items, a question
about current medications was also administered.

The Childhood Depression Rating Scale (CDRS-R; Poznanski & Mokros, 1996) is a brief
rating scale of depressed mood based on a semi-structured interview with the caregiver. It
assists clinicians in rating 17 symptom areas, including Difficulty Having Fun, Sleep
Disturbance, Excessive Fatigue, Irritability, Morbid Ideas, and Suicidal 1deas. Although the
scale was originally intended for children, we selected this measure over others based on
results from our pilot testing which found the questions to be meaningful to the caregivers of
the young adults across ability levels (Gotham, Bishop, Brunwasser, & Lord, submitted).
Questions for children were modified slightly (e.g., references to “‘the child’ replaced with
‘your teenager’) to be appropriate for the age 19 assessment. Raw scores were used as
symptom counts to supplement clinical diagnoses.

Treatment—Parents completed diaries and then were interviewed about all educational and
specific treatments received by their child. Two raters established reliability and coded the
data. Findings from previous analyses with this sample indicate that very few children had
intensive intervention prior to age 3 (Anderson, Oti, Lord, & Welch, 2009) and most began
treatment around age 2 %2-years, soon after the diagnosis. (See online Table S6 for the types
of treatment received before age 3). The distribution of treatment hours from 2 to 3 was
skewed, with a significant minority of children receiving very little or no treatment and
another group receiving more extensive hours (20 hours reflected weekly therapy from about
the time of diagnosis to age 3; many of these families gradually added more treatment in the
ensuing months). Hence, for the purposes of this paper, we found it most useful to collapse
total hours of individual treatment through age 3 (Cognitively Less Able ASD Median=67,
S.D.=137; Cognitively More Able Median=34, S.D.=138) into two categories: 0) ‘Minimal
to None’ i.e., less than 20 hours; and 1) ‘Some’ i.e., 20 hours or more. Although this metric
cannot be used as a measure of the quality of treatment, it does provide an indication of the
family's participation in intervention.

Analyses—The sample was first divided into two 1Q groups based on whether cognitive
impairment was present at age 19: those with verbal 1Q less than 70 (Cognitively Less Able:
VI1Q < 70; n=53) and verbal 1Q equal to or greater than 70 (Cognitively Able: VIQ = 70;
n=32). In subsequent exploratory analyses, the VIQ = 70 group was divided into two
subgroups according to diagnosis at 19. The Cognitively Able ASD group (VIQ = 70-ASD;
n=24) retained an ASD diagnosis; the Very Positive Outcome (VPO) group (n=8) was
considered ‘typical.’

We hypothesized that the VIQ < 70 group would show: 1) greater impairment at age 2 (i.e,
more ASD symptoms; greater delays in cognitive and adaptive abilities) or age 3
(hyperactivity, for which reliable scores were only available at 3); and 2) less positive
change in these characteristics between age 2 and 3. We left as exploratory the question of
whether early childhood factors, including treatment, could distinguish among VIQ = 70
youths with very positive vs. less optimal outcomes.
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Univariate group differences were assessed in terms of effect size and level of significance.
For differences in group means, we ran ANOVAs in SPSS 20.0 to generate Eta squared (7),
or the proportion of variance in the predictor variable accounted for by the categorical
groupings. We used Cohen's rules of thumb (Cohen, 1988) to assess the magnitude of an
effect (0.01=small; 0.06=medium; 0.14=large). For group differences in proportions, the Phi
coefficient served as the measure of effect size (+/-0.00 to 0.19=negligible or weak; +/-0.20
to 0.39=moderate; +/-0.40 to 0.59=relatively strong; +/-0.60 and above=very strong)(Rea &
Parker, 1992). For cells under five cases, Fisher's exact p value was used as the significance
criterion. Adjustments for multiple comparisons were carried out via a false discovery rate
procedure (Benjamini & Hochberg, 1995) with a significance criterion of .05.

Binary and multicategorical logistic regression models predicted categorical groupings at
19-years from early childhood characteristics. Odds ratios were used to assess the magnitude
of an effect (1.5=small; 3.5=medium; 9.0=large)(Cohen, 1988). Although verbal 1Q group at
19, and diagnosis within the cognitively able subgroups, were used as the primary measures
of categorical outcome, we also examined other age 19 characteristics associated with the
respective groupings.

There were few missing data points. However, three participants were missing Vineland
standard scores at one time point—two at age 2 and one at age 3. A fourth individual was
missing an age 2 ADOS social algorithm score. (Note that the eight Very Positive Outcome
subjects were not among the missing cases). For these cases, we fit individual regression
lines through the existing Vineland or ADOS data points at ages 2 or 3, and 5, 9, and 19 to
provide an estimate for the missing one. We ran analyses with and without these cases;
results were the same regardless.

Cognivtively Able vs. Cognitively Less Able Youths

Current functioning—Table 1 highlights current functioning for the VIQ < 70 and VIQ =
70 groups. Differences in cognitive abilities (the criteria for group selection), adaptive skills,
and ASD symptoms at 19 were significant and pronounced in the expected direction. Also,
the adaptive skills composite score was notably higher than verbal and performance 1Q for
those with intellectual disabilities while this was not the case for those in the VIQ = 70
group. Demographic differences were not significant (see Table S1).

Age 2-3 predictors—Results in Table 1 support the hypothesis that lower cognitive and
adaptive abilities, along with more ASD-related symptoms at 2, predict membership in the
VIQ < 70 group 17 years later. (Age 3 means are provided in Table S2). As expected, VIQ =
70 probands showed greater improvements in verbal and performance 1Q, adaptive skills,
and social skills than VIQ < 70 youths from age 2 to 3 (Figure 1; Table 1). Average verbal
1Q scores for the VIQ = 70 youths rose nearly 25 points to within the low-normal range by
age 3. Despite improvements in social deficits and adaptive skills for the VIQ = 70 group,
age 3 scores still indicated impairment consistent with an ASD diagnosis.
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Logistic regressions were used to determine which predictors made a unique contribution to
outcome at 19, first at age 2 and then at age 3 (Table S3). Childhood IQ emerged as the best
predictors of age 19 1Q group at both time points. The models were not significantly
improved with the addition of the other covariates in Table 1. At age 2, nonverbal and verbal
IQ together provided the greatest predictive accuracy ( )(2:37.73, df=3, p<.001). The rate of
concordance between predicted and actual age 19 categorical groupings was very high for
VIQ < 70 youths (85%) but lower for VIQ = 70 youths (66%). By age 3, verbal 1Q alone
accurately predicted outcome at 19 for an even larger majority, with a concordance rate of
91% for VIQ < 70 youths and 82% for VIQ = 70 individuals (;(2:47.01; df=2, p< .001). For
every standard deviation increase in verbal 1Q at age 3 (26 points), the odds of being in the
VIQ =70 group at 19 increased 21-fold (OR=21.21; p< .001).

Cognitively Able ASD vs. Very Positive Outcome Youths

Current functioning—Of the 32 VIQ = 70 youths, eight no longer retained a clinical
diagnosis of ASD at age 19 (i.e., VPO youths). Table 2 compares the ASD and VPO youths
within VIQ = 70 at age 19 across various indicators of functioning. Not surprisingly, because
knowledge about these variables likely contributed to the clinical diagnosis, greater adaptive
behavior skills and fewer social deficits most clearly distinguished the Very Positive from
the VI1Q = 70-ASD group. Adaptive skills for VPO youths were well within the normal
range of functioning, more than a standard deviation higher than the mean score for the VIQ
= 70-ASD group which fell into the low-normal range. On the individual level, clear social
strengths for all eight VPO youths were noted by clinicians and parents. The effect sizes for
adaptive skills (Vineland) and social deficits (ADI-R) were very large, with group outcome
accounting for 40% and 51% of the variance respectively. Notably, both groups had mean 1Q
(verbal and nonverbal) and academic achievement scores in the average to above average
range and differences were not significant.

The effect size for depressive symptoms was substantial. Twenty-nine percent (n=7) of the
VIQ = 70-ASD youths had scores suggesting possible depression while none of the VPO
youths had elevated scores. Of the seven VIQ = 70-ASD youths with elevated depressive
symptoms, two had irritability and hyperactivity scores that would meet cutoffs commonly
used for inclusion into clinical trial studies (Aman et al., 2010; Woodard, Groden, Goodwin,
& Bodfish, 2007). Those with Very Positive Outcome also had significantly fewer problems
with repetitive behaviors, irritability, and hyperactivity by comparison (none had clinically
elevated scores) and were more than four times as likely to be living independently from
their families. There was a strong trend toward higher rates of employment among VPO
youths though a majority of young people in both groups were also attending college. More
than a third of the VIQ = 70-ASD youths were taking psychotropic medications compared to
none with a Very Positive Outcome. The groups did not differ with respect to demographic
characteristics (i.e., gender, race, age, mothers' education, marital status, and site).

Age 2-3 predictors—Exploratory hypotheses addressed a potential relationship between
early childhood characteristics (including those used to define groups at age 19) and group
outcome at 19 among the 32 VIQ = 70 youths. As shown in Table 3, the VPO youths were
no less impaired at 2 than those in the VIQ = 70-ASD group with respect to repetitive
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behaviors, social delays, or adaptive skills (for additional covariates, see Table S4). In
contrast, by age 3 several group differences were observed (Table 3; also see Table S5), all
with relatively large effect sizes. The VPO group showed a greater reduction in repetitive
behavior symptoms from 2 to 3 than the VIQ = 70-ASD. By age 3, fewer repetitive
behaviors were observed among participants in the VPO group. Moreover, all eight VPO
youths had received at least some individual treatment by age 3 compared to little more than
half of the VIQ = 70-ASD group. (Of those who received some treatment between age 2 and
3, the median number of total treatment hours was similar between the two groups--i.e.,
Median =59, S.D.=111.54; M ediarn,q > 70-asd=67, S.D.=165.92; see Table S6 for the
breakdown of the specific types of treatment received). Additionally, while 50% of parents
reported the presence of some hyperactivity in their VIQ = 70-ASD children at 3, none of
the VPO parents had done so.

In the multivariate model predicting all three categorical groupings at 19 (Table 4), age 3
verbal 1Q was the strongest predictor of being VIQ < 70 vs. VPO but did not distinguish
between the VPO and VIQ = 70-ASD groups. The effect of change in repetitive behaviors
from 2 to 3 remained substantial. With each standard deviation increase in RRB change, the
odds of being VIQ = 70-ASD vs. VPO increased 13-fold controlling for baseline age and
repetitive behaviors at 2. Differences in hyperactivity and hours of treatment in early
childhood were reduced to nonsignificance. Overall model fit was very good with a correct
classification rate of 84%. Nevertheless, Very Positive Outcome was predicted with the least
accuracy (38%).

Discussion

To our knowledge, this is the first prospective study of ASD to examine adult outcome in a
relatively large inception cohort of toddlers. Intellectual disability at 19 was accurately
predicted by age 2 about 85% of the time from 1Q scores alone. Cognitively Less Able
youths were characterized as much by early cognitive delays as by core ASD symptoms.
The finding that these individuals can be identified so young has clinical implications,
particularly in providing parents and professionals with a head start toward obtaining
appropriate interventions. Despite significant cognitive impairment, adaptive skills were a
relative strength for this group, beyond what their 1Q scores would suggest--an encouraging
finding which replicates several more recent studies with large ASD samples (e.g., Kanne et
al., 2011; Perry et al., 2009). How these findings are related to early intervention, which a
majority of these children received from age 2 on, is a question for further, more controlled
studies.

The dramatic improvements in 1Q, and to a lesser extent, RRBs, between ages 2 and 3
among participants without intellectual disabilities, replicates earlier longitudinal research
(Eaves & Ho, 2004; Sallows & Graupner, 2005) and brings to mind the possibility of greater
initial neuroplasticity and receptivity to environmental stimuli, potentially accelerating
cognitive growth and behavioral improvements over time (Mundy & Neale, 2001). In the
current study, Cognitively Able youths who eventually achieved Very Positive Outcome
were more likely to have participated in a minimum of early treatment (in univariate
analyses) defined as at least 20 hours (once per week parent-training for six months) as well
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as a greater reduction in repetitive behaviors between age 2 and 3 compared to Cognitively
Able youths with less favorable outcomes at 19. Yet at 2, Very Positive Outcome youths did
not differ phenotypically from the Cognitively Able ASD group. These findings, while
speculative given the small sample size, invite professionals and caregivers to consider the
importance of early family participation in intervention for intellectually able children with
ASD despite their milder degree of impairment. Because this was not a clinical trial, we
cannot discriminate between pre- and post-treatment differences between families who
sought out and stayed with early intervention vs. those who did not, for many different
possible reasons. Such long-term associations with what appears to be an environmental
factor in early years (e.g., participating in intervention) are rare, and offer an impetus for
further research and replication.

Although group differences in repetitive behaviors and the proportion receiving treatment
were observed by age 3, prediction of adult outcome among Cognitively Able youths was
less straightforward than for those with limited intellectual abilities. There are several
possible explanations. First, as in typical development, higher intellectual abilities create the
potential for a range of accomplishments but does not guarantee positive outcome. Our
finding that 1Q in particular is necessary but not sufficient for very positive outcome concurs
with those of other studies (Howlin et al., 2004). Second, our statistical power and,
therefore, predictive ability was limited by the relatively small number of youths with very
positive outcomes. Although studies of recent cohorts report more favorable outcomes for
young adults with ASD (Farley et al., 2009), the reality is that those with very positive
outcomes still comprise a significant minority.

Third, the timing of progress seems to vary across aspects of development, making
prediction from early childhood complex. Despite the enormous cognitive as well as
behavioral gains that our intellectually more able youths showed as toddlers, the attainment
of typical or near typical social functioning (i.e., overcoming core social deficits) occurred
much later. In an earlier longitudinal analysis of the current sample of diagnostic change to
age 9 (Lord, Risi, DiLavore, Shulman, Thurm, & Pickles, 2006) only two of our Very
Positive Outcome youths presented with no clinically significant social delays on any parent
report (Vineland Adaptive Behavior Scale, ADI-R) or direct observation (ADOS) measures
at the 9-year-old assessment, and one of these had other significant behavior problems. The
other six lost their ASD diagnoses during adolescence, a finding that highlights the necessity
of following changes into adulthood.

That, in a prospective study begun 20 years ago, we could identify a group of individuals
with a childhood diagnosis of ASD who are now doing quite well in young adulthood is
exciting and builds on findings from other recent studies (Fein et al., 2013). At 19, 9% of our
participants had largely overcome core difficulties associated with ASD and no longer had a
clinical diagnosis. They had achieved a high level of functioning across various
developmental areas and were fully participating in the social world. This finding differs
from other recent adult outcome studies which, despite relatively good social outcomes for a
substantial minority, found that few (1 of 37) or none (0 of 60) were free of core ASD
symptoms or other mental health difficulties in adulthood (Farley et al., 2009; Howlin et al.,
2013 respectively). This may be due in part to the current study's larger overall sample
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allowing for greater variability in outcomes as well as an earlier age of first diagnosis.
Identification at age two may have both provided opportunities for support that affected
outcomes in some of the children with ASD without intellectual disabilities, and also
allowed identification of children who might have been missed in studies sampling from
clinic populations recruited at older ages. Though all but two of the eight young men in the
Very Positive Outcome group received independent ASD diagnoses at age 9 (and one of
these received other diagnoses), a number of these families were no longer actively receiving
services specific to autism and so might not have been included in other samples.

An additional 28% of our sample (the Cognitively Able ASD group) retained features of
ASD but were doing very well in several areas, particularly cognitive and academic
functioning. Their adaptive skills averaged in the low-normal range—Ilower than those with
very positive outcomes—and their social deficits remained consistent with an ASD
diagnosis. As found by other investigators (Gillespie-Lynch et al., 2012; Tonge & Einfeld,
2003; White, Ollendick, & Bray, 2011), symptoms of depression and anxiety were common
among these youths. However, this group had also improved immensely since childhood.
Many were quite independent within their social contexts. We are hopeful that growth will
continue into the adult years. We plan to address this issue as well as the stability of very
positive outcomes in future research.

One of the inherent limitations of longitudinal research is that cohorts of consecutive
referrals for ASD 20 years ago are likely not representative of similar cohorts identified
today. We also do not know if the early treatment for the Very Positive Outcome adults was a
possible cause or mainly a marker of other factors (e.g., parental acceptance of the diagnosis,
accessibility of resources), nor do we have information about the fidelity with which the
interventions were administered. Nonetheless, professionals and families wondering whether
initiating early treatment is appropriate when ASD symptoms are mild, and government and
health officials debating if resources are needed for all children with ASD, may want to
consider these findings. Further research is needed, however, to better understand the ways
in which variations in neuroplasticity, treatment interventions, and other environmental
factors contribute to the nature and timing of growth across individuals and areas of
development many years later.
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Key Points

To our knowledge, this is the first prospective study of ASD to examine adult
outcome in a relatively large inception cohort of toddlers.

Poorer outcome at 19 in terms of cognitive skills was accurately predicted by
age 2 about 85% of the time from IQ scores alone.

By 19, 9% of the youths had largely overcome core difficulties associated
with ASD and no longer had a clinical diagnosis. An additional 28% retained
features of ASD but, nonetheless, had fewer social impairments than
previously and were performing at age level with respect to cognitive and
academic functioning.

Prediction of adult outcome among youths without intellectual disabilities
was less straightforward than for those with limited intellectual abilities. At 2,
youths with Very Positive Outcomes did not differ phenotypically from the
Cognitively Able ASD group.

The findings that several characteristics by age 3 discriminated between those
with Very Positive Outcomes and cognitively able youths with ASD
(decreases in repetitive behaviors from 2 to 3, less hyperactivity, and a greater
proportion participating in intervention before 3) were, nonetheless,
intriguing.

Further research is needed to better understand the ways in which variations
in child characteristics and environmental factors contribute to the nature and
timing of growth across individuals and areas of development later in life.
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Figure 1. Change from Age 2 to 3 between Verbal 1Q Groups
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