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Verbal skills were assessed at approximately ages 2, 3, 5, and 9 years for 206 children with a clinical
diagnosis of autismn(= 98), pervasive developmental disorders-not otherwise specified (PDD-NOS;

n = 58), or nonspectrum developmental disabilities=f 50). Growth curve analyses were used to
analyze verbal skills trajectories over time. Nonverbal 1Q and joint attention emerged as strong positive
predictors of verbal outcome. The gap between the autism and other 2 groups widened with time as the
latter improved at a higher rate. However, there was considerable variability within diagnostic groups.
Children with autism most at risk for more serious language impairments later in life can be identified
with considerable accuracy at a very young age, while improvement can range from minimal to dramatic.
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Communication impairment is a core feature of autism (Amer-Gillberg & Steffenburg, 1987; Kobayashi, Murata, & Yoshinaga,
ican Psychiatric Association, 1994) and one of the most frequent992; Venter, Lord, & Schopler, 1992). Long-term outcome is
reasons for referral among children who are later diagnosed witimore limited for language-impaired children with ASD compared
autism spectrum disorder (ASD; Tager-Flusberg, Paul, & Lord,with language-impaired children with nonspectrum disorders
2005). Moreover, the accumulated evidence from longitudinal(Howlin, Mawhood, & Rutter, 2000). These findings have direct
studies of young children with and without an ASD indicates thatimplications for quality of life and the financial costs of services
those with impairments in verbal skills are at increased risk for lessor such individuals. Hence, a growing body of research and theory
favorable outcomes later in life. Early language abilities predictseeks to better understand the ways in which the verbal skills of
social functioning, academic achievement, and psychiatric outehildren with ASD might be improved or maximized through the
come in late childhood and adulthood (e.g., Beitchman et al., 200lidentification of key factors affecting verbal outcome.

A handful of prospective studies have examined potential fac-
tors believed to facilitate or hamper the development of verbal
- — - skills in ASD. Joint attention, probably the most widely studied
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regardless of initial language level (e.g., Sigman & McGovern,Mawhood et al., 2000; Sigman & Ruskin, 1999), with considerable
2005). variability in outcomes, from large gains to decreases in verbal
Controlling for initial language or verbal level makes it possible skills over time relative to age norms (e.g., Mawhood et al., 2000;
to assess both the unique contributions of other key factors theBtevens et al., 2000; Turner et al., 2006). Although these studies
may be related to early verbal skills as well as the stability ofprovide a foundation for studying the development of verbal
verbal scores over time. When initial verbal IQ scores are notbilities in ASD populations, some methodological challenges are
available, many studies have used nonverbal 1Q as a contra@vident, most notably, sample size restrictions. Much of the re-
because it is usually highly correlated with concurrent verbal skillssearch to date involves sample sizes well under 50, making it
(e.g., Bono, Daley, & Sigman, 2004). Prospective studies havdlifficult to identify subgroups within ASD and to assess the
been fairly consistent, despite the use of different measures anglative importance of multiple predictor variables.
outcomes, in documenting a strong positive correlation between In addition, few studies of verbal skill development in autism
initial nonverbal or verbal competence and subsequent verbgopulations involve samples of children less than age 3 at the
skills 2—8 years later (e.g., Charman et al., 2005; Stevens et alinitial assessment. Theories concerned with the neuroplasticity of
2000; Stone & Yoder, 2001; Turner, Stone, Pozdol, & Coonrod,a child’s brain from birth to preschool contend that this is a
2006) to more than 15 years later (Mawhood, Howlin, & Rutter, dynamic and critical period of development (e.g., Mundy & Neal,
2000; Sigman & McGovern, 2005), though there are a few counte001). From this perspective, typically developing children are
examples (e.g., Charman et al., 2003; Mundy et al., 1990). Théorn with relatively unorganized synaptic connections and a pre-
lack of association in some studies may have been due to smadlisposition toward orienting to social stimuli. In the first few years
sample size, measurement error, or real changes in verbal skillsf life, these connections are pruned and shaped by input from the
among very young children, thus making initial measurements lessutside environment. At the same time, the child’s preferences
reliable predictors of various long-term outcomes (Lord & Schop-influence the kind of response he or she receives from the social
ler, 1989). environment. For a child with ASD, an initial deficit in joint
Some research has tested the effect of symptom severity at earittention may set in motion a cumulative, negative feedback cycle
ages on subsequent verbal skills. For children with autism, greatén which an “impoverishment” of social information prevents
impairment at age 3 in the areas of restricted and repetitivdnealthy neurological development that would ordinarily provide
behaviors and socialization have been associated with poorer lathe foundation for subsequent social cognition, behavior, and
guage outcomes at age 7 (Charman et al., 2005). Moreover, eerbal skills. However, the high degree of give-and-take between
diagnosis of autism, compared with the broader diagnosis of perbiological and environmental factors most typical of early child-
vasive developmental disorders-not otherwise specified (PDDhood may allow greater responsivity to the influence of the envi-
NOS) for preschool-age children, predicted poorer language outronment (i.e., greater development and growth). Hence, the ability
come 2-3 years later (Charman et al., 2003), even after accountirtg detect and prevent potential long-term impairments in early
for initial nonverbal and language scores (Thurm, Lord, Lee, &childhood may have important implications for intervention.
Newschaffer, in press). In yet another study (Mawhood et al., The unique characteristics of the data for the present study
2000), a high-functioning autism group was more impaired onallowed for the simultaneous consideration of multiple factors
language and verbal IQ measures at age 7.5 years than childrexffecting long-term verbal skills among various diagnostic groups,
with receptive language disorder only. Although the autism groupbeginning when the children were still in the early stages of
enjoyed gains in their verbal skills by 24 years of age, they hadacquiring language. Specifically, we prospectively examined the
significantly more problems in the use and understanding of lanrate and pattern of growth in verbal abilities between the ages of 2
guage than the non-ASD group with a language disorder. Studieand 9 years for children who differed with respect to early diag-
with nonspectrum comparison groups most always report lesgosis (autism, PDD-NQOS, or nonspectrum disabilities). This study
optimal outcomes for children with ASD than those with nonspec-had two main objectives. The first was to contrast the differences
trum disabilities, such as language and other developmental delaysetweerdiagnostic groups in the development of verbal skills. We
(e.g., Mawhood et al., 2000; Sigman & Ruskin, 1999). were interested in the degree to which age 2 predictors were
Other studies have tested the effects of various types of interrelated to outcome through age 9. Children diagnosed with autism
ventions on verbal skills in ASD. Although it is not always clear at age 2 were expected to have fewer verbal skills than PDD-NOS
whether improvement is due to the treatment, maturation, or otheand nonspectrum children at intake, with group inequalities in-
factors, research has reported positive effects for interventions thareasing over time. Nonetheless, all groups were expected to show
vary in type and scope, such as those specifically targeting joingains with respect to verbal age equivalence scores even though
attention, communication skills, as well as more general educationelative improvement for the children with fewer verbal abilities
programs (e.g., Howlin & Rutter, 1989; McGee, Krantz, & Mc- would not likely keep pace with age norms for typically develop-
Clannahan, 1985; Rogers, 2005; Smith, Groen, & Wynn, 2000jng children. Age 2 nonverbal age equivalent (NVAE) and joint
Turner et al., 2006). However, there is a need for better informaattention were expected to contribute positively to the level and
tion on the characteristics of different subgroups and trajectories ofate of improvement in subsequent verbal skills.
development so that early intervention efforts can be optimally The second, more exploratory objective was to longitudinally
formulated and targeted. The emphasis placed on various skillexamine differencesvithin diagnostic groups in verbal abilities.
may need to vary considerably for different 2- and 3-year-oldsWe hypothesized considerable variability in outcomes within the
with ASD. autism and PDD-NOS groups, including a narrowing of the gap
Regardless of the predictors considered, prospective studi€fsom typical development for a substantial proportion of ASD
generally report overall gains in abilities for ASD children (e.g., children from ages 2 to 9. In other words, we expected diagnosis
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or symptom severity and other characteristics to be predictive buattrition was not related to original diagnosis, gender, or verbal or
not definitive of later outcome. We expected the least variability innonverbal 1Q. The present study includes the 206 children who
the autism group on the basis of previous analyses of this samplere seen multiple times (at least twice) and were administered
up to age 5 (Taylor, Pickering, Lord, & Pickles, 1998). In light of diagnostic and psychometric instruments from the list described
theory and research suggesting substantial change in early childelow.
hood verbal abilities, we used change itself as a predictor of age 9
outcome for children with ASD. More specifically, we hypothe-
sized that changes in key predictors (i.e., verbal and nonverba
skills, symptom severity) between the ages of 2 and 3 would Diagnostic instruments. The Autism Diagnostic Instrument-
contribute to the age 9 verbal age equivalent over and abovRevised (ADI-R; Lord, Rutter, & LeCouteur, 1994) is a compre-
cross-sectional data obtained at age 3. hensive, standardized parent interview designed to distinguish
children with ASD from non-ASD and DD populations. Algorithm
scores are totaled for each of three domains, consistent with those
outlined in theDiagnostic and Statistical Manual of Mental Dis-
Participants orders 4th edition (American Psychiatric Association, 1994): so-
cial behaviors, communication, and repetitive interests. Parents

Eligible participants were consecutive referrals younger than 3%vere administered the ADI-R in the final two assessments when
months of age from agencies across North Carolina and metropothe children were ages 5 and 9. The ADI-R distinguishes between
itan Chicago serving very young children with developmentalparticipants who have acquired sufficient verbal skills to be scored
delays. All 221 families agreed to participate in the study initially. on language usage questions (daily, functional use of three-word
One later withdrew and six other families became ineligible for phrases that sometimes include a verb for a code of “0”) and those
inclusion when the children reached the age of 36 months beforasho have not (mostly single words for a code of “1”; fewer than
the first assessment could be scheduled. With the exception of tHéve words used on a daily basis for a code of “2"). A toddler
children’s age, these seven families did not differ demographicallyersion of the ADI-R, which includes a number of additional items
from the other 97% of families who participated in the study. specific to the first 2 years of life, was given when the children
Participants consisted of 192 children (162 males, 30 females)yere 2- and 3-years-old (see Lord, Shulman, & DiLavore, 2004).
referred for evaluation for possible autism, and 22 nonautistic The Autism Diagnostic Observation Schedule (ADOS; Lord et
developmentally delayed (DD) children (10 males, 12 femaleskl., 2000) and one of its predecessors, the Pre-Linguistic Autism
recruited in North Carolina. The autism referral group comprisedDiagnostic Observation Schedule (PL-ADOS; DiLavore, Lord, &
children under age 3 from four North Carolina state-funded autisnRutter, 1995), acquire diagnostic information through direct ob-
centers if = 111) or a Chicago autism clinic within a private servation of the child by a trained clinician. An administration
university hospitalif = 81). Exclusion criteria included moderate consists of a series of socially constructed play tasks administered
to severe sensory impairments or cerebral palsy, known genetion a semistructured manner. An algorithm calculates summary
abnormalities, or poorly controlled seizures. Nearly one half thescores for the social and communication domains. Children in the
214 participants (47%) received a diagnosis of autism at age Zyresent study were given the PL-ADOS at ages 2 and 3, which was
whereas the other half was divided between children with PDD-scored using the algorithm for the Module 1 ADOS (for children
NOS (28%) and those without ASD (25%). The nonspectrumwithout phrase speech). The ADOS was administered in subse-
group consisted of children with some degree of mental retardatioguent assessments. Children were observed with one of three
or a language delay (91%), whereas the remainder had othenodules, depending on whether they used single or no words
disabilities such as attention-deficit/hyperactivity disorder (M1), phrase speech (M2), or fluent speech (M3).

(ADHD) or a medical condition. There was a mix of children from  Each member of the research clinical team established interrater
rural and urban locations. Ethnic minorities, the vast majority ofreliability exceeding 90% exact agreementf 0.70) for all items
whom were African American, accounted for a sizable proportionon the ADI-R and 80% exact agreemert 0.60) on codes for

of the sample (33%). A third of the children had mothers with athe PL-ADOS and ADOS for three consecutive administrations
high school education or less, whereas parent education for thiesefore the study began. Reliability was maintained through con-
remainder of the sample ranged from some college (29%) tsensus coding approximately every sixth administration with a
completion of a college degree (38%). second rater who was blind to referral status.

All children were first seen at approximately age 2, with a mean Psychometric instruments.The Vineland Adaptive Behavior
age of 29 months3D = 5.17). The number of subsequent assess-Scales (VABS; Sparrow, Balla, & Cicchetti, 1984) is a standard-
ments varied by site and referral status. The North Carolina autisnzed parent interview of the child’s everyday adaptive functioning,
referral group was assessed at approximately ages 2, 3, 5, and Which yields domain scores in the areas of communication, daily
whereas the other two groups were seen at three of the four timkving skills, social skills, and motor development, as well as an
points (i.e., the DD group was not seen at age 3, and Chicagadaptive behavior composite score. Adequate validity and reliabil-
referrals were not seen at age 5). Of the original 214 participantdty have been established for both the adaptive behavior composite
5 were lost to follow-up after the initial assessment; another 37and the individual subscales of the VABS (Sparrow et al., 1984).
were lost by age 9 because of geographical location, unreachable The Infant Mullen Scales of Early Learning (Mullen, 1985) is a
status, or refusal to participate. Although African American fam-normed measure of verbal and nonverbal cognitive abilities for
ilies with less education were lost to the study at a significantlychildren below the 36-month level in the Gross Motor, Fine Motor,
higher rate than Caucasians and families with more educatiorfonverbal Cognition (i.e., “Visual Reception”), Receptive Lan-

easures

Method
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guage, and Expressive Language domains. The standard versionstaff members, including doctoral-level research associates, child
the Mullen (Mullen, 1989) for children below the 60-month level psychiatrists, or clinical psychologists. The decision for the best
was administered to older children who were unlikely to achieve aestimate diagnosis was based on the clinicians’ summary reports,
basal score on cognitive tests of a higher skill level such as thospsychometric and diagnostic algorithm scores, as well as video-
described below. (For specific procedures used to determine thpes of the direct observation of the child. (For a more detailed
appropriate test for a child, please see Yerbal and nonverbal description of the procedures, see Lord et al., 20Dgapnosisin
test selectiorsection.) the present study refers to the age 2 best estimate classification.
The Differential Ability Scales (DAS; Elliott, 1990), another = Verbal and nonverbal test selectionThe “preferred” verbal
measure of verbal and nonverbal cognitive abilities, was normeége equivalent at each measurement varied according to the child’s
on a national sample of children between the ages of 2 years, @evelopmental level and was selected from the list of psychometric
months and 17 years, 11 months. If children in the present studinstruments described above. In order to determine the most ap-
met age requirements and seemed able to achieve a basal scqoegpriate cognitive ability test, children’s level of functioning was
then they were administered the school-age version. This versiomitially estimated from verbal and adaptive skill scores on the
includes the Conceptual Similarities and Word Definition subtestsVABS parent interview, administered prior to the direct testing of
of verbal ability along with four nonverbal reasoning and spatialthe child. Test selection followed a hierarchy from the most to least
abilities subscales. If the school-age version (DAS-S) was notlifficult to complete: WISC-III, DAS-S, DAS-P, and the Mullen.
appropriate, then children were given the preschool version (DASChildren were administered the test with the greatest degree of
P). Its verbal cluster includes Verbal Comprehension and Naminglifficulty appropriate to their estimated abilities. If either basal or
Vocabulary subtests along with three additional subtests for meaceiling scores could not be obtained, then participants were given
suring nonverbal ability. the next test up or down in the hierarchy. Verbal ability was then
The Wechsler Intelligence Scale for Children-lll (WISC-IIl; constructed by averaging the age equivalence scores from the
Wechsler, 1991) was only administered to the highest functioningrarious verbal skill subtests of the chosen cognitive test in the
children at age 9. The WISC-Ill measures cognitive abilities forhierarchy. Age 2 verbal abilities were scored exclusively from the
children who score developmentally between the ages of 6 yeamslullen (n = 206). The remaining age cohorts were split between
and 16 years, 11 months. Five subtests are mandatory for compwarious tests in the hierarchy: 179 Mullens and 1 DAS-P for age 3;
tation of summary verbal scores, including information about82 Mullens, 41 DAS-Ps, and 3 DAS-Ss for age 5; 55 Mullens, 41
common events, places, and people; similarities in word pairsDAS-Ps, 29 DAS-Ss, and 39 WISC-llIs for age 9. We used verbal
comprehension; vocabulary; and arithmetic problems answeredge equivalents because a majority of the children were language
orally. Like the other psychometric instruments previously de-delayed and many could not be assigned a standard score. More-
scribed, the WISC-IIl measures “language” skills with respect toover, age equivalents are more appropriate indices of change
syntax and semantics as well as other verbal skills not typicallyjcompared with standard scores, which are intended to show sta-
included in linguistic studies (e.g., tests of memory, generalbility (Charman & Howlin, 2003). Because we elected to use
knowledge, and conceptual and quantitative abilities expressederbal scores from developmental and intelligence tests, and col-
orally). Five additional subtests measure different facets of nonlinearity within domains was very high (Elliott, 1990; Taylor et al.,
verbal cognitive skills. 1998), we did not attempt to separate receptive and expressive
Joint attention measure.This measure was based on factor language abilities. NVAEs were scored from the Mullen for all 206
analyses of the ADOS and consisted of summed scores frorparticipants at age 2.
several items depending on developmental level (see Gotham, Analyses. Growth curve analysis with SAS Proc Mixed (SAS
Risi, Pickles, & Lord, 2007). For children with some speech, thefor Windows release 9.1.3) was used to examine longitudinal
composite variable includes the gestures, pointing, showing, androwth in verbal age equivalents from approximately age 2 to age
spontaneous initiation of joint attention items. For nonverbal chil-9. In the present study, a random (separate) intercept and slope
dren, the measure comprises the gestures, use of other's body were calculated for each child as a control for the high correlations
communicate, response to name, and response to joint attenti@mong repeated measures on the same individuals over time. We
items. Item scores ranged from O to 2 or 3. The composite variablesed the growth models to compare the three diagnostic groups
was reverse coded so that higher scores indicate greater skill. with respect to (a) the relative starting points at 24 months of age
(i.e., the intercept); (b) the rate of change from age 2 to age 9 (i.e.,
the slope); and (c) the pattern of change from age 2 to age 9 (i.e.,
linear vs. quadratic). Because data for more than three time points
The full battery of diagnostic and psychometric instruments waswvere available, higher order polynomials were also considered in
administered at each assessment free of charge. Verbal feedbaatder to determine the shape of the curve. Covariates were added
and a written report were provided to families. Written informed as fixed effects to examine how much they accounted for variation
consent was obtained from parents prior to each assessment, iasthe intercept and slope: age at testing, gender, ethnicity, moth-
indicated by the University’s Institutional Review Board. er’s education, site, and age 2 nonverbal and joint attention skills.
Diagnostic classification. The ADI-R parent interview was We tested the effects of these variables in three steps. Controlling
typically administered in the home, whereas direct observation obnly for basic demographic variables, we first wanted to examine
the child took place at a nearby clinic or, in later assessments, ajroup differences in early verbal skills and rate of change over
school with the parent observing. Following the two-part evalua-time by diagnostic category before adding the other covariates of
tion, an overall best estimate diagnosis of autism, PDD-NQOS, ointerest. In the second step, we added joint attention and NVAE to
other nonspectrum disability was jointly determined by two trainedthe model to see whether they accounted for group differences in

Procedure
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verbal abilities at the first assessment. Age was centered at 24 Finally, least square regressions were conducted in order to
months so the intercept could be interpreted as the mean verbal aggamine whether changes in key predictor variables (i.e., verbal
equivalent at 2 years old. Finally, we added the time interactiongnd nonverbal age equivalents, restricted and repetitive behaviors,
with these two covariates to see how the slope or rate of change iADOS social-communication total algorithm score, and joint at-
verbal skills over time was affected. tention) between the ages of 2 and 3 contributed significantly to

The estimates for both the covariance and beta parameters wetlee age 9 verbal age equivalent over and above cross-sectional data
obtained by restricted maximum likelihood methods (REML) so obtained at age 3. The change variables were added into the second
that the results would be less biased (Verbeke & Molenberghsblock.
2000). To test for group differences in slopes and intercepts, we
usedt statistics reported for each parameter, calculated as the ratio
of the parameter estimate divided by the standard error. To exam-
ine whether rate of change in the verbal age equivalents over time Table 1 is a general approximation of expressive language level
differed significantly from zero, we usedests for linear combi- by diagnosis for children who were seen at age 9, where language
nations of variables representing the slopes. level was measured by which ADOS module a child was able to

A power analysis was carried out for a comparison of the growthtake and whether the child had sufficient language to be adminis-
curve slopes for the diagnostic groups from age 2 to age 9 (Diggletered questions about language deviance in the ADI-R. AImost one
Heagerty, Liang, & Zeger, 2002). For an effect size of .15 with quarter of the autism group and more than half the PDD-NOS and
80% power, and sample sizes of 50 children in each of the PDDhonspectrum children were using complex sentences to talk about
and nonspectrum groups and 100 participants with autism, weopics outside of the immediate physical context by age 9 (the
estimate that we can detect a difference in slopes of .33 units pegkDOS definition offluent). Another 24%—31% of the children in
month between groups (i.e., the difference in slopes between theach group were using sentences but were not fluent speakers.
autism and PDD groups in our data), assuming a residual variandginally, 29% of the autism group and fewer than 10% of the
of 25, a correlation among observations on the same participant #DD-NOS and nonspectrum children were still nonverbal (i.e.,
.68 (again generated from our data), and an alpha of .05. using fewer than five words daily according to the ADI-R). The

A mixture modeling procedure called TRAJ (Jones, Nagin, & analyses that follow examined how children within each diagnostic
Roeder, 2001) was used to focus more specifically on the variabilgroup arrived at their age 9 or most recent level of verbal ability as
ity in outcomes within the ASD subsample. Intended to comple-measured at the time of their last assessment.
ment growth curve analysis, PROC TRAJ is an exploratory pro-
cedure V\{ritten f_or use in SAS that ide_n_tifies linear anc_i non“nearBetween-Group Differences
patterns in longitudinal data and classifies the sample into groups.
We ran the procedure using an uncensored, normal distribution for Reduced model. Table 2 includes the growth curve models that
the age equivalent scores to see whether distinct subgroupindested for changes in verbal abilities from 2 to 9 years of age.
would emerge within ASD. We compared the absolute value of theCoefficients of special interest for each model are in bold. First,
Bayesian information criterion (BIC) between respective modelsnote in Model 1 that the intercept of 9.4 months is the average
(smaller indicates a better fit) to determine the optimal number ofverbal age equivalent score for the sample at age 2. Also, the
groups. (See Jones et al., 2001, for use of the BIC for nonnestegositive and significant effect of age indicates gains in verbal age
model selection.) The contribution of factors related to assignmengquivalents over time for the sample as a whole. Significant
to groups with varying growth trajectories was also assessedinexplained variance in the random slopes and intercepts remains
Because group membership changed slightly, depending on whichfter accounting for age. This reduced model serves as a basis for
covariates or “risk factors” were included, we could not comparecomparison with subsequent models as we consider the contribu-
nested models. For covariates, we therefore uskxbts for the tion of other factors.
individual parameter estimates and change in the absolute value of Differences by diagnosis.Model 2 of Table 2, depicted graph-
the overall BIC as criteria for improvement of model fit. Odds ically in Figure 1A, tested for differences in verbal abilities over
ratios (ORs) were calculated for the parameter estimates so that titkee 7-year period according to age 2 diagnosis. As expected, the

Results

relative contributions of risk factors could be assessed. PDD-NOS and nonspectrum groups differed from children with
Table 1
Expressive Language Level at Age 9 by Age 2 Diagnosis: Percentage of 172 Participants
Autistic PDD-NOS Nonspectrum

Language level (n = 84) (n = 46) (n=42)
Complex sentences (ADOS Module 3) 23.8 58.7 54.8
Sentences but not fluent (ADOS Module 2) 23.8 26.1 31.0
Words but not sentences (ADOS Module 1; ADI=R1) 23.8 10.9 7.1
No or few consistent words (ADI-R= 2) 28.6 4.3 7.1

Note. Four children were not administered ADOSs; level of language was inferred from ADI, Vineland, and
best verbal 1Q scores. PDD-NGS pervasive development disorders-not otherwise specified; ABG&itism
Diagnostic Observation Schedule; ADI-R Autism Diagnostic Instrument-Revised
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Table 2
Growth Models for Changes in Verbal Age Equivalents from Age 2 to Age=9 ZA6)
Model 1 Model 2 Model 3 Model 4
Predictor Coefficient SE Coefficient SE Coefficient SE Coefficient SE
Fixed effects
Intercept 9.37" 0.50 6.72" 0.91 8.55" 0.93 8.38" 0.93
Age at testing 0.59 0.03 0.45™ 0.06 0.45™ 0.06 0.50™ 0.06
Age 2 diagnosis
Autism — — — — — — —
PDD-NOS 451" 1.18 2.10 1.24 2.31 1.23
Nonspectrum 6.34™ 1.44 2.11 1.57 2.37 1.56
Site
N.C. possible autism —1.47 0.94 -1.37 0.88 -1.44 0.88
referral
N.C. developmentally 4.67" 1.73 4.67 1.60 458 1.60
delayed
Chicago — — — — — —
Non-White —1.38 0.92 —-1.20 0.84 —-1.20 0.84
Mother's education —0.26 0.37 -0.33 0.34 -0.35 0.34
Nonverbal AE at age 2 0.24™ 0.06 0.08 0.06
Joint attention 0.88™ 0.19 0.90™ 0.19
Linear slopes
Age X autism — — — — — —
Age X PDD-NOS 0.38™" 0.10 0.35" 0.10 0.28 0.09
Age X Nonspectrum 0.36" 0.11 0.33 0.10 0.23 0.10
Age X NVAE 0.04™ 0.00
Quadratic slopes
Age? —0.00 0.00 —0.00 0.00 —0.00 0.00
Age? X Autism — — — — — —
Age? X PDD-NOS —0.05 0.07 —0.02 0.07 —0.03 0.07
Ag€e? X Nonspectrum —-0.207 0.07 —-0.20 0.07 —-0.20 0.07
Random effects
Intercept variance 32.64 14.777 11.83" 11.10"
Slope variance 0.23 0.21™ 0.21™ 0.15™
Intercept/slope covariance 0.30 -0.14 —-0.58" —-0.38

Note. Quadratic term coefficients are multiplied by 100. PDD-N©%®ervasive development disorders-not otherwise specified; N.8orth Carolina;
AE = age equivalent; NVAE= nonverbal age equivalent; dashes indicate reference category; boldface indicates fixed effects of interest in each model.
"p<.05. "p<.0l. 7 p<.00L

autism in a number of respects. First, the main effect coefficientsntercepts, or diagnostic group differences in verbal age equiva-
for diagnosis show that differences in verbal abilities were alreadytents at 24 months. NVAE and joint attention at the first assess-
significant by age 2, with the nonspectrum and autism groupsnent were both significanty< .001) and associated with superior
scoring the highest and lowest, respectively. Second, the Gxoup verbal abilities at 24 months. When the effects of these two
Time interactions were also significantly different, with the PDD- covariates were accounted for, the diagnostic group differences in
NOS and nonspectrum children improving at a faster rate ovewerbal age equivalents at 24 months became nonsignificant. Closer
time compared with the children with autism. In other words, inspection revealed that group differences became nonsignificant
group inequalities increased with time. with the addition of joint attention alone. This was not the case for
It was expected that group differences would remain after conNVAE, though its effects remained positive and significant with or
trolling for other factors such as ethnicity, mother’s education, andwvithout the inclusion of joint attention in the model. Moreover,
site. Results supported this prediction. Gender was always nonsigvhen either joint attention or NVAE were excluded from Model 3,
nificant when included. Not predicted, but interesting, was thethe model with joint attention but not NVAE had a better fit than
finding that improvements in verbal abilities began to level off for the model with NVAE but not joint attention. (BICs were 4853.2
the nonspectrum group before age 9, whereas both ASD groupand 4886.0, respectively.) Hence, consistent with our expectations,
continued to improve without slowing through age 9. This decel-NVAE, and joint attention in particular, reduced group inequalities
erating pattern for the nonspectrum group was both significantlyin age 2 verbal age equivalents.
different from zero (not shown in Table 2j254) = —3.40,p < Covariates affecting the rate of changeModel 4 tested the
.001, and from the other two groups. hypothesis that the same covariates accounting for intercept dif-
Covariates affecting the starting pointModel 3 adds several ferences would also account for variation in the slopes or rate of
covariates in order to account for the observed variability in thegrowth in verbal abilities over time by diagnosis. Although the
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Figure 1. Predicted growth trajectories in verbal age equivalents (AE) from age 2 to age 9 for children with
autism (AUT; n = 98), pervasive developmental disorders-not otherwise specified (PDD-N&S58), and
nonspectrum disabilities (NONy = 50). A: test for differences in verbal abilities over the 7-year period
according to age 2 diagnosis. B: includes same fixed effects as those in Panel A, with the addition of nonverbal
AE, joint attention, and a nonverbal AE Time interaction.

interaction between joint attention and time was nonsignificant In summary, symptom severity related to diagnostic grouping
(not shown in Table 2), the interpretation of this finding was notand lack of joint attention skills, along with age 2 NVAE, account
entirely clear, given the moderate correlation between joint attenfor a substantial amount of cross-sectional and longitudinal vari-
tion and diagnostic category & .59; p < .001). However, when ation in verbal age equivalents from age 2 to 9. Overall, the
diagnostic category was excluded from the model, the Joint Atrandom effects at the bottom of Table 2 show a reduction in the
tention X Time interaction still did not reach significance, al- unexplained variance in the intercepts (by 66%) and slopes (by
though there was a nonsignificant trenpl & .10) for those with  35%) between growth curve Model 1 and Model 4. However, these
better joint attention skills at age 2 to progress more rapidly overesults reveal little about the variability within the respective
time. However, NVAE had a clear positive and significant effect diagnostic groups, particularly for the children with ASD.
on the slope so that children with higher IQs made greater gains in
verbal ability than their peers. Cognitive abilities accounted for
considerable variability in the growth rate over time, as can be see
graphically in the contrast between Figures 1A (Model 2) and 1B Variability in outcomes. We predicted considerable variability
(Model 4). Whereas inequalities between diagnostic groups asn outcomes, with marked improvements in verbal abilities be-
sume a fanlike spread over time in Figure 1A, this pattern istween the ages of 2 and 9 years for a substantial proportion of ASD
somewhat minimized in Figure 1B after controlling for the time children, particularly for the PDD-NOS group, though we were
interactions with NVAE. uncertain what proportion would show substantial improvement
Although the residual variance in Model 4 was relatively nor- and the extent of the improvement. Figures 2A-C display the
mally distributed, there were a few outliers for whom the model fit trajectories for individuals within each diagnostic group, where the
poorly. Seven children (10 observations) had particularly largedotted line represents typical development (i.e., age equivalent
residuals (with a chance occurrence pf< .01). These were matches chronological age). Consistent with expectations, a no-
children who made unusually good progress, as reflected by &ceably larger proportion of children with autism clustered at or
change diagnosis over time, either from autism to PDD-NOS omear the bottom, showing little improvement with time compared
from PDD-NOS to nonspectrum, and general improvements acrossith children in the other groups. However, contrary to expecta-
multiple domains, including verbal, nonverbal, and general adaptions, therange of outcomes, including variability in the slopes
tive skills. When these cases were removed from the analysis, thend intercepts, was as great or greater for the autism sample
main findings remained unchanged, although the decelerating patlespite the much lowemeanverbal ability score at age 9 (48
tern of growth in verbal skills that was observed in the nonspecmonths) than the PDD-NOS (82 months) or nonspectrum (67
trum sample also became significant for the PDD-NOS groupmonths) groups. The distributional pattern for the autism group
There was still a trend{ < .10) for the nonspectrum group’s was somewhat bimodal, with more individuals clustered at the
growth rate to slow down over time relative to that of the autismhigh and low ends. At the high end, a larger number of children
group. with autism than with nonspectrum disabilities, for example, were

\r{Vithin—Group Differences



GROWTH IN VERBAL ABILITIES 601

AUTISM PDD-NOS NON-ASD

2107, 2107 2107~
180 180 ., 180

2 £ ; | £

£ 150 £ 150 ) /4 § 150

2 = |z

= 120 c 120 A4 // c 120

% w / w_ _

< 9 < 9 — %

3 3 3

2 60 5 60 5 60

2 > - > .
30 30 30

(=]

0
10 30 S0 70 90 110 130 150 10 30 50 70 90 11¢ 120 120 1020 S0 70 Q0 110 120 180

Age in Months Age in Months Age in Months

Figure 2. Growth in verbal age equivalents (AEs; solid lines) from age 2 to age 9 for individual children
grouped by age 2 diagnosis. A-C: display of the trajectories for individuals within each diagnostic group. The
dotted line represents typical development (i.e., AE seorehronological age). Descriptive statistics for each
diagnostic group are as follows: Autism,= 98, mean verbal AE at 9 years otd 48 months, intercefD =

3.40, slopeSD = .43; pervasive developmental disorders-not otherwise specified (PDD-MGS)%8, mean
verbal AE at 9 years olé= 82 months, intercepD = 3.87, slopeSD = .42; nonspectrum autism spectrum
disorder (NON-ASD)n = 50, mean verbal AE at 9 years ofd 67 months, intercedD = 3.15, slopeSD =

.27.

near or above age norms by age 9. There was a great deal dfOS were in one of the two most improved groups. And, notably,
variation within the PDD-NOS group as well, though outcomesjust under 20% of the children initially diagnosed with autism were
were more evenly distributed. in one of the two most improved groups.

Within-group variability for the children with ASD was further ~ We also considered a number of potential “risk” factors that
examined with growth mixture modeling in PROC TRAJ. The could make assignment to higher or lower functioning groups
results produced four distinct subgroups on the basis of the level ahore likely. Covariates were added to the model one at a time to
improvement in verbal abilities over time. The four-group model see whether the resulting model was a better fit, as indicated by the
fit the data best, with the smallest BIC (2175) as compared withsignificance of the parameter estimates and a corresponding de-
those for the two-, three-, and five-group solutions (2316, 2236¢crease in the BIC. When NVAE was added to the no-risk model,
and 2340, respectively). With little ambiguity, the mean probabil-
ity of an individual’'s assignment to one group over the other three
ranged from .91 to .97, depending on the group. Further evidenca
of good fit is shown visually in Figure 3, in which the discrepan-
cies between the observed (solid lines) and expected values (elo£ 120 1
gated, dashed lines) are minimal. Again, growth trajectories, wert S

144 1

mostly linear and fan shaped with a slight, positive quadratic effec Gr.3
for the most improved groupp(< .001). =

Notably, when the data were divided into four ASD groups, the'Y
higher and lower extremes became more visible. As expected, — 48 - Gr.2

substantial minority of the ASD children—about one third= _8
53)—showed dramatic improvement and were doing quite well a.©

the time of the last measurement. By age 9, the average score fi 0
the two most improved groups was close to age norms or above
despite having scored below age level at the first assessmer
However, the two least improved groups showed more modes Age in Months

average gains of about 12 and 37 months (Groups 1 and 2, ) ] o )
respectively) over the 7-year period. Group 1 consisted mainly ofigure 3. Predicted growth trajectories in verbal age equ|valents (A_ES?
nonverbal children with few or no words in the last assessmentsOI'd lines) from age 2 to age 9 for all children ever diagnosed with autism

. L or pervasive developmental disorders-not otherwise specified166) by
0,
82% of this group were administered a Module 1 ADOS at age 9Ievel of improvement. PROC. TRAJ procedure generated 4 subgroupings:

Most of the children in Group 2 were speaking in phrases and o, 1 (Gr. 1)n = 70 (56 with autism at age 2); Group 2 (Gr. 2)=
some sentences but were not yet fluent speakers when last seef; (23 with autism at age 2); Group 3 (Gr. 8)= 30 (11 with autism at

70% of these children were given a Module 2 ADOS at age 9.age 2); Group 4 (Gr. 4y = 23 (7 with autism at age 2). The dotted line
Nevertheless, 54% of the children initially diagnosed with PDD- represents typical development (i.e., AE scerehronological age).

Gr.1

24 36 48 60 72 84 96 108 120
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the absolute value of the BIC decreased from 2169 to 2134. Nextoms did not affect the likelihood of assignment into Group 4
we added caregiver’s education as a covariate. It did not add to theersus Group 3.

overall model fit (BIC = 2138). Most group differences were  Growth in early childhood and subsequent verbal abilities.
nonsignificant, although children with the most highly educatedWe also examined within-group variation using change itself as a
parents were more likely to fall into the most rapidly developing predictor of later outcome for children with ASD. Changes in
trajectory group (Group 4) over the other three groups (OR69; NVAE, joint attention, restricted and repetitive behaviors, social-
p < .01). We kept this variable in the model due to possiblecommunication total, and verbal age equivalents from ages 2 to 3
implications for intervention and future research. Site, gender, antere all significantly correlated with verbal skills at age 9, indi-
race were dropped because these variables were not significant ri§Rting that children who had more positive change scores (i.e.,
factors for group assignment either alone or in combination withhigher verbal and nonverbal skills, fewer symptoms) during the
the other covariates. To the model with NVAE and caregiver'slz'momh interval hqd subsequently stronger verbal skills. To see
education, we added symptom severity measures separately frofiether change variables added additional explanatory power to
each other due to moderate correlations among them. The r@_g_e3cross-_sect|onal date_l, we conducted multlple regression anal-
stricted and repetitive behavior ADOS algorithm total at age 2 wad/SiS- In the first block, we included age at first assessment, NVAE
not a significant risk factor for group assignment and resulted in £ 29€ 3, and social-communication ADOS algorithm total at age

poorer model fit. Age 2 joint attention made a significant contri- 3. Paramet.er e_st_lma_tes for Chan.g_e n NVAE and social-
bution (BIC = 2135; OR= 1.51;p < .05) so that fewer skills communication difficulties were significant predictors of verbal

s . - i skills at age 9 p < .01 andp < .001, respectively). None of the
significantly increased the likelihood of assignment to the lowest hange variables for joint attention, NVAE, or verbal mental age,

functioning group compared with the other three groups but dioﬁowever provided additional explanatory power to age 3 cross-

nolt:iilzltll;ggfrh@?sot? %tggeﬁog;lgriez%gg)pséhown in Table 3 sectional data when they were added in the second block (adjusted
. ' . . ' '’ AR 2 = .00). The variance explained by the age 2 and 3 cross-
included .a NVAE’ caregiver education, and age 2 ADOS.SOC.'al'sectional data was already very high (39% and 57%, respectively).
communication t.otal. In general, fevyer SO,C'aI'Commun'C?t'onResults were nearly identical when we substituted age 3 verbal age
symptoms and higher NVAE resulted in assignment to a hlgherequivalents for NVAE as well as other symptom change variables

more progressive trajectory group. For example, for every one unifg o inint attention, restricted and repetitive behaviors) for social-
ommunication scores. We also examined the same models sepa-

increase in NVAE and social-communication symptoms, the odds,
of assignment to Group 4, the fastest growing group, were 1.2%5¢e)y for the PDD-NOS and autism groups with similar results.
times greater than assignment to Group 1, the least improved
group, whereas a child with a one-unit increase in social-
communication symptoms had only .41 times the odds of being
placed in Group 4 over Group 1. Caregiver education had the The ability to track developmental trajectories over 7 years in a
largest effect size in terms of increasing the odds of assignmeryelatively large sample of children referred for possible autism at
into Group 4 rather than into Group 1 (OR 2.98;p < .05). age 2 offers messages of both hope and realism for the verbal
In addition, not shown in Table 3, children in Group 4 tended tooutcome of children receiving early diagnoses within the autism
have a higher NVAE (OR= 1.09;p < .01) and parents with more spectrum. The findings indicate progress in the development of
years of education (OR 2.32;p < .05) than children in Group 3, verbal skills for almost all children with initial diagnoses of ASD
the second fastest growing group. Social-communication sympat age 2, with a strikingly broad range of outcomes. Yet, in contrast

Discussion

Table 3
Parameter Estimates and Odds Ratios for Risk Factors Predicting Verbal Age Equivalents From Age 2 to Agel66)n

Group Risk factor B SE OR 95% ClI t

Least improved
1 Nonverbal age equivalent — — — —
Social-communication symptoms total — — — —
Caregiver education - —

2 Nonverbal age equivalent .07 .02 1.07 1.04,1.12 "3.80
Social-communication symptoms total —-.20 .08 0.82 0.69, 0.96 —2.47
Caregiver education .20 .25 1.22 0.75,1.97 0.81

3 Nonverbal age equivalent 13 .03 1.14 1.07,1.22 3.94
Social-communication symptoms total —.74 15 0.48 0.36, 0.64 —5.00™
Caregiver education .25 .39 1.29 0.60, 2.74 0.65

Most improved

4 Nonverbal age equivalent 22 .04 1.25 1.14,1.36 .96
Social-communication symptoms total —.89 A7 0.41 0.29, 0.57 —5.29™
Caregiver education 1.09 .51 2.98 1.08,8.21 2.11

Note. Dashes indicate reference group.
"p<.05 " p<.0l1. Tp<.001.
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to some previous reports (Charman et al., 2005), the growttages. One might expect the children to have more severe problems
patterns of these children predicted on the basis of a comprehehan children referred at later ages and the families to be more
sive assessment at age 2 were not chaotic but followed predictabjgoactive or to have stronger support than later referrals. A further
patterns of change from 2 to 9 years. This change was systemdimitation is that our estimates of verbal skills were not compre-
ically related to the early best estimate diagnosis, NVAE estimatedhensive measures of spontaneous expressive and functional recep-
from a standard developmental scale (Mullen, 1989), and jointive language but are based on verbal scores from standardized
attention as measured by a standardized observation scale (DiLdevelopmental and cognitive tests that emphasize receptive and
vore et al., 1995; Gotham et al., 2007). The combination of thesexpressive vocabulary. We hope to carry out more detailed anal-
factors meant there were children with early diagnoses of autisnyses of language measures in the future. Future research will need
who made more progress than some children with PDD-NOSto examine longitudinal trends for other outcomes such as adaptive
Contrary to our expectations, the amount of change from age 2 tekills and the relationships between the various outcome trajecto-
3 did not account significantly for additional variance. ries. With increasing attempts to deal with the possible neurobio-

Compared with children with other developmental disorders, thdogical substrates to ASD and the recognition that there may be
children with ASD showed greater heterogeneity and range ofnultiple “autisms” (DeLong, 1999; Pelphrey, Adolphs, & Morris,
trajectories, which speaks to the necessity for intervention ap2004), including trajectories as an aspect of the phenotype, may
proaches that can address the diverse needs of this population. Thelp us understand these complex disorders.
four subgroups generated from the data on the basis of age 2
charact_eristics (in Eigure _3) make sense f_rom bth empiri_cal and References
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