1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Pedijatrics. Author manuscript; available in PMC 2024 September O1.

-, HHS Public Access
«

Published in final edited form as:
Pediatrics. 2023 September 01; 152(3): . doi:10.1542/peds.2022-058674.

Developmental Trajectories of Autism

Christine Fountain, PhD?2, Alix S. Winter, PhDP, Keely Cheslack-Postava, PhDC®, Peter S.
Bearman, PhDP
aDepartment of Anthropology & Sociology, Fordham University, New York, NY

bInterdisciplinary Center for Innovative Theory and Empirics, Columbia University, New York, NY

°New York State Psychiatric Institute, Columbia University, New York, NY

Abstract

Objective—The goal of this study was to describe the typical, longitudinal, developmental
trajectories of communication and social functioning in individuals with autism spectrum disorder
(ASD) from childhood through adulthood and to determine the correlates of these trajectories.

Methods—Children with ASD who were born in California from 1992 through 2016 and
enrolled with the California Department of Developmental Services were identified. Subjects with
<4 evaluations in the database were excluded, resulting in a sample of 71,285 individuals. Score
sequences were constructed based on evaluative items for communication and social functioning.
Typical trajectories were identified using group-based latent trajectory modeling, and logistic
regression was used to determine the odds of classification into a social adolescent decline
trajectory by individual-, family-, and zip code-level factors.

Results—Six typical patterns of communication functioning and seven typical patterns of

social functioning were identified. Whereas the majority of autistic individuals exhibit improved
communication functioning as they age, the majority of individuals exhibit steady social
functioning. A small group of individuals (5.0%) exhibits high social functioning in childhood that
declines in adolescence. Membership in this adolescent decline group is associated with maternal
non-Hispanic White race/ethnicity, female sex, moderate levels of maternal education, lower zip
code-level median home values and population density, and higher zip code-level inequality.
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Conclusion—Most autistic individuals show improved communication and social functioning as
they age, but not all do. Trajectory group membership is correlated with socioeconomic status.
Future research should investigate what drives these correlations.
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Introduction

Autism spectrum disorder (ASD) is a lifelong condition. Although the traits of autistic
individuals change — sometimes substantially! — over time, few lose their diagnosis.2=>
Understanding “chronogeneity” — the heterogeneity over time -- in ASD traits, including
identifying key moments of change and their causes, can aid clinicians in helping autistic
people and their caregivers plan for the future.®

A number of studies have examined longitudinal ASD condition trajectories. However,
research has been hampered by a paucity of large and diverse samples with frequent
observations over long follow-up periods.5” A typical trade-off in these studies is that,

in order to utilize validated clinical assessments, they rely on small, unrepresentative clinical
samples with short observational periods and infrequent follow-ups.8-12 Results from studies
using group-based longitudinal trajectory methods and clinical assessments generally find
substantial heterogeneity in ASD trait trajectories and a group that improves significantly
over time.9-15 Typically, the number of trajectory groups identified decreases in smaller
samples, with best-fitting models finding two to five groups.8-1> Many models identify a
group that becomes more severe over time but are based on young samples with short
follow-up periods that do not allow examination of later potential inflection points.8-11.14.15
In addition, the individual and community socioeconomic correlates of trajectories have
been infrequently examined.

A unique study of chronogeneity in ASD traits had the advantage of a large, diverse
sample, although it depended on administrative data rather than clinical assessments.16
Using administrative data with annual follow-ups to age 14, this study found six distinct
trajectories, including a group whose communication skills, measured by word usage and
expressive and receptive language, improved dramatically over time.16 Membership in the
communication improvement group was associated with higher socioeconomic status (SES)
as well as White race/ethnicity.18 Unlike some other studies, this research did not find

a trajectory with autism traits becoming stronger over time, but was unable to assess
trajectories past early adolescence.

Addressing knowledge gaps about the longitudinal trajectories of autism traits through
adolescence and early adulthood could help clinicians understand how resources and
interventions shape the lives of autistic people and assist clinicians and caregivers in better
targeting them. Further, research is needed to understand how documented socioeconomic
and ethnic disparities in ASD diagnosis!”18 might also be reflected in longitudinal
trajectories of ASD traits.
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In this study, we draw on a large database of autistic persons with annual evaluations

from diagnosis through age 27 years. We use these evaluations to examine over 70,000
longitudinal trajectories and uncover patterns of development in two core domains of ASD.
We then examine how these trajectories relate to one another and assess trajectory group
associations with individual- and community-level sociodemographic characteristics.

The population of interest for this study is autistic persons who reside in California and
were born in 1992-2016. The Lanterman Act requires the state to provide services for all
residents with developmental disabilities, including autism. The California Department of
Developmental Services (DDS) coordinates diagnoses and services and has kept digital
records of its caseload since 1992; these records were acquired through a data use
agreement.

Although DDS enrollment is voluntary and may not include all eligible persons with autism,
eligibility is not means-tested, and most children with autistic disorder or ASD (hereafter
referred to as ASD) in California are enrolled.1® In 2014, the DDS adopted the DSM-5
diagnostic criteria for ASD, potentially expanding the eligible population.20

Dataset linkage and sample selection

We matched ASD caseload records from the DDS for 1992 through November 2019 to
birth records from the California birth master files (BMF) for 1992-2016 on infant names,
birthdate, sex, and race/ethnicity using Stata’s user-written dtalink command.2! Uncertain
matches were manually reviewed; overall, 86.0% of DDS records were matched to a birth
record, with match rates increasing over time.18

We then selected the 862,794 annual records of the 122,392 children born in 1992-2016
who ever appeared in the DDS caseload with an ASD diagnosis. We excluded evaluations
for infants under one year of age, those missing evaluative items, duplicates, and
individuals with fewer than four evaluations, resulting in 71,136 trajectories. Missing data
on sociodemographic and community characteristics (see Supplementary Table A) further
reduced the sample to 67,888 individuals for the regression analysis.

Dependent Variables: Communication and Social Functioning Measures

DDS clients are evaluated annually using the Client Development Evaluation Report
(CDER) to determine service needs. The CDER was revised in 2008,22 so we created

a crosswalk between comparable pre- and post-revision items (see Supplementary Figure
A).18 Communication scores evaluating language usage range from one (does not use words
to communicate) to five (uses complete sentences and has a vocabulary of >30 words).
Social scores assessing clients’ abilities to engage in and maintain social interactions with
others range from one (does not engage in two-way interaction) to four (initiates and
maintains interaction with others in familiar and unfamiliar settings). Sequences of scores
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vary in length from 4-26 years depending on birth cohort, age at ASD diagnosis, time on the
DDS caseload, and frequency of evaluation.

Individual characteristics: From the BMF we extracted: birth year; maternal education
level, race/ethnicity, and birthplace; infant sex; and whether the birth was paid for by Medi-
Cal (California’s Medicaid program) as a proxy for socioeconomic status. Race/ethnicity is
a social construct included due to its potential impact on children’s treatment, evaluation,
and service receipt. Year of DDS entry is the year of the first CDER (with any diagnosis).
Age of ASD diagnosis is calculated as the difference between the first date on the DDS
ASD caseload and BMF birth date, re-coded into five ordinal categories. A co-occurring
Intellectual Disability (ID) diagnosis is coded as present if an ID diagnosis ever appeared in
an individual’s record.

Community characteristics: We included three characteristics of the five-digit zip codes
in which individuals lived at entry into the DDS: high inequality (zip code with a Gini
coefficient for household income in the top quintile of CA zip codes), low population
density (persons per square mile in the bottom quintile); and median home value (in

2000 dollars). We derived these measures from the 1990 and 2000 decennial censuses, the
2008-2012 5-Year American Community Survey (ACS), and the 2014-2018 5-Year ACS and
linearly interpolated rates for the intervening years.

To identify and describe subgroups with similar developmental trajectories, we used group-
based latent trajectory modeling implemented with the /cmm package for R.23:24 This
approach assumes the population is composed of a number of subgroups with similar
longitudinal trajectories and uses a polynomial equation to capture the relationship between
age and the outcome, which, in our case, are latent variables characterizing individuals’
communication or social functioning. Model selection was based on goodness-of-fit
statistics and posterior probability classification tables to confirm group discrimination. We
then allocated individuals to their most likely trajectory (Supplementary Table B).23

To examine the relationship between trajectory groups, we cross-tabulated group
membership and compared each observed cell count to its expected value under an
assumption of independence. To understand the sociodemographic compositions of each
group, we calculated means and proportions by sociodemographic characteristics and
conducted two-tailed tests for differences from the grand mean and 2 tests of independence
for continuous and categorical variables, respectively. Finally, to examine correlates

of membership in a social trajectory group characterized by declining functioning in
adolescence, we used the GLM function in R to fit a logistic model with standard errors
clustered on individuals’ zip codes at entry into the DDS and calculated odds ratios with
95% confidence intervals.2> This study was approved by the Columbia University and
California Committee for the Protection of Human Subjects institutional review boards.
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Table 1 shows the sample characteristics. Eighty-two percent of the sample is male, almost
23% have an ID diagnosis, and the modal child is diagnosed at age three years. Hispanic
individuals comprise the largest racial/ethnic group (44%), and 43% of mothers are foreign-
born, closely resembling the demographics of California’s general population. Nearly 40%
of births are paid for by Medi-Cal, and 27% of mothers have at least a 4-year college degree.

Communication Trajectories

The six communication trajectories with 95% confidence intervals are displayed in Figure 1.
In five of six trajectories, there is improvement in evaluated communication skills and little
change after about age 15 years. Among these trajectories, groups we label Early Growth
and Moderate enter the DDS with moderate communication scores, whereas Mid Growth,
Late Growth, and Limited Growth groups enter the DDS with low scores at first evaluation.
Whereas members of the Early Growth, Mid Growth, and Late Growth groups — comprising
the majority of our sample — reach the score ceiling at varying paces, members of the
Moderate and Limited Growth groups improve less and plateau. Finally, the sixth group —
labeled “Low Flat” — includes 8.6% of the sample and is comprised of individuals who never
communicate with words at any age.

Social Trajectories

The seven social interaction trajectories with 95% confidence intervals are shown in

Figure 2. These are markedly more varied than the communication trajectories. Three

of the trajectories (High Growth, Medium-High Growth, and Moderate Growth) exhibit
improvement, albeit to different levels; three (Medium-High Flat, Medium Flat, and Low
Flat) show little change over time and jointly comprise the majority of our sample; and one
(Adolescent Decline [AD]) has the highest evaluated social skills at entry to the DDS but
exhibits substantial decline in adolescence.

Associations Between Communication and Social Trajectory Group Memberships

Figure 3 shows the joint distribution of membership in the two sets of trajectory groups, with
larger circles signifying higher relative frequencies. In general, flat social trajectories tend to
be associated with flat or limited improvement communication trajectories, and improving
social trajectories tend to be associated with improving communication trajectories. The
strongest association is between each dimension’s Low Flat trajectories, reflecting a
subgroup of severely affected individuals whose autism trait levels change little from
childhood through adulthood. Meanwhile, the largest cells in Figure 3, each comprising
11% of the sample, are the co-occurrences of the Medium-High Flat social trajectory,
characterized by fairly high, stable social skills, and the Early Growth or Mid Growth
communication trajectories, which exhibit improved communication during childhood.
Notably, more than half of the individuals in the AD group come from the Early Growth
communication group.
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Sociodemographic Correlates of Trajectory Group Membership

Tables 2 and 3 show sociodemographic characteristics stratified by trajectory group.
Children with co-occurring 1D are more likely to be in the Low Flat communication

and social trajectory groups. Children of White mothers are overrepresented among the
Early Growth communication group, whereas children of Hispanic and Black mothers are
underrepresented among this group. Children of Asian mothers are overrepresented among
both the Low Flat communication and social groups. Children of foreign-born mothers

are less likely to show early communication growth and more likely to exhibit a flat
trajectory. Children of mothers of higher SES (as measured by maternal education or Medi-
Cal status) are overrepresented among the Early Growth and underrepresented among the
Low Flat, Limited Growth, and Late Growth communication groups. Social trajectory group
membership is less clearly patterned with respect to maternal SES than communication, but
children of higher SES mothers are less likely to be in the Low Flat and Moderate Growth
groups.

Finally, children in the Early Growth communication and Medium-High Flat social groups
tend to live in communities with, on average, high median home values and low population
densities. In contrast, children in the Late Growth, Limited Growth, and Low Flat
communication groups live in communities with lower home values. Children in the AD
social trajectory group live in communities with both lower median home values and low
population densities.

Understanding the Adolescent Decline Trajectory

Table 4 displays the results of a multivariable logistic regression model predicting
assignment to the AD trajectory relative to all other social trajectories. The results reveal
that AD is positively associated with female sex (OR = 1.21, 95% CI = 1.10, 1.32). AD
children are less likely to be diagnosed either younger or older than age three. Children

of White mothers are more likely to be in the AD group relative to children of Hispanic
mothers (OR =1.13, 95% CI = 1.03, 1.25), whereas children of Asian mothers are less likely
(OR =0.73, 95% CI = 0.63, 0.85). Those with foreign-born mothers have a slightly lower
odds ratio relative to those with US-born mothers (OR = 0.88, 95% CI = 0.81, 0.97). Both
low and high levels of maternal education are negatively associated with AD relative to HS
graduates. Relative to Early Growth communication group membership, membership in any
other communication trajectory group is negatively associated with an AD social trajectory.

Regarding community-level characteristics, living in a high-inequality zip code is associated
with AD (OR = 1.14, 95% CI = 1.04,1.27). Each standard deviation increase in median
home value is associated with a decreased odds of AD by about 11% (OR = 0.89, 95% CI =
0.84, 0.93), while living in a low-density zip code is associated with a 16% increase in odds
(OR =1.16, 95% CI = 1.04, 1.29).

Discussion

Using the largest available database with the longest follow-up of autistic persons,
we uncover several typical patterns of ASD chronogeneity and their associations with
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individual- and community-level demographic characteristics. Whereas most autistic persons
exhibit improved communication as they age, their social functioning tends to remain
steadier. Unlike previous studies, we also find a small group whose initially high social
evaluations decline rapidly in adolescence.

Socioeconomic and Racial/Ethnic Disparities

Like a previous study of this population,6 we find that children from families with more
socioeconomic resources, as indicated by maternal education and private health insurance
coverage, tend to exhibit more improvement. This is also true for neighborhood resources,
where improvement is more common in zip codes with higher median home values.

We also find disparities by race and ethnicity; children of White mothers are overrepresented
among the Early Growth communication trajectory, whereas children of Hispanic, Black,
and Asian and foreign-born mothers are overrepresented among the communication and
social trajectories displaying less growth. This analysis does not reveal the source of these
disparities, which may be due to some combination of differential ascertainment,17.18.26
racial bias in evaluations,2” and unequal access to services and support,28 among other
potential explanations that require further research. However, these patterns align with
broader socioeconomic and racial disparities in health?2:30 and may signify inequities in
access to the resources that autistic people need to reach their full potentials.31:32 Children
of foreign-born mothers, meanwhile, may experience challenges arising from language
access.

Adolescent decline in social skills

Prior research identified distinct trajectory groups that show significant improvement or
decline through childhood,?:11:14-16.33 and a few small studies describe children who
“regress” into disruptive or aggressive behavior at puberty.34:3% This study is unique in
identifying a sub-group of autistic children whose social trajectory declines in adolescence
in a large, diverse cohort.

In the US, roughly 50,000 autistic adolescents transition to young adulthood each year.36
This transition is accompanied by changes in the healthcare support systems available to
autistic persons, including changes in providers and insurance, and loss of educational
services, creating obstacles to resource access at a critical time.36:37 It is important to
understand how these changes might co-occur with changes in autistic persons’ trait
trajectories.

A typical member of the AD group displays early, rapid improvement in their evaluated
communication skills combined with early high social skills. It is possible that, given
their high functioning at younger ages, these individuals are exposed to situations and
environments, such as mainstream classes, that tax their abilities as they encounter the
more complex social interactions of adolescence, resulting in a real or perceived decline
in their social functioning. At the same time, the stresses of adolescence or the onset of
psychiatric conditions,38:39 such as depression or anxiety, may trigger a decline in these
individuals’ social skills. Adolescence has been found to be a difficult period for autistic
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persons, when many experience stigma and bullying,*° with particular challenges for girls.4!
These explanations are consistent with our results and not mutually exclusive.

Those in the AD group are more likely to be female, diagnosed at age three, and have
White mothers with a high school diploma. Although Medi-Cal receipt (an indicator of
low household income) is not associated with AD, greater community-level resources as
measured by median home values are protective, whereas living in a high-inequality or
low-density community are risk factors.

Neurodiversity

Limitations

Challenges to the medical model of ASD by the neurodiversity movement have pointed

out that ASD traits, including differences in social and communication functioning, are

not necessarily skill deficits, but reflect the range of variation in human interaction.42:43
Through this lens, we acknowledge that, although it is unclear how the trajectories revealed
in our study population might differ from those in the neurotypical population, it is likely
that the latter also display significant chronogeneity and socioeconomic disparities. Further,
the associations between trajectory groups and community-level variables remind us that
evaluations of traits signify not just characteristics of individuals, but interactions between
individuals and their environments.

First, both the DDS’ definition of ASD and the items used to evaluate social and
communication functioning changed during our study period. To the extent we can
investigate given younger cohorts’ shorter observation windows, we do not find evidence of
discontinuities in the trajectory groups identified coinciding with these changes. Second, the
evaluative items are not clinical assessments and may omit relevant dimensions. In addition,
potential ranges of behavior may be truncated by the low levels of interaction represented by
the highest scores, especially for older individuals. Finally, the sample is 82% male. While
this is consistent with the gender composition found in most studies of community-identified
ASD, it is possible that girls are disproportionately under-identified, and it is unclear how
this might affect our results.#1:44

Future Research Directions

Avreas for future research include: investigating the mechanisms behind racial/ethnic and
SES disparities in trajectories and the social decline experienced by the AD group;
reproducing these findings using clinically validated measures of social communication;
and translating these findings into specific recommendations for clinicians, caregivers,
policymakers, and autistic people themselves. In addition, in light of the finding that female
sex is associated with the AD group and the under-representation of girls in this dataset,
more research is needed on ASD in girls, particularly in adolescence. Finally, many autistic
persons do not receive a diagnosis until later in childhood or adulthood,* and research is
needed to understand how their trajectories might differ.
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Conclusion

Although most individuals diagnosed with ASD show improved communication and social
interaction functioning as they age, albeit at varying rates and to varying levels, not all do.
Improvement is more common in relation to communication than social functioning, and
we uncover a small group that exhibits a decline in their social functioning in adolescence.
Trajectory group membership is correlated with SES and race/ethnicity, indicating that
unequal access to resources contributes to disparities in individuals’ experiences of ASD’s
chronogeneity.

Clinicians can aid in the provision of effective and inclusive services for autistic persons
throughout the life course. Clinicians can ensure that all children are screened according to
the American Academy of Pediatrics’ recommendations and assist in accessing appropriate
resources and support.*647 Clinicians should also remain aware that autism traits, social
expectations, and needs change as children age. Adolescence can be a time during which
autistic children experience stress and may benefit from additional support. Further, the
stigma and discrimination faced by autistic children can intersect with that arising from
other characteristics, such as race and economic status.#% Physicians can provide more
effective care to diverse populations by developing cultural competence and awareness of
systemic racism and advocating for policies that alleviate disparities.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Article Summary

We describe variation in longitudinal autism characteristics in a large group of autistic
persons and assess family and community characteristics associated with these patterns.

What’s Known on This Subject

Autism’s core indicators, communication and social interaction deficits, can change
through the life course. Longitudinal autism trajectories are known to vary, but the
sources of heterogeneity are poorly understood, and studies on longer trajectories
spanning diagnosis to adulthood are lacking.

What This Study Adds

We describe variation in communication and social trajectories from diagnosis through
age 27 in a large, diverse autism population. We observe a group whose social skills
decline at puberty and identify individual and community characteristics associated with
trajectory patterns.
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Figure 1.
Communication Trajectories: Means and 95% Confidence Intervals for Predicted Scores by

Age and Trajectory Group Assignment
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Social Trajectories: Means and 95% Confidence Intervals for Predicted Scores by Age and
Trajectory Group Assignment
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Figure 3.
Crosstabulation of Social and Communication Trajectory Assignments (N, with circles

scaled by ratio of observed joint frequency to the expected number under assumed
independence)
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Descriptive Statistics for Sample

Table 1.

Variable N Non-Missing % (n); Mean (SD)
Sex 71,284

Male 82.2 (58,604)

Female 17.8 (12,680)
Ever Diagnosed with Intellectual Disability 71,285 22.6 (16,096)
Age of Diagnosis with Autism 71,285

2 or younger 13.6 (9,677)

3 37.3(26,554)

4 13.9 (9,917)

5 8.6 (6,165)

6 or older 26.6 (18,972)
Maternal Race/Ethnicity 70,463

Hispanic White 43.6 (30,712)

Non-Hispanic White 32.1(22,609)

Black 7.5 (5,276)

Asian 14.8 (10,408)

Other 2.1 (1,458)
Mother born outside US 71,219 43.1(30,674)
Delivery Paid by Medi-Cal 71,141 39.4 (28,033)
Maternal Education 69,754

<HS 19.7 (13,740)

HS/Some College 53.2 (37,120)

>= College 27.1 (18,894)
Gini for ZCTA 69,835 0.4 (0.0)
Median Home Value (in 2000 $s) 70,174  288,317.7 (150,472.9)
Population Density per Square Mile 69,895 6,892.3 (6,783.9)
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Logistic regression results assessing correlates of Adolescent Decline trajectory group assignment (N =

Table 4.

67,888)
Estimate  (95% CI)

Female 121 (1.10-1.32)
Intellectual Disability Diagnosis 1.09 (0.99-1.22)
Age at Diagnosis (ref = age 3)

2 or younger 0.89 (0.79-1.00)

4 0.78 (0.70-0.87)

5 0.72 (0.63-0.82)

6 or older 0.59 (0.53-0.65)
Race/Ethnicity (ref = Hispanic White)

NH White 113  (1.03-1.25)

Black 1.07  (0.92-1.24)

Asian 0.73  (0.63-0.85)

Other 0.92 (0.69-1.21)
Mother born outside US 0.88 (0.81-0.97)
Maternal Education Level (ref = HS or Some College)

< High School 0.90 (0.81 - 1.00)

Bachelors or Higher 0.85 (0.77-0.93)
Medi-Cal Delivery 1.08 (0.98-1.18)
Communication Class (ref = Early Growth)

Mid Growth 0.38  (0.36-0.42)

Late Growth 015 (0.12-0.17)

Moderate 0.15 (0.12-0.17)

Limited Growth 0.07 (0.06 - 0.09)

Low Flat 0.04 (0.03-0.05)
ZCTA level Variables

High Inequality (Gini 5Q) 114 (1.04-1.27)

Median Home Value 0.89 (0.84-0.93)

Low Population Density (1Q) 116 (1.04-1.29)

Page 22

Notes: Models are calculated with robust standard errors clustered by 5-digit ZCTA. Model is adjusted for Regional Center of first entry into DDS

and year of entry into DDS.
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