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Changing Conceptualizations of Regression: What Prospective
Studies Reveal About the Onset of Autism Spectrum Disorder

Sally Ozonoff2 and Ana-Maria losif?
aDepartment of Psychiatry and Behavioral Sciences, MIND Institute, University of California —
Davis, 2825 501 Street, Sacramento CA 95817, USA; sozonoff@ucdavis.edu

bDepartment of Public Health Sciences, University of California — Davis, Medical Sciences 1C,
Davis CA 95616, USA; aiosif@ucdavis.edu

Abstract

Until the last decade, studies of the timing of early symptom emergence in autism spectrum
disorder (ASD) relied upon retrospective methods. Recent investigations, however, are raising
significant questions about the accuracy and validity of such data. Questions about when and how
behavioral signs of autism emerge may be better answered through prospective studies, in which
infants are enrolled near birth and followed longitudinally until the age at which ASD can be
confidently diagnosed or ruled out. This review summarizes the results of recent studies that
utilized prospective methods to study infants at high risk of developing ASD due to family history.
Collectively, prospective studies demonstrate that the onset of ASD involves declines in the rates
of key social and communication behaviors during the first years of life for most children. This
corpus of literature suggests that regressive onset patterns occur much more frequently than
previously recognized and may be the rule rather than the exception.

1. Introduction

The onset of behavioral signs of autism spectrum disorder (ASD) is usually conceptualized
as occurring in one of two ways: an early onset pattern, in which children demonstrate
delays and deviances in social and communication development early in life, and a
regressive pattern, in which children develop largely as expected for some period and then
experience a substantial decline in or loss of previously developed skills. While it was long
believed that the majority of children with ASD demonstrated an early onset pattern, more
recent studies suggest that regressive onset occurs more frequently than previously
recognized (Brignell et al., 2017; Hansen et al., 2008; Kern, Geier & Geier, 2015; Pickles et
al., 2009; Shumway et al., 2011; Thurm et al., 2014; for a review, see meta-analysis by
Barger, Campbell & McDonough, 2013). Studies occasionally also identify a third onset
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pattern, that of developmental stagnation or plateau (Shumway et al., 2011), that is
characterized by intact early skills that fail to progress or transform into more advanced
developmental achievements. This onset pattern is distinct from regression, in that the child
does not lose acquired skills, but instead fails to make expected gains.

1.1. Methods for Measuring Onset Patterns

The most common procedure for collecting information about the timing of early symptoms
is retrospective parent report. A number of factors can influence report validity, including
awareness of the child’s eventual diagnosis and knowledge of developmental milestones. It
has long been understood that retrospective reports are subject to problems of memory and
interpretation (Finney, 1981; Henry et al., 1994; Pickles et al., 1996), including in studies of
ASD (Andrews et al., 2002). Multiple studies have documented the ways in which recall
problems and other biases can influence parent report. Changes in recall occur over time,
with past events often reported to occur more recently, closer to the time of recollection, than
they actually took place, an error called forward telescoping (Loftus & Marburger, 1983).
Studies of children with ASD have demonstrated significant forward telescoping in parent
report of milestones, resulting in parents being less likely to report regression and more
likely to report early delays as their children grow older (Hus et al., 2011; Lord et al., 2004).
A recent study from our research team (Ozonoff et al., 2018a) conducted longitudinal
interviews with parents about onset of ASD symptoms when their child was 2-3 years old
(Time 1) and approximately 6 years old (Time 2). Significant forward telescoping was found
in both age of regression and age when milestones were achieved. The correspondence
between Time 1 and Time 2 parent report of onset was low (kgppa=.38). One-quarter of the
sample changed onset categories, most often due to parents not recalling a regression at
Time 2 that they had reported at Time 1.

Analysis of home movies of children later diagnosed with ASD is another retrospective
method used in research studies to study symptom emergence (Goldberg et al., 2008;
Palomo et al., 2006). Video analysis may be a more objective procedure for documenting
early symptoms than parent recall (Werner & Dawson, 2005) but it is labor-intensive and
subject to other limitations, such as selective recording (e.g., tendency of parents to film
positive behaviors). In a study from our team that compared classification of onset based on
coding of family movies to onset type as recalled by parents (Ozonoff et al., 2011a), less
than half of children whose home video displayed clear evidence of a major decline in social
and communication behavior were reported to have had a regression by parents. Similarly,
only 40% of participants with clear evidence of early delays and little evidence of skill
decline on video were reported by parents to show an early onset pattern.

1.2. Prospective Studies of Onset

Questions about when and how behavioral signs of autism emerge may be better answered
through prospective investigations, in which infants are recruited and enrolled near birth,
prior to the advent of parent concerns, and then followed longitudinally through the window
of developmental risk, until the age at which ASD can be confidently diagnosed or ruled out,
usually 36 months. A few large general population cohorts have been studied prospectively
to examine onset patterns (Brignell et al., 2017; Havdahl et al., 2018) but this study design is
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inefficient, since fewer than 2 in 100 participants will develop ASD (Centers for Disease
Control and Prevention, 2018), making it difficult to achieve an appropriate sample size.
Additionally, large prospective cohort studies must, of necessity, rely upon parent
questionnaires and rarely provide the opportunity for in-person clinical assessments to verify
diagnosis or onset pattern.

For this reason, most prospective investigations utilize high-risk samples in order to increase
the number of ASD outcomes that are informative for study. The most widely used high-risk
group has been later-born siblings of children with ASD, who are known to be at higher
ASD risk than the general population (Constantino et al., 2010). Most investigations
compare high-risk infants to lower-risk participants with no known family history of ASD in
first-, second-, and sometimes third-degree relatives. This study design improves on
retrospective methods in a number of important ways. Serial comprehensive assessments, in
standardized testing contexts, are used to document the timing of symptom emergence, thus
avoiding reliance on potentially fallible parent recall or non-representative home video.
Assessments can utilize a wide range of tools, including eye tracking, EEG, and imaging,
allowing broader investigations of symptom onset and testing of specific hypotheses. And
while most retrospective studies recruit samples through clinics, which may influence the
results by including more severely affected children, infant sibling studies avoid such
potential biases by ascertaining participants via family history alone.

Several recent papers provide comprehensive reviews of the infant sibling literature (Bolte et
al., 2013; Jones et al., 2014; Pearson et al., 2018; Szatmari et al., 2016). Here we focus on
research reports of greatest relevance to symptom emergence, specifically those that study
infants beginning in the first year of life on measures that are appropriate for examining
potential skill decline over time. Using a variety of different prospective methods, these
studies have reported largely intact early development, followed by developmental declines
and onset of symptoms around the first birthday and in the second year of life. For example,
Zwaigenbaum et al. (2005), using the Autism Observation Scale for Infants (AOSI), reported
no differences at 6 months between infants subsequently diagnosed with ASD and both
high- and low-risk infants without ASD outcomes; significant group differences emerged at
12 months and increased over time. This pattern on the AOSI was later replicated by an
independent research team (Gammer et al., 2015). Wan et al. (2013) found that infant-parent
interaction quality at 6-10 months did not predict which children would be diagnosed with
ASD at age 3, but by 12-15 months, such variables were significantly associated with
diagnostic outcome. Similar findings of lack of early group differences (or lack of early
predictive ability), followed by later divergence from typically developing infants, have been
reported by Landa and Garrett-Mayer (2006) using the Mullen Scales of Early Learning,
Rozga et al. (2011) in joint attention, Bedford et al. (2012) on a gaze-following eye-tracking
task, Elsabbagh et al. (2013) on a gap-overlap attention task, and Wolff et al. (2014)
studying repetitive behavior. In an incisive recent review that attempts to reconcile
retrospective and prospective studies of regression and explore how study design affects the
likelihood of capturing regression, Pearson et al. (2018) conclude that, among infants who
later develop ASD, “the majority show declining fixation of eyes, gaze to faces, and social
engagement, from typical levels in early infancy (2-6 months) to significantly reduced levels
by 24-36 months (p. 14).”
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2. Findings from the University of California Davis Infant Sibling Study

In our laboratory, we have taken the analytic approach of growth curve modeling to examine
directly the evidence of longitudinal developmental change in the first three years of life.
Between 2003 and 2015, the UC Davis Infant Sibling Study recruited three cohorts of later-
born siblings, each composed of 50 low-risk and 100 high-risk infants. Participants were
tested as early as 6 months of age and then seen every 3 to 6 months until their 3" birthday
(up to 7 in-person evaluations). They have since been followed into school age and tested at
approximately three-year intervals. The oldest children from Cohort 1 are now 16 years of
age and the retention rate is over 80%. At each infant and preschool visit, a battery of age-
appropriate standardized tests and experimental tasks was administered that measured
language, cognition, social, communication, motor, and many other domains. Approximately
20% of the high-risk infants were later diagnosed with ASD (Ozonoff et al., 2011b).
Diagnoses of ASD were made at any point that a child met criteria (mean age 24.2 months)
but a full diagnostic assessment was completed on all children, regardless of previous
findings, at 36 months by examiners unaware of family risk or prior assessment results. In
the following sections, we summarize several studies from these cohorts that consistently
demonstrate declining trajectories across a variety of different measures and developmental
domains.

The phenomenon of regression is defined by loss or significant decrease in already-acquired
skills. Thus, a critical methodological issue in prospective studies that wish to examine onset
patterns is selection of which behaviors to measure. They must be 1) developmentally
appropriate across the full age window of risk and 2) robustly present, at high frequency, in
the first year of life. Such behaviors have the capacity to decrease and are therefore of
highest relevance to the study of onset patterns. Measures that focus on socio-
communicative behaviors that have not yet emerged in the first year of life, such as joint
attention, imitation, and verbal communication, will be less useful for testing hypotheses
about declining capacities. The behaviors our laboratory has focused on, including gaze to
faces and eyes of others, shared affect, and social interest/engagement, are well developed in
the first year of life (Inada et al., 2010) and therefore of highest relevance in the prospective
measurement of regression.

2.1. Behavioral Coding of Social-Communication Rates

Ouir first exploration of longitudinal change in early social and communicative behaviors
used video recordings of participants interacting with examiners during structured
developmental testing (Ozonoff et al., 2010). Research assistants, unaware of family risk
group or diagnostic outcome, were trained to 90% reliability to detect three behaviors: gaze
to an adult’s face, smiles at an adult that were paired with eye contact, and vocalizations
directed at an adult that were accompanied by eye contact. Rate per minute of eye gaze,
shared affect, and directed vocalizations of the 25 children in Cohort 1 with outcomes of
ASD were compared to those of 25 children who did not have ASD outcomes randomly
selected from the low-risk group. The two groups behaved similarly at 6 months:
frequencies of none of the three behaviors differed between the groups and effect sizes were
in the small range. Over time, the Low-Risk (LR) Non-ASD group had a significant increase
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in social smiles and directed vocalizations, while maintaining the same consistently high
level of gaze to faces. In the ASD group, in contrast, the rates of all three behaviors
dramatically decreased overtime. Figure 1A displays longitudinal trajectories of eye contact
rate per minute, showing comparable values between groups at 6 months, followed by group
differences that became statistically significant by 12 months and persisted and widened
over time. These longitudinal decreases in the rates of key social and communicative
behaviors provided the first prospectively measured evidence consistent with a regressive
onset pattern.

We have since replicated these findings (see Figure 1B) using the same methods in an
independent sample of 46 infants later diagnosed with ASD from Cohorts 2 and 3 of our
longitudinal project. In this analysis (Gangi et al., in preparation), a third group, composed
of high-risk (HR) infants who did not have ASD outcomes, was also included. This group
was not different from the LR Non-ASD group in the frequency of gaze to adult faces at any
age and did not show any evidence of decline in development, which was evident only in the
participants developing ASD, replicating our 2010 study.

2.2. Observer Ratings of Social Engagement

Coding behavior frequencies from video is time-consuming, labor-intensive, expensive, and
not transferable to clinical contexts, so our research program has also sought to establish
whether declining trajectories are evident using other methodological approaches. At the end
of each visit, examiners rate the frequency of eye contact, shared affect, and overall social
engagement (number of social initiations and social responses) made by the infant
throughout the session, across all tasks, using a 3-point scale (1 = rare, 2 = occasional, 3 =
frequent). These scores are summed to create a composite that ranges from 3 to 9. As
reported in Ozonoff et al. (2010) and depicted in Figure 2A, these examiner ratings of social
engagement showed similar longitudinal patterns to the social behaviors coded from video.
There were no group differences in the 6-month examiner ratings; however, while the LR
Non-ASD group showed a significant increase in social engagement ratings over time,
reaching close to the maximum score by 36 months, the children in the ASD outcome group
had a strong decline in social engagement ratings over the same time period.

This finding was recently replicated in an independent group of 32 infants with ASD
outcomes from Cohorts 2 and 3 of our sample (Ozonoff et al., 2018b). We used the same
examiner rating variable (this time with an expanded 5-point scale) and compared the ASD
group to both a low-risk and a high-risk group without ASD. Again, all three groups had
comparable levels of social engagement based on examiner scores at 6 months of age. The
ASD group then demonstrated a decrease in scores with age, while the HR Non-ASD group
showed stable high scores over time and the LR Non-ASD group demonstrated increasing
scores longitudinally. By 12 months, the two Non-ASD groups demonstrated significantly
higher rates of social engagement, as judged by examiners, than the ASD group and these
differences widened over time, as can be seen in Figure 2B. Along with our 2010 paper,
these findings demonstrate that the declines in the frequency of social and communication
behaviors detected through more labor-intensive video coding methods are also detectable

Neurosci Biobehav Rev. Author manuscript; available in PMC 2020 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Ozonoff and losif Page 6

through much simpler methods that would be feasible for broader use, such as brief
observational ratings of social engagement by clinical professionals.

2.3. Longitudinal Parent Ratings of Social Behavior

The question remained, however, whether such findings could be an artifact or byproduct of
the assessment context with an unfamiliar examiner. For both clinical use and future
development of screening methods, it is critical to also establish whether parent ratings are
sensitive to the developmental decline phenomenon we have reported. In a recent study
(Ozonoff et al., 2018b), we examined parent prospective ratings of the same early-appearing
socio-communicative behaviors measured in the video and examiner ratings. Parents in our
study completed the Early Development Questionnaire (EDQ; Ozonoff, Williams & Landa,
2005) prior to each visit. The EDQ consists of 45 questions about the child’s current
functioning in social, communication, and repetitive behavior domains. Each item is rated on
a 4-point frequency scale (O=behavior never occurs, 3=behavior often occurs). Three items,
comparable in content to the video codes and examiner ratings, were summed: item 1 (“my
child looks at me during social interactions™), item 4 (“my child smiles back at me when |
smile at him/her”), and item 13 (“when I call my child’s name, he/she looks at me right
away”). In addition to being parallel to the behaviors rated by examiners, these items were
selected because they represent early-appearing behaviors that are relevant and
developmentally appropriate across all ages of the study (6-36 months). In contrast to other
EDQ items that measure later-developing skills (e.g., joint attention, language), the items
selected for the composite measure behaviors present in the first year of life (Inada et al.,
2010). As with the behaviors we selected for coding and examiner observational ratings, it
was critical that the behaviors rated by parents have the potential to demonstrate decreases
over time as ASD signs emerge. The composite variable, quantifying parent report of the
frequency of key early social behaviors, had a potential range of 0 — 9. On the parent-rated
EDQ), there were again no group differences at 6 months. As with the other measures, the
ASD group showed a decline in levels of social engagement with age, while both the high-
risk and low-risk Non-ASD groups demonstrated gains in social engagement over time. The
ASD group’s scores were significantly lower than both Non-ASD groups by 12 months and
the differences increased with age, demonstrating the same declining trajectory as evident in
the coded behavior and examiner ratings (see Figure 3A).

Employing a similar approach, we replicated the ability of parent report to capture the
decline in social and communication development using a standardized, normed measure
(Parikh et al., 2018), the Infant-Toddler Checklist (ITC), a 24-item parent questionnaire from
the Communication and Social Behavior Scales (CSBS; Wetherby & Prizant, 2002). This
instrument is normed from 6 to 24 months and includes questions that span this
developmental range, from early-appearing behaviors like social smiling to those that
emerge at older ages, such as spoken language and pretend play. We created a composite of
three items that represent behaviors typically present in the first year of life (item 2: “when
your child plays with toys, does he/she look at you to see if you are watching?”; item 3:
“does your child smile or laugh while looking at you?”; item 19: “when you call your child’s
name, does he/she respond by looking or turning toward you?”). We then compared growth
trajectories in infants subsequently diagnosed with ASD (/=46) to the HR Non-ASD
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(m7=139) and LR Non-ASD groups (/7=96). There were no group differences on the 3-item
ITC composite at 6 months of age; however, over time, the ASD group showed a decline in
scores, while the two Non-ASD groups demonstrated gains (see Figure 3B). This resulted in
the ASD group having significantly lower scores at 24 months than both comparison groups.

These studies from our lab show that children with ASD, as a group, evidence declines in
development from 6 to 36 months. Such declines are seen only in the ASD group and not in
comparison samples, even those with elevated genetic risk or other developmental concerns.
Findings of declining trajectories have since been replicated by other independent research
teams. Landa et al. (2013) examined growth trajectories in infants later diagnosed with ASD
and Non-ASD participants. Approximately half of the children with ASD, labeled the Early-
ASD group, demonstrated differences from the Non-ASD cases at 14 months but the other
half (Later-ASD group) did not diverge from typical infants until 24 months. The Later-ASD
group demonstrated a steep decline in shared positive affect, as measured by the CSBS
(Wetherby & Prizant, 2002), between 14 and 24 months. Jones and Klin (2013) conducted a
prospective eye-tracking study with high- and low-risk infants to assess attention to eyes.
The authors reported that very early in development (i.e., first two months of life), both low-
risk and high-risk infants displayed high levels of attention to eyes, with no group
differences. However, high-risk infants who were later diagnosed with ASD began to
demonstrate a steady decline in looking at eyes at four months, reaching a level that was
approximately half that of low-risk infants by 24 months. What was most predictive of a
later ASD outcome was not the amount of visual fixation on eyes displayed at any particular
age, but the overall declining trajectory over time. This study found that the majority of
infants developing ASD demonstrated this declining pattern.

2.4. Growth Curve Modeling Approaches to Determining Onset Classifications

In aggregate, the studies reviewed up to this point converge on the conclusion that
longitudinal decreases in key social behaviors are a signature of the early emergence of
ASD. But these data do not clarify how widespread such phenomena are within ASD and
whether the group-level findings are driven by extreme outliers or characterize a majority of
young children developing ASD. In our lab, we have approached this issue analytically
using multivariate Latent Class Analysis (LCA; Muthén 2004), permitting us to identify
distinct subgroups of children based on their longitudinal patterns on multiple measures of
social communication. This technique does not rely on preconceived notions or poorly
defined definitions of onset phenomena, but instead uses statistical modeling to empirically
derive the optimum number of classes described by the patterns of performance
demonstrated in the measures.

Data from a recent paper (Ozonoff et al., 2018b) address the question of how widespread the
declining trajectories pattern is within a group of 32 infants subsequently diagnosed with
ASD. We employed latent class growth models to examine potential within-group variation
in onset patterns, using both examiner ratings of social engagement and parent ratings from
the EDQ (see sections 2.2 and 2.3 for instrument descriptions). Best model fit for examiner
ratings was a two-group solution. Using their highest posterior group probability, the 32
participants were classified into two trajectories (see Figure 4A, which also presents the

Neurosci Biobehav Rev. Author manuscript; available in PMC 2020 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Ozonoff and losif

Page 8

Low- and High-Risk Non-ASD groups as contrasts). Only a small proportion of the ASD
cases (7= 4; 13%) were assigned to an Early Onset/No Regression group by the latent class
analyses, based on examiners prospectively reporting low levels of social behavior at all
ages. The vast majority (7= 28; 88%) were classified by these analyses into a Regression
group, in which examiners prospectively rated initially high levels of social engagement that
dropped significantly over time.

The best fit for the parent EDQ 3-item composite in the latent class models was a three-
group solution: Group 1, an Early Onset trajectory, Group 2, a Declining trajectory, and
Group 3, an Improving trajectory (see Figure 4B). Parents prospectively reported low levels
of social engagement at all ages for Group 1, which again made up a small minority of the
sample (7= 4; 13% of the sample). The majority of the sample (7= 22; 69%) was classified
in Group 2; these children were prospectively reported by parents to show high rates of
social engagement early in life, which significantly declined over time. Parents of children in
Group 3 (7= 6; 19%) prospectively reported low levels of skills at early ages that then
significantly increased over time.

2.5. Concordance Between Retrospective and Prospective Onset Classifications

In several of our studies, we have examined the correspondence between prospectively- and
retrospectively-defined onset patterns and in each case have found them to be quite poor. For
example, in our initial paper (Ozonoff et al., 2010), we compared onset classifications based
upon coded frequencies of social and communicative behaviors to onset classifications
employing retrospective parent report on the Autism Diagnostic Interview-Revised (ADI-R;
Le Couteur et al., 2003). Using prospective observational data, 86% of the ASD sample
showed decreasing rates of eye contact, social smiles, and vocalizations over time, but by
parental recall using the ADI-R, only 17% of the children were classified as having
regressive onset. In a more recent study (Ozonoff et al., 2018b), 69% of parents rated their
child in a manner consistent with regression on a prospective questionnaire (the EDQ,
described in section 2.3), but only 29% rated that same child as losing skills using a
retrospective measure (the ADI-R). Parents were able to /mplicitly identify the changes in
their child’s development over time when making ratings of the frequencies of current
behaviors, but often did not expl/icitly label these changes as skill loss or regression when
asked in a more categorical way. These results were particularly striking since both relied
upon parental observations of the child. Similar findings of low concordance between
retrospective and prospective methods of defining onset were reported by Landa and
colleagues (2013). And a recent large general population study (Havdahl et al., 2018) found
similar under-reporting of losses based on a retrospective parent interview. Of parents who
prospectively reported a loss, defined as rating certain social behaviors as present at 18
months but absent at 36 months, only a striking 2% of them recalled such a decline, or
labeled it as a loss, when asked at age 3.

3. Conclusions and Theoretical Implications

A number of conclusions can be drawn from the collective body of work reviewed in this
paper.
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3.1. Onset Involves Declining Social Development

ASD emerges over the first two years of life and is not present “from the beginning of life”
as stated by Kanner (1943, p. 242) in his seminal paper. For many years, it was presumed
that ASD signs were present, but were just challenging to measure, from birth. Diagnostic
criteria for ASD were developed at a time when children with autism were rarely, if ever,
identified in infancy and thus many symptoms in the DSM and ICD criteria, such as delays
or deficits in gestures, language, imitation, and pretense, are less relevant to the first year of
life. As we have emphasized in this review, one key to understanding early symptom
emergence is to focus on very early-appearing social behaviors, those that are robustly
present in early infancy, such as social interest, shared affect, gaze to faces and eyes, and
response to name. When such a methodological approach is taken, there is clear evidence,
across multiple methods, replicated by independent research teams, of declining social
behavior over time, after a period of relatively typical development. There is convergence
across studies of a lack of group differences from comparison samples without ASD before
9 months of age, followed by statistically significant differences starting at 12 months that
widen over time. Logically, if certain skills are evident at typical rates at an early point in
development and then those same skills, defined and measured the same way later in
development, have substantially diminished, resulting in statistically significant differences
from typical infants, a loss or regression of some magnitude must have occurred.

This paper advocates for taking a dimensional approach and using trajectories to identify
patterns of onset. We are not arguing, however, for a fundamental reconsideration of the use
of the word “regression.” The Merriam-Webster definition of the word regression is “a trend
or shift toward a lower or less perfect state, such as (a) progressive decline of a manifestation
of disease or (b) gradual loss of acquired skills.” This aptly describes the loss of established
skills (e.g., eye contact, response to name, social interest) that occurs during the declines in
social development described in this paper.

3.2. Regression in ASD is the Rule, not the Exception

The data summarized in this review suggest that a regressive pattern of onset is much more
common than previously thought, the rule rather than the exception. While retrospective
studies yielded regression estimates of 20-30%, prospective data put them much higher, in
some studies well over 80%. We and others (Jones et al., 2014; Ozonoff et al., 2018b;
Pearson et al., 2018) have suggested that the regressions reported by parents retrospectively
on measures like the ADI-R represent just “the tip of the iceberg,” while prospective studies
are able to capture earlier, more gradual, subtle changes that may be less noticeable in real-
time observation. A hypothesis deriving from this supposition is that concordance between
retrospective and prospective methods should be most frequent when the regression occurs
later, is more drastic or severe, and involves loss of clearly defined skills like language. No
published studies have yet examined this question and it would be a fruitful avenue for
future investigation.

We propose that the way ASD starts, for all children, is through declines in early social and
communication abilities. This presents a testable hypothesis: that all infants developing ASD
lose some skills, but at different ages, some of which may be harder to detect with current
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measurement approaches than others. It may be difficult for parents to perceive and describe
changing patterns of development that occur over many months during infancy, particularly
when the period of normalcy is fairly brief. Our team (Ozonoff et al., 2010, 2011a) and
others (Pearson et al., 2018; Rogers, 2009; Szatmari et al., 2016; Thurm et al., 2014) have
suggested that onset is better thought of dimensionally, as a continuum of age when social
and communication behaviors begin to diverge or decline, rather than a dichotomy
(regression v. early onset). In a dimensional conceptualization of onset, at one end of the
continuum lie children who display declines so early that they are difficult to measure and
symptoms appear to have always been present. At the other end of the continuum are
children who experience losses so late, when more skills have been acquired and thus there
are more skills to lose, that the regression appears quite overt and dramatic. We propose that
variable timing of these processes across children leads to symptoms exceeding the
threshold for diagnosis at different points in the first 3 years of life, resulting in a distributed
curve of onset timing.

3.3. Simplex v. Multiplex Samples

An important question to consider is whether regression in infant sibling samples is
representative of regression in children with ASD who are the first in their families to be
diagnosed with the condition. If symptoms emerge differently in multiplex and simplex
families, then the insights about onset afforded by prospective research may not be
applicable to the general population of children with ASD. For example, perhaps children in
multiplex families are more likely to experience a regression than children from simplex
families, accounting for the higher rates of decline apparent in prospective studies. We have
no reason to believe this is the case. In fact, the rate of retrospectively-reported regression in
multiplex families has been reported to be similar or lower than in simplex families
(Boterberg et al., under review; Parr et al., 2011), failing to account for the high rates
apparent in infant sibling studies, whose participants are, by definition, from multiplex
families. A related issue is that parents participating in infant sibling investigations have an
older child with ASD. It is possible that these parents may be different reporters than other
parents, given their previous experience with ASD. This may make them more astute
observers of development than parents in the general population and therefore more likely to
recognize skill decline. This hypothesis, however, is not supported by the data presented
earlier in this review in which parents in multiplex families also under-report skill loss
(Landa et al., 2013; Ozonoff et al., 2010, 2018a, 2018b). Nevertheless, it is important to
keep these cautions in mind in interpreting the extant data on onset patterns. Validating these
results in different kinds of samples, such as community-based epidemiological cohorts or
other high-risk groups like very preterm infants, will be critical.

3.4. Improving the Measurement of Onset

Collectively, the studies reviewed in this paper present significant concerns about the
accuracy of the most widely used methods of measuring regression, that is, retrospective
parent report, and argue against their widespread use. The challenge currently faced by the
field is that there are no practical alternative strategies to parent report for characterizing
onset status. The time-intensive process and cost of home videotape analysis is prohibitive
for large samples. Future studies will continue to rely on retrospective data, of necessity,
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since inclusion criteria for most samples require a confirmed ASD diagnosis (i.e., not
prospective data).

Several strategies have been proposed to improve reporting (Ayhan & Isiksal, 2005). To
minimize comprehension or interpretation problems, it is recommended that further specific
information about the behavior in question be provided. ASD screening instruments have
begun to incorporate video to improve accuracy (Marrus et al., 2018; Smith et al., 2017) and
this strategy could be adapted to improve reporting of onset patterns. For example,
longitudinal video of a child experiencing skill loss could be shown to parents to illustrate
the kinds of changes in behavior that define regression. To minimize recall problems, the
simplest approach, and the one shown to have the best validity, is to ask respondents to
consult relevant records prior to completing the interview (Ayhan & Isiksal, 2005). Parents
could, for example, review entries in baby books or journals or watch home video of the
child prior to the interview. Another approach is to link reporting to key events in the
respondent’s life by creating a detailed timeline and context that assist recall of specific
details (Loftus & Marberger, 1983). This method has already been used by Werner et al.
(2005) to improve recall of early development in ASD and it could be further adapted for
reporting about onset patterns. Whether these methods will enhance the validity of parent
report of onset remains to be seen and would be a fruitful area of future study. For further
discussion, see also Boterberg et al. (this issue).

3.5. Validity of Previous Studies of Regression

The studies reviewed in this paper call into serious question the validity of previous studies
of regression, which have, of necessity and the lack of alternatives, relied upon retrospective
measures. Refining methods of studying the onset of ASD has the potential to transform
research programs on etiological factors that contribute to the development of ASD by
providing more precise and accurate measurements of an important phenotype (Barbaresi,
2016; Thurm et al., 2018). A better understanding of the inflection points at which
development diverges from a typical trajectory to an autism trajectory could be highly
informative to the search for risk factors. Better measures of onset are urgently needed for
etiologic studies, which have been hindered already by the tremendous heterogeneity of the
autism phenotype (Constantino & Charman, 2016). Many recent studies have examined
whether onset types are associated with potential etiologic factors and biological correlates,
such as brain growth (Nordahl et al., 2011; Valvo et al., 2016), seizures (Barger et al., 2017),
vaccinations (Goin-Kochel et al., 2016), gastrointestinal problems (Downs et al., 2014;
Richler et al., 2006), immunological function (Scott et al., 2017; Wasilewska et al., 2012),
and genetic and genomic variations (Goin-Kochel et al., 2017; Gupta et al., 2017; Parr et al.,
2011), including mitochondrial and MeCP2 mutations (Shoffner et al., 2010; Veeraragavan
etal., 2016; Xi et al., 2007). So far, none of these factors has been firmly associated with
onset patterns. This may be due to the errors that are likely to have occurred in the
classifications of onset done in these studies. Clearly, examining the biological
underpinnings of an imprecise measure is problematic.

In a review of autism genetics, one of the major priorities identified for future research is the
characterization of ASD subtypes to relate to genetic variations (Geschwind, 2011). As more
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and more risk genes for ASD are identified, the common molecular pathways that these
genes share are becoming understood, with some expressed early in neurobiological
development and others later (Konopka et al., 2012). A twin study (Hallmayer et al., 2011)
suggested a greater role for environmental factors in ASD than previously appreciated. A
more precise timing of first symptom emergence would enhance identification of etiological
factors and when they might operate, with potential implications for intervention and
prevention.

4. Clinical Implications

Finally, the studies reviewed here provide hope and promise for improvements in screening,
early diagnosis, and treatment. Many prospective studies (e.g., Bosl et al., 2018; Jones &
Klin, 2013; Ozonoff et al., 2010) used measures, such as behavioral coding, eye tracking,
and EEG, that are expensive, labor intensive, and not practical for routine use. Studies
reviewed in this paper, however, have demonstrated that prospective parent report can
identify declining trajectories of development (Ozonoff et al., 2018b; Parikh et al., 2018), as
long as the instruments focus on early-appearing social behaviors, present in the first year of
life, that have the potential to demonstrate decreases over time as ASD signs emerge. Brief
rating scales of this type, administered longitudinally at regular well-child health care visits,
could provide a clinically feasible and cost-effective screening tool capable of detecting
declines over time. We hypothesize that dynamic screening, which utilizes longitudinal
screenings over time and comparison of scores across ages to identify declining trajectories,
will improve identification over static, cross-sectional screenings examining whether a
single score at a single age exceeds a cutoff. This approach has been successfully used in
identifying Rett syndrome (RTT), where head circumference is normal at birth, followed by
deceleration of head growth between 5 months and 4 years (Hagberg et al., 2001; Tarquinio
et al., 2012). Through the development of RT T-specific growth references throughout early
childhood, based on mapping head circumference trajectories, diagnosis of RTT has been
possible at earlier ages (Schultz et al., 1993; Tarquinio et al., 2012). We (Ozonoff et al.,
2010, 2018b) and others (Landa et al., 2013; Pearson et al., 2018; Thomas et al., 2009) have
suggested that this kind of dimensional, trajectory-based methodological approach,
percentiling social and communication milestones as we percentile other growth parameters,
could be applied to detect ASD early.

Prospective studies have repeatedly demonstrated that developmental declines follow a
period in the first year of life when socio-communicative skills are largely intact. Such early
intact skills can be capitalized upon in treatment, presenting opportunities for preventive
intervention when the brain is rapidly developing and maximally malleable. For many years,
the holy grail has been finding a marker present prior to symptom emergence, thus affording
the possibility of earlier, possibly preventative, treatment during the prodromal period. If the
prospective methods described in this paper can be harnessed to identify infants at risk for
ASD, during the decline of skills, rather than after the decline was over, it might be possible
to disrupt these trajectories prior to the full onset of symptoms (Dawson, 2011). Children
could be provided immediate access to infant interventions (Fein et al., 2016; Rogers et al.,
2014), capitalizing on still-preserved skills and harnessing the brain plasticity of early
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infancy to improve outcomes, lessen disability, and perhaps, prevent the full disorder from
developing.
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Highlights

. Onset of ASD involves declines in the rates of key social and communication
behaviors during the first and second years of life.

. Onset patterns are difficult to measure using retrospective methods, such as
parent recall and analysis of home movies. This calls into question the results
of previous studies that relied upon retrospective measurement.

. Prospective methods suggest that regressive onset patterns occur more
frequently than previously realized. Regression in ASD is the rule, not the
exception.
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Declining trajectories of gaze to eyes in children developing ASD, coded from a videotaped
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interaction with an examiner. Panel A: Cohort 1, Panel B: Cohorts 2 and 3.
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Declining trajectories of social engagement in children developing ASD, as rated by
examiners unaware of risk group or outcome. Panel A: Cohort 1, Panel B: Cohorts 2 and 3.
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Declining trajectories of social engagement in children developing ASD, as rated by parents,
Cohorts 2 and 3. Panel A: Early Development Questionnaire, Panel B: Infant Toddler

Checklist.
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Figure 4:
Latent classes of social engagement, demonstrating declining trajectories in the majority of

children developing ASD, Cohorts 2 and 3. Panel A: Examiner ratings, Panel B: Parent
ratings.
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