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Abstract

By definition, autism spectrum disorder (ASD) emerges during early childhood. However, despite 

longstanding recommendations for earlier identification and intervention, there has been relatively 

slow progress in lowering the average age of diagnosis and enrollment in treatment for affected 

children. This has been due to several factors, including the inadequacy of behavioral risk markers 

and clinical practice entailing a “wait to see” or “wait to fail” approach to identification. 

Converging evidence now suggests that brain changes precede changes in behavior in children 

with ASD. This work has led to the discovery of potential biomarkers of presymptomatic or 

prodromal risk which may be used to accurately identify children at ultra-high risk during the first 

year of life. Such findings raise the possibility of intervention prior to the consolidation of core 

autistic features and during a period of substantial neural plasticity. While these avenues of 

research suggest strong potential for eventual clinical application, they also raise new questions 

regarding content, dosage, and timing of intervention as well as ethical, legal, and social 

considerations concerning presymptomatic identification and treatment.
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Predicting Autism Risk in Infancy

Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by social-

communication and interaction deficits and restricted, repetitive patterns of interests and 

behavior that are evident in early childhood. Its prevalence has grown substantially over the 

past several decades, with current estimates ranging from 1.7–2.5% in the United States.1,2 

This represents over 1.5 million children with ASD, the vast majority of whom receive or 

will receive specialized services.2 Each year, approximately 100,000 (and growing) 

individuals with ASD reach adulthood, and many face a myriad of challenges related to 

employment, housing, mental health, and overburdened or insufficient support services.3–5 

Although it varies widely by individual, there are a host of significant costs associated with 

ASD, from direct costs related to the provision of special education programs, housing, and 
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medical care to indirect costs such as loss of productivity affecting both individuals with 

ASD and their families.6 Currently, overall lifetime cost of care per individual with ASD can 

exceed $3 million, totaling more than $265 billion annually in the United States and rising to 

an estimated $1 trillion by 2025.7,8

A central challenge to the field – and a significant barrier to improving public health and 

educational outcomes – has been in the identification and treatment of affected children as 

early as possible. In the United States, the current average age of first clinical diagnosis of 

ASD is 4.2 years.3 Upwards of 50% of children with the disorder are not identified until 

after age 6 years, suggesting that the educational system and its associated social and 

cognitive demands function as a de facto screener for many with the disorder.21 Crucially, 

these figures mean that the majority of children with ASD are never afforded access to early 

intervention, arguably the most effective and established form of treatment. And despite 

longstanding acknowledgement that early identification and intervention are essential to 

improving long term outcomes for children with ASD, there has been relatively modest 

change in average age of diagnosis over the past decade.1 Prevailing practice is, in many 

cases, a model of “wait-to-see” (if delays worsen or resolve on their own) or “wait-to-fail” 

(identification occurs only when a child is unable to meet the demands of their environment, 

such as elementary school).

Presymptomatic/prodromal period

As with previous diagnostic criteria, the DSM 5 specifies that symptoms of ASD must be 

present in early development, while acknowledging that such symptoms may not fully 

manifest until the demands of the child’s environment elicit them.10 Indeed, the defining 

behavioral features of ASD are not present at birth and instead emerge over the first years of 

life. For most children, overt symptoms of autism will not become apparent until 

toddlerhood or later. On average, the age of first developmental concerns reported by 

caregivers is 32 months, with a range spanning early infancy to school age.11 Often the 

initial concerns reported by parents are not specific to the diagnostic criteria for ASD, such 

as expressive language delay. Retrospective studies of the presymptomatic or prodromal 

period preceding a diagnosis have been limited in their capacity to accurately capture the 

unfolding of autism, particularly as they concern parental recall of timing and behavioral 

change.12

In just over the past decade, prospective studies of infant siblings of children with autism, 

who are themselves at higher risk for the disorder, have substantially clarified the 

presymptomatic or prodromal period of autism.13 In one such infant sibling study, Ozonoff 

and colleagues found that 6- and 12-month old infants later diagnosed with ASD appear no 

different from typically developing children on measures of core social features such as 

social smiling or gaze to faces.14 Many babies who will later be diagnosed with ASD will 

smile, make eye contact, and otherwise engage with caregivers no differently than babies 

who do not go on to receive a diagnosis. Rather, differences in social communicative 

features emerge gradually over the second year of life for many children who eventually 

receive a diagnosis. Restricted and repetitive behaviors, including atypical sensory 

responsivity, have been reported as elevated at age 12 months in high-risk infants later 
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diagnosed with ASD.15,16 However, observed differences are relatively modest and there are 

limited data on these behaviors prior to toddlerhood. Studies of cognitive and adaptive 

behavior suggest that while early differences may be detected with sufficient statistical 

power, standard scores for most children later diagnosed with ASD are within the normal 

range at 6 and 12 months.17–19 In sum, while behavioral differences have been reported in 

the published literature at or prior to age 12 months, these differences have largely been 

observed only at the group level and are likely too subtle to rise to the level of detection by 

caregivers or clinicians.

Prediction* of ASD through biomarkers

Much of the impetus for identifying early and predictive biomarkers of ASD has been that 

assessment of risk on the basis of behavioral markers alone has been insufficient with regard 

to accuracy even at age 18 months.20,21 This lack of precision may stem in part from 

heterogeneity associated with the behavioral phenotype of ASD, particularly as it relates to 

early social-communication symptoms as these may not reliably differentiate children at this 

age.20 Critically, there are no tools available to accurately identify children during the first 

year of life. Experimental behavioral screeners for ASD risk in infants have shown poor 

sensitivity and are as of yet unsuitable for widespread adoption in clinical settings.22,23 

Lacking options, providers continue to rely exclusively on behavioral screeners, such as the 

Modified Checklist for Autism in Toddlers (M-CHAT) at ages 18 months and later when 

core symptoms may be clearly observed.21 However, a recent universal screening study of 

the M-CHAT/F found evidence of poor accuracy, with an overall positive predictive value of 

about 15%.24 Perhaps more concerning was evidence that behavioral screening is 

significantly more accurate for children who are White and of higher socioeconomic status. 

The addition of biological markers could plausibly reduce such bias and enhance the 

accuracy of behavioral approaches to risk assessment or even replace them in some contexts. 

Evidence to this effect is seen in studies of other neurodevelopmental disorders, such as 

dyslexia, wherein neural markers have been shown as superior to behavioral measures in 

predicting long-term reading improvement in adolescents.25

What have we learned about autism that might inform prediction? There are numerous 

examples of biological findings related to a diagnosis of ASD in the published literature.26 

However, the vast majority of these putative markers have been identified through cross-

sectional studies of older children and adults, for whom the disorder is already clearly 

manifest, using approaches such as neuroimaging or eye tracking. Developmental variance 

largely precludes the downward extension of findings from older individuals to infants; 

children with autism are not tantamount to children who will later develop it. Data from 

prospective studies of infants later diagnosed with ASD support the position that the 

biological signature of the disorder is unique from that observed in older children and adults.
27–30 As an example, we have found that infants later diagnosed with ASD have a larger 

corpus callosum relative to typically developing infants; this effect is diminished by around 

*In addressing prediction in ASD, it is important to begin by clarifying our terminology. Herein, we use prediction to refer to the 
forecasting of some later outcome (e.g., a diagnosis of ASD or the severity thereof) at the level of the individual. This is in contrast to 
the use of the term in reference to explanatory modeling (e.g., regression) or contemporaneous data.
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age 2 years.24 By preschool age or later, the corpus callosum in children with autism is 

relatively smaller.31 While this may be superficially considered inconsistency, it likely 

reflects qualitatively different developmental effects, such as early axonal pruning versus 

later experience-dependent myelination. Relatedly, several independent studies have 

identified early increases in fractional anisotropy, a measure of white matter structural 

connectivity, but slower growth rates among children with ASD, such that trajectories cross 

over with comparison children during early childhood.32 Such evidence of increased 
fractional anisotropy in ASD has only been reported in young children. These examples 

highlight a common theme in the published literature, that the neural signature of ASD is 

characterized by significant developmental variance.

The advent of infant sibling studies has dramatically enhanced our understanding of the 

early development of ASD and informed potential methods for prediction. Infant siblings of 

children with ASD are at elevated risk for the disorder, allowing researchers the opportunity 

to chart the early unfolding of the disorder in prospectively ascertained samples.13 A 

multitude of infant sibling studies have been published in the past decade, but only a handful 

have focused on characterizing the early biological signatures of ASD.32,33 The majority of 

these have examined temporal associations at the group level to address scientific questions 

related to issues of development or pathophysiology; relatively few have focused on 

prediction in individual infants. While group-level studies have informed potential 

developmental mechanisms underlying autism, clinically viable prediction of risk in infancy 

requires approaches that show evidence of strong, individual-level classification accuracy.

There are now seven published empirical papers reporting potential biomarkers for the 

presymptomatic prediction of ASD in infants. Based on resting state EEG data collected 

from infants and toddlers, for example, Bosl and colleagues examined whether features of 

signal complexity could accurately classify ASD risk in infants.34 The authors reported high 

classification accuracy for comparisons between infants later diagnosed and low-risk 

controls. However, classification accuracy was not reported for the high-risk infant 

comparison group (i.e., HR with vs. without ASD). Recently, Gabard-Durnam and 

colleagues35 reported that EEG power measures collected over 3 to 12 months differentiated 

HR infants later diagnosed with ASD from high-risk infants without ASD and low risk 

controls. Effects were found both for intercept at age 6 months as well as change (or slope) 

over the age interval, with frontal EEG power contributing the most to group differences. 

The authors reported 82% sensitivity, 86% sensitivity, and 72% positive predictive value for 

detection of ASD among high risk infants over the 3 to 12 month interval. Like EEG, eye 

tracking is another potentially scalable means of assessing risk for ASD in infants that has 

been utilized by several research groups. For example, Klin and Jones reported that change 

in duration of visual fixation from ages 2 to 6 months differentiated high-risk infants later 

diagnosed with ASD from typically developing infants.36 A key takeaway from this work is 

that autism risk may be best captured through change over time versus measurement at a 

single time point. Such developmental surveillance may be clinically feasible given the 

potential scalability of eye tracking. While eye tracking studies of infants are encouraging, 

the individual-level diagnostic accuracy, particularly comparing high risk children with and 

without autism, has generally not been examined or reported.
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The Infant Brain Imaging Study has published four reports examining the accuracy of MRI 

screening at age 6 months in classifying a later diagnosis of ASD in high risk infants. Shen 

and colleagues37 reported on predictive values of extra-axial cerebral spinal fluid (CSF) 

measured at age 6 months in relation to diagnostic outcomes at age 2 years. Using a cross-

validated machine learning approach, the authors found that an algorithm accounting for 

extra-axial CSF, cerebral volume, age and sex yielded a positive predictive value of 36% and 

overall accuracy of 69%. The approach accurately predicted 66% of those later diagnosed 

with ASD (sensitivity) and 68% of those without a diagnosis (specificity). In a diffusion-

tensor imaging study, Wolff and colleagues27 reported that fractional anisotropy in the 

splenium of the corpus callosum and superior cerebellar peduncles at age 6 months 

significantly predicted diagnosis at age 2. Positive predictive values ranged from 65–68%, 

and negative predictive values ranged from 84–85%.

Using structural MRI, Hazlett and colleagues38 reported on brain structural growth in a 

study of 435 infants at low- and high-risk for ASD assessed at ages 6, 12, and 24 months. Of 

these, 148 contributed data at each time point. The authors identified increased rates of 

surface area expansion from age 6 to 12 months, followed by increased rate of total brain 

volume from 12 to 24 months. These findings directly support the hypotheses generated 

from previous work39 and may implicate the proliferation of neural progenitor cells 

prenatally.40 To assess predictive accuracy, a machine learning approach was applied to 

features of surface area growth from 6 to 12 months. Results indicated that this structural 

MRI data predicted diagnostic outcome at age 24 months with 88% sensitivity, 95% 

specificity and a PPV of 81%.

Finally, Emerson and colleagues41 utilized whole-brain resting state functional MRI 

(rsfMRI) data collected at age 6 months to predict diagnostic outcome at age two years in 

infants at high familial risk for ASD. Based on a cross-validated machine learning algorithm 

applied to the imaging data, the authors reported a positive predictive value of 100% and 

negative predictive value of 96%. Functional network pairs (n = 974) contributing to the 

predictive algorithm were derived on the basis of their association with clinical features at 

age two, such as social communication skills and restricted and repetitive behaviors. Results 

suggested that differences in functional connectivity contributing to the predictive algorithm 

were highly diffuse, with no single network or concentrated set of ROIs differentiating those 

who did versus did not develop ASD. Though based on a relatively modest sample (59 high 

risk infants, 11 of whom later received a diagnosis of ASD), this study along with the three 

other MRI studies of prediction suggest the possibility of developing clinically-viable MRI 

screening for ASD. Such a presymptomatic test for ASD could contribute to clinical 

decisions for infants who are already at elevated risk due to family history.

The use of MRI or some other biological measure to detect autism in infancy is in our view 

an important way forward given abundant evidence that brain changes precede behavioral 

change in children who develop autism. Put differently, intervention provided after the 

consolidation of defining symptoms may be too late to substantially impact 

neurodevelopment. This rationale is illustrated by studies of Parkinson’s disease (PD), where 

it has been well established that substantial loss of striatal dopaminergic function occurs 

prior to disease onset. Importantly, there are now several promising neuroimaging 
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biomarkers for the prodromal identification of PD that are subjects of active investigation.42 

Our network is now beginning a new project to replicate and refine neuroimaging methods 

for detecting autism, with the eventual goal of readying them for clinical use in high-risk 

infants. If used as a level 2 screener in conjunction with an approach involving a cost-

effective level 1 (or universal) behavioral screener and/or polygenic risk score, MRI could be 

used to determine ultra-high risk status and allow for enrollment in very early intervention. 

If such an approach could be established in a high-risk sample, it could feasibly be adapted 

for the general population. While the field has only just begun to evaluate risk screeners for 

ASD in infants, there are several promising new measures, including a modification of the 

First Year Inventory that has recently been piloted in high-risk siblings.43

Presymptomatic intervention

It has long been acknowledged that early intervention is the preferred means of improving 

quality-of-life and long-term cognitive and behavioral outcomes for individuals with autism, 

as well as significantly decreasing lifetime costs associated with care.44–49 It is presumed 

that early intervention provides foundational skills that may prevent a developmental 

cascade culminating in the core features of ASD.50,51 Rather than responding to an 

entrenched behavioral excess or deficit or playing “catch-up” with regard to cognitive or 

adaptive skills, early intervention is tied to developmental processes in a manner 

individualized for each child and intended to support a healthy trajectory. This represents a 

qualitatively different intervention scenario than what is associated with the “wait to see” 

and “wait to fail” models of identification, for which providing treatment once a child is 

demonstrably behind their peers across multiple developmental domains is customary. 

Indeed, later intervention is likely to entail greater costs and significantly more effort to 

achieve the same effects as early intervention.52 Early intervention is likewise believed to 

capitalize on the highly malleable developing brain, leveraging a unique sensitive period of 

experience-dependent plasticity to foster the rapid accumulation of skills.53,54 It is during 

this time that the interplay between genes-brain-experience establish important foundations 

for ensuing development. As with behavior, early intervention should advantageously alter 

development before nervous system effects consolidate and become less responsive to 

treatment. However, early intervention provided after diagnosis, while desirable, may be 

insufficient to dramatically improve outcomes. Indeed, early intervention delivered outside 

of tightly controlled clinical intervention studies is associated with only modest gains in key 

outcome measures.55

If autism can be reliably predicted in infancy, a clear opportunity to deliver presymptomatic 

intervention presents itself. But is presymptomatic intervention a desirable goal, or one that 

represents an improvement over traditionally defined early intervention? Infant intervention 

would be uniquely proactive, allowing children who are at ultra-high risk to contact 

specialized services before the accumulation of developmental delays and significant 

changes to brain structure and function. For autism, and neurodevelopmental disorders more 

broadly, infant intervention is relatively new territory. In this section, we will briefly discuss 

pragmatic and conceptual considerations and provide an overview of nascent work in the 

area of infant intervention for ASD.
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Aside from a handful of promising preliminary studies, there are no established practices for 

use in infants who will later develop ASD. Developing a presymptomatic intervention 

package for infants is not a simple matter of downward extending evidence-based 

interventions for preschool aged children. First, by definition, most children who are 

identified as eligible for presymptomatic intervention will not yet exhibit overt behavioral 

signs associated with ASD.18,56 Thus, the treatment targets themselves will qualitatively 

differ, with a focus more on developmentally appropriate targets than the symptoms 

themselves. The goal of a presymptomatic intervention might be to interrupt a 

developmental cascade that has downstream implications related to ASD, for example 

targeting attentional skills, such as visual orienting and sustained attention, in infancy to 

support later executive function or language acquisition.57 Presymptomatic intervention 

packages for infants identified as ultra-high risk will therefore entail the scaffolding of 

behavioral priors relevant to distal features of ASD, such as working on skills such as 

orienting to faces in anticipation of later joint attention. If a child enrolled in 

presymptomatic intervention begins showing signs of autism or receives a diagnosis (e.g., in 

the second year of life), intervention would likely transition to an established, ASD-specific 

approach, such as a naturalistic developmental behavioral intervention.58

What is known about infant intervention for ASD? As a relatively new area of inquiry, there 

are no established approaches to providing autism-focused intervention to children prior to 

toddlerhood. While preliminary, there are promising leads regarding potential 

pharmacological approaches. For example, Marchetto and colleagues59 reported that 

induced pluripotent stem cell derived neurons from children with ASD displayed dampened 

synaptic growth and activity following altered proliferation of neural progenitor cells. The 

authors reported that treatment with insulin growth factor 1 (IGF-1), a neurotrophic factor 

implicated in neural plasticity, was associated with significant improvement in neuronal 

network activity. In a related study, Schafer and colleagues60 demonstrated that the neuronal 

effects associated with ASD may be traced back to the development of neural stem cells 

prenatally, suggesting a potential target to improve subsequent neuronal development. While 

this work to date has been specific to children with ASD and microcephaly, others have 

reported improvements associated with alternate targets in idiopathic ASD generally, such as 

increased synaptic development through the blocking of interleukin-6.61 Together these and 

related studies highlight not only potentially promising avenues for intervention, but for the 

importance of prenatal or early postnatal timing. These studies also highlight the opportunity 

to purposefully address heterogeneity associated with autism by matching a pharmacologic 

intervention to a specific biotype. For example, the use of IGF-1 when progenitor cell hyper-

proliferation is indicated or an anti-inflammatory for stagnant extra-axial CSF flow.

The literature on prodromal or presymptomatic behavioral intervention is similarly lean, 

with most studies significantly underpowered and, importantly, focused on high-risk siblings 

in general versus those selected as ultra-high risk through use of a biomarker or some other 

means. With an expected recurrence rate of about 20%, intervention studies that target all 

high-risk siblings may be ill-suited to evaluate treatment effects. Nonetheless, these studies 

have been instructive. There is evidence from single-case designs that behavioral 

interventions targeting ASD-relevant priors may be an effective approach to advantageously 

altering an infant’s developmental trajectory 62,63 Rogers and colleagues reported pilot data 
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from an adapted version of Early Start Denver Model delivered to seven infants and toddlers 

showing early autistic symptoms and related clinical concerns.64,65 Relative to comparison 

groups, the treatment group showed lower symptom severity and a smaller proportion of 

cases meeting ASD diagnostic criteria at 36 months. Importantly, there was also evidence of 

feasibility, as indicated by high ratings of acceptability and good implementation fidelity. 

These will be key issues given the crucial role that parents are likely to play in the 

implementation of infant intervention.

In the first of a series of studies, Green and colleagues66 evaluated iBASIS, a parent-

mediated intervention for autism in a proof-of-concept study involving 8 high-risk infant 

siblings. As with the Rogers et al. study,64 they found evidence of acceptability and 

feasibility, with parents reporting favorably on the experience. They also argued for the use 

of multiple measures of change not exclusively focused on infant behavior, e.g. parent-child 

interaction, eye tracking, other measures of brain function. In a follow-up randomized 

control trial of 44 high-risk siblings, the same group found evidence that the iBASIS 

intervention was effective at reducing the severity of later ASD symptoms in the treatment 

vs. control group comparison. Of note, they did not find evidence that infant intervention 

prevented ASD, which leads us to our final discussion point in this this section.

Should the ultimate goal of infant intervention be the prevention of ASD? There are well-

known examples of primary or secondary prevention in medicine, such as the treatment of 

hypertension to prevent stroke or use of lifestyle interventions to reduce risk of type 2 

diabetes.67,68 We acknowledge that a similar argument has been made regarding the future 

of psychiatry, wherein morbidity of psychiatric illness is reduced through prevention.69 

Autism is a developmental disability (or difference) that for some individuals is a defining 

aspect of their identity, not dissimilar from Deaf culture and community.70 It is therefore 

important to carefully consider issues of neurodiversity and perspectives on disability from 

the outset. We are not alone in clarifying that the objective of presymptomatic intervention 

for autism is not the indiscriminate elimination of behavioral variability that may be grossly 

characterized as “atypical”.71,72 Rather, the goal of such intervention is to provide children 

deemed at the highest risk with enhanced opportunities to reach developmental milestones 

that are key to later adaptive function.

In many cases, achieving early developmental milestones in relative pace with peers may 

diminish later autistic symptom severity or improve intellectual and adaptive function. One 

example would be the support of expressive and receptive language through targeted 

intervention delivered during a sensitive period for language acquisition. A child receiving 

presymptomatic intervention focused on language may still develop ASD; however, 

intervention increases the likelihood of acquiring verbal language ability, compared to a non- 

or minimally-verbal outcome associated with no or delayed intervention.73 In other cases, 

outright prevention may be desired in the case of specific behavioral outcomes. An example 

would be early individualized strategies intended to prevent the development of self-

injurious behavior, which is a potentially serious and undesirable behavioral disorder 

affecting over a quarter of school aged children with autism.74 Autism is characterized by a 

high degree of heterogeneity, and as such treatment procedures, duration, and intensity will 

ultimately vary by individual child and ideally be guided by multiple sources of information. 
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However, we would argue that in all cases the focus should be on socially valid targets 

intended to improve long term quality of life.

Potential benefits

Autism emerges during a relatively restricted age interval characterized by rapid change and 

significant neural plasticity. The first years of life are marked by dramatic changes in brain 

structure and function as well as in a child’s behavior. Infancy and toddlerhood see the 

acquisition of key milestones including visual orienting, joint attention, walking, as well as 

verbal and nonverbal communication. Critical and rapid changes to neural architecture take 

place during the first years of life, and it is during this time that optimal and permanent 

outcomes are most likely achieved. These features of ASD onset set it apart from other 

neurodevelopmental disorders, such as schizophrenia, wherein presymptomatic or prodromal 

periods are extended, encompassing a more complex developmental history. The narrow 

window of vulnerability for the development of ASD is both a challenge; the interval to 

apply the right intervention at the right dose is limited – and an opportunity; we know when 

to focus our efforts.

The rationale for much of policy and practice related to early intervention is in essence that 

“earlier is better”. For children with ASD, the literature in general supports the position that 

younger age at initiation of treatment is associated with stronger effects.75–78 For example, 

Smith and colleagues78 reported that younger age at enrollment in community-based 

intensive behavioral intervention was associated with greater improvement in a host of 

cognitive and behavioral outcomes, including IQ and adaptive behavior. Evidence-based 

early intervention also produces a significant economic benefit, and children who receive 

such services are less likely to require special education services at school age.79 Kasari and 

colleagues73 reported that age of enrollment in early intervention predicted expressive 

language skills by elementary school. There is also evidence that verbal ability improves to a 

greater extent for children with ASD enrolled in naturalistic behavioral intervention before 

versus after age four.77 However, the incremental effects of delay are not well understood, 

and there is relatively little empirical data concerning sensitive or critical periods for specific 

aspects of behavioral intervention in humans. Thus, the impact of beginning intervention at 6 

versus 18 or 24 months is yet unknown.

Data from outside of ASD may inform this issue. There is evidence for a critical period for 

language acquisition, and specifically syntax learning, that closes by the end of the first year 

of life, suggesting that intervention before or after that time is likely to yield differential 

effects.80 Tsai and colleagues81 reported that social behaviors and inflexibility/repetitive 

behaviors could be rescued in a tuberous sclerosis complex model mouse during the early 

postnatal period. In a follow-up study, the authors found that these behaviors could not be 

rescued using the same procedures in adult mice.82 In a study of Angelman syndrome model 

mice, Silva-Santos and colleagues83 examined the effects of developmental timing on 

behavioral features using a method of Ube3a gene reactivation. Multiple aspects of the 

Angelman syndrome phenotype were only rescued in juvenile mice, including several 

relevant to autism, with no or lesser effects on behavior observed in adolescent or adult 
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mice. Considered together, these mouse model studies suggest critical or sensitive periods 

for the development and plasticity of autistic behaviors.66–68

To illustrate how a model of infant prediction and intervention might compare to status-quo 

practice, hypothetical behavioral trajectories are presented in Figure 1. In this model, the 

grey trajectory represents typical development while the red trajectory represents a “business 

as usual” trajectory for a child with ASD. The blue trajectory represents a child identified as 

positive for an ASD neural signature at age 6 months using a biomarker based screening 

protocol, which might entail EEG, eye tracking, MRI, or some combination of these 

approaches. Once identified, the infant is enrolled into an individualized intervention 

program targeted to key developmental milestones, such as the acquisition of skills 

necessary for the development of joint attention. The child would remain in such an 

intervention until toddlerhood. If they showed no signs of delay or ASD, the child would 

receive developmental monitoring only. Alternatively, if/when the child exhibited 

developmental delays or met diagnostic criteria for ASD, they would transition into an 

appropriate intervention program (e.g., Early Start Denver Model84). In this figure, the child 

who receives very early intervention shows less proficiency than their typically developing 

peer but does not fall significantly behind.

Ethical, legal, and social considerations

While a complete review of potential ethical, legal, and social implications of 

presymptomatic screening for autism is beyond the scope of this manuscript (for a review of 

some ethical considerations, see 72), there are several key issues to consider. First is the 

question of whether it would be ethical to disclose a future diagnostic likelihood of ASD to 

the family of an infant. The potential benefits of doing so would need to be carefully 

weighed against risks associated with issues such as screening errors. False positives, for 

example, could produce significant negative consequences, such as decreased emotional 

well-being and increased stress for parents and a host of potential iatrogenic effects on 

children. False positives are also likely incur substantial unnecessary financial costs and 

additional burden on service providers.

Relatedly, we must consider whether screening would necessarily lead to effective treatment. 

This dilemma is not new to medicine. For example, risk and age of onset for Alzheimer’s 

disease has been strongly linked to apolipoprotein E (APOE) genotype. The variant of 

APOE may be readily ascertained through genetic testing, potentially allowing an individual 

to know one aspect of risk for Alzheimer’s well in advance of any clinical concerns. Current 

clinical practice recommendations caution against such testing, however.85 Among the 

primary reasons is a lack of any established practice for preventing the disease or 

ameliorating risk; possessing information about one’s risk status for Alzheimer’s may 

provide no clear direct benefit in the absence of viable treatment options.86 Rather, it is 

presumed that having such information may be detrimental on the whole and ethically 

unwarranted.87

This rationale has also been extended to neurodevelopmental disorders that are first detected 

in early childhood. Fragile X syndrome (FXS), which is caused by the transcriptional 
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silencing of the FMR1 gene, may be detected through routine postnatal testing. Although 

universal screening for the disorder is feasible, such screening has yet to be widely 

implemented due in part to concerns related to an absence of clinical interventions 

appropriate for infants.88,89 Moreover, as with ASD, costs related to delay-to-intervention 

have not been well-defined, further hampering adoption of a pre-symptomatic intervention 

model due to concerns regarding cost effectiveness. Together these and other practical and 

ethical concerns have limited the adoption of newborn screening for FXS, though in general 

parents favor the practice and view it as generally positive.90 Returning to the example of 

Alzheimer’s disease, we find longstanding acknowledgement that recommendations against 
presymptomatic identification are not immutable and instead subject to advancements in the 

field, such as the availability of new therapies.87 For FXS, a new program called Early 
Check has been established in the state of North Carolina to provide the advancements 

necessary to support widespread implementation of early screening, including referral and 

support systems for families of newborns with FXS and the evaluation of pre-symptomatic 

interventions.91 The lessons learned from FXS research on how to carefully implement early 

screening may be particularly valuable for developing similar programs for ASD.

Yet another consideration is whether the identification of presymptomatic ASD, through 

MRI or some other means, is legally equivalent to having the disorder.92 Current legal 

interpretation is unclear on this matter, with risk as determined by some biomarker, but in 

the absence of outward manifestation, potentially insufficient to qualify a child for benefits 

such as insurance coverage or access to state run early intervention programs. Currently, 

infants and toddlers with an identified disability or developmental delay, including ASD, are 

eligible for federally supported early intervention under Part C of Public Law 108–446 (the 

Individuals with Disabilities Education Act). It is yet unknown whether a biomarker strongly 

indicating the future likelihood of ASD, in the absence of any cognitive or behavioral delays, 

would confer eligibility for services.

It is worth noting that federal law requires that evidence-based early intervention services 

should be made available to any child who is “at risk of experiencing a substantial 

developmental delay if early intervention services were not provided”.93 This aspect of PL 

108–446 opens the possibility for publically funded presymptomatic intervention for autism, 

though the matter has not yet been legally tested. Given the potential short-term costs 

associated with a move toward presymptomatic intervention, it is likely that statutory 

interpretation of “substantial developmental delay”, among other issues, will arise. In current 

practice, many children who will eventually receive autism-specific interventions tend to 

first receive less comprehensive services for specific domains of developmental delay, such 

as speech-language therapy for language delay. As states set their own definitions of 

developmental delay, the provision of services to children who eventually receive an ASD 

diagnosis is inconsistent.94 The provision of more intensive services to infants not yet 

showing symptoms or delays will certainly raise questions concerning thresholds for risk 

determination, the accuracy and performance of the screening technology, and degree of 

support by the scientific community.92
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Ways forward

The question of presymptomatic prediction of ASD has shifted from “if” to “when”, and we 

posit that multiple accurate approaches may become available to researchers in the next 5–

10 years. This may include neuroimaging approaches that have been described in our own 

work as well as other methods such as EEG or eye tracking. A combination of approaches 

may prove particularly promising, such as EEG collected in conjunction with eye tracking or 

the addition of behavioral data to biomarker risk algorithms. The availability of such 

technology would make possible presymptomatic intervention trials for high risk infants; 

those identified at ultra-high risk in the first year of life could be assigned to intervention 

before symptoms manifest. Assuming the availability of one or more evidence-based infant 

intervention packages, the potential for a large randomized controlled trial is clear. However, 

there are no conventional mechanisms in place to support such an ambitious research project 

– for example, a highly coordinated multi-site brain imaging and intervention study. 

Executing a project of that scale might require more dedicated support from federal agencies 

or public/private partnerships. The stakes would undoubtedly be high for a transdisciplinary 

project of that scale, requiring input and investment from a range of stakeholders and experts 

to help ensure success.

A wealth of knowledge on the very early development of ASD has been amassed using the 

infant sibling design, including recently developed methods of presymptomatic 

identification. However, many questions and avenues for further study remain. For example, 

how do we move beyond categorical prediction to prediction that is more prescriptive with 

regard to specific dimensions of function? Relatedly, infant biomarkers related to autism 

have not yet been explored beyond outcomes measured at ages 2 or 3. As it is unlikely that 

there is any single biomarker for ASD, investigating early markers in relation to 

developmental heterogeneity will be an important step. An additional issue is that children 

who are at familial risk for ASD represent only a fraction of those who develop autism. It is 

not yet known whether findings and methods from infant sibling studies will extend to the 

general population. Addressing this critical knowledge gap could have potentially ground-

breaking public health implications. One essential area for further study is the feasibility of 

developing efficient and cost-effective level 1 screeners that are sufficiently sensitive to very 

early indicators of autism; these could be reasonably employed in the general population to 

determine whether additional screening, based on one or more biomarkers, is warranted. 

Advances in data analytic techniques, such as support-vector machines, have already 

boosted efforts to more effectively classify risk. Continued application and development of 

machine learning and other approaches capable of handling complex, high-volume data will 

likely be essential to improve accuracy and scale-up presymptomatic identification. While 

the potential of extending biomarkers of ASD to the general population is compelling, we 

must also note that multiple and complex factors underlay delays to diagnosis and 

intervention in our current system. An early biomarker for autism is not likely to be a 

panacea.

Another clear area for further development is in infant intervention. While there is good 

evidence of acceptability and feasibility, questions of what procedures are most effective, at 

what dosage, and for whom remain unanswered. Determining the “right” samples in which 
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to develop and test interventions will be an ongoing challenge to addressing these questions. 

Can we undertake the risk and expense of running unproven interventions in ultra-high risk 

infants? Is it best to begin with a “kitchen sink” approach to intervention content and dosage, 

or should we establish efficacy through an iterative process with other populations? Given 

the high degree of phenotypic and etiologic heterogeneity associated with ASD, how do we 

effectively tailor intervention type and content to individual cases? Moreover, what proactive 

efforts might be implemented to ensure study samples better represent true racial, ethnic, 

and socioeconomic diversity?97 These challenges are not insurmountable. For example, 

evidence from toddlers and preschool aged children indicate the strong potential for 

biomarkers such as eye tracking to inform treatment assignment based on precursors 

associated with later symptomatology or treatment response.95,96

In this very journal over four decades ago, Barbara Fish, in describing what was then 

deemed childhood schizophrenia, wrote: “As we learn more about the special needs of 

infants with particular developmental handicaps, we will be able to tailor more specific 

preventative measures to an individual infant’s developmental profile”.98 She was then 

describing what were the primary goals of developmental research involving high-risk 

infants: to identify developmental and biological precursors of later impairment that could 

become targets for presymptomatic intervention.99 We have now arrived at an exciting time 

in the field of autism research where such goals are within reach.
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Figure 1. 
Hypothetical model for infant prediction and intervention.

Note: Gray trajectory represents typical development. The red dotted trajectory represents a 

child with ASD who recieves “business as usual” care. The blue dashed line represents an 

infant with ASD who is identified presymptomatically by way of biomarker (e.g. EEG, 

eyetracking, MRI) at age 6 months, followed by individualized intervention focused on key 

developmental milestones, followed by montitoring and evidence-based intervention as 

needed.
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