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Overview
Early development in ASD

what are the earliest signs?

What factors influence timing of diagnosis 

What is ‘best practice’ in ASD assessment?

Building capacity and improving access



Advances in early detection!

Advances in 
knowledge regarding 
early behavioral and 
biomarkers of ASD, 
pushing boundaries of 
earliest detection

Zwaigenbaum & Penner, 2018; Hazlett et al., 2017



Challenges in early diagnosis
In North America, mean age of 

diagnosis is 4-5 years.

Recent studies in US and UK 
suggest little change in age of dx

Disparities related to clinical 
severity, SES, and ethnicity.

Brett et al., 2016; Sheldrick, Maye & Carter, 2017; Daniels & Mandel, 2014; Constantino et al., 2020
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Developmental Perspective on ASD Diagnosis…

.…………………..………. 24-36 mo ………………………school-age and beyond…
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Developmental Perspective on ASD Diagnosis…

.…………………..……….18-24 mo (?)……………………school-age and beyond…



Autism before diagnosis…
(‘ASD prodrome’ – Charman & Yirmiya, 2010)

‘Symptomatic’
Symptoms present, but sub-threshold

Emerging functional impairment



Autism before diagnosis…
(‘ASD prodrome’ – Charman & Yirmiya, 2010)

‘Pre-symptomatic’

SC and RRB symptoms may not be apparent, but 
there may be developmental precursors

Other behavioral signs less specific to ASD may be 
present (e.g., motor, attention/orienting)

Biological markers may indicate high risk, even prior 
to emergence of overt behavioral symptoms



‘Baby Sibling’ Studies

‘High-risk’ design
Prospective, longitudinal

Early development 
‘across the spectrum’

?Generalizability 



ASD in the First Year: 
Biomarkers and behavioral markers

Behaviour

Eye-tracking

EEG/ERP

Neuroimaging 

Brain volume 

Brain connectivity



• 168 HR (62 with ASD) and 69 LR
• Parents asked about concerns from 6-24 months; outcome assessment at 3 yr
• Semi-structured interview; domain of concern coded blind to group and outcome 

2015

a different from LR; b different from HR-N



Sens = .67
Spec = .86

At 6 mo.

Sacrey et al., 2018



Sacrey et al., 2018

Behavioral markers associated with ASD in first year:
• 6 months

• Visual tracking
• Back-and-forth vocalization



Sacrey et al., 2018

Behavioral markers associated with ASD in first year:
• 6 months

• Visual tracking
• Back-and-forth vocalization

• 9 months
• Response to name
• Back-and-forth vocalization
• Eye contact 
• Social interest and shared positive emotion
• Reactivity
• Unusual sensory behaviours



Autism by the 1st birthday (Zw et al., Child Dev, in press)
based on 500 sibs and 180 LR infants followed to age 3

Behav signs of ASD at 12 mo
Orients to name
 Social (solitary) babbling
 Eye contact
 Social interest and affect
 Social referencing

 Transitions 

 Insistence on particular object

Atypical sensory-oriented play

Autism Observation Scale for Infants (AOSI) 
Total scores



Potential advantages of digital (computer 
vision) analysis vs. traditional observation:

 Precision (e.g., response to name)

 Large scale data collection in natural 
settings

 Avoids need for specialized clinical expertise

 Scalable to low-resource settings

 Potential to learn more about diversity of ASD

Dawson & Sapiro, JAMA Peds, 2019

Egger, Dawson et al., NPJ Digit Med, 2018



Infant Brain Imaging Study
(Piven et al, UNC NIH ACE Network)

Hazlett et al., Nature, 2017
• 106 HR (ASD=15) and 42 LR infants. 
• ↑ surface area at 6-12 mo. precedes 

brain overgrowth at 12-24 mo.
• 6 and 12 month MRI data predicted 

ASD; PPV = 81% and sens = 88%.

Brain volume growth in HR-ASD, 
HR-N, LR infants 6-36 months



Infant Brain Imaging Study
(Piven et al, UNC NIH ACE Network)

Emerson et al, Sci Transl Med, 2017
Lewis et al., 2017
• Functional connectivity at 6 mo identified 

children (n=59) with ASD at 24 mo
• 96.6% accuracy (81.8% sens, 100% spec). 
• Also note ↑ extra axial fluid (Chen et al, 2018)

Hazlett et al., Nature, 2017
• 106 HR (ASD=15) and 42 LR infants. 
• ↑ surface area at 6-12 mo. precedes 

brain overgrowth at 12-24 mo.
• 6 and 12 month MRI data predicted 

ASD; PPV = 81% and sens = 88%.

Brain volume growth in HR-ASD, 
HR-N, LR infants 6-36 months



But what about early ASD diagnosis?

Robust evidence 
base for stability of 
ASD diagnoses as 
young as 18 months

Ozonoff et al., 2015; Zwaigenbaum et al. 2015; 2016



ASD Screening: potential and pitfalls

• Accuracy
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• Accuracy

• Feasibility

• ‘Value add’

• Costs

• System capacity

ASD Screening: potential and pitfalls
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M-CHAT/F Community Study 
(Guthrie et al., Pediatrics, 2019)

M-CHAT/F screening at scheduled visits with community pediatrians
in Philadelphia from 2011-2015, supported by EMR

 Age = 16-26 months, n=25,999
 >90% screened at least once; follow-up to age 4-8 years
 Screen positive rate (questionnaire) = 9.5%; 41% had follow-up 

interview 
Overall PPV = 15%, lower in girls (8%) (included those with no 

interview). 
 Sensitivity = 39%; Specificity = 95% for ASD
 Disparities – higher screening rates and better accuracy in children 

from white, English speaking, higher income families
 Earlier ASD diagnosis (by 7.5 mo) in screen positive group



Universal screening of 
asymptomatic children?

Use of standardized tools to 
support ASD-focused 
surveillance? 

Surveillance and Screening: 
distinctions in practice?



Timing of ASD diagnoses in HR infants

Zwaigenbaum et al., Autism Res, 2016

• 381 HR infants followed to 36 months

• ASD dx stable at 24 months in HR infants

56 of 61 dx confirmed at age 3 (92%)

includes 19 of 23 (83%) dx at 18 months 



Timing of ASD diagnoses in HR infants

Zwaigenbaum et al., Autism Res, 2016
Ozonoff et al., 2018

• 381 HR infants followed to 36 months

• ASD dx stable at 24 months in HR infants

56 of 61 dx confirmed at age 3 (92%)

includes 19 of 23 (83%) dx at 18 months 

• 47 of 103 not diagnosed until 36 mo.

Verbal, higher functioning

ASD symptoms milder but present at 12-24 
months

May be less likely to be referred early, and 
diagnostic assessment may be inconclusive

• Small subgroup (n=7) diagnosed > 5-7 yr



Comparison of infant sibs with ASD by 
timing of clinical diagnosis (at 24 mo)

Mullen Scales
Diagnosis 

18 mo
n =19

Diagnosis 
24 mo
n =37

Diagnosis 
36 mo
n = 47

p-value

Expr lang 34.8 40.8 48.4 <.001

Rec lang 32.7 31.2 48.9 <.001

Visual Learning 42.9 40.9 50.4 .04

Fine Motor 39.9 38.8 46.9 .01

Zwaigenbaum et al., Autism Res, 2016; also see Ozonoff et al., JCPP, 2015



Comparison of infant sibs with ASD by 
timing of clinical diagnosis (at 24 mo)

Diagnosis 
18 mo
n =19

Diagnosis 
24 mo
n =37

Diagnosis 
36 mo
n = 47

p-value

Expr lang 34.8 40.8 48.4 <.001

Rec lang 32.7 31.2 48.9 <.001

Visual Learning 42.9 40.9 50.4 .04

Fine Motor 39.9 38.8 46.9 .01

ADOS severity 6.0 7.3 4.1 <.001

Zwaigenbaum et al., Autism Res, 2016; also see Ozonoff et al., JCPP, 2015



Pre-
symptomatic

Symptomatic Early 
diagnosis

Later 
diagnosis

age 0…………….9-12 mo……….18-36 mo (?)……………………………………….…

Developmental Perspective on ASD Intervention…

• New concept, builds on strong EI tradition and recent RCT evidence 
• ‘Naturalistic Developmental Behavioural Interventions’ (NDBIs)
• Targeting functional impairments, skill development, concerns



Social ABCs for at-risk infants…
Social ABCs Intervention

Parent-mediated  

Coaching model

Toddlers with early signs 

16-30 months

Clinical trial (n=62)

↑ Functional vocalization

↑ Shared smiling

Parent fidelity, self-efficacy

Next steps…
Community model 

Ontario experience
Feasible, effective

Group model
Coming to Edmonton!

Younger infants
6 to 15-month olds
APSI Screening
Stollery Science Lab



ASD
Detection

ASD
Diagnosis



ASD
Detection

ASD
Diagnosis

Early behavioral/biomarker 
research: earlier diagnosis 
will follow earlier detection



ASD
Detection

ASD
Diagnosis

Health system innovation, 
community partnerships –
directly target processes 

aimed at improving access



ASD Diagnosis: Parents preferences
(Zwaigenbaum & Penner, 2018)

Shorter, simpler process
reduced wait times, fewer professionals seen

Concerns and priorities acknowledged and addressed

Clear, compassionate feedback
Information about diagnosis and expectations for the future

Encourage hope

Practical information about accessing supports and services

Cultural considerations – ask (don’t assume) about 
perspectives related to family context and experience



Building capacity for ASD Diagnosis
Shift from ‘one size fits all’ approach
Multiple diagnostic streams based on child/family need 

and clinical complexity
‘best practice’ is what’s needed for an accurate diagnosis

Might include: 
Traditional multi-disciplinary assessment at specialty centre

Streamlined specialty centre assessment (e.g., 1 or 2 clinicians)

Community-based assessment (‘virtual team’)

Training and collaboration, flexibility 



Quality

Comprehensive

Holistic 

‘Gold Standard’ ASD Diagnosis

Access

Timeliness



Diagnosis

Covid-19

The pandemic is 
tipping the balance…

• Rapid adaptation of 
assessment methods 

• ‘Open access’ to virtual 
assessment models

• Consideration of potential 
value (as well as downsides)



‘ECHO Autism’

 Project ECHO® (Extension for Community 
Healthcare Outcomes)

 combines mentoring and case presentations 
to create a virtual learning network through 
hub-and-spoke knowledge-sharing networks.

 ‘ECHO Autism’ – with primary care providers, 
focus on medical management

 ‘ECHO Autism – STAT’ – community pediatric 
ASD diagnosis

Mazurek et al., 2017; 2019, Sohl et al., 2017



Holistic, community-
based care, including 

medical home 



Role of the community physician

Monitoring for early signs

Assist parents through the diagnostic 
process and navigate the service system

Be an advocate, help parents advocate

Plan and support around key transitions

Assessment and management of 
common health and mental health issues



Implications for building a care system 
that supports diagnosis of autistic adults
 Shift from ’early diagnosis’ to ‘timely diagnosis’ across lifespan

 Develop a diagnostic system that includes multiple linked 
‘streams’

 Build capacity within primary health care system – starting now!

 Expand focus beyond the health system – e.g., schooling, 
employment, housing

 Partnerships – across disciplines, autistic adults, family members

42



Summary and final thoughts
Prospective studies of ASD with high-risk infants have 

been informative for early behavioral and biological 
markers predictive of ASD.

Potential to start intervention prior to diagnosis.

There is more to early diagnosis than early detection –
need to build capacity at multiple levels of care system

Need for ‘timely diagnosis’ across the lifespan
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