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Development During Infancy in Children with Autism

RISK DEVELOPMENT DIAGNOSIS/TREATMENT

BIRTH 2-3 YEARS

?



‘Infant Sibling’ Studies: A New Autism Research Paradigm

risk of having a 2nd child with autism (or, recurrence risk) is ~ 20%

~ 20 fold greater than risk in the general population. 
Ozonoff et al, 2010

• autism is a genetic/heritable disorder (Folstein and Rutter, 1977;  twin study)

AUTISM AT RISK
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Autism Observation Scale for Infants: 
Scores ASD and Non ASD Siblings

(Lonnie Zwaiggenbaum et al., 2005)
AOSI

• disengagement of attention

• visual tracking

• response to name

• social babbling 

• eye contact

• reciprocal social smiling

• social anticipation 

• social interest and affect

• response to facial emotion

• imitation

• coordinate eye gaze - action

• reactivity 

• transitions 

• atypical motor behaviors

• atypical sensory behaviors

• engagement

• social referencing

diagnosis at age 3 years

HR-ASD

HR-NEG



A Pre-Symptomatic Period in the Development of Autism

Gaze to Faces

High risk infant sibling studies have demonstrated that the defining social 
deficits in autism emerge in the latter part of the first and second years of life

Ozonoff et al (2010) 

children with
autism at age 3

children without
autism at age 3



A Pre-Symptomatic Period in the Development of Autism

Gaze to Faces

High risk infant sibling studies have demonstrated that the defining social 
deficits in autism emerge in the latter part of the first and second years of life

Ozonoff et al (2010) 

visual orienting/attention  
Elison et al 2013

motor delay
Flanagan et al 2012
Estes et al 2015
Iverson et al., 2019

visual reception
Estes et al 2015

eye tracking/faces/social scenes 
Jones and Klin 2012
Chawarska et al 2013

response to name
Miller et al 2018



Visual Orienting in Infants at High Risk for Autism 

How quickly do infants shift or orient their 
gaze from a central to a peripheral stimulus ?

Elison et al, American Journal of Psychiatry (2013)

Orienting to salient 
information in the   
environment, during 
infancy, is critical for early 
cognitive development

Gap Overlap Paradigm



Visual Orienting in Infants at High Risk for Autism 

at 6 months of age, HR infants later classified with ASD (at 24 
months) oriented more slowly to the peripheral stimulus

Elison et al, American Journal of Psychiatry (2013)

HR+ >  HR- = LR



Emergence of Autistic Social Deficits

Courtesy of Lonnie Zwaigenbaum, M.D.



Cognitive Development in Autism Spectrum Disorder:  6-24 months

Estes et al., 2015

FXS (N=29); High Risk-ASD (N=58); High Risk-non ASD (N=212); Low Risk-Typical (N=109)
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unpublished data, slide not included



A Pre-Symptomatic Period in the Development of Autism

Gaze to Faces

High risk infant sibling studies have demonstrated that the defining social 
deficits in autism emerge in the latter part of the first and second years of life

Ozonoff et al (2010) 



Piven et al., Biological Psychiatry 1992; 

Piven et al. American J Psychiatry,1995

Courchesne et al., Neurology, 2001
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Dramatic Changes Take Place in the Brain of  a Child Developing Autism

RISK DEVELOPMENT DIAGNOSIS/TREATMENT

BIRTH 2-3 YEARS

brain 
doubles in 
size from 2 
to 52 weeks

Knickmeyer et al (2008)
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Infant Brain Imaging Study (IBIS) Network
An NIH-funded Autism Center of Excellence (ACE) Network

Children’s Hospital    U Washington Washington U UNC  
of Philadelphia in St Louis

400 high and low familial-risk infants assessed at: 6-12-24 months
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Infant Brain Imaging Study (IBIS) Network
An NIH-funded Autism Center of Excellence (ACE) Network

Children’s Hospital    U Washington Washington U UNC  
of Philadelphia in St Louis

400 high and low familial-risk infants assessed at: 6-12-24 months

1. development

2. cascading changes in brain and behavior

3. mechanisms and therapeutic targets

4. prediction: clinical implications



Diffusion Tensor Imaging (DTI)



Longitudinal DTI (Fractional Anisotropy) in High Risk Infants                                                

With and Without Autism at 6, 12 and 24 Months  

Inferior Longitudinal Fasciculus

Wolff et al., American J Psychiatry (2012) 

High Risk Sibling – Without Autism   

High Risk Sibling – With ASD

12/15
white 
matter
tracts

6                     12                  24 months

Jason Wolff

U. Minnesota

https://autismsciencefoundation.wordpress.com/2015/05/11/scientists-see-clues-in-brains-of-babies-with-autism-before-they-are-diagnosed/
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The neural signature of autism is change

Development itself is the key to understanding developmental disorders                                             

Annette Karmiloff-Smith (1998)



Increased Brain Volume in Autism
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High Risk-ASD (N=15);  High Risk-Neg  (N=91);  Low Risk  (N=42)

High Risk-ASD > High Risk-Negative = Low Risk-Typical

increased brain volume 
growth rate in autism 

from 12-24 months

Heather Hazlett  
Nature (2017)
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Hazlett et al., Nature (2017)
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increased brain volume 
growth rate was associated 

with the emergence of 
autistic social deficits not

repetitive behaviors
(ADOS;  CSBS)

High Risk-ASD (N=15);  High Risk-Neg (N=91);  Low Risk  (N=42)

social deficits
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surface area x cortical thickness =

total brain volume

surface area

cortical 
thickness

volume
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Rationale:

• genetic architecture:  surface area differs from cortical thickness



NS

NS

p < 

.03

p = .01

Rationale:

• genetic architecture:  surface area differs from cortical thickness

• mechanism: neural progenitor cell proliferation influences cortical surface area

neural progenitor cells
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p = .01

Rationale:

• genetic architecture:  surface area differs from cortical thickness

• mechanism:  neural progenitor cell proliferation

• surface area not cortical thickness increased at 2 and 4 years of age in ASD  
(Hazlett et al., 2011)
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High Risk-ASD (N=15);  High Risk-Neg  (N=91); Low Risk  (N=42)

increased surface area                        
growth rate in autism 

from 6-12 months
Heather Hazlett  
Nature (2017)
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R Middle Occipital Gyrus
L Cuneus

surface area growth 
rate most robust in 

regions of visual cortex
Heather Hazlett  
Nature (2017)
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Hyper-Expansion of Cortical Increased Brain Growth                                         
Surface Area  from 6-12 Months        Rate from 12-24 Months

surface area growth rate (6-12 months of age) is significantly 
associated with brain volume growth rate (12-24 months of age)

Hazlett et al., Nature (2017)

r=0.6
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r=0.6

social deficits

Sequential Changes in Brain and Behavior from 6-12 and 12-24 Months of Age

sensori-
motor;
attention 
problems
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High Risk-ASD (N=15);  High Risk-Neg  (N=91);  Low Risk  (N=42)

cortical surface area expansion is due 
to development of early (prenatal) 

neurons (nerve cells or neural 
progenitor calls) in the brain

r=0.6

social deficits

Hyper-expansion of cortical surface area from  6-12 Months of Age is a Result 

of Earlier Changes in Development of Immature Nerve Cells

sensori-
motor;
attention 
problems

P. Rakic; Nat Rev Neurosci (2009)

Marchetto et al., Mol Psychiat. (2017)before birth
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When does autism begin ?

10 year old 18 year old (schizophrenia)

- attention deficit hyperactivity - hallucinations

- learning problems - delusions

- schizoid/schizotypal personality

AGE

Prodrome                                                            Diagnosis

The Example of Schizophrenia



Cascading Series of Brain and Behavior Changes Leading to Autism

increased proliferation of neural progenitor cells 

expansion of cortical surface area (sensory regions)

disruption of sensory experiences \ attention

altered experience dependent development ?

cortical overgrowth

emergence of autistic social deficits

Piven, Elison, Zylka;  Molecular Psychiatry (2018)



Cascading Events Leading to Autism

Piven, Elison, Zylka;  Molecular Psychiatry (2018)))

Hypothesis:  autism may 
be primarily a disorder 

of  sensorimotor-
attention systems in 

infancy, with the 
defining features of the 

disorder emerging 
secondarily in the 2nd

year of life



Increased Extra-axial CSF by Six Months of Age in ASD

Shen et al., Brain 2013

(ASD: N=10)

Mark Shen

Infants Who Develop Autism Spectrum Disorder Have  

Excessive Extra-Axial Cerebrospinal Fluid by 6 Months of Age  
Mark D. Shen1,2,3, SunHyung Kim1,2, Heather C. Hazlett1,2, Hongbin Gu1,2, Christine W. Nordahl3, R.C. McKinstry2, 

 D. Shaw2, G. Gerig2, S.R. Dager2, K.N. Botteron2, R.T. Schultz2, S. Paterson2, A.C. Evans2, A.M. Estes2, L. Zwaigenbaum2,  

Martin A. Styner1,2, David G. Amaral3, Joseph Piven1,2 
(1) Dept. of Psychiatry and Carolina Institute for Developmental Disabilities, University of North Carolina, Chapel Hill 

(2) Infant Brain Imaging Study (IBIS) Network; (3) MIND Institute and Dept. of Psychiatry & Behavioral Sciences, University of California at Davis 

• Extra-Axial cerebrospinal fluid (CSF) is a brain 

anomaly characterized by excessive CSF in the 

sub-arachnoid space, particularly over the cortical 

convexities of frontal lobes. 

• Recent evidence has indicated that infants who 

later developed autism spectrum disorder (ASD) 

had an elevated amount of Extra-Axial CSF at 6 

months1. 

Background 

• Objective: To replicate and extend these 

findings in a large, independent sample as part 

of a multi-site, longitudinal study of infants at 

high familial risk for ASD. 

• Hypothesis: Infants who are later diagnosed 

with ASD would show an excessive amount of 

Extra-Axial CSF by 6 months of age, 

compared to high-risk infants and low-risk 

infants who do not develop ASD. 

Objective & Hypothesis 

• Children were scanned during natural sleep on a 3T Siemens Tim Trio with 

a 12-channel head coil. 

• T1- and T2-weighted structural scans were acquired (voxel=1 mm3). 

• T1 and T2 images underwent distortion correction, mutual registration, 

transformation to stereotaxic space, and CSF/brain tissue segmentation2-7. 

• Extra-Axial CSF in the dorsal region was isolated by masking out the 

ventricles and defining a ventral boundary at the anterior commissure. 

• A longitudinal repeated-measures mixed effects model was employed for 

data analysis. 

MRI Acquisition & Analysis 

1. M.D. Shen et al., 2013 (Brain) 
2. V. Fonov et al., 2010 (Proc. Med Imaging and Augm Real) 

3. J.G. Sled et al., 1998 (IEEE Trans Med Imaging) 

4. D.L. Collins et al., 1994 (J Comput Assist Tomogr)  

5. S.M. Smith et al., 2002 (Hum Brain Mapp) 

6. S Gouttard et al., 2007 (SPIE Medical Imaging) 
7. V. Fonov, et a., 2011 (Neuroimage) 

8. Xie et al., 2013 (Science) 

9. Mashayekhi et al., 2002 (Brain) 

10. Johanson et al., 2008 (Cerebrospinal Fluid Res) 

References 

Infants diagnosed with ASD had 

elevated Extra-Axial CSF by 6 months 

1. Large sample of infants later diagnosed with ASD had significantly greater Extra-Axial CSF from 6-24 months. 

2. Greater Extra-Axial CSF is driven by the infants with the more severe diagnosis of Autistic Disorder, who had 

a more pronounced elevation of Extra-Axial CSF. 

3. Group differences in CSF remained significant after accounting for brain volume, indicating that Extra-Axial 

CSF was elevated out of proportion to brain size. 

4. Replicated previous finding in an independent sample of infants from 6-24 months of age1. 

5. Excessive Extra-Axial CSF is a structural brain anomaly that is detectable at 6 months of age in infants who 

go on to develop autism.  

6. Recent evidence suggests that excessive CSF in the subarachnoid space surrounding the developing brain 

alters the concentration of neural growth factors and potentially harmful metabolites that may have a 

pathological effect on normal brain development8-10. 

Conclusions 

• N=374 children scanned at 3 MRI time points: 6, 12, and 

24 months. 

• At 24 months, infants meeting DSMIV clinical best estimate 

were classified with Autism Spectrum Disorder (Autistic 

Disorder or PDD-NOS) 

 

 

 

 

Participants 

High Risk-

ASD 

High Risk-

Negative 

Low Risk-

Negative p-value

N 49 193 132

Sex 43 M; 6 F 111 M; 81 F 80 M; 52 F

Age at 1st MRI (mo.) 6.6 (.7) 6.6 (.7) 6.7 (.6) ns

Age at 2nd MRI (mo.) 12.7 (.7) 12.6 (.6) 12.8 (.8) ns

Age at 3rd MRI (mo.) 24.7 (.7) 24.8 (.9) 24.7 (.8) ns

Mullen Early Learning 

Composite (at 24 mos.) 78.7 (19.1) 101.9 (15.9) 109.9 (13.3)  <0.001*

ADOS autism severity 

(at 24 mos.) 5.7 (2.0) 1.5 (.8) 1.5 (.9)  <0.001*

Mean (SD)

High-Risk Infant with Increased Extra-Axial CSF; Diagnosed with ASD 

Low-Risk Infant with Normal MRI; ASD-negative 

6M 12M 24M 

6M 12M 24M 

Automatic Segmentation of Extra-Axial CSF: 

Infants diagnosed w/ more severe Autistic Disorder 

had more excessive Extra-Axial CSF 

Covariates: Age, Sex, Total Cerebral Volume  ASD (n=49) = Autistic Disorder (n=19) + PDD-NOS (n=30) 
*p<0.05 vs. LR-negative Controls; **p<0.01 

gender (ns)

age x group interaction

main effect of TCV

slope for all subjects (assume quadratic slope)

6 pairwise comparisons b/t slopes of all 4 groups, 3 planned comparisons

bonferroni .05/3 = .017

HR_ASD vs DD

HR_ASD vs HR_TD

HR_ASD vs LR_TD

LS means for all subjects

6 pairwise comparisons b/t LS means of all 4 groups, 3 planned comparisons

bonferroni .05/3 = .017
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quadratic age effect

gender (ns)

age x group interaction

main effect of TCV

slope for all subjects (assume quadratic slope)

6 pairwise comparisons b/t slopes of all 4 groups, 3 planned comparisons

bonferroni .05/3 = .017

HR_ASD vs DD
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LS means for all subjects

6 pairwise comparisons b/t LS means of all 4 groups, 3 planned comparisons
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gender (ns)

age x group interaction

main effect of TCV

slope for all subjects (assume quadratic slope)

6 pairwise comparisons b/t slopes of all 4 groups, 3 planned comparisons

bonferroni .05/3 = .017

HR_ASD vs DD

HR_ASD vs HR_TD

HR_ASD vs LR_TD

LS means for all subjects

6 pairwise comparisons b/t LS means of all 4 groups, 3 planned comparisons

bonferroni .05/3 = .017
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Shen et al., Biological Psychiatry 2017

(ASD: N=47)



Linking  Aberrant CSF Volume to Underlying Mechanisms

impact of early CSF physiology on downstream brain development

Xie (2013) Science;   Iliff (2012) Sci Transl Med;   Louveau (2015) Nature; Mesquita (2018) Nature; Lehtinen (2011) Neuron

continously produced (delivering growth factors) and reabsorbed into brain 
parenchyma filtering inflammatory cytokines and metabolic byproducts (e.g., β-amyloid)



Linking  Aberrant CSF Volume to Underlying Mechanisms

impact of early CSF physiology on downstream brain development

Xie (2013) Science;   Iliff (2012) Sci Transl Med;   Louveau (2015) Nature; Mesquita (2018) Nature; Lehtinen (2011) Neuron

continously produced (delivering growth factors) and reabsorbed into brain 
parenchyma filtering inflammatory cytokines and metabolic byproducts (e.g., β-amyloid)

Mark Shen et al. 
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DIAGNOSIS/TREATMENT
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Earlier and Earlier Identification



autism spectrum 

disorder

social-communication deficits
ritualistic-repetitive behavior

DIAGNOSIS/TREATMENT

2  years

Presymptomatic Detection:  Behavioral Markers

PPV = .50  

1



autism spectrum 

disorder

social-communication deficits
ritualistic-repetitive behavior

DIAGNOSIS/TREATMENT

2  years

Brain Changes in the First Year: Pre-symptomatic Detection ?

6 months 1birth

https://en.wikipedia.org/wiki/Amygdala


autism spectrum 

disorder

social-communication deficits
ritualistic-repetitive behavior

DIAGNOSIS/TREATMENT

24 months

Heather Hazlett  et al., (Nature, 2017) :  early surface area change predict later autism

12 monthsbirth

Prediction

accuracy:    94%
sensitivity   88%
specificity   95%
PPV:             81%

sMRIsMRI

A positive predictive value (PPV) of 81% means that of those who are positive 
on the test (brain scan) in the first year, 80% will later meet criteria for ASD



autism spectrum 

disorder

social-communication deficits
ritualistic-repetitive behavior

DIAGNOSIS/TREATMENT

2  years

Robert Emerson et al., (Sci Transl Med , 2017):  early connectivity predicts later autism

6 monthsbirth

Prediction

accuracy:    97%
sensitivity   82%
specificity 100%
PPV:           100%

fcMRI

N=59 HR (11 ASD+)
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unpublished data, slide not included
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~ 50 percent loss of dopamine neurons of the brain in 
Parkinson’s Disease before clinical features are reported

Brain Changes Known to Precede Behavior Change in Other Conditions



.

Three distinct approaches have revealed that brain characteristics
detectable on MRI, in the first year of life, accurately predict which
individuals will meet criteria for autism at 24 months of age

• While we have not yet replicated a specific method  … 

• we have demonstrated ‘proof of principle’:                                                            
i.e., replication that early brain features predict later diagnosis



IBIS Early Prediction Study 

• NIMH

• 250 high risk infants 

• 6 → 24 months of age

• 5 sites just started

• www.ibis-network.org

www.ibis-network.org



autism spectrum 

disorder

social-communication deficits
ritualistic-repetitive behavior

DIAGNOSIS/TREATMENT

2  years

Current Practice:   Treatment after Diagnosis

1birth



Pre-symptomatic Detection

1birth



Pre-symptomatic Detection and Intervention

1birth

•earlier is better
- plasticity

brain doubles in size from 2 to 52 weeks

Knickmeyer et al (2008) 



Pre-symptomatic Detection and Intervention

1birth

•earlier is better
- plasticity
- general rule:  hypertension → stroke
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There were small but statistically
significant gains, ranging from effect
sizes of 0.21 for adaptive behavior to
0.32 for communication. These
results are in stark contrast to those
reported in prior meta-analyses of
university-based clinical trials.

Journal of Child Psychology and Psychiatry (2019)

https://onlinelibrary.wiley.com/journal/14697610


Pre-symptomatic Detection and Intervention

1birth

•earlier is better
•plasticity
•general rule
•ASD treatment



Pre-symptomatic Detection and Intervention

1birth

•earlier is better
•plasticity
•general rule
•ASD treatment
•preclinical studies



Pre-symptomatic Intervention ?

1birth

?

Language outcome in autism:  Randomized 
comparison of joint attention and play 
interventions.  

Connie Kasari et al. (JCCP, 2008)



Pre-symptomatic Intervention ?

1birth

?

Language outcome in autism:  Randomized 
comparison of joint attention and play 
interventions.  

Connie Kasari et al. (JCCP, 2008)



Pre-symptomatic Detection and Intervention: Scalability

1birth

•population screening ?

phase I  screen → phase II MRI

• behavior questionnaire 

• eye tracking (Jones and Klin, 2013)

• polygenic risk score ?

• EEG  (Gabard-Durnam et al., 2019 – Nelson Lab)

• multi-modal
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unpublished data, slide not included



Future Directions

• replicate MRI early prediction (→ future presymptomatic treatment studies)

• infancy → school age                                                                                                      
John Pruett (Wash U St Louis), Joe Piven (UNC)

• contrasting disorders (Fragile X, Down Syndrome)
Kelly Botteron (Wash U St Louis), Heather Hazlett (UNC)

• cost effective markers (population): EEG, eye tracking                                                          
Shafali Jeste (UCLA, Jed Elison (U Minnesota)

• molecular/cellular underpinnings (genetics, induced pluripotent stem cells)
Dani Fallin (Johns Hopkins), Jason Stein (UNC)

• environmental exposures (air pollution, metals)                                                                            
Heather Volk (Johns Hopkins)

• ethical-legal-social implications of pre-symptomatic detection                                                    
Kate McDuffie (U Washington)
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