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Outline of Talk
• Some basics about Autism Spectrum 

Disorder

• An overview of magnetic resonance imaging 
studies from the MIND Institute. Efforts to 
define “Neurophenotypes”

• Evidence for behavioral change over 
childhood

• Anxiety in autism and the amygdala



What is Autism?
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Male:female ratio = 4:1

What is Autism?



Heterogeneity in Autism 
Spectrum Disorder

A major impediment to early diagnosis, 
biological understanding and more 
effective treatment of autism spectrum 
disorder is the enormous heterogeneity
of virtually all of its features.



Heterogeneity in Autism Spectrum Disorder

Genetics

Co-morbid 
symptoms

Neurobiology

More than 150 genes have been 
associated with risk for ASD

Theoretical number is closer to 
1000

Many medical 
conditions are 

associated with ASD

Many brain regions and 
neural processes have 
been implicated in ASD



Heterogeneity in Autism Spectrum Disorder

Environmental 
Factors

Immune 
Factors

Treatment

Fetal and neonatal exposure and 
parental age influence ASD risk

Increasing evidence for 
neuroimmune etiologies 
of some forms of ASD

Current behavior 
therapies are more 
effective in some 

individuals



Genes

Autism Type A Autism Type B Autism Type C

Environment

G1, G2, G3,,,,,,,,,,,,,,,,,,,,,,,,,,,,,Gn

Factor 1, Factor 2……….Factor n

Heterogeneity in Autism Spectrum Disorder



There are many causes of 
autism and many types of 

autism

AutismS not Autism

Heterogeneity in Autism Spectrum Disorder



Large-scale multidisciplinary project aimed at 
identifying subtypes of autism

2 to 3.5 year old children, longitudinal assessments

Autism Phenome Project



•Children are recruited between 2 and 3 1/2 
years of age.

•Study includes all children with autism with 
very few exclusions.

•Both boys and girls are included.

•Age-matched typically developing children 
serve as controls.

Autism Phenome Project



•The study is longitudinal - children return to 
the MIND Institute annually for further 

testing.

•Blood samples are obtained from subjects, 
siblings and from parents. 

Autism Phenome Project



Comprehensive Study Protocol

Neurological (MRI)

Behavioral (assessments & questionnaires)

Medical (exam, history, & records)

Biological (blood)

Time 1
(Full battery)

Time 2
(MRI only)

Time 3
(Full battery)

Time 4
(Full battery)



Number of Families Participating
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Male and Female Participants
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ADOS Calibrated Severity Scores
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Mullen Developmental Scores
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Brain Development in ASD

Magnetic resonance imaging
may provide evidence to help define different 

types of ASD



Brain Findings

Christine Wu Nordahl



Thomas the Train Mock Session

MRI Practice Kit

MRI of  Young Children



MRI Practice Kit

MRI of  Young Children



Child-friendly scanning environment
Before After



Mock scanner Real scanner

Visual Timer

YouTube

Head motion 

Weighted blanket

Pediatric MRI scans (9-12 years): 
Inclusion of severely affected

The Real Key to Success –
Utilizing principles of applied 

behavior analysis

• Pre-visit consultation with 
parents for preferred videos, best 
reinforcers, challenging behaviors

• Series of mock visits: Shaping -
pairing, choices, reinforcement, 

first … then, peer models 

• Flexibility, patience, teamwork

(Nordahl et al, 2016)



MRI Scanning Success

Time 1
(38 mos)

Time 2
(51 mos)

Time 3
(64 mos)

Time 4
(11 yrs)

M F M F M F M F

ASD 208 97 120 51 79 42 75 21

TD 76 61 54 46 44 35 42 26

Total 442 271 200 164
Success Rate 89% 89% 89% 91%



Total Brain Measurements

Frontal
Parietal

Temporal



Leo Kanner (1943) 

“Physically, the children were 
essentially normal. Five had 

relatively large heads”

Big Brains and Autism



Total cerebral volume (TCV) is enlarged by 6% 
in boys with ASD

** p < .001

no difference
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Total brain size is extremely variable in ASD
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Distribution of Brain Size/Height
for Boys in APP



Disproportionate Megalencephaly (ASD-DM)
i.e. the ratio of brain volume to height is 1.5 

standard deviations above control mean

Disproportionate Megalencephaly (ASD-DM)



Typical Child
Age  31 months

TCV 981.96

Autism 
Normal brain size
Age  32 months

TCV 984.57

Autism
Megalencephaly
Age  30 months
TCV 1180.98

Boys
85% 15%

Disproportionate Megalencephaly (ASD-DM)



Typical Child
Age  31 months

TCV 981.96

Autism 
Normal brain size
Age  32 months

TCV 984.57

Autism
Megalencephaly
Age  30 months
TCV 1180.98

More surface area of the cortex
But not thicker cortex



Questions Related to Outcome

• Do early neurophenotypes persist into middle 
childhood? Do ASD-DM boys continue to have big 
brains as they get older?

• Do early neurophenotypes predict different 
patterns of autism severity, cognitive function 
and co-morbid syndromes? Does it matter if you 
have the big brain form of ASD versus ASD with a 
typical size brain?



Elizabeth  Redcay , Eric  Courchesne
When Is the Brain Enlarged in Autism? A Meta-Analysis of All Brain Size Reports

Biological Psychiatry, Volume 58, Issue 1, 2005, 1 - 9



Lauren Libero



Mean Total Cerebral Volume: 3-6 years



Joshua Lee, Ph.D.





Are there behavioral, cognitive or biomedical 
differences between ASD-N and ASD-DM?



IQ 
in ASD-N and  ASD-DM boys

ASD-DM

ASD-N

Time 1 
(~3 years)

56.5 (22.4)

63.8 (21.3)

Time 3 
(~6 years)

68.4 (26.1)

84.2 (22.0)



Disproportionate megalencephaly subgroup:
Behavioral findings

As a group – ASD-DM fewer gains in IQ from 3 to 6 years of age

3 years 6 years

1.53

14.7



Relationship between IQ and brain size in ASD-DM, 
ASD-N and TD Boys



Relationship between language and brain size in 
ASD-DM and ASD-N Boys



Relationship between regression and brain size in 
ASD-DM and ASD-N Boys



Conclusion

Boys with the  large brain form of ASD have 
greater deficits and a more difficult prognosis.



Center for the Development of Phenotype-Based Treatments of 
Autism Spectrum Disorder

NICHD P50 HD093079



Is ASD Stable throughout life?



Is ASD Stable throughout life?



Changes in Social Ability



How does Autism Severity change 
over time?

• Autism Severity is difficult to measure

• One strategy is to use a Calibrated 
Comparison Score based on the ADOS 

(Gotham et al 2009)

• 1-10 scale with 10 being most severe



+−

Range of severity change  - APP subjects

Einat Waizbard Bartov



Trajectories of ASD Severity



Sex Differences of ASD Severity



Trajectories of ASD Severity



Trajectories of ASD Severity



Marjorie Solomon Friedman

How does IQ change over time?



Trajectories of IQ

Time 1 (~3 years) Time 3 (~ 6 years)



Are there Associations with Behavioral 
Intervention?

NO - Those doing more poorly got more 
intervention 

Between T1 and T3 68%-83% received ABA 
(This means between 15 and 18 weekly hours of 
ABA).



Anxiety in Autism



Connor Kerns, Ph.D.

Anxiety in Autism



8%

69%

57%



Anxiety and the Amygdala





Amygdala
Size

Neurotypical

Schumann et al., 2004, 2009, Nordahl et al., 2012 

Amygdala continues to grow in typical 
development

0 5 10 40…
Age



Amygdala
Size

Age
0 5 10 40…

Autism

Neurotypical

Schumann et al., 2004, 2009, Nordahl et al., 2012 

Amygdala grows too large too quickly in ASD



Postmortem studies of the amygdala

Cynthia Schumann, Ph.D.Thomas Avino, Ph.D.



How do the number of neurons change throughout the 
human lifespan? How is it different in ASD?



There are more amygdala neurons in children 
with ASD, but fewer amygdala neurons in adults 

with ASD

Avino et al., 2018 PNAS



0 5 10 40…

Autism

Neurotypical

Age

Too many amygdala neurons in children with ASD

Loss of neurons into adulthood



• The big brain form of ASD is seen mainly in 
males and predicts a more difficult cognitive 
and behavioral trajectory
• Autism is not necessarily a lifelong disorder 
• There are different trajectories of autism 

severity and cognitive development
• The biological basis for the different 

trajectories is just beginning to become 
clear.

Overall Conclusions
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