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John N. Constantino, MD 
Departments of Pediatrics and Psychiatry and Behavioral Sciences, Emory University

Chief, Behavioral and Mental Health, Children’s Healthcare of Atlanta

Causation, Disparity, and Comorbidity in Autism: 
Clinical and translational advances from longitudinal research
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SPORADIC AUTISTIC SYNDROMES ASSOCIATED WITH HIGHLY-PENETRANT DE NOVO MUTATIONS 
HAVE COLLECTIVE FEATURES THAT ARE NOT SHARED BY FAMILIAL AUTISTIC SYNDROMES:

--near-universal association with intellectual disability
--absence of sex differences

3

Recurrence Rates and Inherited Transmission in Autism

  MZ concordance:   90% 
  DZ concordance:   20% 
  Non-twin sib recurrence:  18% 
  Half-sib recurrence     6%
  General population risk    1%
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Male First Degree Relatives:
Shifted Unimodal Distribution

General Population

ASD

Control
Brothers

“Unaffected”
Brothers

Control

Core, characterizing features of autism: 
Quantitative in nature, continuously distributed in the population

General Population Twins
h2 = 0.85

1. Under contemporary diagnostic criteria for 
ASD, the srs-2 exhibits a THREE STANDARD 
DEVIATION DIFFERENCE between children 
with autism and their unaffected siblings      
(J Child Psychol Psychiatry. 2013; 54:695-7).

2. Common additive (polygenic) genetic risk is 
the principal cause of a vast share of the 
population-attributable risk for autism 
(JAMA. 2017; 318:1182-1184)

3. This inherited liability overlaps >90% with 
additive genetic influence on population-
wide variation in sub clinical autistic traits 
(Robinson et al.) and overlaps 50% with the 
genetic cause of ADHD (Lichtenstein et al., 
Jokiranta-Olkoniemi et al.).
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Nurses Health II Study  N=756 cases, 3,000 controls

Parent-child correlation
= 0.30

Upper quintile mating 
doubles RR for clinical
ASD in offspring

JAMA Psychiatry 2014
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Identical Twins
Given a wide range of 
environmental opportunities and 
emotional supports, most children 
grow up to be individually different 
based on their individual 
genotypes.                        S. Scarr
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Discovery

Replication

1. Most children with ASD are in the lower range of eye and mouth looking
2. Some children in the lower range of eye and mouth looking are typically-developing

Early eye gaze abnormalities as “necessary but not sufficient” to cause ASD

Constantino et al., Nature 2017
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Forthcoming…
Early Diagnosis and Assessment of Autism Spectrum Disorder via an Objective, Performance-Based 
Eye-Tracking Tool 
Warren Jones1,2,3, Cheryl Klaiman1,2, Shana Richardson1,2, Meena Lambha1,2, Morganne Reid1, Taralee 
Hamner1, Chloe Beacham1, Peter Lewis1,2, Jose Paredes1,2, Natasha Marrus4,5, John N. Constantino4,5,6, 
and Ami Klin1,2,3
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S. Mous
Erasmus University
The Netherlands

Candidate #4 ADHD
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ASD          ADHD
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Lang, Lohse, Iverson, 
Limperopoulos, White, 
Klin, Jones, Constantino 

& Marrus

Magnitude 
Intensity of overall upper-limb 

activity

Jerk
Smoothness of the limb 

movements (lower àsmoother)

Movement Time 
Percent of waking hours with 

movement

npairs=9 npairs=8 npairs=10
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Deconstructing blood pressure (Guyton, 1972)
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CATEGORICAL MODIFIERS
Autism Heterogeneity
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Fiksinski et al., 2021
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2022

19

HERITABILITY OF QUANTITATIVE VARIATION
IS INVERSELY PROPORTIONAL TO SEVERITY
(in clinical range, heritability of variation in severity is
0.20 for SRS and 0.20 for ADOS)

UPPER LIMIT TO PRECISION OF GENOTYPE-PHENOTYPE
ASSOCIATION IN CLINICAL CASES DUE TO IMPACT
OF STOCHASTIC INFLUENCES

20
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2021

c Search for biomarkers relevant to the CAUSE of autism (versus epiphenomena or correlates of causal influences) MUST consider:
 i) characterizing A, B, C…X among controls
 ii) correlations with A, B, C…X rather than “autism”
 iii) biological associations in general population samples, in which stochastic influences appear to have a markedly lower confounding effect

d       Arbitrary dichotomizations of ASD populations will induce the same biases that confounded a generation of research that (for example) 
 invoked categorical distinctions between Asperger Syndrome and Autistic Disorder.
  
 

Within-individuals

POPULATION-WIDE

Within autism families, symptom 
profiles do NOT breed true 
(Spiker, Risch, et al., 2000)

21

Dual Diagnosis

• Intellectual Disability
• Autism Spectrum Disorder
• Receptive / Expressive Language Delay
• Sensorimotor Impairment

• Visual Impairment
• Hearing Impairment
• Physical Disability

• Aggression (Intermittent Explosive 
Disorder)
• Anxiety (Generalized Anxiety Disorder)
• Depression / SIB (Major Depressive 

Disorder)
• Substance Use Disorder
• Mood Instability (Bipolar Disorder)
• Psychosis (Schizophrenia)
• Personality Disorder
• Impulse Control Disorder (ADHD)
• Post-traumatic Stress Disorder

x

= 4 x 9 = 36…
22
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Intervention relevant to both DD and BH
• Positive Behavior Support
• Functional Communication Training
• Case Management
• In-home support
• Psychopharmacologic Intervention

• Impulse Control
• Mood Stabilization
• Behavioral Rigidity
• Aggression

24
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Consequences of non-comprehensive treatment

• Low impact on adaptive functioning
• Languishing in scenarios of inadequate support
• Ineffective expenditures over years of time
• Injury, Traumatic Experience
• Incarceration / Placement
• Emergency Room Visits
• Delays in maturation

       
           EXCESS COST
      POORER OUTCOME

25
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https://link.springer.com/article/10.1007/s11920-020-1127-8

Current Psychiatry Reports, February 2020 Issue

Missouri Alliance for Dual Diagnosis

30

https://link.springer.com/article/10.1007/s11920-020-1127-8
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MOADD Mobile App

31

• Move knowledge, not people...
• Case-based learning

• https://echoautism.org/moadd/

Extension for Community Healthcare Outcomes

32

https://echoautism.org/moadd/
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Identification of missed opportunity
(Biopsychosocial approach to person-centered support)

• Absence of history
• Fundamental lapses in migration of guardianship / decision-making

• (near-complete “dis-integration” of therapeutic strategy of DMH and DSS)
• Incorporation of “identity” into a coherent positive behavior support plan
• Major gaps in application of evidence-base psychiatric intervention

• Medication trials
• Specific evidence-based psychotherapies

• Rift in alliance between guardians and intervention team
• Unintended recapitulation of trauma
• Neglect of functional communication training
• Underutilization of “co-registration” in DD and BH service streams

33

Equity and Parity

34
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ADDM Network Surveillance Data

• Overall ASD prevalence per 1,000 children aged 8 years 
became equal across race in 2006 birth cohort

• Disproportionate burden of cognitive impairment has been 
consistent across 2006, 2008, and 2010 birth cohorts.  For the 
2010 birth cohort, the percentages of children with ASD with 
IQ scores ≤70 were 49.8%, 33.1%, and 29.7% among Black, 
Hispanic, and White children, respectively (Maenner et al., 
2021)

• Most recent median age of diagnosis: 50 months; 44 months 
for children with IQ<70

Key References

Baio et al., MMWR Surveill Summ. 2018 Apr 27;67(6):1-23. 
Maenner et al., MMWR Surveill Summ. 2020 Mar 27;69(4):1-12. 
Maenner et al., MMWR Surveill Summ. 2021 Dec 3;70(11):1-16.
Constantino et al. Pediatrics 2020 Sep;146(3):e20193629.Baio et al., 2018

2018
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N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD
Age at Diagnosis (in months) 52 29.6 5.4 42 87.4 51.8 157 25.4 4.2
Age at Vineland-3 50 28.9 5.2 20 48.1 6.2 14 29.4 5.5 14 48.6 5.7 6 28.0 6.0 6 46.7 7.5 41 109.8 50.9 157 25.9 5.1 27 49.6 18.5
Vineland Composite Score 50 65.6 12.0 20 65.0 13.2 14 65.4 14.8 14 65.6 12.9 6 71.2 7.8 6 63.3 15.1 41 71.3 9.1 135 62.4 12.4 27 65.6 11.6
Vineland Communication 50 57.0 18.7 20 60.3 21.8 14 54.8 21.9 14 59.3 21.8 6 71.2 7.0 6 62.5 23.5 41 72.3 12.3 135 61.4 13.5 27 62.0 17.0
Vineland Daily Skill 50 73.5 15.8 20 71.9 13.2 14 74.1 17.6 14 72.6 11.3 6 77.3 11.5 6 70.3 18.0 135 53.9 21.8 27 67.1 16.9
Vineland Socialization 50 66.7 12.0 20 63.5 16.3 14 67.9 13.3 14 65.8 13.4 6 66.5 15.5 6 58.0 22.2 135 67.8 15.7 27 67.6 12.0
Vineland Motor Skill 50 82.3 12.3 20 77.5 17.9 14 81.9 16.4 14 82.0 12.3 6 82.0 9.4 6 67.0 25.3 132 68.6 14.0 27 72.4 10.5
Age at Mullen 41 30.8 6.3 20 49.9 7.6 13 29.5 4.03 12 49.6 7.5 6 26.5 6.3 6 49.5 9.2 131 27.9 5.1 28 49.6 5.4
Mullen Early Learning Composite Score 40 57.2 14.3 19 61.1 15.2 13 53.6 8.37 12 60.7 14.0 6 61.0 9.7 6 64.0 18.9 131 57.9 11.4 28 57.8 16.4
Raven* 5 84.0 12.1 16 86.3 23.5
IQ Proxy (DAS/Raven/Mullen/PPVT) 41 77.4 20.3
Age at ADIR 16 49.0 5.2 12 48.9 4.5 4 49.3 7.6 16 46.9 3.4
ADIR Social 16 16.3 7.1 12 17.8 6.1 4 11.8 9.1 16 13.8 5.2
ADIR Communication 16 11.8 3.1 12 11.3 2.2 4 13.3 5.2 15 17.1 5.6
ADIR Repetitive Behavior 16 4.2 1.0 12 4.5 2.3 4 3.0 2.2 15 11.3 3.2

* Randomly selected from a pool of Black ASD participants enrolled in MH100027 at older ages, and matched 3:1 to early-diagnosed subjects on ADIR Social and RRB

Table 1. Selected Characteristics of the STL study sample at baseline (I), at follow-up in the 4th year of life (II and III, as a function of supplemental intervention), and in comparison to two contrast samples (IV and V).

Baseline Follow up

V. Contrast sample of toddlers enrolled in MH 100027 
at Emory University in Atlanta (Emory participants 
were not assessed using the Raven's Progressive 
Matrices at follow-up

I. All ASD Toddlers for whom the 
respective data elements were 
available: St. Louis site

II. Toddlers who received 
supplemental intervention and whose 
cognitive status was evaluated at >18 
months follow-up

III. Toddlers who completed follow-up 
cognitive assessments but did not 

receive ASD-specific developmental 
intervention services: St. Louis site

IV. Contrast sample of 
later-diagnosed Black 
children with Autism from 
the parent study, MH 
100027, 3:1 matched to 
the toddlers in group II by 
core early childhood ASD 
symptoms ascertained by 
ADI-r *

Baseline Follow up Baseline Follow up Baseline Follow up Follow up

Constantino et al., in press J Am Acad Child Adolesc Psychiatry

* Average of 5 hours per week for 9 months

--“Intervention group” was substantially more impaired at baseline and gained an average of 7 points on Mullen
--One third of the children in both groups improved substantially on Mullen over the course of follow-up
--On Vineland Composite, 1 out of 5 controls improved (the others LOST ground); 5 out of 12 intervention kids improved.

*

36
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“You’ve got problems with access, the quality of care isn’t what it should be, the cost…is 
insurmountable, there is a whole range of difficulties.

Most of the people who will benefit from mental health care are not in the health care 
system that we have.

I don’t think that would be true for cancer, heart disease, arthritis, or asthma”
Thomas Insel, MD (2022) 

Former Director, U.S. National Institute of Mental Health

The Youth Mental Health Crisis

Ken Burns Presents Hiding in Plain Sight
June 2022

37

Maternal-Child 
(2GEN) Mental Health

 

Treatment of Maternal Depression, Prevention of 
traumatic life events and their consequences

Parent-Child 
Interactional Therapies

Reduction in enduring patterns of disruptive / 
aggressive behavior

Cognitive Behavioral 
Therapy

Resolution of depression and anxiety, and the 
prevention of suicide

Psychopharmacology

Symptom improvement: ADHD, psychosis, anxiety, 
OCD, depression, cycling mood disorders

Substance Use 
Disorder Treatment

Offsetting risk for chronic addiction

Dialectical 
Behavioral Therapy

Prevention of catastrophic loss of life (suicide, 
homicide)

Evidence-based mental health care meeting criteria for “medical necessity”

Requires transdisciplinary implementation, often 
requiring case management, family and/or social service support

38
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Children’s Healthcare of Atlanta

Federal Mental Health Parity Legislation

• 1996 Mental Health Parity Act (MPHA)
• 2008 Mental Health Parity and Addiction Equity Act (MHPAEA)
• 2020 Strengthening Behavioral Health Parity Act (SBHPA)

39

Children’s Healthcare of Atlanta

Patient self-payment and mental health parity
 
“Network Adequacy”: A Non-Quantitative Treatment Limitation (NQTL) according to the 2020 
Strengthening Behavioral Health Parity Act (SBHPA, H.R. 7539)

Benjenk I, Chen J. (2020) Trends in Self-payment for Outpatient Psychiatrist Visits. JAMA Psychiatry 77:1305-1307

Self-pay contrast between medical and psychiatric care as signature (“smoking gun”) of violation of mental health parity…

40
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Children’s Healthcare of  Atlanta

Children’s Board approved a $0.6B 
endowment to subsidize new Behavioral 
and Mental Health programs in 
perpetuity for its population.

In 2022, the Legislature of the State of 
Georgia unanimously passed H.B. 1013 to 
enforce federal mental health parity law

41

J Am Acad Child Adolesc Psychiatry, 2023 

42
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Municipal safety net: Responsible for fewer total numbers of children, 
but functions more efficiently by virtue of being less burdened 

Path to Ecosystem Transformation, GA Child Mental Health

In descending order of acuity x public health impact:
Module 1: Suicide Recovery (CAMS)
Module 2: Comprehensive Treatment at Earliest Origin: PTSD, Disruptive Preschool Behavior
Module 3: Parental Mental Health Care
Module 4: Comprehensive Treatment at Earliest Origin: Mood / Anxiety Disorder
Module 5: Early Substance Use Disorder
.
.
Module X: (covered at poor quality): Inpatient Hospitalization
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Community (Self-Pay + Fraction of the Privately Insured)

Contracted Medicaid Providers: Compelled via i) H.B. 1013 and 
ii) CHOA demonstration of necessity and impact to: 
Increase ratesà Attract workforceà De-fragment careà
Reach higher proportion of population with high-quality 
evidence-based mental health care, beginning with Module 1 
and proceeding through Modules 2 through X.

SYSTEM LEVER
CHOA BQE (Population-representative)—Demonstration of: 
True cost, magnitude of unmet need, impact of transformation
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THANK YOU

john.constantino@choa.org
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