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Putative Mechanisms 
in ADHD

Heterogeneity of ADHD

ADHD is a Complex Spectrum Disorder
Variable Symptoms
Variable Response to Therapeutics
Numerous Co-Morbid Conditions
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CDC, 2005

Parent Reported ADHD Medication
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Parent Reported ADHD Diagnosis
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Genetic Etiology of ADHD

2-8 fold increase in siblings of ADHD 
patients
Twin Studies Heritability 0.5-0.9
Hudziak et al. Twin Cohort

48% Genetic Dominance
30% Additive Genetic Factors
22% “Environmental Factors”

Genes and ADHD

Faraone and Khan, 2006
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Catecholamine Pathways

Dopamine Transporter Regulation

Gulley and Zahniser, 2003
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VNTR Regulates DAT Levels

Elevated DAT Levels in ADHD
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Ideal Qualities of Animal Models

Face Validity
Mimic Behavioral Effects

Construct Validity
Theoretical Rationale
Responds to Intervention

Predictive Validity
Environmental Factors
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SHR Model of ADHD
Hyperactive
Impulsive-Like Behavior
Attention-Deficits
Elevated Dopamine Transporter Levels and 
Altered Dopamine Receptor Function

Response to Psychostimulants Not Well 
Characterized
Sex Differences Variable
Hypertension as a Confounder
Issues with “Control Strain”
Reproducibility

Environmental Factors in ADHD

Low Birth Weight
Hypoxia
Cigarette Smoking
Lead?
PCBs?
Pesticides?
Methyl Mercury?
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Pb Effects on FI Performance

Cory-Slechta, 2003

Pb Effects on FI Performance in 
Monkeys

Rice, 2000
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PCB Effects on FI Rates

Rice, 2000

Are There Common Mechanisms?

Impulsivity
Nucleus Accumbens

Decreased DAT Levels
Activation of PKC

Hypertension?
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Seegal et al., 2002

Caudle et al., 2006
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PCB Effects on PKC

Kodavanti et al., 1996
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Oswego Cohort

Stewart et al., 2006

Developmental Deltamethrin Exposure 
Increases DAT Levels
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Gene Expression Changes 
Associated with DAT Increase
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Developmental Deltamethrin Causes 
Hyperactivity Which is Abolished by Ritalin
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“Impulsive-Like” Behavior Following 
Developmental Deltamethrin Exposure
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Alteration of Dopamine Receptors May 
Contribute to Behavioral Effects
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Can We Define Common 
Mechanisms?

Catecholaminergic Dysfunction
Interaction of Neurotransmitter Systems
Anatomical Specificity
Thyroid Hormones? (RTH, TRβ1)
Hypertension?
Hypoxia?
Critical Periods of Exposure
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Multiple Toxicants-Multiple Effects

Common Pathways
Genetic Susceptibility
Other Environmental Factors
Gene-Gene, Gene-Environment, Gene-
Gene-Environment, etc.

Charges to Panel
Recognition of Environmental Factors as 
Contributors to ADHD

Environmental Factors and Endophenotypes
Utilize Cohorts Already Present and Prospective 
Cohorts in the Future

Identify Uniquely Susceptible Populations
Integration of Basic, Epi, Clinical

Biomarkers to Aid Diagnosis
Better Design of Therapeutic Agents
Novel Therapeutic Strategies
Prevention


