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Adapted from Glass, McAtee (2006). Soc. Sci. Medicine, 62: 1650-1671

Health as a continuum between biological, behavioral and 
social factors across the lifespan with sensitive periods.



Glass, McAtee (2006) Soc Sci Medicine, 62: 1650-1671

Risk regulators influence behavior

indirectly via structured contingencies (opportunities and constraints)

through effects on biological systems inside the body

material exposures, psychosocial experiences, and information to which 
regulatory systems must respond



Experience and Brain Development

Stimuli in early life switch on genetic pathways 
that differentiate neuron function
– critical and sensitive periods.

From studies in humans, monkeys and rats

Stimuli affect the formation of the connections 
(synapses) among the billions of neurons 
(sensitive periods).

The brain pathways that affect literacy, behavior, 
and health form early.



Eye cataracts at birth prevent
development of vision neurons
in the occipital cortex
(Hubel and Wiesel)

Cochlear defects at birth impair 
hearing development (Rauschecker
and O’Donoghue)

Vision and Hearing Critical Period
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McEwen (1998) NEJM, 338: 171-179
Protective and Damaging Effects of Stress Mediators

Stress-activated physiology can protect and restore but also damage the body

What links these roles? 

How does stress influence pathogenesis of disease?

What accounts for the variation in vulnerability to stress-related diseases 
among people with similar life experiences? 

Allostasis - ability to achieve stability through change

Autonomic nervous system, hypothalamic–pituitary–adrenal (HPA) axis, and 
cardiovascular, metabolic, and immune systems respond to internal and 
external stress 

Allostatic Load - the price of this accommodation to stress

Wear and tear from from chronic over- or under-activity of allostatic systems



McEwen (1998) NEJM, 338: 171-179

Perceived stress

influenced by experiences, genetics, and behavior 

initiates physiologic and behavioral responses leading to allostasis and 
adaptation 

Allostatic load can accumulate over time

overexposure to mediators of neural, endocrine, and immune stress can 
have adverse effects

The Stress Response and Development of Allostatic Load



McEwen (1998) NEJM, 338: 171-179

Normal:

response initiated by stressor, 
sustained for appropriate 
interval, then turned off. 

Abnormal:

repeated "hits" from multiple 
stressors 

lack of adaptation 

prolonged response due to 
delayed shutdown 

inadequate response, which 
leads to compensatory 
hyperactivity of other mediators 
(e.g., inadequate secretion of 
glucocorticoids, resulting in increased 
concentrations of cytokines that are 
normally counterregulated by 
glucocorticoids).

Types of Allostatic Load



Limbic HPA Pathway - Stress

Cortisol – Over Production
Behavior, depression, diabetes,  malnutrition, 
cardiovascular disease, memory, immune 
system, drug and alcohol addiction

Cortisol – Under Production

Chronic fatigue syndrome, fibromyalgia, immune 
system (autoimmune disorders) rheumatoid 
arthritis, allergies, asthma



But Is Stress Always Bad?
• During sympathetic arousal, you increase 

oxygen and glucose to your brain

• Acute stress can lead to heightened arousal 
and better task performance 

• Mild elevation in glucocorticoid levels 
enhance memory by directly affecting the 
hippocampus





Levels of Causation for Health

Interventions

from McKinlay & Marceau  (2000). Public health matters. Am J Pub Hlth, 90, 25-33, p. 29.

Levels of Causation

Organization & Community Interventions

Environmental
Influences

Social
Position

Social & Cultural 
Processes

Psychological
Processes

Biological & 
Genetic Factors

Primary & Secondary Prevention

Primary & Secondary Prevention / Treatment

Primary & Secondary Prevention / Treatment

Healthy Public Policy



Tobacco Use & Lung Cancer. USA
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A New Integrative Causal Model

The Biomedical Model:

Causes of disease lie 
in genes, molecules, 

proteins

The Ecological Model:

Causes of disease are 
behavioral and social 

factors

INTEGRATION OF BIOMEDICAL CAUSES & 
SOCIO-ECOLOGICAL “CAUSES OF CAUSES”



Moffitt, Caspi, Rutter (2006) Perspectives on Psychological Science, 1(1): 5-27



FOUR MAIN VARIETIES OF GENE-
ENVIRONMENT INTERPLAY

1. Epigenetic effects of environments on gene expression

2. Variations in heritability according to environmental 
circumstances

3. Gene-environment correlation

4. Gene-environment interaction 



Moffitt, Caspi, Rutter (2006) Perspectives on Psychological Science, 1(1): 5-27

1. Epigenetic Effects

Environmental effects are mediated through altered gene expression 
(Levenson & Sweatt, 2005; Pray, 2004; Waterland & Jirtle, 2003)

Or through altered chromosomal structure (Epel et al., 2004; Sapolsky, 2004).

Early-life rearing can alter gene expression, and later behavior (Francis, 
Szegda, Campbell, Martin, & Insel, 2003; Meaney, 2001).

Effects are a biological process, and it involves specific measured genes, 
as well as specific environments.

Different types of gene-environment interplay



RAT STUDIES OF MEANEY, SZYF, WEAVER, et. al.

1. Observation that lactating mother rats differed markedly in 
licking/grooming archback nursing of neonatal rat pups

2. These maternal differences associated with offspring differences in 
behavior, neuroendocrine response to stress, and neurotransmitters

3. Cross-fostering design to determine if offspring differences are a 
function of nature or nurture

4. Determination of whether nursing differences effects associated with 
specific DNA methylation effects

5. Test of whether the rearing-mediated epigenetic marking could be 
chemically reversed



Maternal Behavior: Where Nurture Meets Nature



Meaney, Ann Rev. Neurosci. 2001

Individual Variation in Maternal Licking and Grooming
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Epigenetic programming

Epigenetic programming by maternal behavior

Maternal licking and grooming (LG) and 
arched-back nursing (ABN) of rat pups 
altered offspring epigenome at a 
glucocorticoid receptor (GR) gene 
promoter in hippocampus. 

Offspring of mothers that showed high 
levels of LG and ABN were found to have 
differences in DNA methylation, as 
compared to offspring of ‘low-LG-ABN’
mothers. 

Differences were associated with altered 
histone acetylation and transcription factor 
(NGFI-A) binding to the GR promoter. 

Different types of gene-environment interplay

Weaver et al. (2004) Nature Neuroscience, 7(8): 847-854





Moffitt, Caspi, Rutter (2006) Perspectives on Psychological Science, 1(1): 5-27

Different types of gene-environment interplay

2. Quantitative models of heritability-environment interaction

Demonstrated in studies of twins

Balance of heritable versus environmental influence on phenotype's 
variation differs across subsegments of the population (Rowe, Jacobson, & van den 
Oord, 1999; Turkheimer, Haley, Waldron, D'Onofrio, & Gottesman, 2003)

Why not GxE?

Focus on latent omnibus genetic effects in population variation, not on 
effects of a specific identified genotype in individuals

Do not indicate that sensitivity to the environment is moderated by variation 
in the DNA sequence



Moffitt, Caspi, Rutter (2006) Perspectives on Psychological Science, 1(1): 5-27

3. Gene-environment correlation

Person's genotype influences his or her probability of exposure to 
environmental risks (Plomin, DeFries, & Loehlin, 1977; Rutter & Silberg, 2002).

Gene-environment correlations are often discussed as if the genes have 
direct biological effects on an environmental risk factor (e.g., the tendency 
to experience stressful life events is partly heritable). 

Why not GxE?

Inevitably the genetic effect is mediated through some behaviors (in the 
case of life events, personality traits) that in turn bring about the 
environmental risk. 

Different types of gene-environment interplay



Genes, Individual 
Specific environment 
and Nicotine 
Dependence.

Ad Health longitudinal 
cohort study

Haberstick, et.al., 2007
Addiction.in press.



Genes, Individual Specific environment and 
Nicotine Dependence. Haberstick, et.al., 2007. Addiction.
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4. 4. Gene-environment interaction, G x E: 

Behavioral effects due to interdependence between a specific identified 
variation in the DNA sequence and a specific measured environment. 

G × E has a long scientific history (Haldane, 1946)

e.g., Agricultural research 

animals' and crops' genotypes moderate resistance to pests and 
disease 

e.g., Infectious-disease research 

hosts' genotypes moderate susceptibility to diseases such as 
malaria and tuberculosis 

e.g., Behavioral sciences 

developmental psychology's resilience theories about children 
who have good mental health despite adversity, and in 
psychopathology's diathesis-stress theories of mental illness

Different types of gene-environment interplay



Moffitt, Caspi, Rutter (2006) Perspectives on Psychological Science, 1(1): 5-27

Measured Gene-Environment Interactions in Psychopathology: Concepts, 
Research Strategies, and Implications for Research, Intervention, and Public 
Understanding of Genetics

A gene-environment interaction occurs

When the effect of exposure to an environmental 
factor on health and behavior is conditional upon 
a person's genotype 

Or conversely, when the genotype's effect is 
moderated by the environment.



Science, 302: 
386-388. 2003

1057 consecutive births in Dunedin, New Zealand followed for 26 
years with evaluation every 2-3 years beginning in first year.

At age 26, 17% met criteria for major depressive disorder.  
Neither life stress alone 
nor serotonin transporter 
genotype predicted 
depression.



Caspi et al. (2003) Science, 301: 386-389

Results of regression estimating the association between childhood 
maltreatment and adult depression, as a function of 5-HTT genotype.

Influence of Life Stress 
on Depression:

Individuals with one or two copies 
of the short allele of the 5-HTT 
promoter polymorphism exhibited 
more depressive symptoms, 
diagnosable depression, and 
suicidality in relation to stressful 
life events than individuals 
homozygous for the long allele

This epidemiological longitudinal cohort study thus provides evidence of a gene-by-
environment interaction, in which an individual’s response to environmental insults 
is moderated by his or her genetic makeup.



Serotonin Gene, Experience, & Depression Age 26

No Abuse Moderate Abuse Severe Abuse

.30

.50

.70

Depression 
Risk

LL

SS

SL

S = Short Allele 
L = Long Allele

A. Caspi, Science, July 2003, Vol 301.

Early Childhood



The hazard ratio of onset of major depression within a 2-month period

hazard rate = 1: defined as risk level for SS male with no SLE

Kendler et al. (2005) Arch Gen Psych, 62(5): 529-535

For prediction of episodes of 
major depression:

Significant main effects for sex 
and SLE occurrence, but not 
for genotype

Significant genotype x SLE 
interaction

Individuals with 2 short (S) alleles at the 5-HTT locus were more sensitive to the 
depressogenic effects of all SLEs than were those with 1 or 2 long (L) alleles.



Moffitt, Caspi, Rutter (2006) Perspectives on Psychological Science, 1(1): 5-27

Study Sampling Designs

Most informative design for testing G × E begins with cohort sample

Represents population variation in genotype, exposure to environmental 
pathogens, and variety of health outcomes

Ideal if cohort enlisted prospectively in early life and followed longitudinally

Repeated assessments obtain unbiased measures of cumulative exposure 
to environmental pathogens, and ascertain history relative to timing of 
exposure (Collins, 2004; Hunter, 2005)

STRATEGIES FOR PROGRAMMATIC RESEARCH INTO MEASURED G × E

Testing for an Interaction

Low High

Low
Baseline outcomes 

associated with factors 
apart from G x E

Effect of 
environment

High Effect of gene
Is joint association 
of risk factors with 
outcomes additive 
of multiplicative?

Environmental Risk

Genetic
Risk

In simple case of dichotomous genotype 
and environment variables, four cells of 
participants can be compared:



Source: Tarter, 
R., et. al. 
Psychology of 
Addictive 
Behaviors, 16,
(4S), S5.

Modeling the Epigenetic Pathway





NIH MedlinePlus Magazine, Winter 2007 Hood (2003) Environmental Health Perspectives, 111(11)
(published by NIEHS)



Mental Health Care in the Pre-Genomic Era??



The FDA acknowledges a large variation in response 
rates to treatments for a variety of conditions

Frueh FW. (2006). Pharmacogenomics: Patient selection for clinical trial 
participation and enrichment strategies. Available at www.fda.gov/cder/genomics



Nemeroff et al. 2003.  PNAS November 100(24):14293-14296





The DRD4 VNTR Polymorphism Influences Reactivity to Smoking Cues

Hutchinson et al. (2002) J Abnormal Psychology, 111(1): 134-143

Craving for tobacco can be reliably elicited by exposure to smoking cues

Cue-elicited craving for tobacco may be a useful phenotype for research on 
genetic factors related to nicotine dependence 

Given potential role of dopamine in cue-elicited craving, examine whether DRD4 
VNTR polymorphism is associated with cue-elicited craving for tobacco 

Participants who were homozygous or heterozygous for 7 repeat (or longer) allele 
classified as DRD4 L

All other participants classified as DRD4 S. 

Participants exposed to smoking cues before smoking cigarettes (nicotine 
challenge - 3 cigarettes using dose delivery device. 



(A) Only DRD4 L group reported increase in craving for tobacco after exposure to cues
(B) Only DRD4 L group reported increase in arousal after exposure to cues
(C) Only DRD4 L group reported decrease in positive affect after exposure to cues
(D) DRD4 L group reported more attention to cues during exposure than did S group

Hutchinson et al. (2002) J Abnormal Psychology, 111(1): 134-143

L group demonstrated significantly greater craving, more arousal, less positive 
affect, and more attention to the smoking cues than did S group



Genetic Variation in 
Nicotine Metabolizing 

Enzymes and Response to 
NRT

Caryn Lerman, Ph.D. (Penn TTURC)                 
Rachel Tyndale, Ph.D. (U. Toronto)                   
Neal Benowitz M.D. (UCSF, PNAT)



Research Objective

To examine the association of functional variation 
in CYP2A6 with treatment-related variables in an 
NRT trial for smoking cessation. 

394 treatment seeking smokers

• Genotype-phenotype correlation

• NRT usage

• Nicotine levels 1-week post-treatment



Open Label Trial of TN vs. NasalSp (n=599)

Orientation & Screening

NS + 7 sessions 
group counseling

TN+ 7 sessions 
group counseling

Follow-Up: EOT, 6-months, and 12-months

Pre-treatment Assessment & 
Genotyping

95% 
retention rate



CYP2A6 Alleles (Caucasians >1600 tested by 
Tyndale et al)
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Genetically Slow Metabolizers have 
lower 3HC/COT ratios
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Genetically Slow Metabolizers have higher nicotine 
on the patch

Nicotine Patch Usage 
(# days worn)

6.0

6.5

7.0

7.5

(125)

(5)

p=0.02

0

10

20

30

Plasma Nicotine ± SD
(ng/mL)

(118)

(5)

Malaiyandi et al, 
Mol Psychiatry 2006



Genetically Slow Metabolizers have lower usage & 
equal nicotine on spray 

Nicotine Spray Usage 
(doses/day)

Plasma Nicotine ± SD
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Graphical results of GWAS of nicotine dependence, 
FTND-defined

From: Bierut, Madden, Breslau, Johnson, Hatsukami, Pomerleau, Swan, Rutter, 
Bertelsen, Fox, Fugman, Goate, Hinrichs, Konvicka, Martin, Montgomery, 
Saccone, Saccone, Wang, Chase, Rice, Ballinger. (2006). Hum Mol Genet, Dec. 7.



Early Warning Sign



Early Growth and Development Study (EGDS)

Presentation to
Office of Behavioral and Social Sciences Research

Office of the Director, NIH

November 21, 2006

Leslie Leve, Ph.D.
Oregon Social Learning Center

Jenae Neiderhiser, Ph.D.
David Reiss, MD

George Washington University Medical Center



Prospective adoption study
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Yoked Adoption Unit



EGDS study design

• 559 domestic adoption placements to non-relative families 
(359 in EGDS-Toddler and 200 in EGDS-Prenatal)

• Yoked Adoption Unit: Birth mother/birth father, adoptive 
mother/father, & adoptive child

• Adoption occurred within 3 mo. post-partum
• Infant free of major medical problems
• 3 major assessments for birth parents and 6 major 

assessments for adoptive families spanning infancy 
through 1st grade (EGDS-School)

• Multimethod, multiagent approach



EGDS constructs

• Birth parents, adoptive parents, and children
• Externalizing, internalizing, social competence
• Alcohol & drug use and problems
• Temperament
• Social context (stress, social support, economic circumstances, 

partner/marital relations)
• Executive functioning and literacy
• DNA and salivary cortisol samples

• Adoptive parents only
• Parenting

• Birth parents only
• Prenatal exposure to drugs, toxins, stress



Environmental influences on three developmental 
pathways

Prenatal Period Infancy (9 mos) Toddler (18, 27 mos) School entry (4 -7 yrs)

Conduct problems
Anxiety/depression
Social competence

Emergent literacy
Executive functioning
HPA functioning

Drug use

Exposure 
to toxins

Stress

Anxiety

EGDS-
Prenatal

Adaptability Social Competence

Impulsive temperament Externalizing Prob.

Harsh Parenting

Inhibition/fearfulness Internalizing Prob.

Intrusive, Unresponsive Parenting

Responsive, Sensitive Parenting

EGDS-Toddler EGDS-
School



A hypothetical evocative mechanism of G x E interaction

Parenting
style

Infant behavior
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behavior
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Gc = child’s genotype
Birth parents’

trait



A hypothetical evocative mechanism of G x E interaction

Parenting
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Infant behavior
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Combining genetic risk & prenatal exposure to drugs

Genetic Risk

Prenatal 
Exposure

18 mo. Toddler 
Low Affect

Prenatal Drug 
Use

Non-pregnancy Drug 
Use

1st Degree 
Relatives

Early Age of 
Onset

-.44*

CBCL: Emot. 
Regulation

ICQ: Difficult 
Temperament

.05

.34

n=127 yoked families who completed the 18-month assessment by May 1 2006. 
High levels of prenatal drug use significantly contributed to suppressed toddler 
affect and the effects of genetic risk influenced toddler suppressed affect only via 
prenatal drug exposure (χ2

(6) =6.5; GFI=.98). 
**Note: Confidence intervals decrease 50% when n increases to 550.



Comparing genetic influence on infants’
response to parenting in the presence and 

absence of adoptive family distress in EGDS-
Toddler
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Tobacco Use & Lung Cancer. USA
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Eight Americas: Investigating Mortality Disparities 
across Races, Counties, and Race-Counties in the 

United States.

C. J. L. Murray,  et al.,  2006.  Eight Americas: Investigating Mortality Disparities 
across Races, Counties, and Race-Counties in the United States. PLoS
Medicine: Sept. 2006. Volume 3, Issue 1513 9, e260 www.plosmedicine.org







Moffitt, Caspi, Rutter (2006) Perspectives on Psychological Science, 1(1): 5-27

RESEARCH NEEDS

Identify candidate genes for G × E hypotheses

Find genes associated with variation in biological or psychological reactivity 
to environmental pathogens

Identify candidate environmental risk factors for G × E hypotheses

Uncover new risk factors and better characterize known risk factors 

New, better, and cheaper normed and standardized methods for precise, 
accurate measurement of environmental exposure

Evaluate whether risk factor is a true pathogen having environmentally 
mediated causal effects on disorder 

Uncover which brain systems influenced by environment, and how 

Frame and test biologically plausible G × E hypotheses

Longitudinal cohort studies when possible

Collect DNA from individuals in existing longitudinal cohort studies with well-
characterized environmental histories



Moffitt, Caspi, Rutter (2006) Perspectives on Psychological Science, 1(1): 5-27

RESEARCH NEEDS

Attempt linkage pedigree studies, association studies, and genomic scans

Unrecognized G × E may undermine efficiency of conventional measured-
gene designs, and could account for nonrobust status of many findings

Above mentioned studies could enhance performance by importing 
environmental data, perhaps to reveal larger-than-expected effects of genes 
or even to uncover new genes conveying susceptibility to disorders 

Integrate G × E processes with other forms of gene-environment interplay

Research must integrate gene-environment correlation, heritability-
environment interaction, and epigenetic programming to achieve a fuller 
understanding



Moffitt, Caspi, Rutter (2006) Perspectives on Psychological Science, 1(1): 5-27

Because it is difficult to alter genes in humans, the outcome of G × E research 
that is most likely to be relevant for application is new information about which 
environmental risks to modify (Guttmacher & Collins, 2003) 

Refine understanding of heterogeneity in responses to environmental pathogens 

Allow greater precision, less error in studies of environmental risk processes

Categorize genetic heterogeneity in response to environmental interventions, to 
facilitate individualized treatments for disorders

Scarce public-health resources could be directed toward population segments 
most vulnerable to environmental pathogens

POTENTIAL IMPLICATIONS OF MEASURED G × E EFFECTS

Environmental Researchers and Interventionists



Conclusions
Behavior is the bridge between biology 
and society

The vision of OBSSR is to mobilize the 
biomedical, behavioral, social science, 
and population science research 
communities as partners to solve the 
most pressing health challenges faced by 
our society.
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