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� Explain an “ecological framework” in regards 
to health.

� Identify early life factors that can effect adult 
health.

� Explain “critical time windows.”

� Explain how resilience can help mitigate 
negative early life factors.

� Discuss environmental justice and its 
interaction with vulnerability and resilience.

Objectives

The ecological health framework extends to the sub-cellular level

Ecological Health Framework

From Story of Health
Steve Burdick Design
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Not all of the factors that are important for health occur within the individual’s 
genetic and biological makeup. Your interaction with your family, social 
support, and community can also impact your health.

Ecological Health Framework

From Story of Health
Steve Burdick Design

Ecological Health Framework

From Story of Health
Steve Burdick Design

Ecological Health Framework

From Story of Health
Steve Burdick Design

Early Life Exposures
Critical Windows of Development
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Environmental determinants that can influence lifelong health include things such as 
chemicals, food, social and economic stressors such as poor access to health care, 
experiences of racism, abuse and violence.  There are also positive factors like nurturing 
and social support. All of these factors interact with one another.

Environmental Determinants Critical Windows of Development

A window of vulnerability is a time during which the fetus, infant, or child is 
especially susceptible to particular environmental chemical exposures, 
general environmental deprivation, suboptimal nutrition, or psychosocial 
stress.

Critical Windows of Development
Window of Vulnerability Prenatal Stress – Effects in Adult Female Offspring

� Exposures
• Relationship hardship (eg. Divorce)
• Death/severe illness of someone close
• Severe financial, car accident, refugee

� Impacts
• Altered HPA axis response (Trier Social Stress 

and ACTH stimulation)

• Bias to Th2, IL-4, IFN –gamma, IL6, IL10 
production

Entringer et al Dev Psychobiol 2008
Entringer et al Hormones and Behavior, 2009
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Allostasis – active process for adaptation (brain – body)

Neuroendocrine
Immune

Autonomic 
biomediators

Allostasis

Adaptation

Allostatic
load

Costs: metabolic, cardiovascular, immune, behavioral dysregulation

Adapted from
McEwen and Gianaros, 2010

Limbic Plasticity effected by
• Parental resources
• Education
• Exposures/nurturance

A window of opportunity is when structural or functional developmental 
processes in organs or physiologic systems can be maximized by an 
enriched environment or avoiding a hazardous exposures and excessive 
stress. 

Critical Windows of Development
Window of Opportunity

Lead/Stress Act by Similar Mechanisms

� Learning and memory in 
hippocampus dependant on 
activation of NMDA glutamate 
receptors

� Stress or an 
environmental chemical (lead) 
impact same mechanism

� Both lead and stress 
impact HPA axis

Lead & Stress 
Potent inhibitors

X

Wikipedia creative commons/public domain Delldot

Social Environment / chemical interaction
Guilarte Ann Neurology 2003
Neal Neurotoxicology 2011

Environmental enrichment enhances memory and 
learning /plasticity

� Early lead exposure 
results in decrease in 
learning, memory, NMDA r 
activity (BDNF)

� Enriched environment 
reduces lead’s cognitive 
impacts and normalizes 
NMDA r activity ( BDNF)

Guilarte T, Ann Neurology, 2003

Social environment, exploration, play, 
spatial learning

Public domain wikipedia

Social environment
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Neural Mediators of Resilience

� Brain Derived Neurotrophic Factor 
(BDNF)

• Necessary factor in plasticity
• BDNF altered/low in depression, methyl 

mercury, BPA
• Elevated by fluoxetine, regular physical 

activity
• Reopen windows of plasticity (stroke and 

depression)
– Combined with intensive physiotherapy or behavioral 

therapy 

Karatsoreos and McEwen, Resilience and Vulnerability: A neurobiological 
Perspective F1000 Prime Reports 2013 http://f1000.com/prime/reports/b/5/13 Miranda ML, et al. Neurotoxicology. 2009 November 

Impact of lead exposure greater in 
those with lower academic performance

The human reproductive system is vulnerable to changes resulting from 
exposure to reproductive hazards commonly found in our environment.

Critical Windows of Development

Preconception/Periconception

Example:  Smoking by the father during the time period before or around 
conception has been associated in multiple studies with an increased risk 
for the baby developing childhood leukemia.

Critical Windows of Development

Preconception/Periconception
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Maternal nutrition and health behaviors as well as environmental exposures 
are well-known to have significant impacts on a developing fetus.

Critical Windows of Development

Fetus

Rauh et al. Pediatrics 20 06

Rauh et al., EHP 2011

Chlorpyrifos Impacts Neurodevelopment

• Detected in >64% of maternal and newborn blood 
samples

• Follow up at 3 yrs. for 189 children

• Highly exposed
• Delays in psychomotor and mental developmental 

indexes (Bayley)
• PDI delays 5 times as great (MDI 2.4 times)

• Symptoms ADHD and PDD significantly more 
likely (child behavior checklist)

• Declines in working memory and full scale IQ at 
age 7

Chlorpyrifos has Measurable Impact on Brain Structure 
(non-occupational)

Brain anomalies in children exposed prenatally to a common 
organophosphate pesticide, Rauh et al., PNAS 2012 (copyrighted)

Regional enlargements of the cerebral 
surface (primarily underlying white matter)

� Posterior middle temporal, inferior postcentral
gyri bilaterally

• Attention and receptive language
� Superior frontal gyrus, superior temporal gyrus, 
cuneus, and precuneus

• Social cognition
� Gyrus rectus (related orbitofrontal regions)

• Reward, emotion, and inhibitory control

� L superior frontal gyrus (dorsal and mesial surfaces)

• Executive function
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Childhood includes multiple critical windows. The brain, lung, and other 
organ systems are developing rapidly in utero and during early childhood. 

Critical Windows of Development

Infant/Toddler
� Air pollution linked in human studies with

• Developmental delay and reduced IQ
• Inattention and ADHD
• Anxiety and depression
• Neuro-inflammatory markers and volume changes
• Autism (?)

� Interaction between prenatal PAH exposure and 
material hardship or maternal demoralization on 
cognitive and behavioral outcomes 

Air Pollution and Neuro-cognition
Targeting Environmental Neuro-Developmental Risks (TENDR)

Perera et al. EHP 2012;120(6):921-6. Suglia et al. Am J Epidemiol. 2008;167(3):280-6.   Calderon-Garciduenas
et al. Brain Cogn. 2011;77(3):345-55. Perera FP et al. PLoS One. 2014;9(11):e111670. Volk HE et al. EHP 
2011;119(6):873-7 Vishnevetsky J Neurotoxicol Teratol 2015; 49:74-80 

Days exceeding CA standards for Ozone 
(1 hr) and PM10 (24 hr) (South Coast air basin Data 

California Air resources Board )
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lung 

function 3.6% low 
lung function

Gauderman WJ et al. N Engl J Med 2015;372:905-913  USC Children’s Health Study 

7.8% low 
lung 

function

Resilience
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Resilience: 
Positive outcomes 
occur despite the 
presence of risk 
factors

Resilience: 
Positive outcomes 
occur despite the 
presence of negative 
factors

Resilience: 
Positive outcomes 
occur despite the 
presence of negative 
factors

Resilience: 
Positive outcomes 
occur despite the 
presence of negative 
factors
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Resilience: 
Positive outcomes 
occur despite the 
presence of negative 
factors

Resilience: 
Positive outcomes 
occur despite the 
presence of negative 
factors

Resilience: 
Positive outcomes 
occur despite the 
presence of negative 
factors

Important Determinants Include: Chemical, 
Food, Economic, and Social Environments
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But the facts are…

Misconceptions about Resilience (individualism)

You might hear…

Positive outcomes 
in the face of 
significant adversity 
are the norm; 
resilience is an 
easy “bootstrap”

Kendall-Taylor, N. (2012) Frameworks Institute. 

But the facts are…

Misconceptions about Resilience

You might hear…

Resilient outcomes 
are the exclusive 
result of  “willpower”

Kendall-Taylor, N. (2012) Frameworks Institute

But the facts are…

• Resilience is shaped by 
powerful genetic, social, and 
physical environmental 
factors that are not easily 
overcome

• We can help strengthen 
resilience by helping to 
ensure that we provide a 
health prenatal and early 
child environment.

Misconceptions about Resilience

You might hear…

Resilience has no 
limits, even in the 
face of significant 
hardships such as 
discrimination and 
toxic environmental 
exposures

Kendall-Taylor, N. (2012) Frameworks Institute

Environmental Justice
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“The fair treatment and meaningful involvement of all 
people regardless of race, color, national origin, or income 
with respect to the development, implementation, and 
enforcement of environmental laws, regulations, and 
policies.” US EPA 

Environmental Justice

Photo: National Resources 
Defense Council

CalEnviroScreen 2.0 Indicators- evaluating 
community, social and pollution factors

Exposures
Environmental

Effects
Sensitive 

Populations
Socioeconomic 

Factors

� Ozone

� PM 2.5

� Diesel PM

� Pesticide use

� Toxic releases 
from facilities

� Traffic density

� Drinking water 
quality

� Cleanup sites

� Groundwater 
threats 

� Impaired waters

� Solid waste 
sites and 
facilities 

� Hazardous 
waste facilities 
and generators

� Children and 
elderly

� Asthma ER 
visits

� Low birth weight 
infants

� Educational 
attainment 

� Linguistic 
isolation

� Poverty

� Unemployment

42

Low Income and Minority Children Disproportionately  Reside in 
Highly Burdened Communities

Multiply impacted communities
(top 20% most impacted)

whites (1 in 14)
Asians (1 in 8)
Native Americans (1 in 7)
Latinos and African American (1 in 3)

CA EPA Traffic Study

� Schools near (<300m) and downwind of 
freeways have up to 50% more traffic-related air 
pollutants compared to those further away

� Children in neighborhoods with more traffic-

related air pollutants have an increased risk of 
bronchitis and asthma episodes

• Findings consistent with other studies

Green et al. Environ Health Perspect. 2004 Jan;112(1):61-6
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Economically Disadvantaged Students in California Public Schools 
Have Higher Traffic Exposure

No roads with count
data (2267 schools)<24,999 vehicles (4484

schools) 25,000-49,999 vehicles
(536 schools) 50,000+ vehicles (173

schools)

Reduced Price Meals
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Green et al. EHP. 2004 Jan;112(1):61-6

Hispanic and Non-Hispanic Black Children are 
more Likely to Have High Traffic Exposure

No roads
with count
data (2267

schools)

<24,999
vehicles

(4484
schools)

25,000-
49,999

vehicles (536
schools)

50,000+
vehicles (173

schools)
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Academic Performance is Linked 
to Air Pollution Exposure
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API Score

Low High TRI

Air Pollution Level

Lowest  Risk
Middle Risk
Highest Risk
No TRI w/i 1 mile
TRI w/I 1 mile

Morello-Frosch 2002

Good Early Childhood Education Programs Make a Difference

The Productivity Argument for Investing in Young Children James Heckman 2004
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Summary

� Environmental factors during critical windows of 
development shape human lives.

� These exposures can be chemical, physical, social, 
or historical.

� Low income children/Communities of Color are 
disproportionately exposed to toxic, stressful 
environments

� It is important to both reduce or eliminate 
hazardous exposures and to create enriching 
environments that can help to foster resilient 
outcomes in children   

� Pesticides - Integrated Pest Management
• UC Davis http://ipm.ucanr.edu

� Lead – screen, preventive guidance
• PEHSU fact sheets (low level lead, lead in water)
• US EPA

� Tobacco 
� Consumer products

• Flame retardants - http://greensciencepolicy.org
• EWGs Skin Deep Guide to Cosmetics

http://www.ewg.org/consumer-guides 

What is a 
(whatever kind of health care provider you are) to do?

� Western States PEHSU website 
(wspehsu.ucsf.edu)

• Story of Health e-book (SOH).( 
https://wspehsu.ucsf.edu/for-clinical-professionals/training/a-
story-of-health-a-multi-media-ebook/) Using the setting of a 
family reunion as a backdrop, SOH explores how various 
environments influence our health across the lifespan. Over 
5,000 physicians, nurses, and health educators have already 
received CE credits from the CDC for completing chapters. 

• Pediatric Environmental HealthToolkit is a 
combination of easy-to-use reference guides for health 
providers and user friendly health education materials on 
preventing exposures to toxic chemicals and other substances 
that affect infant and child health. The new mobile device ready 
version to be posted soon. Online intro for CE at: 
https://www.atsdr.cdc.gov/emes/health_professionals/pediatrics
.html

Resources

Coming soon!

� Project TENDR (http://projecttendr.com) a collaboration of leading 
scientists, health professionals and advocates. Produced a scientific Consensus 
Statement to significantly reduce exposures to chemicals and pollutants that are 
contributing to neurodevelopmental disorders.

� PEHSU Network national website - www.pehsu.net
Educational materials, fact sheets, online CE programs, webinars on 
Children’s Environmental Health issues. 

� National Medical Legal Partnership (http://medical-legalpartnership.org)

Medical-legal partnerships embed lawyers and paralegals alongside health 
care teams in clinics to:

• TREAT individual patients’ existing health‐harming social conditions with assistance ranging 
from triage and consultations to legal representation;

• PREVENT health‐harming social conditions broadly by detecting patterns and improving 
policies and regulations that have an impact on population health. AND MORE

Resources
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� The AAP Council on Environmental Health (COEH) 
advises the Board of Directors, supports legislative initiatives, authors policy 
documents, and leads educational initiatives pertaining to environmental health 
and toxic exposures. Publishes Pediatric Environmental Health 3rd Ed.

� Harvard Center on the Developing Child 
(http://developingchild.harvard.edu) 

Focused on developing science based strategies to achieve breakthrough 
outcomes for children facing adversity. Outstanding resource and inspiration for 
this presentation.
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