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Air Pollution and the Brain
Where are we and where are we going?



Air Pollution and Neuropathology
Calderon-Garciduenas et al., 
Toxicol. Pathol., 2002

Dogs in Mexico City

• Reactive Astrocytes (A, B)
• Degenerating neurons (C, D)
• ApoeE (E)
• Plaques and Neurofibrillary tangles (F, G)
• Tau positive neurons (H)

 Neurodegeneration?



Cerebrovascular Link
• Air pollution has established 

consequences for cardiovascular 
disease 

• Vascular risk factors are often associated with 
cognition, dementia

• Subclinical cerebrovascular disease is 
implicated in dementia 

http://med.uc.edu/neurosurgery
/divisions/cerebrovascular.aspx



Air Pollutants and the Brain
Another Exposure Route?

http://med.uc.edu/neurosurgery/divisions/
cerebrovascular.aspx

Animals: Oberdorster et al., Inhal Toxicol, 2004
Air Pollutants and olfaction
Ajmani et al., Environ Health Perspect., 2016



Damage to the BBB

Altered neurotransmitter levels A
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All of these suggested 
negative consequences 
of particulate exposure 
are evident in multiple 
neurodegenerative and 

psychiatric diseases

Particulate matter exposure appears to lead to…

?



Where are we with the Epidemiology?



Air Pollution-Cognitive Function
Ranft et al., Env Research, 2009
Women, 68-79, in Germany

Lower CERAD score with less residential 
distance to road

Chen and Schwartz, Neurotoxicology, 2009
US adults, 20-59

Worse executive function/short-term memory 
with higher county annual average ozone

Per 10ppb ozone: ~3.5-5.3 years of age
No association with PM10



Black Carbon and Cognitive Function
Power et al., Environ. Health Perspect., 2011

1995 average BC; Gryparis et al., 2007

• Cognitive testing among Normative 
Aging Study participants

Worse MMSE/global cognition with 
higher residential black carbon



Where are we with the Epidemiology?
Air Pollution-Cognitive Function/Dementia

Several reviews
• Power et al., Neurotoxicology, 2016
• Kilian and Kitazawa, Biomedical Journal, 2018
• Bejot et al., Int J Stroke, 2018
• Dimakakou et al., Int J Environ Res Public Health, 2018
• Russ et al., Curr Opin Psychiatry, 2019
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• Study Sample: Up to 71,271 Nurses Health Study participants 
residing across the continental U.S.

• Elevated anxiety symptoms (Crown Crisp Index)

Air Pollution and Anxiety
Power et al., BMJ, 2015

Highest Quintile



Where are we with the Epidemiology?
Air Pollution-Depression/Anxiety studies
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Several reviews 
• Gladka et al., Int J Occup Med Environ Health, 2018
• Zhao et al., Environ Res, 2018
• Buoli et al., Environ Int, 2018
• Dickerson et al., Curr Env Health Rpts, in press



Hong et al., Curr Opinion Neurobiol., 2016
(Beth Stevens, Harvard)

Immune molecules play critical role in 
brain development 
(Lenz et al., Front Immunol., 2018)

Microglia are central to synaptic pruning

Microglia and the Brain



Adjusted OR of ASD by IQR NO2
Mutually Adjusted Models
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Raz et al., Am J Epidemiol, 2018a 

Tel Aviv area, Israel
2,098 ASD cases, 54,191 controls

Live birth bias?
Raz et al., Am J Epidemiol., 2018b
Leung et al., submitted



Where are we with the Epidemiology?
Air Pollution-Neurodevelopment

Several reviews
• Weisskopf et al., Curr Environ Health Rpts, 2015
• Suadez-Gonzalez et al., Endocrinology, 2015
• Xu et al., Front Pub Health, 2016
• Lam et al., Plos ONE, 2016
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Issues 
• Potential confounding, esp. SES

• Negative control exposures (Lipsitch et al., Epidemiology, 2010; 
Weisskopf et al., Epidemiology, 2016)

• Cognition: decline less susceptible than cross sectional state
• Exposure metric choice (Weisskopf and Webster, Epidemiology, 2017)

• Selection biases
• When the exposure of interest affects who is in your study, bias 

can result—can get paradoxical results! (Weisskopf et al., Environ 
Health Perspect, 2015; Raz et al., Am J Epidemiol, 2018b)

• Dose-response relations
• Mostly linear assumption

• Dementia is a common outcome!

Where are we Going?
Epidemiology



Issues
• Exposure

• What pollutant/source/mixture?
• Particular interest in ultrafines

• When?
• Suggestion of critical windows for neurodevelopment
• Most adult studies of cognition/dementia consider concurrent 

exposures

• Heterogeneous outcomes
• Autism is phenotypically heterogeneous
• Cognitive profiles varied (development and aging)

• Are effects on specific functional domains or more global
• How to categorize dementias

• Pathology?

Where are we Going?
Epidemiology



Dementia is Pathologically Heterogeneous
With clinically diagnosed dementia

Without clinically diagnosed dementia

Schneider (2007) NeurologyWhat is behavior-pathology relation?



• Gets at target tissue in living humans
• Can assess many variables

• Volume; Activity (blood flow, glucose,...); Specific targets (flortaucipir, 
microglia?...)

Where are we Going?
Brain Imaging

But also consider…
• Cost; Access

• Lower tech?: ASR, fNIRS
• Extracellular vesicles

• Brain is built to respond to the 
environment -- what’s abnormal?
• Parallels with known/clinical 

dysfunction?
• Biomarkers are not necessarily 

causal
• Pathology ≠ behavior

Casanova et al., Front Human Neurosci., 2016



• Can do true experiments
But consider…
• Correct animal model?
• Animal to human translation?

• Parallels with human neuropathology?
• Are exposures the same?

• Compound; Pattern; Timing?

Where are we Going?
Animal Studies

Allen et al., Neurotoxicology, 2015

Neuropathology of Inhaled Ultrafine Particles
 parallels with autism neuropathology



• Growing evidence for adverse effects of air pollutants on both 
the developing and aging brain

• Neurodevelopment/ Autism
• Mental Health
• Cognitive function/Dementia
• Parkinson’s disease? Amyotrophic lateral sclerosis?

• Future is multi-pronged
• Refining the epidemiology (exposures, timing, outcomes)
• Imaging and other biomarker approaches
• Animal studies

Summary



Many thanks to my collaborators

Weisskopf Environmental Neuroepidemiology Group

Funding: NIEHS
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