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PM2.5 and Dementia Incidence in ACT Shaffer, PhD

Shaffer et al. 2021. EHP. Fine particulate matter and dementia in ACT. DOI: 10.1289/EHP9018

Historical PM2.5 
measurements, 1978+

Predicted 10yr average 
PM2.5 for 2000-2009 

Adjusted all-cause dementia HR: 1.16 (95% CI: 1.03, 
1.31) per 1 µg/m3 increment of PM2.5.
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No association



Ultrafine Particles (UFP)

≤100 nm

Left: https://now.tufts.edu/2018/09/20/toxic-air-we-breathe. Right: Kilian & Kitazawa 2018



UFP, Traffic Pollution, and Dementia in ACT

UFP (PNC)

Blanco et al. 2022. ES&T. Traffic pollution mobile monitoring campaign. DOI: 10.1021/acs.est.2c01077 
Blanco et al. 2024. Envt Int. Traffic pollution and dementia in ACT. DOI: 10.1016/j.envint.2024.108418
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Research Directions

Mostly clinical outcomes 
(e.g., dementia)

Mechanistic outcomes: 
neuropathologic changes

At-risk populations &
highly selective autopsy samples

Inferences about the general 
population of older adults

Overall effects Affected subgroups 

Exposure to individual regulated 
pollutants 

UFP & air pollution mixtures

CURRENT EVIDENCE RESEARCH INTERESTS
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Neuropathology in ACT
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Mobile Monitoring (2019-2020)
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Air Pollution Exposure Assessment

BC (ng/m3) CO2 (ppm)

10y prior to autopsy

Fixed & Temporary Sites

Blanco et al. 2022

PM2.5 (µg/m3)

Shaffer et al. 2021Zuidema et al. 2024
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Analytic Overview
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Results



Cohort Characteristics



Neuropathology Measures at Autopsy

Transformed to dichotomous outcomes Count outcomes



Predicted Exposures (10 Years Prior to Autopsy)



Relative Risk of Elevated Neuropathology 

per SD Increase in Pollutant Conc.



Attenuated Estimates

Relative Risk of Elevated Neuropathology 

per SD Increase in Pollutant Conc.
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Heterogeneity by Demographic and Genetic 

Factors

Air Pollution ADRD

*Simplified Diagram

Effect Modifiers 
Sex

APOEe4
Education

Socioeconomic Status



Quantitative Neuropathology by Brain Region

Aβ40, Aβ42

Phospho-tau (p-tau)

Phospho-TDP-43 (pTDP-43)

Image: https://www.brainframe-kids.com/brain/facts-lobes.htm



Long-Term UFP Models



Critical Exposure Windows

1 yr

5 yr

15 yr

AutopsyPrior UFP/TRAP Exposure
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Who is Autopsied?

More likely to agree to 

autopsy

> Non-Hispanic White

> Dementia diagnosis

> CV Disease

> Smoking history 

> No depression 

….and pass away

> Diabetes 

> Alcohol problems

> Difficulty with ADL



Survival Bias

Age at Autopsy

Exposed

P
at

h
o

lo
gy

Unexposed

Lower Pathology
“Better?!”

Younger 

Higher true 
pathology due 
to exposure



Air Pollution and Aging Health

Left: Kilian & Kitazawa 2018. Right: https://www.encyclopedie-environnement.org/en/health/airborne-particulate-health-effects/



Air Pollution and Aging Health
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