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“Environmental 
exposure”

▪Contact with a chemical, 
biological, or physical entity,
▪ found in the air, water, soil, 

food, consumer products, 
or “sensory-scape,”
▪ that may affect human health
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organic 
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Why should environmental exposures 

merit our attention for understanding 

dementia risk?
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1. Exposures to known neurotoxicants, are or were 
common among children and middle-aged adults.
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McFarland, et al. Proc Natl Acad Sci U S A. 2022;119(11). PMC8931364.
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air 
pollution

effects in 
periphery

oxidative stress
inflammation

synapse toxicity
BBB injury

cerebrovascular 
pathology
apoptosis

pathologic tau
amyloid beta pathology

dementia

2. Some exposures may act pleiotropically in 
affecting dementia etiology.



3 environmental exposures

in relation to dementia risk
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AIR POLLUTION:

Contaminants in outdoor air
from burning and grinding
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How might exposure to air pollution 
influence dementia etiology?

Air pollution’s cardiotoxicity 
is well-established.

HEI Panel on the Health Effects of Long-Term 
Exposure to Traffic-Related Air Pollution. 2022. 

Air pollution might access the brain 
via lungs or intranasal pathway
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State of the
epidemiologic science
on air pollution and 
dementia
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Sources
Systematic review:

Weuve et al. EHP (2021)

Systematic review: Wilker et al. BMJ (2023)

US EPA Integrated 
Science Assessment for 
Particulate Matter (2019)



CONCLUSIONS OF THESE REVIEWS

Long-term exposure to PM2.5 is “likely to be 
causal” in relation to “nervous system effects.” 

US EPA Integrated Science Assessment for PM (2019)

35 studies met 
quality review.

PM2.5 → faster 
cognitive decline

Other evidence 
mixed or sparse.

Systematic review: Weuve et al. EHP (2021)

16 studies (11 
deemed high 

risk of bias)
PM2.5 → dementia risk

Less pronounced w admin records.

Other evidence 
mixed or 
sparse.

Systematic review: Wilker et al. BMJ (2023)



Recent development 1:

Translation

RECOGNITION BY ADVISORY 
INITIATIVES

CHANGES IN POLICY
• Feb 2024: US EPA tightened 

regulatory standard for annual 
PM2.5 concentration:

- from 12 to 9 µg/m3

Jennifer Weuve, ScD  jweuve@bu.edu

Livingston et al. Lancet 2024. PMID: 39096926



Recent development 2:
Air pollution and brain neuropathologies that 
cause dementia: the AERONOSE Study 

Using autopsy data from more than 700 participants of cohort 
studies based at Rush Alzheimer’s Disease Center, we asked: 

When people are exposed to more air pollution while 
alive, do their brains show more dementia-related 
neuropathology at death?

A total of 13 measures, e.g., Alzheimer’s, cerebrovascular, TDP-43

Jennifer Weuve, ScD  jweuve@bu.edu

Tara Jenson et al. in 
preparation. R01AG067497.



Recent development 2:
… the AERONOSE Study 
No clear association with Alzheimer’s neuropathology.

Associations were far more suggestive with respect to cerebral 
arteriosclerosis and cerebral atherosclerosis: 

Jennifer Weuve, ScD  jweuve@bu.edu Jenson et al. in prep. R01AG067497.



Recent development 3:
Exogenous nanoparticles in the 
olfactory bulb

The nasal portal hypothesis suggests that 
some inhaled particles accrue in the 
olfactory bulb …

… from where they translocate to other parts 
of the brain.
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Recent development 3:
Exogenous nanoparticles in the 
olfactory bulb: AERONOSE
We characterized nanoparticles in olfactory bulbs of deceased 
participants of Rush’s Religious Orders Study, finding …

• Nanoparticles that originated outside of the body
• Some contained heavy metals, including lead

• Clusters of iron particles that might evidence response to 
pollution-induced inflammation 

(Uschi Graham et al. Under review. R01AG067497)

(Graham et al. Chemical Research in Toxicology 2020 PMC7774012.)
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NOISE:
unwanted and/or
harmful sound



Kevin Read

Environmental (community) noise 
emanates from outside our homes and 
places of work and learning

Grady et al. In preparation. 
R01AG065359

https://www.flickr.com/photos/194120548@N08/52250547482/


Decibel 
Change

Perceived 
Loudness

Relative 
Intensity

+10 x2 x10

+20 x4 x100

+30 x8 x1,000

Noise is measured 
logarithmically in decibels

Grady et al. In preparation. 
R01AG065359



How might noise influence the 
development of dementia?

Noise 
source

Dementia
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Grady et al. In preparation. 
R01AG065359. Modified from 
Münzel et al. 2017 and Babisch et 
al. 2013
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Long-term exposure to noise in relation to 
cognition, rate of cognitive decline, and 
dementia incidence

In the Chicago Health and Aging Project
- 1993-2012
- N = 10,232
- Ages 61+ at baseline 
- 64% identified as Black, 36% as White
(Stephanie Grady et al. In preparation. R01AG065359)



Noise source

Noise level, dBA

median = 55.4 dBA

median = 56 dBA

median = 46.4 dBA

Federal action level for 
aircraft noise = 65 dBA

Distribution of noise 
levels outside CHAP 

residences
US EPA level corresponding to 
risk for hearing loss = 70 dBA

Noise 
source

Noise level, dBA



Association of noise with 
cognitive performance

(95% CI)

Difference in baseline level, 

SD-units (95% CI)



Association of noise with odds of 
incident dementia



We are just starting to sound out 
the potential problem of noise.

• Noise at night, other times
• Noise spikes
• White noise
• Other noise sources
• Indoor noise
• Noise vs welcome sound vs noise policing



Greenspace
Greenspace located within walking distance of hundreds of Boston homes



Is greenspace near home related to 
cognitive function and rate of decline?

▪ Exposure Normalized 
Difference Vegetation Index 
(NDVI)

▪ ~13,500 women

Marcia Pescador Jimenez
JAMA Network Open, 2022
Environmental Health Perspectives, 2024 



Is greenspace near home related to 
cognitive function and rate of decline?

More exposure to greenness was associated with:
▪ Better cognitive function
▪ Slower rate of cognitive decline over 12 years

Potential mechanisms:
▪ Increasing physical activity
▪ Reducing air pollution exposure
▪ Keeping depressive symptoms in check 

Marcia Pescador Jimenez, et al.
JAMA Network Open, 2022
Environmental Health Perspectives, 2024 
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