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Why should environmental exposures

merit our attention for understanding
dementia risk?

4 INTERCONNECTED REASONS .

JWEUVE@BU.EDU



1. Exposures to known neurotoxicants, are or were
common among children and middle-aged adults.
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Pesticides https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2946087/
 - 25 million unintentional poisonings/year
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1. Exposures to known neurotoxicants, are or were
common among children and middle-aged adults.
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Pesticides https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2946087/
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http://pdf.wri.org/pesticidesandimmunesystem_bw.pdf
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2. Some exposures may act p/eiotropically in
affecting dementia etiology.
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2. Some exposures may act p/eiotropically in
affecting dementia etiology.
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3. Environmental injustice over the life course may be
a critical source of racial and ethnic inequities in
dementia.
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4, for large impact on the public
health burden of dementia. Rose G. Int Epidemiol, 2007

Grosse et al. Env Health Perspect. 2002. PMC1240871

Downward shift of 0.03 in
dementia risk after policy
implementation
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CONDENSED INTO ONE SLIDE.  Here’s new material, re Clean Air Act:
https://www.epa.gov/clean-air-act-overview/benefits-and-costs-clean-air-act-1990-2020-second-prospective-study
https://pubmed.ncbi.nlm.nih.gov/33424062/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4133758/ (scroll down)


https://academic.oup.com/ije/article/30/3/427/736897  Geoffrey Rose

We have established that some enviro exposures affect kids’ brains (cog, behavior). We know that occupational exposures affect middle-aged brains.  And we know that some mid-to-late-ish life exposures affect aging brains.  But we have not been able to integrate this evidence into research on the effects of exposure over the life course on the dementia risk – and, how to intervene to reduce that risk.

Also: “The decline in mean BLL in 1- to 5-year-old U.S. children from 1976-1980 to 1991-1994 was 12.3 microg/dL, and the estimated decline from 1976 to 1999 was 15.1 microg/dL. …. each IQ point raises worker productivity 1.76-2.38%. With discounted lifetime earnings of $723,300 for each 2-year-old in 2000 dollars, the estimated economic benefit for each year's cohort of 3.8 million 2-year-old children ranges from $110 billion to $319 billion.” via https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1240871/
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These are called primary pollutants. After some of these pollutants undergo transformation in the atmosphere, secondary pollutants are generated.  Among the most familiar to you is probably ground-level ozone.

--------
With the variety of processes that generate air pollutants, these pollutants may take on a variety of chemical composition.

 air can be con by a varity of pollutants

-------------------------------------
NEXT TIME:  add Sox compounds to particle comp.
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pollution Air poIIution’s

\ is well-established.

Air pollution might access the brain
via lungs or intranasal pathway
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regulatory standard for annual
PM, . concentration:

- from 12 to 9 ug/m3

Livingston et al. Lancet 2024. PMID: 39096926
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Recent development 2:

In the
olfactory bulb
The suggests that some inhaled
particles accrue in the , from where they

translocate to other parts of the brain.

We characterized nanoparticles in olfactory bulbs of
deceased participants of Rush’s Religious Orders Study ...



Analytical imaging via high-resolution
scanning transmission electron microscopy
(STEM)

... coupled with chemical analysis via
« electron energyloss spectroscopy (EELS)
e energy dispersive X-ray spectroscopy (EDX)
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The purpose of this characterization work is to identify interactions between cells in the olfactory bulb and nanoparticles generated by air pollution. We are STARTING with the olfactory bulb, because of its hypothesized role as a portal for particulate air pollutants, but we will be extending this exploration to other brain regions.

What we did here was to examine sections of tissue from the olfactory bulbs of 12 participants, using high-resolution scanning transmission electron microscopy—to get at particle size and morphology—and coupling that with a chemical analysis of the particles using electron energy loss spectroscopy and energy dispersive x-ray spectroscopy.

This probing has generated a world of findings.  Some highlights …


-------
Our approach continues to utilize analytical high-resolution scanning transmission electron microscopy (STEM) of tissues and we have systematically used electron energy loss spectroscopy (EELS) to assess composition, relative quantities, as well as redox-activities to help identify the nature and physiochemical fingerprints of the nanoparticles that enter cells, neurons, and interstitial space. 

DOI:10.1248/jhs.55.95
DOI:10.2478/aopf-2020-0017
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Uschi highlighted several features in this tissue section:
She identified ultrafine particles that contained lead. Given that Pb is not bioessential, this Pb must have originated from outside of the body.
She also identified clusters of ferritins.  This is consistent with a biological response to inflammation induced by the Pb nanoparticle.  
The right panel is a close-up—at the 200 nm scale--of Pb nanoparticles inside a phosphate encrusting.  The phosphate crust encapsulates the Pb (and other heavy metals) in what we describe as a Trojan-Horse Mechanism- -this mechanism is thought to help shield some of the Pb from further tissue interactions. 
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The left panel here shows nanoparticle concentrations inside a Corpora Amylacea (Wasteosome). This wasteosome contains multi-component heavy metal accumulations.  The squared area with the dotted line is highlighted in the right panel to indicate the elemental distribution observed using EDS elemental mapping.  


-----
Our approach continues to utilize analytical high-resolution scanning transmission electron microscopy (STEM) of tissues and we have systematically used electron energy loss spectroscopy (EELS) to assess composition, relative quantities, as well as redox-activities to help identify the nature and physiochemical fingerprints of the nanoparticles that enter cells, neurons, and interstitial space. 


Recent development 3:
Examination of air pollution sources

Examples:

* Road traffic

e Coal-burning
e Agriculture

e Aviation
 Wildfire

Fertilizer _'s ™

Oil & Gas Industry, Power Plants, Sewage Treatment

Jennifer Weuve, ScD jweuve@bu.edu
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Effects of AP mixtures on dementia
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Systematic review of the health effects of
traffic-related air pollution: HEI (2022

Mostly NO, and NO,, Coghnition 9 studies

Cognitive decline

PM, ., BC, traffic proximity Dementia 65+)

Some PM,,, PM,q 55, (adults, mostly

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



Systematic review of the health effects of
traffic-related air pollution: HEI (2022

Mostly NO, and NO,, Coghnition 9 studies

Cognitive decline

PM, ., BC, traffic proximity 65+)

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

Weak support
with respect to
cognitive
decline

“low to moderate

confidence’” that
evidence is consistent
with adverse association
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Recent development 2:
... alr pollution sources: road traffic

Association of

with rate of
cognitive decline

- Chicago Health and Aging
Project

Credity Stephanie\Grady
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PM

NO,
5.8 ppb

coarse Zn
6.7 ng/m3

More exposure is associated with

<

faster rate of cognitive decline

Cognitive score
Global cognition
Episodic memory
Processing speed
Global cognition
Episodic memory
Processing speed
Global cognition
Episodic memory
Processing speed
Global cognition
Episodic memory
Processing speed

)
-0.1

i

)
0.0

0.1

Difference (95% CI) in rate of change
0.010 (-0.016 to 0.036)
-0.001 (-0.036 to 0.035)
0.022 (-0.008 to 0.052)
-0.007 (-0.031 t0 0.017)
-0.014 (-0.046 to 0.019)
-0.003 (-0.030 to 0.024)
0.002 (-0.020 to 0.025)
0.007 (-0.023 to 0.037)
-0.018 (-0.043 to 0.008)
0.004 (-0.019 to 0.028)
0.002 (-0.029 to 0.033)
0.011 (-0.010 to 0.031)

Adjusted difference in mean 5-year change in cognitive
score per SD-increment in 3-y pollutant exposure



Long-term exposure to PM,;,
in relation to incident dementia

- Health and Retirement Study
- N = 27,857
- 1998-2016
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Hazard ratios (95% Cls) of incident dementia per interquartile increment in
10-year mean concentration of source-specific fine particulate matter (PM, ;)

HR
Source (1QR) (95% Cl) HR
Total PM, . (9.5-13.2) Source {IQR) (95% CI)
Model 1 1.08 (1.01-1.17) — neray other (0.4-0.7)
Model 3 1.12 (1.02-1.24) S Model 1 LR EOL) —le
Agriculture (0.6-1.7) Model 2 0.96 (0.87-1.06] =———
Model 1 1.17(1.05-1.30} - Modl 3 0.95 (0.86-1.05) =+=—i—
Model 2 1.13 (1.01-1.27) — ndustry coal (0.2-0.3)
Model 3 1.12 (0.98-1.27) - ool 1 105 (100-1.10) L
Road traffic (1.1-1.7) Model 2 1.00(0.93-1.07) —i—
Model 1 1.11(1.01-1.23} - Modal 3 1.01(0.94-1.08) —w—
Model 2 1.06 (0.94-1.19) —f—o—— ndustry other (0.7-1.2)
Model 3 1.03(0.91-1.17) —w— Vodel 1 101 (0.97-1.05) i
Nonroad traffic (0.3-0.3) Model 2 0.97 (0.93-1.00) ——
Model 1 1.14(1.00-1.32) - Model 3 0.97 (0.93-1.02) —=i
Model 2 1.07 (0.92-1.26) Wildfires (0.7-1.3)
Model 3 1.07 (0.91-1.25) - oo 1 104 (Lo1-107) L
Energy coal (0.5-1.1) Modl 2 1.05 (1.02-1.08) ——
Model 1 1.05(0.96-1.14)  ——— Vodel 3 105 (1.02-1.08) .
Model 2 1.03 (0.94-1.17) —j+—— Windblown dust (0.0-0.1)
Model 3 102(053-11) —=— Vol 1 100 (0.55-1.01) .
3 5 o - . Model 2 1.00 (1.00-1.01)
4R (355 CI) Model 3 1.00 (0.99-1.01) .
0.9 11 13 15

HR {95% C1)
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The IQRs for each total and source-specific PM2.5 with concentrations are given in parentheses in micrograms per cubic meter. Model 1 is the single-pollutant model, stratified by 2-year birth cohorts and 2-year age at baseline and adjusted for sex, race, educational attainment, ownership of the primary residence, total household wealth, urbanicity, neighborhood socioeconomic status, and a flexible set of unpenalized thin-plate regression splines with 10 df. Model 2 is model 1 plus other PM2.5. Model 3 is model 2 plus coarse PM, nitrogen dioxide, and ozone.


Hazard ratios (95% Cls) of incident dementia per interquartile increment in

10-year mean concentration of source-specific fine particulate matter (PM, ;)

Sl

Source (1QR)

HR
(95% CI)

Total PM; ¢ (9.5-13.2)
Model 1
Maodel 3
Agriculture {0.6-1.7)
Maodel 1
Maodel 2
Model 3
Road traffic (1.1-1.7)
Model 1
Maodel 2
Maodel 3

Monroad traffic (0.3-0.5)

Maodel 1
Model 2
Maodel 3
Energy coal (0.5-1.1)
Model 1
Maodel 2
Model 3

1.08 (1.01-1.17)
1.12 (1.02-1.24)

1.17 (1.05-1.30)
1.13 (1.01-1.27)
1.12 (0.98-1.27)

1.11(1.01-1.23)
1.06 (0.94-1.19)
1.03 (0.91-1.17)

1.14 (1.00-1.32)
1.07 (0.92-1.26)
1.07 (0.91-1.25)

1.05 (0.96-1.14)
1.03 (0.94-1.12)
1.02 (0.93-1.11)

1.1 13
HR (95% CI)

L5

Source (1QR)

HR
(95% CI)

Energy other {0.4-0.7)

Model 1
Modal 2
Model 3

Industry coal (0.2-0.3)

Model 1
Model 2
Modal 3

Industry other (0.7-1.2)

Maodel 1

Model 2

Maodel 3
Wildfires (0.7-1.3)

Maodel 1

Modael 2

Model 3

1.02 (0.93-1.11)
0.96 (0.87-1.06}
0.95 (0.86-1.05)

1.05 (1.00-1.10)
1.00 (0.93-1.07)
1.01 (0.94-1.08)

1.01 (0.97-1.05)
0.97 (0.93-1.00)
0.57 (0.93-1.02)

1.04 (1.01-1.07)
1.05 (1.02-1.08)
1.05 (1.02-1.08)

Windblown dust {0.0-0.1)

Madel 1
Model 2
Model 3

1.00 (0.99-1.01)
1.00 (1.00-1.01)
1.00 (0.99-1.01)

0.9

1.1 13
HR (95% CI)

1.5
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Hazard ratios (95% Cls) of incident dementia per interquartile increment in

10-year mean concentration of source-specific fine particulate matter (PM, ;)

Source (1QR)

HR
(95% CI)

Total PM; ¢ (9.5-13.2)
Model 1
Maodel 3

Agriculture {0.6-1.7)

S Model 1
v Modal 2
Model 3

Road traffic (1.1-1.7)

Model 1
ﬁ Model 2

Modael 3

Monroad traffic (0.3-0.5)

Maodel 1
Model 2
Maodel 3
Energy coal (0.5-1.1)
Model 1
Maodel 2
Model 3

1.08 (1.01-1.17)
1.12 (1.02-1.24)

1.17 (1.05-1.30)
1.13 (1.01-1.27)
1.12 (0.98-1.27)

1.11(1.01-1.23)
1.06 (0.94-1.19)
1.03 (0.91-1.17)

1.14 (1.00-1.32)
1.07 (0.92-1.26)
1.07 (0.91-1.25)

1.05 (0.96-1.14)
1.03 (0.94-1.12)
1.02 (0.93-1.11)

0.9

1.1 13
HR (95% CI)

15

Source (1QR)

HR
(95% CI)

Energy other {0.4-0.7)

Model 1
Modal 2
Model 3

Industry coal (0.2-0.3)

Model 1
Model 2
Modal 3

Industry other (0.7-1.2)

Maodel 1

Model 2

Maodel 3
Wildfires (0.7-1.3)

Maodel 1

Modael 2

Model 3

1.02 (0.93-1.11)
0.96 (0.87-1.06}
0.95 (0.86-1.05)

1.05 (1.00-1.10)
1.00 (0.93-1.07)
1.01 (0.94-1.08)

1.01 (0.97-1.05)
0.97 (0.93-1.00)
0.57 (0.93-1.02)

1.04 (1.01-1.07)
1.05 (1.02-1.08)
1.05 (1.02-1.08)

Windblown dust {0.0-0.1)

Madel 1
Model 2
Model 3

1.00 (0.99-1.01)
1.00 (1.00-1.01)
1.00 (0.99-1.01)

0.9

1.1 13
HR (95% CI)

1.5
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Hazard ratios (95% Cls) of incident dementia per interquartile increment in

10-year mean concentration of source-specific fine particulate matter (PM, ;)

Source (1QR)

HR
(95% CI)

Total PM; ¢ (9.5-13.2)
Model 1
Maodel 3

Agriculture {0.6-1.7)

S Model 1
v Modal 2
Model 3

Road traffic (1.1-1.7)

Model 1
ﬁ Model 2

Modael 3

Monroad traffic (0.3-0.5)

Maodel 1
Model 2
Maodel 3
Energy coal (0.5-1.1)
Model 1
Maodel 2
Model 3

1.08 (1.01-1.17)
1.12 (1.02-1.24)

1.17 (1.05-1.30)
1.13 (1.01-1.27)
1.12 (0.98-1.27)

1.11(1.01-1.23)
1.06 (0.94-1.19)
1.03 (0.91-1.17)

1.14 (1.00-1.32)
1.07 (0.92-1.26)
1.07 (0.91-1.25)

1.05 (0.96-1.14)
1.03 (0.94-1.12)
1.02 (0.93-1.11)

0.9

1.1 13
HR (95% CI)

HR
Source (IQR) (95% CI)
Energy other {0.4-0.7)
Model 1 1.02 {0.93-1.11)
Model 2 0.96 (0.87-1.06]
Model 3 0.95 {0.86-1.05)
Industry coal (0.2-0.3)
Model 1 1.05 {1.00-1.10)
Model 2 1.0:0 {0.93-1.07)
Model 3 1.01 {0.94-1.08)
Industry other (0.7-1.2)
Model 1 1.01 {0.97-1.05)
Model 2 0.597 (0.93-1.0:0)
Model 3 0.97 (0.93-1.02)
\ Wildfires (0.7-1.3)
Model 1 1.04 ({1.01-1.07)
( "’ Model 2 1.05 (1.02-1.08)
Model 3 1.05 {1.02-1.08)
Windblown dust {0.0-0.1)
Model 1 1.00 (0.99-1.01)
T'e Model 2 1.0:0 {1.00-1.01)
Model 3 1.0:0 {0.99-1.01)

0.9

1.1 13
HR (95% CI)

1.5
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Environmental (community) noise
emanates from outside our homes and
places of work and learning

Kevin Read

Grady et al. In preparation.
RO1AG065359
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The way noise is defined can be subjective, in that noise, particularly environmental or community noise, is unwanted and/or harmful sound. Throughout this presentation I’ll be using noise and sound interchangeably. Although we are interested in total community noise, knowing information on particularly sources *click* especially transportation noise, can be useful in terms of regulation.

https://www.flickr.com/photos/194120548@N08/52250547482/
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The way noise is defined can be subjective, in that noise, particularly environmental or community noise, is unwanted and/or harmful sound. Throughout this presentation I’ll be using noise and sound interchangeably. Although we are interested in total community noise, knowing information on particularly sources *click* especially transportation noise, can be useful in terms of regulation.

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

Noise is measured
logarithmically in decibels

Decibel Scale (dBA)*
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Yet noise is very different from other environmental pollutants, as its intensity or loudness spans a very wide range, to the point of it needing to be measured on the logarithmic scale. To give an example of what we normally would expect in terms of noise intensity, 15 dB reprents a pin falling, a vacuum cleaner would represent about 80 dB, and a standing underneath a jet taking off would be about 140 dB. Additionally, if we look at relative differences of two sounds in decibels, a 10 dB increase would represent a sound that is twice as loud yet 10 times as intense.
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Long-term exposure to noise in relation to
coghnition, 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
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https://www.epa.gov/newsreleases/epa-finalizes-stronger-standards-harmful-soot-pollution-significantly-increasing


Distribution of noise

e levels outside CHAP
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Association of noise with
cognitive performance

Noise measure
Community Leq (per 2.8 dBA)
Road DNL (per 8.5 dBA)
Aircraft DNL category,
<45 dBA
45-49 dBA
50-54 dBA
>55 dBA

Difference in baseline level,

N obs / N participants | SD-units (95% Cl)
27,003 /10,204 = ! -0.069 (-0.086, -0.052)
27,073 /10,232 —@— : -0.050 (-0.078, -0.021)
|
9,968 / 4,086 ¢ Referent
8,451 /3,041 ——— 0.009 (-0.031, 0.049)
6,371 /2,401 —— 0.049 (0.006, 0.093)
2,283 /704 = : ® : 0.034 (-0.033, 0.100)
|
0.2 0.1 0.0 0.1 0.2

- g
SD-unit lower in cognition SD-unit higher in cognition




Association of noise with odds of
incident dementia

Dementia Noise measure N cases / N total ) Odds ratio (95% CI)
AD Community Leq (per 2.8 dBA) 431 /2,853 —e— 1.06 (0.89, 1.25)
Road DNL (per 8.5 dBA) 437/2,918 ——— 1.17 (0.86, 1.58)
Aircraft DNL category, E
<45 dBA 159 /1,128 ? Referent
45-49 dBA 124 / 882 = ® = 1.01 (0.65, 1.57)
50-54 dBA 104 /601 : ® = 1.58 (0.93, 2.69)
>55 dBA 50/302 = o 0.90 (0.59, 1.38)
I
All-cause =~ Community Leq (per 2.8 dBA) 458 /2,853 o — 1.06 (0.90, 1.25)
Road DNL (per 8.5 dBA) 470/2,918 1—5—0—! 1.16 (0.86, 1.56)
Aircraft DNL category, !
<45 dBA 169 /1,128 ¢ Referent
45-49 dBA 133/ 882 : 3 : 1.01 (0.66, 1.56)
50-54 dBA 110/ 601 : ® = 1.59 (0.95, 2.65)
>55 dBA 53/302 : OE 0.92 (0.60, 1.39)
.

T
0.3 1.0 3.0

- >

Decreased odds Increased odds




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



Expanding the evidence base on the
environment in dementia etiology

WHERE TO DIRECT OUR ATTENTION


Presenter
Presentation Notes
Look to TIMING/lifecourse
Childhood: Pb
Midlife:
occupation
Post-exposure intervention
Look to mixtures
Enviro*enviro
Enviro*(social, clinical, education)
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7536029/
https://www.vox.com/future-perfect/23757949/air-pollution-history-progress-clean-air-act-environmental-protection-agency-wildfires-smoke-smog
https://oceanservice.noaa.gov/education/tutorial_pollution/02history.html
https://www.openaccessgovernment.org/ebook/pfas-forever-chemicals-perfluoroalkyl-toxicology/155899/
https://www.unep.org/topics/chemicals-and-pollution-action/pollution-and-health/persistent-organic-pollutants-pops/why


Life course: Period

Air pollution higher before 2000; composition varies
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Life course: Period

~ = Extreme weather events
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Life course: Life stage/age

Effects of some exposures vary by age

E.g., Cognitive effects of Pb are stronger in children than in middle-aged adults
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Life course: Life stage/age

of some exposures

E.g., Cognitive effects of Pb are stronger in children than in middle-aged adults

of exposure ...

10 20 30 40 50 60 70 80 90
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Post-exposure intervenion


(continued) Lif@ course: Life stage / age

Effects of some exposures vary by age

E.g., Cognitive effects of Pb are stronger in children than in middle-aged adults

Age also determines context of exposure ...

AGE JWEUVE®@®BU.EDU
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Informative complexity

1. Exposure mixtures

EEEEEEEEEEEEE
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Why environment
Evidence on 2 common enviro exposures
Air
Noise
Expanding this evidence base in useful ways
Look to TIMING/lifecourse
Childhood: Pb
Midlife:
occupation
Post-exposure intervention
Look to mixtures
Enviro*enviro
Enviro*(social, clinical, education)


Informative complexity

1. Exposure mixtures

2. Intersection with social/structural determinants of dementia

E.g., Race/ethnicity and Environmental Stressors: POtential drivers of
Dementia and stroke inequities (RESPOND). PIl: Marcia Pescador Jimenez
(ROTNS139186)
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Informative complexity

1. Exposure mixtures

2. Intersection with social/structural determinants of dementia

E.g., Race/ethnicity and Environmental Stressors: POtential drivers of
Dementia and stroke inequities (RESPOND). Pl: Marcia Pescador Jimenez

(ROINS139186)
., | GATEwAY
> | EXPOSOME
GECC COORDINATING
CENTER

Advancing life-course research on
the AD/ADRD exposome

Learn more at
www.gatewayexposome.org

JWEUVE@BU.EDU
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Why environment
Evidence on 2 common enviro exposures
Air
Noise
Expanding this evidence base in useful ways
Look to TIMING/lifecourse
Childhood: Pb
Midlife:
occupation
Post-exposure intervention
Look to mixtures
Enviro*enviro
Enviro*(social, clinical, education)

http://www.gatewayexposome.org/
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Some dirt might hurt: evidence on the effects of environmental exposures on dementia risk

Other background
https://www.bu.edu/sph/news/articles/2015/the-determination-of-health-across-the-life-course-and-across-levels-of-influence/
https://www.sciencedirect.com/science/article/pii/S1876285921004496



Land Acknowledgment

The territory on which Boston University stands is that of The Wampanoag and The
Massachusett People. BU’s campuses are places to honor and respect the history
and continued efforts of the Native and Indigenous community leaders which make up
Eastern Massachusetts and the surrounding region.

This statement is one small step in acknowledging the history that brought us to reside
on the land, and to help us seek understanding of our place within that history.
Ownership of land is itself a colonial concept; many tribes had seasonal
relationships with the land we currently inhabit. Today, Boston is still home to

indigenous peoples, including the Mashpee Wampanoag and Wampanoag Tribe of
Gay Head (Aguinnah).

JWEUVE@BU.EDU
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Air pollution’s cardiotoxicity is well-established.

air
pollution

Even at sub- endothelial dysfunction

reoulatory levels .
gu Y atherosclerosis

HEI Panel on the Health Effects of
pr.ocoagulant.A Long-Term Exposure to Traffic-
A in autonomic nervous system balance Related Air Pollution. 2022.

1™ blood pressure

JWEUVE@BU.EDU



It might also act more directly by accessing
the brain from the lungs via circulation, or ...

Olfactory tract

Olfactory e O
bulb \ / — To medial olfactory
R Y area

Filaments of the

" =< —> To lateral olfactor
olfactory nerve (I) A8 g

area = limbic area

Via int *hway

JWEUVE@BU.EDU



The evidence unequivocally supports the adverse effects

of Pb on neurodevelopment. In addition ...

cognitive decline

SES
Blood lead social mobility
level
cognitive performance
cognitive decline
Bone lead
level
10 20 30 40 o0 60 70 80

AGE

JWEUVE@BU.EDU
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Presentation Notes
We have established that some enviro exposures affect kids’ brains (cog, behavior). We know that occupational exposures affect middle-aged brains.  And we know that some mid-to-late-ish life exposures affect aging brains.  But we have not been able to integrate this evidence into research on the effects of exposure over the life course on the dementia risk – and, how to intervene to reduce that risk.

Also: “The decline in mean BLL in 1- to 5-year-old U.S. children from 1976-1980 to 1991-1994 was 12.3 microg/dL, and the estimated decline from 1976 to 1999 was 15.1 microg/dL. …. each IQ point raises worker productivity 1.76-2.38%. With discounted lifetime earnings of $723,300 for each 2-year-old in 2000 dollars, the estimated economic benefit for each year's cohort of 3.8 million 2-year-old children ranges from $110 billion to $319 billion.” via https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1240871/

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5490376/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9396462/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4028126/
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Zhang et al. Environ Health Perspect. 2014.



Noise in metro Chicago and the CHAP area

Aircraft Road Community

Aircraft noise, dBA
45 - <60
50 - <55
155 - <60
60 - <65
CHAP neighborhoods
I Chicago city boundaries

Annual DNL, dB(A)
I 85

L35
sssss

Aircraft noise for CHAP area, 2016, from Road noise for CHAP area, 2010 ra Community noise for subsection
publicly available DOT  @yiisconier wyle pennstate. Of CHAP area, 2006-2007

Grady et al. In preparation.
RO1AG065359
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https://www.epa.gov/newsreleases/epa-finalizes-stronger-standards-harmful-soot-pollution-significantly-increasing


Agriculture Road traffic Non-road traffic

Industry coal

The spatial distribution
of source-specific fine
particulate matter
(PM, 5) across the US,
2017

Industry other Windblown dust

Zhang et al. JAMA Int Med 2023



Association of noise with rate of
change in cognitive performance

Difference in 5-yr change,

Noise measure N obs / N participants | SD-units (95% Cl)
Community Leq (per 2.8 dBA) 27,003 /10,204 '|0' 0.003 (-0.006, 0.012)
Road DNL (per 8.5 dBA) 27,073 /10,232 2 o 0.001 (-0.014, 0.016)
Aircraft DNL category, :
<45 dBA 9,968 / 4,086 ¢ Referent
45-49 dBA 8,451/ 3,041 — 0.002 (-0.019, 0.023)
50-54 dBA 6,371 /2,401 —— 0.0004 (-0.0232, 0.0225)
>55 dBA 2,283 /704 —— -0.063 (-0.105, -0.021)

I
I
I
|
f T I I 1

-0.2 -0.1 0.0 0.1 0.2

- |
5-yr SD-unit lower 5-yr SD-unit higher




3. Environmental injustice over the life course may be a
critical source ot racial and ethnic inequities in dementia.

NO,

Higher than state (2010)
average NO,
B . |

concentration

Non-Hispanic Non-Hispanic Hispanic Non-Hispanic
White Black Asian

Lower than state
average NO,
concentration

Liu et al. Environ Health Perspect. 2021;129(12). PMC8672803. JWEUVE@BU.EDU
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“State racial/ethnic disparities in pollution exposure in 2010, showing the difference between (1) NH White vs. state average, (2) NH Black vs. state average, (3) Hispanic vs. state average, (4) NH Asian vs. state average, and (5) Minority vs. NH White for the six pollutants. (A) PM2.5, (B) NO2, (C) O3, (D) SO2, (E) PM10, and (F) CO, and (G) average across the six pollutants. Columns 1–4: exposure disparity relative to state average; calculated as mean exposure for a racial/ethnic group in that state minus the overall mean for that state, then divided by the national overall mean. “


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8672803/

If time switch to these:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11389777/   CA-specific
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11269699/


it is also worth noting that, in the US, exposure to clean air is not distributed equitably. For example, persons from non-Hispanic Black communities are more likely than non-Hispanic White persons to live in areas with higher concentrations of NO2. This inequity in exposure could be yet one more way that racialized communities bear additional dementia risk.



Fertilizer

Oil & Gas Industry, Power Plants, Sewage Treatment

National Park Service
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Some examples of those burning processes are fuel combustion and forest fires.  Examples of the grinding processes include vehicular braking and the friction of tires over roads.

--------
https://www.nps.gov/subjects/air/sources.htm


How might exposure to
air pollution influence
dementia etiology?



carbon
metals

gases
ammonium ni
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The particulate matter I mentioned is extremely common and consists of bits of solid and liquid suspended in the air.  These bits might include carbon, metals, embedded gasses, or a mixture of components.

Composition not only tells us about the source of the particles but may portend their toxicity.


US EPA Integrated Science
Assessment for PM (2019)

PM;o
F)IV11O-2.5
I:)I\AZ.S
Ultrafine PM

All health 100s of animal
outcomes, and human

children + adults studies

Long-term exposure to PM,: is “likely to be
causal” in relation to “nervous system effects.”
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See if you can condense the three slides into one


Systematic review: Weuve et al. EHP
(2021)

PM,  NO, Cognition :
PMioos  Os Cognitive decline | 66 studies
PM,s  BC Dementia (adults, mostly

N 02 Traffic MRI 65"')

proximity

Other evidence
mixed or
sparse.

35 studies met PM, . - faster
quality review. decline.




Systematic review: Wilker et al. BMJ
(2023)

PMo NO, BC 51 studies

PMyo,5 NO, "<, | Dementia | (adults, mostly
PM, ¢ O; Other 65+)

16 studies in meta-
analysis, of which
11 deemed high risk
of bias

PM,: > Tdementia risk Evidence re:
Less pronounced w other pollutants
admin records. mixed or sparse.




Other dimensions of time

1. Duration of exogenous exposure.
How long exposure was presentin a person’s environment: weeks vs years

2. Residence time in the body.
Pb, Cd, and persistent organic pollutants (POPs) remain in the body for years and decades
Possibility: continued exposure to and effects of these chemicals

3. Persistence of effect caused by an exposure. E.g.,
Epigenetic programming
Educational attainment

JWEUVE@BU.EDU
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Duration of exogenous exposure.
How long exposure was present in a person’s environment: weeks vs years
Residence time in the body.
Pb, Cd, and persistent organic pollutants remain in the body for years and decades
Possibility of Persistence in body (Pb, POPs) means that the exposure can continue to elicit effects, even if the nature of those effects depends on life stage and dose
Persistence of effect caused by an exposure (e.g., childhood Pb causing disruption in cog development)
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